F12EHES M = TR R ¥ WRAKRERER) Vol.12 No.4
2011 4E 10 H JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY (NATURAL SCIENCE EDITION) Oct. 2011

AERXBEEBFESTAIERE

Blhik, ZgAE, EEWR, BERSE, 4R
(KBEBT RFESEDERE ARV, &k KF  130022)

BE RZAACHBEEEF R, ERGETEEE K, PREAGHRERENAERS,
DEVECEFERARNFTE LR, ERMMTHRBES LFREAELE R HA AR
FHEME AFAGTRE RNBRAEFTEEZNEE TR RNBER LR ERDENY
W, RETHE BB TR FRUMRDEGKAARATTAENHT i, TRET 7 km b HE
B L 15 AN E I S g, A A R B A O F AR MAFHATT MK TR T AR A H
A RN B RBZNEAMRK LR, L RfE RPN EAY 6, KW ZTHE T & BA KA

FRELAGEHTHL,
KGR REOLAE EHY R BRI REE, HEAY

DOI 10.3969/j. issn. 1009 —3516. 2011. 05. 012
hESZES TN9I29. 13 XHEEERIDAD A XEHS 1009 -3516(2011)05 —0055 - 06

TR B R L AT I A5 2 o IRXERS  SESREE & S LRI SO 2 [ AR S S J574 s B B I 2 3
G EMEEARL R TR, OGBS EEROT RERENS R N R R ERDG 7 R G SR TSI
JrREAT LIJH R ZR AR TR FA T IR AR | 7 BN R0 Rt RS e R e
FE VERE | T SRR RN AR RV 207 N R AT LR S e T AT b 2 1 BE R DT AR RS B L M
HOCM AP F 2N RE ST , (EURANRE SR BE B R P AN A i (5 18 L BB (R DR A R Z TR G R, S
HAS B A e e e KL S w2 ST LS el RS TR SO E T mT R TR EM S T
1 ARAE SR X3 SR B D BERGE , A AT 6% R G SR A 224 i S e A AR
BNIAETRZS B F T AT T — S8l B R (B0 IR 2 Gm {5 R i 75 A R U E R (R R LE AR S
AT B TEARHGETR D . SCHR[ 2 | %25 [BDIGIE (5 5 B AT 1 J GRS, 20 1 R RDIGIE 5 BE 8% 1 4% D7 T
R IR A AL RS R SN 'l {5 SR A PR R BEBE T . SCHR [ 3 ) %) 2 [BDILIE 15 2R G0 R4 45 15 16
FEANRISARPEAT T E RIS (FR B TR T B T 7 (1 LRI A AR BAASC R, ARSCES & [ AT
FORR BRI T RAURE R RO G RO, S th T XME BB r R A IB 1 Dy ik s 1 — AN AT S
PR AN (LR R 7 7 , S0 M T DG 5 2 AN R SE IS T e I R A A BRE . AT, XI5
Mg LURIIE {5 DR BEA T 1 BRI AT R A O RIS RO AT 152960, S0k 1 {516 LA iRAD R
TR ERHERRPE , 78 FRBRE A SE e Sl b 57 TR MR LL  SRAD A EE I B 3 % 2 ] A HLA R
00T T HMOC IR R MR AR AR AN, BE— R T 456 (R HEAITRAS A S A TR i35
Jrid IFITIE T IR CIB AR A BE I B AR JAY.

1 St fEE

1.1 $EAIE

« WiSHH#.2010-10-12
BEE£TH . FZK“863” 11477 Bl H (2008AA012225)
EERN . EHIE(1979 - ) B HRKEA S0, 14 FENF S EPDEEETIFR . E - mail; zhanweida@ cust. edu.

