| 48 % & 12 89/2021 &£ 6 B/ ERE

Az e s KTA Wi Kt S &g

B BREVS RENC, EE TR, KA, AAE
NUARKRAEE BB TR, IR 8 266237;
AR EHOCHAR SN ERALRE, LR i 266237;
WO SN R G EMEARAFTHEMLEE, IR T 266237

WE B T AMZRER KTIOAsO, (KTA) ikt S 8R4 (OPO) R4 IR 0F 6l T Bk vh 8 2 i % 100 Hz,
i RE TR 1K 580 m] I A 1064 nm Y Nd + YAG HHRFG DI RAKE . OPO Wk I R HSF-F e 2540, FI7E X )51
PIEIA KTA S IARVE AR vk S, e kol 82515 5 100 Hz L 435] 1,53 pm {5 506 3. 47 pm R55E 59 20 ik
HAERE SN 178 m] Rl 64 m], K98 BE 4351 13.7 ns Fl 11. 8 ns, BIHOGEI B BOCHIEOLHHS R N 43.6% .,
KR HOOF AEBEOL; FRETMEALS S RIRG A

FESFES TN248 XHfARER A

1 5 =

MR AP Bl 1.5 pom OB T RS UL 4b
X2 S CRLER SRS AR 0 R DAL . [k
TS B 2 35 M AR o L R I AE OG0 B L SO R
KPR W I 4 T AR B S R R e Ab
WBL(3~5 pm) W RAH B, 32 AR5+ 1
WSO 8 P TS 1) 5 M AR /0N A S 3 0 | 3 R 42
=7 v EL A AR R A IS AR A R R g K R
o e WU A SO B IR A R

HAl 3 TS 5 IR 28 (OPO) IR 4 00 %
e RS 1.5 pm Fl 3~5 pm PEEEEOER 3
BEARFBEZ —., FARBEHE AT L& A ™ e
i PE IR 3B A KTiOAsO, (KTA), KTiOPO,
(KTP) .ZnGeP, (ZGP) 55 XU i & L Kz 3 F U A A
VC B A JE B B Ak AR A R B Ak B R 4Bk
(PPKTP) f A | J5 1014k A R R 41 (PPLIND fh A | J& 19
W ALEH R B (PPLT) fh A, 38 % FI AT KTP i 44 4K
1.5 pm PEBGEOETY H KTP S R 78 b 21 4k i
BEAT ™ AW, BRI T 3~5 pm P K OB A
AL R TR 3~5 pm B BHOE . AT ZGP fhik

doi: 10.3788/CJL202148.1201009

HAT T R H ZGP-OPO KI5 5 6 AR
PR EHRAE 3~5 pm BB KN 2 pm, S
PRMERE &G, M Ah, PPLN f ARt 9k 732 i F
LEAMBOE Y 3 AE . KTA Sk 5 KTP &k 8
TR EAE KTP FR, KTA & 535 45 3
EEAR, HA = 0 B (KT 600 MW/em®) . K
L PERE(d,,=3.2 pm/V) s H KTA S A 20K
FR L 3E IR RE O R T A vk Bk Y A b e
Sk Br )i i MERBEAL T KTP fhk .

H A, A T 2% i R B DL 1) G
EEWRULETA M &2 0 OPO M3 7 H K
GNEFR )T Z O MR IE . 7R o I A R T I
Bai 2158 3 N OPO 2r B3R T 3. 77 W Y
1.5 pm 556/ 1.18 W K 3.5 um WL, TR
W% K 50 kHz, Zhang %" F ] KTA &k 3515
T 5.35 WY 1.5 pm Ok, HE RN
6 kHz. Peng 4" i@ if PPLN-OPO 3k 18 T
16.7 W9 3.91 pm WHIGFI 46 W ) 1. 46 pm
ES 6, AW A K 7 kHz, Liu E2 4 E T
Ho : YAG #OEFE i ZGP-OPO, #1587 2h K & ik
161 W.EE S %k 20 kHz Wh 2 4b 80, xFF

Wi HES: 2021-03-03; 1B HHA: 2021-03-18; FABEH: 2021-04-19
HEWMB: HE A KRB ¥4 (62075116, 12074222) , I AR A & AU &30 1L &R A A R EL %3 4 (ZR2020MF114,
ZR2019MF039,ZR2020QF095) | 1L Z= K 24wl il A A 3 4 \IN AR KRR P HF RS WA KREFEHF R4

