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Hundreds of Megawatts Peak Power Multi-Core Photonic
Crystal Fiber Laser Amplifier

Fang Xiaohui Hu Minglie Liu Bowen Chai Lu Wang Qingyue
(Key Laboratory of Optoelectronic InformationTechnical Science , Ministry of Eduction ,

College of Precision Instruments and Optoelectronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract A ytterbium-doped large mode area photonic crystal fiber (LMA PCF) femtosecond laser dual-stage
amplifier is experimentally studied. Single polarization LMA PCFs are used in the oscillator and pre-amplifier, while a
7-core LMA PCF is used in the main-amplifier. The seven cores are arranged in array type with a mode field area up
to 5000 pm® which effectively suppress the nonlinearity in the fiber. In addition, the heat and stress induced beam
distortions are reduced because the cores are discrete distributed. At low pump power, the output features a complex
beam profile resulting from a superposition of several supermodes. Flat in-phase supermode and Gaussian-shaped far-
field distribution are realized under high pump power. Average power of 24 W laser pulses at a repetition rate of
1 MHz are obtained. The pulses duration can be compressed to 110 fs with peak power up to 150 MW.

Key words fiber optics; photonic crystal fiber; femtosecond laser; fiber amplifier; multi-core

1 g = PR LAY B K o BB BRI (R I R SE SOk S 1

=
FELT A X 1 45 [ Ao 22, LA B A Y Gi EAIEO GRS AE . BT A R0y i o 5 s 2 1 O
FREERG M M SR R B R SRR el FPETEAR. DT AR AOBET (PCED S 48E T —Fivfie Iy
ik, (ERENOLT SRR K SR B A oeer R BRI IR AR ELBLAY W R R R B L. A

IFR EH: 2010-04-07; WEMEF B 2010-06-01

B2 H: B%K 973 i % (2006CB806002, 2010CB327604) . [ % 863 i} %Il (2007AA03Z447) . [ K H R Fl 2% 3 4
(60838004 ,60978022) \Z & #H Bk 24 H AW 5E # ST H (108032) iR 7 O W Ml B K S S0 S IT i k4 L i 75 1 24
W SCAE R T 4 (2007B34) FECE FHT 28 01 5 A A X1 (NCET-07-0597) ¥t B i i

EE B 7R (1984—) 2 L Foe Ak . EEMF L2008 F R AL R E 9858 . E-mail: fangxh@tju. edu. cn

SURE v B3 H (1938, B 28 1 448 0T, 3220 A 5 PO e BER B H R A 45 O T I T 5
E-mail: chywang@tju. edu. cn

* BEBE AN, Email: huminglie@tju. edu. cn



9 19 TR AR LI ) R 2 08 T RO L R HOLECR R 4t 2367

A RS B UG T S A EET (LMA PCE) 3145414
WK mBCR AR Y. Zaouter 55 AR H] T 340 MW i ff
3R, F. Roser® 135 7131 WS Ih R k. 5
— AR 7 A AR PO RS B AT
T TR P9 17 3 8 e G A 4 A0 T 2 ) P A ek
T T A 1) e U ) 25 Uk o 4 T W B K e
KAA AP S SE R A 4 7 . KR TifL T R4, )F H
FAELME R TE TG iR T i A0 Bk vh 28 H 4 0 nT
PLECFD PRk b B 45, Y. Zaoute 2507453 T ik vh 55
JE49 fs W E T # 12 MW F9 88 4 Ik o 25 06 {1 ) 2R
. C. D. Brooks % FIl A AU RAS 2] T ik o 58
Ji 240 fs, WIS 5 MW f4i i .

LT AR G £ 2 T A — OB 1 i
HE . EANEENE— 4 A AR A 1 A& A
LR Z I B A FAN 7 45 1) A5 8] T A . DA
T 7E 5 D3RG EF O 75 04 By o R ik — A B AR IR 4R
PERON (500 L B2 Bk o D) %, HET3EF 200508
TR OG5 8 R IR AE A AL B
i, P. K. Cheo % F kB 7 BG4 AT T
TR S5 F 5T, - AE 10 W lig i 92380 T A AL
BiE. L. Michaille 2 FI ] 6 561 A IR L7 45 4k
T QO ARAFA Bk b B R 2. 2 ml, ko 5 B
26 ns, [T 2006 F M UG RN I 16 1 BF
J¢ H AT e ORI . AR ORI 0% T i OB £F i
KEGIH 7 BT S AOCER R 2 HOK 253 354
Jt s SEBR T IR B G A i W ) S bk o o

