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Abstract

An optical parametric oscillator (OPO) pumped by a 1.06 pm Yb-doped fiber laser based on a peri-
odically poled MgO-doped lithium niobite (PPMgLN) is reported for high-efficiency 2.70 um mid-
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infrared laser output. Under the condition of a pump injection power of 14.7 W, a repetition rate of
110 kHz, and a pulse width of 60 ns, a maximum output power of 3.4 W of 2.70 pm laser output is
achieved. The corresponding pulse width is 55.39 ns, with an optical-to-optical conversion effi-

ciency of 22.8%. The beam quality factors M’ and M f of the 2.70 um idler light are 1.41 and 1.42,

respectively. The laser beam quality closely approaches the theoretical quality of the fundamental
mode beam. Moreover, by controlling the crystal temperature in the range of 30~90°C, a wavelength
tuning range of idler light from 2.692 to 2.493 pm is achieved.
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2~5 um P B LLANEORAL T RAE X, fERE AT WOk B P, KAT5 RBiia A
LA AT T2 (SR AT e AT A BRI 1 H o™ S, SRR IR = A, B AR (CO)-
ZEALTR(SO) M AL BU(NO) S AR I R I AR A W ON B2 . TR ZDAMBOGAE 2.70 pm HIBBON CO, UMk
FI 2 RS 1]-[3] i B S AMBO R AR KA X S S A ) & SR A A TR I, AT DA L
IR HET, 2T IE LN IR 62 2 R R ¥ % (Optical Parametric Oscillator, OPO)J&
SEI AP LT AN e e R LR B RIS PR 72— [4] [5]. 8%, BT PPMgLN #4144 (%) OPO (PPMgLN-OPO)
KRG B G AR RO NI . JCFBOH R AR ELF, ik, 4i8E. Kk
/N DR e S [6]-[9], Bk, RFOBLFEOL R 1E )y PPMLN-OPO FIZEIHIE, AR T SEIiot
BN AL -

A5 FH A8 70 ik 06 28 (YDFL) 22 7 OPO SEBIL A 21 /M BOlot i I A JFIRIE R IR £ . 2014 4F,
WL R I8 7 1064 nm 75561 Q Bkt YDFL %€ 78 PPMLN-OPO, PPMgLN NARHAJF, SZ
WY ThEy 3.27 W) 3.82 pm WADGHI, JeItHE AR L N 13%, SCRBER T M2 =1.98 f
M} =1.44[10]. 2017 £, SPEFABEEIEELHT T Ting Xing S5 AA I EARK RS Y e Hot
AL PPMELN-OPO, S8l T4 Zh3 N 2.67 W 1) 3031 nm WADEHIH, b - HEBRACEN 17.4%.
I AR SR AT IR R ], 2B T AE 2.85~3.05 um Y K[ 11]. 2022 4, R ERREEEK
T ARG NS P ERRIE T T AT P2 K 1.064 um BEE GO 822 PPMELN-OPO, SZHl T Hck
W IIEEN 9.15 W 1] 3.754 um INATOGH Y, FEHRCR N 11.57% [12].

ALk H MOPA JEURS5 #4911 1.06 pm YDFL VENZRIHVE, RSBy 31.89 um [#) PPMgLN
NN BT, DREGR IR BRI 2.70 um HPZLANEO S . SRADEEF O % il PPMgLN-OPO £
PES R, TESCE R, XFEA. BRI AEVC RO AT S, RN N 147 W, EEME 110
kHz. Jik%E 60 ns FITEHLT, $R15 7R KHH IR N 3.4 W 1 2.70 um F BTG H o AR R kol 58 B M
55.39 ns, Y& - IR N 22.8%. FIFHXFE AW KK OPO HA RIGHIHIEERE, 6] SIAREE
30~90°CARAY, SEIL T NAIGTE 2.692~2.493 pum i S FT  SxX il SR SRR AL T —FioE 2
ARFE, HATEZENZERRBHNE.
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FAF LI PPMgLN-OPO (325036 B an i 1 for, RAMEK RN 1.06 um DA 40 W 1)
YDFL 1ENZEME, SR HOGH im0 o kb B e 45 (FR) Wk 73 WA (PBS)FI A2 U 7 (HWP)
Waes R40, RAT7EBOss om0 i, JEBT 1L RO e 3 R S8, OPO MEHRIE A EE M1,
it BE M2 ) PPMLN M. AKHE SR e 5 4F, W BN 75 mm. KA 1.06 um HIZEIHDEA T
—AMEFEA 150 mm ) SREEIE S Jo AR IR B AR E iR o o o, SR — ML A 31.89 um. MgO
SR N 5% JRSPA 2 x 2 x 50 mm® ff) PPMgLN S R{E N AELR ARSI R, SR BEA 1.06 pm.
1.4~1.8 um F1 2.5~4.2 um [3EIEME . ¥ PPMgLN S A4 8 7E A B R SF I iR e, JR7E S 20°C T IT &
SEHG . TR % s B il R R RS LR 1 TR

