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Enhanced Spectral Broadening by Femtosecond Pulses in Large-Air-Filling
Fraction Microstructure Fiber
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(College of Precision Instruments and Optoelectronics Engineering , Tianjin University ,
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Abstract The influence of the structure of microstructure fiber on the spectral broadening of femtosecond laser
pulses is experimentally studied. These experiments demonstrate that the spectral broadening of 35-fs pulses of 820-
nm Ti: sapphire laser radiation transmitted through 2-pm core diameter microstructure fibers can be enhanced by a
factor of about 1. 25 by increasing the air-filling fraction of the fiber cladding from 60% up to 80% , and ultrabroad
band continua which are almost 700 nm extending from 520 to 1200 nm and 1000 nm extending from 350 to 1320 nm
are respectively generated from these two kinds of fibers. The comparison shows that the efficiency of the nonlinear
spectral broadening process can be noticeably improved by increasing the air-filling fraction of the microstructure
fiber cladding, due to a higher degree of light localization in the core of such a microstructure fiber.
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Fig. 1 Cross-sectional images of microstructure fibers with a

core diameter of 2 um. The air-filling fraction is
60% (fiber A) (a) and 80% (fiber B) (b)
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Fig. 2 Dependence of output spectra, fiber A (a),
fiber B (b) on the pump power
(The spectrum curves in this paper are all scaled vertically for
comparison; the output spectra all have approximately the same

peak value)
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Fig. 3 Supercontinua about two octave generated at

more power coupled in

Agi oc (A/d) X A* +0OA/d) @)
Hp A AESALZIBIREERS , d A2 SALB R/, T
BRI SRR AR d. H i A
(1) AT LAY 2 075 th 8 R 25 b, A S50 T ARAR 75
BN L 8 16 T RE W R A BT 4708 . 5K
L) 5 A RO AR % 2 R AL 2 (8] B B
MR BE R, 3R R D 25 AL 22 1) B B ) D /) ) B 4l
TELF AR/ T AE LR REGE B B T RRR
Y= wny/cAyg (2)
Horny BARRMEITH R RL 0 AWK, c HIHE.
"] LLBH R B A T R T AR, AR 2 AR
RN, BIE = W E KRB S W O6Er ., B AL
PR L PO R AR B SUAH AL TR R L B BE U AF & AP R 4R
PRI FR AR K M 38 5% T, AT A8 L At 2 B0 7] B9
THOT, R B M ES W C A BER IS SR
B, X —KRE A EREBFIKIE, Gaeta [
IS THE SRR, A G BR3Pk o
7 TR AT DX B 3 B 3 5 't i Y 7 A L B
Ry 2 R v I K 2 7 R DY 8 VR AR R
A\ B TREDBOE Bk e 7 T 6 BUX TR B R B IR T e
FHL S RSN 5 BE K 28N B9 7 A O A PR T
Jik e AN IR BK b 2> K o R Y B % T EL AR 2 T
Fe 9 JE R 1 5 £ TE s B IR F R LR, B AR AL
8 1) P00 A 5L UG TC A IO Y8 VR AR A RO R AR B R
BURN 2l £ BT R SE A AR A6 DG C A 2R RE
TG R B A BE BE , [ I PR ) T4 B T 1] B9 4
Xof & B o T X A [ 47585 T 25 <0 HAS [R) B I 45 4 0t
EFI R » 25 S R B 0 45 4 O 45 % €0 IR, 8 A 1) 4
Beo ACHIEG A WFERUE N 770 nm, G4 B
MIFE 670 nm, [H b 76 AH 7] B9 AP BOEBK W AE AT,
23S B R B 45 4 D 1 LA 2 DT BT B E T 4 0 9



1432 2l B

b4

P 1%

TEA NS X —RTERE 2 KGR P HReE k.
PR I 72 AR [ AP Bk v R T b AR [ £ 588 T
G OEET T & » K2 H S e 47 RE 3R
RE TERETE R .

3 4

LB T ML AR S X R ELE
TR, R PRI BT Y T 7S R B RAB DL T
WHRIEIEOL. TE VB RN 600 mW, 0K
4y 840 nm f KAHOCHIME T, RS T H B AE
SRR B R SR TE . AR R R R R
MG R TERY I R X0 BT R ORI, AR Bk v R
96 INTE WAL 2 L M SRR A LR,

& X X #

1 J. C. Knight, T. A. Birks, P. St. J. Russell et al.. All-silica
single-mode optical fiber with photonic crystal cladding [J].
Opt. Lett., 1996, 21(19) :1547~1549

2 T. A. Birks, J. C. Knight, P. St. J. Russell. Endlessly
single-mode photonic crystal fiber [J]. Opt. Lett., 1997, 22
(13):961~963

