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In this thesis, new nonlinear optical materials that are birefringent and petiodically engineered for generation
of noncritical phase-matched mid-IR coherent radiation at the desited wavelength ranges are investigated.
All the noncritical phase-matching techniques namely; quasi-phase-matching, birefringence engineering and
temperature tuning are explored. In addition, widely tunable parametric interactions wete demonstrated in
petiodically poled RbTiOAsO, (PPRTA) as well as mixed chalcopyrite semiconductor matetials of
AgGa, InS, and AgGa(S,,Se,),. Sellmeier and thermo-optic dispersion formulas wete constructed for new
mixed chalcopyrite semiconductors, which enables accurate device designing for frequency conversion.

A NAYAG laser-pumped petiodically poled RbTIOAsO, (PPRTA) optical parametric oscillator
(OPO) near degeneracy was demonstrated. At a pump power of 3.7 W] a net conversion efficiency of
43%0 was obtained. Infrared radiation continuously tunable over the range of 1.9-2.4pum was generated by

changing the crystal temperature from 20° to 54°C. In addition, this crystal was found to be
phase-matchable for the higher order quasi-phase-matched second-harmonic generation SHG) in the
visible range. Detailed analyses of the phase-matching properties for these processes were made by using
the published Sellmeier and thermo-optic dispersion formulas.

Owing to the limited transmission range of the ferroelectric oxide crystals, mixed chalcopyrite
semiconductor of AgGa, In S, and AgGa(S,,Se), were investigated for frequency conversion above Spum.
Sellmeier equations of the mixture crystal of AgGa(S,,Se,), for various concentration (x=0.3, 0.55, 0.75) are
presented along with thermo-optic dispersion formula at x=0.55, these equations were used to predict the

90" phase-matching wavelength for Nd:YAG pumped OPO near 5.75um for medical applications.
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AgGa, InS, with x = 014 + 001 was found to be 90° phase-matchable for type-I
difference-frequency generation (DFG) by mixing the dual-wavelength pulses emitted from an electronically
tuned TtSapphire laser. Infrared radiation continuously tunable over the range of 4.80-6.98um was
generated by independently varying the two wavelengths in the 705-932nm spectral range, and 4.04pum
radiaion by mixing the Nd:YAG laser with the TiSapphire laser. Finally temperature-dependent
phase-matching propetties of AgGa, In S, with x = 0.14 £ 0.01 wete investigated and was found to be 90°
phase-matchable for the second harmonic generation (SHG) of CO, laser radiation at 10.591um at 203°C.
In addition, temperature-tuned 90° phase-matched difference frequency generation (DFG) at 4.02um was
demonstrated by mixing the idler output of a Nd:YAG third harmonic pumped ABBO optical parametric
oscillator and its fundamental source at 1.0642um. The Sellmeier and thermo-optic dispersion formulas that

reproduce well these experimental data are presented.

Graduate School of Photonics Science, Chitose Institute of Science and Technology




I VAR S =

ORI
K 4 Saumyabrata Batjee
N 7 AR

FHEERNARES TORFRIN T A Y v 7[R

AshC TS L OVEHAREEA R L C 90 Wil A St AEEDIROH RN 3
AT DT LI SR BIT 2 b 0 Th D, AISETIE, BHUNARES, BT
FEHEAS . WETF 2 —=2 271085 90 (A2 L, EHRER O
RbTIOASO4(PPRTA) & 1 /L2231 T A MESROIRAIRTH 5 AgGadns, & AgGa(S1xSe), T
AR COF 2—FTN72RT A N ZEHEfT 2 & & bIc 2 b ORIV~
A TR BV AT Uz, 2ORER, RoRAMER Tl RAHAA IEMETAT
ZENREL ot

