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Fig. 1 Distributions of the signal average power and the

gain coefficient along the fiber transmission axis
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Fig. 2 Temporal evolution of the signal pulse

B3 M55 ko B 3Kt d it A2 iy R i
Fig. 3 Spectral evolution of the signal pulse with

its amplification
HAELHBEE N LA m, F5EFHMER
107.9 WIS, iy 52 0L 2 2500 19 4 T o ok e 330 32 1
B RS BL G AN A A5 5 Bk o DU A BB e BKS
NG AL . 2R G ET AR S I, 32 3 D6 £ 2K I A 1Y 52
Wi o £ 5 51 1 D SR AT A A B ok — 20 i R ik b 3t i
175 31 B R e 58
HITE 4 7] LUA L BEE 15 5 Bk i 7RG 25 OR &%
HR R AN DRI 8 i R ok e R A D i 0 ik e
TE A% i ik A% o 7 A A M 80z iy HL AR 2k R0 BE
ERZIE SR N N T KRy QUL ol S A e e R & VU
AR Fe A2 3 W A A2 7 A, TEAG R R 2S 1. 4 m 4b, il
FARLAE RN B AR T 4 ) 2 32 B & 800 19 A
A5 Bk o iy B2 AL RS L 5 BOH Y O AR bk 58
TR DR A I A ket i PRt R D Tk e
i JEE 14 TV A L 8 K e £ o A R S Rk A SR Y
ZHRERATEE I R B Lo B BER B s
S5 RERIE Lo BN AE - B3 Bt BIOR AR 82 3 il
Tk % g o A b o R A R O AR L A5
SE 7 HE R AR RS ol K b S B e 98 43 2 AT AE —
FERERE ISR T AR LR RO L BRI T 5 SR
5571
50¢r

4571

LS

4.0

35¢

30F

0 0.5 1.5 2.0
L/m
M4 FEhRtEIEF
Fig. 4 Broadening factor of the signal pulse versus
the fiber length



12 39 TR R A < e T A T ARG AT RO A P S I A R A i R 3223

5Ca) i 38 T 5 5 bk e {5 D A< W DG 47 15 6
LN D R VRV < R =R RUISE <R QULRY 1 S7oW |
Bk G TR M W (1] D) 30 5 T Ik i s R A% H o
e i T AR RO LA B (0 B R S T 2
15 5 Tk b 14 75 MR Ik 8 19 74 1+ AT 2 UK i e {2
FARTFARE. I’ 5 () ] LU B L 78 K b 1% i b
14 m LSS S 55 Bk b i 5 IR S B3 E X iz ik
I 77 AR 8 JEEANARE A R L A7 AL S o o e L
D F N BUIRG . AH2 thy A AE BK o 1938 % O - g i
Jok o ) W (L 2 AR ATS BE 4E F — B B9 (EL. IR G A 508
Jok e ) W (1L 3R A A i ek e 32 B €0 FBORI AR R K
IO B4 5 e R 24 R A 25 T VK o Jo L AR AT A0 B I
€| ey Rty UL FR RSV EATUR

120

100 |

80 |

60

PJ/KW

40

20 ¢

0

0 0.5 1.0 1.5 2.0
L/m

(a)Distribution of the peak power
2.0

1.5

1.0

E*le-10/)

0.5

0 0.5 1.0 1.5 2.0
L/m
(b)Distribution of the signal pulse energy

ES fE5lordfyxRES Rkt Elby
e 4& sy o A
Fig. 5 Distributions of the peak power and the signal pulse

energy along the fiber transmission axis

P 5 Ch) U4 3R 7 5 5 ik e 7 R A% i aod 72 o
ok B T D6 2T A4 i i 1y oA A 0L B S (b 9 A
5 bk i B R A K e R A i e A v X A AR i
RN AR B A TG 2R JOR &8 N A - ik vl Y 18
fi JROK 32 B IR i B DGR G LT R AR N YD kL
Tz BRI Ok 52 BRI by 38 5 A A 2 AR A% g
J5 RER A IA 52 B A% B ik P R £ ORI AR 2 AL
R B/ 18] 5 (b) A5 5 Jiko il BE 4 T DG £F 14 4% il
f14 43 A1 1 B0 15 ol 34 D7 B AN D) A A% i O R A B 15
Tk i P 35 T 3RO £ % Tl i o A 00 (L

