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Experiment research of high repetition rate acousto-optic
Q-switched fiber laser under air cooling

CHEN Pengfei, WU Bo, SHEN Qihao, HE Xingkai
(Southwest Institute of Technical Physics, Chengdu 610041, China)

Abstract: In order to obtain the air cooling high repetition fiber laser with stable power, an acoustic-optical Q-switched all-
fiber laser with master oscillator power amplifier structure was studied. The oscillator used the scheme of acousto-optic Q-switched
with a pair of fiber Bragg grating as laser cavity mirrors. Pumped by 915nm laser diodes, 1064nm laser pulse output was acquired
with adjustable repetition rates from 10kHz to 130kHz. Through two-stage double clad large mode area fiber amplifier, 101W
output power was obtained with 328. 1ns pulse width. The 3dB optical spectrum width of fiber laser was 0. 6nm. Optical-optical
efficiency of the second amplifier stage was 69% . The total optical-optical efficiency of laser was 62.7% . The distortion cause of
long width seed pulse created by acousto-optic Q-switched through the amplification was studied. The experimental results show
that pumped by 915nm laser diodes, the long-term stability of output power is proved to less than 2% under air cooling.

Key words: laser technique; all-fiber laser; master oscillator power amplifier; acousto-optic (-switched ; power stability

November,2015

51

T

kPG EEO GRS K R s B AT 2 2 9 Q
JCEF WOL AR BIRE LR JOE & LK 45 8 il 0t
PR A Q HOARE i LEEAR I P9 A A HLOE IR 6 A
Q BRIFF RO IR o, — R AL+ BULH AP K
i ) EEOR T BE AR, N AR E T K R 5E
BE RS 1064nm P 2IELF AL 0 YL
JearE A X B 2 . 1999 4F, OFFERHAUS 45 AR
FIFEEI Q J5 %, 345 T EZJi=R S00Hz  Ffjk nhfig e
2.3mJ ke o 2002 4F, LIMPERT 25 AR F i

FAWH . EK B RBFEA YR E (2011Y0Q110059)

YEB R BRE € (1990-) , 2, Al A58 A=, 3228 A fik
MOLLFOLER BT

s JHIRIE R A, E-mail ;147448024 @ (q. com

Wk H 39 :2014-11- 17 ; WM& el H 3 :2014-12-12

Q 19 Nd: YAG ¥ Fr oG a8 Ve A R U8, S2 B T K
1064nm f5 JOF-H 33 100W B R OB, YT A
U5 g S0kHz I, Bk i GE fE 2m], Jik of 52 )3 90ns™
2010 4, LECOURT % A H FE8h#d Q 1y X3R5 T
10ns ks 7 0 2011 4F € [E A PG 23 RIS T
FORH P TR 200W  RE B 10m) 13 Q ik wfotef
Wt o N R OR S R R Ay SRR 0 Bk
B o 2006 AF 1 i ' 28 % AU 5 T >R FH 2 [R) 4l
BIRE FVR 7 )UK (master oscillator power ampli-
fier, MOPA ) 25 4, #£ 5 &2 5% 2l 100kHz B 15 2] T F
Py 133.8W BF TR Q WOtk h ' B
RIS LF G A AR L, 5 2009 45 H BT R4t
LRI HRB YD Jkoof e 4 Bot #2011
A AR AR T BT T8 T LT 454 B4R % 2
R KB YD Bk A Oa g, LA et A s Bt
LT R OGIE Q AYYCET O R Fp 15, 3 2 P ik



396 H6H RS

RS

FOLTE QAR BOR A SR 5 781

KIGAHE] T 452 102. 5W K oh S8R 2 240ns (934
Gl IR g 60% 1 2012 4R [ [ Bl
FOR K248 7 3% 2h 28 62W Ik 58 157ns 1Y
LRI Q BkLABOEAE . 2013 4F Lt BT
KEERGE T 2 S DR L AR B Bk e 4ot
R AL AL R 6 Q SELF B 28 1 B 7 U5
IR OR A T AR 2R 29. 8WH L Bk
SR GLT I Q IS FIR % K ik 928 7 e i
B2 R X #8149 T FR R M 0 A B 4 i
PG INE QU T2 A N 2 T

ASCHIGE T 20RLF 6 Q JeLFiot ey, R
ER L IES O IE R AR P SN -
A HR 120kHz S5 101W ik b 55 B 328. 1ns .
FEH TN 1.6 KA 5T KIh R E /N T 2%
(O, I 20T T S28e v A TR Q 7 A i SRR T
FEIK W 28 R I S A T W AR A

1 i Q He=m IR M

A Q BRFEAR I H I 38 2 B Ao 5 3 fe I I 1 45
F& 8 (B Q 18) IR IEMUE IR P22 AL , WITT S itz i, 28
WOL AR N RRURE IR 5, eI Fh T O A45% B 18 = 1A E
FHEROEIRG , AR LAV T USSR R R 2
—ERERE O AR PO I N AR, 1 fE o 58 AR
6, 3K i S A o ORI i B (L, 52 350 S e 14y 3%
SR BRI 1R P A A AL T I R R AR
OGRS A RE R, 754 it — s O R
kb ARFEHOGIE N TARD 5 AR5 XORIEE G T4
AR ST AR R

dAn _ . An
& 7% 2 4n,0% (D
dp —  An

dt \ (Anth B 1)6¢ <2)

o, An BRI TSR, 6 HEOEIENHAE, 0 h
W NCTEL, Any, 2 SR T-50% R B .

