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Development of a 1.67 ym Wavelength Light Source
for the Methane Gas Lidar System

Yoshiki NAKATA, Kouki IKUTA, Mitsuhiro HIGASHIHATA,
Yuji OKI, Tatsuo OKADA and Mitsuo MAEDA

(Received July 22, 1998)

Abstract: The remote sensing of methane gas (CHa) in the atmosphere is important for the safety in
industry, or gas pipeline. Sensitive CHs monitoring can be accomplished by using DIAL (DIfferential
Absorption Lidar) technique. In this method, high power 1.67 wm light source can be used. In this
paper, the OPO (Optical Parametric Oscillator) or OPA (Optical Parametric Amplifier) as a light source
required for the 1.67 um output are developed. The advantages of the system and the present status are
discussed.

Keywords: Differential absorption lidar, Methane, Optical parametric oscillator, Optical parametric

amplifier, Dye laser, Laser diode
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Table-1 Characteristics of BBO and KTP crystals

Refractive index

Crystal KTP BBO
Crvstallographi mm?2 3m
Tystaliograplic group Biaxial Uniaxial
Density 2.934[g/cm3) 3.85[g/cmn®)
Mohs hardness ~5 ~q
2 q 0.03901 B 2
n2 = 3.0065 + 20390L_ _ 01327\ ,
5 Y , | 2, =2.7350 + 20878 _ 0.01516)2
n? = 3.0333 + 2154 _ 0.01408) Y X2—0.01822
22-0.04547 n2 = 753 + Q201224 _ _  g1516)2
n? =3.3134 + =08 — 0.01682) 2 AT-0.01667

dn, /dT=1.1x10"°[/K]
dny /dT=1.3x10"3[/K]
dn /dT=1.6x1075[/K]

dng y /dT=-1.7x1075[/K]
dn /dT=-0.9x1075[/K]

Nonlinear optical
coefficient (1.06[pm})

(];5—1(] [pm/\/]
d32=4.35[pm/V]
d31=2.54]pm/V]
d24:3.64[pm/\/]
d15:1.91[pm/V]

(111:2.2[pm/\r]
d31:0.11[pm/\/]
da2( 0.11[pm/V]

desr(1) 0.1(d15 — d24)sin2psin20 (d11c0s3p — d22sin3p)cosh + d31sind
(d2a — d15)sin2¢psin2f L i 2
dese(I1) ~(dyssin?p + dagcos?p)sind (d1181n3p — da2cos3p)cos?
Optical damage 1[GW /cm?)(L.06[um], 10[ns]) 3 to 5 [GW /cm?](1.06[m],10[ns))
threshold i 0.5 to 1 [GW /cm?](0.532[um],10[ns])
AT+ L 25[C + cm) 55[C + cm]
AA-L 20[mrad - cm] 1.5[mrad * cm)]
AX-L 5.6[A -« cm] 9.8[A + cm]
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Table-2 Phase-matching angles and d.;y for 1.67um emission. O - ordinary wave, and E - extra ordinary wave.
Crystal | Ap(nm) | Plane of incidence | Polarization(pump-signal-idler) | Phase matching angle | deys(pm/V)
xz(p=0" ) OEO 57.1° 3.06
yz(p=90" ) OEO 46.5° 1.38
932 xz(p=0" ) OEE 46.4° 0
KTP yz(p=90" ) OEE 35.6° 0
xz(p=0" ) OEO 46.3° ,70.4° 2.63,3.43
10641 v/ (p=90" ) OEO 36.6° ,60.2° 1.13,1.65
p=0" EOO 21.9° 2.09
BBO 539 =30 EOE 40.6° 1.25
p=30° EEO 26.8° 1.75
5 Table-3 Transparencies of mirrors
L =S' - _! Waveleneth Transmissivity of | Transmissivity of
r \ o _lc;i?aiz)i(:;ao{dmary) avelens input mirror(%) output mirror(%)
4 r ‘\ il 532 nm 83.7 96.7
= \ 781 nm 98.8 94.1
= _t \
=3 : < 1.67pm 0 17
vy
b | \
8| A
02 ¢ < Z 57.1° 781 nm
= S~ YAG —@®
1} ___/i\‘¥-___ 532 nm [,/ KTP] ) 1,67 um
r B Input mirror X Output mirror
L 532 nm = ordinary
o L. 781 nm = extraordinary

30 40 50 60 70 80 90
Phase—-Matching Angle(degree)

Fig.1 Phase-matching curves: X,=532nm, ordinary
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Table-4 Characteristics of different Nd:YAG laser sources

. | Spectral | Beam . . .
Pump source || Output-SHG . Size of laser head | Size of power supply | Portability
width quality
GCR-290 500mJ 0.3em™* O 508x1149x270mm | 537.1x767.7x757mm X
Surelite 1 160mJ ~ 2cm ! A 178 x770x159mm 266 x622x527mm O
Surelite 111 400mJ T X T T O
V=D D AT b EI0.3em iR TH B, 20 S, —
i, LDId ¥ v —74LD024PD % il v 72, Fedierh Lo [ [o—SignalimJ] ]

1&788nm, W —M{ET — F A, WA 130mW, @R
€-10~50CTH Y, MELELDL L TRIRKES X
XrryT&5, 72, RESROEATILE-F
RIEE Y, ZOHADZX I FNIEIZ00Iem LT T
5, BHICIZF LT v 74 NTBL-300% Hlvw 7z, fE{k
L — =37 = HUNE D TOPODERTHAFH 72,
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Fig.3 Setup for LD seeded OPO
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Fig.5 Fabry-Perot interference fringe pattern of signal
output . Single mode output was observed.
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Table-5 Characteristics of OPO and OPA

Scheme LD seeded OPO Dye laser seeded OPA
Pump energy 123mJ 225mJ
Max. energy of signal wave 18.5mJ 40.2mJ
Max. energy of idler wave 6.4mJ 21mJ
Spectral width of signal wave Single mode 0.3cm ™!
Spectral width of idler wave 0.3cm~! 0.4cm™!
Beam divergence of idler — 0.5mrad

Power meter

o

- C t
PAS cell Microphone 2mpe

Boxcar

Fig.9 Setup for PAS measurement
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Fig.10 Absorption spectrum of methane at Q branch
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An Improvement of Selectivity to Sweet Taste Substances by Changing the

Charge Density of Lipid /polymer Membranes
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(Received June 22, 1998)

Abstract: We have developed a multichannel taste sensor with lipid membranes which can detect and

quantify taste substances in aqueous solution. The purpose of the present study is to improve selectivity

to sweet taste substances by changing the charge density of lipid/polymer membranes. We found that

the selectivity to sweet taste substances increases as the density of charged lipid is low and the membrane

is neutralized.

Keywords: Taste sensor, Lipid/polymer membrane, Multichannel, Charge density
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Fig.1 Taste-recognition system
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