(b)) AH 24—,

T HESE PCEA A ik ifr 1) TR A% i e 1 1 3k
RIFFE M Ginzburg-landau 75 f H 4 & 19 2 & £
% N AR S PR B BT BB T 2 T AR Y &R
G2 BT AL INTER E M UG A SR IE T i
A [R) 45 K 19 D6 £F F0 A ) 1) A% g 2 s s7E TR — Ol
R Al S SN TR R LN S U R ORI RS B
HEHI 46 DR W06 Bk 98 55 B4 R 2R . BRI
Rk i 4 £ i R 2 RO AR G2 4 1Y 22 S T A T 2
I SR T ik S ] LR B P L A MLl T R R
il R ST S5 1 25 & L A2 Y — 4 S P . LA
LTS R AT I BUE R LA R, T DUk B
TRk TE PCFA PO AL Sl 7 - A5 5 Bk o 1)
it IR A P 2 R AR T R R R A i T R P
TR PR PR SE & FL AR 5 K o - 2 2 3R 4 A KOR0 ik
BRI 45 S a7 3] 60 BIOR I 26V RN 114 5 ) S5 AR S
BN AT T Tk e ey e 2 3R I SR SR A Rk
P AR 5 Ik D) A 458 g 6 A €8 HIORN AR R 500 A
FHTR » ik i 25 5 0 S8R 5 18 ok o 249 07 AR 96 88 K
A A L 5 B B SR O B i 2 i AN AR E L T
Tk ) o SRR R ) 7 e L RS T AR LA . A
T X T80 A ok v J 7 A A R ) 2 T T K o £ B o
R AEAR AR TR W SR AN T Bk T8 9 A AR
JE PR E LA RE 8 T a5 R G 1 4% i 2 o X
oK i 14 £ i 38 A 7 A S R T AR S Mk o £ i
G FEA RN AT ) T 31 i R (AR SO A L

3 #Hit

FIAZWEAEE YD (19 PCFA x5 5 ik v
HEATHZ ORI 38 2 A R4S B AE S Ik vp 2l %
FIHE 5 2 B A Ik v A% i B 5 1) A8 Ak OC & L g T A
A Ginzburg-landau 72, 3 i % B A5 5L F.
B8 g 28 HOR K v vl B I A% R T AR A R B 5
R AZ F R & BGER R A% TR A5 5 ik ol i ek
FE i A OB Sk SE B JF AT DL H AR 7 B )
AL T R IR K o 1% ok R v A AR ek 800 X
TR K i i 3 25 2R - Y ) R0 K o RE A 5
BN BT ik i JBT a4 S0 2 R ik v e L Ty 25 R ik e
I 3ol K 0 358 114 35 R A A5 A% i R S e K. Bk o B
FE AT G T Al Gtk S5O0 n ] ik i i e wE A
G324 TR Jok i 1% i o 2 7 2B RS el JAL Ut L il
ok 3 BT IR 5 6 2T TR 45 Bk P S0 R ok A v 1) 4% B
PE BN T Ik B FE 00 A Fo o R bk i B = ) 5
M), Sy AIF ) LA v SOk R ol At 6% S R ey B
LR R At T — s i ELR K.



3224 T

38 E

&k

[1]

(2]

[3]

[4]

[6]

[7]

[8]

KNIGHT J C,BIRKS T A,RUSSELL P ST J, et al. All silica
single-mode optical fiber with photonic crystal cladding[ ] ].
Opt Lett ,1996,21(19) :1547-1549.

ZHAO Zhen-yu, DUAN Kai-liang, WANG Jian-ming, et al.
Experimental study of characteristics of high power photonic
crystal fiber amplifier[J]. Acta Phys Sin,2008,57(10) :6335-
6339.

R T BOF A, BN, 45 =R PCFA Scia i se [T, 4 #8
#4%,2008,57(10) :6335-6339.

FABIO DI TEODORO, CHRISTOPHER D BROOKS. Multi-
MW peak power, single transverse mode operation of a 100
micron core diameter, Yb-doped photonic crtstal rod amplifier
[C]. SPIE.2007,6453:18.1-5.

CHRISTOPHER D BROOKS, FABIO DI TEODORO. High
peak power operation and harmonic generation of a single-
polarization, Yb-doped photonic crystal fiber amplifier [ J]. Opt
Commun ,2007 ,8(40) :424-430.

YANG Ling-zhen, WANG Yun-cai, CHEN Guo-fu, et al.
Experimental Study on Ultrashort Pulse Ytterbium-Doped
Fiber Amplifier[ J 1. Acta Photonic Sinica,2008,37(3):223-
226.

