o =3t .
o 2SI ol 31 SiTk, e 5]
Fo] o] Qojel 9l] o] B4 B, B h

oz, o] Hopol o]§3 4 glom, E8) Y] £

4219l 3-5 m, 8-13 mo] A= FH9IA olA

AL 7] RS LA5H B o, 944 BuE

S, o 3 ek ol e S Hof, 1elm 514

4 Hofol o] g5t 9l 1],

Z2A A glo|A T2 & QC(Quantum Cascade)
oA, mtoly o], Fufjrf F%17], 5= HS 4= 9

=

=Wle

o] Qlo} FAHo| SolA|A| i, Wik F2o] Foju
AL, 2,05 m TPFelA Eo] 1kWol o] H=& 1
=9 glo|Ath [4], 21U e A9 &Y 5ol 4
uns HA] 9L, Bty apgo] Zojyef weh S92 A
531 B 7hasto] 4 mojAle] Z2o] 11 mW o]
=] o=t 4] ©ol 9L

7 3R7])= Bz Zyl oz vjAy gsk B3
59 9= %XVIE = [5-6], AlTLdHt ofe]
o u;]:q] = o] upake. H]AE

2534 #ie]A

PSPl
QC gl°] A= intersubband Mol 7FsA| 3H= T %
24 o8 122 @ uheA] golAZ, ~3-25 mel o2

= W2 =Y 3 WIS o=, AZo] F2 'Y
HE FeR% /e Qo (2] T2y Aol ofd
g0l TLEjal §x HhAo] opd At WhAofA 9]
a1 Ad50] 2011 Wof] ¥rH vl= NorthWestern t)s}
o A7) WS B8 2%, I =2 5.1 W [3] A
A S HER ofR]2 FElo] 7] ghrh= Wlo] Sitt,

gtol¥] oA 7|7} wtold a2 FEH2 &

QJal, Periodically poled lithium niobate (PPLN) Z
2 F A A BEY A9 v Y 28 W
AN SR 2L dsi 4= Stk FHel
F w7l FX170l Agshe vAE Fst £42 PPLN
E+= PPMgO:LN, Orientation—Patterned GaAs
(OP-GaAs), Zinc Germanium Phosphide (ZnGeP,,

7GP), So2 toksH Qa, 9AF e B (g &
A A ER)Q whd F7)9 Ba2d 211 ZGPe A=
E3H F gk = Aed 4= Q7] wiioll, 241941

lod4w FoJlE 7




ZH )4 =lelH

A B2 FEG 5 9k 9 oS vl ek o PPLN/PPMgOILN 2 288 ebast sk 4 4

T WA B B 4k BES dA) ok M9 et ohuiet & S AT Al olgek ol &

QoA FIL Polo] BRS wols WAOR W Y oV YT WAL vy ot Al A 94 A

ool nETe] BUS FAT 5 Lk AL FH S Whse BUL B 22 WPHOR, oyl

S} Fuly) A719) 2 AHolekn T ek AR 54 (@) thAl TR T B, 54 (3)0] ARated,

A 7P e o)1 gl FH A Feolck o] $41& BEBLE gL 2 M| 1T ofol St
of FolHE Sioh ol We uY geimt w2 S Al

2 FHM P} FA71E 27k, wA Yo

M F2719] 718 dat B4 26k, ololH ARE =ttt L ®)

Sk HAlg sk B AR Lol F9ld Foj) 3 o

719 B Avfeir, o714 A BIATE S Ade] Wil £7]0]1 me
=1, 3,5, 9] G Zhs A4, m=1'd Wt £
& oY e A%, de=(@/ma)d 7h 7V A3, 71

2. 80} SZ| 28t AuA]el 79 [6-7),

2% 1} o] wliY FeE B gle) A

A7) e washs We RN A ol

2 Ao) W 2 u|4l% ot B Bojor A B

BAGS Bolo] Fulvh e 3k o] Wol WAE 4 35 Aol WiElo] h$- 4% Mo s WA 4 9)
otk Bole We Wmeh sk, WAk WS AT on] o] T2 PUS F uph TR/ @k A
9 9 olo|Sefetu sk, Al 9l Aolol FolpEt it ofolSe % shiyt 4471 B41712 Doubly
1l =S

