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EDF K #Eix 1.0~50ps/nm/km OFiJH CTRE L1z, WM ADBORRK FWM 3T —20F,
BEFF v RNVEBKREL R BI1EY, £72, EDF EOBEN /NS RBIEE/NSL L. ¥

19



cv
—>

BIE BT ¥ RVEDK 40 F ¥ 2 XD REWLEDORK FWM U —7#1T,

EDF R/ #ETH 0.2dB UL M IZHx b D,

B.4 H#RLER

L # EDFA THAET 5 FWM AT —FHHEIZ LY

R FWM JE 80 —
EAERLT,
0.2dB EEEDHIEZITAIZIWVWEZLND,

2525

By EI'S
ik ﬁa l

W o

, BHEF ¥y RV ENE A TIZTDH R
EF v ZVEN 40 REU ETHNIZ 0.2dB LT E/hE WD
ZOZ D, L # EDFA ICBWTHR K FWM 680 —HIE Tk, KE

Ve

800 —————F——— . — 10
8 700 [ All Combinations ........ 48 —
g [ .OAA AAL AAAAAA... 1 I IL|_
2 [ gXXA\ Aggg -
S 600 F %o 46 5
e Without Combination off —f 88 -
(@] B " | ©
O L " =
Y - n ] 1 o]
© 500 o fn14  E
5 L » A o
= :D o, °] ©
g [ ** * * ‘e | G
> 400} o P, 12 3
‘o" "“ ] IS
: .” ‘0‘ ] o

30 bet— . .1 .. M- NS N iy g

0 10 20 30 40

FWM Channel Number

B.1 FWMARAICEAETAHESFrRIMBEEHR
RUHAEE 2RI S F=fr DEEEHILE

20



Maximum Ratio of Combination

FWM Signal Power (dBm)

N
o

(fF = fr) over All Combinations (%)

o

= =
o 3
— —

(6]
—Tr

o

L 1 TR I | T I
50 100 150 200

Total Number of Signal Channels

B2 fF=fr DEXMEEHLEDLESFrRILBIKENL

55 |

e
65 o

-80 [

&
QQ

[ &
[ &
—60 [« ¢

QRARg ®
o Sag

5 ps/nm/km

mmmmm@m@émw . ]
ek Laagy B
N Dagg

®

@
‘DD@@ 50 ps/nm/km
o ]
@ ]
) ]
D®£ ]
® ]

O All Channels @@
4 Without FWM Channel

1570 1575 1580 1585 1590 1595 1600 1605 1610

Wavelength (nm)

B.3 HESFYRIERIZEITS FWM H/NT—

21



(Y P—

8 EDF Chromatic Dispersion
\

\

Ay

Al

1.2

- -@--1.0 ps/inm/km —
--4--5.0 psinm/km b
- -#--10 ps/nm/km ]
\ --0--20 ps/nm/km -
B --0--30 ps/nm/km 1
' - -&--40 ps/nm/km
' - -0 --50 ps/nm/km

0.8

FWM Signal Power Difference (dB)

0 50 100 150 200
Total Number of Signal Channels

B.4 B FWM %7 —2D2ESF vl ikt

22



(1]

(2]
(3]

(4]

(5]

(6]

(7]

(8]

(9]

&5 XK

Y. Liu, et al., "Four-wave mixing in EDFAs," Tech. Digest OFC’2000, Baltimore, paper
WG4 (2000)

G. P. Agrawal, Nonlinear Fiber Optics: Second Edition, Academic Press, (1995).

K. Aiso et al., "Erbium Lanthanum co-doped fiber for L-band amplifier with high
efficiency, low non-linearity and low", Tech. Digest OFC’2001, Anaheim, paper TuA6
(2001).

K. Inoue, "Polarization Effect on Four-Wave Mixing Efficiency in a Single-Mode Fiber,"
J. Quantum Electronics., Vol.28, No.4. April, pp.883, (1992)

S. Radic, G. Pendock, A. Srivastava, P. Wysocki, and A. R. Chraplyvy, "Four-Wave
Mixing in Optical Links Using Quasi-Distributed Optical Amplifiers,” J. Lightwave
Technol. Vol.19, No.5. May., pp.636, (2001)

A. R. Charplyvy, “Limitations on Lightwave Communications Imposed by Optical-Fiber
Nonlinearities”, J. Lightwave Technol. Vol.8, No.10. Oct., pp.1553, (1990)

N. Shibata, R. P. Braun, and R. G. Waarts, "Phase-mismatch dependence of efficiency
of wave generation through four-wave mixing in a single-mode fiber," IEEE J. Quantum
Electron., vol. 23, Jul., pp.1205, (1987)

H. Ono, and M. Yamada, "Four-Wave Mixing Crosstalk Measurement in a Highly Doped
L-Band Erbium-Doped Fiber Amplifier by Using Half of the Signal Channels,” J.
Lightwave Technol., Vol.26, No.14. Jul., pp.2175, (2008)

IEC/TR 61292-5: Application guide for non-linear coefficient measuring methods

23



o
2

4ap
EE N HE R
B S
W& A

b
B
B

J\ R
oM
Ui
&
(A7 H—=23) &tk
#®on
(HH ) s H

o

(BRI

=<
-

o

%

>

N\
O

FFAKHR

Hr

a=t

[=]

e
o
=

i

Py

/N
G

B R E e T

TP07/ANM-2009

(2008 - f£~2009 4 5 H)

i g
N SRV
R AR U (2009 % 4 AN 5)
H A Skt
TR P SE A8 P 5 1 T BUR Jm) 1 o 5 B AR AR
(20094 3 A £ 7)
TR P SE A8 P 55 1 R BUR Jm) 1 o 5 B AR AR
(2009 & 4 A 5)
A ARG Bkt (20094 3 H£7T)
H A (G Bkt (20094 4 An5)
W RE N B ABLR 2
CEEBER L EESA
At v 7
[EERRliY Y ST
7 U YRR (20094 3 H£7T)
NRFV=w7FNANVaa=lr—a v A&t

(20094 3 A £ 7T)
NPV =mw 7ERA NV 22— g AASH

(2009 £ 4 A 5)

AR LKA (2009 4 3 H £ T)
d R LR ARt (2009 4 4 A 5)

MAKtEHY a2l a=r—va v/ ny—
RO LR

A 24 KDDI #F2E T

R TR AL

JU R 5 N PE S BT R L 17 2=

R ER L H#ERAS (2009 4£ 3 H £ T)
FEARERLERASH (2009 4F 4 H 7 5)
08 I PE 3E 48 PE SE BT BR 5 JR) 1 A PR AR L HE =R
HAE SRR A T

S IR N G PE ZE BT IR B =

S [R5 NI PE SE BT IR B 17 2=

24



4 W BR L |

Z @ OITDA Bt TP (BAMTEEL) 13, e B = B 2 o0 e 1 e de A e
EZB2TEHWE - RED 2D TH D,
ZOERHIOWTO ZERXITIEMIE, FRICITHEEZE 0,

OITDA /% TP (Hfii&EM)

FIBIEER — RIEBEFICE THIENLREEHRD-HD
ISRAAA F

(BEERESR : Application guide for Four-wave mixing

effect in optical amplifiers)

TP #&% : 0l TDA-TPO7/AM-2009
F1hR
A% HB 20094 5 A 21 H

F1TE  MEZEAN AEERMREDS
AT T112-0014 REEXREXEO 1-20-10
ERIFNFEBERAIEIL TF
T|EE 1 03-5225-6431 FAX : 03-5225-6435
e-mail:opt-st@oitda.or. jp (FBH#ILE)

25




