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Investigation on Characteristics of Large Aperture Tapered Fiber
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Abstract With repetition rate of 1000 Hz, detailed experimental investigation on single large aperture tapered fiber
phase conjugation mirror (PCM) has been done. Comparison of stimulated Brillouin scattering (SBS) reflectivity
between tapered fibers incised by simple ruby cutter and imported LDC-200 fiber cutter is shown, which implies that
the quality of fiber's end surface plays an important role in enhancing SBS reflectivity. For fibers incised by LDC-200
fiber cutter, comparison of SBS reflectivity with pump pulse widths of 24 ns and 15 ns is also given and maximum SBS
reflectivities of 70% and 50% with pump energy about 40 mJ have been achieved respectively. Keeping the pump
pulse width to 15 ns and applying the tapered fiber PCM, the double pass output energy, pulse width and beam quality
are measured. 1000 Hz, 42 m]J, 1.5 ns laser output has been obtained and obvious beam quality improvement has
been observed.

Key words lasers; high repetition rate; tapered fiber; stimulated Brillouin scattering; phase conjugation mirror
OCIS codes 060.4370; 070.5040; 290.5900; 140.3535

1 3 = (PCMD TEHr 1E Ot 70K A #1228 DA T 2l 38 O 3R i
%ﬂ:%{%ﬁ%ﬁiﬂﬂﬁﬁﬁj‘ (SBS) E(J *H 1jif\1$ﬁ!fﬁ E[lj \Hﬁﬁ}j}gﬁ[%ﬂ U&%ﬁ‘ﬁﬁ%ﬁk[%” %g/l\@ﬁ

KR HER: 2010-10-21; WKEIfEM R EHEA: 2010-12-03
BEETH: EXARBEES(60908013) %% Bhift @i,
EZ B B RI984—) 5 i L Fse B, EENFHOL S KM E T H MBS . E-mail: 22g4298@163. com
SUREA: PR ZEQ946—) 2oL Il HO L W AR S W, NSO S AR MG F E T T A .
E-mail: chenjunl@zju. edu. cn

*» BIEBE R Ao Email: jianhong@zju. edu. cn

0402007-1



T

L

SR A B AT E R SE RN AN . SBS-PCM 2251 i
40 AE R R J A TP 25 B 4 M B W0 1 MR L T4
A 1o B T 4 S R AR A R
HIEE X F i E & SBS-PCM 46 F 20 it 22 90
AR Eichler 855X Z 847 SR AT IE ., FEXZ
Jei AR BT HE B O 4 SBS-PCMU' D K M A1 e
SBS-PCM"'', {5 Al 3k B #3902 iy SBS S it
RPN R e PR BB E BT A R DR VR Y ik vp B R
BURILE 10 Hz #9088 ARk A PRABUZ X [ 14
SBS-PCM #E47 TIRAMIWESE . REWEIE T 83 2 B
Se4F SBS-PCMM™, 4k B S 4F SBS-PCMP™, 445 7 8%
B SBS-PCMM™, 6 2F — 5 A1 Y i & & 45 # SBS-
PCMM P K K 1A% 4 B S 4F SBS-PCME™, 7 3%
AN 3o R o g 2P R T R T R T AR R I S R A
AE. 76X 2 2 4E A 6 [ {& SBS-PCM 1% 3k
o HER A MR K ZHRAE 1000 Hz DA 5 75 f 3T 1 3C
BRC17 rp AR PR AZ $i 3 T 78 400 Hz SR MR T
it 50% LA & AE 1000 Hz 5 45 % F @it 30% 1)
SBS S5 3 AH A0 B 5 A v O B S8 T
H. 55— 7, Haj oG8 s 17 T 56 2% = %00
SBS-PCM #B 2 3 F Wi & £ B gyt8 21 . Offerhaus
SISt 4 5 T N R T Freon-113 4p Jit i) SBS-
PCM 1y 4% % H) 0K 28 (MOPA) 0% % 4t 1 15
) 400 Hz,20 W Ot H 948 38 i AR R
0 PGB BN A AT RESEEE 1000 Hz.50 W06
By s Kiriyama % 38 7 2 F FC-75 A i
#) SBS-PCM () MOPA BOG R 48, 13 3 1 5 2 40 %
1000 Hz, ¥ 2h 2% 360 W #0065 . H ik &

