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Study on Q-switched character of pulsed fiber laser

Author: Hongming Zhao
Directed by: Qihong Lou

Abstract

The technique and applications of earth-doped fiber lasers is one of the research
focuses in international laser research fields at present. Comparing with other solid or
gas lasers, fiber laser has a distinguished superiority. It demonstrates a most attractive
foreground in industry, medicine, scientific research, military affairs and so on
because of its small volume, light weight, high efficiency, as well as compact
architecture. Furthermore, the research of pulsed fiber laser is very important for the
present and potential application. In this dissertation, theoretical and experimental
study on actively pulsed Yb-doped fiber laser oscillator is presented.

In the first chapter, the latest progresses and development trends of pulsed fiber,
which achieved higher-power and higher energy laser pulses are reviewed. Three
scheme of pulsed fiber laser are included, the master-oscillator power amplifier
(MOPA), Q-switched and mode-locked techniques, the principle, characteristic and
key techniques of pulsed double-clad fiber laser are presented.

In the second chapter, a simple laser-diode pumped acoustic-optic Q-switched
fiber laser is reported by using China-made large mode area ytterbium-doped fiber.
Q-switched pulses with several hundred ns pulse duration (1 kHz-50 kHz) are
achieved in the direction of the zero order output. When the repetition is 1 kHz, the
pulse energy is 0.93mJ with pulse duration of 132ns.

In the third chapter, the characteristics of acoustic-optic double-clad fiber laser are

reported by using different pumping constructions. The comparisons and discussions

-1 -
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of average power, pulse width and stability of Q-switched pulses between the forward
pump and back ward pump conditions are presented. In experiment, the output of
Q-switched pulses with 60% slope efficiency of average power, 52ns pulse width and
0.3mJ single pulse are obtained at the repetition rate of 10 kHz. Finally, the rate
equations with different pump configurations are built up to analyze the Q-switched
pulse, and the theoretical results agree with experimental results well.

In the fourth charter, laser-diode pumping Q-switched ytterbium-doped fiber
laser is studied in experiment by controlling the switching time of acousto-optic
modulator (AOM). It is found that the rise time of AOM can regulate the Q-switched
pulse shape and that the switching time of AOM can influence output pulse stability
and pulse repetition rate. Moreover, adopting longer fiber, multi-peak Q-switched
pulses appear, which agree with the results reported by foreign researcher. The
simulated results are given for the multi-peak pulses.

The fifth charter describes and discusses a pulse-compressed, high-repetition-rate
Q-switched fiber laser by regulating the switching time. Several tens pulses train at
the repetition rate range of 50kHz-1.5MHz are obtained, and the pulse width is 35ns
at 50kHz. The experimental results show that pulse width will not increase quickly
with the increase of repetition rate in such Q-switched fiber laser. Therefore, the
Q-switched fiber lasers can high-repetition-rate pulses easily. Finally, the forming
mechanism of Q-switched pulses is discussed by analyzing the build-up time for

Q-switched pulses.

The mid-infrared laser technology has especial and significant applications in
medical surgery, atmosphere communication, remote detecting and military affair. The
sixth charter introduces the research work of 2lm high-power double-clad fiber laser.
The Tm-doped double-clad fiber laser has produced 50-W, 2lm laser with a slope

efficiency of 53%, using 795nm laser diode arrays as two-end pumping sources. The

-1V -
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results give a helpful guidance for the project of pumping source in the next

high-power mid-infrared (3-5Km) laser systems.

Key words: pulsed fiber laser, acousto-optic Q-switching, high repetition rate,

switching time, double-clad fiber, mid-infrared fiber laser
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] Rayleigh HSH Al [ (P B405 A 12y, A RE R IRA . IT)LFE, K
B ABUDGLT L, A5 T8 PO Q KB er ot st th R =2 E . 1 Q
HABOLH L EER A UUT LR A

