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Ytterbium-Doped Fiber Laser Passively
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Abstract Picosecond pulses have an important application in supercontinuum sources. A picosecond ytterbium-doped fiber
laser passively mode-locked by an semiconductor saturable absorber mirror (SESAM) in linear cavity is constructed, and the
effects of the reflectivity as well as the bandwidth of the fiber Bragg grating and the parameters of the SESAM on the
characteristics of the output pulse are analyzed in detail and compared with each other. The experimental results show that a
fiber Bragg grating with 10% reflectivity and 0. 3 nm reflection bandwidth is more profitable for the mode-locking stability of
the fiber laser, and the fiber laser has a wide working range for the parameters of the SESAM. In addition, the non-saturable
loss of the SESAM has an important influence on the average output power of the fiber laser, and a smaller value of non-
saturable loss results in higher output power for the laser.
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OSA: optical spectrum analyzer
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Fig. 1 Schematic diagram of the picosecond fiber laser passively mode-locked by an SESAM in linear cavity

IR UCHE I 5 343 K 102,409 .80 %6 (1 = Fif
LT Y ABOE 35 19 = FOGEF 6 o K
5 S SE AR 42 B0 1064 nm 1 0. 3 nm., %
13 52 B2 Hh T =B 6 27 S M 00 58 46 ik
PG B o LT B 6 2F b 4
W/ - SESAM 52 LB A 8 452 U B I X
976 nemiy iz UL A T 11 HL AL 05 PR LR L o 7 3Ok
SRR H I 010 T 0 S R R R T
S0 57 55 30K 7 A 0 20 T O B8 1 B
ol T 49 ) S B« e T I o £ T AR LA A

Jiv LBk wh 8 it B 5 bR ol 1 35 D R 3 0% i 4R
i ksh S SESAM (1 88 1 fE 7 BOR g . A
F| SESAM i b i bk nh BE £ SESAM 1 18 H
(1 3~5 fF ko' # RE 5 52 BUAS RE 1 14 L2 B BIRL , K
R o R 2 T BOHOE 4 I B UL L ik o E )
W2 FEHOL AR AL TR Q IRA . Fr UG£ el iy
B 5 8 . SESAM. BB IO 25 BE 08 18 € T AR iy
XEIE976 il iz R 1 A HL ALV LR 2R L i e bk o
1 2 D R

1 JGEF M F D 80 Y0 B X R SESAM BB 2% 1 th T %
Table 1  Output powers of the SEMAM mode-locked laser when the reflectivity of the FBG is 80 %

Working current /mA 140
Output power /mW 0. 69

145 150 155 160
0.78 0.89 0.98 1. 05
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Table 2 Output powers of the SEMAM mode-locked laser when the reflectivity of the FBG is 40%

Working current /mA 140 145 150 155 160 165 170
Output power /mW 2.0 2.30 2.69 2.97 3.32 3.76 4. 20
203 JBEFICHE I A 109 I XE I SESAM B0t # 194t 51 %
Table 3 Output powers of the SEMAM mode-locked laser when the reflectivity of the FBG is 10%

Working current /mA 195 200 205 210 215 220 225 230 235 240 245
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Fig. 2 Influence of the reflectivity of the FBG on the output characteristics of the SESAM mode-locked laser. (a), (¢), (e)
Time domain outputs with different FBG's reflectivities; (b), (d), ({) frequency domain outputs with different

FBG's reflectivities; (g) single pulse shape
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Table 4 Influence of the bandwidth of the FBG on the average output power of the SESAM mode-locked laser

Current /mA 200

205 210 215 220 225 230 235 240 245

Br=0.3 nm

Output power /mW
putp By =8.4 nm 6. 88

5.09 5.56 6.09 6.55 7.02 7.48 7.92 8.48 8.93 9.47
7.49 8.00 851 9.17 9.74 10.38 10.90 11.47 12.10
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Fig. 3 Influence of the bandwidth of the FBG on the output characteristics of the SESAM mode-locked laser. (a), (c¢) Time

domain outputs with different FBG's bandwidths; (b),(d) frequency domain outputs with different FBG's bandwidths
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Table 5 Details of two different SESAMs
Modulation Non-saturable Saturation Relaxation
SESAM type )
depth /% loss /% fluence /(pJ/cm®) time /fs
SAM-1064-45-25. 6 s-500 fs 30 15 30 500
SAM-1064-70-25. 6 s-500 fs 40 30 40 500
F 6 SESAM Z B0 G B 48 7 i Hh T 2 09 5% i
Table 6 Influence of the parameters of the SESAM on the average output power
Working current /mA 190 200 210 220 230 240 250 260
SAM-1064-45-25. 6 s-500 fs 4.32 5. 36 6.31 7.43 8.42 9. 39 10.42 11. 39
Output power /mW
SAM-1064-70-25. 6 s-500 fs 3.54 4.54 5.48 6. 44 7.42 8. 35 9.33 10. 31
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Fig. 4 Influence of the parameters of the SESAM on (a), (c¢) time domain and (b), (d) frequency domain output

characteristics of the mode-locked laser
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Fig.1 (a) Output power profile of supercontinuum source; (b) supercontinuum at the maximum output power;

(c) structure of seven-core photonic crystal fiber
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