PD]{oscilograpt]

H B 48 R B B T b 2% H A R SR T [ R SBS-
PCM 1§ MOPA #Ot RS M HiGE . Sbs b, ok
XA A S5 s S (AR A 5 AR 11 R T X
SBS-PCM #4 AFIl {4 5 W] X F 30 A it o 52 5245
REF RS S Aot ah TR L K& PCM
K2 e S 38R W A5 ) A S o X AR A
PR L Kl v T 4R 42 Ty 3 ) AR O (R R AT B
F RGN G AR AT P KB A5 % T AR A
P57 - Yoshida S 45 il £ 38 PCM 1E 3 &
SEBRR T 12 I o T ) 7 FE AR A A (L A X
I N7 A AR S [T LAIE S LA 3 il A 0 AR
SBS [ 5 3 il Hi0 S A5 A 14§12 T 100 2 T AR B B AR

ARSOR R AR HE BE 2745 0 [ & SBS-PCM,
LTI TR Z EE R T A R L2z
e o X TR 2K T BURE S Bl JEE Ol £ 1Y S 1 T
SBS S A 520 Al iz Bk vh 58 B2 X SBS B R 11
SO e FEAE M SO TR i AR A7 Wy 722 2 36 ' TR o
A5 T R EAT TR AN LR AT . B R iR AR
L JE 5 S AR S 1000 Hz, 100 m] 58 H0OL
i AT REME:

2 R E

SEIAEE R IR A 1 TR, SLM laser iy B
PBLHOEHE . PD i A HWP S 2/2 3 f s
BP-1~ BP-5 Jy i & . Rot. S 90° f7 9% JiE ot #%,
QWP Jy A/4 Pk L oAdE s, Hh ookl h—&
Y MOPA O R G . Bl 7 306 28 8 06 )

SLM laser

bean preamplifier II—preamplifier I

\
Bﬁ\ﬂ:/

expander

g N s 11 = RN ]

isolator I

power
meter 111
\ isolator II Rot.  vacuum
N\ —2 power 1 1 1 the N

optical trap

[ .
\I;]V BP—% — ﬁ amplifier I ” \I U

HWP

depolarized output
of double pass

power \B Et
amplifier IT

QWP

1 i
meterI| ~ gp_5 [} U
{ Mrourlt | L

power
meter II

tapered fiber

1 Sy B U

Fig.1 Schematic diagram of the experimental setup

0402007-2



BRI NISE . T TR 2% % BE B MOPA S0t R 88 50K 142 8k B DG 27 AR £ S J S 45 1L BT Y

(LD iz (L 68 Q Nd: YAG Ok 2% . 5% FH 1
WOLEARPAT R E B BRI ) EE R R
1000 Hz, B IR K 1.2 W, H & 7 M2 <
1.2, % th M OG HRE 8 b 2= B B R gt 14y
Bk BP-1 Gt 6B Al 58 K F 7.5 GHz iy IR
O LI 8 0 9T PR 28 v A Wl HE S 1 GHz 1
FR UG A S o T A X R ) 3 T 1 S e A Sk
WOG AR 75 AL T ER LIS 5 - i 2R ik b TR AR S L T
& W BE S Ry B AASE 32 7 5 S ik o s B0 o 45 4 L D)
TR ZYMIB I