1. W RH AR

W35 5% (gain switching) 5 & F8R FH 3= sl 45 IS s 1 77 XA G £F
Seas, BRIk S R C Aot o IXRE I I 48 T 2 1 1 B SR D kb 5 5, )
B ot eressli e, mhBoehket. BT E msEEeT I Q HiARMIHIFEI
i, BAME IR “i Q” . Wil st FF oI Nkt As, b Ase ik ol
LGB DR 35 2 2R YR ) ik gl S e, 5 I — AN SR kP 3 o8, LB S i s
(38 S R T B o e 2, 0 HE IOk v R 5200 5 R 5 S 1) )15 2 % 10T S 3 05
HR Bk R A R

WK 1-9 s, 45H T L. A. Zenteno 5 NARIERIBEL (Nd) SR 25 I ¢
Q WOy, ZEIHWH 590nm MLk EA, ik AOM WHI kit B[ 11]. R1
BB I g WotE R R2 N ARG EL. S E RN, 7R
HEF Sem A LAZE R A (JLTH kHz-2.5MHZ) R 3R 4RI 25 Kk 56 (10ns),
EAR TR K ICET Tm SRAF R IO s 25 3L, Ik o FEAE b = 2. 3 4b
() SIZ5G A T, 488 2 T O ST RA T HROGT i H Bk b T IR S AN DK, 1 g b ik vk 5
B 5 A KR e B L SR A KA Ok

Dye laser AOM RI R2  Filter

0.59um ITIT. Nd-doped 1.06um

B 1-9 H35 TR IS ERC RO S g e .

2. HGIH Q HiAR

P ' R T AR FH F G AR R T FEL SO S 2, (KD*P. LiNbO3), I8 ik iy
M AR Sk I I QME, IAZITHQI B Y. R SR FF RIS ARG . 0%,
A LORE A, R SR TR AN R K S S, T H R e K,
ANF T I 22 . 20044F, 1. SwiderskiZh N FEIS A0S T B4 XL 20
PO DG THQEIAR, E16WIRIH IR, SmE XU 264140 H 250ns Ik
M, EEME500HZ[25].

2005 4F, MBATTNHRIE T 3 m F1 5 m WBEEEZEFHEOE, 78 500 Hz fik
T 34 T 0.15 mJ. 48 ns F10.36 mJ. 84 ns K& ARGk [26]-



Pk FEF SIS Q H M A 5/ B

Bt 1 R AT R 1G0T TR B ER T B, kb v B e MR I .
RSN 1.5 W FEESE S 10 kHz 3845 7 250 ns JIkah, 1ifE 500 Hz T kol
TN 95 ns, LI E UL 1-10,

3. AR QEAR

Beam Shaping Pulse generator (3.2kV)
System

Unabsorbed
-_O_-# ° .)pump light
Hr@sosm 400 oupa S 1R 106
HR@1064nm fiber

K 1-10  HJGIH Q BEORBZA HO L%

IR Q S IIE RIE R T AR (Si0y TeOp 55) j7 A
TS 25, NI G = AT, RS I P AT SRR, NITIA
N Q MMM, AR f LI A, PR . 1992 4F, Myslinski 25 A
R A ARG R R EET, SEIL ISR R Q Ok Hy, 153 TR N
290W IR Q ki [27]. 1995 4, M. Seika %5 N 2L T B 4H A I /G Q I
JeasfHI[28]. 1996 4, GP.Lees % N\ R GHIAY, 1Ei Q BHDLAROLH
HALER IR R AR H N (100Hz), I SEEL TIEEIE 100W R ke H
[29]. R EGAF R A6 Q, ZE[E Southampton KZFHEAT T — ZRAIKHFFT
[23,30-331.2001 4, At A THRIE T R F X m) s A1 2270 75 G T Q B R A0 2048 [31],
ke EE R 7.7 m), “FHINE 10 W, EEHE 500 Hz, ik 58 250 ns. {H
iy RO TR IR AN AR I, MP=31. A3 G B, 2004 4F, Pipe A
& NKH =it 2% 8000ppm, 4 m [ KH) (Large Mode Area, LMA) XUALJEGEF,
SIS E W 1-11 . 915nm A 975nm M T, 53] 7 1.2 mJ. 40 ns-
FAEAIR 10 kHz. MP= 1.1 28 HOE KR [33]. 7% IH Q MR 2L 4T
AR SR AR S ORI Q kb A SR .

