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Research on Acousto-optic Q-switched Tm-doped Fiber

Laser and Amplifier

Qiyjie Huang
Directed by: Jifeng Zu Ting Yu

Abstract

The 2um laser emitted by Tm-doped double-clad fiber laser is eye-safe and in the
atmospheric window, which has an important application in the field of laser surgery,
space optical communication, remote sensing and laser radar. In this thesis, on the
basis of extensive reference research, acoustic-optic Q-switched Tm-doped fiber laser
and amplifier are studied from both theoretical and experimental aspects.

In section one, key technology route progress and the latest development of
pulsed Tm-doped fiber laser are reviewed.

In section two, based on the energy level structure and spectral characteristic of
thulium ion, a typical Tm-doped double-clad fiber amplifier modeling is
comprehensively analyzed through the finite-difference method. The impacting
factors such as wavelength and power of the seed, fiber length, pumping power and
fiber facet reflectivity are discussed. The amplification and waveform distortion
characteristics of the signal pulse after Tm-doped amplifier are also studied. The
theoretical models and simulation results have a certain reference value for the design,
optimizing and development of Tm-doped fiber amplifiers.

In section three, based on acousto-optic Q-switch technology, the characteristic

of pulsed Tm-doped fiber laser with two different structures is studied. Firstly, by

I
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using a short but highly doped Tm fiber and forward pumping structure, 29ns short
pulse with up to 6.5kW peak power and 188uJ pulse energy is obtained at SkHz
repetition rate. Secondly, approximately 0.1nm linewidth pulse with above 2W
average output power is derived by using a fiber Bragg grating as an output coupler,
while the output power stability is improved by employing the backward pumping
structure.

In section four, using the previously obtained narrow linewidth Q-switched fiber
laser as the seed and Tm-doped large mode polarization maintained double-clad fiber
as the gain medium, a master oscillator power amplifier is realized. Preliminary
experimental result indicates that about SW average power with no obvious ASE
pulsed output is achieved.

In section five, the main works and so far obtained results during my master
research are summarized, the innovation points are presented, some personal ideas
and solutions for the unsolved problems are suggested. Preliminary overall design
consideration and technological development outlook of how to improve the pulse

Tm-doped fiber laser output performance are given.

Key words: 2um, acousto-optic Q-switched, Tm-doped fiber laser, narrow

linewidth, ASE
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7£ 1992nm, FKEABKPPRER AIIAF 350u), Zevi/NT 200pm, ki 5E FE 125ns,
WO E B AF N 20kHz, RIEFRRCR 28%; K FHRATRIA EMHME R 5o fF 3k 15
BOEPAK 20520m,  FOKEA KRS R 2250), 2 vE/NT 200pm, ki EE EE 200ns,
WOk 2 EEMIF N 20kHz, FIERICK 24%.

passive fiber é__"___,_._—ﬂsplices
~ T . ------- o
pump
diode
feedback p“b
element eSS,
HWP  lens S
l--.__ passive fiber
@A
PBS awPp dichroic mirror

B 10 Willis F A8 % 28 Q RimiBE AT HAS &4
2012 4, XA TN R Kadwani 55 N 2RI 458, R —HR 2.7m 1)
BEOGT ROLE (PCF), #£ 10kHz IEEAZET, KG 1 HIkhaEE 4350,
fik %5 49ns IV Q . XL UEAE Th 2R ~8. 9kWHL, 1B I8 A3 21 2um ik
HEOEHEAT T &S S

Dichroic
Mirror HR:
1 Diffraction 780nm; HT; o
order 2000nm _~% Angled
End
- 0
Mirror Acousto-Optic 1:1 Imaging

HWP ﬁ

@ Modulator / » system

600 lines/mm 26 mm
Aplanatic

Reflection Grating : A nm
e ; - Triplet
HR: High Reflectivity \ -

HWP: Half Wave Plate
PBS: Polarizing Beam Splitter

~2.7 m Tm Doped
PCF Fiber With
Collapsed Ends

S,
Pump-Reject Filter 4% Fresnel
HR: T90nm, Reflection
HT: 2000nm

B 11 Kadwani 5 A8 5 A8 Q B LT ek TR AR EH
2013 4, fEEHREKAZH) Stutzki %5 N RA S Jackson AHALRZ5 4 ZE3H — 1R
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TEEIL L T o, WOB/E 1.8~2um Z A4
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1.2mLPF
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|-row €= @)

