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B cTaTbe paccMoTpeHbl cneuudpuyeckmne

CBOWNCTBa cpefHeBOJIHOBbIX C/l, OTCyTCTBYIOWME

y "06blyHbIX" C[l BUAMMOroO AManasoHa, Hanpumep,
Takue KaK oTpuuaTesibHas JIIOMUHeCL,eHLUS

M TepMmo3nieKTpuyeckoe Bo3byxaeHue. NMposeaeH
aHanu3 Nofo06HbIX CBOMNCTB MPUMEHUTENIbHO

K NpnéopoCcTpoeHuto.

roc/ieffHee BpeMsi HaMeTH/IACh TeHJIeHIIUS IIpe-

OIo/IeHUs "BOmoDOsI3HU", BBI3BAHHOM HEIOIIOHU-

MaHUeM CIelIuGUYecKUX 0CODeHHOCTE! CpemHe-
BOTHOBBIX MK-cBeTOmMOmOB, U Bce 6osblie U Oosblie
KOMIIAaHMH 3asBJISIOT O Hadaje IIPOM3BOACTBA 'CBETO-
OUOOHBIX' raszoaHanu3artopos (TA). Bmecte ¢ Tem, ms
OIpefe/IeHHON YacTU Ppa3paboTUHKOB-TIPHOOPHUCTOB
Takue CJI IO-IIpeXKHEMY IIPeJCTaB/ISIOTCS HEKOM "9K30-
THUKOH', TpeOyIollel [OMOTHUTEIBHBIX Pa3bSICHEHUH.
B mpeniaraeMori CTaThe MBI IIOIIBITAeMCSI IIPeACTABUTh
HEKOTOpble K3 TaKHUX PA3bSICHEHHM, a TaKke PacCMo-
TPHUM HOBBIE CBOKICTBA CPefHeBOTHOBBIX C/l, OTKPHITHIE
JIMIIb HeJABHO.

OOBIYHO IepBOe YAMBJIEHHe Y Pa3paboTUMKOB,
BIIepBble M3YYaIONIUX CHelUPUKALUY, II0Ty4YeHHbIe
ot mpousBoxnuTeneil CJI, BBI3bIBAE€T HEIIPUBBIYHO 6OJb-
IIHe 3HAYeHWs IIOJYLIMPHHBI CIIEKTPOB 3JIeKTPOJIIO-
MuHecHeHIUHU (3JI), COCTABISAIONIHE B 3aBUCHMOCTH
OT mJIHHBI BoAHEL 0T 0,3 7o 0,7 MKM. [IJ1s1 OOTHUYECKHX
HeIUCIIePCUOHHBIX (QHIVI. TepMHUH - NDIR) A TakoHn
IIUPOKHUH CIIEKTP U3/IyUeHHUsI Co3aeT IIpobaeMbl U3-3a
IlepeKPeCTHOM YYBCTBUTEIBHOCTH, ITIOCKOJIBKY HA BeJIH-
YHMHY CBETOBOI'O IIOTOKA, IIPOLIENNIero 4epe3 aHAJIH-
3UpyeMyI0 CMeCh, BJIHSET IIOIVIOIeHIe OJHOBPeMeHHO
HEeCKOIBKUX Ia30B. Hampumep, IIpu HU3MepPeHHH KOH-
LleHTPallMK YILapHOIo rasa (aQHaaWTH4ecKas [JIHHa
BOJHBI 4,7 MKM) C IIOMOIIBIO H3MepeHus octabneHus
H3JIyYeHHUs OT CBETOLHONA C JJIMHOM BOJIHBI B MaKCH-
MyMe 4,7 MKM IIPH ero IIPOXOKAEeHUH Yepe3 ra3 BecbMa
CyIIeCTBEHHBIM OKa3bIBAeTCs IIOIVIOIIEHHe Ha [JIHHe
BOTHB 4,3 MKM, O0Oyc/IOBJIeHHOe IPHUCYTCTBHEM
Ha OITHUYeCKOM IIyTH aTMOCHEepHOro yITIeKHC/IOro rasa
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SURPRISES OF MEDIUM-WAVE
IR LIGHT EMITTING DIODES
BASED ON
HETEROSTRUCTURES A3B?

