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High Peak-Power Q-Switched All-Fiber Pulsed Laser Based on
Acousto-Optic Modulator

Ji Xiang Zhou Pu Wang Xiaolin Su Rongtao Lu Qisheng Zhao Yijun
(College of Opto-Electronic Science and Engineering, National University of Defense Technology .

Changsha . Hunan 410073, China)

Abstract An all-fiber pulsed laser which can output different characteristic pulse laser by adjusting an acousto-optic
modulator (AOM) is introduced. The pulses full width at half maximum (FWHM) vary from 3 ns to 900 ns at the
repeat-frequency modulated to 10 kHz. Average output power 1.24 W is obtained at 10 kHz, and FWHM is 65 ns,
single-pulse power is 0.13 m] and peak power is 2 kW. At 100 Hz peak-power can reach 10 kW with output power
84 mW, single pulse power 0.84 mJ and FWHM 86 ns. The all-fiber laser has simple configuration, its parameter can
be adjusted by AOM easily, which can greatly extend the applications in power amplification, pulse-compression and

high-repeat frequency as laser seeds.
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Fig. 1 Experimental setup of all-fiber pulsed laser

3 LRLRATIE

WOt A % 2 TAE I s 2 A an i 2 s, 24l
BN 9,37 W H R D0 2. 54 Wbk
BRIk 27.11%,

2.5}

//
.

Output power /W
= =N
> o o

o
o

L
I o

S

0 2 4 6 8 10
Pump power /W
B 2 A8 i 5 T A I o 30 PSS 2 M0 5

Fig. 2 Relative of output power and pump power

fiko {5 & A 2 4Rt 10 kHz 3R 3 5 5, 5
BN 5T 1 o5 25 L. n] 2R AS A [R] Bk 5 A9 0O B i .
MWL Ry 2,35 WO i 2 SR =
FERYSC R AN 3 Fr i, D)3 ot 23 Lo R 4 K [+
o Jk o SEBE LI 3 ns (il 23 G 0. 120) 3 K F) 938 ns
(HZEH 8020) [ 4 gl T 525 e 0. 52001 8024
Cf Bz Bk 584 15 ns Fi1 938 ns) B Bk oh i . 75 2k
WY 114 2 AN S A T A 15 D0 T B RE A5 1) 45 e 10y ik o
FURTERRE BB o5 25 L Moz 2h R 2610 T A g
RAFREE HEAE M BKTE . 28U 0L T A Z A koo 2L

-~

0.162}
0.160}
0.158}
0.156
0.154F —"
0.152}
0.150}

0.148}

0.146f /

0.144f g~

0.1421 )
0 20

()

40 60 80 100
Duty ratio /%

B3 WM ES AR, @EFHLN0.1%0~1.0%; (WD EZHH1.0%~99%
Fig. 3 Relation of output power and different duty. (a) Duty ratio (0. 1% ~1.0%); (b) duty ratio (1.0%~99%)

s102001-2



O

HETF O Q B iR W U AR OB AT Bk v O AR

—E WYt B . ik B8 3507 I IR AN i 2 R Ol

AOM T AE W7 AE — 2 1 5th 74 1 ]

0. ].0 0.020]
(a) 0019
UiiY 15ns
< oos: o —
£ Eﬂiﬁizw
= 0.06 0013
:s—'l 00125550 100 110 120 130 140 150160 170
5 Time /ns
0.041
0.02F
50 100 150 200 250
Time /us
[
0.06r (b) » 0025
< g 0020 s
= 0.06 go.ms
'E 0.04 0010
:i 500 1000 1500 2000 25003000 3500 4000 450
g 1 ns
0.02
0.01

100 200 300 400 500 600 700 800 900 1000
Time /us
B4 AR Rk R . (@ f=10 kHaz,
B2 R 0.1%; (b) f=10 kHz, 5251 80%
Fig. 4 Pulse in different duty. (a) f=10 kHz, duty
ratio 0. 1% 3 (b) f=10 kHz, duty ratio 80%
PREGATHRAR 34 Iz P % % 4. 65 W,y
WKENE S 525 o 1. 0%, L 8% 25 fay 738
WAy 1. 24 W, Jjk o 98 F£ 65 ns, Bk o BE &
0.13 mJ WEE TR 2 kW, I I 14 Jik oh 398 F1 % %
s 5 FE 6 s

0.08+ S B

A~

600 700

=
H
0]
0.06 [
300 400 500
Time /ns

Amplitude /V

100 200 300 400 500 600 700 800 900 1000
Time /us
5 2 kW Wi Ty ek i i A Jik e i T
Fig. 5 Pulse at peak-power 2 kW
AR BB A 5 SR 100 Hz, 525t
50% . ST 2.35 W, BOL & 2%
D13 84 mW SRS NP 7 BER . BB
JE R 86 ns, Xf I LK R BE B O 0. 84 m] . ik i g (L
AR K10 kW, fELL ERYPIE B rpoa] LA 21 bk v 12
TEAETE B G 3 2 A D PR B - — S 5
% T THORLABS PDATOA 7 458 ] 8% (4 1

