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Abstract; A high-power quasi-continuous microsecond pulse sodium guide laser was generated by ex-
tra-cavity sum frequency of Nd: YAG 1064 and 1319 nm spectral line lasers in a Lithium Borate (ILBO)
crystal. The three wave coupling equations of the sum-frequency process were simulated by the im-
proved Euler method, and the waist size of fundamental light and the length of LBO crystal were opti-
mized. To improve the sum frequency efficiency, the spatial mode matching and time domain pulse
synchronization of two fundamental lasers were realized by the beam shaping of image propagation and

the precise control of trigger delay. The laser outputs were researched ,and the results show that the
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589 nm laser outputs with the powers of 53, 42.6, 27 and 22 W are obtained under the conditions of
500, 600, 800 and 1000 Hz, and the corresponding sum-frequency efficiencies are 21. 8%, 20. 3%,
16.9 % and 16. 3%, respectively. Moreover, the beam quality factor of M, is 1. 32 and the pulse
width is 100 ps at the maximum power of yellow light. A control system compound by a PZT and a
stepper motor was used to stabilize the frequency, and results indicate that the frequency fluctuation is
in the range of 20. 2 GHz, which ensures that the wavelength of yellow light is within the D,, absorp-
tion spectrum of sodium atom. The research results iprovide a technologic support for generating 50
W high-power quasi-continuous microsecond pulse sodium guide lasers.

Key words: sodium guide star laser; high-power laser; Lithium Borate(LLBO) crystal; sum-frequency

generation; frequency stabilization

1 7]

qul

R b, 5 B 370 5 %o R AR 4 5 ] H AR AT 0
I, 75 B2 R 38 IO AR KA i 7 45 4 sh ik
FEARETE DA B AR 43 B R, 589 nm #HOL S
KA HL 2 I 0 LR 26T 1) U AT LA 7R A
L e N S B IV = 22 51T A U BB - R = T A =|
T » 1 IR e T RSO R A 0 B R F B
AR 1 064 nm 5 1 319 nm Nd : YAG OG0
FEH 1 178 nm L2 SCLFBOE . 2003 4E 3 H
23 FESC I 75 38 3 Fh A U T A BROE E B E il oRk A d
PR3 B s AT AR AR OB LR 96 /T 10 MHz, 315K 20
W 1) 589. 159 nm Al 1L AR JE M X — R 4
AT T IF: L, 3545 7 100 W 19 1 064 nm 0% H
160 W Y 1 319 nm WOGH i, fe 238 1 Rl 3k A%
50 W 1 589 nm % £L I A #OGH B Y . BRINEE Oy
RILBRAMIE TR 2L 415 A ROL #2009
A A AL EEF R IRE T AL 1
178 nm O, £ FLHR B A3~ A4 14.5 W 1y 589
nm L FOE L BB AR 2010 4F R AT A AL
1178 nm P FOG LAY K I R, kS
T He 1Ak 50,9 W% 589 nm BB, 5L E
T 2 A T R A AL OGURR L AR SCRT A ) 1
SR Ik oh 7 202 B 1 A R TR L AT DR AL Bk
P ESF [E) 32 S L A T AR O A B A T A A B
BEARAE S 15 M L 5 ) IF AT LA s/l 5 B AR B
KNG, P = o8 5 B U BOoRs B, MR AR B 38 1z ot
2R G R IEROER Y,

TEWOE 588 5 A0 B AE = A0 5 B i 72
i B U R B SR K T Y A D T
Do 154 T Do, 5 4R 1Y 22305 ) Jié 98 98 B2 oy 1. 2

