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Abstract Sodium guide star lasers have a great application in the adaptive optics systems. The characteristic

parameters and technique difficulties of the lasers are analyzed. According to the generation methods, the sodium

guide star lasers can be divided into three types: dye lasers, solid lasers and fiber lasers. The development history

into macro-micro pulse lasers, continuous single frequency lasers and continuous mode-locked lasers by scientists for
exceeded 50 W average power.
Key words

and the state of the art of them are expatiated. Dye lasers applied in engineering firstly have been washed out because
different requirements. The commercial SFG lasers with 50 W average power have been produced recently. The fiber
OCIS codes

of its big scale, low stability and dependability, and so on. Solid lasers include sum-frequency generation (SFG),

stimulated Raman scattering (SRS) and optical parameter amplifier (OPA). SFG lasers are used mostly and developed
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sodium guide star lasers as a novel type have been developed rapidly in recent years. Especially, the continuous single
laser; sodium guide star; dye laser; solid laser; fiber laser; sum frequency

frequency sodium guide star lasers based on the Raman fiber amplifier and the second harmonious generation have

FAO RGN R EmR, EHE E &S —HK 589 nm G Bi 4N D, £6) 308, B 5 80~ 100 km 4b K2
A8 BT 5k BN T R AR S 1 AT SO T USRS . AO R IR RO R G BIE NS
P i 3L 0

WO SR AT LUTME A IS RO (AO) REM AN IES % T 91 R CURR I AEFRO L Rl 3 In R S8 5
EEEN

E-mail: happyeleo@ yahoo. com. cn

25 R F M R A i RN AR TE AR i R R AE 5 T AME B T 0 i o LR 1 R BRI AL . MO 5]
Wi BEH: 2011-01-07; WKEEMXFEHET: 2011-03-08; MLHRB A : 2011-06-20

5 10~20 km Ak # 5 FREOE S 51 R AH G, SRR S S (RIFERON) S/, 3 BE ATRT RLER I <42 7R3
* BIEEK & Ao E-mail: hyf135@ gmail. com

R (1981—) 3 B L B BT IT B3, 32 S M SE0E AR IS [ O S HOR J5 B SE .

071406-1



48,071406 MM SYBIZHRE www. opticsjournal. net

B B R IR OZ B 19 D, 1548 BB B SR By HIOR B . AR 48 40 5 0 RS 4 4544, D,
2Ry B M Ebg 1. 772 GHz ) Dya 28 (589. 159 nm) Fl D,b 28 (589. 157 nm), 4 K )2 E7E 190 K [ ik
W D,a M Db K2 RETETE L0 1 GHz, A D, K EIETEE L 3 GHz, 5 3 “ W He 157 A 445
FH L IE B Dya 2 BEE " A ORI EE D, b R B0 O 1 fF . B B R EORES 00 0 R T Daa
28 (589. 159 nm) B RURFefE , HER TN /N T 3 GHz, 55— 5 I AR 1 B9 W O JE LR PR A, 23 77 A i sk
N o W ] Ty 23 45 B AN ] KRy o PRI A B TR R AN ER FRAIR 5 45 BL L B o O K ok 28

TR BA R YRR B8 B O A SR A IR B b B A B O A B A 2 R
SRR KT 10 W, O 5T i3 AT S AR R 5 Hh0 B KRS B 4 589. 159 nm, HZRFE/N T 3 GHz(£43. 3 pm),
AR MR A3 52 A o) ke Sk o A o R AR DR R A O L R AR AR R R L (Rl TR
BAFAE—LE A B Gt TR WOCE R L e, 905 B OB 54 = s #7407 XA L i
TR BOGAT LLAr S JREOL &  EHRBOE 8 HOLLF OB AR

2 RO

SRRSO 28 T T B SO T 589 nim 9K C——
S O B8 0 B 5 o1 BB R 0T 0 7 B HM\M Hc:n
1995 4F . 3£ 35 (W 1 9B B0/ 5 55 50 % (LLNL) B —
BRIk 11 KW AR S O L T =

