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Table 1 Physical and optical properties of some mid-infrared nonlinear crystals

Transparency Damage threshold/ Nonlinear coefficient/

Crystal Pump wavelength/pm  Reference

range/pm (MWecm™?) (pm-V~™")

LiNbO, 0.4~5.5 =100 (1.064 pm, 20 ns) d,=4.35, d,,—2.10 0.78, 1.06 [18]
MgO:PPLN 0.33~5.5 610 (1.064 pm, 10 ns) d,=—14.8 1.06, 1.68 [18, 19]
KTiOPO, 0.35~4.5 =600 (1.064 pm, 25ns)  dy=1.4, dy=2.65 0.532, 0.8, 1.06 [18]

KTiOAsO, 0.35~5.3 1200 (1.064 pm, 81ns)  dy=2.5, dyy=4.2 0.8, 1.03, 1.06 [18]
InGeP, 0.74~12 100 (2.09 pm, 10 ns) d=T5 1.94, 2.05, 2.09 [20]
CdGeAs, 2.3~18 160 (9.55 pm, 30 ns) d.—186 4~10, 10.6 [20]
OP-GaAs 0.9~17 44 (2.09 pm, 45ns) d,,=9%4 1.05, 1.55, 1.95, 2.09 [21, 22]
CdSe 0.75~25 56 (1.064 pm, 46 ns) d, =18 1.85~1.97, 2.09, 2.55 [18, 23]
GaSe 0.62~20 30 (1.064 pm, 10 ns) d,,=54 1.06, 1.55, 1.92, 2.15 [18]
AgGas, 0.47~13 34 (1.064 pm, 15ns) d,=12.6 0.78, 1.06, 1.24 [20]
AgGaSe, 0.76~18 13 (1.064 pm, 30 ns) d.—39.5 1.56, 1.85, 1.96, 2.94 [20]
LiGaS, 0.32~11.6 =240 (1.064 pm, 14ns)  dy=5.8, dy=5.1 0.8, 1.03, 1.06 [20]
LiGaSe, 0.37~13.2 80 (1.064 m, 5.6 ns) dy=9.9, d,=7.7 0.8, 1.06 [20]
LilnS, 0.34~13.2 40 (1.064 pm, 14 ns) dy=7.25, d,=5.66 0.8, 1.06 [20]
LilnSe, 0.45~15 40 (1.064 um, 10ns)  dy=11.78, d,,—8.17 1.06, 1.38~1.98 [20]
BaGa,S, 0.35~13.7 235 (2.09 pm, 10 ns) d,=5.7 1.06 [20, 24]
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Transparency Damage threshold/ Nonlinear coefficient/
Crystal ., . Pump wavelength/pm  Reference
range/pm (MW-cm ) (pmeV™)
BaGa,Se; 0.47~18 557 (1.064 pm, 5ns) d=—31.5, d,;=22.1 1.06, 2.09, 2.79 [25, 26]
CdSiP, 0.52~9 25 (1.064 pm, 14 ns) d=84.5 1.03, 1.06, 1.57 [20, 27]
OP-GaP 0.5~12 >104 (1.064 pm, 10 ns) d,,=70.6 1.04, 1.06, 1.56, 2.01 [28, 29]

2 MIRER

20 i 22 90 A AR | JE S0 Ak 2 5 UK B = o] 838 20 O 7 AR i F S RS . b AgGas,
AgGaSe, GaSe ,CdSe i 4 2 fe F 0 F 3% 5 1 0 58 19 A | AL 7 AR . AgGaS, Fll GaSe fib IR B €2 885 03T
SRR A S PR A R AR B RT LRI AT 1 pem SO ARSI, AR AHDC IR B £ E RO R . BT AgGaS, fl GaSe f
ATE T RS v 2T A1 5 AR ) T R B T R T R RS .