APPSO G 0 SO R R R
PRS2 R G 1 G A TR KA AT WK . b
B AR R G0 B AN FRICE IR AR R 450 R E O
a RPN 22, 5°TCE B A/ 2 W R 2H B DA S TR
RAFHFEIRG 8 Z GRS . TUBR A A
W {E Jil132 T3k 700 W N T iz Nd: YAG iz
3k TR R At i 0 16 R & 7 R B R G A
FRCR AR HEATHE— D HOK . FEY R E R
ZIELAHA /2 PR MR as R 1, o a/2
P R A BP-2 41 8 1 o't i I Y 2B R DL Y DA TR
A S N FE R A B Tl R I ) 3 OR A%
PASE 22 5 A T 2R o 2R B S R S N T S B
OISR N A E P T SN S
WM 332 1 Nd 2 YAG #1328 3k, 06 {8 3l i3 o & ik
2400 W, J340, R T A BOEBR F R H Nd: YAG
A VAR 3R DR RE R & 78 B AN 0K 2% Z [ A 90° 4 9
BESCER AN 4 f MR R GEXS AT /M .

PN TR 7 i O B BP-4 R BP-5 f S
JEZEH A4 R R — A K S s R A O
2, MR A 43 5 N BP-4 Ab3F Gt G . HE OB 2R
i B AR 1 mm, 5 356 10 B AR 400 pm, A
SR Y2 B2 A 3] SBS B Z )5 . SBS KA,
F1 s, i fe BP-5 ZJEdh A /4 Wk i T
YGE % A/ 4 PR LR B SBS S 4R A kAR
BUAE i BP-5, i A1 P A0t T8 AT LA 5 f b ) 4
SBS KT 2 Pays » FREE B GE L A B2 45 2Z ]k
AT A B GCEF 32 T3 Py X FE A ]
T st SBS U % p= Psss/Pro MIGET R
A R A 6 AR o T T H L AR
A A4 R N [ SBS B2 T % IR 3% 25 A & A= Bl
A FF R 7 M 0 AR T T DR R (] E R A
TR #5842 URE L RAT OR . B TOR B 3O6H A
BP-2 4b# o o Dy 1 TI0 0 2 Ho A o oy 3 1 3R
g3 w0 N BP-3 Ab % .

3 SLIREN IR N AT
3.1 XFREHEEX SBS REFFRHF N

ST R AR O E T U1 E G EF AT I D
3 205 A O T U E 2 0 AL S
LDC-200 { K F AR R £ D1 1 U1 .

2 25 iz ok oh 55 B2 S 24 ns B {8 G Fh
)% 7] Y1 E 14 BE G £F SBS-PCM. 2 5 I 3% 1 52 4
HBETACL Y RSN . AT AR T AGET T
A B 24Tl LDC-200 %1 71 P11 1) 56 £F
SBS S #8541 5 A ) EI G 4 SBS [ it My
ABREENRIA, B SEEY K TE 152, &
RN 40 X BETEE] 7020 FETE AT A Rl
40 W A1 17 W BB R AT IR . B 3Ca)7m 1Y
JEANIZ K E R 24 ns BE BT IR 205 A W E Y
D EF i I . 1] DI M R B b AT IR IR A i 2%
B K8 0 IR DA B B S B D7 I 43 A 5 B/ 3 (b) R
2 i LDC-200 SGEF U1 %) )P0 #5156 £F s 18

JRAR B 3Ce) 7R R HIE K Y8 24 ns B AT IR
H R LDC-200 S £F 9] %) 7) U1 %) 09 5 £F o 1. 5
Bl 3Ca) A LLA B AN ] % T ax 22 1)L 76 )5 T
B S ol 3 LDC-200 Y6 2F ) %) 71 9) %1 iy
HEF AT IS

28 F ]
E 3 0/0\0/0_0_270 _0.70
S 241 o= < J0.60
20t £ S N
: e Jo50 £
o o B )
g 16 A 040 8
7] AA y o 1
R I A 1030 £
£ 8t/ S Cis —e-incised by LDC-2001) o0 &
] F 4 oot —a—incised by ruby Y
= - oY AA g
§ E V.’xiiAA —o—incised by LDC-20040.10
M —a—incised by ruby