BAA, 0,= 0.+ o, 0] AT} 93714 o, o, resonant oscillator (DRO) 2f 3t3L, & oF FXA7|=

247y W A Td, ofolEE] 9] Fulpth o] A& 3y FXI7|E Singly resonant oscillator (SRO) 2 sh=t],

¢

s

N
N
N
=

o2 was o3} 2, 8 RS Solt gAo] 12 SROZ} o ol A
Bic}, b9 o] o] e W et 2
T ) 1o} 7o), FA7] 2o, A7] A%e] T WHAE, 5
FA7) 4 2:50) Ajaf Aolo] Qe T 270)
1M dy, b, B 22 BE ATY, oolSee]  maslel, b 27o] ARleh Aol A7) Y
spgolct, Al1da ofolSele] A T 24 W o) A WAk )7k A (8] B o) BA71e) &
9 A 2o AR, WHHoR S A L Holy] YA v ek B dlold HE 0
20 A 9ol B ) w4 e Aole] A, A7) 9ae) 218 2 Wk ) uhiel, 19 1
oKk ® EEEL o LKL ke A7 ol veh A0, 1T Ras Ak 928 A8
Bz, A, ofolgelel sl wejch, A T WEll s 297} Bk b Be ozt A% et 7]
B8 2o el v, 91 AT BANS UL o) o)) L) Fagh Aol Sl st B A
ke R % ) oA o FaT Aol Fl, A% HE 9 )
22 9l 22| o] olRke{o-12Jolt 3 Axt

PEEt @) [13-1415 AMgBHE A9 Sc,
W= e 3 b 207 B Ea3 7Y as
o714 n,, m,. n e 22H BE AT, ofolSelol o 2 A Aol & WS vlAc), W ele] Be
g Bet B0l 2ABOI, 44 (0 OF B 9Re 27 3 o) 2407] ele) 290 whgo] 9
ke, 30 MR AR SISk AlTdnh & nlAm, AR % ol 240] Aele] Zejwt of
ololgzle] 5o, Ueb 327) ol e Z0 BE Helo] o4

8 | OPTICAL SCIENCE AND TECHNOLOGY October 2012



Focusing End

lens mirror

=
Pump Pump S
source

J31. & i ST 2

1} Fefo] ALy HAZo] 71 Fofo] #lo]A L e
A = FR) GE AR < HE FAEG] FA7)
go] 7Fsste] g 7ie] HZ HA QtojlA] build—up X
evolution®] 7Fs8HA| & 4= Qlet, ZLefu FAZo] wje-
A HE e lofA 22 FEid w3k HA QoA
build—up ¥ evolution”} 7538t &417] FL& o] o]g7]
o] o] 7o) "o AA build—up ¥ evolution©]
o] ZoJA == Synchronously pumping dfof g}, o]
785, X7 YRelA 315k 9 (g 9 Al
4l) o HA7} Q1Y wl= g HASI A& AR
AA =S, A WohH FR17] G5 AZE = g2 gA

Aol g F117] Aol& Hes] 2As|of g},
i FR1719) Wxlo] Aol ] flsiA= HE Y
SF] Zholl o]2 o} 5}, o} 7] o] & A

Oscillation threshold) ©]2} gFc},
Fo| £ o] EAsh, vy F
3 Aot do), 3317] Ui &4, 52
A gz Ak FEEs