ML ERA BRI KA B ERK S YD LA UK # 52
B WFE L], 6242, 2008,37(3) : 223-226.

PENG Run-wu, GUO Lin. ZHANG Xiao-fu, et al. Picosecond
laser amplification system with 93W high average power[ ] ].
Opt Commun ,2008,281(10) ;2879-2889.

AKIRA SHIRAKAWA, JUN OTA, MITSURU MUSHA, et
al. Large-mode-area erbium-ytterbium-doped photonic-crystal
fiber amplifier for high-energy femtosecond pulses at 1. 55um
[J]. Opt Express ,2005,13(4) ;1221-1227.

ADEL P, ENGELBRECHT M, WANDT D, et al. Resonant

(9]

(10]

[11]

[12]

[13]

[14]

nonlinearity in high-energy Er*" -fiber chirped-pulse-amplifiers
[17. Opt Express2005.13(25) :10260-10265.
LIPING CHANG, WEI FAN, JIALIN CHEN, et al. High
power pulse amplification of ytterbium-doped double-clad fiber
amplifier[J]. Chinese Opt Lett 12007,5(11) :624-627.
TU Cheng-hou, LEI Ting, ZHU Hui, et al. The Ultra-short
Pulse Evolution Characteristic in Self-similar Parabolic Pulse
Fiber Amplifer[J]. Acta Photonic Sinica ,2008,37(5):779-
882.
TRUR R RN AR E R LG K o ' 2T ROK A o A ik
AR PELT . e T4 . 2008,37(5) 1 779-882.
WU Zi-lu,CHEN Guo-fu, WANG Xian-hua, et al. Numerical
analysis of Yb*' doped double clad fiber laser [J]. Acta
Photonic Sinica ,2002,31(2) :332-336.
RS PRE S, R B YD M Z b R ok R i Bk
L] L7241, 2002.31(2) : 332-336.
WANG Yu-hai, MA Chun-sheng, LI De-lu, ez al. Theoretical
analysis on gain characteristics of ytterbium-doped fiber
amplifier[ J . Acta Photonic Sinica ,2008,37(5) :855-859.
EEM DAL B, 5. B ROLL B S 45 5 P 1y BE
ML) 67241, 2008,37(5) :855-859.
HU Ming-lie. Study on propagation of femtsosecond laser
pulses in photonic crystal fibers [ D ]. Tianjian: Tianjian
University,2004 :40-40.
HAIIF. RSSO Bk v 7 D F R AR O £ b % R A 1 BF
[DJ. KHE: K H K ,2004:40-40.
AGRAWAL G P. Nonlinear fiber optics &. applications of
nonlinear fiber optics[ M]. JIA Dong-fang, YU Zhen-hong, et
al , transl. 3rd ed. Beijing: Electronics Industry Press, 2002:
382-397.
BTk G P AR RMESGAF e JE A R W T LML S8R T A
LR 3 OAR. AU L Tl Y AR AL L 2002 382-397.



12 39 TR R A < e T A T ARG AT RO A P S I A R A i R 3225

Amplification and Propagation of Ultrashort Pulse in High Power
Photonic Crystal Fiber Amplifier

ZHANG Yu-ling, YANG De-xing, HUANG Guo-ling,ZHAO Jian-lin
(a. Institute o f Optical Information Science and Technology ,School of Science ;b. Shaanxi Key Laboratory

of Optical Information Technology » Northwestern Polytechnical University s Xi'an 710129,China)

Abstract: The dependences of the signal pulse average power and gain coefficient on the distance are
obtained by using the rate equations and power propagation equations,and the Ginzburg-landau equation is
employed to study the propagation of the ultrashort pulse. The results show that parameters suchlike signal
pulse average power,energy and gain coefficient are not susceptible to the dispersion and nonlinear effect,
while signal pulse peak power,and the characteristics of time and frequency domain are easy to be affected
by the dispersion and nonlinear effect. The instability of pulse width caused by pulse splitting and
broadening and the effect of the instability on pulse propagation are analyzed and discussed under the
consideration of the nonlinear effect. It reveals that the accuracy of numerical simulation can be improved
by introducing the pulse width instability in the study of the pulse propagation.

Key words: Photonic crystal fiber amplifier; Rate equations; Gain coefficient; Ginzburg-landau equation;
RMS pulse width
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