“E-mail: zhaojunliu@ sdu. edu. cn

1201009-1



E48% F 12 81/2021 £ 6 A/HEMNA

MR AR T bR 2% 2 OPO, Webb 257 H
KTA-OPO 343 1 5 & Wi % 24 100 Hz, Bk vp A
Bk 330 mJ W 1.5 pm 5 S O00H AR T 26 4
K BN 20 mm (9 KTA f 7K 85586, 5 40 30 R AT
M 30% ., Hazama %" @ it ZGP-OPO 315 T
3.8 pm W5 506, Bk ph B R 33 m). A MR
N 10 Hz, B34 58 i 368 i KTP-OPO 52 8t
T 500 mJ 9 1.5 pm 0%, EE M %N 30 Hz,
Liu 25 18 KTA-OPO 315 T ik w68 & 4> % K
218 m] Ml 60 m] B 1.5 pm {55 Y6 A 3. 8 um R A
J6, R MR N 10 Hz, [R B, B MR N
100 Hz B2 FARME Nd = YAG B 306 7% 5
PR KTA-OPO K44 1 89.7 m] 19 1. 54 pm {5
B 33.8 m] Y 3. 46 pm ALY, HxE
AWFFREE R AR SCIRIE T & 2% KfE i KTA & ik
OPO R4, I Wil Tk vp 8 Z 4 %4 100 Hz Hi th
fiE ik 580 m] I K Ky 1064 nm A9 Nd : YAG F4E
RIS O

2 SLEGEEE

1t TARE ., KB R OPO M3 PE K
AT DA L A R e 14 v R IR RO K O Ik v
BHR K Z KT 100 Hz, F UL, LB T H #
%% VKRB KTA-OPO., fift g 1 OGO 9 sk
7S B0 HGE R ) B IR OPO 1 % e ik R A7
TARA . SRR 2 S A 5 32 PR35 T R A
(MOPA) R4, ¥k % a5 M AR 2544 . K45 T 30 m]
9 1064 nm ¥OG; R FH WG R R & RS T
580 m] A 1064 nm #OEEHF & M2 Fl M’ 435
4.6 R 3.7, A X JrmlEIR KTA SEER
S A I, Y K b AR O 100 Hz Ky
1064 nm [OGH ARE R 580 m] i, AT 345 FLfik
hARE LN 242 m] 1 AR E O I OGS
JEE G 2 BRI O Ry 43.6%0,1. 53 pm
A1 3,47 pm K B K vb BE B 43 5 178 m] Al
64 m]J, ke BE 41 13. 7 ns Fil 11,8 ns,

F 1 R OPO By HY
Table 1 Parameters of short-wave QOPOQM"#%!]

Crystal Wavelength /pm Energy /m] Repetition rate /Hz Ref.
KTA 1.5/3.8 218/60 10 [24]
KTP 1.5 450 10 [26]
KTA 3.5 10 10 [27]
KTA 1.5/3.5 151/53 10 [28]
KTA 1.5 150 10 [29]
KTP 1.5 400 20 [30]
KTP 1.5 245 30 [26]
KTA 1.5 243 30 [31]
KTP 1.5 500 30 [23]
KTA 1.5 330 100 [21]
KTA 1.5/3.8 89.7/33.8 100 [25]
KTA 1.5/3.4 178/64 100 ours
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HR

BP Q-switch

VRM

HR: high reflection;
VRM: variable reflectivity mirror;
90°R: 90° quartz rotator;

M1: mirror 1;
/ ISO: isolator;
M2: mirror 2;

BP: beam polarizer
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Fig. 1 Schematic of the experimental setup
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Fig. 2 Output energy change curve with the pump energy. (a) Oscillator; (b) primary amplifier; (c¢) secondary amplifier
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Fig. 3 Beam quality of the output laser from 1064 nm
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Fig. 4 Typical pulse shape of the Nd : YAG laser system. (a) Oscillator; (b) primary amplifier; (c¢) secondary amplifier
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Fig. 5 Output energies of different OPOs. (a) Output energies under different crystal lengths; (b) output energies under

different cavity lengths
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Fig. 6 Output energy curve of the KTA-OPO. (a) Energy curve; (b) output stability
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Fig. 7 Typical pulse of OPO at maximum output energy.

(a) Signal light; (b) idle frequency light
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Abstract