=
719 &2 e 35

i
oX

gl

- gy

o)
o
oo
I

o
b}

i 1o of X
= o
o u

1
rlo

S/ C o S o)
)
N
=

ol

il

ox fll
i)
nz
2
Sl
)
o

N Qo

=1
ofl om

]

olN

7RN71e %
F27bsked), Al
ol ue} vhar}, 11
RO] o] 2731 3 1
14 el BEY e 582 Y

C

o oy

2 ool Hox
v T
o T
N (R

N

——: Plane wave
: Gaussian beam

(~6.5,~70.6%

40 1

Conversion efficiency (%)

o : T T T T
0 2 4 6 8 10

Pump power normalized with threshold one

a3 2, A&nt g oy ST7(ef Het 58 T2y

[

o Coouufl‘;tr FEEo| tigt =9

Signal dlo] F=8 Hlg=

AojE Eej=goltt,

Idler 19 2014 AAe

2 g3E aens

Fz ds JHuE

s T e 499

Hel a& AR Hx 4l FEHo] 19 gk (n/27

o o 3k g0 7} H1 E e 100%2 F

Z g 25| 28 Yo g w4 Qltk= AL Ho

e Ao gy e P o gt w

Fol 7 El A9 HEk as FAoR Ha Y

o] FE=o] FEgEe °F 6.5 v o] W ago] Hoj
7F Ea HoiZES oF 70,6%U-S Ho F=a1 Qe

FR7] Wiel Eol7ke vlAE Fst 242 3417

9 o5 wiA=A Hx Hof upy, Wt I HFE =Y

Teja sk ok W] a9, 55 1l

sto] At E4s Adsfjor 3ty S QHSE W

PPMgO:LN, 7GP, OP—GaAs ©] =4, £33t up3
o] gaba] AMgsls HE P apdat W=
FA Q9] I7E th2L) LN, ZGP, GaAs, Al &
o) =y st 19 30 F&stGiet wol o

=
o o 2= 9t} 7

2}7} 0.4-5.5 um[16], 0.74-12 um(16],

= AN

0.9-17 um[17]2 Gupgt & ShAl= LNo| 7P %L, &
2 & A= GaAs7h 7P Atk o245 E LN AMS-
I}

G e
S 71 S W 5 ek A & 4 ek,

she 3 ol B 417100 1 ol B BE S 4

= AN % il 3717} 1

ZGP

LN

T LA L S R B B S
4 56 7 8 91011121314151617 18

TTT T

Wavelength (nm)

T2 3, 32 HIMY Zet B3| £ Ty

lod4w FotJlE 9



3784 8le1A

3. SHQAM & N STz &g

o] Ao A= Periodically poled lithium niobate
(PPLN) ¥+ PPMgO:LN, Zinc Germanium
Phosphide (ZnGeP,, ZGP), Orientation—Patterned
GaAs (OP-GaAs) & o|5 WA= AMgsl= F29A
i SX1719) A S A7hskGA

7t. PPLN/PPMgO:LN 7|4} g U7}
3|

PPLN¥} PPMgO:LN + Z}ZF LN} MgO:LNej| 7] %
3 % 9V AT BAEA F S AT 2R 542
o8 A, 5 ZJ@ 1

0.4-5.5 um 014[16] %
4 um 2 F7] giZof, ol gAt &
0| ozt A4 §lo] 7P dniske Hlojxjet g 4= Q=
LO um TPgthe] glo|AE Hx FHo & ARG 4= 9l
o}, i At ol &8, 984, 5 ofe] ARellA] %
58 1,0 um o] oA E LE FHow ARge
4= tks A2 e 2 Aol & 4=

ARE FEEE T gl PPLN/PPMgO LN 7]8F 3 uj
N FX7152 7HA 15 um 3Pt o] glo|AE Hx
FHoR AR | & SFATH18-19], & 1.0 um T
o] golAE AMgSt 9lom[13-14, 20-35], &E
gake] bt FEY, gk aeS A By 9 49
2t} B9 A%S B 3-4 um G904 4= oET}
o] kA Adojx|11 Qa1 15 W oJAE Hojx|l 9)-&
& 4= Qlek, 1% 4ol AR 7|52 FAE dlolE
0 um IO Hlojx = et Feo] Aujar, &
l xt*lEl dlofeli= 1.5 um ZHTe] Ho]A]
o] A}, 1.0 um o) Hlo| A= H
Zg yogo| W3} 15:0 ;