2 6 10 14 18 22 26 30 34 38
Power injected into fiber /W
Bl 2 fihaz k9 24 ns B HZL 5 A7 U0 EJ) A LDC-200
SCEF IR T VS 6T SBS B 9 5 A He
Fig. 2 Comparison of reflected SBS power and reflectivity
obtained with fibers incised by ruby and LDC-200,
with a pump pulse width of 24 ns
3.2 IMIERKZERT L SBS R ETE MM
N T WEFEHIE K E X LR SBS B AR B 5
& B A fl1 32 Bk b E B 24 ns AT 15 ns #EATIK, H
JGEF T LDC-200 SR U1 &I T O] . &l 4 45 e
X AR K Y8 T HE B2 L EF SBS S T 2R I 5 2R Bl
HACE R A EHEAFEN 38 W
W 1] 24 ns F1 15 ns filis Bk 98, 0 51 AT 45 3 B

0402007-3



T

L

26.5 WHI 20 W ) SBS R 5T ThZ L K 70 % Fil 50 %

19 SBS S, al bl Al K 9 il iz ik 58 T L gk
T H R SBS Sz DM R AR X 5 SRR (23 T3]

10 Rl SOCEF B AS e — B X T IZBE AT L

O LA - 0 SRk T R T R K & A A T A R
T A A iR TR R SBS i fE . MELA Y
B LUEW] AER ST BA R RO K
Fidhiz Dy e B R A AT DU T 10096 .

© % » i R

3 2 kT8 24 ns B FTIR A B 4056 V0B A0 S6 4 5 1t () » B LDC-200 S 27481 77 U0 1 (4 5% £F i 1t
(b) T IRy LDC-200 1% 1) 56 £F 3% i (o)
Fig. 3 Destroyed fiber end surface incised by ruby (a), fiber end surface incised by LDC-200 (b) and destroyed fiber end

surface incised by LDC-200, with a pump pulse width of 24 ns

. 28} (/0\0/070,0;2 10.70
= 2 o o= 1060
(5] C X »
Fab Al s g
S16F o YV e 10.40 ©
2] 3 / A ot A =
% 12~ /A/A ,.,-' /A/‘ 40.30 o
g gf 4 A Jo.20 B
b E A/ "~ _A"" _e—pump pulsewidth 24 nsf 0
= 4 / s —a—pump pulsewidth 15 ns{(), 10
é g o —o—pump pulsewidth 24 ns|

Pogoa —a—pump pulsewidth 15 nsi()

2 6 10 14 18 22 26 30 34 38
Power injected into fiber /W

Kl 4 AihiE Bk T8 24 ns FI 15 ns 0, il LDC-200 1% #Y
JEET Y SBS St Ty A J H R g A
Fig. 4 Reflected SBS power and reflectivity of fiber
incised by LDC-200, with pump pulse width of

24 ns and 15 ns

3.3 HHIBRKE A 15 ns RN BE M KL R RiTiR

N TR T b 25 B AR R R 1 AR HE B D 2T
SBS-PCM M SO i R A5 £ 22 1) PR B L X 1% R 42
PEAT T R K 52 5 - il iz Bk 5E R T 15 ns. SE5
W e PR E QWP i ATEGES H 4 SBS U S5 Al
JCET RV E S D) R AT I 5 AR5 R QWP Hi 2 5k
EBUE R A8 BP-2 4k %k X iyt 2 8 g0 47 I 4
M LR 5 Fros. X BALS T iz U R AE
22 WRLUF B2 R 2 i T e L g P 4H O 0 i
[z ) AOR O T R AT IR L g . A i, X
LR © 28 RE R AR S R M 2% A8 1 D SR 07 T B — L8
P B XSl K vl SBS B K i Ko i O £F R
4 T A Al 3z Ik b A BOBUIE 22 5 ) Jhknf o AR AT T
MRS RN E 6 B . il K6 Ca) W] A Iz ik B
Oy 15 ns, HFKIEAR A+ 70 %75 [ 6 (b) 2y SBS S 4

fiicul, 0Bk FE N 1.5 ns, b FF U BE . HE 46 Hak 5
10: 15181 6 (o) Sy i 3 Ot £F 2 3B 19 1 A% flt iz ik o e
ARBKTEL N 7 ns BRI ARG Sl iz ko 1) 12 58 53
RECAR A S T i 38 0 9RO F B AR BE . X 5
SBS Sk i ity b T RAR TV 5 5 1B 6 (dD Ry ALl
B 1 1) K PR Bk I AR S P 6 Ch) AR A AL
Wk TER N 1.5 ns ZEfq .

