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HUK-Bnraromerpus

[Nocnennue roapl OTMEUEHBI CYIIECTBEHHBIM IIporpeccoM B cozaanuu nHdppakpacHsix (UK) ceero- u poronnozos,
paboTaronux Ipy KOMHATHOH TeMIepaType W NPUTrOJHBIX JJIsl IPUMEHEHHS B ONTHYECKUX aHAIN3aTopax, UCIIOJIb3YIOMINX
M3MEpEHHE MOTIOMeH:s BOMM3H (yHIAMEHTaIbHBIX T00oc MeTaHa v3 (3.3 Mkm) u ammuaxa (3 mxm) [']. ITpu stom
Onarozapst NCIOJIb30BaHHUIO CHIIBHO JITHPOBAHHBIX ITOUIOKEK apCeHMIA MHIMS yJaeTcs MOoJIydaTh KOHCTPYKUIMH «pimr-
YHID) CO CBOOOIHON OT KOHTAKTOB M3JIydarollel MOBEPXHOCTHIO, YTO CO3/AeT OJNAaronpHsTHHIC YCIOBHS JUISI ONTHYECKON
CTBIKOBKH TOCJIEIHEH ¢ UMMEPCHOHHBIMHU JINH3aMH, TTO3BOJISIONIMMH 3HAYUTENILHO YMEHBIINTD MTOTEPU HA OTpaXKEHHE U
CY3WTh JMarpaMMy HarpaBJIeHHOCTH M3IydICHUS.

Bona sBusiercs enBa MM HE CaMblM BaXXHBIM KOMIIOHEHTOM, KOHTPOJb 33 COJEPKAHHEM KOTOPOTO BaKeH B
MUILEBON JiepeBooOpadaThIBatOLIel, XUMUYECKOH U Ap. oTpacisix mnpombinuieHHoctH. B ®TU um. A.®. Nodde Obun
MPOBEICHBI HCCIEAOBAHUS, HANpaBICHHBIC HA CO3JaHHE JATYUKOB, M3MEPAIOIINX COJCPKAaHWE BOABI B €€ CMECAX C
yrieBonoponamu [2,’], 0aHaKo, He GUIO CIENAHO MOMBITOK CO3JAHUS JATYMKOB BJIAKHOCTH BO3IYyXa BOJNM3M OCHOBHOI
MIOJIOCHI MTOTJIOIIEHHS — 2.7 MKM.

B naHHOM mpoToKOiE€ MBI COOOIaeM O IPEABAPUTENBHBIX pe3yibTarax MO H3MEPEHHI0 BJIAXKHOCTH BO3ayXa C
HCIOJIb30BAHUEM UMMEPCHOHHBIX OINTOJJICKTPOHHBIX KOMIIOHCHT, pa60Ta101111/1x B6J'II/131/I OCHOBHO# T0JIOCHI TIOTJIOICHUA
MapoB BOJBI — 2.7 MKM.

CBero- 1 (OTOIUOAB! OBUTH MOJTyYeHBI, Kak omucano B [1] u matente PD # 2261501. JInomsl MOMOIHUTEIHHO
CoZiepKalli MMMEpPCHOHHBIE JIMH3BI JHaMeTpoM 3.3 MM, HM3rOTOBJEHHBIE M3 aHTHUMOHWAA KaaMus. CrekTpaibHble
XapaKTEepPUCTUKU [JHOMOB NpeICTaBiIeHB Ha Puc.l, W3 KOTOPOro BHAHO, W CIEKTPHl OHOAOB, M WX IPOHU3BEACHUE,
MIpeACTaBISIONIee COO0H CIEKTP «UyBCTBHTEIHLHOCTHY» OITONAPHI, MEPEKPHIBACTCS ¢ KOPOTKOBOJIHOBOW CTOPOHBI (A=2.6-
2.9 MKM) CO CHEKTPOM TOTJIOMIEHHS TAapOB BOABI, B3sTOro Hamu u3 6a3st HITRAN.