GHz™" , PRI A5 22 %60 0O #E 47 R DU IE BO6 b
SO B B 2 XoF MM - WA WS 06, AT PR R A S R 1Y
=ZERE ., PDH(Pound Drever Hall) 3 A& H & %
KA RS B AR A T O RO (R
X 2% PRI R E MEEOR R AR s T RGN
FME SR . ASCEUCRH PZT 50 3 Hupl
3G B Gk S U R AR e R BRI T RGN
IR BURBE G R T ARk, B B0 0 52
FATE, ABFFEEET Nd: YAG 1 064 nm5 1 319 nm
TR AN A e D 3R I 2L A B O X 589
nm FISE FEEAT 7 BRS04 ke itk R s 2 5
%5 MATLAB RV EUER i T =3 & 0 &, 1
A7 HAOY 1 TR R /)N 55 AU R #4444 (LBO)
MIRCHE . O T e R AL 5 A% 3 3R GE X
P FATOCHEATY AR TE S T 2 (B AR 2V i, 38 2o
e 4 o) ok i 4E B SR T S AROG Bk b R AL A
5% T 500,600,800 & 1 000 Hz 514 F Al A0 4 4 H
FRPE 45 R R B 5 5 S Y B IR FSOR A T
EF . 500 Hz Fr=4:T 53 W Y 589 nm i = 4
T AR B FUATRCR Ry 21, 8 %0, S AT IR 7 MP
M 1.32, K SEE N 100 ps. b T I8/ B B s
OG04 5 2l 8 o %09 i i 45 ) PZT Fid% &
JEFE A B AE 1 064 nm H% 35 B& AR EEL 0 A L A
17 S B A OGP IR e, IRIIE T 589, 159 nm
WECRIUR I B E 0. 2 GHz JE BN, A5
SHARHL 50 W g 55 Dy 28 U % S i b ik vh A B
JeiR At T BB T B

2 R R 5T

2.1 THESE
1 064 nm 5 1 319 nm #OG A =42 589 nm



%10

P K 2 < e D R R I SR BRIk ol B R RO 2663

SR BOCHDE MK 1R, BT RS EIhR
AL TEIOCE WK SO B R T S E
Ji AT I CR B9 FE 4R T R i K (Master Oscillator
Power-Amplifier, MOPA) &5 ¥, 78 3£ 5 % 1 25
JE I Ll i 4l A FP bs il B 28 06 26 98 5 R
OB K LA R A G AR 2 B A
P B ¥ 1) O 2 B ) 2 S B IR O 6 0O B s
1T AE G AR AR 45 1 T 38 7 LA AR AR i T o |
WO . T R AR TR X 1
064 nm PR ICIEAT T PP ARFT I LK s 0 F %
Wk SR T BN Nd = YAG 1 319 nm 3% 48 34
S DR FH G 0 U+ T G B R AT K I R
MOPA F G (1306 B H R FH B2k 4 51 808
nm {fE#ELL LD = B0 20 Nd: YAG & ik 25
F,Nd = YAG B R~F 2 @380 mm, Nd*" &
TBAREE R 0. 6 %0 WOGHE T — £ 5 Bk B 48
L ¥ HVAE PR K AE O AR RN SRS 2 (8] e R Bl
A A 5 Il 2k A e e A I R B SO R AT e
H . PO ) o i R A R G AT
FELTE | SR AT A G BE R T IL S . 55 4k L
TR R R 1 2R A7 D JE L T 22 o 3 AT
) P P A AH ] 7 1 064 nm 5 1 319 nm MOPA
i L OE B s O p ot BT 5 K 2 i
PRICLHIE L 7E 1 064 nm % G Hoin— 90° et
ik QR6. M7.M8 N 45°1 064 nm & 485, M9
b 45°1 319 nm &5 8. M10 fE RS d X 1 064
nm &5 .1 319 nm &R, L15 Rl 6 2% B A%
B% LRI 1064 nm 5 1319 nm FiE K, 78 3L
G A R, SEE A M9 5 M10 K 1 319 nm
WOLT T 2 ARG b R M7 5 M8 # 1
064 nm WO 25 1 319 nm BB I, w7
THS R WA s M EE, S
M0 fY 9 5 JE 48150 2835 5 115 8 4 31 R0 AT & 1A
LBO o, SE P B 2 4 589 nm #OEH . 2k h
AEF LBO MAEYEFLAE N 4 mm X 4 mm, K
FEA 60 mm, R T 28H 47 VE L, VI #l /1 0= 90°,
o= 0°, PLRCIE B Ry 40 °C , i i 8 6 4 P A7 589
nm.1 064 nm 5 1319 nm WY HERR ., %A 589
nm 8O K F A By P A EE AO0 8 o 4 0 b B 4y
FE. R RSB BRI 589 nm FOL A K,
R PZT+ L # AL E & R G B H 1 064
nm %35 e o bR ok EL 0 A B, DA SE BT ] 589nm
B OGP K . 1064 BF 1319 nm EL5 % 9 3 K