-10 -
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Output

AOM
HR

oC

= =

K 1-11 Aol Q XEELEoL

4. RICR R RS RPN Q TR

h T HE TR Q EREO LA A ENE, A AR TR A s W s IR B,
AN R GET AR SE I A6 Q H . 84 s R B e B 7 B A 00U
FIYEAF AT AN [34] CEhfF S 4 -T%54%, Mach-Zehnder interferometer, MZI
B I v R T, D, XAETL A (RED kb & A= 2 o048 Hs W B 28

(piezoelectric transducer) JEAZ, BEMFHHIEL MZI FOGREEL %, Wik 1-12
7k, 2007 4£ Shumin zhang %5 K H Er-Yb JLB K XU )2 4T (EYDE Ot #5351,
BAICEKSE Om, BN 16 K, ERAKFMIIAR 720mW, 375 T 1.210 s 3
Jelkit, FEME 12kHz, W% 2W. X1 3dB [ MZI OGS

T :%—%cos[(Ll—L2)(ﬂ+%;/Po)] (1-D

X7 L1 L2 20508 MZI RS K E, B AGEHE A, v A SHAL)
R Po A KIMARLMEAN, S50 XAEE ST OO — 8 L2 KR, sl LUA
FPPER A T B, SRV G EIRIET Q HAR . AU 2 ICE AR
t, Bk, FRE.

M2/, P T R M A S Brgg YoM AR Q Jr gt 4
kS SR N 3 e e R B, s FLBR RS O ET M I R TEAR , R R i
WIRG OGRS 2, SEIIR Q B X—J7 4% B N ARG iR AL Db & A
75 1997 4EH H1[12], 2002 4F BH#gSHLT I EILE 7 tHAEWT 7T 54 1E T Sagnac
JCEF WA JREeMt. He B B4 B A0 4T Q WOk #R[36], Wil 1-13. K
H e S AT R A G LT M, A3 AN 7 B 3R D S nl, EATTHE 3dB MG 2%
AR, P S G EE R RN K 2 RoE , AR Il
(1) 23, IXAEE I PZT Wil rh— B KR, SEBL Q kb fedal LA, 1
AIERH PZT SHEDCED MRS R Q, RAPIAH LI KAR T
() R AT RS G LM, Mgl Hoh —ADReh ek PZT Wi, X
FE, 8L PZT MG SOCE M RS M A4, IXRE ™ A2 SOR #1224k
SEHL Q Mkitiza#4[37]. EAMNHT N X.P. Chen 5 AXT IR I T X PP 4641

-11-
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[f) PZT 5JeF e MRS & 10 Q T, 22 kikiE 1A AR Q Yteriot
#e[38-40]. IRAF TP LA Q Wkah, FE-HIL kHz FRAHk 58 A 2 L1
(UELITER DGR

LD O EYDF
1
e
TFP

ISO Output

Grating

___________

1-12 G PZTHMZL Q ot ds ~ = &

LD O EDF
e — PIT |
M 1 1

WD ISO

Output

Bl 1-13 4G4T PZT JG4P I EEE I Q YeehiBohds

)2, ) R R A A ot m] DLSEI A G 4R QIO 4% » 20064, T.V. Andersen
HENIE T 2P QLT O RS, R R REHEAN T, kM| Bragg
FEF M, E1.9miIE KB AP AEOER T, A LE MR ks, ke
A IR A 1kHZz-200kHZ 7] i [41] .

FIH A E A QI 2 EATAE AN A2 2 Kb 2 AR ME CRIE 22 R AN 12 1 K
PEARSE, BT ORLT 1T i R A2 R AN R Z R 2 L AR AR e PR AN
JEARIG R . BbAh, DRI HFERE, BEFPEN T PERETIZY, TR E G 2 LU 3 R
I6EF, JeF— M Lback, X QI A H BT ASBE R H T AL 2 6 4 0k
a5, 0 H H ) BT IO B A I A e, IR LRI CH AR 2

-12-
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FRAEAE20kHZLA N ) HL Ayt Fikh o8 B2 EEAC S8 C P aRb-Toib 200, R 1 SR
IR(ENE 2