ANy 26 kHz, K98 29 32 ns, 0 K EH /N T
+50 MHz, 45549 2.7 GHz, & 1 JyHJF 3R Z K,

B A ilas VR % K 510 nm B4 28 <Ok
i s JBHEO A R T4 i X3 3008 FRBOR S5 4 . B AN 06
FFEREZY 200 kW, 0O Sk O 5 s TR L 4178 BLD (o Hi i AR
2y 15 m” . IZWOGARTE )2 0 0 D) 95 Bl TR
Ji - A AR A L S B R HR OO T 0 O S 2 )
%, LLNL B F LR #OC# B Keck X 3CH 1 Lick
RIXETEMT 20 W A 100 W 2% 5% R Y kL3 5 3O6 28 1 BiF -,

1996 4F, f8[# () Max-Planck #ff ¢ ff Jy Calar Alto K3 & W I JF & H ALFA YR OB &R A
30 Wi 514 nm Ar & FHOGaAE s 5 GRS B4 Y] 6 Gl 3545 1 4.5 W BT ATT S A PR 342 25 B
RO, RN T S B EOGRELR S5 D, a ARSI X L SR P T SR A B i PH R 1 e

dye oscillator dye pre—amplifier dye main amplifier

Bl 1 LLNL Jekb g5 2 o 6 5B 28
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Table 1 Characteristics in Keck and Gemini South sodium beacon laser

Keck Gemini South
Normal 38 58
589 nm power /W -

Highest 47 76
Beam quality /M* <1.2 <1.3
Power stability 1% (rms) 6% (rms)
SFG efficiency 30% 29%
Line width /GHz 1.8 2.1
Frequency drift /MHz <#£19 <£150
Repetition frequency /MHz 77 77
Pulse width /ns ~0.3 ~0.3
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Fig. 10 Block diagram of all-solid-state Raman sodium beacon lasers in two different ways.

(a) SRS+SHG; (b) SHG+ SRS

071406-6



48,071406 MM SYBIZHRE www. opticsjournal. net

M 20 22 70 AR UG BFA R AT C 4l ok B 2 [ R OGRS O B B i L Rk & W
T A FRLE S AR R B2 O L AR EEN T BRI R 2 v R 2 e e ) R 4 A T T T A LA
0 7E 1 S0 A B o () i e . B R T S2 R 2 B TR T = B A e M AR L [ SR . B ER A (]
(R 2 [ A A R SO A B 38 S TR I 2 [ AR 0O 3l o BRI 5% T ik o A . Bl e 1k
JCEF A RE Bt a5 B PR & T L B AT A AR 4T 3K Fh 2 R I 5 23 T oA AT DLARAS BTk b= AR K
FE R R BEARHL 2 WO AR 1 7 AR e B 3K TR MR hir 2 4l BLOG A8 38 5 4 3= iy .
3.3 XSEMKE

2009 4, Duering " il T — G R TR IES & UK #8 (OPA) 1 [ R4 5 2 30648 H R R
g 11 foR . FER 11 H1,1064 nm SR ] 50 W ) Nd: YVO, $ gh 9B #OG A 224 1 MHz, & SHG
AR 40 W B 532 nm £, Hd 4 W 9 532 nm 3065 90 mW (19 970 nm JOGAH B AE 455 — 4 OPA
PR 720 mW [ 1178 nm Fh 76, B4 36 W 1 532 nm OG5 1178 nm F FOLAM BEAE R 45 — 4 OPA
Bt K29 7 Wi 1178 nm OG5 X 1178 nm BOGHEAT M, 4845 5.5 W Y 589 nm BOGHI . &K 984
65 GHz, £ 1064 nm 4R N 4E A PR HE B 55 4% 589 nm BB 58 528 2 13 GHaz, I I Xf 7 i i 2 %6
3 W eHEEET M <<1.2,

532 nm 532 nm

1178 nm 589 nm

970 nm diode

1064 nm

1064 nm

11 5T OPA 4 [E R 602 B B0 &%
Fig. 11 All-solid-state sodium beacon laser based on OPA
SO A R TERLTE R RN RERR Z A B X BRSO AR H R AT BB AR AR RS
BEAR LA Z— 11 1064 nm BOEEZWUE T LUK 2 1000 W DL B IGZ R H & LB 100 W DL B4 A
HOG AR HITET

4 e

FE A O 43 28 OB AF O SR L R T EA OGS E B T 5858 Bl A5 )68 5 15 i 0 TR BOG 2
AT DX A AR SO MUK L3 S — T HEAT A 2 . R EF OGO R R/ A5 Sk 508 i PV LT B FE A
SR PO AR F ] 400 3 ok 8 A7 B B N AN AR N LI OGTE . B T ORER OB AR R & B BE B RO 589 nm 5
1178 nm B4 25 A A}, DRI I [ R 9 285 45— P sl 9 o A 2 A 00 23 A o 1 R A AT AR AR i 5 R Ok LR 2 2
HLA SRR (0 OB 27 4 5 R RO .
4.1 FNSRB AR

