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Stretched-Pulse Femtosecond Photonic Crystal Fiber Laser
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Abstract A femtosecond fiber laser based on Yb-doped single polarization large-mode-area photonic crystal fiber
(LMA-PCF) is demonstrated. The photonic crystal fiber acts as laser gain medium. Since the single mode area of
the fiber is an order higher than that of conventional fibers, the fiber nonlinearity is effectively scaled down, and
much higher energy laser pulse output is achieved. The laser is based on a linear cavity design, and a piece of
semiconductor saturable absorber mirror is used to initiate mode-locking operation. A pair of gratings are used as
intracavity dispersion compensation, and the fiber laser operates in the stretched-pulse regime where the amount of
net cavity dispersion is in the vicinity of zero. For negative net cavity dispersion, the laser generates 500 fs pulses
with an average power of 400 mW at a repetition rate of 47 MHz (corresponding to a single pulse energy of 8.5 n]),
and the pulses are dechirped to 98 fs after extracavity dispersion compensation. For positive net cavity dispersion,
the laser generates 1. 76 ps pulses with a single pulse energy of 10. 6 nJ, and the pulses are extracavity dechirped to
160 fs.
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Fig. 1 Experimental setup of the fiber laser. LD: laser
diode; DM: dichroic mirrors; FR. Faraday

rotator; PBS; polarization-beam-splitter
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Fig. 2 End face of the Yb-doped single polarization

large-mode-area photonic crystal fiber

# Yb L R A 976 nm {1 KT HEOE
T (LD HiEdE. shistia g g s R R
200 pm, BUEFLAR 0. 22 4 F £F %y Y . 3 3 1 4k Bk
#1375 i A A 1 KB 1H RO 1 S OB 2R . R
K976 nm iz 56 & E XK 1L 04 pm B 3%
s R LB (DMD 23 B 06 S hig . & B
(M) Fi2p S 44w ] o A B (SESAMD AE hy 54~ i



832 H i b 35 %
BE. AR BRI % 2k 48 9 750 mumi iR S5 55
K A T 5 O IR % 2T £ A T K Lo @
SESAM JEF GaAs/AlAs A K 551 85 1 (% 3 5 2 .
THOMEH A K 1) InGaAs B T4 6 1 < osf 10T
BB, AR L. 04 T HO 2 TRy 6524, 2 0af

PR R BE S 35 Y0 o 4 S 5 A 20 ] /em”  IROSCIR B
B 1] /N F-500 fs o Al A AR BE 11 mm A 35 B 5 58 23R
Fi 3 o O 2 BEORBE M RS 3R AT R Bl BRI TR 1
RE#E . M —XF600 line/mm [ 2 % 4 1 1N
Y1 S €0 RN A2 30 Ao 9 S A X 1 ) B e A
SR . G 4 A S Ak 3R kT i A R L T R
Tk IR R AR SO I i R S 5 AT S
o B IR 7 18] — B0 IR s 3 — ity 1) XL € 4% I T
WRUAE AR B B Bk 43 SR 4% (PBS) | 5 3 Jie %
W R i R & W T A% il i Bk B R S —
XiF 2 YR R I 2 o R O AR R A A R
i P 73 AR 25 1 3 R AR S OG AR Il . S R
I ERE K R A SO AR I R AR R AR 9006, B
RE 5 B B 5 1 s N 2 R, SRR HE SESAM. | Y
S ) A o I (ol A (1 N AN W @ S
SESAM #5473 .t I8 16 N [ B 77 76 W A~
07 AR 1 Bk s T 2 AE W6 A D B 43 R 2% =2 1) i A
R G (FR) - T PRAIE AR B — J7 1) 47 7F 55
FA f 0 26 (O AR S AR s B . OB A AL
R 2 2 3 my AR AS Y BB K ol 81 S R
47 MHz, | F b TR0 [R] S 200 ps [ 15 3 0 o7 o HL —
A8 ISR RE A R 4 GH i 7 2 1 0 A4 Jok oo 52
3] ) Ak AT DA 00 ' 4 114 22 ik ol iz B

3 LEgR

S X A 1A BAHCA 4. 3 em, ASHAIE S 30°, 3%
I K i 28 S Ml X P BB K 5 AR —0. 064 ps” Y (8
R . KA 0BG ET 1 @O0, 019 ps”/m, TR
A GEF L7 A2 0. 057 ps® I EECEE . TR O Bk
IPAE— A D6 0 5 3 N 3L 3145 — 0. 007ps” B B (4
B YGEF WOLAR 12 56 70 W W Bk oh BIBOIR S . SOt
TEAIE AR 4. 6 WIN SEBL A 5 3 BT, i i 2 &
250 mW  FiLas Fe AR 5 AR E - il lf o6 2T K i oy ot
S 5 RS 2k H i R WL AR BE T D SR OE AT R
MRS RENE . BRI HOt & AW 2K E iz
AR LASRAHAS E PR IE 5% .t - 2 S R i
BF400 mW . HH ik b RE B D 8. 5 nl o 4 2 Y
WO HOETE A 3 () B 45 B 45 0 Bk AR T
XS RE TS . OB B O A O 1045 nm, 35 98

02F

0.0

1020 1040 1060 1080
Wavelength /nm

0.0 1.0

(b)

Intensity /(a.u.)
F -

NS}
T

K3 B WOLAS 7RI IR R — 0. 007 ps? B
B DK P REE . () e RO O L 4 1 A X

BT AR AR R B OG5 s (b) i SM R 46 5 19 bk o

T B R Sl 2 . 4 P S AT A B4 i R K o

FI A 56 2%

Fig. 3 Output characteristics of the mode-locking fiber
laser when the net cavity dispersion is —0. 007 ps’.

(a) output laser spectrum, the inset shows the
corresponding laser spectrum on a logarithmic

scale; (b) interferometric autocorrelation trace of

the output pulses after extracavity dispersion
compensation, the inset shows the autocorrelation

trace of the direct output pulses
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Fig. 4 Output characteristics of the mode-locking fiber
laser when the net cavity dispersion is 0. 003ps®.
(a) output laser spectrum, the inset shows the
corresponding laser spectrum on a logarithmic
scale; (b) autocorrelation trace of the output
pulses after extracavity dispersion compensation,
the inset shows the autocorrelation trace of the

direct output pulses
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