BB 2 51k 589 nm BFOL B B 3, 256 v IF
BEA 73 ) o 5L 59000 2 A7 AR BT, 1T 2 AR HE 589 nm
FAFOE %005 5 45 ) 1 064 nm I 4R i 14 b o
He 3l 1 SO bR E A B 1064 nm RS
I A2 AT B I AR L B OR T RO B9 I

PZT+ M |/ M7
g ) - n_n, N
-1 :éﬁ — 1064 nm MOPA [_|]]_U_ _U_:LD [

L13 L4

43 Al ol e
: 4 )X%* LBO LIS

I 1319nm — B

| 1064 nm

| 589 nm M10 M8

& 1 589 nm FOMSEE6 3 7R 2 A
Fig.1 Schematic diagram of experimental device of

589 nm sum-frequency generation(SFG)

2.2 589 nm FI57 & {E 45 L

XFHRA o var Flowy=w + o B3
BB o A wp 10 SO [R5 3 E 26
PEA B, BT Z B AR R RO, B 7 AR AR R
wy (AR LA A ik BE 20 177 Fh 33X A JE et i Ak ik
FEP MR @, BYOG 33X 8 AU A T AR
AU R w] DL G = R S 7 R Ok A 7 B
RELP) B8, 357 ) SF- TRT 03 R 8 A0 i s 30 LT 4 5 1 Y

AP TREN
dAl TL o] A] =1 o dPHA; Ag eiAk. =
dz nc
dAZﬁLazAz:iwzideﬁAf Ageﬂk.z ’ (1)
dz n ¢
dAS + Qs A;g =1 @ deHAl Az eilAk‘ N
dZ ns ¢

Forr s A A g 53931 2 D' I 94 4 ek R TR R o
TAFE R KL n A BT R do AT RCIE AT
R AR YRR i i ek 5 R (Eul-
er) J7 kX = PG T R BEAT T B A AL, R AL AL
R R R RO A A LT A LAk

(D) mHOCHRAT L AR A S RS 3550
WA 3% DA e 6 T 5 A P Ol R AR R R SO
FALHE LA 5

(2) MU R 19 JE A S DETRE 25 A - AR=05

(D ARLANE SR 2] B W] B, TE G RL.



2664 . KT 5 25 %
TC AR 5
iy
(4) 2 s LA E 2R PR RN & 4% TP (A7 A 1A 03 f-" .
L _ I~
X7 AR (D i B A% B (AT B WAL AL B, ] 15 § 0 / ",
R & TR 2 ] o
o o £ 01t _f = .
Jdl:wl((ii;)Al:lAl dujcllirz):wl(zl)iClA; A3 “ ‘r' -..-..-'-l.
~ g
dlw (DA, dw (¢ N AR . . . .
[UUZ((iz,) ']—Az wczli, ) wy (2 i Al Ass 00 01 02 03 04 05
o o 1 064 nm beam waist/mm
d[w3(~/)A3:|_A3 dw3(7~):TK)3(Z,)iC3AlAZ
dz dz

