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CBETOAWO/ADI
CPEAHEBOJIHOBOIO
UK-AWANMA30HA HA OCHOBE
FETEPOCTPYKTYP A3B®

B TrA30OAHANIUTUYECKOM
NMPUBOPOCTPOEHUMN.
BO3MOXHOCTH

W NMPUMEHEHUA

B. Mameees, 0.¢.-m.H., bmat@iropt3.ioffe.ru,
dusuko-mexnudeckuild uncmumym um, A, Hodde
PAH, Cankm-Ilemepbype2

MpeacTaBneHa UCTOPUA OTEYECTBEHHbIX paboT

no CO3AaHUI0 ra3oaHanu3aTopoB HA OCHOBE
$POTOHHBIX UCTOYHUKOB U MPUEMHWUKOB U3/TY4EHUA.
OxBaueHbl paboTbl M0 U3Y4HEHUIO BO3MOXHOCTEN
CBETOAUOAOB CPEAHEBO/IHOBOMO AManasoHa
cnekTpa (3-5 MKM) Ha OCHOBE reTepoCTpPYKTYp

A3B®, npoegumbie B PTU um.A.®.Uodde PAH.
PaccMOTpeHHbIe UCCIef0BaHUA CBA3AHbI C PAa3BUTUEM
HOBbIX MNOAXOA0B B KOHCTPYUPOBaHUM TaKUX
CBETOAUOAO0B U C UX creynduyeckMMmn CBOMCTBAMM,
WUCMOMb3YEMbIMU B CUCTEMAX KOJTUHECTBEHHOTO

M Ka4YecTBEHHOr0 aHanM3a ra3oBbiX CMECeN.

YHKI[MOHAJIbHbIe BO3MOXHOCTH Iipubo-

POB TIOCTOSIHHO PacCIIMPSIOTCH, YTO CBSI-

3aHO C HEIpPepelBHBIM IPOLIECCOM COBep-
[IEHCTBOBAHHSA paHee CO3/laHHBIX 3JIEKTPOHHBIX
KOMIIOHEHTOB M PpOXJeHHeM HOBBIX. [JaBHBIM
ofpa3om, 3TO KacaeTcsi KOMIIOHEHTOB HAa OCHOBE
MMo/ynpoBoAHHUKOB., CpeaH HHX Ba)XHOe MecCTO
3aHKMMAIT OITO3IeKTPOHHbIe [JHUOJAHBIE I[apbl -
HCTOUHHK-TIPHeMHHUK (omTomapsl), paborar-
uiyMe B [epBOM OKHEe MPO3pavyHOCTH aTmMocdepsl
(3-5 mkMm). B 3TOM [Malla3oHe CIeKTpPa HaXOAATCA
TaKXe XapaKTepUCTUYECKHE T0M0CH MOTIOLIeHH s
MHOTMX [TPOMbIIIJIEHHBIX K TTPUPOAHBIX ra3os (CH,,
CO, CO, 1 HeKoTOphIX APYrux). Panee B o630pe (1]
yxke b6bina ocsenleHa posib PU3IUKO-TEXHUHYECKOrO
UHCTUTYTa UM.A.®.Modde B co3ganuu cBeTOgHOIA
(CHI) KaK K/IIOYeBOH COCTaB/AIONIEHA TaKOH OIITO-
napel. OgHako Ta pabora 6eis1a KpaliHe TaKOHHYHA
M He 0XBaThIBa/1a BCeX aCMeKTOB paCCMaTPHBAeMOro

80 WPOTOHMUKA N2G/48/2014

LIGHT EMITTING DIODES WITH
MEDIUM-WAVE IR BAND BASED
ON HETEROSTRUCTURES A3B’
IN GAS-ANALYSIS INSTRUMENT
ENGINEERING.

CAPABILITIES AND
APPLICATIONS

B. Matveev, Doctor of Physical and Mathematical
Sciences,

bmat@iropt3.ioffe.ru,

Ioffe Physical-Technical Institute of the Russian
Academy of Sciences, Saint Petersburg

The history of national works on the creation of gas
analyzers based on photon sources and detectors

of radiation is set forth in retrospect. Studies
concerning the capabilities of light emitting diodes
with medium-wave spectrum band (3-5 pm) based on
heterostructures A3B>, which were carried out in loffe
Physical-Technical Institute of the Russian Academy
of Sciences, are covered in the article. Studies are
connected with the development of new approaches
in the design of such light emitting diodes and

their specific properties used in the systems of
quantitative and qualitative analysis of gas mixtures.

constantly expanded and it is connected with

the continuous process of improvement of the
electron components which were designed earlier
and generation of new components. For the most
part, it applies to the semiconductor components.
Optoelectron pairs have significant role among
them: source-detector or optocouplers operating
in the first atmospheric transparency window
(3-5 pm). Characteristic bands of the absorption of
many industrial and natural gases (CH,, CO, CO,
and several other gases) are located in this spectrum
range. The role of Ioffe Physical-Technical Institute in
the creation of key component of such optocoupler -
light emitting diode (LED) has been covered earlier
in the review [1]. However, that work was laconic and
did not cover all aspects of the considered subject
matter. In particular, such important peculiarity of
the medium-wave IR emitters as their capability to

Functional capabilities of the devices are



||||||||fI]II|||||[I|||H||||I||||[I|||||||||||I||||IJ|||li||||i||||l|||I||||I1||||||ll

SRR e

FEEEEEEEEEr et ettt e et e et e et et e e e e e et e e e b e e e et e e el

Bompoca. B wacTHOCTH, He OBUIM YIIOMSIHYTHI
TaKkue BaXXHble 0COOeHHOCTH CpeJHEeBOTHOBBIX
HK-u3nydaTtened, KakK HX CIOCOBHOCTh reHepupo-
BaTh OTPMULIATE/IbHYIO TIOMUHeCLeHIHI0. He Gbinu
TaK3Ke OCBeLIeHBI BONPOCHl NPUMEHEHHU S MoA06H bIX
C/l B razoaHaJIMTHYeCKOH amnrmapaType, IMOCTPOeH-
HOM Ha MCIOJIb30BAHUM Pe3y/NbTaTOB M3MEpPeHHH
ocnabnenuss U3nydeHUs TPH ero MPOXOKAEHHH
yepe3 aHa/IU3UPYyeMYIO ra3oByl cmech. B npeaa-
raeMoM CTaThe C/e/laHa MOIbITKA BOCIIOJIHHUTh 3TOT
rnpoben, OCBeTHTR CMocoOb MOBbLILIEHHS 3Qdex-
TUBHOCTH paborel ontonap - CA-poTonpueMHHK.
PaccMoTpeHbl TaKKe KOHCTPYKIHH ra3oaHalu3a-
TopoB (FA), mpeanokeHHble YYeHbBIMH HHCTHUTYTa
B pa3HBle rofibl M peanr30BaHHbIe 3aTeéM B MpPO-
MBIIIIEHHBIX ['A.