Kl

O

=

o Mo ol KU O (| mlo
b oo rEE
[ o off
H e 01

O
05:“ uicch ﬂ:;;
— |0 o
N 0l
> =
L2
FE
k?L
ko!
O
3
;
O
oM,
oof’
.
4 3

A
-
=

1 oz T %
s
e
Z,
=
=
o)
Eml
~N

=

oV ool Haetel 1 3 ol
& gt WAL e B 5 9

143 02} 27174 um
29 Kol o] Yolot

uo W3l 59
7S Ayt Utk AR Q12 F 7 LAY

B
o
©
et
w2
o

T
o
12
=2
s
A
r

e e

4 rﬂ

10 | OPTICAL SCIENCE AND TECHNOLOGY October 2012

25 T T T T T ™ 80

[Output power [Conversion efficiency
= with ~T-um pump ® :with ~1-um pump 470
2 O with ~1.5-um pump o : with ~1.5-um pump
. 160 X
§ 50 ?
T Br 1 k3
9] S
§ 140 &
c
5 1o ) . 430 2
2 1 5
3 . ‘ g
(e} «® . 420 Z
5 ? e° 3
. o on
M s 410
- b ' e .
: 8 3,
y

0l T A !
2000 2500 3000 3500 4000 4500 5000

Wavelength (nm)

121 4, PPLN/PPMGOILN It Z oiH B21710| ke, &), et &

rJ
o

o] A= B A2y} o] Qlek, 3wl WA A=
Hx P UR7F AR A Al 2E gARe ofol 5 B
A} gk o) FAlof WA white], A1y} ofo]EY
o] FEY vl&L YurH o g = F dlo] Tk vl g, 0t
o34 vt At A Auiie
Hz o o] Ak 380
5 um IGTHe] FHo]A =

2] apolA] 1.0 um b

e 4
dhe] ol BT %%w O WE 28S Ho|
£ 22 1 o2 SReld 4 glek A e LN B
At o] ik, LNE 4 um AN HE Aupos

42 g4k 234 F71ks Ado] Qlid), LN9 of

o) o] sghel FH9AN £24E Wolmelt 3t 7t

L. ZGP 71 3 Uil 5371

7GPE B2 ERa uo] o8y A
=45-60°, 9=0° Ei= 904 G-& H]AF %
60—70 pm/V ©]iL, EHst mpg tf el 0.7
tH16], o]gA ZGP= Hubd & £ 3HAZ}F 12 umZ
LN9] 5.5 um®ch @4 oA LN 7|9k 3 wj7) 32
712 1E8S W] ofFAY ok o] 9 4 um
Ol*o quXJQJ FUE ke o Eol OlﬁEM et &

] 7_'1— o] ‘9
st A5t
4-12 um ©]



s w0 Ho)7] Wjtol| ZGPY} 2] YAex BA7} gk A

[ | e = Aot OP-Gase] FA2 v Arfal &

s R § iijipﬁflf??i OP-Gas 13! Sy %
3 32 7 e, Aoy Faele) We &
LA 22 feol7] Sl B 09 whge] ool felel
- L B3, OP-Gats 74 3 o} 2R/ B B0
1 . . ; 2.0 um o wh 9] o] A F Wol ARgEiTE X &

® o0 40m 5000 oo 7000 @m0 90?00 ° HEZo] 4 4-54 um[40], 3—6 um[41-42]°] o|2=
et o) e WL o) FRoIt 4.7 oA FE 4 W, ¥

1715, 7GP 7| B i BED7|| IR, &, WE 58 HE 3 8 16%s Hole Fl43]= waE L glom g

T G A o] ot

=

=]
g
=
fu)
ol
&
‘w0
e
il
tlo
ok
[kl
g
H
~
oo
ol
=l
s
rlr
=
N
rHu

A8 M, 4-5 um YTl A o oA U4
3Wel HEol, 67 um Il £ mWel FE AL vl BR) B AL @RS A wl,
o) o -