HR DM A2 ﬁ%/wedge
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B 12 Stutzki & A8 F X8 Q 44 Large-Pitch X 4F i X % 4544

B AT, 2011 4, EESEHLTHE B REANEH 793nm 2 FABOL S
Ja M ZREH— R om FIBEEZEI 64, 1E S0kHz T3R5 32W BIliktdmt, R
K 36%, 10kHz I, e fikeh 56 B 170nsP . b ZRGERIE, etk
OAE 2017nm, B TEE 1inm. EFXEE Q FFRHIAMIAZIE 7K, K
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A RE R ARF N Bk e B R AR AT 1 SEIR AT, KON 0.4m KOG
3fAF T2 48ns, hE<2QW I .

L1 AO switch

mﬁL\'\_/I_-Q,. ......... |

AR@793 nm Pump filter L2 R=99.5%@2000 nm
HR@2000 nm
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[F4E, RIS A8 785nm [ SR MO G 88 i 1 0 —EX 2.1m
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DM 1 DM 2

1 Tm*t -doped 1
silica fiber
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S50 F R IR A R S 56 O Q BRI Lot E R T, 1
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>
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FEEFFIRAE M Snitzer 25 N AR T AZE B HARPY, (G159 564F 3O 23 1%
HIRER TRKET:, shE TR LV R ST, £ UG RS2
R AREE] T POE R

BT, 1E RN CAEOCES M E AR, WEERG CE RN 7 SE &I
Gy AR SRR RS S 15 BR, WEERAHB RS, A
WE AMLE. R EUE S E R, AN ERIERNTREE, NEER
Pt RN TR, WA E IR RSB E LR LA K 2, XFPEARR AT
LIRS, AT EZE R IEE, ARG R KHNEZ
s, ENGET RS, ZRFELTE, BEETROWICER, Tk
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At B IR R R A E N2 RITR UL E 48, ROKHE & 1 i 6 HI R
R, Koy E D . 5. 1B e, ANAESE, Wl 16 Fix.
FESEBRN AR, D g5 RN 1 T 25 d o T H IR T ek e %2

B 16 SHANLEEHTER

22 Tm BTFHEERGERSIEFHY

1879 4F, M2z ZK mAI RN “H L7 dor B BRI TR, I
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ATV . RS 13 S ATTE, bmﬁnfﬁﬁ12A%¥ HAb =35Ik
@T@%ﬁ?%i RSB RE, AEEA RN B IE =0,

EEEeeF b T B TR GE L& 17 B, ﬁ%é&éﬁ*@ﬁﬂﬁﬂ 18 FRBo,
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B YO LB AR IR, (R TR s i e, HAGm R h &
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(2) *He—"F4 REL T e Wit 2 (b2 T 1630nm, 6 {2 W AT 4% T
4.5X10%°m WK TR T R R, AEERR ST, I Stokes 24
Kb, (HRFEREE BT K EmIR, — SRR K 1.55um (11 Er”
BOEBENEA, BT HETS EC OGS M SR LB, 18I0 A e K
RIS m IR 1) 2um BOG.

(3) *He—Hq BEFFEH T 20 WO LRAL T 793nm, IE(EIRILELTTZ) 8.5
X107m’. T 790nm [ SARBOE ARG T2 bR Eh, 25 5 3K 5w
ﬁ%i,%ua%%ﬁ%ﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁoi%%%&F,ﬁ%
211 Stokes ZH LA, 1L 40%, 1H AL T T’ B 12 8] B9 28 X5t #4824 RE ( Cross
Relaxation) 7, FRif b i8R LLAR] 200%°% 5, FrigAs Xt it #2215
fm%ﬁﬂf%%ﬁﬁﬁ¢ HT B SR, WRkES MBI+
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25 2
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Xt CW 15 DL N BAEEZ A BOR AR 3EAT 1 BEREAL, BT 1 Fh7 oL
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B A SR o PR AR BUIRA b, BE— D RHB AR R O AT IO W A5 1 2
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1 3
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HI 5 ST — B 2w KT B R OETh A, P BT U2 XA X TR Y 0 E
SRS« TG, 2 G 58 R TR T R, SRRl
R BOCSEHORS R B WOESEIR I R BT ARSI T

AT, o (2.2)
WD) =0, 2P ()4 P ()]

cA
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