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Abstract — According to extremely industrial growth, gas facilities, equipments and chemical plants are
gradually increased due to incremental demands of annual amount of gases. The safety management of
gases, however, is still far from their requirements. Methane, the principal ingredient of natural gas, is
inflammable and explosive and is much used in factories and houses. Therefore, these gas safety management
is essential. So, we, with a program of the gas safety management, hope to develop the detection system
of methane gas leak using mid-infrared ray LED and PD with 3.2 um. The cryogenic cooling device is
indispensible at laser but needless at LED driven on the room temperature if manufacturing optical sensor
with 3.2 um. It, consequently, is not only possible to implement for subminiature and portable type but
also able to speedily detect methane of extremely small quantities because the CH, absorption intensity
at 3.2 um is stronger than that at 1.67 um. Our objective of research is to prevent gas leak accidents from
occurring previously and to minimize the extent of damage from them.

Key words : mid-infrared, gas leak, detector, methane, LED, PD

LM B oF 10%Y4 57kl 9low LP7k= ARS7H: 7= &
& shEek Wb AR AR TS 2 1097 20%

1986F-El= LPG 9]l HA7F7F 29 gslol o FEd S7HE Hola Jlvh 7k ARl B A
EAZRE Aol SFHUA harest 3580 B A UL kS E Adkae] £42 b e b 2 o)
5 UE Sl HATh A AT S AR e ARl sl 128 712} s e

Eue Yo wAHT Bal, kavd ¥ Fuw 9
32} gtparkgs@kgs.or.kr Sk AFILZE A 7F2ATALL] 41.3%(1998~2007d 5-A])



32 um 5 ) AAE 0] &3 BT IR 27

=2 A 9o, 20079 ThAFE @ Zuaa
51.3%% A3 Qo] ABslal Al43 7k 2R
71&o] AlFe Wgk & 4= QAT

ol2]gl 7kAARg- o] F7Hgtel wet 7hAn], ul
71%, 7¥22A1AL oW 7)E Tl e Au) 2 BExgr F
7Y AL ool gk ZbE EelHoly siEtas HUIE
2 HAEI] A% AA7E = T =AU v
9] HeathusAte} Y29 =R 7t YooM=
olu] ZA )M FOJANIR)E ©]&3 A FE
AE7E Mdste] @4 A8t Ani2].

HEe HArt2ze] FoARo R Ao HA Fw
g7tzololA] FeldH], kAl B B oA L
JFAA7F vl Fasith WEe] FoFFgS
1,650 pm, 2.3 um, 3.2~3.4 pm 223 7.7 pm7} QUTh
I % 32~34um o] wgke] &4} w3z 7}t
tolt. A o] s & o] &akd thE tol
Hlate] Qgstar 4143k 7tA2dAE & F vk A,
vl=, 8 SA0NA AeskE Feg 7EEFA 71 A
5= dolAAME F2 1.67ume] g oln,
32pm 99| gojHE WAL A 3] HAs]
ol AsALE AREEt] AL YA E St
of o g Frj& o= HTslA| ko o}F g3t
Aol o]2A] Z3lar UTH3].

olglgk AAIZRI sFo et & Aelxe F4
d(mid IR) 3.2 um gt o] LED ¥ PDE ©]-&-3}]
NNEFERAAZE NSRS, ol A Wzt
X7t AR o} Ao w FHo| 75,
1.67 um A B} F4AE7} Eof AErt 5
St A&g AA7F 7hs e ool UTHAL & Ao
EAHL 7t ES B 2143 AAst] AlLE v
o A&t 2 HE HistetuA} sk, T3 2 Al
MEES AAE, 2AF B 34H BEATA & =

wol szt A

L £

2.1. XM MIMBE(LED, PD)

AMAAME drdo g A AP o Uy
o] At} 3 ZAFo|= PZTA S LiTaO A7 AL,
A= 71 -AE 3 (InAs H23F1E, InSb SHE]| =3}
o1FH)# = (HeCdTe)o] Qlth 248 FoAax e
A& HAEsh=s Ao] FEAHORE 919 ZETIO|L
o vjg] 2 YAFGGelA HwA AT PEE 7
U5 & AFolA AMEF LED(Light Emitting
Diode)= TnAsSbP7] ¥l 49| X & WA 7o

—49_

1T

#1719 7

st

Fig. 1. The mid-infrared ray LED and PD.
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Fig. 2. The general scheme of gas detector.
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Fig. 3. The absorption spectra of CHj.
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Fig. 4. The designed prototype of CH, detector.
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Fig. 5. The prototype scheme of CH, detector.