FEA LLNL 2 R IF a8 5 B HOES 058 AL Z — . 20 128 90 AR IS IF & T 4 kel 5 2 3
JEERFEHL. 2003 45 b ATTHREE 1T —FoBr B BB /NI B SRR AR AN T R OB AR T ke R R B
12 Fis

RPN 938 nm 5 1583 nm WO &R 4F S R U, SR J5 X I HE AT AR A7 R0 B2 9 i 4R 15 57 K
(1 AR P43 003 5 48 OB T UK 28 (NDFA, 1 40 5 3B 86 27 UK #8 (EDFA, 1 20 147 ) 3 58 b ik
Ko I 5 H VA 7 DT IE 16 ) B AR AL R 2R P R AR (PPSLT 5 PPKTP) #:4T #1477 4= 589 nm 4G B OE. &
i AAERBF R, 2007 4F L LLNL 78 PPKTP ik ESZBl T 2.7 W 3SRl 589 nm 3Ot i i, 78
PPSLT @ik FS2l T 3.8 W i LR 589 nm HOLH i A My 100 kHz, Jk 584 1 ps. HHT. %M

071406-7



48,071406 MM SYBIZHRE www. opticsjournal. net

938nm | (Phaseand | | NDFA
master | amplitude || pre— >
oscillator | |modulator | | amplifier

pump diodes |[————> .
SFG

589 nm [ output

pump diodes |[————> '

1583 nm phase and EDFA
master || amplitude || pre— |
oscillator modulator | | amplifier

NDFA

EDFA

K12 et M 2 B0 s s B
Fig. 12 Schematic of fiber sum-frequency sodium beacon laser
s IE N H F Lick X3CH B Nickel B,

LLNL 858 N 5O » @i XHEOG 8 i i — DAL R ARG 5~10 W 197 K 2y 5850 s 090 77 .
SR 3% 2R B8 1 FUBURSCR 20 15 %0 ORI o i 2 B2 AR A5 0 i T 28 (1 SO i 4 A 0 B2 % R0 43 2R A 7
Wl 1) P A et
4.2 F 2R

Bifi 5 7 = S EF PO AR 1) B S PR R R B2 KA R B kAR R T T DK A 1 pem R B G EF B
JEAS E R RS (— R 2O F 1178 nm, SRJG X 1178 nm 4T ELAZAEM D AT 4t 589 nm #OG. 2005 &
2006 4, Sharma % F (0] IPG 5524 Rl TWAELL Y 1178 nm RS GEF OGS 48 J5 F) F AR 137 DT e i J& 35
W ACAR LA S AR TF R T e 5 A 5T . (H RO 28 D R B AR R T AN IS A S B OB R K

2006 4F , 7[5 KK P 7 K 3C 5 (ESO) [ Taylor 557 % JF 4G 0 5% 40 o) i 3k 7 2 6 £F BOB 28 815 28 42 5
E ORI ROG. 2009 4R {15 8 E Toptica 23w\ & K MPB 24 | & 4F. |G T — R 4 & Kk
JRSTO S ik A G AT R A A B R AR AR T 8 T R 28 W o SR PR A 5 R IO L o TR A
B R FE/NF 2 MHz A5 SRR m ik 8020 18] 13 Jy Ho s 3R 2 1A

ﬁ M,1
a M2
k") ............................. ,
=4 D2 [] ! -
/2
l
ﬂ isolator
lens
| ~—
1
1
O 1
Al
s | |
L
9
Q
%
M4 M3

P13 kT 4L & B EF B AR A5 0 B B ROt S
Fig. 13 Sodium beacon laser based on Raman fiber amplifier and sum frequency

5 R RGRFFEAR EE - Yan SR T IS 2 A 0 - — R ARG R AR I8 B TS UR S O R
T R H A e T [ B R AR 1 32 A L RO O (SBS) 0l M R 5 — S SR FH T R A5 40 s B P 5 00, K i 4
T AB IR AOR