cn



56 SETRRZAR(ARBER) 2011 4F

WGBS R A D6 RGeS 25 A T R T L i ey Ptk OGTE A H2s )
TERRSNER , S CIR RN 15 B S 5 0 2 A7 A S T Dt B T i

_ G.P.(t)
I(t,r) = A (1)
K .G NEFRGAE 2 TGS s p, (0) I EFHETRA R, /M p.o
ST AR A R O AT AR .
D -D = ( gz) (2)
oD, IR R SR 2 A0 BT D, MRS REH B (EHR) .
Eﬁ%&#?§>u%ﬁ%%ﬁ@ﬁg%ﬁgﬁ%@%ﬁﬁﬁﬁmﬁ%ﬁmmm%ﬂz
mzmﬁ:%zg (3)
N SR,
VR B E B JE ek ol Q).
eb 2
O, :21{ 1 —cos?} *fﬂb (4)
MR RLEPIE , a5 620 (4) WIS 2 & S REAREE RN .
4m_16
G = Q "’ehz (5>
A1) B EEE AR ED R TN
G.P,
P =I(t,r)A="""3A (6)
411z
oA HFRCR AL, P, TET AR A N TR R A TR
RE S FRPORE 55 R G, ).
4n|  [4m\m ., D
oe[t2la-[ 22 7
X D, MR ALIR(ER) .
E XL, RICIAERITE B Z Bk AR v = A i TR TR B
)\ 2
L= ( 4Trz) (8)
W20(5) (7) (8)MAT(6) , 15 BIEERE TR — M Feis " k.
D; 1 D. D;
P.=P.G,L,G. =P, 2797=P, E (9)
EREGEG T, B RS KREGEFFES N R | #EH FES(9) "HEIE R
P, = PMuLyLuwlpaLey 3 2 M, (10)
Nz

Kem AESHEFRGRCE . RS REAUAR BFRCR ; L, WG RGEMHER 2K 5 Lo, AT T B
B 5 Lo PG R BRI BN D HA I 5 L, WG R G HERUR s, NHERBOC = R SE
e e
1.2 RREHA

WO L7 4 B IR AT LR A 8L s R B AT S

0, =N/Tw, =, /f (11)

Koo AUEEAFHBIDEHOCIE R 0 HiEFE SRR ER,

M (11) ATE i3 K B 535 B AR EE DG IR TE B A AL RO BE AR G, X Rl i o 2R
B FERENIEA 3 ML OnT LS & QR A5 ERHUN, Ak 1 ; QR T
BR P LA 5 RS AT S A0 Xof DY AR ) e () 5], R A ) 1 T ) YR AR DI o A A ) i ) G



%519 PR AR RS I (R HE AR 0 S TR B 57

1.3 APD Rz EELL
RIS (50 L AT R N
S 2M’ (Pevy/hv)’
N " M'[3e' (P +Py)nB/hv] +2ei,BM" +4kT.B/R,

M g APD [HEZE T P o ASTE] APD (97 B06T 3, Py WA B APD I SOGTIER e S T
955 R ASDIETHLIIHE A R P-44e 4 R T o 0 i 3w S R GE LR
B ARG i, PR b R B HG T, WL R, ML
1.4 BERER
ﬁféi%ﬁ%%ﬁﬂu%ﬁﬂyh.m :
P.R,

L ’ { } -u2/2
BER = erfe uwe " “du (13)
2j0 \680[1+(1+83,)1/2]

K serfe () HAMRZE BRE S A A5 S I AT & A OGS S i
F(13) Py TS S AT -

(12)

5. :MF(M)MZB (14)
hv
K. F(M) 2 APD By M (RF, mT LA I8 K
F(M) =K.M + (1 =K.«) (1 =2/M) (15)
i K. =0.001 JH B R%L,
& AT AN -
& =8 + 0.+, (16)

280 APD HHLAMER 8, S APD H2SOHLIRS HL T 585, S APD BOHLAY 15 55 e s

2 WA AT ik

2.1 H#EERAEMENINE

FAERE T RS (9) AT Hh - B PR B 0 , BRSO 32 s /b FEISO G 38 R A5 R 2 97 LR L
Bl IR R A LRGN O E TGN, A5 B0 RS YI R —E 2 7 10 km JEHUR UM 0, IR AL
& D, O P, OCRIME LA 1, IEI1 AT . A IR R BUR N R AL I, 20k
SR BT R AR B BUR E SO LA B L

H 3 (9) 1581 & FHER—E 2 7 10 km K HRLEFLIE D, BRI D, FIERBOEIhR P, B)56
ENE S

0 T
B W ez Wlliry, 20
o A iy

= = 8

& T E‘I- =30

2 a0 _ 5

g 2
) g

&/l 05e1 "2 D/m
El1 z=10 km Bf,0, 1 D, 5 P, () =4Eih4k K2 z=10 km i,D, F1 D, 5 P, )=k
Fig.1 3D curve of P, versus 6, and D, ,z =10 km Fig.2 3D curve of P, versus D, and D, ,z=10 km

MNIET 2 R Y B 5 REFLARIS I FRSORZFLARTS I, el T - B s e D 230 5 B Rk LR Y
S GE G SRR A LR T UE L

i i ER AT, Rl T R B A SRR TR B SC R  n]  H BEEE BY ODCRUR B R AL
& PR FESHOS VIR IR,



58 SETRRZAR(ARBER) 2011 4F

2.2 HERIETERNEWEIE
R (12) v APD B 32 24 2 T4 A . FAME 7 B L bR 7 R 4R T, Av/ Ry 5 BORIME S O 3¢’ (P + Py)
MAV/ hv +2ei,Av, AT 2 M =1 I 43R v 0 PR P 30T LU ORI 75 IR AS 22, BT LAME IR LE S/ N B M 3
R 24 MHEINE s (RN, ORI 7 T T AR P 0T (5 L S/V B M 360 S Tt ) s TE R 4% MBI, 75
BRIBAAC BT
WMoy REEIUR A MAE, T DA B/ N TR )2 (5 S/N = 1 BEXS R DA A ) 2
2hy kT Av