1.3.1.3 ¥#zEEH Q KT HAE

T8 sl A QI ki > H AR 2 ey A, T2 FHISOG s R S AN R R S A vk
SEM, WER YR EREKE, TEYIREZ 7 nE4. srdes) 7R L4
AL PESBSHUN: 1] LATH B LA FD 2 (R A K 7 F1 e, (EU 0 HE 16 S AR RS AN
FeoE, DImA NS T B a5 A Q. Rl 51 AR LI IR £ i th
M B AR, f£— 2 FEEE Xy H SBS T QKM 1) T & ARl i . 19984FZ.J.Chen
IE T AOGTHQIM B RN 2 A HOL A, FF &I H SBSHIVRA QT X [23],
S PIE BN d 2R EE G i, K7, 2m, R EARS. 1 Lm N A
0.12. WALZERHEIEEER, 2RI ~F150 um X 75 um. 225 4800 nm. 3WHOE
W, 60 % MEEHERIINMET. R — oA —  n O 8H k
FEPOEYRIE . AR 2 CEF S i ) Lm K RED A SLILNQ , 158 n s
PIPBOCK M. LRI NFENFE G EIES, Okt B R R E6. 6 kHz-16.4
kHzyE [ A A

20034 B A = S50 7O 5 SBS TR & QI THRIE 15], 7F1kHz 1542
200kWIt2ns B KPP H o 200447, ABATTR A B 1-14 1) SEEG 5 /8, Sl
1 650Hz-6.5kHz{ ik phashiliz i, 76 1.5kHz F3R45 T 4. 2ns08 4 T Z 153kHzH 1 Q
Fik o, 1 VE T 1080.8nm-1142.7nm [13].

: AOM I
YDDF

Grating

K 1-14 SBS&FEHE A Q B AL E 4O L%

gi bprik, fefmith e kot S EET)AR, SBS Al Q % i kih 98 LT LA
B 2-5 ns, VEAHIPRFEWE T FC, EREH A H R ARE LA ZE. A
TR B RCR A A R E M, SR T AE I AR TS e E S
HCR UK b flas T g sl Q Jral, %A e R L RENS A Sy b
AERAG SBS i Q ki, {Efa i Bk oh (1 B B4 2 LD kb flis S (B, /£
SR LT T#2%) M. — 7% SBS ZUNA S ML), FaEm
ik b B A MR SE AR AE FUBR 22 2 L0 2% 53— 1 i 3 AR P2 1) Je R
PEALAG SBS i Q EIEFOLLT EIBERM /NI 26T, s R K5
Pi B AP I RE &, A2 e RE 8 LR T SBS 1 Q g Mkttt -

-13 -
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1.3.2 SRS =E

BBOEL OGS LU AL U TR B A HO S, B AME W] DU L5 il (5 e s
RO R K, ARG LT AR M B L Rt 50 T A 25 EE A . K2 HOLET
WOL KSR B 08 (0 98 IX TR AE DG ERBOG s T ] DL A2 g WA D) A AN
RKTE Ak o ARLAE RN BARAL R AR LT O R ol BB, JFeE T
2 TARRFIE, Thofes By AR EA ] B RV R SRR I T — AN I 5 2,
HRZUGIWAREABOCR G, e, 5 Jril, SerEotasd: ke
HAEHAR, KRB IS B BEARRA, h e HATRGert . st AU, R
T RERRACR =AU, HOGEP R ARG N BT R, ) BUR R AR
RN K BT ARG 2T AT gz s AL R K v 06 BAT A S [ Ao
S AR 1989 FITan, RAEAE G A 2 e Lot a3 Mo
Brivpagl, XIEOCER R A KT, IFELHEAT . BRI SR,
A0HE 20 A% AL S5 5 T AT NI O fEL o

1.3.2.1 EshFHESRFRES

TSR F ()2 F I R R e s 2 1 0 07 v, BIFE BB PRI N 4G
— NSNS S I S, (TR AT R S 5 T s P iR 9 A
(4R MR AT o 4 3B F 110 U T 6 55 A ) B A S5, S 88N ) R il 2 P AR
B, FLAIR 5 AN AH AR R A% — B8, A2 8] R AR ELAE FH AR B A IR AE A2
WS BR IR RIS B[R0, TR A Bkh o 35Sl BiAsE SCRT LAy A 9 i 1 R A
A7 B
1. YRR

