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Investigation on quasi-lossless transmission system based on
hybrid pumping Raman amplification
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(Department of Disaster Prevention Apparatus, Institute of Disaster Prevention, Beijing 101601, China)

Abstract: In order to realize quasi lossless transmission of signal light on optical fiber link, by using high-order Raman
amplification method of injecting the first order and the second order Raman pumping into both ends of fiber symmetrically, the
numerical model of fiber optical quasi-lossless transmission system was built and the opmization of the system was carried out.
The total power consumption and signal power variation with different pump power combinations of the first order and the second
order Raman pump were investigated. The influence of signal power and fiber length on system performance index was studied.
The results indicate that, system performance will be worse when signal power is higher than 1mW. And system flatness will be
worse obviously when fiber length is longer than 60km. Quasi-lossless transmission can be realized along 60km fiber by utilizing
this scheme and different pumping power combination schemes can be designed according to the actual demand of energy
consumption and signal flatness.
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Fig. 1  Schematic of quasi-lossless optical transmission system based on
high-order Raman amplification
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Table 1 ~ Parameters used in simulation
wavelength/nm o/ (dB + km™") &/km ™! g/ (W' e km™1)
1365 0.38 1x107* 0.53
1455 0.27 6x107° 0.43

1550 0.2 4.5x107° —
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30 Table 2 System parameters with different pump power combinations
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Fig.2 Distribution of pump power and signal power vs. fiber length
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Fig.3 Magnification of relationship between signal power and fiber length
iz e, (55 6 1E 60km YL 4% i E AT R 16+ 4
I, AT DL i) 5 DG ET i Sl R A W S BOR B B
BTN, 183 g 1550nm {5 556U E 53 A1 Y
R, AT AL 5 5 6 7E 60km SG2F4E % 1 i oy 52
W EAL N 0.27dB TE BB E X 0 £ 1 15 /Y )
(EHCE N — DG — 18, MAESE PRI P, I DGET th
TRARERNLT B BAR TR ] AN 5 25 3 B0 2 1
Tt REBUOCER R Y S0, R ek — 2D ey o
FECETC B AN s ol 2 0 £ RBRO R | P U
ML 10% NBEHL I3 A, 15 2 /Y9 1550nm {55561 2
RO 3 P REL R, AT LR Y, 2% R 3 0
B4k RBCOGE ARSI PESS , 1550nm {5 506 D)%
OM A AR LA R AR — B, T i 1,
XCEF S R BER 2R | P E (e

TESLPR B i RGBT, TGS HIER
G AL IZ B R AE S WG LR B S R P s fE
I, O TR 2 Birlg B 5 B [ s
DR B RGP RIEAEN G 5 IR, £ 2
T T 2 B 1365nm il iz g3 ) g OW, 0. 2W,
0.4W,0.6W F10. 8W Hf, SZ P 60km 75 BH %4 K i 5L v
1455nm filiz PR H, AT LAE ), 390 13650m filiiz
BYDIARRAE, T 1455nm Hlz D 5RME T ., Kl 4 Jemt
T ARG SO REFE S R EERE IR &
iz 1365nm iz A (E M A2k, FEE 1365nm fifiiz
A DIARAEREE N, Ry SIS S OGE WL , Frfs i 52
Z(HIH Y 1365nm F1 1455nm Hliz hHEZ ) $2 71,
BAR ST AUT LT 1 Sl B Hsi/ N e T DL Y, Y

power(1365nm) /W 0 0.2 0.4 0.6 0.8
power(1455nm) /W 0.207 0.126 0.0685 0.0349 0.0182
ratio( 1365nm) /% 0 61.3 85.4 9.5 97.8
2.0 2
5
g A 3
= 15 1B
2 +.(0.2,1.29) P ks
3 5
g 1.0 1z
[5)
2 \..e” g
3§ 0.55—7 1 =
° s <
S 0.6036) 4 &
0.0 0«
0.0 0.2 0.4 0.6 0.8

single-end 1365nm pump power/W
Fig.4 Total pump power and signal power variation as a function of single-

end 1365nm pump power
1365nm iz G TRy OW IF, 45 B F 1 Bl & K,
B B D) AR A8 /N (0. 414W) | T 506 1 )
W AE IR,y 1.99dB, B 1365nm iz T 41
S, 2 R ROR B R R RS Ot DR
S BEWE/ , IFLE 1365nm FiEEIhER N 0. 8W I fiE
IBEN0.3dB PR (0.25dB) , SEB 1 AR b iy JoAs AL sk
o B BERIRE, B 1365nm filiz e AR M T, R
G852 37 W I A S ) BTt A iz S D AR 2 P
Ko P, FESLPRICHE i RGBT, /& 25X R 5
XHIIE 28 (8 7 32 1 DL LA B TSR 1451 4 B AL A
F &, Bt 1365nm 56 2 Birfiliz F1 1455nm S 1 rdhiz

T LA 43 B o
T WA 5P EEBE 13650m Stz )

24 ; : y " y

c% a .. OW single-end 1365nm pump power

T 23p, -=-0.2W single-end 1365nm pump power

g 9 A —0.6W single-end 1365nm pump power

(] " "" 1

D-i f"“:"\ ;""“

E‘ 21

220/

é

o 19¢

810 20 300 40 50 60
z/km
g LS P g p
& |(° o 0W single-end 1365nm pump power
2 0 ===0.2W single-end 1363nm pump power
?g ’ . ™, ==0.6W single-end 1363nm pump power
R 0s) TN,
ER 4 =,
& 0.0K
e '\‘.\ //-"I
g -0.5 -"': e ’f“ :'.‘:
vy
w o
— __1 0 L " N N rasane
0 10 20 30 40 50 60

z/km
Fig.5 Pump power and signal power distribution vs. fiber length with dif-
ferent pump combinations

a—1455nm pump b—1550nm signal



268 e

S S

RN, LA E 45T 1455nm iz Y6 A
1550nm {55 IR FELF TR, WNE S iR, Al L
F i, AR A T 13650m Jliis DR RN, ik
U S E WAL, WOGEF PG TE A ) 1455nm Ji132 1)
AT LAAE /N 1455 nm i ST R DR i EIR AT
JEEF R, DR AT i 14550m i3z 6 &
5T G L S ORI, BT 5b T RAAR Y B
HIRAHIZ T 1365nm iz 6T A 5N, 1455nm i
BT 353 A A8 AL T BUE 5 6 D 2R 4 A 3R R
{55 I Th 2800 A B 3 ICUE 4

B TR B T 55 6T R 50 T il his oy
55 W CEF Uy 5S-SR (52 ], Y £F 4 B Oh 60km, 2%
SN 6 Frn . 5 B [ E B 1455nm iljis )R
0.0228W , B AR5 45 6 T & Rl AR S B WAL
i 1365nm iz eI, v LIE 1, M55
IR (/NT 0dBm ), 5 Gt fir /5 il 12 P 2 FE 50
T PGET 73 A (11 JH B AR AR 5 177 4k 238 K A5 5 62
KIG , B RS ERHmE Mz THRERON , S BiE
TR, RS0 A iz Dy R G 0, W, £ 5000
pAeed WIRPIBE ST 3 FERTERTLDE: 8 by N S 0 A 80 M 17130 5 o
HefG R G, R R BRI R 550, i
EIR I AG 5 S SR G RA S N L K g
R s

0.90
0.85
0.80
0.75}
0.70
0.65

single-end 1365nm
pump power/W

20 -10 0 10 20
signal power/dBm
0.7

0.6f

0.5}

b
0.4¢
0.3

T T 0 10 20
signal power/dBm

signal power variation/dB
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