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Fig. 1. Schematic diagram of the CPA system with
a seed pulse source of dissipative soliton fiber laser.
SA, saturable absorber; SF, spectral filter; SMF, sin-
gle mode fiber.
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Table 1. Parameters used in simulations.
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Fig. 2. Output pulses of the dissipative soliton fiber laser for different bandwidths of the spectral filter: (a)—(d)

Pulse spectra; (e)—(h) uncompressed temporal pulse waveforms; (i)—(k) compressed temporal pulse waveforms.

H 3 (e)—(h) /T W, 8, 10, 12 A115 nm JE
e N, CPA R4 )5 Bk 58 43 124 120.2, 106.4,
115.6 f1147.6 fs, 57 Bk B4 40 fa Ik 58 2
Eb 4 518 1.36, 1.15, 1.09 F11.23, BIFR 15 nm i€
BT TEAL, YEUE AR TN, 2 CPA J5 kv o]
AEVERRAR. FE b, P ko ot B R RN ROK 28
B R G ¥ 5 Jik o o] R 4 e, R ik AR AT RN 8,
10 112 nm B, F& 58 J5 0 Rk v 34 75 A8 e 3o 1) (AL
B3 (a)—(d)), 3Pl B 3 9 1) 28 5K B8 TR A,
KT ALMEAIR IR, FEAK T Bkt vl 4608, I
HLF IR f K, AT 4R PR ZE . X T 15 nm
VEUE AR, KU LR B S K AN A R A, (H
U T R d i, ORI RE R I B By ik, [FIRE R
Al T Bk R R ZEYE, BT ZE MR T 10 nm A1
12 nm JEU B85 T8 B O, BEAh, BB 3 (e)—(h)

R, B SR AT AN, CPA Ja kit i) 5%
TR o5 R B HG K, AT LT R i e O AR T
PR 48 o R kb o . TR, SR e 1 A
B A B, FE AT Jhk o Jie B e R Rk B i B 3
i, FEUK AT 8 M B H S5 AT  fE RE R
Bl 4 9 10 m bRk IE OGS e TE 4 (FLA s
5ttt IR, 958 0.23 ps?) B AS [F] g i 28 A1 9
Jik AR TROK 88 2 B FD CPA JE 46 J5 B . MHEE T
B3, SIET R T8 % Ja I Bk i AN B i 7 Fpiie
FEE R, 3 2 R A FE BN Bk e (il Th R e v, 7
1E BB LT R 55 3% b, SPM 5 — [ 4 iU H.AE H
S PRk B AL D21 HI55 T AT kRt
TR 1) 6 R 5 S ks T IR e RV RERLI Tk
TR 1) T P T A% R 1 Bk v i P RS 9, H
JEUR B TR A8, 10, 128115 nm I CPA 45

084203-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 8 (2016) 084203

Ji B 58 2143 BIE F) 156.8, 152.2, 152.2 F1143.1 fs
(WL 4 (e)—(h)), H& R4 FT-IE K 58 2 53 31
ik 1.78, 1.64, 1.43 F11.19, [& 15 nm R 2345 58
Ab, AW LG AE A i T4 1 CPA R4t Ik
Ab, B4 (e)—(h) HEBILIIAS[FJE R 887 58 N CPA
JE 45 Je R kb 559 BT o e e B 2 LR A [R] ik
— BRI 3 (e)—(h) H ik 55 M5 K2 B Gt
J& 58 i Bkt FE m i s A 3 R AR IE E O

2T Ji& 98 4% 7T HI 55 FE N1 A1 Bk b o 1 1 X fee
TE Je ke T B R, 2 T B R CPA R Gt (17T
Atk (HRFERINT b7 B P 7E G 2T fie 58 2 Hh i fs
BB ARLNEARS, FIFE & BBk ol 1) AT IS4 . i
(b =g S U DA G o8 & i N TR
B, X R IE o X R SPM AR £k P A £ AR
S AN 5 FERINT KRG 1 R R DK BT IE
HIOGET J& 58 4% U B T REA K.

