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Abstract: For the needs of China’s solar boundary exploration, a proposal of using laser links with high speed information
transmission to the ground is offered. Firstly, the foreign development status of deep space laser communication is processed. The
characteristics of laser link and constraints for solar boundary exploration are analyzed secondly. Then, the preliminary proposal
with key parameters of spacecraft laser communication terminal and optical ground station is offered. Besides, the link budget and
impact factor are analyzed. At last, the developments of laser communication for China’s solar boundary exploration are described.
The research will provide the reference for further demonstration and implementation of laser communication for China’s solar
boundary exploration.
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1 ARIVK
KA R D BRI St BEp o, HRTERS - A SEE S0 T “Se4k# 10 57 (Pioneer 10) |
“HEIRE 11457 (Pioneer 11) . “iRfT& 1 %" (Voyager 1) . “iki57# 25”7 (Voyager 2) DI}
“HLEFS"  (New Horizon ) %5 JLIRATS >, 78 Sg e Bt B b Ja 4k2e K K I R b bRt 45
W, #E 2021458 H 5 H, “ikiT# 157 CAMAHIEK 153.2 AU, 2844 1B B ek i i K
WO HRTEA SRR R, ATl HR A 160 bps'®, i3t 2025 4£ V5 N AR PR H14G h b
SHEECR . HRETST KT 2030 AEFTE RIEA KA R IR

R WOCEFHAMEE MARRAB L DEBOGEFE RS L, Hit A PHEZMAL RS
WO {F ST R TGS T AR, Hir, SeEE i Rt 2 B AT — 58 0 HUO' G (5 78 SR 0 Tk
FER . B P B HAR D ESEEZ AL W 2 e T 20078 BEOGEFM T, AR
WOCRGFEARMPIR e | HEHLA],

X EERSHOGEGR YIS, LR RTIRESEOCRERE T FIRUE . REKEEIE, e
RIS VLR PEAE AL T A8 TAE . AHOCTH) E 245 4 B ik 2455 VRM ( Venus Radar
Mapper ) . JGEFICEZHA-TH OPTRANSPAC ( the optical transceiver package ) . T RICHAA I BAT K
E5-FMEE PR ES TAU ( Thousand Astronomical Units) . X2000 JGH{EZm™n H . A BEGAR S0 5
GOPEX ( Galileo Optical Experiment ) . K& #OGHE /R TTR MLCD ( Mars Laser Communications
Demonstration ) . H:r, TAU & KIEHE B HIER 1000 AU B2 EIRRIEALE 1 “Oort =7, F
JeEEHEAT S B, HE LD HIIRN 10 W, M RL 42k 10 m, X 1000 AU BEES
AR fE A 20 kbps, JHT TAU AESIFFERYFEAT I, TRy IR TR I N )4 o B2 (Alpha
Centauri ) T4, UMM 4.3 SCAEMRE AN DR o ARIEEHEEEHER N 10 bps. BEBRZS BOCHEE
BORBUAWEA, 2013 4E 10 J, SEEZREEM T H HBOGRERT7EPEZREIE LLCD (Lunar Laser
Communication Demonstration ) , T/l {FHE A 622 Mbps, ATl {5 # %A 20 Mbps, FEF LA
R, FEAKE SR TR T BN RO EGm H, FRaREESGE T
DSOC ( Deep Space Optical Communication ) . FF 2020 k2 44T 550930 GE 5 20 ( The Mars 2020
Rover) . Si#OG—A4ki# {5115 iROC ( the Integrated Radio and Optical Communications ) . 020 it
H ( The Orion EM-2 Optical Communications ) A&z HBR#FE RS- 5 LOP-G ( Lunar Orbiting Platform-
Gateway ) o Z5EURZ PR YARIRIL, RENGIRZS A 34 m P P REHAT ToltE, DISEaiH
R R EOEE &R, EMAROEE 8 m DL RER, SCHRFFRIRE: 125 Mbps A9 KX HE
{5 RE M,

B4 J5 BSA 25 725 LLCD Wi H, 53R4T 80 Mbps FI_17 20 Mbps FYS#OE(E . SULFE A,
ESA W AE TR St A R R %S oG E 5 I8 H , Hid DOCS (the Deep-space Optical Communication
System ) FFEMEAEN 1 AU BT, FIH 200 mm AR R ZREOCL 0 4 m A2 FHOEH T3
ZIESEZEE 10 Mbps 19 FATil R . H M @G KA 1550 nm, JEHIAH S 16 PPM, FATEFHEK N
1064 nm, 1 kHz JHIY, FEAMLRARZS BOCEAET H B EESBIELE 1.

