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S ) 1319.358 nm, PHIETEEN 470 pm (81 GHz), N HIE RSN 0.7 pm (125 MHz).

KHEIA): 885 nm X, LI, shIRIRG;, P

PACS: 42.55.Xi, 42.60.Da, 42.60.Rn, 42.60.Fc

1 5 =

1319 nm BOGIE KA T AL FK
B IR RE X, 2 6 4R I8 A5 2 AN AT /b (1 B AR Dl
P12 1319 nm WK BEOE R T R EYE %
N7, fEBOG BT A A M Bl Xt 1319 nm
WO A AR = A5 407 A2 1) 660 nm £ A 440 nm
WORIE R =ut s, TR TR e ER 0 gk
4b, 1319 nm WOL 5 AR T ) Nd: YAG 7 — 154
1338 nm 8 i {F 28 14 o' 2% 22 A AT 3R A5 = A PR K
oz (78 fEBE R AL IR AT
W 1 N AT 5 1319 nm 05 Nd:YAG = 22k
1064 nm 8 i JF 28 14 ' 2% FUAT AT 3R 15 5 8 i 1 3%

DOI: 10.7498/aps.65.154205

PR 589 nm T 10 EUTh B T & B
4. 808 nm - FEBWOL (LD) #ilig Nd: YAG fi ik
AR 1319 nm BOBHH A R B I Ja s
K, BEAE 885 nm LD H AR AW & & 76 3%, i HAE
SRS Y 1 B S R AT DL ek s it A
ORI 7 ' - e B B R R, BN AT T A D1,
Li %% [16] 3@ 5 885 nm LD %% Nd: YAG A [ U 4%
TR 31 1.86 W ) 4238 B A0 1319 nm #0064
;L2 17 5% 885 nm LD 34 Nd: YAG fh A1)
P FE AT 9.1 WIIESEE 1319 nm 0.

W S RD K P I 3% 19 1319 nm 5 1064 nm
WO A= A= 0 BAE PR 0%, a8 Tk o i AL
IR N e b 1@ 7 AR AN L RS DR 8
PG, AT S H 3 B R G 4T AR OE

* MAAFERESLBREIFRES. EBXREHRB%ES@ES: 61205101) M % I B H o+ & 5 H (it # 5
GJHZ20140417113430592, JCYJ20140417113130693, JCYJ20150925163313898) B ijLAH.

T #E/E#H. BE-mail: xfzhang@buaa.edu.cn
© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

154205-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.154205
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 15 (2016) 154205

KR USSR, AE RIS R O kRO 28
HH I FF AN A2 S0 R ke, T — B R A
P 21 PR 4 ki SR 06 7 710, R st PR IR 3% ik ol
(1 f W B T 22 25 5 5| R AR 2R 1k SR AR 1 45103, S b
B kR A8 23 512 1319 nm 5 1064 nm 06 ik
MR RS B A, BRI R, iR LR
PE A 8 I O A R R R (1) 9 U ik s 55
AN AR A T BE. Jeys 2 DOV R AT 32
1064 nm Nd:YAG Bt s 4 LilO3 (LIO) & A i) —
YR RONE, S B At B AR % 4. Johnson %5 (2]
i I LiB3O5 (LBO) df PR 1E Sy i N 5 45185, i D4
#7474 1319 nm Nd:YAG ¥ 6 06 28 5 Hi ik
MRISUELT .

Sof F- 215018 55 () Nd: YAG 1319 nm BRiE, %
T J Jis 2 A7AE 25 (AR LSRN, 38 B s P 6 B 20 A5 1)
(RGNS S B RS DR B3, 2 (Al AL
WL 2 FE 2 PR, (5 HBOLIE 258, X
A v L O o e A T 22 RSS2 36 s Y
TAFERMRIG I, B th Th2 T B, =8I Al
BOGCTE R W DAT B 7 08 %%, THBR T 23 Al ke FL AL
L, 2 P — PSR IR 5 2 T R A A (1) Y
ai, IS T 2 HEEIR, ¥ 2 T 3RS E L
T WO g 010161 ARSCR F 885 nm LD XU 52
Nd:YAG =8I, 7= A 1 oth BRI 395 1) 4 28 5 v
HELEBRD Bkt 1319 nm 0. Nd:YAG /1064 nm
551338 nm 1% 2k 4 138 3o Jis B B AR P 4 O\ b
HEEL AT IS R R B S VAR ok Ay
B 1A SEILER R i WO B 18, JE I e o
B AR A R AT AT, 7885 nm LD
2 T2 150 W I, 3R1F-FI8 303 22.5 W LR

= M? = 1.3/ 1319 nm IR EOCH H, EEHE
800 Hz, fkh %8 150 us. FH KTiOPO, (KTP)
fn A0 1319 num S 1R A5 B30 28802 %o A B0 Jik e 80016 £
sth T8 4R 3% JEAT T A R B0k A g A dE R
R, S BLOE P K M 1318.888 nm A 41 1/ 1 2|
1319.358 nm, AN (I IEREE N 0.7 pm.