PaboTbl MO0 M3YyHEHHUIO BO3MOXHOCTEH HCIIO/b-
josanua CJl cpepHeBonHosoro HK-auamasona
(3-5 mxM) B ['A, OCHOBAHHBIX Ha WU3MEPEHHUH TIPO-
3payHOCTH BO3/lyXa Ha BBIJIEJIEHHBIX HIHHAX
BONMH, OBIIM HayaThl [0 MHHULHATHUBe rpodeccopa
II.H.Hacnenosa [2]. OHM cTanu eCTeCTBEHHBIM npo-
AomkeHHeM paboT Mo CHHTe3WPOBAHMIO U HCCIle-
[OBAHUIO y3KO30HHBIX coeguMHeHun InSb u InAs
B co3ganHou uM B 1951 rony B ®TH um.A.®.Hodde
nabopaTopHM 3MeKTPOHHBIX I[0/YIIPOBOJHUKOB,
K momeHTy Hauana "cBeTopuonHbIX" paboT coemu-
HeHHUs A’B® yxe 3apekoMeH/10Baau cebs B KavecTse
MaTepHasa, MCIOJAb3YeMOro /sl TOMyTIPOBOAHU-
KOBBIX J/1a3epoB. ba3oBelll BKJIaA B HX CO3JaHHe
BHecnun paborel coTpyaHuko ®TH, KonnekTHUB
koToporo B 1964 romy 6bin1 oTMeudeH JIeHHMHCKOH
npeMuer. PaborTel 6blnM MOCBSLIEHBl H3YUeHHIO
pekomﬁﬁHauHOHHOI‘O usnydenus B GaAs. Orcoga
M XapakKkTepHble [/l TOr0O BPEMEHH Ha3BaAHMA
ra3eTHbIX CTaTeM, MOCBSIIEHHBIX IHOJHBIM Ja3e-
pam: "Tunepbomouan” npopeccopa Hacneposa” (3],
“llyd u3 ckasku” [4].

PazeuTHe pabor mo pa3zpaboTke cpegHEBOIHO-
Boix CJl 6buUIO0 mopfepkaHO U AKaJeMHeH Hayk,
M OTpac/ieBbHIMH OpPraHHM3allHsAMH. YXKe B arnpeie
1972 ropma 3a omnepaTuBHOe pelleHHe Mpobaemsl
CO3JaHHS TIepPBhIX 06pa3u,03 Cl, u3nydamwiux Ha
I7AuHe BOMHBL 4,2 MKM H paboTalomMux MpPH KOM-
HAaTHOW TemIlepaType, a TakXe 3a obocHoBaHHe
HOBOTO TIePCIeKTUBHOIO HAMpaB/IeHUH B CO3/la-
HHH aHa/lM3aToOpoB rasos gupexktop ®TH akape-
MUK B.M.TyukeBuu monyuun OnarogapcTBeHHOE
MHUCbMO 3a I[IOAIHKCHI PYKOBOJHTeNA TIpeAlpHs-
THs 1/g P-6900 I''H.KupukoBa. BaXHOCTb 3TOro
cobriTHA OblZIa CTONbL BeJIMKa, YTO 3a IEPBEHCTBO
B ucrionbs3oBaHWM Takux CJ/l Ha HOPHIAHYECKOM
rone 6oponucsy U PTH, u Ocoboe Kb TexHHHeCKOH

OPTOELECTRONIC DEVICES
kg1 g

Puc.1. baok cxema A ¢ koppekuuel cuzHanos gomonpu-
emMHUKo8: 1 - "usmepumenbHbill” CA; 2~ "KanubposoyHbLl"
CA; 3 - "usmepumenbHbiil” pomonpuemHuK; 4 — onopHblL
domonpuemHuk; 5 - 6aok obpabomku cuzHanos, 6 — Kioeema
C aHaAU3UpyembiM (N02A0LAKLLUM U3AYHEHUE) BELLECMBOM;
7 ~00n0AHUMenbHbIL cBemoduodHbll U3Ay4amens

Fig. 1. Flow chart of GA with correction of photodetector
signals: - "measuring” LED; 2 - "calibrating” LED;
3-"measuring” photodetector, 4 — bearing photodetector,

5 - unit for signal processing, 6 - cell with analyzed (radiation
absorbing) material, 7 - additional light emitter

generate negative luminescence was not mentioned.
Also, the issues of application of similar LEDs in
gas-analysis equipment designed on the basis of
the results of radiation attenuation measurement
upon radiation propagation through the analyzed
gas mixture were not covered. Attempt to fill up this
gap, cover the methods of performance enhancement
of the optocouplers - LED-photodetector is made in
the article. Also, the constructions of gas analyzers
(GA) suggested by the institute scientists in different
periods and afterwards, which were implemented in
industrial GAs, are considered.

Works concerning the study of capabilities of use
of the LED with medium-wave IR band (3-5 pm) in
GAs based on the measurement of air transparency
on designated wavelengths were commenced at
the initiative of Professor Nasledov D.N. [2]. They
became natural continuation of the works relared
to the synthesizing and research of narrow-band
compounds InSb and InAs in the Laboratory of
Electron Semiconductors organized in loffe Physical-
Technical Institute (PTI) in 1951. By the moment of
commencement of "light emitting diode" works, the
compounds A’B° have proved to be good material
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kubepneruku JITTKA [5]. MHorue cotpyanuku ®TH
ObI/IM 3aHSATH UCC/IeOBAHHUAMU METOA0B OTITHMH-
3al iU KOHCTpYKUHHK A, OCHOBHAasl TPYAHOCTD CO3-
nanus A cTasa MOHSATHOM C CAaMOro Havaja pabor -
TemIepaTypHasi HecTabuibHOCTh MHTEHCHBHOCTH
CJl na ¢oHe HebBOMBIIMX M3IMEHEHHH I[10/1€3HOTO
curHana. [loaTomy yske ofilHa HX CaMBIX [EPBBIX
KOHCTpYKUMH "cBeTomuoAHBIX" A (6e3 MexaHu-
YeCcKOoro TpepeiBaTesisi [OTOKOB M3JIyHeHHs) mpes-
ycMaTpuBajia /Il KOPPeKTHPOBKH TeMIeparyp-
HOM HecTabHJIPHOCTH Ha/lM4He OMOPHOro KaHamna
B BUIe cBeTOBOA [6].