VATHIEOE TAEY) BT 25 B N ARAE, RO S RIS 2R S, a0 S
HIE f=c/2L (FAMNE Q=nc/L’), W SEIUBIAL . A —Fh ] 50 0 3 07 = n) R H i
REAIKP R TE s, T BRI R IE G & /2L, BB TR 16 o) 30 1 4 A2 Bk
MAE B NAEIR — R FIT TR IRIN ] TO (TO=2L/ ¢, KITMEIZS e vy (1) &—
FAI K TO 1 68

y +T0) =y (1) 1-2

WO ES7E t1 WNZIELEEIg, JEH vy (1) =0, WAE (t1+T0) WZtt
S P T R S o T 2 I ZE R R O S S, By (12)
#0, WERRZ T A AR — o ae i, XHERE A ERFEA RN
I Z211 30 T U 48 R0 38 40 J6 15 5 RETE RS » 1615 5 B LA o R B G K T 4
s, DRI R A 21 /e 1A kb A
2. AT R AR

AT YA I SRR AR ] o FEBOGAR IR A 4i N — FOG a4, R b R34
2 BN S 5 AR AL, SR AEAS R B Z A 5, 8 A AN A AR,

-14-
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IR, AR TR PEIR . (LINOs) @ AL i & R B,
RENS LUBIR RS S U SR A CET N, IR ik 40GHz, P LBTRG 4T
FACZIAH], H PR o S R DAARRE A AEAH AL 8 AR K B B /I i 3 oL 1 o)
BRI IG5 AP EIRRE A, FLAb I 2138 2 8 H 4 1S 5 LR AN R R
(RIS o G AL AL 1 R 5 DG A i A e AT 1 R — 28 W32 ik 1615 5
KR W ds IR AR EE IR S MRS, B Jm DA AS L 2 il 2 LA A K o AT
SEAE AT P 7l R ORI S U Al s R e (5 A RE TR iy » [N 2B R e ik
5

CAE I3 nl LU Y, Ve e A iR 3 2 A7 1l 2% S DL s i, il g
J3 82 A Ay v s P i A () B AT 32 PR, SRR i (1 P b 98 PE AN BETE 21 ps
E e M H 2 BRGS0 TR, 5N TERIM G 104 BRI
LiNbOs il s T, AEIE A LINDO; il (048 AN S 8501 B Inare, i
HABSIA T —ARtertt.

1.3.2.2 #ENPURSAH A S

WAL B E B 2T OL A% 2 AE I AN T TR T 3 2 SR AR AT A P s 1 1
oL N, AHCLT BHAR O F A AR S R G S R S VB AR (1, AE e AT
N, WOt T LLSEIL AR Sh B LA, RIS R ke i [42]. FLIRELE, FIA]
ARLAERAE XS S A kb B s O, 5 2 55 B ANt K P AT EESE A R ko B
TIXHASUAR R LR R A T LU T8 sh B0 6 4% esh BT 12 2R AT T iy
AR AR TR BT B AL P i 31 20 S LA o
1. ] A AL

AR A R AR A BT, il PO OO Bt 6 3 58 5 1T A2 4L
(K1, g N RS AR 5, RLMOEIE R AR BEAE WO 9 G R BT
A, HIEPIRFEAE, BB RDEIEL RIE 100%. £F B AN 3L ARk
HIGAE 5 AT S A AE i AR, 2 T ML MR IS, 55915 5 2 BRI
M, 111 R PR SRV A 5 R IRRAR /I o T SRRSO (R R Wi ey RE B i /DN T IR A IR
JE3Y1, WAE SRR E kIl I Ja , BT RARMR MR, JE QR 55 e 2 AR K
MIRAE . I H T 3O6 AR TR 17 5t R I T3 K315 R I a] 39, 9 AR08l
Fik R 55 605 5 2052 35 AR TR] A 1S 2t RIAR 22 PR (0 , 45 A2 50 ik R Al
eI, MGl T REmRIR R [RIIN, 7RSORGBk el MRS A, Ry
Ja#y, A2 BORIRAE T AN, B OB T 1R IR R ekt P21 e
FALT BN Q TR, XA, Weah B E R nT AR A4 1) _E REZR A7 dir
ISR
2. AREREIELA RS