45

[ —=Treflected SBS energy
—e—transmitted pump energy
——double pass energy

N
S

— = D DN W

pass energy /mJ
AO IO 1 S S &
T

6 8 10 1214 16 18 20 22 24
Energy injected into fiber /mJ

Reflected SBS energy, transmitted
pump energy and double

B 5 HZIKTEA 15 ns I, 0GLT SBS [ 4 Uy 4 3 4t
Ty 8 LA B U By 32 B i A6 2R Bl i A2 AL L
Fig. 5 Reflected fiber SBS power, transmitted power and
double pass power versus power injected into

fiber, with pump pulse width of 15 ns

ffi 1] Spiricon 23 ] i) M?*-200 Jt o 57 5 43 #7 4X
X N T2 TR A 1 9O O AR R R AR A L B DL S
LT A 0 8 o SR I s ) 43 A R SRR R AT
LR ZE R e 7 FrR . X FEA B RORER ROk
DA PIAS I 1] b O R 5 R R 03 i M =
2,68, M5, =2. 50 1 X h; T AH A7 2 40 5 5 80 i
B DGR I A5 A 7 T B O o S R 4 R
M =2.30,M;, =2. 24, 783255 v W % 2] B FHAH A7

0402007-4



BRI NISE . T TR 2% % BE B MOPA S0t R 88 50K 142 8k B DG 27 AR £ S J S 45 1L BT Y

LB 45 2 5 ARG ' o BT b A R AR G A
s PR e B — a5 3K R IR T R A7 s i A S
THBR T O R v ) FRR 728 X S o o S 199 52 1 17T
KRBT G R AR T . AR A
TIOR8 D6 R ) Y o 5 6 1 AT I Ak 15 HG 38 B3 AT 5
W B AR 2 R i SBS-PCM 2 5 1 fiE 5 21 3 77 4
e BRSO SR . B 8 g T AR 4GRS 1 R
FUBGHE Z 5 1 JEBEAG B, F AR 24 Dy jik 30 W74 1Y
J& OB ICR 28 4 Hh 3 A JGEF I TRl 30 W i) SR
AE S By BATE G BE, “ 0GE 30 W7 45 75115 0 K £ 4
QWP i R4 2| (9 BUE YEBE, 1T WL, BUE 6 B T i
A A B D BE T A R SE T b 2% R R

T HE BB £F SBS-PCM A B 1E OB HICK 25 $g AF |
T O ' PR A T T RK

i 15 ns filiz fkop  AEFE AT Z N 30 W,
5 X0 i R IR F 52 WL IE{H R F k26 MW,
X T B g A A A By 258 AR A I 0L g e ) %L ]
JEARE P R AR KM BT [\, % T s ik
Vi A 24 ns IGO0 A AT AL S5 0 o (EARAR i s 2
TR OEAE R . HAR S Z B SE g gs R (3.1 99 . 78
HEAJGCEFIE 40 W Hy F 0}, 3 8] f SBS 3) 2 1] 35
27 W, HIKTEMI] 24 ns @%Ekﬂ’]*ﬂia_ﬂ%ﬁ%f
MUE 2 J B D 2B AT R A RO A 2t gl R 5
BN FANEE 3 SR g Y 0h & N