U Bce ke paboThl IO HOBOMY, KaK Terepb MpH-
HATO TOBOPHUTh MHHOBAallHOHHOMY, HaTllpaB/IeHHIO
MPOABUIANIUCH HEJOCTAaTOYHO ObICcTpO. OnHOH
M3 MPUYMH CTAaJ0 TO, HYTO MPe//IOoKeHHble BapH-
AHTBI KOHCTPYKIHH CJI OBITM OCHOBAHBI HAa MCII0/1b-
30BaHWH "00BeMHBIX' MAaTepuasioB - apceHHIa
uHAus (aas gnuH BonH 3,8-4,2 MkM) [5] u TBepgoro
pacTBopa InGa, As, (x<0,06) (A=3,3-3,7 Mmxm) [7, 8]).
[ToaToMy OoHM He obysajlany MHOTHMH IPEeUMY-
LIeCTBAMM TeTepoCTPYKTYP, TAKHMH KaK KOHTPO-
nupyeMoe 37eKTPHYECKOe orpaHuveHHe obnacTH
pexoMOHMHALIMM HMHXKeKTHPOBAHHBIX HOCHUTE/IEH
3aps/ia, BBIBOJ PeKOMOMHAIIMOHHOIO H3JIy4YeHHs
yepe3 MHPOKO30HHbBIE [0JYIPOBOAHHKOBbIE C/I0H
("oxna"). Kpome 3TOro, KBaHTOBBIH BbIXOJ B KOM-
MeHCHPOBAHHOM apCeHH/ie WHAHs, MPeloXkeH"
HoM B pabore [5] B KayecTBe aKTHBHOM obnacTu
QUL TIONy4YeHUs H3/ly4YeHHs Ha JU/IHHe BOJHBI
4,2 mkm, 61 KpaviHe HH30K. [losTomMy BrHoJiHE
3aKOHOMEpPHO, 4TO BTOpPOE /iblXaHHWe B Pa3BUTHH
UCC/IeJ0BaHMM TOSABUIOCH JTHIIb T10C/IE OCBOEHMSA
3MMUTAKCHANTBHON TEXHOJOTHHU POCTa reTepoCTpPyK-
Typ Ha OCHOBe apceHuia MHAWA. Ee 1ol pyko-
BoACTBOM Ipodeccopa A.A.PoravyeBa pa3BdBalu
B n1ab0opaTOpHUH 3NMEKTPOHHbBIX MOJYTPOBOJHHUKOE
H.M.Ctych 1 TIH.Tananakusn [9] B coTpyaHuqe-
cTBe ¢ H.B.30ToBOM. J/IMmb 4epes MsTh JIET yAANOCh
BOBHUTbCS CylIeCTBEHHOTO YIy4dlleHHs Xapakre-
pucTuk C/l. PesynbTaTy npejuiecTBoBanu paboTsl,
MPOBOJAMMbIE B paMKax A0JITOCPOYHOr0 X03[0ro-
Bopa 1o TeMe "HcciegoBaHMs BO3MOXHOCTH CO3/a-
HHS$ ra30aHa/iM3aTopa Ha OCHOBE TBEPAOTE/TbHOTO
MCTOYHHKA HM3Ny4eHUs', 3aK/II0YEeHHOro MexJy
MuHHCcTepcTBOM npubopocTpoeHus, CPeJICTB ABTO-
Martu3auMud M cucTem ynpasneHus (BHHUHAIL,
Kues) 1 ®TH. CoTpysHH4YECTBO M [I0rOBOpHasd
pabora ®TH c opranM3alMsaIMH Ha YKparHe 110 pas-
paborke CJl u ['A mpogonsxanuce ¢ 1978 o 1992 roza.
B 1983 rozy 6binM BIlepBble CO3/IaHBl HEOX/Ia’K[a-
emble CJI Ha OCHOBE HOBOIO TBEpAOro pacTBOpa
InAsSb(P), paboTatouime Ha AJHHaX BoaH bonee 4,3
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Puc.2. Cxema cpedHesonHos0z0 C/] Ha 0CHOBE NoAYNposo-
dHukos I11-V [26]: 1- konmakmHbli caoll p-muna, 2 - caol
n-muna, 3 - c8emoabIsodNUAn NOBEPXHOCMb NOJADKKL
n-muna, 4 - kamod, 5 — KOHMakm K kamody Ha KOHMAKMHoli
naame, 6- KOHMAkKMHAs NAAMA HA OCHOBE Si, 7 — KOHMAakmel
Kk kamody, 8 -aHod, 9 - KOHMAaKm K aHody Ha Si naame,

10 - koHmakm k anody, 11— AuH3a u3 Si 8 popme noay-
cepol Beelipiumpacca., 12 - 3nokcudHas cmoaa, 13 = Kopnyc
C/1. Onmuuecku eo36ydaembill CA: 3 - GaAs, 13 - kopnyc
TO-39, 14, 15 - onmuyeckue kaeu, 16 — naacmuHa u3 InSb
(uau unotl "docop”, hv,> hv,). Inekmpuyecku 8o36yxdae-
mblll CA: 1-p - InAsSbP, 2 - n-InAs(Sb), 3- n + — InAs, 13- kop-
nyc 8 8ude sunma, 14,15, 16 - onmuveckue kneu (hv,= hv,)
Fig. 2. Scheme of medium-wave LED based on semiconductors
1=V [25]: 1 - contact layer of p-type, 2 - layer of n-type,

3 - light output surface of base layer of n-type, 4 - cathode,
5 - connection terminal for cathade on contact plate,

6 - contact plate based on Si, 7 - connection terminals for
cathode, 8 - anode, 9 - connection terminal for anode on Si
plate, 10 - connection terminal for anode, 11 - Si lens in the
form of Weierstrass hemisphere, 12 — epoxy resin, 13- LED
frame. Optically excited LED: 3 = GaAs, 13 - body TO-39, 14,
15 - optical adhesives, 16 - InSb (or other "phosphor’, hv, >
hv,) plate. Electrically excited LED: 1-p - InAsSbP, 2 - n-InAs
(Sb), 3-n+-1InAs, 13 - frame in the form of propeller, 14, 15,
16 - optical adhesives (hv,= hv,)

which can be used for semiconductor lasers.
Fundamental contribution to their design was made
by the works of PTI; this team was awarded to
the Lenin Prize in 1964. Works were devoted to the
study of recombination radiation in GaAs. Thus, the
headings which were typical for that time were given
to the articles devoted to the GaAs-based lasers:
"Hyperboloids’ of Professor Nasledov" [3], "Beam from
Fairy-Tale" [4].

Expansion of works connected with the
development of medium-wave LEDs was supported by
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MKMm [10]. Tlomumo 3toro, H C/l Ha ocHoBe InGaAs,
yXe CTaBmIHe "TPajULHOHHBIMH", OTHBIHE CTaaH
BBIIIYCKATbCSi B TeTepO3NMUTAKCHATBHOM HCIIOIHE-
HUHU. Hapsioy € 3THM 3aMeTHM, YTO 3[UTAKCHAb
Hasg TeXHOJOrWs H3MEeHH/A TMpeJCTaBleHHEe H O
"MpaBHIBHON" AJHHE BOJIHbI MaKCHMyMa H3/yye-
Hug CJl U3 apceHHa HHAHS — OTHbIHE 3TOT MakK-
CMMyM [/l He/lerHpOBaHHOH aKTHUBHON obnactu
u3 InAs Haxoaurca B obnactu 3,3-3,4 mxm (300K),
COOTBETCTBYIOIIEH €ero 3HepreTHYeckoMy 3a3opy
[11].

B oTiMYMe OT MpeXHero TeXHH4YeCcKoro pelie-
Husg (5], mpennonarasuiero Asi GOpMHPOBAHUS
HaﬂpaBﬂEHHOFO ﬂyqxa H3JIyUeHH HPHMEHﬂTb
pednextopel, A.A.PoradeB Ipeiioxu/ MUCIONb30-
BaTh OJIHO M3 3aMedaTenbHBIX CBOMCTB Cll - HX
BBICOKYO SIPKOCTb. Ha cerogHsAmHUMN IeHb JOCTHUI-
HyTas SIPKOCTb ISl JIYUIIMX CPeJHEeBOJHOBbIX
obpa3snoB CJl 3KBHBajJeHTHA SIPKOCTH abCONMIOTHO
yepHOro Teja, Harperoro go 1250 K [11]. KmeHHO
SPKOCTh, a He WHTerpajbHasi MOLIHOCTb M3J/lyHe-
HHsI, CTajza KJIIOYEeBHIM CBOHMCTBOM, TIO3BOJHB-
HIUM CO3/1aTh MaKeT BbICOKOUYBCTBHTE/IbHOIO
dHA/TH34TOpPd MeTdHd4d C OTHOCHTEJIBHO MAJIBIMH
rabaputamu. bnaromaps HebGonbLUIMM pasmepam
usnyvatomen obnactu CJll, ero HCI0Jb30BaIH

] 17-19 mapra
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the Academy of Sciences and industry organizations.
In April 1972 Tuchkevich V.M., Academician, Director
of PTI, received” recognition letter for the operative
solution of the issue connected with the design of
the first samples of LEDs emitting on the wavelength
of 4.2 pm and operating at room temperature, and
for the justification of new prospective area in the
creation of gas analyzers of the year. Significance
of this event was so great that PTI and Special
Design Engineering Bureau of Technical Cybernetics
of Leningrad Polytechnic Institute (LPI) were in
contention for the first place in the area of use of such
LEDs in the legal field [5]. Many PTI employees were
involved in the study of methods of GA structural
optimization. The main challenge in GA design
became clear from the moment when the works
were commenced - temperature instability of LED
intensity against the background of insignificant
changes of desired signal. Therefore, one of the first
constructions of "light emitting diode" CAs (without
mechanical chopper of radiation flux) provided the
presence of reference channel [6] in the form of light
guide for the correction of temperature instability.
But still, works connected with the new, or as
it is commonly accepted to say, innovative trend
expanded with insufficient speed. One of the reasons
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[T
]