150 150 150 150

2 8 b 10 nm 12 d 15 nm
£ 120 (2) mm oo () 120} © m g (@)
=
% 90 90 90 90
{;( 60 60 60 60
% 30 30 30 30

0 0 0 0

—40 —20 0 20 40 —40 —-20 0 20 40 —40 —-20 0 20 40 —40 —20 0 20 40

i8]/ ps ff1a] / ps fif1a] / ps I} 1H] /ps

. L0 1.0 1.0 L.0[ (h) 15 nm — o
3
5 0.8 0.8 0.8 0.8 —— CPA
% 0.6 0.6 0.6 0.6
Ef( 0.4 0.4 0.4 0.4
o 0.2 0.2 0.2 0.2

0 0 0 0

—800 —400 O 400 800 —800 —400 O 400 800 —800 —400 O 400 800 —800 —400 O 400 800

Isf 1) /£s f$1a] /fs f$ia) /fs i 18] /fs

E 3  (MFIEM) AR 8 98 N F -7 Bk 7E G 8 96 88 CPA R RIRUCKERE  (a)—(d) FE 9L A7 Bk e i

BY; (e)—(h) & CPA RGARIG Bk (A1) LA RGO 4 kot R 48 J5 Fh 7 Bk e (38)
Fig. 3. (color online) The amplification properties of the dissipative soliton pulses generated by the laser with different
bandwidths of the spectral filter in the CPA system based on the grating pair stretcher: (a)—(d) Temporal pulse waveforms

after the grating pair stretcher; (e)—(h) compressed pulse waveforms from the CPA system (red curves) and the seed oscillator

(blue curves).
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Fig. 4. (color online) The amplification properties of the dissipative soliton pulses generated by the laser with different
spectral filter bandwidths in the CPA system based on the fiber stretcher: (a)-(d) Temporal pulse waveforms after the fiber

stretcher; (e)—(h) compressed pulse waveforms from the CPA system (red curves) and the seed oscillator (blue curves).
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Abstract

The all-normal-dispersion mode locked fiber laser can produce the dissipative soliton pulses because the laser can
tolerate much more nonlinear phase shift than the other mode locked fiber lasers. Such large energy mode locked
fiber lasers are excellent seed pulse sources for generating very large-energy ultrashort pulses with fiber chirped pulse
amplification (CPA) systems. However, the spectral amplitude modulation carried by the dissipative soliton pulses will
severely restrict the compressibility of the output pulses from the typical CPA system. Therefore, it is necessary to
investigate and design a suitable CPA system for improving the compressibility of the output pulses according to the
properties of dissipative solitons. In this paper, using the dissipative solitons generated by the all-normal-dispersion fiber
laser with different spectral filter bandwidths as the input seed pulses, the compressible properties of the pulses for the
CPA system with both the grating pair stretcher and the fiber stretcher are investigated. Our simulation results show
that, for such a large-energy dissipative soliton seed pulse, when the grating pair stretcher is used in the CPA system,
the spectral amplitude modulation of the seed pulse can be mapped to the temporal amplitude modulation by the
stretcher, and amplified by the subsequent fiber amplifier, which introduces additional nonlinear phase, finally restricts
the compressibility of the output pulses; when the normal-dispersion fiber stretcher is used, the interaction between the
group velocity dispersion and the self-phase modulation can not only eliminate the influence of the modulated spectrum
of the dissipative soliton on the compressible properties of the pulses, but also make it possible to evolve the pulse
self-similarity in the fiber stretcher, and thus improve the compressibility of the output pulses of the CPA system. For
the normal-dispersion fiber stretcher CPA system, the compressibility of the output pulses is mainly determined by
the fiber stretcher length. If the fiber length is too short, the compressibility of the output pulses may be affected by
the uncompleted self-similar evolution of the pulse, while the pulse compressibility is also restricted because the pulse
spectral width may exceed the amplifier gain bandwidth due to the self-similar evolution process if the fiber length is
too long. Moreover, for the dissipative soliton seed pulses, both the compressibility of the output pulses and the energy
ratio of the main pulse to the total pulse for the CPA system with the fiber stretcher are better than those with the

grating pair stretcher when the normal fiber stretcher length is suitably optimized.

Keywords: dissipative solitons, chirped pulse amplification, pulse stretching, pulse compressing
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