AgGaS, ik BRI E S LR Sk, B T 200 iR 2 iR . AgGaS, i IARJE T 1005 i 22, 42 m S B il
B 2.76 eV, B P B 0.53~12 pm. FETF 1 064 nm Nd: YAG #E 2% B 42 530 AgGaS, f /AR a] S (6 vl 438
i VO PRI B 36 2.6~11.3 pm™ 7 BLAMB AR E T A OB ARG R A FOLE Y S BRSO B
BORS A ARG IRARL T LUHIAE AgGaS, iR R IR . 3T AgGaS, S, I FH AR ok v 25 T ) 85 v B 11 BB 22
T pd S R B AR RN R bk e 2 IR A v R AR N BT L (B T AgGaS, SR I AR IS (IR
5 L A B A I 5 o) S [ R, 7 v Tl SR Al G Bk 0y b 3, PR P e S0 s AR S OLIR . H
T AgGaS, i A AN RE 78 18 J ik i 52 3 T 9530 kHz AL SR P 208 i e P DR A G H mW R4,

GaSe iR TR % .6 m 2 58, R R 2.20 eV, B G B 0.62~20 um'. GaSe fi ik BLA B
T AR R BORA T (H LA AR A 25 ME LU TR R SE AR . KA1, GaSe fib AR (14 38646047 (B A AIK
PRI =5 0 T BRSO SR 7 A 2D AN o AR LR ARSI R AR e 1) 1 B SR U, GaSe SR FH T OPO Yl
/b BT RN HEDFG i, LR TE R LA =4 i B AA EE . 200445, 36 6 BLfE 2 Gl T
T GaSe fb R A9 R 2T AMEOE TR, R 1 064 nm Nd: YAG #0t#8 X H IR 19 BBO-OPO 1 b ZE 3 e 78 H 20 4b
BB ST 2.7~38.4 pmn Y 88 B o R R R A R K IO ST, AT DL S B A R MHz i
G TR e E mW R SR LT M T A2 B ROR S AN T A TR DA S S AR AR ) SO e
B, H AT GaSe A TE K BE B 5O 7= A Oy T R D, ik vp e B b F AT I g

2000 4F Z 5 , 1 AgGaS, fh AR F1 GaSe & /433 195 25 v 21 70 R 14 L 6lt |, 22 Flor BB I8 = oo fi iR il —oe
Y AR VG C R O 1 o o g — O TRD B B e 5 AR 0 B AL S 0 T I ZnGeP, i M 1Y 3 21 A1 I8 B T
WSS ZR T A A PR o AT X 5 78 A A Ak AR v 21 A A T RS O A b i B AT 2R A
2.1 BaGa,Se,#1 BaGa,S, &

BaGa,Se, i@ T HAHH 2 . m S RE B K 2.64 eV, B OEIE B 0.47~18 pum. 2010 4F, o [ Bl 2 e 3
PEHE ARG BT 1 e E T ORI AR . TRIARE AR I R B S R AT TR iRE . H
T3 A i A 1 AR R BR A BRI 0 4R . BE S v -3 BRI ST T M R Tk KA R R A R
B Bl 2 e B4 5 AR BIF 5% T 45 PR T S T 3T BaGa,Se, i MK 1Y P 21 AMSOG 72 A F R 9858 . 181 2(a) #1 2(b)
SR T BaGa,Se, s 28 IO A b ith 26 0 i T ARGt R B0 {38 &5, BaGa,Se, fh ik 7T HI T
{5 BE i AL ARG P E o BaGaS, f IR JE T OE S 5 R, mm2 g #E L B 3.54 eV, B I Bl 0.35~
13.7 pmo HERR 2 B A A 5 45 R BIF S BT AR T BE [ 7 K2R R GE T BaGa, S, s i A K B
i 1 ] v -3 BB SR T AT T R LD AMEOG T A R g . 1 2(e) B 2(d) 43 A B OR T BaGa,S, ik 25 18 IR
FAE & . T BaGa,S, SR (IR Lk R AR, 55T BaGa,S, & A 18 SO TR i 1 B A%, A G il 4%
Ao A T A SR BaGa,Se, iR F BaGa,S, & VR (1 5115 47 150 (5 55 e, 38 o 9 LA i, i JFG o i 1 i
W A A v A R L RE OB Y . LAk, 7F BaGa,Se; Fl BaGa,S, i R (1 3L &l I, 3T AF Ok
BaGa,GeSe,; .BaGa,GeS; . BaGa,SiSe; .BaGa,SiS, %8 I & Ba MU I Ak & 9 &b MWl AFF i 115 24, 0 288 4k 1) 2
K TR A FE i — D 5E, BT T8 8 & Ba UITAL & W) iR i ot S s g .