o] Yehar 98-S o 4= ek 28 504 YA 7] PPLN/PPMgO:LNE o] 85t 3 2 7y g
T2 FAE dlolEE 2.0 um oo golA® Hy  Fol F9jo] 2-4 um oA 42 oFE E= 15 9F
g gde] A, £ol ul 7 EE FAE FolEE= 25 E ol w2 FEES e 2S¢ M8t o
um TFTHO] FlojA = FHygh FAe) A, £of +1 U4 um o)Fe] oA LNO| 24 wzel &2
7h S0t 7132 BAE HlolE= 2.9 um SR B &, =2 WE aso] FE, olHT A 49

oJAZ Hygl FUo| At o AojA At PPLN/  ZGPU OP-GaAsth2 E4& o]83fof dhf= Ax
PPMgO:LN 715k 33 w7} 3217149, Aupge] gz 3 4= 9lqlet, 5o 7 apgeho] vl Wi & 91
A AEE AE0] B =2 BiS 888 Holv= A EFololA YAz AV} §lis OP-GaAsE ©|
Pz opgo] ke Aol Aupog 242 Wel 58 k= i 3R A= e 4= gich
o] Wol= A& & 4= k. 2.9 um 3P o] o] 7GPY OP-GaAsy2 245 o83t 1229 3
= Hyg g #ig 888 B Sum oflA= 10%2]  uirl 3RS FEE] Heie ool 2 um o]l
Heh 88 Hold Zlo] 9 um oAM= 1%= A A4 1EY HE X %OI HIEA] Fastd], o] o] JJrﬂﬂ%
e RS o 4 e, o= o] ITRE S5 o Fo] M 1EY O R JPUEL Qlrid, 43],
2 AR 7] wzo|eH39)] um TP e] W S o] gty o] 3-4 umﬂ}
4 um ol F e FALA WAS FAl B
t}. OP-GaAs 7[5t 3 U7 3517 sleke AHE Qlek

OP-CaAs = % SV 43 B4 $3 wAld %ot

Al5=7F 69 pm/V o]ar, Tk bt tf 9> 0.9-17 um Tt
TH17], Zfoll AZL 7]zl JWLEHA o]F ol&dt=
2ol At SakElA| T glom, Rk & A7} 17 [1] Editorial, “Extending opportunities,” Nature photon. 6, 407
(2012).
5= i =
um wi-e- FolA ZGP 2= e ols A § [2] Yu Yao, Anthony J, Hoffman, and Claire F. Gmachl, “Mid—
AolA o] uje- f-8oict oy & Y A E infrared quantum cascade lasers,” Nature photon. 6, 432—439

l16¥4y st IlE 1



3 )4 =lelH

(2012).

[3] Y. Bai, N. Bandyopadhyay, S. Tsao, S. Slivken, and M.
Razeghia, “Room temperature quantum cascade lasers with
27% wall plug efficiency,” Appl. Phys. Lett, 98, 181102 (2011).

[4] Stuart D, Jackson, “Towards high—power mid—infrared
emission from a fibre laser,” Nature photon. 6, 423—431 (2012).

[5] O, HIME &5t (0124, 2000), 5Z.

[6] Robert W. Boyd, Nonlinear optics (ACADEMIC, 2003), Chap. 2.

[7] M. Houéand P. D. Townsend, “An introduction to methods of
periodic poling for second—harmonic generation,” J. Phys. D:
Appl. Phys, 28, 17471763 (1995),

[8] Amnon Yariv, Optical electronics (Saunders College
Publishing, 1991), Chap. 4.

[9] G. K. Samanta, G. R. Fayaz and M, Ebrahim—Zadeh, “1.59 W,
single—frequency, continuous—wave optical parametric
oscillator based on MgO:sPPLT,” Opt. Lett. 32, 2623-2625
(2007).

[10] P, GroB, I. D. Lindsay, C. J. Lee, M. Nittmann, T. Bauer, J.
Bartshke, U, Warring, A. Fischer, A, Kellerbauer and J.—J.
Boller, “Frequency control of a 1163 nm singly resonant OPO
based on MgO:PPLN,” Opt. Lett. 35, 820-822 (2010).