(2
Hi A=A Ans Ak A K. Z’=2/L,
L AR R P 1 o = s B B
_ @y dogi A1 As L o Aoy A Ay L

me A . N3¢ A,

S5 G WOCTE Uk rb SR = G R AL BE AR
MR8 e R AR R (2 % E MATLAB 2%,
AIASTE CRRI G A5 00 J5 R 0 508 i XoF o A 1
R RSCR PEAT T BUE AL, 25 54 S an il 2 & 3
Fis o B2 kg di AR AR E — B AR AT 80 2% Bl A1 38
MR /NE A AL 2R, BT LLE Y ) AR /N
AR TR B B B A RCR DR &
B K i R BE 4 AR Y Al AR K I B
R P TR 45 A% T SR T e R s T A ) R %
R B 2 5] R AR T B, AR AE — A
o A% Y SRR, AL Ak A SR B 42 R 130 pm,
Pl 3 Sy o R /N R 8 0 Ty 38— S ) ARS8 R i =l
ek SR LBO KB R AR 4k i 28, mT DL H A0k
R AR B (1 8 T 2 RS K EAF A — N
FIE S 24 b R B 3k B — 5 B RO &80 % 1Y 38
KR AZAG G218, 3 I P86 o AR B L R R 35 %
(85 W AR /N T MR AR S 36 B OG  D) R X b
R ST T B AL, e 2 3E £ LBO iR K i
N 60 mm.,

2.3 589 nm FASHELIELER

AWFRF A 1064 nm 5 1 319 nm {#F>
ik o 38 R B AR L A S B ORI SO B s L R
65 A AN AN T A A ) A5 X DG L SR L 38 T T
SRR ] R AP EOR . R, X T 1 064 nm 5
1 319 nmBOGHA Ik i [E 22 P47 T k. BT
Nd : YAG faRR 1319 nm BOGH 25 KT 1 064
nm OG5 A L1 064 nm O VK w2 5P gl

Co

B 2 FSRRCREE 1 064 nm i A IE /NS 1k it £k
Fig. 2 Variation curve of SFG efficiency with 1 064

nm beam waist

030} ' ' i

-
025} vl

020} _/./'
0.15}F /

0.10F =g

0.05f  /
0.00 f
0 20 40 60 80

SFG efficiency

Length of crystal/mm

B3 AR AR L i i LBO B2 A2 fh i 2%
Fig. 3 Variation curve of SFG efficiency with length

of nonlinear crystal LBO

BVIG; T S RS [ P P o | DO R ) R B
150K B fol %, IF SR 1 064 nm 51 319 nm
WO Dk e 3 SRS B TR T B O Y K el fi
R B A LR B8O ok g ] 2B R A Ik e ] 2B
D5 S n &1 4 R &1 D03 ) 7 RO BT mT I 1
064 nm 5 1 319 nm #OGH H Pk v S2 30T B (8] ]
¥

W 7= A2 Y 589 nm B OE W) A, 7l a2
LBO &5 1 /3 ek Bk 1 064 nm Ml 1 319 nm
SR AT G DR B DTS2 BUAS Bl i . 286 b Lo
SUR NS BN N-R R e S NG = )
589 nm UG, BEOGHN 1 D) R 5 RARACR ISR 1 T
7N s 1E 500,600,800 K 1000 Hz &4 F .0 =4
T 53.42.6.27 & 22 W (% 589 nm % i K, A
JR7 B A 55 3 3 ) 2 21, 89,20, 3% . 16. 9% Fil
16.3% . W LLK B . Bl 52 A0 30 A AT 80 %
TEHR (1 5 3K 2 P AT W 1 ) 36 0 AN IR 412 g 5 1 i



55 10 K L 55 < R DI A 0 S ORD kB T B ROE 2665
— 1 064 nm
L — 1319 nm| 4
3 E
Gt =
E‘ -‘:I i | l
Z 2 LA
:_-_,’ :—; S—————SUUULL R L LR SRS er—
0 100 200 300 0 100 200 300
Time/us Time/us

