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Abstract: Both BaGa,Se,; (BGSe) and KTiAsO, (KTA) can generate mid-infrared lasers pumped by 1.06 pm
laser. Firstly, the phase matching curves of two kinds of non-linear crystals were simulated and calculated. The
results show that BGSe with cutting angles of (56.3°, 0°) and KTA with cutting angle of (90°, 0°) can generate
idle frequency light of ~3.5 micron under phase matching conditions of type I and type II-A, respectively. Then
through theoretical calculation, the effective non-linear coefficients of BGSe (56.3°, 0°, type-I) is —11.9 pm/V,
and that of KTA (90°, 0°, type II-A) is —3.2 pm/V. The OPO oscillation threshold of 15 mm long BGSe (56.3°,
0°, type-I) is 35.11% of that of 20 mm long KTA (90°, 0°, type II-A). Then, the experimental results show that the
oscillation threshold of BGSe-OPO (56.3°, 0°, type-I, 15 mm) is smaller than that of KTA-OPO (90°, 0°, type-II-
A, 20 mm). The output energy of BGSe (56.3°, 0°, type-I) is larger than that of KTA (90°, 0°, type II-A).
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Therefore, BGSe is a promising mid-infrared non-linear crystal.
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Tab.1 Comparison between BGSe and KTA

Name BGSe

KTA

Biaxial, monoclinic, point group m!""!
0.47-18um!"™
557 MW/cm?' (5 ns,1.064 pm,1 Hz)

Characteristic
Transmittance range

Damage threshold

Nonzero tensor dy,=24.3 pm/V, d|3=20.4 pm/V ¥

Uniaxial, point group mm2!"
0.35-5.3 pum 1"
>600 MW/cm®

d33=16.2 pm/V, d3,=2.8 pm/V, d3,=4.2 pm/V, d3=2.8 pm/V
d»4=3.2 pm/V, d;5=2.3 pm/V!"¥ d_;=4.47 pm/V'
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0.263 75 N 602.97
A2-0.04248 212-749.87

0.268 16 N 682.97
A2-0.04259 22-781.78 (1)

0.326 81 N 731.86
A2-0.06973  22-790.16
0.901 £ 1<10.591

KTA 1 Sellmeier J5 #2UN2A (2) AR,
Biﬂpl Dl'/lqi

n=6.72431 +

n’ = 6.866 03+

> =7.167 09+

n;=A;+ +— ()
A —C; A9 —E;
A (2) HRBUW BAREUE IR 2 R
R 2 KTA RAH Sellmeier Z %]
Tab.2 Sellmeier coefficients of KTA
A, 2.149 5 A, 2.1308 A, 2.193 1
B, 1.020 3 B, 1.056 4 B, 1.2382
C, 0.042 378 G, 0.042 523 C, 0.059 171
D, 0.553 1 D, 0.692 7 D, 0.508 8
E, 72.304 5 E, 54.850 5 E. 53.289 8
DPx 1.995 1 Dy 2.001 7 P 1.8920
qy 1.956 7 qy 1.726 1 q. 2.000 0
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Fig.1 Phase matching curve of BGSe and KTA(6 = 0°)
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Tab.3 Parameters of KTA-OPO and BGSe-OPO
Parameter Meaning KTA BGSe
T/ns Pulse width 10 10
Ag/pum Wavelength of signal light 1.54 1.50
Ai/um Wavelength of idler light 343 3.64
ns Refractive index of signal light 1.806 2 24854
nj Refractive index of idler light 1.773 0 24611
np Refractive index of pump light 1.816 7 25128
go/F-m’ Permittivity of vacuum 8.85x 10~ 12 8.85% 1012
c/m-s™ Velocity of light 3% 108 3x 108
dop/m- V! Effective nonlinear coefficient ~32x%x1012 ~11.9%x 10712
Leg/mm Parametric effective gain length 20 15
L/mm Optical length of OPO cavity 46 52.5
[/mm Length of crystal 20 15
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JI AR, B NV IR A, OPO B 85 b 1 485 H E AT 4R
PSS . S8R P OPO % ABE SN :1.064 um %53 R
H 75%, 1.3~1.5 pm & J2, 3.4~3.8 um B i35 i R4 N
60%; OPO % i BE 280K - 1.064 um 535, 1.4~2.1 um
R, 3.4~4.2 um =i . SEH R E R BEANE 2 Fios .