09140014



R , 45 < JT £ AMBOG ZE T B9 AT IR 3 v £1 40 18 1A 80T £ BT 5 1 JRe (F a8

Transsmittance/%

0 e 1 N 1 " 1 N 1 1 1 1 1 F e 1 n 1 + 1 N
0 2 4 6 8 10 12 14 16 18 20
Wavelength/um
(a) Photograph of the BaGa,Se, device!**! (b) Transmission spectrum of the BaGa, Se, device!**!
80 a
70
c\\o 60 r
850t
g +
é 40 ’-
g 30F
=
20
10
0 lu. |b. 1 1 1 lb‘,l'lv I(,J 1 .(,J 1 16 1 lc)
N N N N N N s
Wavelength/um
(c) Photograph of the BaGa,S, device!*!! (d) Transmission spectrum of the BaGa S, device**!

E 2 BaGa,<Se, # BaGa,S, & K &+ 5 % ot dh &
Fig.2 Photograph and transmission spectrum of BaGa,Se, and BaGa,S, device'*" "

TE T8 45 W O = A2 i, 45 28 T BaGa,Se, A1 BaGa, S, i 74 i 8 5 417 125 D't v B A AIR %) IR IAC 22 8, 3 1
ol i AR PR T B VA TR 2D AMOG P A L SR T 2R AL PR TS Ty =X, H K Y BT o b B B P LT Ah D
Bt 20124F, TYAZHEV A % F] 0 A0 531 BaGa, S, f ik — LM A7 VT OPO, 523 1 5.5~7.3 pm 1Y
AR BOEE o 2013 4F v U RR A BE BEAK AL R W 5T T 0 A% 0 SR A AT 2R K BaGa,Se, i R B
> OPA WA LI T 3~5 pm ¥ Bl 04 e W D R OG 1, R a5/ an & 3(a) o &1 3(b) iy OPA By i i 1
TERRE . B S IZ R AL R 2SN B S B T i S A E T 6.4~11 pm . 2016 4F, fEE 5
v -3 BBF S R IE T 3 T BaGa,Se, S AR HY 2.7~17 wm T AT P88 P AT AR IR, IE X e TR TR A 3 DT
Bic, 75 =X 1) i 11 P B L G v SR — 2R 2 D T 2K 8 4% S BB B A R TR . 2019 4R AR iR E T
fi BRI 5K OPO , 3 2o 4 K i 0 25 0 B v, mT LA [R) e S 80 Ay B8 )88 5 0 0l ORI, R dh i n & 3(e) o 454
PR AN O 20 AR SR g S B 1 4. 1~4.5 pm Y FEREOG L 1B (d) o 1R FH X Rh 5 6 BT B S 0 1% I 0 18
Y . Z AR T SRS A 09 O O B T 88 R A B RE B B D T B Y [T, B0 BaGa,Se,-OPO 1Y
B P H B S 2020 4F o [ RE 2 Be A0 B R B 5T A6 B 0 SR R R OPA B9 SRS B T 8~14 pm i
By iy, — LT BGSe-OPA By th il Bt FRR, RGEL AN 3(e) o X R GEAE 9.5 pum Kb 1 Fe /55 BB 1k ik
2] 230 pJ, (D JB7R T H s 38 4 bR .