4 HEBTRK o [ 25 M i 2R

Fig. 4 Pulse synchronization of fundamental lights

(). A % B & 4 AT AL (M*-200, Spiricon
Inc.) % 500 Hz.53 W A9 589 nm #OCH4T 176
TR I R A SR 5 R L R R R
Fd R ME=1. 34, M =1. 30, XF R (56 o i
i M =1.32, 589 nm WOGIK I IE o — O
HL R 28 (DET10A, Thorlabs) Hl7R Il #8 (DPO
4104, Tektronix) 47  & , I & 45 5L W & 6 fr
T BREHK M YE BE 2R 100 ps.

K1 ARAESHET S8 nm FHXHHHINE
Tab.1 Output power of 589 nm laser under different

pulse repletion rates

ERE R it T 2 /W DT
/Hz 1064 nm 1319 nm 589 nm /%
500 145.0 98.2 53 21.8
600 119.6 90. 4 42.6 20.3
800 88.7 71.5 27.0 16.9
1 000 80.0 55.0 22.0 16. 3

5
] 5 -
= .-1-{,;=I.34
= M;=1.30
2 T
W
"IE
Distance/mm

K5 589 nm HOGH G B

Fig. 5 Beam quality of 589 nm laser

Kl 6 589 nm #OE Nk w1

Fig. 6 Pulse waveform of 589 nm laser

AR S 56 ) A S 0 O 8 R I N B F-P bR
T EL SR TR A5 O62k v MRS BOL I K . A s kg
ZAFF B TR A F-P b o B (0 RS &
b S B H IO Y D K RN £R 98 — BLAZE AR AR AT
ELHESZ M 589 nm O LG K B 7 O R RS
N 60 MHz B K it (WS-7, HighFinesse Gm-
bHD I A OE AR AE 508, 848 THz (W R K
589. 159 nm) P i A IR AE O, AT UL A iz 5% i)
10 min PAZE M 508. 8465 THz I3 % 508. 8497

THz, EBEWIEEAT +1.6 GHz, m#B kS
HRAR T D, 19 T8 T
T AR R E TAEAEEN Do ik 2k LR

I PZT 5520 3l HL A2 & 45 i 28 58 R 56 B R A2
RE o SRR B T AR Dy AR L AE 589 nm
AN AL A o R T S I 352 ORI A 1< O B 15t 4
AL T AHLAIRCF PID S35 45 PZT Ff%
B R R ML 1 064 nm 4k 5 I8 b i bR E B AR B
TS Bl FOL R AR E . TP e T
A b v L TR R R A R LA RIS B0 K I e R o

B Do, 32 b TR B ORAIE B v B AT A 3 A 5 R)
A E il A AR 5 1 0% P B R A5t R LS TR TR

AT R S BOMAOE K 2 589. 159 nm
B, PZT 2801 5% o i HL 347 /0 1 BE (0 8 5,
AT 43 0 0 K 76 589. 159 nm BT 5 24 i) i) 4% K
B — I 2] 52 5 R Ab B B B 5 ) RO D K
T i PZT 8795 68 1 30 Fl B, e b % H Bl
B IR X bR i B AT BCOR M BE R IR Y. PZT AN
A LA R G TC A 1 T e 46 S B AL )5
DR B KT S . 32 SR R B PR IR L
mE 7 pros, 5 A iz i ek A B, 10
min PRI 10 05 BE AU A +0. 2 GHz, fRIE T



2666

T TR

5 25 &

HOGWARTE B T Do 35 L B WGE N .