Nd:YAG L—#—TCJhtE L7z PPRTA J&37 A kU » 7 FH(OPO) CIIERA(HI T, A
7137 W TEHZIR A3 % %455 & &bl fpndDiiE % 20 'CHxb 54 ClTF 2—=277
HZEITED | 1.9 ~ 2.4 um ORERFIH TSI TRR FTAEDTIRIN VL2572, &6
12, ZORSERIERIPUIC CRIRDE 2 SR BN S 5 Z L DMER ST T28, L
BRC & Db~ A IR L BOt e D i\ IV CRE e fifid 21T o 72,

& AN, TR N IR COZDERRD 5 pm L FIZ RS TND 728D, 5 um B
FOREETIE 2 FED AL 231 T A MEROIREIRTH 2 AgGadnS, & AgGa(SwSe), P
WA ZR, IRATEOR RS 3 FiD AgGa(S1xSe)x(Z 2T, x=0.3,0.550.75) Dt /L~ A
YA X H L, 055 DA, NdYAG L——Cllittd 25 L E R ~DIGHEA T
V% 5.75 um DFRINFEHIRIC Q0N A5 Z & A8 X H LT,

—J7. AgGaydnSx(x=0.14+0.01) | XFELHNT = —=2 7 LTz 2 IREFRINSERIZD TiALO;
LYk L, AJ1% 0.705~0.932 ym OFIHA TF 2—=27F % & 480~6.98 um D
AERPFANTZ A T~ 1, N PAFEST L & L BIZ, NdYAG L—H—& TEALO; L——
DB EA.04 pm)l 2% 90 DAFEST 5 Z LA LT, Fo. ZOf5HIE 203 Tl
Bd25 & CO, L—P—0 10591 um O 2 FEafaAEZ 90 NAEEAT D130 T/l
Nd:YAG L—H— & 2D 3 @il Cibite L7= BBOIOPO D7 A K7 —HUAIRA LT iR
EFa—=2 7308 402 pm OZFENRFEAED 90 NAHEESTH Z LA LIZOT, =
NODOIERT — 4 & BT DL~ A Y — I L USRS ek miela s
ERAR

TR R SRR




MXBEDERDER

ABFZEIE, (1) Nd:YAG L —H— D B AR T W EAE O RbTIOASO4(PPRTA)
HXT A B U w7 EIREH(OPO) Z it L. 2 um FHTOFRINRERAESE, 0O
NAEBE SRR, (2) v a3 A T4 MESEDIRAEIETH 5 AgGa(S1xSex)2
DORIE R L ORI F 5 & . (3) AgGayIn S, DONAHFEA Fith: & fi# i LA
ZeRERE (AEE) T, 20 ORMIC K2 EEhERF R L —F —BR%IC
DWTCHEMe R EITo T2,

PPRTA/OPO TIZAJ) 3.7 W TZEHINE 43 %z iEK, figaDRETF = —=2 7
IZEY 1.9 ~ 2.4 pm O EHIPH T AL VAN EHwEL, A — R OPO
DT — 2 2B, -, LRICH DL~ A T —HRR L BOCEERD S
B T, AR A R 2 SRR AT L 7=,

— 5. ARV OIERIE N RS T h D AgGa(S1xSex)2 IECHkIZH 'L~ A
Y — R ZWE L, 90 (A SR 2T, x=0.55 D4, Nd:YAG L—H
—@%ﬁﬁf%t#é&snumt#%éﬁé EERWELE, &5
AgGal-xlnxSZ %/X—\E/j e V7 L7=2 {ﬁﬁ%\éﬂ%ﬂ%@ Ti:Alzog TE}JE L/\
4%~6%um@%ﬂﬁﬁiwm\ﬁﬁ%;~:y7miécmv—%—®%2
B AR R AR BT A AR A RHEIC DWW T ORE 21T o 72,

REXBROERICETIE, B~ A v —HRAOREREME, AZHBEZEED
=R ¥ L OJE I SCEETE DOfG E OVER DN > > Te 2y, WD RIZE L TH IR
A 21T o7,

LEDFRER NG, Ria UL T B A5 il KR R FEFEeF RIS 2 5 & Ok
FHIRRKPAHREOED L EZAICLY ., it (MLH) OFfrrRET 5
DIZ+57 & OFEImICE L=,