Wi & S AR AN T A RN e 2D R RS d AR 0 38 50 P BT 4 7, O LIS R B0A TR BaGa,Se,
i A BT 1Y) £ T B T BaGa,Se, i AR (19 v 1AM O & it B8 5 i — D4R o R B v S R R DL R
FHRRST e VA 1y 52 5% B SO0 280 L 35 F BaGa,Se, S IR 19 20 S8 BOE TR 0 i e AR AR B2 7 . 2017 4F AR
T2 HRGE T I B 45 Y BaGa,Se,~OPO 7 4. 11 pum ZbS2HL T fie i AEHE 2.56 mT (050 Y, 838 95 [l 1k 2]
3.12~5.16 pm. 2019 4F R BIA] SR FH 285007 A= 11 7 20, 7 3.58 pm Ab S8 T B g i 5.72 mI i b K
St an e ACa) o 38 i SR 22 BT I S R A AR AR BE L ST 3.36~4.27 pm S R 1Y T 1 L OF HLAE
3.36~3.95 pm U [l N B AT B g 1 9 5 - 2ERE | 2 R S U5 O i R AR AN 151 4(b) o 2020 4R TR BF 5

0914001-5



- Seed wavelength/um
nm pump 2 0% .09 A0 1D A 15 O AaX A8 A5
1100\~b NN P NN
CL _ 1000 L,I~I-I~I~l\ 1
= 900} ™ 1
DLI1 M1 2 -
<> 2 soof “u ]
<|. 5 700} - ]
5 ]
< 600} % ]
x S00f N 8
MI3 BaGa Se, Mg MIO S 400 | " ]
= 300} T
Ge M7 BBO 200 Lu L . A ) L i i § i i
SP2 SP1 pL2b MO 3.0 32 34 3.6 3.8 40 42 44 46 48 5.0
Idler wavelength/um
(a) Schematic diagram of mid-wave infrared OPAF! (b) Tuning characteristics of the idler of mid-wave infrared OPAI*3!

Experimental results Theoretical results
4800 = 6,=54.0° =54.0°

Ml . 0,=53.7° —0=537° 1
4 0=53.4° —0.=53.4°

Mid-infrared 4600 v g=53.2° —6,=532° |
id-infrare =53 0°  p—z3 (P
wave energy i <<95 234 0,=53.0

BGSe crystfal detector

~

=

=

S
T

D] e Ty

1052 1054 1056 1058 1060 1062 1064

Dump 532 nm

Wavelength of the mid-infrared wave/nm

energy
detector Pump wavelength/nm
(c) Schematic diagram of tandem BaGa,Se -OPO™*! (d) Tuning characteristics of the idler of tandem BaGa,Se,-OPOP!
Seed wavelength/um
1.27 1.25 1.23 1.22 1.21 1.20 1.19 1.18
DL2$ . w2l o B e R e 1
1064 nm-~ e-filter g ee0ee00 0000000
30 ps 100 f ._..:):' 4100
10 Hz Me M4 KTP i ) 6.4-11 um = g o0 \\. =
(OPG/OPA)®*Dump (OPA) =S Is0 =
Dump 532 nm & g0 | %o
= Ml DLI = [ i 5
T = aé 70 i 60 o
= LBO N & 60t ", S
5 Ly | 440 ©
(SHG) b E ., i
Y [11064 nm 50r "
HRS HwWPl 7PBs | nwp % sl L B
30 1 1 1 1 1 1 1 1
6.6 72 78 84 90 9.6 102 108
Idler wavelength/um
(e) Schematic diagram of long-wave infrared OPAP® (f) Tuning characteristics of the idler of long-wave infrared OPAP

H3 2T BaGa,Se, i Rty % 4 ¥ P 20 s gk w0

Fig.3 Widely tunable mid-infrared laser source based on BaGa,Se, crystal ™ ™!