3 J. C. Knight, P. St. J. Russell. New ways to guide light [J].
Science, 2002, 296(5566) ;276~277

4 Jinendra K. Ranka, Robert S. Windeler, Andrew J. Stentz.
Visible continuum generation in air-silica microstructure optical
fibers with anomalous dispersion at 800 nm [J]. Opt. Lett. ,
2000, 25(1).25~27

5 T. A. Birks, W. J. Wadsworth, P. St. J. Russell
Supercontinuum generation in tapered fibers [J]. Opt. Lett. ,
2000, 25(19):1415~1417

6 William J. Wadsworth, Arturo Ortigosa-Blanch, Jonathan C.
Knight e al.. Supercontinuum generation in photonic crystal
fibers and optical fiber tapers: a novel light source [J]. J. Opt.
Soc. Am. B, 2002, 19(9):2148~2155

7 Anton V. Husakou, Joachim Herrmann. Supercontinuum
generation, four-wave mixing, and fission of higher-order
solitons in photonic-crystal fibers [J]. J. Opt. Soc. Am. B,
2002, 19(9):2171~2182

8 Alexander Apolonski, Boris Povazay, Angelika Unterhuber e
al.. Spectral shaping of supercontinuum in a cobweb photonic-
crystal fiber with sub-20-fs pulses [J]. J. Opt. Soc. Am. B,
2002, 19(9):2165~2170

9 Andrei B. Fedotov, Aleksandr N. Naumov, Aleksei M.

10

11

12

13

14

15

16

18

19

20

21

22

Zheltikov et al.. Frequency-tunable supercontinuum generation
in photonic-crystal fibers by femtosecond pulses of an optical
parametric amplifier [J]. J. Opt. Soc. Am. B, 2002, 19(9):
2156~2164

D. J. Jones, S. A. Diddams, J. K. Ranka et al.. Carrier-
envelope phase control of femtosecond mode-locked lasers and
direct optical frequency synthesis [J]. Science, 2000, 288
(5466) :635~639

S. A. Diddams, D. J. Jones, J. Yeet al.. Direct link between
microwave and optical frequencies with a 300 THz femtosecond
laser comb [J]. Phys. Rev. Lett., 2000, 84(22):5102~5105
R. Holzwarth, Th. Udem, T. W. Hansch et al.. Optical
frequency synthesizer for precision spectroscopy [J]. Phys.
Rev. Lett., 2000, 85(11) :2264~2267

Th. Udem, R. Holzwarth, T. W. Hansch. Optical frequency
metrology [J]. Nature, 2002, 416(6877) :233~237

I. Hartl, X. D. Li, C. Chudoba et al.. Ultrahigh-resolution
optical coherence tomography using continuum generation in an
air silica microstructure optical fiber [J]. Opt. Lett. , 2001, 26
(9):608~610

A. V. Husakou, J. Herrmann. Supercontinuum generation of
higher-order solitons by fission in photonic crystal fibers [J].
Phys. Rev. Lett., 2001, 87(20):203901-1~203901-4

J. Herrmann, U. Griebner, N. Zhavoronkov e al..
Experimental evidence for supercontinuum generation by fission
of higher-order solitons in photonic fibers [J]. Phys. Rev.
Lett. , 2002, 88(17):173901-1~173901-4

Sun Jinghua, Zhang Ruobing, Wang Qingyue et al.. High-
average-power self-mode-locked Ti: sapphire laser self-started
by a semiconductor saturable-absorber mirror [J]. Acta Optica
Sinica, 2001, 21(8):1019~1021

M, TRV, EIE A S . 2 TR R AR OB ) 3 R T
REHBRE FABOCRT]. k2|, 2001, 21(8):1019~
1021

Niels Asger Mortensen. Effective area of photonic crystal fibers
[J1. Opt. Exp., 2002, 10(7):341~351

G. P. Agrawal. Nonlinear Fiber Optics [ M]. 3rd Ed. New
York: Academic Press, 2001

Alexander L. Gaeta. Nonlinear propagation and continuum
generation in microstructured optical fibers [J]. Opt. Lett. ,
2002, 27(11):924~926

Karen Marie Hilligspe, Thomas Vestergaard Andersen et al. .
Supercontinuum generation in a photonic crystal fiber with two
zero dispersion wavelengths [J]. Opt. Exp. , 2004, 12:1045~
1053

Hu Minglie, Wang Qingyue, Li Yanfeng e al..
Supercontinuum generation and transmission in a random
distorted microstructure fiber [J]. Chinese J. Lasers, 2004, 31
(5):567~569

BIBE, EWH L EAS & EWOMEWRTPBESLEN
FEAMAEHET]. + B#k, 2004, 31(5):567~569