Proin = Moen N R, (7)
2.3 HEREEMRBERELHINE
BEsrat (9) F(12) | W Me R BB R ST
p - Myem R, — (18)
D, D,

nlnaLlpLulmLpu]Lrp 22 T]r
Nz

M (18) AIEE, R AHEIIRGRAUFE PN SRR DI, 45630(9) f(13) , il L Ak
TRENRAD RN S S AR R i BRI ST B AT R

3 SRS

TRZS 638 {5 D) 2R VAR b 1 ) D' 15 2 ANEU/R B0 E S B0 AR 7 B A RASR I 28 RBUE DEIRE R e R
GBI R G RAGHEELRESH T UIF R T 4 L%, HSiHEHREN EESHEA b =6.626 x
107 Jo ;M =200;v=3.75x10" Hz;B=1 GHz;e =1.6 x10 "¢;Av=1 GHz; m=0.8;k=1.381 x10 ")/
K; T, =500 K,

3.1 RS R BENK L

e PRBOCR R B EOBIR R 2 B0 7 FREA TG 5 28 A8 AT B2 F R AR Sk R H Ol
BEk AL DGR LB PREOCHOE b B IROEER L HOETR B R RIS 5 HOCH R 5 TR
PR, R RIRIM S HDG L 2250, R DT3RS BRI e i = g7 Sepriit
ST , T BL5 B 2% R KRR i PRI AR 5 2t REURE L, MR IE X O e B T

I IR STE AR 28 A4 R U A 135 oW, FISZE % V6 A SR I S8 ARFR1E 120 nW ( A 438 T
W) FeAW A, F B2 kA R
3.2 HXREHAMKLLE

CCD Pk R 3, SRR BB AR AR
FRGE 10 A5 PL L, 43 S TR BEA B, e 45 o
FON A A B A AR B 2 3O%, RIS E] 2 4~ ceD
BRI b TS HLIE o B b B A5 20 5 R e o
i, FETT OG0 A LA R 2R R O B i R T8
",

e SR G BRI DR E R 2.2 B3 CCD TR
mm , JEF AR 0. 008 rad (WLEHEFH) , BS A Fig.3 Schematic diagram of CCD measurement
HIEHR & 54 0. 008 5 rad , 2R CCD 453111
FEPEAE AR 0. 008 87 rad , BT KR BOEAUA A A FHARFR(ERI K 0. 000 5 rad, BIETHELAN
SEEGEEIRATAE 4% FEAi R 2E  Im2E7E A B , 2600 1. 2 TR T B s i A L,

3.3 XEFRSEETENLLE

BN OGS R GG TR I ERIEI LRG| AT DAFE G il A0 R, G IR TR

I RGN B 5, IR L S R UE R R " S ik 1,




%519 PR AR RS I (R HE AR 0 S TR B 59

x1 BIEXRUEER

Tab.1 Results of transmittance test

BRI/ mwW 4 10 50 100 300
HEIIE 1/mW - 7.31 37.4 75.1 226. 4
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Link Identity Analysis and Power Budget for Deep Space Optical Communications

ZHAN Wei —da, LI Hong — zuo, WANG Zhi - jian, TANG Yan - feng, LIU Ren - cheng
(School of Opto — Electronic Engineering, Changchun University of Science and Technology, Changchun 130022,
China)

Abstract : The deep space optical communication links are very far away, so a very harsh power budget is required.

Since there are many factors affecting the feature of communication link, a very complex trade — offs consideration is
often given to the power budget. The paper emphatically analyzes the link distance, optical antenna diameter, beam
divergence, atmospheric channel loss, optical system loss, detector sensitivity and other factors affecting the link e—
quation, signal to noise ratio (SNR) of detector and bit error rate (BER) of communications. Simultaneously the
paper proposes a new method of budgeting transmission power combining the link equation, SNR and BER. An out-
side demonstration experiment for the ground — ground optical communication of 7km, is carried out, the losses of
the atmospheric channel and optical system are tested. Then again many experiments in indoor labs, test the beam
divergence and detector sensitivity are performed. The experimental results and theory analysis show that the budget
method is feasible in application to the deep space optical communications.

Key words : deep space optical communications; link equation; signal to noise ratio; bit error rate; power budget