[11] G. K. Samanta and M. Ebrahim—Zadeh, “High—power, cw
OPO pumped by a optically—pumped semiconductor laser at
532 nm,” in Conference on Lasers and
Electro—Optics/Quantum Electronics and Laser Science,
Technical Digest (CD) (Optical Society of America, 2010),
paper CThY7.

[12] K. loakeimidi, J. R. Schwesyg, C. R. Phillips, K. L.
Vodopyanov and M, M. Fejer, “Singly resonant CW Mid—IR
optical parametric oscillator pumped by a tunable C—Band
source for free space coherent optical communications,” in
Conference on Lasers and Electro—Optics/Quantum
Electronics and Laser Science, Technical Digest (CD) (Optical
Society of America, 2010), paper CThH1.

[13] Markku Vainio, Mikael Siltanen, Tuomas Hieta and Lauri
Halonen, “Continuous—wave optical parametric oscillator
based on Bragg grating,” Opt. Lett. 35, 1527-1529 (2010).

[14] P. Koch, F. Ruebel, M. Nittmann, T, Bauer, J. Bartschke and
J. A. L'huillier, “Narrow—band degenerate OPO in PPMgO:LN
with a volume Bragg grating output coupler,” in Conference
on Lasers and Electro—Optics/Quantum Electronics and Laser
Science, Technical Digest (CD) (Optical Society of America,
2010), paper CThY6.

[15] John E. Bjorkholm, “Some effects of spatially nonuniform
pumping in pulsed optical parametric oscillators,” IEEE J.
Quantum Electron, QE-7, 109118 (1971).

[16] V. G. Dmitrieve, G. G. Gurzadyan, and D. N. Nikogosyan,
Handbook of nonlinear optical crystals (Springer, 1999),
Chap. 3.

[17] K. L. Vodopyanov, O. Levi, P. S. Kuo, T. J. Pinguet, J. S.
Harris, M. M. Fejer, B. Gerard, L. Becouarn, and E. Lallier,
“Optical parametric oscillation in quasi—-phase—matched

12 | OPTICAL SCIENCE AND TECHNOLOGY October 2012

GaAs,” Opt, Lett. 29, 19121914 (2004).

[18] Ti Chuang and Ralph Burnham, “Multiband generation of mid
infrared by use of periodically poled lithium niobate,” Opt. Lett.
23, 43-45 (1998).

[19] K. loakeimidi, J. R. Schwesyg, C. R. Phillips, K. L.
Vodopyanov, and M. M. Fejer, “Singly resonant CW Mid—IR
optical parametric oscillator pumped by a tunable C—Band
source for free space coherent optical communications,” in
Conference on Lasers and Electro—Optics/Quantum
Electronics and Laser Science, Technical Digest (CD) (Optical
Society of America, 2010), paper CThH1.

[20] Ravi Bhushan, Hidetsugu Yoshida, Koji Tsubakimoto,
Hisanori Fujita, Masahiro Nakatsuka, Nobuaki Miyanaga,
Yasukazu |zawa, Hideki Ishizuki, and Takunori Taira,
“Generation of high efficiency 2 um laser pulse from a
periodically poled 5 mole % MgO—doped LiINbO3 optical
parametric oscillator,” Appl. Phys. Express 1, 022007 (2008).

[21] Hongyi Lin, Huiming Tan, Jieguang Miao, Tiecheng Cui,
Shaochang Su, Jin Guo, “Extra—cavity, widely tunable,
continuous wave MgO—doped PPLN optical parametric
oscillator pumped with a Nd:YVO4 laser,” Opt. Mater, 32, 257—
260 (2009).

[22] Ritwick Das, S. Chaitanya Kumar, G. K. Samanta, and M.
Ebrahim—Zadeh, “Broadband, high—power, continuous—wave,
mid—infrared source using extended phase—matching
bandwidth in MgO:PPLN,” Opt. Lett, 34, 3836-3838 (2009).