T ROUIE 5 A A [ (R A AR RN i R R B T RO IR e T K X R RGE OPO i B B2 . 7E BRI
YL AL 1A W HOA [ U AR 9 BaGa,Se, fi 1 43 5l S B0 T v /4 i 1 A1 AE T T A0 i B R ik 41 4
U B 1 R R AR A A P A Co) A (d) o Hrr e 2T A B 4.3 pem Ah S5 i S BE A F 3.48 mI, I I
WA 3.9~5.1 pm"™ s 7E K U 40 A B B 11 pm &b B g b RE A #) 1.05 mT, Ve E R 8~14 pm" .
2020 4F , Wi VT K24 Dk ACAT I 20O A0 B A7 45 2 00 LD Jhk ) 18 5238 Nd : Y AG 306 #5 %3 BaGa,Se,~OPO,
ZEME 4(c), YR EAE S mm AY S EE & 1 064 nm POEEM T, 76 3 816 nm AL RS T fie i 21.5 mJ YOG
B 1,3 816 nm A Y A~ tEREVE Q1] ACD) o SR T AR R VR AN EE R 5 2 3 ISR BT 3 276~4 082 nm
13 597~3 811 nm i [ Ay 3% L 94 185 i i

Z IR F AL T F BaGa,Se, i R 75 5 T | 55 7 3 Ty 5 op 20 SMOG 7 A 5 1 0 IF AT Ak T HR R By
Bro 20194F v R 22 B KAOEF H S 050 = HGE T3 T BaGa,Se, S (A 19 2803 S8 AT AMROR IR . A
FH Ti:sapphire % 5 A Nd: YAG BOERFVE R FE IR, SCBL T 3.15~7.92 pm {1 Bl ] 38 5 4 Zh 30k 5
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(c) Tuning characteristics of the idler of mid-wave infrared OPO**! (d) Tuning characteristics of the idler of long-wave infrared OPO'*!
T T T T T T
. "]
1064 nm oscillator 20k - A
,f— ‘\\ ° o °
M1 /4 M2 M3 M4 - °
| Side-pump modules | | \i 15k o |
/ N\ gl : P
- Q
| | :
- [ ! =
- —}. —_— ' — § 1ok 0® ) i
H E FWHM=11.4 ns
| \/ o =1 \ |
=
‘\I(D*P crystal P Quartz rotator /' BGSe crystal = 5l . A
~ = -60-40-20 0 20 40 60
) Time/ns
O 1 " 1 " 1 " 1 " 1 " 1 7
2.6 2.7 2.8 2.9 3.0 3.1 3.2
LD energy/J
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Fig.4 High energy mid-infrared laser based on BaGa,Se, crystal'
LS . A 1 064 nm Bk v B AE R vh 20 40O IR 0 Z2 3 G, B0 438 v i) 28 8 % 3 2 AR — AR
F 1 kHz. 20224, v [ TR 4 BB 52 B ) 5 15 55 R 2 42 400 % 500 Hz i M ZE Nd: YAG OG5 4E b 7%
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(a) Schematic diagram of high repetition rate BGSe-OPO
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(b) Input-output characteristics of BaGa,Se -OPO (¢) Input-output characteristics of BaGa,Se.-OPO
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Fig.5 High repetition rate mid-infrared laser based on BaGa,Se, crystal'™’
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LiGaS, it 8 T 1F 22 i £ ,mm2 SR, W RN 4.15 eV, B G I Bl 0.32~11.6 pm. 2003 4E , % & W B} 27 B
BB AR ST T T R AR AR G A K N R | B S S S S - R S T AR TR T
JGAF R RAE DL R b 20 Ah 7 AR S8 . H TR E A Ascut 24 B REERAE /N RSF ARG L 7 5 R PN X sk T A
TR RIF T 3 0 AN P IR Tl R 2E TR e 1T R R PR GE . LiGaSe, il LiGaS, i R &5 14 5 35 13 fth 2 xF
FLani&l 67, LiGaSe, fl LiGaS, &b (4 A F 68 4 J& Li A8 4k S0k A fh i i Ag \Ba 55 T 4 @, 5 4 4% sl 45
RANEFE LB, S B SRR KRR T R TE T AR A0 B . BBk, LiGaSe, f IR R LiGaS, fh iR 6
BB B, 3P0 & 7R 78 0% K O I i AN 5 & A SO F IR % L 3 & LA 800~900 nm
B T A IO A5 A R R K O R S