gr L irk, HETEPR LA R 100 AU K UGERROGEEAEPIRUE. P, $EmmE ) K RH
F N BRI RO GEAE T, FoR IR E R 2 IR uE R iR S %
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Table 1 Deep space laser communication project abroad
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XFF 1550 nm, HEOGEEEAE A 0.24 nm (X5 30.4 GHz) o L, 7K 5 25
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3 R EZREE
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A BH 2R 30 R S8 M0 175 i 6 P 46T S 2 YA IO 2 RO G L T 2 A DX T AR T2
WOGHAR RN 1550 nm il EMK, CITHOCZORE BOUCLT BURA AR ACRE =Y 1 064 nm 1B 17
WEP . IEEREAT RIS K, O SCBNU ) [l i e, e s % B8 N AT IO (5 L AR A TR (S AR Ay A
AR T2

XFFRBA R PRERME AR, B e B (e AR AR BFRS 5 AR, ARIEARIE . S804 A1
BR=HMEEEAMAIERR, M T GE G0N E I A+10 mrad B, AT LAEASE S5 ES . 100 AU
AR BEAIHEIR , RS R BRI AR 93 prad, HIERFAEIAZHN 0.85 prad ( FE R ZS ORI
KN o L, FESCHERTT R R R, T 10~

—_ —13 ~
B EIRSHRM . 1A, i#id MODTRAN {4 Tg_ 18 , :Zgg}ififfr‘f;a;i gtai(;%é\gu j10° _‘g
DT ECRITRE, ATLAREIME 100 AU AEKFIAIHEER L 1077k : 10*: i
HOEHRIE ST SRR R 20T 1 s
B S5 AR A SR S PR A 2l . o, § 1o b 1100 3
BRI St h AR BED GRS 4 S AN AR e 25 L [R] S 100} J1om E
YU, MTBERIHRATH 1SRRI £ 10} jlom g
V. W 1BTR, EATILGHE:, KMEEE  § O o &
iR AR b ER A OGIE R IR R TR 2 90 dB, TTTAE 0123456789101112131415
8 um~10 pm AR IELIANEEE, A BRI %4 AR wavelength/um
BE L HIBR G RE FR B s 24 70 dB, 22ape A1 2 100 AU Ab3bsk 55 K fab) ik 4a A 5 A
bR B S R Frg 43 A 5 L B L Fig. 1 Earth and sun irradiance at 100 AU
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WA 20 Foh, WITROGEFLmADL AT 10 mrad. fEBOCHERHHAN B, WATHOER I B

38 T A R K SR A BH AR B R I I B 50 B EEBAK
Bt , e RBHAHRE . B, KATI Table 2 Main parameters
FeZeum A 4 B2 D S5 B Mt H M BR A2 T FH Y RATHOELA SO Hb T

AR, BRI TRk, T IX A e ERgniE 300mm EERZLNE S 10m
K BHORD M BR ) 4R OGS, BE i X b ER B RARROEDR 50 W EEHOEIEK 1064 nm
8 um~10 pm V& BEHEFEEONG, SE B  EEROEIK 1064nm  SNSPDFES] 1010
(A L 4 B B B 1k | 2 F bR B SR e KBARAR P BE 450 nm~800 nm FAT#IEAS 256 PPM
HFHOCL AR B 5T 5 jurad SKECAI 1Y WERRZD B 8 um~10 um  FATE[FHES 100 kbps
1 064 nm HOGEGE S . 44329 13.85 h IEHRTEESS , MOKFHRILPRE S BOEE Sk Bk, )
FOCHL T AR AT AN DU FILEE (5 B AR5 B AT RATROE &m0, PR B ES ) AT
v, JFAHP R B RERERARI N AT ROGE 2 T ERER . MRS B A 2R, WOLE S e
RGN, B T(5 5 IR A
3.2 HBREHEEMES T

XFFERZS OGS NATEERES, BOtH R B 5 SO TR P RR R -

P, =PRt,GLLLLG,r,L, (1)

Kb PORESHEINER, o MERECR, G KRS
KEMts, L MWL, Ly b H B 2s HFE,

£3 100 AU R HORBIS 45 ) R TR
Table 3 Power budget of 100 AU deep space laser link
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FITRTFE . AL R, N TR & KPR LI 55 121 dB WHAA 5 prad
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RO 10 m MBI R BN, T LS R -155dB RIUELH 07
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Bygr = MPSER
MERIZATTECY 100, BRESHEN 107 CBESET) B, % 4 4 TR, RRRETRA
PF T B F RO (BUMTE] 100 ns . BEFEAE 5 dB) o
k4 BBRESRAMA. REFFHLR
Table 4 Evaluated link performance for different day and nighttime conditions
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