EFEARLMC LTI B (Sagnac TS0 KRR InE, € HAT S 9E
GEPSINECS kSR s SIIRON: SIRORIIL Ui G L Sy SR i QLIPS A EE (52 4 é 5 A IV A 1 b

-15-
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AT R B BB LR 3%, DU s AR BT, BRRCH “87 FIREO
98 BT BRI HIRR U B I R R 43]

“Q7 IO TARIEEL N . [ 1-15 F A0 3dB 2T R 2484 A5 20 i
WG AFISE | A4 7 TR IR 5Y , XA B AR AL BOR [ B 2 4T S h
LU, A BOGRIENIRER B, 5 B e B TR I AR OR, SRl A
PR AR MEORIR 8 (NALMD o #9551 i) A 2 5 T A4 46 119 96 7 NALM. P9 3 —
WEHAE T AR AL EARRS 1 FLIR 2 R S — AN 8, 1T B (aomIR
A5fk . WK NALM A5 308 ik () S it s 4 A RS BT o, WK ()3
WS ROB I, T4 T IR, BRI N, TR S o
2 R JE, M NALM #ir it i Bkoh 22 tegs A ko 4%, BRI ANEZhEE B dE, NALM )
11 FH 5 Bl ] AR AR . S R AT, YR M2 1 PR A A
e s HL 0 N3 R T LK B RS R
3. ARG VE IR e N

AN KPP R E AL R R 4 AR iR
WeLF i, 1 SPM Rl XPM 2R 7N
o 2 0 R AR 1 AR 0 57 s vl P T
LT PO AR IR R A %
A T SN, FLAL ] 5 <8 B
FIGBOG SR, 35 5 R A — ik
P G T A O R 2 AR I ) 4 11 T

mE

PSR WSSITEMEE, P8 gy g5 «gr s mmisonamor sor s s

A A GET PR 1 Ji R RT S AR S B

[44].

FIFH AR L i 95 Jie e 250 Y. S ERAE Sh AR IR D A0 6 s, BRI RE R 72PN
At e 28 ) 2% 2 PRI AT — i 4 o 5 4 4 iRl
T, i i B 2 A B 2 R FC2
Peas AR, JGAE B ITRR B & 5 2 ik iR =
B Ame ) o BEA G — e 4 25 1) 25 K5 PR
At B A SR A A i 4 o A K A Wb e e VDI = 2

LR, SPM R XPM BUHE 43 74
P S (o A B 8 Ll 0
LTI T A 2 ATES AL s
e ) B 116 AL e e 930
SIS A e g CRITRE R[22 2T o
BAHITN 6 bk L i e D ’
Bl 2 28 R
S FAREE NS L WO (SRS NIR, 5K B —
RN, SRS AR AT

-16 -
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B 1-17 2R “V T RE0 ] 22 30 PR B0 L 2 o g, R AR 2t fn 4
TR, — MR AR I P LA Ik o, F s N Ea e, (82 Ohdee P r . il
UM 2 TR R B, ] DUOWER BAS[R] 1 25 JL[45].

SR SARROER (DK 975 nm) I KEIH IR 3.7 W, F “V7 R
IR EBENICLT, RERCR 90%, K15 90fs, H=ZLEOtHt .. BAELr
KIEN 4 m, FEHALTum, FIEANEZERST N 125 um, XUELZEI6EF M i 7
WS AR RS, AT KR T] 8.8 m, JYGLF Py I T il — 2 A TS
DL G0 SE VR H S o 3t Sl BRI e 2% Tl SR RN 5 R R AR 2 Pk i e i 73 31, O
BB s rh sk R R R, BB 12 WA b 14 R, HmARIR AR A
] I 0 QL A o B o 7 P T Va7 3y o Y e o 782 | S5 Ll % AR R T
Uity 2 BT M PR TS G R, ARk rb gy i S P WA TR L, v v A0 i AL e D)
B, IXFEAETF Ik 58 FE A DAL . YIS A —X e (1200 Ze/mm) Xk
ANESCET B AR A E AR O, O b 2 A T AR 4