OKcnepruMeHTanbHasi yCTaHOBKa BKIIFOUAJIa ONTHYECKYIO KIOBETY CO CEpHUECKUM 3epKaioM M OKHOM M3 KBaplia,
cBeroauo 2.9 MKM B KOpIyce THIIA «BHHT», coeamHEHHBIH ¢ reneparopom MIRDOG-G (200 MA, 2 kI'm, 100 mkc),
¢doroauron 2.9 MKM B KOpITyce THIIAa «BUHT», COSMHEHHBIN ¢ npeaBaputelibHbiM ycunurenem MIRDOG-A, kak noka3aHo
Ha Puc.2. Beixoj ycusurens Obut mojcoenuneH k A/D  KoHBepTepy, CUTHAI KOTOPOTO BBOJIMIICS B KoMmbioTep. [ 'eneparop
BJIXHOTO  BO3AyXa ObUl  coOpaH Ha  OCHOBE  aKBapUyMHOTO  MHKPOKOMIpECcOopa,  MPOKauUBAIOLIETO
(«IpOBYIHLKUBAIOIIETO») BO3MYX YEPE3 BOLY, HAXOMAILYIOCS TIPH KOMHATHON Temmneparype (20°C).

Ha Puc 3 mpuBeseHa 3aBHCMMOCTb CHUTHaJIa Ha ()OTOJMONE OT BPEMEHHM, IMOKa3bIBaollas cieayromue (a3sl
9KCIIEpPUMEHTA:

1) xBa3ucTaOMIBHOE COCTOSTHHE TIPH OCTOSIHHOW IPOAYBKE BIaXKHOTO Bo3tyxa depes KioBety ( t=0-600 c).

2) pe3Koe yBeIWYeHHE BEJIMYMHBI CUTHAJIA TIPY 3aMELIEHNH B KIOBETE BJIAYKHOTO BO3/yXa Ooiee CyXHMH, B3SITBIM
13 aTMOc(epbl KOMHATHI, B KOTOPOH MPOBOAMINCH m3MepeHus ( t= 600-610 c)

3) mocTeneHHoe MaZieHNe CUI'HANA, BEI3BAHHOE IOTJIONIEHHEM MapaMH BOZbI IIPU ITOCTETIEHHOW 3aMEHE «CyXOro»
BO3/yXa CMECHI0, IOCTYMAlomeH 13 reHeparopa BiraxHocTH (t =610-1080 c).

4) moBTopenue Tex xe (a3, utonu B 1) 2) 3) (t =1080-1400 c).

Kak ciemyer W3 TOJIydEHHBIX pPE3yJIbTATOB, MMEIOTCA XOPOIIME MEPCIEKTHBBI Ul CO3JaHUSI ONTHYECKUX
aHATM3aTOPOB BIAKHOCTH Ha OCHOBE omromap 2.9 MxM. Cpean Ommkaimmx 3amad, KOTOpbIE HEOOXOAWMO DPEIINTH IS
CO3JIaHHd TaKHUX aHaJIMU3aTOPOB ABJIAIOTCA IMPOBEACHUC TeMnepaTypHoﬁ KOPPEKIHH BBIXOJHBIX CUTHAJOB C IMOMOLIbBIO
AQHAJMTHYECKUX BBIPAKEHUH M CTaOWIIM3alUsl CHTHAJIOB 32 CYET HWCIOJB30BaHHS PETYJIMPYEMOTO TEPMOOXIIAXKICHHS.
[Mocnennee Oynmer TakKe TIOJIE3HBIM JIIS YBEJIMUEHHST YYBCTBHUTEIBHOCTHM CEHCOpPAa M3-32 YBEJIMYCHUS] OTHOIICHHMS
CHTHAJI/IITYM OIITOIIAphI ¥ MONyYeHHUsS! OOJBLIETO MEPEKPHITUS CIEKTPa «IyBCTBUTEIBHOCTH» CO CIEKTPOM IIapoB BOABI 32
CUET C/IBUTa CIIEKTPAIBHBIX XapaKTEPUCTHK JJHO/I0B B KOPOTKOBOJIHOBYIO CTOPOHY IIPH HOHIKEHUH TEMITEPaTypHl.

OTMeTHM, YTO ONMCAHHBIN BBINIE JATYNK MOXKET OBITH NPUMEHEH /ISl H3MEPEHNUS BIaKHOCTH NMPHPOAHOTO Tasa,
HalpuMep B TpyOONpoOBOAax, HOCKOIBKY ra3 ( B OCHOBHOM , METaH) PO3payueH AJIs N3Ty4eHHS B 001aCTH 3 MKM.