6 iz Bk vE A 15 ns B il Bk b (a) - SBS ik (b) 5 i 55 ik ifr Co) B0 Ik v (D BT AR
Fig. 6 Shape of pump pulse (a), SBS pulse (b), transmitted pulse (¢) and double pass pulse (d), with pump pulse
width of 15 ns

@

(®)

B 7 FOE (a) FAGHE J& (b) B 30O 6 3R

Fig. 7 Beam quality of laser after pre-amplifiers (a) and double pass (b)

0402007-5



)
B
c
S
=
°
]
3
(]
=

8 ANIF]H T A AR 4 (K OL B 18]

Fig. 8 Beam profiles collected by printing paper under different pump powers

LI I

X T 2% v H R AR R R AR i RO AF
2 [E A SBS-PCM 4 R e P #EAT T 1 40 19 52 56 F
58, NI R T G AT 2 101 D) ) 5 iz ik ol 5E
3 S 0 HL S 3R AR ) R e e L A A O ik
TR AR AV B AR A O o T A T AR AT T
W5, 78 1000 Hz @5 5% F 38 m] AGFREE T .
ST HERE G LF PCM e 70 % 1) SBS ST 35 9
TIE BH LA M SO O 25 40 7 195 A% J7 T8 19 D48
T3 3 SR B K A2 ik T R B A Ol R T A Y T2 3K
ﬁ‘ﬁ;"ﬁﬁﬂ%f)ﬁl 1000 Hz, 100 m] & 52 B #ot i i

A5k B TR SBS A i i K-

& X X

1D. A. Rockwell. A review of phase-conjugate solid-state lasers
[J]1. IEEE J. Quantum Electron. , 1988, QE-24(6); 1124~1140

2 David T. Hon. Pulse compression by stimulated Brillouin
scattering [ J]. Opt. Lett. , 1980, 5(12); 516~518

3 M. J. Damzen, M. H. R. Hutchinson. High-efficiency laser-
pulse compression by stimulated Brillouin scattering [J]. Opt.
Letr. , 1983, 8(6): 313~315

4 V. Babin, A. Mocofanescu, V. L. Vlad e al..
treatment of laser-pulse compression in stimulated Brillouin
scattering [ J1. J. Opt. Soc. Am. B, 1999, 16(1); 155~163

5 M. Valley, G. Lombardi, R. Aprahamian. Beam combination
by stimulated Brillouin scattering [J]. J. Opt. Soc. Am. B,
1986, 3(10) . 1492~1497

6 Hong Jin Kong., Jin Woo Yoon, Jae Sung Shin e al.

Analytical

. Long-term
stabilized two-beam combination laser amplifier with stimulated
Brillouin scattering mirrors [ J]. Appl. Phys. Lett., 2008,
92(2): 021120

7 Jae Sung Shin, Sangwoo Park, Hong Jin Kong e al.. Phase

stabilization of a wave-front dividing four-beam combined

amplifier with stimulated Brillouin scattering phase conjugate

mirrors[J]. Appl. Phys. Lett. , 2010, 96(13); 131116

Solid SBS media
and entirely solidification of the SBS phase-conjugation mirrors
[J]. Laser & Optoelectronics Progress s 2()()6, 43(3): 65~68
RAUE, BB, MW 5. Bk SBS A5 SBS 4y 3 46 5t
A l)] #oeh ke FE k., 2006, 43<3>, 65~68

9 H. J. Eichler, J. Kunde, B. Liu. Quartz fiber phase conjugators
with high fidelity and reflectivity [J1. Opt. Commun., 1997,
139(4-6) . 327~334

10 A. Heuer, R. Menzel. Phase-conjugating stimulated Brillouin

8 Zhu Chengyu, Lii Zhiwei, He Weiming et al..

scattering mirror for low powers and reflectivities above 90% in
an internally tapered optical fiber [J]. Opt. Letr., 1998, 23(11):
834~836

11 H. Yoshida, H. Fujita, M. Nakatsuka e al..

Brillouin scattering phase-conjugated wave reflection from fused-

Stimulated

silica glass without laser-induced damage [J]. Opt. Eng., 1997,
36(9): 2557~2562
12 H. Yoshida, H. Fujita, M. Nakatsuka e al..

