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Amplification characteristics of multiwavelength
erbium-doped fiber laser amplifiers
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Abstract: In order to study amplification characteristics of a multi-wavelength erbium-doped fiber amplifier ( EDFA) ,
steady rate equation for a multi-wavelength Er-doped double cladding fiber amplifier was deduced based on a single frequency
amplifier and ignoring the amplified spontaneous emission (ASE). A theoretical model of EDFA was set up. The amplification
characteristics of single wavelength amplification, dual wavelength amplification and four-wavelength amplification were
numerically simulated and analyzed theoretically by using this model. The results indicate that, the optimum fiber length of the
doped fiber amplifier is 8m in case of single wavelength injection. Unlike small signal amplification, the gain spectrum of a high-
power EDFA tends to be flat in the range of 1530nm ~ 1560nm. The difference of output power increases linearly with the
increase of wavelength interval when double-wavelength signal laser is amplified by EDFA. While wavelength interval is 20nm,
the maximum power difference of power balance compensation is 6. 855W by adjusting the input signal power ratio. The minimum
deviation of output power is 0.28W by adjusting the wavelength interval and power ratio parameter when four-wavelength signal
laser is amplified by EDFA. And the gain equalization can be easily achieved within a certain range. The study will be helpful for
multi-wavelength Er-doped fiber lasers and their application in laser Doppler radars.
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Fig. 1 Energy level of erbium ions
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Fig.2 Boundary condition of steady-state rate equation of a fiber amplifier
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Table 1  Physical parameters for theoretical calculations of amplifiers'!*]

symbol definition value
N erbium concentration 1.0x10%m 3
T upper-level particle lifetime 10.8 x10 3
Oe.p (A) pump emission cross-section 1.75 x 10 " P m?
8. (A}) signal emission cross-section 6.5 %10 P m?
Ous signal aborsoption cross-section 7 x10 P m?
A fiber core area 5.8 x10 'm?
o signal fiberattenuation coefficient 2x103m™!
a, pump fiber attenuation coefficient 4 %10 *m~!
r, pump filling factor 0.811
r, signal filling factor 0.6
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Fig.5 Gain spectra of EDFA under different input conditions
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Fig. 6 Signal distribution along the fiber of dual-wavelength amplification
a—AA =20nm( A, =1540nm, A, =1560nm) b—AA =2nm(A, =
1540nm, A, =1542nm)

£ 1540nm ~ 1560nm i Bt , [AFE AR HOK , Hin
APIE S 3 100mW , [&] 6a thE K [HIFE AX =
20nm B4 H TR 4050k 9. 842W il 1. 593W, [&] 6b
Pl B AX = 2nm B4 0 D) 2255 ) R 4. 946W FiI
5.958W, WifES I KA, (A5 9 I K 4 D R oA
£S5, MPESERIK 2 AN [ER/NARE, B0
St 22 AP K/MBARTR], #1401 AA =20nm Fl A =
2nm Ay OGRS B P F 2 AP 435 R 8. 249W Al
1. O12W P4 25 (8 R R PR SR Py 0 D 38 1) 22 (LA
AR . PG5 6 AR SR B AT R,
FHOGET i3 25 B A~ I 4 e =2 ) SORE AN AT gk A 1Y) 25 7



FA2E A3

B ZUR B OO OB ST 329

A A B A, AR i A R FE A2 A B g I
FIIAR A28 5820 o 2R P P FE B, D e
Wk SRR AR 25 AN K, A5 P HROEAE DG EF I Il 22 B
BN A 4 i DA ARZE AN R ISR PN 5
RAHZEBOR, WA WS SR AT B S A 22 K
FRHOETECET T 22 LR 19 9 i 56 4, i o 2 o6
HHZERER
N T 5T 2K EDFA (3 25 R, A3
FRE O I, 3 — A BIE 5 AN ) S5 1 ] o X i o4
R 50, W H A, = 1530nm, A, &y 1530nm ~
1560nm Z[AJ{T— K, AX = A, — A, 5000 KOG
IR R AR £, AniEl 7 B
12,
10

AP/W

S D, B O R

0 5 10 15 20 25 30
AA/nm
Fig.7 AP vs. AA

LA Y, 7E 1530nm ~ 1560nm 3B, XU THOR
TR 2 AP BEJE K 22 AN M L, X RN
EDFA £ KAZ 515 N AE 1530nm ~ 1560nm 27 [&] 34 25
PR TP AR, WA Sb R
2.3.2 RREMEF A FE TELPRN PR E A
KAHOLAS F RS 37— W 22 Z N, XLl
BRI PRBOCHATIE R 45 TR A5 20
R I BOCHE T — e FRRE I DR RIS
TPIES PR 2500 A, =15400m, A, = 1560nm, 7&
HA BTN ZIY y 200mW 5 AE T AR E 5otk A Zh
AT R 2 E 221k, niE 8 Fis .

AP/W
— N W R U %O

0 20 30 40
signal power ratio

Fig. 8 AP vs. signal power ratio
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