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Space Radiation Effect on the Characters of Fiber Amplifiers
for Space Optical Communication
Li Mi Ma Jing Tan Liying Zhou Yanping Yu Siyuan Yu Jianjie
Lu Chunlian Che Chi
(National Key Laboratory of Tunable Laser Technology . Harbin Institute of Technology .

Chang Guolong

Harbin , Heilongjiang 150080, China)

Abstract The erbium-doped optical amplifier ( EDFA) and erbium-ytterbium co-doped fiber amplifier optical
amplifier (EYDFA) are irradiated by * Co to simulate the condition on the low radiation dose orbits. Then the
deterioration of their characters is analyzed by comparing these two kinds of fiber amplifiers. The central wavelength
and half wave width of amplified signal change little in the radiation experiment, so it indicates that both of two kinds
of fiber amplifiers can be applied to the inter-satellite optical communication systems. But we also find that the gain of
EDFA comes down 3.91 dB, while the gain of EYDFA comes down 17.60 dB. The results indicate that ytterbium
makes the antiradiation of EYDFA much worse than that of EDFA in the same radiation environment. These results
also will be a good reference for space communication designers to choose the right kind of fiber amplifiers in each
different system.

Key words fiber optics; inter-satellite optical communication; gamma-ray effects; erbium-doped fiber amplifier;
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1 82 = X 113 B L DT S5 B 2 B

Wt 3t T D' £ LA 0 K R BT TR 2 T
T2 N 4% b b TR A R £ B A R e rpt YL T
TE 2 (DGR S B R 2 S RO & 1R
T G URAE S AL AT R B H A T AT DR R I
{FLRE 25 30 17 1 R 19 A 00 1S LA PR A5 i o D 3R
ORS00 15 4 A 4 A © AR il 2 e R i —
A . SCEF R AR 1 BT LR A5 5 O

HEMB: 1B
EE®EN: &
I,

SR

IR Tolb 2 4 F5 A BA S0 4 3 R 9% B iR A
% (1980—), B W WFoT A, BN F T E S H W5 . E-mail: limihit2008@126. com
BH (1956 —) B3 08z A S0, 2N PR G AR A WFSE . E-mail: majing@hit. edu. cn

FIRIT 6 25 8 AR 2 B A 23 1) D' 3 £ &R ¢
Hh L R Ol 45 iR i 7 = 18] 22 52 B 5k 21 19 R
SERMA L ORI AR i AR L 47 32 4R 415
TEFCAHR 2 T8 B A 0 25 48 (4515 5 B AE L £ UK
i PN A i 5 RE R s AT B AR 1 O 21 WOR % 9 1
REdR AR . H AT B E I OCLF ORI B
JGEF R A CEDFA)D Rl &1 55 3% 48 0 25 Ok &%



7 £ WS

2 [0 S T A v 2 1) 5 S5 008 Dl T R O A3 P B ) 5 43

(EYDFA) WA, 42 816 25 ik K 4% i 2 i T & Fh
HuTEDGAS R OE R RSB HDCL R 4 7E 40
SPY R T Y 32 B o LR 2R A A UL R O R R
R KR W G 2F 45 0 45 B I Ok £F i
RASFE AN Kok [ M 8 5 2 400 3 = i
R R LER e K )R B3k 40 dBm, fE IR
b BRI FAen (5 A A A RO i e ) e A B R B
T, AHA IS B T EER IO O 1 & A AL S
R B L DI R LA v s T HL R 43 5 i 2 [ A
1 HE 3 M 20 B 5% o T) Bl T 0 S0 A5 400 52 6 349 oy —
UM BB R 52 50, BT DA el A 1 S 1R L AR 20 B 58
AN LR B RE R R AT AR O . B R B SR B O A
TR 5 A, 2 o Ok 2 [R) D38 15 2R G 1 — P LA 1) 32
P AR SOR I Co g i 5 U8 18] B 6] 48 BB £F iR
ar FEE AR L 4B 0 41 IO A AT T M TE 4 S A 401 5
3, I 0] e 68 i 1 O 2R O AP RE 1 O R B
T I g DA R R R AR X O S E S R 2 R
77 DU %58 35 9 i 06 2F il R 28 24T T R NS B 43
Bro g T IX RO RS R HEH T % AW
PEREAR ARG B0 » LA B3 Bl IR #3545 A N i & 1 28
G RS