glass with low optical quality as a high damage resistant

Fused-quartz

stimulated Brillouin-scattering phase conjugation mirror [ ] .
Opt. Commun. , 2003, 222(1-6) . 257~267

13 Zhou Tao, Chen Jun,
in four-pass MOPA system with high repetition rate [J]. Chinese
J. Lasers, 2004, 31(4) . 441~444
%, Mk A, R T S LD g @ & AR MU i K
MOPA R 45 th W6 £F A 2 48 wF 5 ). o B sk, 2004,
31(4): 441~444

14 Zhou Tao, Chen Jun, Tang Chun e al.. Experimental study on
optical tapered fiber phase conjugator in MOPA system []].
Chinese J. Lasers, 2005, 32(4) . 471~474
. BROELE B BIRG RO DL
AR SEHE B Y SR SE (T, F Bk, 2005, 32(4): 471~474

15 Tong Lixin, Gao Qingsong, Chen Xiaolin e al. .

Tang Chun et al.. Fiber phase-conjugator

Experimental
study on high repetition rate quartz glass rod stimulated Brillouin
scattering phase-conjugation [ J 1. Chinese J. Lasers, 2006,
33(suppl. ): 144~146

0402007-6



BRI NISE . T TR 2% % BE B MOPA S0t R 88 50K 142 8k B DG 27 AR £ S J S 45 1L BT Y

BB, A AL . BRIBEHE S5, R A0 R A A 0 R a2 A B UK
SR L 4B L WF AT [J]. o B s k. 2006, 33 Csuppl.):
144~146

16 Wang Sha, Chen Jun, Tong Lixin et al.. New combined phase
conjugator consisting of fused silicon rod and optical fiber [J].
Chinese J. Lasers, 2007, 34(9).: 1212~1216
W, BROE, B S BAEBERNT RN RS ST
A ILHESIL]]. F Bk, 2007, 34(9) . 1212~1216

17 Tong Lixin, Cui Lingling, Xie Gang e al.. Experimental
investigation on characteristics of tapered fiber phase-conjugator
with high repetition rate and high pulse energy [J]. Chinese J.
Lasers, 2010, 37(9): 2361~2365
BWALHT AR, W N REESCR AR KT RO
ARAL LR & R M 9 SR B g [T, P B sk, 2010, 37(9):
2361~2365

18 H. L. Offerhaus, H. P. Godfried, W. J. Witteman. All solid-
state diode pumped Nd: YAG MOPA with stimulated Brillouin
phase conjugate mirror [J]. Opt. Commun., 1996, 128 (1-3):
61~65

19 H. Kiriyama, K. Yamakawa, T. Nagai et al.. 360-W average

power operation with a single stage diode pumped Nd: YAG
amplifier at a 1 kHz repetition rate [J]. Opr. Letr., 2003,
28(18): 1671~1673

20 H. Kiriyama. K. Yamakawa. Development of high-repetition-
rate LD pumped Nd: YAG laser and its application [J]. Laser
Physics, 2006, 16(4): 666~672

21Y. L. Wang, Z. W. Lu, Y. Lie al.. Investigation on high
power phase compensation of strong aberrations via stimulated
Brillouin scattering [ J]. Appl. Phys. B, 2010, 99 (1-2).
257~261

22 V. Kmetik, H. Fiedorowicz, A. A. Andreev. Reliable
stimulated Brillouin scattering compression of Nd : YAG laser
pulses with liquid fluorocarbon for long-time operation at 10 Hz
[J]. Appl. Opt., 1998, 37 (30): 7085~7090

23 Zhou Tao. Theoretical and Experimental Research on Optical
Fiber Phase-Conjugator [ D]. Zhejiang: Zhejiang University.,
2003, 44~46
J& V. SR IR R (S 5 ST ST (D], WiV WL
K2, 2003, 44~46

0402007-7