D T
. - < F G

Qwitehed | () 70 [ BGSe

ND:YAG - ;i.i E\U H [. m

1.064 um H PV v KTA o

2 S E R R

Fig.2 Schematic diagram of experiment setup

wE 2 Fros, ZE3 U8 A SL800 Series Pulsed Nd:
YAG )t #%, Energy meter & MoLectron- J3-09 & 3k
FIl EPM2000 5045 245 . BGSe AU VI EI A1 R (0 = 56.37,
¢ =0, N5F K 6 mmx6 mmx15 mm, KTA i)l
H(0=90°, p=0°), R 5} & 10 mmx10 mmx20 mm,
TH—PREHERGE, HTRHCHRES, DA —11L
Bt ., M1l M2y OPO Ji4, F MBS A, T
BB B 1064 nm FIHDEIEER, JEOE AR 1064 nm
JEI 5 it AN 2.54%, G R HE A, FEUCKE 1064 nm
M AE TG IR RR, B IR A A e, (BT

R B B E AR, ASRE ELEE A T OPO % th 53
JG77)s
22 EWER

S — RSB KTA 9EA7 5256, 2458 hE i
RF] 4151 m) B, BB T O AL, YR BE
} 41.51~51.56 mJ i}, KTA-OPO i Hi~3.5 um ) #46
AEHE N 13.38 ~19.87 Wl 5 IR SE g i 58 4 fif AR )
M LI 5 R B B AR BGSe, YR E it ik
#) 36.97 mJ B, AB LT YO IS 5, MR BE
1 36.97~51.56 mJ I}, BGSe-OPO % i1~3.5 pm 13
JeRE N 13.45 ~22.02 W SEE &5 R A E 3 fR .

20| —=BGSe-OPO A g
—+KTA-OPO 2 4
25t Fr
& %
Q
£ y
S0} 3
Q
=
st 5

15 20 25 30 35 40 45 50
Pump energy/mJ
3 BGSe-OPO Fl KTA-OPO WIMTDLAE &5 AT LAE RN E &
Fig.3 Idle light energy of BGSe-OPO and KTA-OPO at different pump

light energies

W 3 FirR, <o, % g S EE, B2k 1 H Al
B A EE . B AL 80 T DL HESE 1 BGSe 1Y
OPO i ¥ W {8 & 14.9 mJ, KTA ) OPO ¥ 3% B i Ky
20.6 mJ, H7EZR M BE B AH R A9 00 . BGSe A%t i
SRR ZE AT KTA Fifith S8 tigat . (A2
25 BGSe 4R BI{E 20 7 KTA 19 0.72 1%, 5
2.3 WIS A 35.11% 2ZE 8K, T AT B2
T % 52 5 Y BGSe A A T i N 40 KTA & 14 |
BGSe %A 4 149375 IR KTA 95 1 35 175 58 45 JU IR T i
AR, H S 56 B A 5 U T BGSe B9 IR 3% B {E /N T
KTA, H7EF % Z e 00T, BGSef th iy ar
SMEEEE 2 KTA i th RERE Y 1.11~1.22 1%,

3 & g

SC P aE O B e RSB B R A T KTA
BGSe 7 AELSMNIOLH S Ik G i . BisiH A%
B, 1.06 pm i % % i KTA-OPO & BGSe -OPO 1]
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FEAE 3~5 um IEEHOE, H BGSe (56.3°,0°) F1KTA(90°0°%)
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T R4 THA S A AR KB AN 4k, BGSe #4 /2
— PP ELA TR R S T 2L R AR
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