2 AR SCYR ST

BREDE L HOR MBI B 627 HOR A8 BT 3 1Y
EE AL LB B IR BITE A DAL OEE %
B S REm d™ HEA — A AR SR Co 1 R 5
R A TR AD) 25 ) Hp S ) B A R B T DL UK
T 88 S AL 40L 52 36 s SR 0 Co X 48 SH % £F 0 4 I
BIG LT EAT B IR R A EOR B 40 kerad . 3 TR 5T
RS 3 S PP DL R 1. S R SR TG IR D Al i 3
WOGAS » K G A 9 dBm, ] JE I OG R U g
X HE A EF TR A 1 i A 56 D AR AT 0 A

1550 nm variable optical
laser diode attenuator

fiber [ fiber ;

O

optical spectrum|
analyzer

K1 SR A

Fig. 1 Experimental apparatus

AR ROX YA T B BE S Bk O 3 A B AT
o [ R A SR OB T T 2 O 3 AT
A o A i e D R BEATACIE . SRR AT N 77
X 2 G L7 HOR i A7 0 RR AR E ) T — B L
ZRAKBHOCL WO el P o 2 8, — R 24
BRDGLE 5 5 R O — S R A OL 2T 18 E &
W &AM E SR AE Y FC OG2F 43k s o — & 3 2
A EBHOLA B BDOLA O VLA Wt 2 BR
BT S0 A 21 1 #R T A HLAS A DL 19 42 Sk o A
BARAER) FCOBer ik . 5 B3| 52 5 B 19 P K1
DL RSE R TP 20 m B RROGAT IR ER S A
BEDEL I & T MPLAS XA 7 R 4 e g i T A
B BOGLT O 58 5 5 A i At 4 P #8756 5 2
Z A AT R S B A R BE . 0 TR LB Ot AT
TR A o FH T LR o SR B 27 TR A48 A [7] F)
R AFAE LEBR A IR XE » T A7 48 55 3 A b A LA A1
FEATHF X BR AR S4B O 2F 0 it Aty 308 43 5 FH 5 1
WA AR . DA TT i 5 B B O 4 A
[ s SR 20 m G 2T 7 HH AR G 3 BEA T AH G

e 58 B AR T ol TR S R R 2R Rk
WIELF S G T B AT I A . BRI Z A0 i TR i T
e IR A 2R A 2 L AT ) i AR P B
R JRE B FRF T8 o O 2 o 70 it b e R T A6 4L 5
6 A S o R L ) R AR 2 AR R
DU QSR AE BEAT 45 1158 5 ) 1 0 R AT 00 4 o )
T BRI A %R b 72 R R PR REAE LY
HERRTE O . BT LA 1 MR 42 R ol A R )
THIPEREA AL D0 - BEAE T LA E I B8 419 L 2
A S R K B B A5 AR R I RE AT A G
(19 P4 HE S KO L 058 2 1 R A T R A B e
AEH I TE SR

3 AR Kot
3.1 HEREFE

w1 T 25 [R]DE I A5 28 40 19 4 Wi & A1 R i e
e PEADE L g PF G A B A S O S s A X R
BB AE 5 LB A AR w8 1 2R L T AR 2 b A 3 X
TAF SOE A A — & 12K P LA 2 8
9 728 AR B0 I8 A D6 £ O i RE 73 10 FH T 25 8] 't il £
E o i DNHE S S G

Bl 2Ca) B 2(h) 5 4B B 2T O 2 AR 3L
BICEF OS2 SR AR AT RO TE 1&T . il P 2 W]
L ABBDELF HORAR 19 O P O 1550, 124 nm 2 58
29 0.016 nm, BB HORAR B H OB K N



1 i &

oo e 35 %

1550. 124 nm,F 58 0. 014 nm., 1fi Y& I 19 b0 I K
b 1550. 124 nm, ¥ 554 0. 015 nm, B § 1] IL{E 556
DL AN RV SE SRS Uk | =R &, 3 o NS
b BEBIDGET 28 3 i 5 5 o L7 2R 1 60 TR RE R AT
A e 32 R G 3 A 2 T I B A 63X 5 O 2R iR
A AR W BRI A O T RS I T AR
FRFE SN T RE G ERIT MR L 1X AR AT K 5 8
% 3 128 DG AR R B it 7R

17.7

(@)

g 23
/m
S|
B -223
z [
£ [ 1)
S _4231 \\

-62.3

1549.12 1550.12 1551.12
A/mm
10.0
) ()
E *100 ReF - /
< i
22300 /
& | \
g J 4\
- \.‘___,/ ~—
~70.0
1549.12 1550.12 1551.12
A /mm

K2 Zilf5a EDFACa) Hl EYDFA (b) #y% i 3% &
Fig. 2 Output optical spectrum of EDFA (a) and
EYDFA (b) after radiation
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Fig. 3 Gain of EDFA (a) and EYDFA (b) as a function

of radiation dose
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function of radiation dose
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