Objective Laser sources at 1.5 pm, providing high pulse energies and short pulse durations are used in various
applications, such as electro-optical countermeasures and high precision ranging. Lasers at 3—5 pm are used as
lighting sources for active remote sensing and gas detection, which show important potential applications.
Therefore, lasers with high energy at both wavelength bands have become research hotspots. The optical
parametrical oscillators (OPO) are effective ways to generate lasers with wavelengths at 1.5 pm and interval 3—5 pm
due to their compactness, wavelength-tunable property, and potential for generating high energy and short pulse
width. Presently, the major nonlinear crystals with high-quality include biaxial crystals such as KTiOAsO, (KTA),
KTiOPO, (KTP), ZnGeP,(ZGP), and periodically poled crystals such as PPKTP, PPLN, PPLT, etc. KTP crystals
are used to obtain lasers at 1.5 pm, which is affected by severe absorption in the mid-infrared region. To obtain
lasers at 3—5 pm, ZGP crystals have been under investigation for a long time. However, 2 pm pump sources are
more in need, which is technically more difficult than their 1-pm counterpart. PPLN crystals are used to obtain mid-
infrared lasers. Compared with crystals such as KTP, the damage threshold of PPLN crystals is lower. KTA and
KTP crystals belong to the same crystal group and have a high damage threshold (>>600 MW/cm”), large nonlinear
coefficient (d,, =3.2 pm/V), large acceptance angle, a wide temperature range, and stable physical and chemical
properties. The transmission performance of KTA crystals in the mid-infrared band (3-5 pm) must be better than
that of KTP crystals. These characteristics make KTA crystals suitable for high energy mid-infrared laser
applications. In this study, we report a 100 Hz high energy KTA crystal-based OPO system.

Methods The 100 Hz high energy KTA-OPO system is composed of 1064 nm Nd: YAG main oscillator power
amplifier (MOPA) and KTA crystal-based OPO. The Nd : YAG MOPA laser at 1064 nm served as the pump source.
To obtain high beam quality, the Nd : YAG MOPA system adopted the “unstable cavity oscillator + two-stage
amplifiers” scheme. Both the oscillator and the two-stage amplifier used a double rod structure connected in series,
and a 90° quartz rotator between the two Nd : YAG crystal rods to compensate for the thermal depolarization effect.
To prevent self-excited oscillation and spontaneous radiation between the stages while protecting the optical
components of each stage, isolators are placed between each stage. The X-cut KTA crystal is used in the
experiment, and the dimension of the KTA crystal is 10 mm X 10 mm X 33 mm. The cavity is designed as a signal
resonant oscillator with a cavity length of 65 mm. The input mirror is coated to be highly reflective for the signal and
high transmittance for the pump light. The output mirror is coated with a partial reflectivity of 50% for the signal
and high transmittance for the idler. The pump light passed the OPO twice. An isolator protects the pump laser from
the remaining pump light that comes back from the OPO cavity.

Results and Discussions A homemade 1064 nm Nd : YAG MOPA with a pulse energy of 580 m] at 100 Hz
repetition rate is employed as the pumping source. After two-stage amplification, 580 m]J of 1064 nm laser is
obtained with the extraction efficiency of the primary amplifier and secondary amplifier at 6. 7% and 10. 8%,
respectively (Fig. 3). The beam quality factor of the 1064 nm laser is M2 = 4.6 and M’ =3.7 (Fig.4). The pulse
width of the laser from the oscillator and primary amplifier and secondary amplifier are 15.3, 16.9, and 18.0 ns,
respectively (Fig.5). In the OPO experiment, the optical-to-optical conversion efficiency is optimized by increasing
the cavity length and KTA crystals length. The output energy and conversion efficiency of the KTA crystal with a
length of 33 mm are higher than that of the KTA crystal with a length of 38 mm (Fig.6). Then, experiments with
different OPO cavity lengths are performed on the 33-mm KTA crystal. The results indicated that the output energy
and conversion efficiency are higher for short cavity length (Fig.6). The threshold of the OPO is about 20 mJ. When
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the pump energy is 580 mJ, 64 m] idler is obtained at 3.47 pm and associated signal at 1.54 pm is 178 m] (Fig.7).
The OPO efficiency is 46.3% high, and OPO output stability is 1.2% rms (Fig.7). The pulse width of the output
laser at 1.54 and 3.47 pm is 13.7 and 11.8 ns, respectively (Fig.8). The beam quality factor of the 1.54 pm laser
is M% =30.5 and M? =28.2 (Fig.9). In addition, the center wavelength of the signal laser is 1.535 pym (Fig.10).

Conclusions A 100-Hz, high-energy KTA crystal-based OPO system is reported. A homemade 1064 nm Nd : YAG
MOPA with a pulse energy of 580 m] at a 100 Hz repetition rate is used as the pumping source. We adopted plane-
plane cavity configuration for the OPO, and an X-cut KTA crystal as the nonlinear crystal. The obtained pulse
energies at a signal wavelength of 1.53 pum and idler wavelength of 3.47 pm are 178 and 64 m] at a pulse repetition
rate of 100 Hz, respectively. Furthermore, the pulse durations are 13.7 and 11.8 ns, respectively, and the optical-

to-optical conversion efficiency is 43.6% .
Key words laser optics; all solid-state laser; nonlinear frequency conversion; optical parametric oscillator
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