ESO BTSN B 1 AN 11 2 6 27 HOR A8 A5 WARAR 19 589 nm O i ey i th 29 28 W, R UL By Iy ¢
IR IE AT RE IR Z BR T m SR A B0 T SBS il M. St . 2010 4 AR 3 4> 1178 nm i 206 4F
TR AR BEATAH TG B SRR T 60 W BB & AR AT S S BL TR T 50 WA 22 U5 589 nm #1523

071406-8



48,071406 MM SYBIZHRE www. opticsjournal. net
ek P 14 Ry HOR RS

isolator § I

o collimator
lens M5 = A
L RFA 22 W
M,
CBC 50/50 M8

M2

: QT
isolator % 3

50/50

doubling cavity
Q
g

M7 3 5" M6

M9¥ collimator

Hl
IS isolator

=
S AT e
IS
(=) AT
collimator & 3 fi

14 FET 4 0L HORER AT 50 50 W & B0t E
Fig. 14 50 W sodium beacon laser based on Raman fiber amplifier and interference combination
ESO (¥ WF 78 B 3 7 th 550 By 518 7 6 i, B o H % R R & # B 28 E Toptica 2 7.
2010 4F 6 A ZA RN T — M (H 650 T EITMITH . J5h, £ H AFRL 16 504 [8 A F05 55 5 2 #ot
AL B R R RS R AR AR,

5 4k 7o

BT RO AR IE AO RGP — T 2 R B R . M 20 28 90 4R 40 2= 42 20 4 Y i) ]
WL S B EOCER AT T YeREOEH B RBOGE LR EOERE 3 BB, IR A e ] R CE AR
REFE HE/IMATR Ty I Rp 22 & S8 . H T 55 T AR SEOE 2% R L S RL & 06 25 R #8435 5 i 3 = 28 UK
e R L K R KT S e s T AN R A DR A A ) T 50 W 20 W, g i R T B 4% i TR
KX FH. WEAMH T REBOCREARRS T+ — 31701, H S JUAE 0 & R BRBOE & 5 6 2F Bot 45 9
PIAS T — RN EAR R . £ T ZH7 R AO REM T RKAGI T R ILF IR E 7 7% G0 05808 2
AR A B L 3 W 46 /N5 ] s @ S 7K 2 ) 1 2210

& £ X #

1 Erez N. Ribak. Laser guide star projection for large telescopes[C]. SPIE, 2006, 6272. 62724E

2 Richard Joyce, Corinne Boyer, Larry Daggert et al.. The laser guide star facility for the thirty meter telescope[C]. SPIE,
2006, 6272. 62721H

3 P. D. Hillman, J. D. Drummord, C. A. Denman et al.. Simple model, including recoil, for the brightness of sodium star
created from CW single frequency fasors and comparison to measurements C]. SPIE, 2008, 7015; 701SOL

4 R. Holzlshner, S. M. Rochester, D. Bonaccini et al.. Optimization of cw sodium guide star efficiency[J]. Astronomy &
Astrophysics, 2010, 510(A20) :1~14

5 Byron M. Welsh, Chester S. Gardner. Effects of nonlinear resonant absorption on sodium laser guide star[ C]. SPIE, 1989,
1114 203~214

6 Peter W. Milonni, John M. Telle, Paul D. Hillman. Photon return from a mesospheric sodium guidestar versus excitation
laser characteristics[ CJ]. Couference on Lasers and Electro-Optics, 1998, 452

7 John M. Telle, Peter W. Milonni, Paul D. Hillman. Comparison of pump-laser characteristics for producing a mesospheric

sodium guidestar for adaptive optical systems on large aperture telescopes CJ]. SPIE, 1998, 3264 37~42

071406-9



48,071406 MM SYBIZHRE www. opticsjournal. net

8 Edward Kibblewhite. Calculation of returns from sodium beacons for different types of laser [C]. SPIE, 2008,
7015. 70150M

9 Herbert Friedman, Kenneth Avicola, Horst Bissinger er al.. Laser guide star measurements at Lawrence Livermore

National Laboratory[C]. SPIE, 1993, 1920. 52~60

10 Herbert W. Friedman. Laser system design for the generation of a sodium-layer laser guide star[ C]. SPIE, 1993,
1859. 251~262

11 Kenneth Avicola, James Brasc, James Morris et al.. Sodium laser guide star system at Lawrence Livermore National
Laboratory: system description and experimental results[C]. SPIE, 1994, 2201 326~341