FE =1, BF2), RO REFERE 2 Any, X BEOEIE
NG T BOGR B e RAE N, , DUy i o %20k i K
P, R FEAS Ny .

AN 1 [(An,
aan = 232 -1) (3)

WIUEEF BRI TR Q Wk vb T 4 i i) S s ok 7 50

BRI N, F An, 2 8 B R

ﬁdN - TL,“(AA':‘ = l)dAn (4)

_ 1 An.
N =N, +5 (Anin — An + Angln Anin) (5)

M An = An, 15, N X B EKRAE N, , JEE 5 H DR
HEKIE P oo T N, <N, (5) XN
1 An,
N = 7( An, - An, + An, A::) =
L Anin Anth
2An““(ATm+1“Anm —1) (6)
WEfETh = P, ﬁﬂ
An Ang,
P, = (Amh+1nAm“_1) (7)
XTI Q BOtARIE(EY) 2 P, K vhE 45
KPR TERE 7 U&EV—i’JIJJK P, E’Jaé?fﬁ
d\/e = TfPIIlaX (8>

X5 YD ik G EF O & i 43 3 A e
ks B R BAIIE Ot A5 SO B AL T Y
BAEIAAR S, TR AR FOLI R BRI E LT, K
K H k4R 5T (amplified spontaneous emission, ASE) {5
M5 /0N o TROR ﬁﬁfﬁé$ﬁf$ﬁﬁigﬁmfﬁé$XTTﬂﬂLfﬁ
HY W R BOHAT AL . 053 25 GEF Xl D6 Sk
W R EGEL ] 10dB 1, WW%E%EIU%@J 90% ., I+ H.
48 YD OBLE R 1064nm K A5 SRR K08
R AEARGEARZMERON A HTIR T, B Hh mT LA ]
BAC Y 25 64T
2 XBWKE

Pk BOGAR 55 gk B AN 1 R, SR E 4R
Ui +2 PINFRTT R o Il PSR IE DL — XS 6 Er A
WK% A ( fiber Bragg grating, FBG) Sl 55 , Y6 £ Y6l
XPAYEF S BAR A 10pwm, HL P 1064nm, [ I #8 R
G354 99. 5% F1 10. 1% . 437 & 4 A — Hob £ Al
7t (acousto-optic, AO) Q JFIRSZELE Q kb H, Q

Fom) BB B K F 100ns, i 4R BB H ok B 10pum/
130pum KAEIZHE Yh'* 64T (large mode area-Ybh'* doped

10um/130pum LMA-YDF
77 ;‘sf‘? ™\

FBG R:99.5% \\

mode
adapter




782 L

2015 4E 11 A

fiber, LMA-YDF) 34 5 47 J5t , ZOGEF X} 915nm MK
W ZE B 1.35dB/m, 7658 A 915nm P LD i3z i
R EERA A2 10m, ERIE TR T E 022830 BR
it A2 R A s O, kS T A S IR TR O
Q P56, Frotilid (2 +1) x 1 JGeFA H e {5 55
Ak G B 5 — R o 5B — TR PR Y 15um/
130pm KAHY15 Yb ' JRLf Jysth a5 A, KAk b 2
8m, 55 1 G R A b [ i 1 2 8 B 4 ik 5E 40 =
AR TE S T ABISE RS B R
SHMEERMAK (6 +1) x 1 6L G gs, & W
55 ASGEF A 25 wum/250 wm , 5 55 — 0K 9 i
JEEFAVLHL . A T AN AOG R B oo A1 R
FREME, £ (6 +1) x 1 FHRBFETZEA T 15um/
130 um Y6275 25 um/250 m FEET RS UL 8, 45 2
PR R 25um/250 um KA 2 YD LT Ty
FRA T, R BEOAH Tm 58 HORGHOGIE i T 32 3
PR UE PRI A s 6 a i b i o b 8 kb . SR
A5 F 915nm P K R I ZREOE —#4% (laser diode,
LD) Rz i, AHE T 976nm P K iz, 8 Yb'* Lt
XF 915 nm BB 1) W Wi 2 B vt . PR TE S SR RS
B OL T BLFHOtE W DR ) &2 s
LD A Bl il B SRS () 52 ), i o D R R P

3 ZWERSHH

3.1 RFHRBKFFF L H

SzEH L 915nm P K LD Jydhizs I, WFIT 3R % %%
FEAS R4 A Fhiz D)2 FEE R i o re . B 2
B IRy 8. 3W F19. TW A 5 A2 R )
WoOtH R Ze . R ] i [R]— 3 AR RO
fi t Ty 2R B s Ty 2R A I 3G K, Y s Uy —
E I OG- Fay i s Ty S b bk v 8 524 1 1
W) X 02 T R I A SR G i, 75O Q JF
K TAEFAIAE 5 Ae iz D B A B E LT ML T
FE—AFE O Q AN R g s

34

320 5383w

3.0 “\’\‘\\
2.84
2.6\\
2.4

2.2

average power/W

60 80 100 120
frequency/kHz

Fig.2  Average output power vs. repetition rate at different pump power
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Fig.3 Pulse shape and optical spectrum of oscillator

a—pulse shape b—output optical spectrum
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Fig.4  Average output power vs. pump power of the first amplifier
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Fig. 6  Average output power vs. pump input power of the second amplifier
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a—vpulse shape b—output optical spectrum
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