[Tl

B JMCIEpPrupyollen OrnTHYeCKOH cxeMme co cde-
PUUYECKHM 3epKaJioM C IJIOCKOH AH(pPaKIMOHHOH
pemerkor. CreKkTpajbHOe pa3pelieHHue CXeMBl
bbi10 He Xxyxe 0,02 MKM, 4YTO OKa3aJloCh J0CTa-
TOYHBIM [JIsl H3MepeHHUs MponyckaHus B obna-
CTW OCHOBHOW NHHHUH IOIJIOIIeHHs MeTaHa (3,32-
3,34 MmrMm)., Hsroroenennsit makeT [A (rabapuThsl
350x150x200 MmM) ¢ GOTOCONPOTHBIEHHEM
u3 PbSe B kauectBe ¢doronpuemMHuka u CJl Ha
ocuoBe p-InGaAs/n-InGaAs/n-InAs obecneuuBan
obHapyXKeHHe MeTaHa C Ipe/le/IbHOM KOHIIeHTpa-
LKen B razoBo cmecu - 0,002 06. mon.% [12].

KoHCcTpyKLHs, npeanokenHas A.A.PoravesbiMm,
MO/yYH/IA JajibHeree Pa3sBUTHE H B MHOTOKOMIIO-
HEHTHBIX aHanus3aTtopax. OHa I03BOs/Ia HCCAeN0-
BaTh M U3MePATh CIIEKTPhI TPOTIYCKAHHW S TA30B IMPH
9/IeKTPOHHOM CKaHHPOBAaHUH CIIEKTPOB C [1OMO-
LB MOHOJAHTHBIX AHHeeKk CJ [13], a TakKe H3Me-
pPSATh KOHII@HTPALIHH a30B B LIMPOKOM CIIeKTpasib-
HOM JHalla3’oHe I1PH HMCIO0JIb30BAHHUH KOMIIJIEKTA
auckpetHeiXx CJI ¥ BOrHYTOM OHQPPaKLHOHHOM
pemeTkH [14].

Pa3pan oTpacieBoM HaykKH, II0C/TIeI0BaB-
mui 3a paspanom CCCP, He M0O3BOJIMUJ KOJIJIEK-
TUBY aBTOPOB U 3asiBUTeNI0 u3obperenus [(14] nmpo-
HOOJNKHUTh pa60TbI H OOBeCTH OIIBITHBIE 06pa31_1b1
A0 TIPOMBILIJIEHHOro BbiMycka. OmHako paboThl
B ®TH He mpekpamanauch, B TOM uuHciae 6naro-
[1apsi KOHTAaKTaMm ¢ 3apybexkHBIMH ClleliHalirucTaMH
[15, 16]. CorpyanuuectBo ®TH u TeXHHYECKOro
HUccnepoBatensckoro Ilentpa ®uuasuauu (VIT)
no3gonuao paspaboraTe M cO3maTb MHHHATIOP-
HBIHF CBETOAHOMHBIE ClIeKTpomeTp. Ilpu rabapuTax,
611M3KMX K pa3Mepam crH4yeuyHoro kopobka, ero
OTITHYECKOe paspellleHHe B 0671aCTH 3 MKM B KaK-
OOM M3 CeMH HM3MEpHUTe/IbHbIX KaHaJIOB COCTaB-
nsin0 60 HM [15]. 3To GBIZIO AOCTATOYHBIM YC/IOBUEM
O7Is. OpoBefeHHs KadeCTBEHHOro aHalu3a CI0XK-
HBIX CMeceM BellecTB. [IpEMep TaKOro Ka4eCcTBeH-
HOTO aHa/jaK3a, OCHOBAHHOIO Ha HHIHBUYalbHbIX
0cobeHHOCTSIX CTeKTPOBR MOT/OLIEHHA Pa3/IMYHbIX
yI71€BOAOPOLOB, MOXHO HaWTH B [16]. -

B 1994 roxy 6eina mpejasiokeHa OJHA M3 CaMbIX
yOAUYHBIX KOHCTPYKL MK HeJHCIIePCHOHHBIX HHPPa-
kpacusix (NDIR) TA [17], BriocnencTBUH ee HCIO0/b-
30Ba/lM B CBOMX CepuiHbIX npubopax PHUH
"InekTponcranpapt” [18, 19], OO0 "Imu" u ux
JovepHHe KoMMaHuU. Ha puc.l npusesena 61ok-
cXema OJHOT0 M3 MpesoKeHHBIX B [17] BApHAHTOB:
[Py NMooYepeIHOM BKIOYEHHH CBETOAMOMAOB 1 U 2
bopMHpyeTCs CUCTeMa M3 4YeThlpex CHrHasioB (mo
JlBa OJJHOBPEMeHHBIX CHTHa/Ia C KaXkKJ0ro poTonpH-
eMHHKa 3 1 4). [Ipu 3TOM H3nyueHue ogHoro u3 CJI
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consisted in the fact that suggested variants of the
LED constructions were based on the use of "bulk"
materials - indium arsenide (for wavelengths of
3.8-4.2 pm) [5] and solid solution InGa, As, (x<0.006)
(A=3.3-3.7 um) [7, 8]). Therefore, they did not have
many advantages of the heterostructures, which are
similar to such advantages as controlled electrical
constraint of recombination region of injected charge
carriers, recombination radiation coupling through
wide-band gap semiconductor layers (“windows").
Besides, quantum yield in the compensated indium
arsenide suggested in the capacity of active region
for the obtainment of radiation on the wavelength
of 4.2 pm in [6] was extremely low. That is why,
it is not surprising that development of studies
found new lease of life only after the assimilation
of epitaxial technology of structures growth on the
basis of indium arsenide. It was developed under
the supervision of Professor RogachevA.A. in
the Laboratory of Electron Semiconductors by the
employees Stus N.M. and Talalakin G.N. [9]. Only
after five years they managed to improve LED
characteristics considerably. Works carried out
within the framework of long-term commercial
agreement with the title "Research of Capabilities
of Gas Analyzer Design on the Basis of Solid-State
Radiation Source"” concluded between the Ministry
of Instrument-Making, Automation Facilities and
Control Systems (All-Union Research Institute of
Analytical Instrument Engineering, Kiev) and PTI
preceded to the result. In 1983 uncooled LEDs based on
the new solid solution InAsSb (P), which functioned
on the wavelengths of more than 4.3 pm [10], were
designed for the first time. In addition, InGaAs-
based LEDs, which have become "traditional” already,
also obtained hetero-epitaxial form. Also, it should
be noted that epitaxial technology changed the
concept of the "correct” wavelength of maximum LED
radiation from indium arsenide - henceforth this
maximum for undoped active regions from InAs was
located in the region 3.3-3.4 pm (300 K) corresponding
to its energy gap [11].