12 C. E. Max, D. T. Gavel, S. S. Olivier et al.. Issues in the design and optimization of adaptive optics and guide stars for
the Keck Telescopes[C]. SPIE, 1994, 2201: 189~200

13 Herbert Friedman, Gaylen Erbert, Thomas Kuklo er al.. Sodium beacon laser system for the lick observatory[ C]. SPIE,
1995, 2534. 150~160

14 Andreas Quirrenbach, Wolfgang Hackenberg, Hans-Christoph Holstenberg ez a/.. The sodium laser guide star system of
ALFA[C]. SPIE, 1997, 3126 35~43

15 S. Rabien, R. Davies, W. Hackenberg et al.. Beam quality and polarization analysis of the ALFA-Laser at Calar Alto and
influence on brightness and size of the laser guide star[C]. SPIE, 1999, 3782 368~377

16 D. J. Butler, R. 1. Davies, H. Fews e al.. Calar Alto ALFA and the sodium laser guide star in astronomy[ C]. SPIE,
1999, 3762. 184~193

17 S. Rabien, R. 1. Davies, T. Ottet al.. PARSEC, the laser for the VLT[ C]. SPIE, 2002, 4494. 325~335

18 S. Rabien, R. 1. Davies, T. Ottet al.. Design of PARSEC, the VLT laser[C]. SPIE, 2002, 4839 393~401

19 Richard Davies, Thomas Ott, Jianlang Li et al.. Operational Issues for PARSEC, the VLT Laser[C]. SPIE, 2003,
4839. 402~411

20 D. Bonaccini, E. Allaert, C. Araujo et al.. The VLT laser guide star facility[C]. SPIE, 2003, 4839. 381~392

21 S. Rabien, R. 1. Davies, T. Ottet al.. Test performance of the PARSEC laser system[ C]. SPIE, 2004, 5490 981~988

22 Thomas H. Jeys. Development of a mesospheric sodium laser beacon for atmospheric adaptive optics[J]. The Lincoln
Laboratory Journal, 1991, 4(2). 133~150

23 Lii Yanfei, Tan Huiming, Qian Longsheng. Laser diode array pumped Nd: YAG dual wavelength laser with intracavity
sum-frequency mixing at 589 nm[J]. Chinese J. Lasers, 2006, 33(4); 438~442
BETR, ME, Bed. WOt A I E Nd: YAG BN K K2 #7589 nm MAEOEAS )], & Bk, 2006,
33(4) . 438~442

24 Geng Aicong., Bo Yong, Bi Yonget al.. A 3 W continuous-wave 589 nm yellow laser based on the intracavity sum frequency
generation in a V-shaped cavity[J]. Acta Physica Sinica, 2006, 55(10);: 5227~5230
BRE, W D5, B B3 S VRN A 3 WL 589 nm EOGBOLHERJ]. #® F R, 2006, 55(10):
5227~5230

25 Bo Yong, Geng Aicong, Lu Yuanfu et al.. A 4.8W M* =4. 6 continuous-wave intracavity sum-frequency diode-pumped
solid-state yellow laser[J]. Chin. Phys. Lett., 2006, 23(6): 1494~1497

26 Liang Xingbo, Yuan Ligang. Jiang Dongsheng et al.. 10.5 W quasi continuous wave yellow laser at 589 nm[]J]. Laser &
Infrared, 2008, 38(9). 876~878
XY, BRI, FRTE 105 WS 589 nm EOEEORI]. Mok sk, 2008, 38(9). 876~878

27 Liu Dong, Lu Yanhua, Ma Yier al.. Diode pumped all-solid-state pulsed 589 nm laser[ J]. High Power Laser and Particle
Beams, 2008, 20(10) . 1625~1628
XA, B, T B TR NZ RS 589 nm kOS], Mok BT R, 2008, 20(10): 1625~1628

28 Lu Yanhua, Liu Dong. Zhang Lei et al.. All-solid-state narrow linewidth sodium guidestar laser[ J|. Chinese J. Lasers,
2009, 36(7); 1848~1851
B, XK, kW REISELEM T RABOLET] FEBOE, 2009, 36(7): 1848~1851

29 Yuanfu Lu, Shiyong Xie, Yong Bo et al.. Generation of tunable and narrow linewidth continuous-wave yellow laser by sum-
frequency mixing of diode-pumped solid-state Nd: YAG ring lasers[J]. Opt. Comm. , 2009, 282(17);: 3573~3576