2 S

Je T A AICET RO IR R BN 1
Ji7s o R 976 nm (9 R IR BOL A (LD)
YESothiz IR st o BUEALAE Y 0. 22 PR 4T f it »
ZARRRIE B 3 B 200 LT b LR IR G
TR SR 3 2 LT o B RO KB [ BOE T

. NV IIETER ),
L )

)
e

Acc.V Spot magn. WD '—4.-_'();1111
20.0 kV 5.0 400x 18.0

POGLF A BE /B0 1.5 m Al 3.5 m, YL b 1 (19 451 4
HLBE(SEMD A 2Co Biizn . S 7E L AT AL 2 5
T3 RS A ) AR Al 5 48 7 H XA S5 6 A
Bifaett. W2 EAR200 pm, B BIEHEA S A TE
2L BOLAmar S X BAR N 29 pm K AL
1829 0.03, FHORARRIAHIEGDOCA NEB R 7 SRR
Gy BOE AL R 1 mu oG SEM [
K 2. WEJZEERN 650 pm, =LK/ A
2 e 2 SALEEE S 10 e 7 AN A HEAT A8
Rk 7 A ESUB . BAEREEAR 38 pm. B
B AR5 5000 pm’ o SGETF P SR A T 553 e - BT A
Ji 87 LB 1k E IR 5 OE ™ A . BUBCRT 20K
AR R G Tl itz 75 = DA NR LA TR EE .
PR AR Ot i I IR o Y Bt D Bl 1k
F 5GPk G Sk R S Ot g B AR A
PGSR B ARt 50 MHz 51 MHz, B
ML EF HA BRAWES 1 B LUE S OUTE #E A S — GOk
o I 2o R R R ARG i AR T 1) 2 A
sOCEH RGN — 2. 5 5OLEH — R BOR )G
ZRmEAABE A T LT RARE . RO W
H 8 R A 5 bl UG 5 g 2 3 D B ) s 4 i
S EEXT A 1200 line/ mm (3 5 AOGHE . 4 10 A 4y
TS A UGE D CHER 8RR 740
| LDH-5-0 IMARSE (A sEsam

> S SHHND
oscillator 7/ G
" pre—amplifier /,\

>
0}27‘:;:’0 LMA A ;g 2O

SER
SH———— D |
—core awa 2]
main—amplifier %* {gl;lt{ut -

LD: laser diode; AOM: acousto—optic modulator; SESAM:
semiconductor saturable absorber mirror.

Bl Sk B A

Fig. 1 Experimental setup
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Fig. 2 SEM micrographs of the PCF. (a)single-polarization LMA PCF. (b)7-core PCF



2368 i

3 SLEREIR

P& 25 PR A7 BT =0, il REM O B R
S 50 MHz, F3 5% 400 mW , ik i 58 B 570 fs,
G FEE 6 nm, WIE 3() TR . {5563 i b s 2
2 A OE R H 2 (AOMD J5 . A S % 4 1 MHz,

1.0 } (@ =
G
f=)
’:? 0.8 ‘%
= £
B 0.6 -1 01 2
g Delay /ps
3 047t
|
0.2
0 N
1040 1060 1080
Wavelength /nm

TR R 2 mW, fy AE BRI A A A — R
g b T ORIEAS 5 O HA BT ik b o i D R
A FE R AR G HAT AR AR 2 1 B0 725 T
R R 700 mW , ik ih B8 B Ry 1. 88 ps, Q& 3(h) fifR .

1o} (@ 3
«
=
= g
< =
> 0.6 T 10 0 10
% Delay /ps
E 04F
=
02}

0 R
1000 1040 1080 1120
Wavelength /nm

Pl 3 it Mk vk Ot T b e A ) o il s K ot B AR SG D . () IR S il . (b) B i iy

Fig. 3 Measured spectra of the output pulses (inset shows the autocorrelation trace) from

(a) the oscillator and from, (b) the pre-amplifier
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Fig. 4 Mode distribution of the 7-core PCF. (a) near-field and (b) far-field mode distribution under low pump power;

(¢) near-field and (d) far-field mode distribution under high pump power
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Fig. 5 Output characteristics from the main amplifier. (a)autocorrelation trace and (b) spectrum under low pump power,

(c) autocorrelation trace and (d) spectrum under high pump power
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Fig. 6 Pump power versus amplifier output power
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