As opposed to the former technical solution
(5], which suggested the application of reflectors
for the formation of directed radiation beam,
A.A.Rogachev offered to use one wonderful property
of LEDs - their high brightness. As of today, the
brightness achieved for the best samples of LEDs is
equivalent to the brightness of the absolute black

Cooperation and contractual work of PTI with Ukrainian
organizations on the development of LED and GA continued up
to 1992.
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(3to "kanubposounsip” CJl - 2) He npoxoauT uepe3 || body heated up to 1250 K [11]. Specifically brightness,

KoBety. [ns takoro [A cymecTByeT "MHBapuaHT- || but not integrated radiation power, became the
HBlA" napamerp A, cocrosmui u3 KombuHauum || key property which made it possible to create the
yeThipex CHTHA/NOB ¢ GOTOmpHeMHHUKOB - S, rae || prototype of high-sensitive methane analyzer with
BepXHHE HHIEeKChl - HoMepa ucTodHuKoB (i=1,2) , a || relatively small dimensions. Due to the small area
HHUKHHE MHJIEKChl — HOMepa nmpHeMHHKoB u3nyde- || of LED emission region, it was placed into the
Hus (k=3, 4). dispersive optical scheme with spherical mirror and
plane diffraction grating. The spectral resolution
of used grating was not worse than 0.02 pm and
it turned out to be enough for the transmission
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3HayeHUe MapaMeTpa  3aBHCHT  JIHIb
oT creneHu ocnabnenus uianydenus CJl 3a cuet
ero IOIJIONeHMS aHaTU3HUPYEeMBbIM BeleCTBOM
(raszom), moMemeHHBIM B KioBeTy. [103TOMY BbIYHC-
nseMoe MHUKPOIIPOLIeCCOPOM 3HaueHHe MapaMerpa
A He 3aBHCHUT HH OT HM3MEHEHHS HHAMBHUAYa/b-
HBIX CBOHCTB QOTONPHEMHHKOB, HU OT U3MEHEeHH st
cgoricTe CJl. M3BeCcTHO, YTO H3MEHEHUS CBOMCTB
C/l IposABAAIOTCS, HAllpUMEpP, TIPH U3MEHEHHH UX
coGCTBEHHOM TeMIlepaTypsl IOJ AeUCTBUEM TeM-
mepaTypsl oKpyKaromen cpeasl. [TogobHas cxema
U crnocob obpaboTku curHasa MPUBOALT K MOMY-
YeHHI0 M3MEPHUTEeNbHBIX AAaHHBIX, cn1abo moaBsep-
KEHBIX BIHAHHIO TeMIlepaTypHBIX H3MeHEeHHH
napameTtpos C/l 1 poTorpHeMHHKOB. TaKOH METO/A
H3MepeHHH MoxeT ObITh pPacrnpocTpaHeH MU HA
cxeMmy ¢ BOIBIIMM YHCIOM 3JIEMEHTOB, HalpUMep
(cm. puc.l) mns aByx usmeputensHeix CA (1, 7)
1 ofgHoro "KanubposouHoro” CJ (5).

B psge cnydaeB, HalpuMep B OTCYTCTBHE Tpe-
60BaHHI BHICOKOH TOUHOCTH M3MepeHHH ['A u/unu
IIpU BO3MOKHOCTH TPOBeJeHH s Ka/THOPOBKH HY/Is
OoTCYeTa HEeNOCPeACTBEeHHO Iepej H3MepPeHHSIMH
"kanubpoBounbii” CJl MOKeT 6BITH M BOBCE OIyLIeH
(Ha puc.1 3TO 3KBUBAJIEHTHO OTCYTCTBHIO MO3HLIUH
2 u 7). Takas onTu4eckas cxema BK/IKUaeT B cebs,
HamnpuMep, NTHLIb ABa poTonpHeMHHKA, onuH CJl
U cpepuyeckoe 3epkajo [16]. Cxema Bpina peanuso-
BaHa B mopTaTHBHBIX ['A yrnekucioro raza FTHAM-
302, co3paHHBIX Ha ocHoBe CJl, H3/MydawIero Ha
onvHe BOJHB 4,2 MKM, U QOTOIpHEMHHKA Ha
ocHoBe PbSe (A Bnimyckano mpenmnpusarue HIIO
"Ananutnpubop”, CMONeHCK).

CrieflylOIIMH Ba’KHBIM 3Tal B pa3sBuTHH ['A Ha
ocHoBe CJ| OBl BBI3BaH Ha4dajaoM MCIIO/Ib30BaHHS
MMMEPCHOHHOI0 conpskeHus 4unoB CJl c onTHve-
CKHMH 37IeMeHTaMHM, HallpuMep ¢ KpeMHHEeBbIMH
JIMH3aMH U ONTHYECKHMMH BOJIOKHAMM C MCIIO/bH30-
BaHHEM "ONTHYECKOro Kjest'' U3 XaJlbKOTeHHIHOTO
CTeK/Ja C BBICOKMM T[I0Ka3aTejeM IIpe/IOMJIEHHS
(n=2,4) [20-26]. Bnaromapsi TaKOMy COTMPSIKeHHUIO
U pALy APYTHX YCOBEPUIIEHCTBOBAHHH KOHCTPYK-
uuu yuna CJ (puc.2), ymanoch CyIeCTBeHHO (B
3-5 pa3) noBBICHTb KO3QQUIMEHT BBIBOLA H3/y4e-
HHUS U3 TIONYITPOBOAHHUKA M CO3[aTh LENABIA Psif
addexkTuBHbix CJl C AMHOM BOJIHBI OT 2 10 5,5 MKM
(puc.3) M y3KOM AMarpaMMoH HampaBJIeHHO-
ctd [12, 24, 26]. BrmocnencTBHH HMCIIOJb30BAHHE
MMMEPCHOHHBIX C/I0OEB HAa OCHOBE XaJlbKOTeHH[-
HBIX cTekon Obi10 "mpoay6aHpoBaHO" BO MHO-
rux paborax, IOCBAIEHHBIX ¢oTommomam [27], a
Takxke onTH4YecKH Bo3byxaaembiM CJl Ha OCHOBE
A%BC® [28]. Co3gaHHe Xe TeXHOJNIOTHH CepPHHHOI0
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measurement in the region of principal line of
methane absorption (3.32-3.34 pm). Made prototype
of GA (dimensions 350x150x200 mm) with PbSe
photoresistor in the capacity of photodetector
and LED based on p-InGaAs/n-InGaAs/n-InAs
provided the detection of methane with the limit
concentration in gas mixture of 0.002 mol% [12].

Construction which was offered by A.A.Rogachev
got its further development in the multi-component
analyzers. They made it possible to study and
measure transmission spectrums of gases upon the
scanning of spectrums with the help of monolithic
LED arrays [13] and measure gas concentrations in
wide spectral range using the set of discrete LEDs
and concave grating [14].

Collapse of sectoral science which followed the
dissolution of the USSR did not allow for the group
of authors and invention applicant [14] to continue
works and accomplish the industrial production of
prototype. However, execution of works in PTI did
not stop and it was possible thanks to the contacts
with foreign specialists [15, 16]. Cooperation of
PTI and Technical Research Center of Finland
(VTT) made it possible to develop and design the
miniaturized light emitting diode spectrometer.
With the dimensions which are close to the size of
matchbox, its optical resolution in the region of 3
pum in each of seven measurement channels was
60 nm. It was sufficient condition in order to carry
out the qualitative analysis of complex mixtures
[15]. Example of such qualitative analysis based
on the individual peculiarities of the absorption
spectrums of different hydrocarbons can be found
in [16].