Yb-doped
double-clad fiber
V-groove O
[ |
L |
[ ] \ Grating2 M
Pump 975 nm VP m—
. -
PNy m— “\\ Output
M4 M4 A2 : W
[ L)
_-|:|.-.|:|...._ — ____I] _____ %_ ________
Optical Grating 1

Isolator
Bl 1-17 Vel R S BB 2R BoG RS

oL, R DR BB 2T O A IR K b IS e s AR I O AT
O, TERLYFTPY A I EMI IR RIS, R DRGSR 22 A Il AR FEUHS o S 1)
AT DI S G E B bR, BB A AN R A T bkl s i8R R B o

WU 2 m] LSE BGOSR 4 e 2T Sy, nTLIERAS fs Bk
ko, HEA SRR R I RO, (ER A DAL Z At Bk (1
HEPRAE G E N K5 LR L, N B o ReRs ik R
L

1.3.3 BKiFhFifRis S L AWM ARG
JEEEA AR IBOEHE a3 i, SEIE TR oK, JEErORHAR nl ASk

17 -
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f3miE 30dB-40dB M5 St K 7kt fhroRGds, KHGERZZ06LT
BOREIA, I E—4E i I Th R o IX 52 H AT7EGEF b 3R 15 D 23R B3O B Ik
MR G AR, G RN RS (Master Oscillator Power Amplification
system, MOPA’s). 4] 1-18 25t T FRAITSEEG = A AR 55 N 2008 “EARIE K] 20W ()
AGEF Mopa JEUK R G155 50252 B 18I[46] . 5B R A 24 R 4TI Nd: YVO, il
T, T 2+ x1 PIZHGCETHIS 2 (Taped Fiber Bundle, TFB), JAY
21K 10m K, [0 D RO Z062F (WALJZE 400/450um, £F35)5) 18um).
SR ARG T 20W ikpbdmith, RCE ST 57%, FEAF 50kHz-175kHz, ik
MR 15ns fitio

Unabsorbed
Pump light

_)%LD O
Signal Output
LD Filter

1-18 20W 4= 64T Mopa RS S0 &

1.4 8 Q ALFH A BF/AIRFESAK

1. ASE (Amplificatin Spontaneous Emission) ¥l

PR Q GETHOLA T, W TIOK B A Ha4T ASE IAFAE, 4540 i lkoh o %
ABEGEE Q IO E A, BEA ST BT M, M2
X SRR A AT o 2k BN ATR RTINS, RIS 86 RS o e AN 2 328 e
ikt AR Th 3 . RO SR T i, AR ASE 5. 10 ASE [ 25 MR
Tl 7 BRI T EUI I K . ASE MIBEAT 2T b, ARSI o [47]1X 5%
M FEAR R R Q JCA O AR I, PUMREEIR N, Sk 74
B S DR I A B340, 5310 ASE Rk, kol i (e D 214 2|
I F1[48,49].

] ASE 75 SEREFE RG] IR m B AR L LU B 2O G B
FERFIRIE BN, 5 SR DG AT (0 — S 110 2 BSCARIT ,  SRFTI I s 1A i T B 34

2. ARZMERK IS

B, B Q MMk Q JELT LT IO & & B 2 A ) [50]. B AEWE
PREADERTI Q Joft, Seeriotds a4 Q bk, AMC&Z % H
BHMBECT B Q MB. LR F-P A G ILNEE LI B R

218 -
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SMELEIH I Q LS. 2006 4F J. Li 5 A SEIGHFIT T £k M IR B4R 6 41 1A kb
Z[51]. IHARIHRT G T YesFos s i A Ik e T2 e s 5
RIS 2 FB 26 £ F5 WAL P BRSO ELAE F 5 1S IR, BERE = AR AR B 1Y) B Mk
IS, W 1-19 P SRR E R, JA ARk Q AR 4%, R
H T 2 7 A B G % KR IS s MBS T Ty, 2 H I R A 2 B 7 A 1)
ELiSUEE

5 R E AR 3R Q 7 ORI —Fh BB S W AR AR Q ik
MR, BSOS B R, DB RN, SRR BT T % B S
FAFHT[52][53]. 2005 4F, GRS /AN L AEAESEIG I, IX Rl R IS It
AFEARFEE , B BEAE ST D2 = A I AR L P 25N [ 158 I g 3455, T 2 k5 [ 541 -