[23] Yuefeng Peng, Weimin Wang, Xingbin Wei, and Deming Li,
“High—efficiency mid—infrared optical parametric oscillator
based on PPMgO:CLN,” Opt, Lett. 34, 2897-2899 (2009),

[24] Bo Wu, Jian Kong, and Yonghang Shen, “High—efficiency
semi—external—cavity—structured periodically poled MgLN—
based optical parametric oscillator with output power
exceeding 9.2 W at 3.82 um,” Opt. Lett. 35, 1118—1120 (2010).

[25] Florian Kienle, Kang K. Chen, Shaif-ul Alam, Corin B. E.
Gawith, Jacob |, Mackenzie, David C. Hanna, David J.
Richardson, and David P. Shepherd, “A picosecond OPO
synchronously pumped by an amplified gain—switched laser
diode,” in Conference on Lasers and Electro-Optics/Quantum
Electronics and Laser Science, Technical Digest (CD) (Optical
Society of America, 2010), paper CThZ7.

[26] Omid Kokabee, Adolfo Esteban—Martin, Majid Ebrahim—
Zadeh, “High—power, fiber—laser—pumped ps OPO for the
near— to mid—IR,” in Conference on Lasers and Electro—
Optics/Quantum Electronics and Laser Science, Technical
Digest (CD) (Optical Society of America, 2010), paper CThY1.

[27] S. Chaitanya Kumar, Ritwick Das, G. K. Samanta and M.
Ebrahim—Zadeh, “Stable, 17.5 W, optimally—output—coupled,
Yb—fiber—pumped mid—infrared OPO,” in Conference on
Lasers and Electro—Optics/Quantum Electronics and Laser
Science, Technical Digest (CD) (Optical Society of America,
2010), paper CThP6.

[28] A. Godard, M. Raybaut, T. Schmid, M. Lefebvre, A—M.



Michel, M. Péalat, “Management of thermal effects in high
average power pulsed optical parametric oscillators,” in
Conference on Lasers and Electro—Optics/Quantum
Electronics and Laser Science, Technical Digest (CD) (Optical
Society of America, 2010), paper CThP3,

[29] S. Chaitanya Kumar, Ritwick Das, G. K. Samanta, and M.
Ebrahim—Zadeh, “High—power, broadband, continuous—wave,
mid—infrared optical parametric oscillator based on
MgO:PPLN,” in Conference on Lasers and Electro—Optics/
Quantum Electronics and Laser Science, Technical Digest
(CD) (Optical Society of America, 2010), paper CThHG.

[30] Felix Ruebel, Gregor Anstett and Johannes A. Lhuillier,
“Mid—infrared picosecond laser source with high average
output power exceeding 1W at 4.5 um,” in Conference on
Lasers and Electro—Optics/Quantum Electronics and Laser
Science, Technical Digest (CD) (Optical Society of America,
2010), paper CThH4.

[31] Ichiro Shaji, Hajime Sannomiya, Keiji Miura, and Koichi
Matsukawa, “A compact, tunable, and highly—efficient
continuous—wave intracavity optical parametric oscillator by
use of periodically—poled MgO—doped LiNbO3 oscillating at
4.7 um,” in Conference on Lasers and
Electro—Optics/Quantum Electronics and Laser Science,
Technical Digest (CD) (Optical Society of America, 2010),
paper CThH2,

[32] Nils Hempler, Gordon Robertson, Leigh Bromley, Craig
Hamilton and Graeme Malcolm, “Compact, narrow linewidth,
continuous—wave, intracavity optical parametric oscillator
pumped by a semiconductor disk laser,” in Conference on
Lasers and Electro—Optics/Quantum Electronics and Laser
Science, Technical Digest (CD) (Optical Society of America,
2011), paper CTuK2,

[33] Antoine Godard, Myriam Raybaut, Michel Lefebvre, Anne—
Marie Michel, Michel Péalat, “Optimized 4-um OPO with
intracavity OPA based on a single dual—grating PPLN crystal,”
in Conference on Lasers and Electro—Optics/Quantum
Electronics and Laser Science, Technical Digest (CD) (Optical
Society of America, 2011), paper CMR3,

[34] Jessica Barrientos—Barria, Jean—Baptiste Dherbecourt,
Myriam Raybaut, Antoine Godard, Jean—Michel Melkonian,
and Michel Lefebvre, “Fiber laser pumped, microsecond,
single frequency, nested cavities OPO for spectroscopy in the
3.0-3.5 um range,” in Conference on Lasers and Electro—
Optics/Quantum Electronics and Laser Science, Technical
Digest (CD) (Optical Society of America, 2012), paper CF2B.2.