In 1994 one of the best constructions of non-
dispersive infrared GAs (Non Dispersional Irradium
Radiation - NDIR) [17] was offered and subsequently
it was used in commercially produced devices by the
Russian Research Institute "Elektronstandart” (18,
19], LLC "Emi" and their subsidiary companies. In
Fig. 1 the flow chart of one variant suggested in [17]
is given: upon sequential switching of light
emitting diodes 1 and 2 the system of four signals is
formed (two simultaneous signals per each
photodetector 3 and 4). Radiation of one LED (which
is "calibrating" LED-2) does not propagate through
the cell. In the paper [17] it is shown that there is
parameter A, combination of signals from
photodetectors - S| where the indices i, k refer to
the numbers of elements

st s

Am 2200
Si's?
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NPOM3BOACTBA "MMMepcHOHHBIX" CJl Ha OCHOBe
A’B® no3BOIMJIO HAYATh UCIIO/Ib30BAHHE ITHX H3INY-
yaTesied BO MHOTHX OTPac/isiX MPOMBIIIIEHHOCTH.
B ynmoMsiHyThIX paHee MOPTAaTHBHBIX aHAJIM3aTO"
pax THAM-302 1 MeiMLIMHCKHX KamHorpadax [29]
C/l Mo3BONSNM H3MEPATh KOHLEHTPALMI0 yrie-
KHCJIOTO ra3a MU IapaMeTpbl JbIXaHHWs TalUeHTa.
KoncTpykuus Hebonpmux o pasmepy C/I, cocTsl-
KOBAaHHBIX C BOTHYTBIMH OTpa’kaTelsiMH, HCIIO/Nb"
30BaJjlach MPH CO3/IAHUHM Y3KOHATPABIEHHbBIX Y4~
KOB H3/y4eHHs. UX NMPHUMEHSAIOT B TPACCOBHIX (C
NTMHON ONTUYeCKOro myTu mo 100 m) A, sBasio-
MXCS 4YacThlo cucTeM obecriedyeHus GesomacHo-
CTH Ha HedTeneperoHHslX 3aBofax [30]. Ha ocHoBe
HMMEPCUOHHO COTPsSIsKeHHBIX 4yuI1IoB CJl ¢ onTHY4e-
CKUMH 3IeME@HTaMH TaK>Xe IMOCTPOeHbl KOHCTPYK-
MM MHUHHUATIOPHBIX ONTHKO-aKyCTHYECKHX CEH~
copoB [31], B KOTOPBIX BBOJ CXOASIIErocs Iyd4YKa
M3/y4eHUs B ONTHKO-aKYCTUYECKYI0 A4Y€HKY Mpo-
H3BOJIMTCS Yepe3 OKHO C Ma/IbIMHU pasMepamH,

BMECTO 3AK/TKOYEHUSA

C momeHTa Haudana pabor Hajn co3pmaHuem ['A Ha
ocHoBe HK-cBeTOAHOOOB KOHCTPYKILIHM HOC/Hen-
HHUX TIpeTepmesu CyllecTBeHHble H3MeHe-
HUSA, a B KoHurypanuwo [A, mpenoeHHBIX
J1.H.HacnemoBsiM MU €ro COTPyAHHKaMH, OblI0
BHECEHO HemaJsio HoBuIecTB. OAHAKO, HaXe HMes
B BH/ly YCIIeIIHOEe U MHOTOJIeTHee COTPYAHHUYeCcTBO
®OTHU 1 ero J0YepHHUX TPeANpPHSATHH C OpraHH3a-
UMM, Tpou3BoAsamHMH A, He crnenyeT momna-
raTh, 4TO BCEe Hay4YHble K TeXHHUYECKHEe MpobieMbl
B CO3JJTaHWUM M HMCIIONBb30BAHHWHU CPE/IHEBOTHOBBIX
CJl yke pemeHbl H HeT OCHOBAHHUU [Jfi CIOPIpH-
30B. XopoluHe MepCreKTUBbl OTKPbIBAIOTCS AN
vcronb3oBaHus CJl B ONTHKO-aKyCTHYeCKHX [A
[26, 32]; B onTHYECKHX CXeMaX CIeKTPOMETPOB Ha
OCHOBe JIHHEeK H MaTpHll, U3rOTOBJIEHHEIX I10 TeX~
HoJIoru¥ (GAMI-YHI, B KOTOPBIX CHHIXKEHO B3aH-
MOBJIMSIHHE 3JIeMeHTOB [33]; mpu HCIIONB30BAHHH
cornacopaHHbX map CJ-poTogHox, B TOM 4HCIIe
BOJIOKOHHO-OTITHYECKHUX (23], Mo3BoNsOUIUX pea-
JIH30BaTh MHHHUMAaJIbHO® M3 BCeX CYMECTBYIOUIHUX
KOMIIOHEHTOB 3HepromnorpebieHue ra3oBoro CeH-
copa [34]. BO3MOXXHO, MHOIMM TIOKaXXeTCsi CTpaH-
HBIM, 4TO /14 3ddekTUBHOM paboThl ['A B yc/I0BHSAX
TMOBBIIIeHHBIX Temnepatyp Ha CJl Hy>KHO MoAaBaTh
obpatHoe ("3amopHoe") HampsKeHHEe, HHULIHHPY-
[0llee OTPHLATENbHYIO JIOMHUHECLEHIIHIO [35, 36,
37], a ang nonydyeHHUs Ko3pPHIMEHTa I0Je3HOrOo
NercTBUs, npesbimatomero 100%, MOXHO IMOJNb-
30BaThCs "0OBIYHBIMH" MMMepPCHOHHbBIMH CJl Ha
OCHOBE Y3KO30HHBIX TreTepocTpykTyp A’B° [38].

Parameter value depends only on the degree of LED
radiation attenuation by the absorption of analyzed
material (gas) placed into the cell. Therefore, the value
of parameter A calculated by microprocessor does not
depend on the variation of individual properties of
photodetectors and LEDs which occur, for example,
during the change of their own temperatures or
environmental temperature. Similar scheme and
method of the signal processing, which result in the
obtainmentof measurementdata, are poorly influenced
by the temperature parameter changes of LEDs and
photodetectors. Such method of measurements can be
applied to the scheme with large amount of elements,
for example, (see Fig. 1) for two measurement LEDs (1,
7) and one "calibrating” LED (5).

In a number of cases, for example, upon the
absence of the requirement of high accuracy of GA
measurements, and/or if it is necessary to calibrate
the reference zero right before the measurements,
“calibrating” LED can be removed (in Fig. 1 it is
equivalent to the absence of items 2 and 7). Such
optical scheme includes only two photodetectors,
one LED and spherical mirror [16]. The scheme was
implemented in portable GAs of carbon dioxide GIAM-
302, which work well in practice, designed on the
basis of the LED radiating on the wavelength of
4.2 pm and photodetector based on PbSe (photodetector
was produced by Scientific Production Association
"Analitpribor", Smolensk).

The next important stage in the development of GAs
based on LED was triggered by the beginning of use
of immersion conjugation of LED chips with optical
elements, for example, with silicone lenses and optical
fibers, and with use of "optical adhesive" consisting of
chalcogenide glass with high refraction index (n=2.4)
[20-26]. Thanks to such conjugation and number of
other improvements of the construction of LED chip
(Fig. 2), it was possible to increase considerably (by 3-5
times) the coefficient of radiation coupling from
semiconductor and design a number of efficient LEDs
with the wavelength of 2 to 5.5 pm (Fig. 3) and narrow
directional diagram (12, 24, 26]. Subsequently, use of
immersion layers for the improvement of efficiency of
medium-wave optoelectronic devices was repeated in
many papers devoted to photodiodes [27] and optically
excited LEDs based on A*B® [28]. And creation of the
technology of batch production of immersion LEDs
based on A3B® made it possible to start using these
emitters in many branches of industry. In medical
capnographs MPR 6-03 "Triton" LEDs allowed
measuring the patient breathing parameters [29]
and in above-mentioned portable analyzers GIAM-
302 - concentration of carbon dioxide. Construction
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Ho TakoBbl $akThl, a CHOPHTh C HUMH - Hebna-
rojapHoe 3aHsATHe; TOpa3j0 BaXHee Hay4HThCH
C MakcuMalbHOU 3P PeKTUBHOCTHIO HCIIOIB30BATH
ocobeHHOCTH cpenHeBONHOBBIX CJ] As TOro, 4To6Bl
ABUTATbCS Aajblile BIepe] U YAUBATH oTpebuTe-
Jlel HOBBIMM BO3MOXXHOCTAMH OIITHKO-3/IEKTpPOH"
HOH arrmapaTypsl.
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of the LEDs which are small in size and coupled
with concave reflectors was used in the generation of
straight radiation beams. They are used in trace (with
the length of optical path up to 100 m) GAs which are
the part of safety control systems at oil refineries [30].
Constructions of miniature optical-acoustic GAs [31],
in which the entrance of convergent radiation beam
into optical acoustic cell is accomplished through the
window with low aperture, are made on the basis of
immersion coupled LED chips with optical elements.