St.Petersburg, February 20, 2006
Water vapor measurements

Recent years have seen extensive research of the mid-IR (2-5 pm) diodes and as a consequence robust resonant
cavity LEDs, optically pumped LEDs with structured surface, uncoated LEDs with flat surface and immersion lens LEDs
and have already approached the 1 mW output power range. The latter has an advantage of narrow (collimated beam) that
is convenient to use in optical instrumentation.

! Boris A. Matveev, Meyrhan Aydaraliev, Nonna V. Zotova, Sergey A. Karandashov, Natalia D. II’inskaya, Maxim A. Remennyi,
Nikolai M. Stus', Georgii N. Talalakin, «Flip-chip bonded InAsSbP and InGaAs LEDs and detectors for the 3 um Spectral Region” IEE
Proc.-Optoelectronics 2003, v.150, No 4, pp.356-359

2 B. A. Matveev, N.V.Zotova, S. A. Karandashev, M. A. Remennyi, N. M. Stus' and G.N.Talalakin “3.4 pm “Flip-chip” LEDs for Fiber
Optic Liquid Sensing” Proceedings of the 1-st International CONFERENCE on ADVANCED OPTOELECTRONICS and LASERS
(CAOL"2003), September 16-20, 2003 Alushta, Crimea, Ukraine v.2, pp138-140

 B.A. Matveev, G.A. Gavrilov, V.V. Evstropov, N.V. Zotova, S.A. Karandashov, G.Yu. Sotnikova, N.M. Stus', G.N. Talalakin and J.
Malinen, "Mid-infrared (3-5 um) LEDs as sources for gas and liquid sensors", Sensors and Actuators, B 38-39, (1997) 339-343
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As water is one of the major substances on Earth the moisture measurements are important in many areas
including food industry, agriculture, weather prediction etc.. Previously loffe Physico-Technical Institute RAS
(St.Petersburg, Russia) briefly described possibilities that arise from the use of mid-IR LED emitting around A=3 pum for
optical determination of water in oil [1] and hydrocarbons dissolved in water [1].

Here we show preliminary results obtained at loffe Institute during the period of 17 — 21 February , 2006 on the
studies of H,0 vapor sensing using 2.9 um diode optopair.

The analyzer prototype utilized PD and LED fabricated from InAsSbP based heterostructures with the design
covered by Russian patent # 2261501; the diodes were equipped with 3.5 mm wide immersion lenses limiting the FWHM
of the far field pattern to about 20-30 deg. Fig.1 demonstrates PD and LED spectra as well as the product of the above. The
latter has a meaning of spectral sensitivity of the pair. Fig.1 shows also the relative absorption spectrum of the water vapor
derived from the HITRAN database. As seen from Fig.1 there is overlapping of the vapor absorption and pair sensitivity in
the shortwave region (2.6-2.9 um).

The experimental set up for H,0 sensing consisted of a chamber with quartz widow and spherical mirror placed
inside the cell so that the optical path inside the cell was about 10 cm as shown in Fig.2. 2.9 um LED and PD were mounted
outside the cell so that the total optical path was around 14 cm. The MIRDOG pulse generator produced current pulses of
200 mA (100 us) with a repetition rate of 2 kHz. The PD was connected with MIRDOG preamplifier whose output was
converted into the digital code directed to the PC.

Water vapor was generated in the closed chamber by air flux going through the water at 20°C.

Fig.3 presents PD amplified signal vs time at several humidity conditions inside the chamber: 1) wet air at
constant air flow through the chamber (0-600s). 2) “dry” air obtained when the cell was disconnected from the chamber and
when a flow of dry air through the cell was initiated ( 600-610) s 3) gradual increase of the humidity obtained when wet air
flow was started through the cell (610-1080 s) 4) the same consequence as in 2) and 3) (1080-1400 s).

As seen from the presented materials there is already a possibility to use the 2.9 um diode optopair signal to
monitor humidity in air. Future analyzer construction will possibly include reference signals and additional detector/LED as
well as thermoelectric cooler (TEC) to stabilize the sensor temperature. Additional advantage of the TEC use is the shift the
spectral characteristics towards short wavelengths which will give some benefits in terms of better sensitivity due to better
spectral overlapping of the pair and vapor spectra.

Due to fast response of the sensor it can be used for determination of moisture in high speed fluxes e.g. in methane
gas traveling in the pipes.
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