[35] Kavita Devi S. Chaitanya Kumar A, Esteban—Martin and M.
Ebrahim—Zadeh, “Interferometrically output—coupled
continuous—wave optical parametric oscillator,” in Conference
on Lasers and Electro—Optics/Quantum Electronics and Laser
Science, Technical Digest (CD) (Optical Society of America,
2012), paper CF2B.1.

[36] Daniel Creeden, Peter A. Ketteridge, Peter A. Budni, Scott D.

Setzler, York E. Young, John C. McCarthy, Kevin Zawilski,
Peter G. Schunemann, Thomas M. Pollak, Evan P, Chicklis,
and Min Jiang, “Thulium fiber laser-pumped mid—R OPO,”
Proc. SPIE 6952, 69520 (2008),

[37] Georg Stoeppler, Nicky Thilmann, Marc Eichhorn, Valdas
Pasiskevicius, Andrius Zukauskas, and Carlota Canalias,
“Mid—infrared cascaded parametric source in 6 um region for
medical applications,” in Conference on Lasers and Electro—
Optics/Quantum Electronics and Laser Science, Technical
Digest (CD) (Optical Society of America, 2012), paper CF3BA4.

[38] Andrew Zakel, Gregory J. Wagner, William J. Afford and
Timothy J. Carrig, “High—power, rapidly—tunable ZnGeP2
intracavity optical parametric oscillator,” in Conference on
Lasers and Electro—Optics/Quantum Electronics and Laser
Science, Technical Digest (CD) (Optical Society of America,
2005), paper CThY5,

[39] K. L. Vodopyanov, F. Ganikhanov, J. P. Maffetone, I.
Zwieback, and W. Ruderman, “ZnGeP2 optical parametric
oscillator with 3.8—12.4—um tenability,” Opt. Lett. 25, 841-843
(2000).

[40] K. L. Vodopyanov, E. Sorokin, I. T. Sorokina, and P. G.
Schunemann, “Mid—IR frequency com source spanning 4.4—
5.4um based on subharmonic GaAs optical parametric
oscillator,” Opt. Lett. 36, 22752277 (2011).

[41] Konstantin L. Vodopyanov, “Mid—IR frequency combs based
on subharmonic GaAs OPO,” in Conference on Lasers and
Electro—Optics/Quantum Electronics and Laser Science,
Technical Digest (CD) (Optical Society of America, 2012),
paper CF3B.1.

[42] Nick C. Leindecker, Alireza Marandi, Robert L. Byer,
Konstantin L. Vodopyanov, Jie Jiang, Ingmar Hartl, Martin
Fermann, and Peter G, Schunemann, “Nearly 3-6 um
spectral comb derived from Tm mode—locked laser using
GaAs—based degenerate OPO,” in Conference on Lasers and
Electro—Optics/Quantum Electronics and Laser Science,
Technical Digest (CD) (Optical Society of America, 2012),
paper CF3B.3.

[43] L. Pomeranz, P. Schunemann, S, Setzler, C. Jones, and P.
Budni, “Continuous—wave optical parametric oscillator based
on orientation patterned gallium arsenide (OP—-GaAs),” in
Conference on Lasers and Electro-Optics/Quantum
Electronics and Laser Science, Technical Digest (CD) (Optical
Society of America, 2012), paper CJThil4.

+ 1988, 2 - 1092, 2 Mt 22(St} OfStAt
+1092. 2 - 1908, 2 MZThEln S2[st} 0[SHAdA

+2002,9 - B B[4
Molone) seloiae

Lo FehJlE 13





