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Fundamental study of optical gas sensor using Raman scattering
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Abstract

Miniaturization of an optical gas sensor using Raman scattering was examined. Nd:YAG laser light of wavelength 355nm
was irradiated through a gas cell, and forward and backward Raman scattering from the gas cell were measured. The signal
intensity when forward and backward Raman scattering from H, gas were measured simultaneously was about three times of
the signal intensity when only backward Raman scattering was measured. A fiber collimator of aperture 5.5 mm was used to
collect Raman scattering from CH,4 gas at a distance of 120 mm from the center of the gas cell. The signal intensity
representing the sum of forward and backward Raman scattering was proportional to the concentration of CH, gas. The
measurement lower limit of CH, gas was estimated to be 0.3% for a signal-to-noise ratio (S/N) of 2.

1. [XC®HIZ

T A AT ARCAIINET A7 EOSERIT A Z i L, 2N DI X2 FERL T 572000 & LT,
MERARTH D, B, HARIIE Ulokkx 2t ik S TRy, RN T v 2hife 8
FIA L7z, miEamss aree7 2 de e o L BR SN TV D, L LD, T b O E ks
DRE SITEDHIEDD, BE R ENAD A TSGR 72 Sl2B 1T 2R EPRETH H, AWFFETIT,
T VN AEFI LT 0 A PRRE RSB % ML LTz & & OSTTRER T ~ VRG22 RAE S 0, /Mo
WH AT A Y RELO FREME 2 MRt L7z,

2. ERE

T VIR ERND T AR, HAZL—YRERE L2 & XICRAETH T~ U BELEERE L, AR
DFFE L REFHIE T, 7~ U HELERIZL—FREMI L TEA O L 72 b, - T, PekoTis>
A IVE B ANTE GRS 5 7~ VB2 RIS T 5 Z L CHARERFETX 5, /7, 77V UHK
ST I IXUA S TR 578, T~ U BELCREZRES 2 2 & THRARELZRD BN D,

T VHELE IO TS CTh D Z L h, FEEO/INUITIT T ~ U BELEORAE & = ENERINTAT O B
DD, 7~ BELMTHBEAINN BT 5720, EREOEREZ AW Fnsiilicaflcd s, 22T, b
—HFORY [ LB ATORS, S EEEL, KliE LTNEYAG L —Y O 3 @il =355nm) % Hv 7z,
Fio, TUBELDRITERNAEAE L, L—YOROMIT NSk LRTT E B TITHRS FEET D, 0T, XMRH A
ZiEiE L7m LY 2RI SEHOY A2 @R SE5 2 LIk Y, BB IO% S 7~ U BELEDO X7 &4
2D FEEREF LT,

3. RERLMER

(3-1) BITABKUVEAMELORRFZNE FHEAE L —VRIENGYAG L —V 0% 3 @il (KR 355nm, #ik
L 20Hz, 7V AHE 5ns) #R&HEIT—HBELTHET R OKFE, BHR, AXY) PREINTHEE SemD 5
AR ICHRST LT, EBRIEEME R 2 Figl lORT, MRTANLD T~ U BELEE RS E I 77— 7 )V X il Chbd
SHEZHRITEA LT, HAELADO L —FRFZXLXT 1000 TH D, SHETITETHHEETHY, =
WFFORIFITIT L= H AW T Dy V7 4% (B55nmiZIBIT 5 BBR <10, KHAD T~ HELEREIC
B DBER 95%) ETHT A NVAEREL, K§HADT~ HEDEEBIRMICZE LT,

WIZHABLO L—FHHFHANC T A I MG 7 —2E@E L, L—IERiRELD 2 %7 IR &8, %7
BELYE & R EGELE & RIRFCIE Lz, W ABEIIFEE N L DR L, SR AYREE & B AR L 0 KR&UE
R L CHEH L,



o

PMT —— Forward & Back scattering
Interference — Back scattering
. filter

Spatial filter —F Edge filter
. Wave Rlate — Color filter
Polarizing beam splitter | »
Laser xr [Forward & //\ \

A O
o

N
o

Signal intensity [mV]
w
)

catteling
=l 1 ——1 = 10
NI _ = s | j \ \\‘_
L 1" Mirror™Bacl { scattering 0
Concerve 0 15 30 45 60
Beam expander Gascell firor Time [nsec]
Fig.1  Experimental configuration of measurement of Fig.2 Signal intensity of forward and backward Raman
forward and backward Raman scattering scattering from H, gas (concentration is 100%)
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Fig.3 Experimental configuration of measurement of forward Fig4  Comparison of CH,; concentration and
and backward Raman scattering using fiber collimator Raman scattering signal intensity (6=5")
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