30 Lu Yanhua, Zhang Lei, Ma Yi et al.. Sodium guidestar laser based on high-efficiency PPSLT quasi-phase-matched sum
frequency generation[ J]. Acta Optica Sinaca , 2010, 30(8); 2306~2310
GaEAe, K F. B B SE. MR PPSLT #EAA AL VT BC R 4h 3 B R LT ). £ 5 54k, 2010, 30(8): 2306~2310

31 Edward J. Kibblewhite, Fang Shi. Design and field tests of an 8 watt sum-frequency laser for adaptive optics[ C]. SPIE,

071406-10



48,071406 MM SYBIZHRE www. opticsjournal. net

1998, 3353 300~309

32 Viswa Velur, Edward Kibblewhite, Richard Dekany et al.. Implementation of the Chicago sum frequency laser at Palomar
laser guide star test bed[ C]. SPIE, 2004, 5490: 1033~1040

33 R. Dekany. Palomar Laser Guide Star Status[C]. UCLA Lake Arrowhead Conference, 2004, 3~11

34 Richard Dekany, Viswa Velur, Hal Petrie ez al.. Laser guide star adaptive optics on the 5. 1 meter telescope at Palomar
observatory[J]. Amos Technical Conference Proceedings, 2005.

35 Craig A. Denman, Paul D. Hillman, Gerald T. Moore et al.. 20 W CW 589 nm sodium beacon excitation source for
adaptive optical telescope applications[ J]. Optical Materials, 2004, 26(4): 507~513

36 Craig A. Denman, Paul D. Hillman, Gerald T. Mooreet al.. 50 W CW single frequency 589 nm FASOR[C]. OSA Trends
in Optics and Photonics, Advanced Solid-State Photonics, 2005, 85: 698~702

37 Craig A. Denman, Paul D. Hillman. Gerald T. Moore et al.. Realization of a 50 watt facility-class sodium guidestar pump
laser[C]. SPIE, 2005, 5707 46~49

38 Craig A. Denman, Paul D. Hillman, Gerald T. Moore et al.. The starfire optical range sodium guidestar FASOR[C].
Proceedings of the twenty-first annual solid state and diode technology review, 2008. 784~827

39 R. W. P. Drever, J. L. Hall, F. V. Kowalski. Laser phaser and frequency stabilization using an optical resonator[ J].
Appl. Phys. B, 1983, 31(2). 97~105

40 Allen J. Tracy, Allen K. Hankla, Camilo Lopez et al.. High-power solid-state sodium beacon laser guidestar for the
Gemini North Observatory[C]. SPIE, 2004, 5490 998~1009

41 Allen K. Hankla, Jarett Bartholomew, Ken Groff er al.. 20 W and 50 W solid-state sodium beacon guidestar laser systems
for the Keck I and Gemini South telescopes[C]. SPIE, 2006, 6272: 62721G

42 Tan Lee, Munib Jalali, Neil Vanasse et al.. 20 W and 50 W guidestar laser system update for the Keck T and Gemini South
telescopes[ C]. SPIE, 2008, 7015: 70150N

43 Nicholas Sawruk. Ian Lee, Munib Jalali ez al.. System overview of 30 W and 55 W sodium guide star laser systems[ C].
SPIE, 2010, 7736. 77361Y

44 Wang Zhichao, Du Chenlin, Ruan Shuangchen. Research progress of all-solid-state yellow lasers []J]. Laser &
Optoelectronics Progress, 2008, 45(1). 29~36
ERE, MR, PO, 2ESEOCHOCA IR ks ke T F &, 2008, 45(1): 29~36

45 Liu Bo, Zhang Xingyu, Wang Qingpu et al.. Diode-pumped intracavity frequency-doubled Nd: YVO, self-Raman yellow
laser[]]. Acta Photonica Sinica , 2007, 36(10); 1777~1779
X B, WATE, EEE . LD #iE Nd:YVO, 3 W2 FmE e ied)]. £F k. 2007, 36(10): 1777~1779

46 Wang Zhengping, Hu Dawei, Zhang Huaijin ez al.. External resonator BaWQO, crystal Raman laser[J]. Infrared and Laser
Engineering , 2009, 38(4) . 683~686
FIEF, WK, ke . AKX BaWO, fi&#otasl]]. s 5ot 242, 2009, 38(4) . 683~686