508.849 59 — free running )
508.849 0 active control ]
Z 508.848 5 '
5
2 508.8480
v
2 5088475
508.847 0
0 100 200 300 400 500 600
Time/s
Bl 7 B His 5 sl i e R OG8RI
Fig. 7 Frequency drift of SFG laser under free run-
ning and active control
3 4 ®

FR R BE 43 2 130 pm A1 60 mm, %1 X
T Ik e SO AN B A L 43 500 3 3 AR AL 3 R GE X PR
AT G AT B AR IR RORS A s 4 A & JE R S
BT IR O A A DU S S Bk e A, RS T
500,600,800 K 1000 Hz 144 By A5 iy 1 55
ML S5 B R 589 nm I = B H TR 4 B Ry 53
42.6.27 B 22 W, AH R ) R854 % 4y i) 02 21,
8%0.20.3% .16. 9% F1 16. 3% , 3¢ W 3L 55 ' 04 i
Ty S 1) B e 5 | 7B R0 0 20 e i A o A 0 AT T AN
Wi = . 589 nm it DI 53 W I 1 ) o T
K M =1.32, ki 98 B 100 ps. i T /N H
F 32 %% I 0O K 1 I Bl T 4 0 IR 5 4
PZT R & e K B2 1 064 nm ¥% 3% I b 1fEE
HL B AR E BRI AT AR IIE 589. 159 nm
ORI R Sh7E 0. 2 GHz LN, A5
RFREL 50 WG i Ty 2R o i 2 Bl b ik ok il S R 9
JCHRHE T A R B AR T B RRMICR I PZT 546

XF 589 nm IS i FE ) = PGS AR UEAT T
BUEARIL A5 2 T FIAR 50K Bl 6456 A8 BRI K /N
5 SRR B AR AL g B 2R LB E T SRR

P LA P O TR AR T AR G BRI A A B

Ji&

N AR T TR, HA R S

SE Lk

1]

(3]

[4]

(5]

(6]

FUGATE R Q, FRIEDD L, AMEER G A, etal..
Measurement of atmospheric wavefront distortion u-
sing scattered light from a laser guide-star[J]. Na-
ture, 1991, 353(6340): 144-146. [2] JOYCE R,
BOYER C, DAGGERT L, et al.. The laser guide
star facility for the thirty meter telescopelJ]. Pro-
ceedings of SPIE, 2006, 6272: 62721H.

WEI K, BOY, XUE X H, et al.. Photon returns
test of the pulsed sodium guide star laser on the 1. 8
meter telescope[ J]. Proceedings of SPIE. 2012,
8447, 84471R.

JIN K. WEI K, XIESY, etal.. Coupling efficien-
cy measurements for long-pulsed solid sodium laser
based on measured sodium profile data[J]. Pro-
ceedings of SPIE, 2014, 9148 91483L.
OTAROLA O, HICKSON P, GAGNE R, et al..
On-Sky tests of a high-power pulsed laser for sodi-
um laser guide star adaptive optics[J]. Journal of
Astronomical Instrumentation, 2016, 5 (2):
1650001.

LU Y H, FAN G B, REN H J, etal.. High-aver-
age-power narrow-line-width sum frequency genera-
tion 589 nm laser[J]. Proceedingsof SPIE, 2015,
9650: 965008.

[7] LUYF. XIESY. BOY. etal..

Generation of

tunable and narrow linewidth continuous-wave
yellow laser by sum-frequency mixing of diode-
pumped solid-state Nd: YAG ring lasers[J]. Optics
Communications, 2009, 282(17): 3573 -3576.

[8] JEYS T H, BRAILOVE A A, MOORADIAN A.
Sum frequency generation of sodium resonance radi-
ation[]]. Applied Optics, 1989, 28 (13): 2588 -
2591.

(9] s &, 243, BRF. F. 2FHZE 589 nm FOLA
LHeREM AR L% HF L, 2014,
22(12) . 3199-3204.

LIUJ, WANG J L, LV TY, et al.. All-solid-
state 589 nm laser and the brightness of excited so-
dium guide star[J]. Opt. Precision Eng. , 2014, 22
(12): 3199-3204.