1.06pum
Pump Sourse

Figure 1. Experimental setup of fiber laser pumped PPMgLN-OPO
& 1. LRI PPMLN-OPO LK E

Table 1. Fiber laser pumped 2.70 pm mid-infrared experimental OPO cavity mirror coating specifications

T 1. KR 2.70 um FELIIMSLIE OPO BR$ERE ZRIEFR

2 MR RA it P S JER
F K9 M- F =150 mm HT@1064 nm (T = 99.98%)
S1: HR@1.4~1.85 um (R = 99.99%),
Ml ZNS  F-[Y RI =200 mm HR@2.6~4.3 um (R=99.99%),

HT@1.06~1.095 pm(T = 99.19%)S2:AR@1.06~1.095 pm

S1:HR@1.06~1.095 pm(R = 99.99%),
M2 CaF:  F-[Y R2 = 150 mm HR@1.4~1.85 um (R = 99.99%),
HT@2.6~4.3 pm (T = 99.19%) S2: AR@2.6~4.3 um
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HR(1)~6), FTLAKIL, OPO ZE:HIHIEK 5 PPMLN FAARIREE . Ak 0 A 22 i i K A 5%
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3. SWERE DR

M YDFL $i i %5 LD iz thR i 2K 2 fion. BEESA 110kHz, Bk % N 60ns, 7E LD
HIZIHHAN 100 W 15T, FIH BLEF] OPHIR AR 4271 F150A-BB-26-PPS T TR ER K} 1.06 um
YDFL #irish& gt 47 TR, SR Ih%EN 40.2 W. FIFH #0R aFE 5 A HL(OPHIR PyrocamIID)Ill & T
1.06 pm YDFL JEBEES I A OSA205 8 B A (BAKHKEE + 0.05 nm, #EZRIEH 1~5.6 pm)Xf i
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R/NBATIN S, RHE S OGR ML IE 7 7R, VAR 3] T HORIE S LU AR R 12, &0 EOb R
BT M2 1.23, BEEATHERER . Ik, YDFL ] {7 2 AL s e i) v o i 2 i

402w
40 -
530
z
=
=]
s
&
520
£
=
o
S
—
10 -
0 " 1 " 1 s 1 " 1 " |
0 20 40 60 80 100

LD injection power/W

Figure 2. Relationship between 1.06 pm YDFL output power and LD pumping power
2.1.06 um YDFL #itH TR 5 LD #E R X HR
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Figure 3. 1.06 um YDFL beam and spectrum
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Figure 4. Variation curve of the output power of idler light at 2.70 um under different repetition rates and
pulse widths. (a) With a fixed pulse width of 30 ns, (b) with a fixed pulse width of 60 ns, (c) with a fixed
pulse width of 120 ns, (d) with a fixed pulse width of 200 ns
4. NEIESBKET, 2.70 um RSB IIERTHILZ. (2) BEMKEE 30 ns, (b) BEIERKIE 60

ns, (c) EEMKE 120 ns, (d) EEKEE 200 ns
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2N d(a)~(d) AT 40, MBS ESN 110 kHz. Bk96~ 60 ns, ZEIMINER AN 14.9 W I, K15
BRI DIE 3.4 W 1) 2.70 pm IRADEHIH, 6 - SRR REE N 22.8%. HIERRARMGIENNGEE
TREEABHIEOLT, BARMEE RS FHEE IR MIRT . X E I E T 2A B TS &R
Diid B RE B . R A OSA205 fd BT (B KHKE E +£0.05 nm, WEZRTEH 1~5.6 pum) % Hi R AT
FEIEEATIE, i s o, RSO KA 2.704 pm.
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Figure 5. The spectrum of idler light at 2.70 pm
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Figure 6. Pulse width of 2.70 pum idler light at a fundamental frequency of 1.06 um,
with a repetition rate of 110 kHz and a pulse width of 60 ns
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Figure 8. Output mid-infrared wavelength versus the temperature of PPMgLN
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Figure 9. Theoretical and actual variation curves of output wavelength with crystal temperature
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