2 SR EaAT
2.1 SKEKRE

885 nm XLt 4% 1319 nmNd:YAG = £ 3 5
o W B 1 RN, AL s B ML, M2 & M3, Bok
Fm AR B LCM1 AT LCM2, 1319 nm 90° i )6 & 4
QR, EHi e 8 FR, 1319 nm ¥ 3 F HW, bx
A FP, A KTP, (X TC1 M TC2, 885 nm
LD 645§ & fin H A B Je e BT & 40 BST,
BS2. Hrb, g M1, M2 4% 17° 1319 nm &= /%, 885
J 1064 nm =& B, AT AT LA 23] Nd:YAG &
A1 1064 nm LR AL HR; M3 A 1319 nm 5 P%
Jr, %5 1319 nm FEAT AL, 3545 2 B W IR 1) s 06 %
9, K mARH p GBS, R Sk R ek ds
J - R T R — A o2 Y, (E IR TR I N 1
BOG RS, bR R FP B — NS
JeE b, CLORE B 3E AT RS 25 1 Ff 55 AR R 4 i
T K Nd: YAG SR 1338 nm 1528 351FE, M
P L AR, 38 A LLSELAT 1319 nm OB 9K K K
P2, SR KTP @ X 1319 nm BOE K — Ik
W VR BOR SR A ) R ik O ) R IR . At
H5KTP 7 a2 008738, #IEREE N
0.1 °C.

LCM1 QR LCM2 M2 BS2

M3 \ 1319 nm
Output

1 (M%) 885 nm WHH 1319 nm = SERTBR SR B3 i

Fig. 1. (color online) Schematic diagram of the experimental device of 1319 nm three mirror ring cavity

dual-end pumped at 885 nm.
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Fig. 2. Variation curve of 1319 nm laser output power

with pump power at 885 nm.
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Fig. 3. (color online) Measurement of beam quality of

1319 nm laser.
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Fig. 4. Pulse waveform of 1319 nm laser: (a) Before
relaxation oscillation suppression; (b) after relaxation

oscillation suppression.
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Fig. 5. (color online) Variation curve of wavelength of

laser with temperature of etalon.
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Abstract

The 1319 nm lasers have important applications in the fields of optical fiber communication, laser medical treatment
and laser color display. The Nd:YAG laser pumped by 808 nm laser diode is an efficient alternative to achieving 1319 nm
laser output. In recent years, direct pump technology using 885 nm laser diodes has become more promising due to the
dramatically reduced thermal effect and improved optical conversion efficiency. Quasi-continuous sodium beacon laser
with microsecond pulse duration generated by the sum-frequency of 1319 nm and 1064 nm lasers can provide a gatable
pulse format to eliminate the interference of atmospheric Rayleigh scattering and mitigate the spot elongation of sodium
guide star to improve imaging accuracy. However, relaxation oscillation in the microsecond pulse could cause the damage
to the nonlinear crystal and reduce the efficiency of sum-frequency generation. It is effective to suppress the relaxation
by taking advantage of second harmonic generation, in which a nonlinear crystal is utilized to reduce the pulse peaks
with higher intensity.

In this paper, we demonstrate a high-power relaxation-oscillation-free quasi-continuous microsecond pulse 1319 nm
laser by using the dual-end 885 nmdiode-pumped three-mirror ring-cavity. Intra-cavity etalon and customized mirror
coating are employed to prevent the 1064 nm and 1338 nmline of Nd:YAG laser crystal from oscillating. A power tuning
device, including a thin-film polarizer and a halfwave plate is implemented as the output mirror of ring cavity, which
enables continuous adjustment of the out coupling ratio. The output power of the 1319 nm polarized laser is 22.5 W
pumped by 150 W 885 nm laser diode. The repetition rate is 800 Hz and pulse width is 150 us. The corresponding
optical conversion efficiency is 15%. The beam quality factor M? is measured to be M2 = 1.35 and My2 =1.24.

By precisely adjusting the temperature of etalon viz. adjusting refractive index as well as thickness of the etalon
material, laser wavelength is tuned from 1318.888 nm to 1319.358 nm, corresponding to a tunable range of 470 pm and
tuning accuracy of 0.7 pm. A 1319 nm frequency doubling crystal KTiOPO4 (5 mm X 5 mm X 15 mm, 6 = 59.8° and

¢ = 0°) is inserted into the cavity to suppress the relaxation oscillation. The pulse waveform quickly reaches a smooth

* Project supported by the State Key Laboratory of Applied Optics, National Natural Science Foundation of China (Grant No.
61205101) and Shenzhen Science and Technology Project (Grant Nos. GJHZ20140417113430592, JCYJ20140417113130693,
JCYJ20150925163313898).

1 Corresponding author. E-mail: xfzhang@buaa.edu.cn

154205-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin. Vol. 65, No. 15 (2016) 154205

regime, followed by a pulse spike at the initial stage and the loss of laser output power is only 1%. It is proved that it can
be efficiently suppressed by inserting a frequency doubling crystal with negligible power loss. In conclusion, this paper
provides a practical and effective technical means for achieving the high-power relaxation-oscillation-free quasi-continuous

1319 nm laser with microsecond pulse duration.

Keywords: 885 nm dual-end pump, ring cavity, relaxation oscillation, tunable wavelength
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