YAV ) ZE T v ah B 52 A B B I, DG LT iso g XS IR AR LRk 16 A ik
SIS, HrH AR ZE 0 LN IR 1 2 38 B B Q IRZ[55]. BATIAE 1.3 71
I IX AP LR . B AR A5 16 =y W D R R ko2 G =, (RE SR Q W
FLF AR T, AR 2RO AT ESR LI A % (1 s TR (I ke, A
h A IR v WA T 2 PR K P 2 B 107 D 2T R 2T 5 T DA R HLAt ' 2% e 8 AR R, iz
PR UM BEOCAR SIRTEN, B far D R o X FRIOG 28 a0 75 220 i R (4
HIR 2, WERURLR S (200m L) 4T A3y SBS i Q MBI, sk HiE
BEAR AT T R A5 55 T vk A SBS 1772 .

= 6

® Intensity (Arb. unit

K 1-19 BHEOLLHOEE I Bk IS (IR YCET KRR 1E D

3. I Q BkihrFIE

IXHEAIR R Q Bk rhiis M T 22 FR Ryt AR B« BRI K 98
1 Q JeeT e ds 4an th KR (KIRe Ik, — P NP RK G £ 06 & I 1) R 2 ()

HI T EEFROE ST AR BRI, isosd 4 i 10 Q Mk ve /&,
PO IR I RS L, TR Q Je£FMOG SRR MEIRIG A= 1K (D)
U Q ket KZMIEIICLT e o fa th 1Bk K 248 ANRD I . 25451
YHIFE 50kHz K2 AI4EJL NP B AE RPN, Mo ein LA BT SGE 1)
LA 2R bk ot e AE S R SRR 1 kHz, WA RIE.

FAN Q JCLT O A H Bk AR A RN, R 7RISR0 “ B
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Fik b SOEE R B Q 4 69 B R /ARR A

ARt BNk ILG AL, = —Rp ik “ X7 % . R b, 1996 A1)
Roy S N iT T MBI A Bt iR Q Bk sy X%, $RHEN Q 1% 1
T INHA] S G Ao 28 4 A Q ka7 U EE 22K 3R [56]. 2004 4F, Y. Wang 55
N R T RRA, DX 1 Q kb 2y XIRG AT T 1 #1[57]
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SPECIFICATIONS

PARAMETER VALUE UNITS
Focal length 500 mm
Aperture ratio /6.5

Mechanical scanning range 0 to 1200 nm
Resolution 0.05 nm
Grating mount Interchangeable triple grating turret

Grating size 68 x68 mm’
Dispersion 1.7 nm / mm
Wavelength accuracy 0.2 nm
Repeatability 0.1 nm
Drive step size 0.005 nm
Focal plane size 25 (w) x 14(h) mm’
Standard slits 0.01 - 3, continuously adjustable mm
Slit height 14 mm
Optical axis height 134 mm
Size 550 (1) x 288 (w) x 195 (h) mm’
Weight 22 kg

* 6-1. WIS

B 6-8 25t T 0L AR E R Y ROEIE I, SR SGIE ] TR 8 K IXE
JESCLT AT, eyt TR WlEl 6-9 o, BJEROCLT M, 3477 3.5m. 4.5m
KA. 282G 25 R 3.5m i thHOGRIRCR e, AERE 130W 2R3 )
FRRAG SSW BOkHH, RHCR 45.8%. B D@ i o i R I KE
BEIn 2 S H KA, IXE UL A 5 ) (& 6-10) [6],
LCRIRVTIDS B BSR4 O P 23 R 0 g oL BT T S L ki v B S EE PPN TR ST S
Bt M FEROEER, BRI ST, Hom e
KPIT s (K 6-11), FEARGIMAKT T, Wotdsm b2 s i, ER
HACTH I3 F, WOLSAE M Z IBI21T, 0 HAERIDARE N, AU RZ 580
BEo XM TRMIRRN, S BRI, BEMnE Tm &5
Strark BEZR N4, AL T RES L B ARL 1 BRIBOR 26 2 70 A1, A3 4an th 30
eI .
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