Mkr 1(B)
1150.0 nm
-80.375 dBm

10.00

REF} 0.00 dBm

-10.00

-30.00

-50.00 ﬂ

~70.00

00 ik hWUMMu%uuu._._nmumﬂ_._mm
; 1000.0 11500 1300.0

1 nm -65.00 dBm
194 Hz 827 s off

6 2 kW i fi 2y 2 i 114 A O

Fig. 6 Spectrum at peak-power 2 kW
WK H 200~1100 nm, X 0] WG AF AE — & Wi 7 » 52
B AEXT OGN #EAT L Br LAWK o BT A7 AE — > B 5
IS TR EN YBT Aok Ay 1~3 ms, K F
AOM [ 1 T+ E] 50 ns, 3 BOMOG A 5 A7 7
HELE IR B % 56 5T CASE) BU4Y » 7450 28 -
NHE WIS, HAE B T/ ASE R iR, X J&
THRNE 4B 5 AH B ik e 1R JES R T R S 3H 1

0.08 OO
2 004
€ 0.03 s
= 0.06 2 002 ==
> 0.01
=t 0
£ 350 400 450 500 550 600 650 70
g 00 4 [ Time /ns
0.02F
0 1000 2000 3000 4000 5000
Time /us
B 7 10 kW Ui 2y St i i Bk o e %
Fig. 7 Pulse at peak-power 10 kW
:I_.: N
4 én T/I:\,

I T — G TG Q Y m EH Th 40t
SRRk ehOE s . HEE AR 10 kHz i, K o 58
JEAE 3~900 ns Al i, 7E Bk vb 5EJE Ky 65 ns i, A 3K
3 1. 24 W -39 0 SR A L Sk nh AE 4L 0. 13 m],
WM 2 kW, HERHAHN 100 Hz I, 0] 3R 4%
ik vh S8 D 86 ns P S IR 84 mW i L Lk o
AEHE 0. 84 m], I Th R 10 kW, ik w4y i 2l 2R A
Jok i 0 0 39 A v O R I AR E PR L HLROL AR
A A B 4R A TR O S BT ATt a3
AR A S i A DAy ok — AP OR AN 4 koo AR R LR
BRI

s102001-3



# ot

5 F X

1D. J. Richardson, J. Nilsson, W. A. Clarkson. High power
fiber lasers: current status and future perspectives[J]. J. Opt.
Soc. Am. B, 2010, 27(11): 63~92

2 Angel Flores. Coherent beam combining of fiber amplifiers in a
kW regime[ C]. in CLEO, OSA Technical Digest (CD) (Optical
Society of America, 2011), paper CFE3

3 Roger L. Farrow, Dahv A. V. Kliner, Paul E. Schrader et al. .
High-peak-power (>>1.2 MW) pulsed fiber amplifier[C]. SPIE.
2006, 6102; 138~148

4 Juho Kerttula, Valery Filippov, Yuri Chamorovskii et al..
Actively Q-switched 1. 6-m] tapered double-clad ytterbium-doped
fiber laser[J]. Opt. Express, 2010, 18(18): 18543~18549

5 Luis Escalante-Zarate, Yuri O. Barmenkov, José L. Cruz et al.
Q-switch modulator as a pulse shaper in Q-switched fiber lasers
[J]. IEEE Photon. Technol. Lett. , 2012, 24(4); 312~314

6 M. W. Wright, G. C. Valley. Yb-doped fiber amplifier for
deep-space optical communications[ J]. J. Lightwave Technol. ,
2005, 23(3): 1369~1374

7 Lou Qihong. High-power Fiber Laser and Its Applications[ M ].
Hefei: University of Science and Technology of China Press,
2010. 4~5, 100~106
BEMLUt, m R ot A R M. G hEREE AR

KRR AL, 2010, 4~5, 100~106

8 Wang Yuanxiang, Jiang Peipei, Yang Dingzhong e al.. All-
fiberized master oscillator power amplifier structured pulsed Yb
fiber laser[ J]. Chinese J. Lasers, 2009, 36(7); 1861~1865
EREFE. L8, BT P 5. 285 EIRG R BRABE
koL #OEE 1], P Bk, 2009, 36(7) . 1861~1865

9 J. Impert, A. Liem, H. Zellmer e al.. High-average-power
millijoule fiber amplifier system[ C]. in CLEO, OSA Technical
Digest, 2002, 1; 591~592

10 Kurt Wiesenfeld, Slaven Peles, Jeffrey L. Rogers. Effect of
gain-dependent phase shift on fiber laser synchronization [ ] ].
IEEE J. Sel. Top. Quant. Electron., 2009, 15(2) . 312~319

11J. Guillot, A.
Experimental study of cophasing dynamics in passive coherent
combining of fiber lasers [J]. Opt. Lett., 2011, 36 (15):
2907~2909

12 J. Cao, Q. Lu, J. Houer al.. Effect of mutual-injection ways on

Desfarges-Berthelemot, V. Kermene.

phase locking of arrays of two mutually injected fiber lasers:
theoretical investigation[ J]. Appl. Phys. B, 2010. 99 (1-2):
83~93

13 Erik J. Bochove, Sami A. Shakir. Analysis of a spatial-filtering
passive fiber laser beam combining system[]J]. IEEE J. Sel.
Top. Quant. Electron. , 2009, 15(2). 320~327

RERE:FLE

s102001-4