INSTEAD OF CONCLUSION

From the moment of commencement of works
in relation to the design of GAs based on IR
light emitting diodes, constructions of light
emitting diodes have been considerably changed
and many innovations were introduced into the
configuration of GA suggested by D.N.Nasledov
and his colleagues. However, despite the
successful cooperation for many years of PTI and
its subsidiary organizations with GA producers,
it should not be assumed that all scientific and
technical problems connected with the design
and use of medium-wave LEDs have been already
solved and there are no grounds for unexpected
surprises. Good prospects are open for the use
of LEDs in optical acoustic GAs [26, 31, 32]; in
optical schemes of spectrometers based on arrays
and matrices produced according to the flip chip
technology in which the interaction of elements
is reduced [33); upon the use of matched pairs
LED-photodiode including optical fiber pairs (23]
which allow implementing the minimum energy
consumption of gas sensor in comparison with
all existing components [34]. Maybe, many people
will think it is strange that for the efficient
operation of GA under the conditions of higher
temperatures reverse (non-conducting) voltage
must be supplied to the LED [35-37] and for the
obtainment of the efficiency coefficient exceeding
100% regular immersion LEDs based on narrow-
band gap heterostructures A*B° can be used [38].
But these are the facts and dispute against them is
not worth it; it is more important to learn how to
use the peculiarities of medium-wave LEDs with
maximum efficiency in order to move forward and
surprise consumers with the new capabilities of
optoelectronic equipment.

Author expresses gratitude to the workers
of diode optocouplers group of the Laboratory
of Infrared Optoelectronics of Ioffe Physical-
Technical Institute of the Russian Academy of
Sciences.



13.

14.

15,

16.

17.

18.

20.

21.

22.

23.

24,

25.

206.

27

Fa3oaHanM3aToOp Ha OCHOBE IOJIYIIPOBOAHH -
KOBBIX 3/ieMeHTOB, ~ XKIIC, 1985, 1,42, N2 4
C.691-694.

A.c. 1672814 CCCP. 'azoananu3atop/ MaTeees
B.A., Crycs H.M,, Tananakuua I'.H. 1 Ap.

A.c. 1648166 CCCP. 'azoananu3arop/ bop3bix
A.B., bopucoB C.M., KoueTkoB C.B. u 1gp.
Malinen J. , Hannula T., Zotova N.V. et al.
Nondispersive and multichannel analyzers
based on mid-IR LEDs and arrays. - Proc.

SPIE, 1993, v. 2069, p.95-101.

Matveev B.A., Gavrilov G.A., Evstropov V.V,
et al. Mid-infrared (3-5 pm) LEDs as sources for

gas and liquid sensors. - Sensors and Actuators,

1997, v.B 38-39, p. 339-343.
[lonesnas mogens 5455 PO, AHa/IM3aTOP ra3soo-

6pasHeix 1 xuaKux cpen/ Faspunos [LA., llaBu-

nosckuu A.B., 3otoBa H.B. u ap.

MateHT 2109259 PO, OnTUvecku# abcopbuu-
OHHBIH razoaHanu3arop/ Famapu E.M., Job6po-
mbicnoB I1.A., Kpsutos B.A. u 1p.

. Tamapu E.M., KpbiioB B.A. OnITHYeCKHE ra3o-

aAHANM3aTOPHI /151 6e30MacHbIX TEXHOIOTHH. ~
[TeTepbyprckuii XKypHan 9meKTpoHHKH, 2003,
T.1(34), c.54-59.

[TateHT 2154324 P®. TTonynpoBOJHUKOBBIH
HCTOUHHUK UHOPaKpPaCHOro usjydeHus/ Mar-
BeeB b.A. ,3oToBa H.B., HnbuHckaa H.[l. u op.
Patent 2363906 CB, patent 6 876 006 US,
Radiation Source/ Matveev B. A., Zotova N.V.,
II'inskaya N.D. et al.

[TatenT 2286618 PP. ITonyrnpoBoJHUKOBLIH
JiHoj Aist MHGPAKPAcHOTo AHara3oHa Crexrpa/
MarteeeB b.A.

Matveev B. A., Zotova N.V., Karandashev S.A.

et al. 3.4 pm "Flip-chip” LEDs for Fiber

Optic Liquid Sensings. - Proc. 1-st Int. Conf.
on Advanced Optoelectronics and Lasers
(CAOL’2003), September 16-20, 2003 Alushta,
Crimea, Ukraine, v.2, p.138-140.

3otoBa H.B., Kapanpnames C.A.,. MaTBeeB

b.A, u ap. PacripeneneHue H3/ly4eHHS HMMep~

CUOHHBIX CBETOAMO/I0B Ha JI/IMHY BOJIHBI 3.4
MKM B JlaJibHeM rosie. -~ ONTHYecKUH XypHai,
2012, 1.79, N2 9, c.60-65.

[TaTeHT 2261501 PO, TTonynpoBoJAHHKOBBIH
HCTOYHHK HHQPaKpacHoro uajaydyenusa/ Mart-
BeeB b.A.

Kuusela T., Peura ]J., Matveev B, A. et al.
Photoacoustic gas detection using a cantilever
microphone and I11-V mid-IR LEDs. - Vibr.
Spect., 2009,v.51, Ne2, p. 289-293,
Remennyy M. A.; Matveev B, A,; Zotova N. V,

RN RN RN RN AR RN AR RN RN
"IN OPTOELECTRONIC DEVICES

G
[ ]

cneuunalibHbie
(;MC'[eMbI

PelueHusi ansi ontu4eckon Mmoaynsauum
ot Photline Technologies:

» AnekTpoonTuyeckue moaynsitopbl 780-2000 HM
¢ nonocou moaynauum oo 40 My

» ®opmuposarenu BY umnynscoB
ANA MOAYNATOPOB

* Kontponnepsbl
paGouen ToOHKu
MOAYNATOPOB

* UHTerpansHo-

onTUYecKkue cxembl
3aKa3Horo AusanHa

llil'-’HDTI_INE

i AN I X B LUE B RAN

CneuuanbHbie onTUYecKue BOSoKHa
#“ KomnoHeHTbl iXFiber:

* AKTUBHbIE ONTUYEeCKUe BONOKHa
* BonokoHa c coxpaHeHuem nonsipmsaLmm

(PANDA)
* MlaccuBHbLIE
ONTUYECKUe BONMOKHA

* BOnokoHHbie
GparroBckue peLuéTku

O XFIBER

A

000 «CneyuranbHbie CUCTEMbI»
OdmumanbHeiil guctpubstotop Photline Technologies
W iXFiber Ha Tepputopun P® n CHIC

Cankr-MNetepbypr, Bupxesaa nuHws, 14-16
Ten.: +7 (812) 385-72-97 E-mail: info@sphotonics.ru
®Dakc: +7 (812) 385-76-48 Web: www.sphotonics.ru

PHOTONICS N2G/48/2014 89



28

29

30

31

32

33

34

35

36

37

38

N

FEEEPEEEI e rflr

et al. InAs and InAs(Sb)(P) (3-5 pm) immersion
lens photodiodes for portable optic sensors. -
SPIE Proceedings, 2007, v. 6585, doi:
10.1117/12.722847.

