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Abstract

The Doppler frequency shift of the inter-satellite coherent communication system reaches the order of

Gigahertz. At the same time, it is affected by the line width and phase noise of the tuning laser, which imposes high

requirements on the optical phase-locked loop system. Based on Costas loop technology, an optical locked loop is

achieved through inner and outer loops, and the local laser is tuned when the tuning of temperature, piezoelectric

ceramics(PZT), and acousto-optic modulation device (AOFS) are compounded together. An experimental test

system is set up to test the performance of the loops. It turns out that this system is capable of a phase locked range

of 4 GHz and a phase locked bandwidth of 1.7 MHz. Doppler frequency shift between the signal light and the local

laser can be tracked, line width of the laser is compensated and the phase is locked quickly with a final residual phase

error of 5.1°.

Key words optical communications; Doppler shift; optical phase locked loop; tuning lasers; compound loop

OCIS codes 060.4510; 060.4256

1 5 7

H T R AR AR AR e PR RE L Ll
T T8 AR A S T EOGE AR RGBT Y R R
A AT L 38038 {5 AT LGy S o 4 )/ B
BRI (IM/DD) AR AL 98] ] /AH 45 00 5 75 =X i A
TR A A R R R R AR H T KR

W B 2017-10-23; WEMERFR B 2017-12-11

EE&WHE. ERARPAESESIH (91438204)

EEE N RBQ77— B L B, T ENFES
* BISB & A . E-mail: dongyan-personal@163.com

L TY 55T P05 S5 Rp o 0 LR I AR R A g AR
JEAF U R COPLL) J& 4 13 {5 i 5 22 40 )% e
HE OGRS DE R RS 4 (OVCO) FF B U8 I
w3 AR . X TFTEEMT RGBT
BTG SO S AR Z A 25 R M 2E BN A
B SE BLFEA (5 4R R . R R T2 BO6E
Y0 PRl L AH A2 M 7 R ) B T L ' 2 R PR % I 1k B B i)

M BB & T H (20180201002SF)
&) 5 38 15 45 7 1 A BT 98 . E-mail ;. gps.ins@163.com

0506002-1



ot 2 X i
7 =5 O 25 ] £ e AR 032408 2 76 1k o DA T 3 10 2 40
BOUT LA R R T L BRI IR R G e 350N\
Satyan 4 A WLHTIE T b2 BURBE IR BE . & @30 )/
OB, 2 R g e 250/ )
FEA BUHLR B AR B MR 7 . o TR BRI R e 320 /)
B0 B B HE R T 28 Al 05 0% — 25 52 UM OPLL gﬁmf
REENTE 10 em X 10 ecm BN EL,528 1.1 GHz Ql‘oj’/,’
(9 B 58 6 10 MHz 28 5 189 4 4 )2 1% 3 (DBR) 0i5
HON 28380 AT SRR A4 0 0 DA B B 5 5 B B A2 3R 0 O 1500

Z I AR BRI . AR R GE L8 L 2008 4F 2 H
FEE LR H (DLR) BE B A TeSAT 24 A\l B E #E 47
151 NS T £ e 1 T SN M T (= W
5.625 Gb « s ', 2011 4E, £ H NFIRE T & 5
T[] F 8 TR b ON R A SE R A, i — AP SR T
5 Hb A OG5 B T AT

Xif L ) A 3 A R e 223 0 RS 0k E
55 2% 8 G [ I 32 30 30O 4 26 T LM 7 R R Y B
XA IR R G R . AR SC AR 8 5
JR AR S 1T 2 A O B AH R G B T O
R LR B (PZD) TR 7R R B M 2% (AOFS) /i
A E R IR 5 A ER Ty 2 A R O g
TR RO B DI fiE . 2 IR K 7 ik il A3 8K
fifk D BRE 0 P B 55 A BT 9 A 22 TR Y P D AR S
Vi 08 [ 2 37 5 0 I B 1 ) B 3 o 0 Ak BR B A 9
AT RO O A 2 T L AH A M S X A R R SR
S o PRAIE G 25 B IR E B T AE .

2 HEEKFRTE AT

18 3806 A5 i i T 3R AR B AR Ak
B I 2 7 A 2 B R . WOGLIRTE v
BRI v B8 OGN TS v AR O,
XULERH T G 2 R R ol

Af(l_ﬁccf)gsﬁ1jf, D)
K :p=v/csc HOGH; £ AOGEP AR, LA
TBEZRG RG] E L E 2 45045 1 uE (MEO) T
) #GE- B H0E (MEO-GEO) T A 6] iy 22 3 4
R AR A LA L B S21-S22 RoRHLIE T A
M5 ,G1-G3 Fonm B AR .

HE 1 A, MEO & 8] 85 i 1) 2 3% 8000 B i
KATLkF] 4 GHZ 2 LEO-GEO, B % H £
RS B IR A F 10 GHZMY L S BIUR R A (H 2 58
JSL R R 4 0 23 4 A, 3 A /NS L P 52 B o7 4
FE . 1A, 2 BIHOL AL TE AL BR R S L ER

1 MEO TR £ #Ek

Fig. 1 Doppler frequency shift between different MEO satellites
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o LPF: low-pass filter; A: amplifier; FD: frequency detector;
FPD: phase /frequency detector;
ADC: analog-digital controller;
AOQFS: acoustooptic frequency shifter;
PZT: piezoelectric ceramics;
VCO: voltage-controlled oscillator
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Fig. 4 Relationship between phase noise

variance and normalized loop bandwidth
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