BIENFANG J C, DENMAN C A, GRIME B W,

(in Chinese)

[10]
etal.. 20 W of continuous-wave sodium D2 reso-
nance radiation from sum-frequency generation
with injection-locked lasers [J]. Optics Letters,

2003, 28(22): 2219-2221.

DENMAN C A, HILLMAN P D, MOORE G T,

etal.. 20 W CW 589 nm sodium beacon excitation

[11]

source for adaptive optical telescope applications

[J]. Optical Materials, 2004, 26(4): 507 -513.



5510 4 WA 7K L A5 ¢ i TR i SR RRD K b Al 5 R IO 2667
[12] FUGATER Q, DENMAN C A, HILLMAN P D, PREOE R LI R F F R, 2011, 31(9):

[13]

[14]

[15]

[16]

[17]

(18]

et al.. Progress toward a 50-watt facility-class so-
dium guide star pump laser[ ]J]. Proceedings of
SPIE, 2004, 5490: 1010-1020.

TAYLOR L R, FENG Y, CALIA D B. High
power narrowband 589nm frequency doubled fibre
laser source[ J]. Optics Express, 2009, 17(17).
14687 -14693.

FENG Y, TAYLOR L R, CALIA D B. 25 W Ra-
man-fiber-amplifier-based 589 nm laser for laser
guide star[ J]. Optics Express, 2009, 17 (21):
19021 -19026.
TAYLOR L R, FENG Y, CALIA D B. 50W CW
visible laser source at 589nm obtained via frequen-
cy doubling of three coherently combined narrow-
band Raman fibre amplifiers[ J]. Optics Express,

2010, 18(8): 8540 -8555.

CALIA D B, FENG Y, HACKENBERG W, et
al.. Laser development for sodium laser guide
stars at ESO[J]. The Messenger, 2010, 139; 12-
19.

ZHANG L, JIANG H W, CUI S Z, et al.. Ver-
satile Raman fiber laser for sodium laser guide star
[J]. Laser & Photonics Reviews, 2014, 8(6):
889 -895.

WAL, AR, EF ., F 30 W ZMRN1E

EER N

Wt sk (1984 —) ., B, I AR B A, 1
L TR, 2011 AR T o [ RL 2 e ) HE
WESE TR AT 12 7, 3 22 AR A
ot K A OB BOR BF R
shiyong515@163. com

E-mail ;

(19]

[20]

(21]

0900111.

XUZY, XIESH Y. BOY, etal.. Investigation
of 30 W-class second-generation sodium beacon la-
ser [ J]. 2011, 31 (9).
0900111.
WANGPY, XIESY, BOY, etal.. 33 W quasi-

continuous-wave narrow-band sodium D2a laser by

Acta Optica Sinica,

(in Chinese)

sum-frequency generation in LBO [J]. Chinese
Physics B, 2014, 23(9): 094208.

EML, FHY R gEGEMAIRY AR SNE R
RBARBRZ S ALD]. b5, hE R R A
Be AL SARBEFE I - 2014,

WANG P Y.

Investigation and application of
high power quasi-continous-wave microsecond
pulse diode-pumped solide-state sodium beacon la-
ser technology[ D]. Beijing: Technical Institute of
Physics and Chemistry, Graduate University of
Chinese Academy of Sciences, 2014. (in Chinese)
SR, MR, X, FL ORI LA K
1064 nm BRIERHOLLI] EF HE A,
2016, 24(10) . 35-40.

LUYF, XIESH Y, LIUY, etal.. High-power
narrow linewidth microsecond pulse 1064 nm ring
laser[J]. Opt. Precision Eng. , 2016, 24 (10):

35-40. (in Chinese)

FRMA983—) . & E A0 A, #E
o, AR, 2015 48 T A6 5 A AL R K
EIRARIE 207 BB FAEO
AR BF 5, E-mail: clw3662 @ 163.

com