-50-



CH1 S00mY

Fig. 6. The output signal of PD before injecting gas (2,250
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Fig. 7. The output signal of PD after injecting gas (2,000
mV).
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Fig. 8. The performance test of the prototype detection
system of CH,.

IvZ £

2 d7ddME o 32um S 7 S04
LED 3 PDFSAALE ol 8-5te] FHEH]oje] wzd|
e} vk SAre] ARAE Fkstd Al =R
sl AA S otehal £ AlAIES Al skt

£ AFelA e 32 ume] LED % PDE o8¢
il e e F e B B s B R = R o il
w3 A

1.3 A9 3.2 pm oA golArel e =g
AR-ste] Blg AR aide] Mg R 24
SNy WA E A2 stelof st TA g
LED ¥ PDE o|&3hd 7hdts] Ak ArEe= o
2R o] FHo| 7FsElm, AP o 29| Aol §o
sk,

2. 32 pum 3PFe e wgke] F7dwrt vl 7
o BEoR TE FolAE ol8sl JE3tet 1.67 um
Huo Awrt Al 7t EE Y+

AT SHA T wEA HAT 5 Ao

o] Aol 2Aekete] 2/ANAES A L AS
ste] AeAEE FFReH, ko] = 5o oFhe] P
AAARF =7} 0.5 ppm FEOE WS TSI
o|EA U §-S APH o= gi FHo] HeH, =4
2a1e] A1 HA|, $757], 947] SAAAME T, Ak
o] A7 A ZAHEANZFE WAl R] ol B Y=F, 4
Yz 9 ge 3 59 oduArt $HE Jew
A=k $H9)4 LED ¥ PDAIM S Al I
B, =o|= AA, A A, F2EAA 9 Ve 2
2EEZEIAS GAF R AT 7R Ao o
3k G 2] o] B 42291 ppb WA =g 4= 9l

St 7}283] 2] Al12W A28 2008 6



e - H2E -

o

™, o]2 g&3tste] 7kadd Apareel Pzt

o,

ot

2zl 2

B ATE AAAAR] dUA7EPAl Z2ago
2 AdHen o] =72 At A b A
o] AT AAYPUTHHFZAH S 2007-M-CC23-P-03-
1-000).

i
rat

nk=

[1] B-=7F2QBAZAL, “2007 7F2ARRL A7, (2008)

[2] Lseki, T., H. Tai and K. Kimura “A Portable Remote
Methane Sensor Using a Tunable Diode Laser”, Meas.
Sci. Technol., 11, 594-602, (2000)

[3] Gao, X., H. Fan, et al., “Natural Gas Pipeline Leak
Detector Based on NIR Diode Laser Absorption

KIGAS Vol. 12, No. 2, June, 2008

[10] Gel

_50_

]

%Ug/g : i‘]o'j‘]r—

Qb -

Spectroscopy”, Spectrochimica Acta Part A, 64, 133-
135, (2006)

[4] Park, G. T. and J. R. Kwon, “A Study on Development
of Detector of Gas Leak using Mid-infrared LED
sensors”, ITC-CSCC 2007, pp. 583-584, July (2007)

[5] Hecht, Optics 2nd Edition, Addison wesley Publishing
Company, Inc., (1987)

[6] http://www.ibsg-st-petersburg.com/

[7] Michael Evan Webber, “Diode Laser Measurement of
NH; and CO, for Combustion and Bioreactor Applica-
tions”, Degree of doctor, stanford university Jan.
(2001)

[8] KAIST, Development of IR and UV Detectors for
Tracking and Surveillance, Development of Mid and
Far Infrared Detector, (2004)

[9] Eplust Co., Ltd., Development of CO; Gas Analyzer
for Mushroom Cultivation, (2003)

B, 97 AS - A 2AE 2D

ZAIA TR, (2002)

=i

=

7}




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