2004 4F , 7 [ 1 v 3 - 3% 5T BT A9 PETROV V4879 6 X LiGaSe, i il LiGas, S A i — B 4l 26 1
ZECIAT T RAE,IEXF T 3 mm JE 1Y LiGaSe, LiGaS, , LilnSe, fl LilnS, fi i 19 OPA YEfE . % JH i 52 38 I
820 nm BK K A WOLES B FIERON I = A7 A R M E 22 . SE8 R A LiGaSe, fil LiGaS, fi i 7E 4~
11 pm Y8 FIAS 20 T o) SR LM o 32 BT A R A A IR 18 25 1 RE | I B SR 0 {1 T 2R A IR 1Y AR R D O
SRR DA S B AR O 1) 2 AR 0 AU AL . BT B R RS A 0 A T 20 M L, B T LiGaSe, Ml
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Fig.6 Photograph and transmission diagram of LiGaSe, and LiGaS, device'™
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(a) Schematic diagram of LiGaS,-OPO"! (b) Input-output characteristics of LiGaSe,-OPO!™!
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(c) Schematic diagram of LiGaSe,-OPO!"*! (d) Tuning characteristics of the idler of LiGaSe,-OPO"*!

A7 #F LiGaSe, #1LiGaS, & &k # OPO"™ ™
Fig.7 OPOs based on LiGaSe, and LiGaS, crystal ™ ™’

BT LiGasS, fib (48 EL A7 w8 (0 7 B RO 458 40 B (L, DRt 30 4 Sk LA TORD IO 25 vl 1) 88 9 e ] 9 38 v 210
b T ARGE R o R AN TR 9 AR 2 M 00 B AR 4 il B2, JE T LiGasS, b 44 1 v 21 4SO U8 14 i Hh v LR I
YA, LR AT 5230 60 R 355 Y L 55 3.0~9.5 pm, 20184F, 25 [ 2 N AF K2R T LiGaS, SRSz B T E
A MHz & 90 Ik 58 A fs 1 9000w S b 20 AMSOBE . SR 1 033 nmOGEFBOG#F M H A1 YAG &
FELEIEAE N IR S A F U8, 76 5 mm X 5 mm X 4 mm AYHCR LiGaS, iR i s 8 7 nl 84 .3.0~7.5 um i il
LR P OB o 2019 AF 18RRIk €8 KA R E 2 4% 100 kHz %K 1 030 nm B Yb: KGW
REPBOE R RO S B A B IR, 6 5 mm K ) LiGaS, iR 52 T 6.5~8.75 pm i Fil e 5 0.5 p 19
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Fig.8 DFGs based on LiGaSe, and LiGaS, crystal™ "™
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(d) Photograph and transmission spectrum of LilnSe, element!®”!
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Fig.9 Photograph and transmission spectrum of LilnSe, and LilnS,"** *"
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Fig.10 Mid-infrared DFG laser source based on LilnS,™ "
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Abstract: Tunable mid-infrared lasers based on nonlinear optical frequency conversion play a vital role in

application fields including environment monitoring, remote sensing and biomedical diagnosis. The long-

term development of near—infrared laser technology has led to a high degree of commercialization of near—

infrared pumped lasers. The utilized of the commercial near-infrared laser as the pump source is easy to

realize miniaturization, high power and high stability operation of the tunable mid—-infrared laser. Nonlinear

optical crystal, which is the core component of the tunable mid-infrared laser, determines the output
characteristics of the mid—infrared laser source. Suffering from multi-phonon absorption, the tunable output

band of traditional oxide crystals is limited to below 4 pm. On the other hand, the most commonly used