. IMateHnT 2208268 PP. MHPpaKpacHbIH M0y~
MIPOBOAHHKOBBIM H3/1yyaTe/b/ HermoMHs KA
C.B., lNoroguHa C.b., enexun 10.T1., Makcio-
TeHKo M.A.

. [Tone3nas mopens 31497 P®. KanHorpad meaun-
LuHCKUE/ MapkoB A.B., Peme3os U A,

. Kyznenos A.A., banamos O.b., Bacunbes E.B.
M Ap. [IUCTAHIMOHHBIA HHPaKPACHBIH
IeTeKTOP yr/eBOIOPO/IHBIX ra3oB. — [Ipubopsl
W cHCTeMBbl. YIIpaBjieHHe KOHTPO/Ib, JUATHO"
cTika, 2003, N2 6, c. 55-59.

. Matveev B. A., Remennyi M. A., Karandashev S.

A, et al. Microimmersion lens LEDs for portable
photoacoustic methane sensors. - Proc. of

The 14-th International Meeting on Chemical
Sensors, 2012, Niirnberg/Nuremberg, Germany.
p.241-243. doi 10.5162/IMCS2012/2.5.5.

. Kerinen K., ,Ollila J., Saloniemi H.et al.
Portable Methane Sensor Demonstrator based
on LTCC Differential Photo Acoustic Cell and
Silicon Cantilever. - Procedia Engineering, v.
47,2012, p. 1438-1441.

. 3akreum A.Jl., 3oroBa H.B., UnbuHcKkas H. /.
u Ap. CBeToM3Nydawmas AU0AHAas TMHEHKA
(A=3,7 MKM) Ha ocHoBe InGaAsSh, - ®TI1. 2009,
T. 43, Ne 4, c. 531-536.

. Sotnikova G. Y., Gavrilov G. A., Aleksandrov
S. E. et al. Low Voltage CO2-Cas Sensor
Based on III-V Mid-IR Immersion Lens Diode
Optopairs: Where we Are and How Far we Can
Go? - Sensors Journal. IEE, 2010, v.10, Ne2,
p.225- 234,

. UBanoB-OMckHii B.U., MaTBeeB b.A. OTpu-
LaTeabHast IIOMHUHECLEeHLMs U Tprubopsl Ha
ee ocHogre (0630p). - ®TIL, 2007, T. 41, Ne 3, c.
257-268.

. MlatenT 2315865 PP. Criocob u ceHCcOp AJ1s
MOHMTOPUHTIA ra3a B OKpYyXKalolleH cpefie CKBa-
sxkunbl/ Jkoyne T. T Jl., MateeeB b.A., Ban-
wTerH B. u ap.

. Kuusela T., Peura J., Matveev B, A, Et al.
Photoacoustic effect induced by negative
luminescence device. - J. Appl. Phys. 2010.
v.108, 014903. doi:10.1063/1.3456499.

. Santhanam P., Huang D., Ram R. J. et al.
Room Temperature Thermo-Electric Pumping
in mid-Infrared Light-Emitting Diodes. - Appl.
Phys. Lett., 2013, v. 103, N219, 183513. doi:
10.1063/1.4828566.

90 ®oToHuKA N2G6/48/2014

CEELEEEEEE ettt e e e et e et e e e e el

ONTO3JIEKTPOHHDbIE NMPUBOPDbI
COLECEEEEEEEE et et e e e b e e e e e e e e e e e e e er e

MATHETH3M I10 KPASIM
I'PA®PEHOBBLIX HAHOJIEHT

B nuTepaType yke AABHO OGCYXAAETCA BOIMOXHOCTH Cyl|eCTBO-
BaHWA HOBOTO TWNA MArHETWIMA S-p INEKTPOHOB B HEMArHWTHbIX
YTNepOAHbIX MaTepuanax. 3ameyeHo, 4To B rpagute U rpagexe npo-
CTefiume CTPYKTYPHble AedekTbl (Hanpumep, BaKaHCHK) MPUBOAAT
K MOABNEHWI0 NOKANbHBIX MAarHUTHLIX MOMEHTOB M3-33 BO3HWKHO-
BEeHMA HECNapeHHbIX 3NEKTPOHHBLIX CMMHOB BCNEACTBME pa3banakca
JABYX NOAPEWeToK. MOXeT M M3 3TMX Xa0THYeCKH PacnonoXeHHbIX
NOKaNbHLIX MOMEHTOB CHOPMUPOBATLCA JantHUA  MarHUTHbIA
MOPSAOK, OCTAETCA HEACHbIM. ANLTEpHAaTUBOW TakoMmy “AedekT-
HOMY MarHeTusMy” ABAAETCA MArHETH3M Y3KWX rpadeHoBbiX HaHO-
NEHT C 3Ur3aroobpa3Hoi CTPYKTYPOIA Kpaes, NS KOTOPbIX TEOpUs
Npe/ickasbiBaeT YMOPAA0YEHUE MArHUTHbIX MOMEHTOB TPaHWuHbIX
atoMoB. OiHaKo NPOBEPWTL 3TO NPeACKasaHue Ha IKCNepUMeHTe
AONTOE BPEMS HE YAaBanoch W3-3a OTCYTCTBHA HAAEXKHBIX METOA0B
M3rOTOBNEHUA HAHONEHT C 3afiaHHBLIM TMMOM MX kpaes (3ursaroo-
BpasHble Y4aCcTKv YepeayiTCa C KpecenbHbiMM, NPUYeM B CIy4aiHoM
nopsake).

CTM-cHUMOK 2pacheH0BbIX HAHOAGHM C KpasMU KpeceabHo2o (a) U 3u230200-
fipaztozo (b) muna Ha nodaoxke Au(111)

B pabote [G.Z.Magda et al. - Nature, 2014, 514, 608] HaHoneHT®l
wupnHoi d=3-12 HM C YeTKO OnpefeneHHbIMU KpecenbHbIMK U 3Ur-
3aro06pasHbIMM Kpaamu (CM.PUCYHOK) NOMYYeHbl METOJOM CKaHu-
pylouiei TYHHeNbHOA AuTOrpaduM (TYHHeNMpYIOUMe 3NeKTPOHS!
paspuiBaloT caasu C-C Noj aToMapHo TOHKOA urnoi CTM). AHanus
MONYYEHHbIX PE3ynbTaToB nokasan, 4To BCe HaHONEeHTHbl C Kpecenb-
HbIMK Kp2sMM  SBAAKOTCA MONYNPOBOAHUKAMM, MPUYEM LWHPUHA
3anpelyeHHoi 30Hbl E; MOHOTOHHO YMEHBILAETCA € POCTOM d. B HaHO-
feHTax C 3Ur3aro06pasHbiMK KpasMu BENMYMHA Eq NpU yBENMUEHUU
d ot 3 40 7 HM TaKXe YMeHblAeTCs, Haxoaach B AuanasoHe 0,15-
0,35 3B, a npu d=8 HM ckaukom obpawaercs B Hynb. Kpaesow mar-
HUTHBIA NOPAAOK COXPAHAETCA AaXe NPU KOMHATHOW TeMmneparype,
4YTO ANaeT NPUHLNNKANLHO BO3MOXHBIM U3rOTOBAEHWE W3 rpade-
HOBbIX HAHONEHT CNMHTPOHHBIX YCTPOUCTB, QYHKLUMOHMPYIOLUX NPU
HOPMasbHbIX YCNOBHAX.

J1.0nexos, perst.issp.ras.ru
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