47 Hu Dawei, Wang Zhengping, Zhang Huaijin et al. . External resonator YVO, crystal Raman laser[J]. Optics and Precision
Engineering , 2009, 17(5): 975~979
HIRAE, EIEF, kR 48 SMER YVO, Ri&#otall]. B4 % 242, 2009, 17(5): 975~979

48 Du Chenlin, Wang Zhichao, Ruan Shuangchen. LD-pumped Nd: YVO, self Raman laser at 1176 nm[]]. J. Shenzhen
University Science and Engineering , 2008, 25(4) . 418~421
kR, FEM, BUOEE. LD FH Nd: YVO, 08 1176 nm ORI ] Il X % F IR TR, 2008, 25(4); 418~421

49 Malte Duering, Vesselin Kolev, B. L. Davies. Generation of tuneable 589 nm radiation as a Na guide star source using an
optical parametric amplifier[J]. Opt. Express, 2009, 17(2): 437~446

50 D. M. Pennington, R. Beach, J. Dawson et al.. Compact fiber laser approach to generating 589 nm laser guide stars[ C].
Conference on Lasers and Eletro-Optics, 2003. 730

51 D. M. Pennington, J. W. Dawson, A. Drobshoff et al.. Compact fiber laser for 589 nm laser guide stars generation[ C]J.
Conference on Lasers and Eletro-Optics, 2005

52 Jay W. Davson, Alex D. Drobshoff, Raymond J. Beach er a/.. Multi-watt 589 nm fiber laser source[ C]. SPIE, 2006,
6102 61021F

53 D. M. Pennington, J. W. Dawson, R. J. Beach et al.. Compact fiber laser for 589 nm laser guide star generation[ C].
Conference on Lasers and Eletro-Optics, 2005, 532

54 Sharma. 1. 52 W frequency-doubled fiber based continuous wave orange laser radiation at 590 nm[J]. Rev. Laser Eng. ,
2005, 33(2): 130~131

071406-11



48,071406 MM SYBIZHRE www. opticsjournal. net

55 Georgiev, V. P. Gapontser, A. G. Dronv et al.. Watts-level frequency doubling of a narrow line linearly polarized Raman
fiber laser to 589 nm[J]. Opt. Express, 2005, 13(18): 6772~6776

56 Luke R. Taylor, Yan Feng, D. B. Caliaet al.. Multi-watt 589 nm Na D,-line generation via frequency doubling of a Raman
fibre amplifier: a source for LGS-assisted AO[J]. SPIE, 2006, 6272: 627249

57 Luke Taylor, Yan Feng, D. B. Calia. High power narrowband 589 nm frequency doubled fibre laser source[ J]. Opt.
Express, 2009, 17(17) . 14687~14693

58 Yan Feng, Luke R. Taylor, D. B. Calia. 25 W Raman-fiber-amplifier-based 589 nm laser for laser guide star[J]. Optr.
Express, 2009, 17(21): 19021~19026

59 Y. Feng, L. R. Taylor, D. B. Caliaet al.. 39 W narrow linewidth Raman fiber amplifier with frequency doubling to 26. 5
W at 589 nm[ R]. Presented at Frontiers in Optics, San Diego, 2009, PDPA4

60 D. B. Calia, Yan Feng, W. Hackenberg et al.. Laser development for sodium laser guide stars at ESO[J]. Telescopes and
Instrumentation, 2010, 139. 12~19

61 Yan Feng, Luke R. Taylor, D. B. Calia. 150 W highly-efficient Raman fiber laser[ J]. Opt. Express, 2009, 17(26):
23678~23683

62 Luke R. Taylor, Yan Feng, D. B. Calia. 50 W CW visible laser source at 589 nm obtained via frequency doubling of three
coherently combined narrow-band Raman fibre amplifiers[J]. Opz. Express, 2010, 18(8): 8540~8555

63 Wallance R. Clements, Wilhelm Kaenders. High-power guidestar lasers are ready for next-generaion AQO astronomy[]].
Laser Focus World. 2010, 46(6); 27~33

64 T. Justin Bronder, Harold Miller, Jonathan Stohs et al.. AFRL advanced electric lasers branch: construction and upgrade
of a 50-watt facility-class sodium guidestar pump laser[ C]. Proceedings of the advanced Maui Optical and Space Surveillance
Technologies Conference, 2009;: E59

071406-12