ZnGeP, has strong two—photon absorption at 1.06 pm. High—quality mid—infrared crystal pumped by near-

infrared laser have remained of great interest in recent years. In this paper, we reviewed the application of

the newly developed non—oxide crystals in mid—infrared laser generating. BaGa,Se; and BaGa,S; have wide

transparency range, high laser damage threshold and nonlinear coefficient. Using a low repetition frequency
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pump source, the tunable output range covers the entire mid—infrared band, and the output energy achieves
mJ-level even in the long wave infrared band. Under a pump repetition rate of hundreds of Hz, the average
output power in the mid-wave infrared band reaches 1 W. However, due to the low thermal conductivity of
these two crystals and the near—infrared absorption, there is no report on the near—infrared laser pumped
source with repetition rate of kHz-level and average output power of W-level. Subsequent research mainly
focused on the improvement of pump and crystal cooling conditions. LiGaSe, and LiGaS, crystals are
suitable for near—infrared ultrashort pulse pumping to produce mid-infrared lasers due to their large band
gap. In particular, LiGaS, crystal has high laser damage threshold and thermal conductivity. At present,
there have been many reports about the generation of mid—infrared laser with repetition frequency of kHz or
even MHz. The femtosecond laser source based on LiGaS, crystal has been applied to the research of
vibration sum-—frequency spectrum detection, biomolecular fingerprint spectrum recognition, etc.
However, due to the small geometric size of LiGaSe, and LiGaS, crystals in the existing reports, their
output powers under nanosecond laser pumping are relatively low. In addition, LiGaSe, and LiGaS,
crystals have an obvious absorption peak near 8 pm. The transmittance above 8 pm decreases rapidly, so it
is not suitable for the generation of long—wave infrared lasers. The improvement of crystal synthesis and
growth process will help to play the potential of LiGaS, crystal in broadband tuning and high—-power laser
generation. LiInS, and LilnSe, are newly developed crystal with high band gap. The laser damage threshold
of LiInS, crystal and LiInSe, crystal is relatively low, so the existing reports mostly based on picosecond/
femtosecond laser system. Under nanosecond laser pumping, it is difficult to achieve mJ-level, high energy
mid-infrared laser generation. The current research is mainly focused on broadband tunable mid-infrared
laser generation. Although the current output average power is low, LilnS, and LilnSe, crystals have high
thermal conductivity and low thermo-optical coefficient, so these crystals have the potential to be used in
the generation of high repetition rate and high average power mid-infrared lasers. At present, the main
bottleneck lies in the synthesis and growth process of large size and high—quality crystals. CdSiP, crystals
have high thermal conductivity, nonlinear coefficient and band gap, and the cutoff wavelength in the
short-wave direction is relatively short. Using a near—infrared laser pump source, the output energy reaches
mJ-level under low repetition rate operation. The output average power exceed 100 mW with repetition
frequency of several MHzs. High efficiency 6~7 pm generation with 1 064 nm laser pumping can be
achieved under non-critical phase matching condition. The output band can be expanded to 2~8 pm by
combining pump wavelength tuning and angle tuning. CdSiP, also has great potential in the on—chip
application. However, the laser induced damage threshold of CdSiP, crystal is low, and the transmittance
above at 8 pm decreases rapidly, which limits its application in high power and long-wave infrared laser
generation. Quasi—phase—matched crystals represent a new research direction of mid-infrared nonlinear
optical crystal materials. Quasi—phase matching technology can utilize the maximum nonlinear coefficient
and avoid walk—off effect, so tunable mid-infrared source based on quasi—-phase—matched crystals have the
advantages of high conversion efficiency and can realize mid-infrared output in the whole transparency
band. Orientation—patterned gallium phosphide (OP-GaP) has high nonlinear efficient and thermal
conductivity. It has great application potential in high power and high efficiency middle infrared laser
generation. However, the synthesis of high—quality single crystals with large aperture and high uniformity
are difficult. The improvement of material growth technology will significantly improve the output power of
existing mid-infrared lasers based on quasi—phase-matched crystal materials. The further research will
focus on: 1) improvement of the crystal quality, especially the size and the uniformity of the crystal;
2) improvement of the output characteristics of the near—infrared pump laser; 3) development of the new
nonlinear optical crystals.

Key words: Mid-infrared laser; Nonlinear optical frequency conversion; Optical parametric amplification;
Optical parametric oscillation; Difference frequency generation
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