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 specific properties of medium-wave LEDs, which
the "common" LEDs with visible band do not have,
are considered in the article, for example, negative
luminescence and thermoelectric excitation. Analysis
of such properties in respect to the instrument
engineering is performed.

ecently, the tendency of overcoming of

"hydrophobia” caused by the misunderstanding

of the specific peculiarities of medium-wave
IR light emitting diodes has been outlined and
increasingly more companies have declared about the
commencement of production of "light emitting" gas
analyzers (GA). In the meantime, for the certain part
of instrument developers such LEDs are still some
"exotics” which requires additional explanations. In
the offered article we will try to give such explanations
and consider the new properties of medium-wave LEDs
which have been recently discovered.

Usually, the developers who study the specifications
received from LED manufacturers for the first time are
surprised because of the unordinary high values of
the half-width of electroluminescence (EL) spectrums
which are equal to 0.3-0.7 pm depending on the
wavelength. For the optical non-dispersion (NDIR)
GA such broad radiation spectrum causes problems
due to the cross sensitivity, because the simultaneous
absorption of several gasesinfluences on thevalue of the
light flux which passed through the analyzed mixture.
For example, when measuring the concentration of
carbon monoxide (analytical wavelength is 4.7 pm)
using the measurement of radiation attenuation
from the light emitting diode with the maximum
wavelength of 4.7 pm during its transmission through
the gas, the absorption at the wavelength of 4.3um
turns out to be very significant; it is caused by the
presence of atmospheric carbon dioxide (concentration
0.03% by volume) in the optical path [1]. It is commonly
supposed that the LED spectrum width is equal to 1.8
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(koHLeHTpanus 0,03% 06.) [1]. IIpUHSTO CUUTATh, YTO
mKpHHa crekTpa CJI cocTaB/sieT BeTUYHHY, PaBHYIO
1,8 kT (k-mocTosiHHast BonpliMana, T- TeMIIepaTypa), m1o3-
TOMY 3ajJladya CY’KeHHsS CIIeKTpa MOXKeT OBbITh pelleHa
3a cueT oxnaxkaeHus CII. OgHAaKO HCIIOJIb30BaHME OXJIa-
nuTener ¢ OGOMBIION Hoel BepOSITHOCTH He ITpHHeceT
paspaboTyrMkaM M KOHEUHBIM II0JIb30BATEISIM OITH-
MM3Ma, [TOCKO/IBbKY ITPH MCII0/Ib30BaHMH OXJIaKAAIOII KX
CHCTeM HHBEJIHUPYIOTCSl OCHOBHBIE IperMyIecTBa CI -
HX Masioe SHeprororpebneHue U rabaputsl. st ycTpa-
HeHHs mepekpecTHoro BaugHHA CO u CO, Ha IOKa-
3aHUs [A HCHONB3YIOT 'CIIeKTpaJsibHBlE' YXUILPEeHUS,
TaKHe KaK IPUMeHeHHe Y3KOIIOJIOCHBIX UHTepdepeHIIH-
OHHBIX QUIBTPOB (06bI4HO AA=50-100 HM), Pe30HATOPOB
®abpu-Tlepo, MomoBasi CTPYKTypa KOTOPHIX IIOBTOPSIET
CIIEKTP OFHOTO U3 Ta30B (2], uiu GUIETPOB "HEraTHBHOM
GrUIBTPAaLIK, COCTOSIIIMX M3 KIOBETHI C OMHUM K3 Ta30B
C BBICOKOK KOHIleHTpauueH [l]. PasymeeTcs, Iepeuuc-
JIeHHble IIPHeMbl NPHUMEHHMBI JIMIIb K OJHOKOMIIO-
HEeHTHBIM ['A; [I/I1 MHOTOKOMIIOHEHTHOI'O >Ke aHajIK3a
B YCJIOBUSIX HEIIOJIBHKHBIX YacTer A Hauboree yno6Ho
HCIIO/Ib30BaHKeE TUPPAKIIMOHHOK PelleTKH. B aTom city-
4ae 6or1bIIas IIMPHHA CIIeKTPa DJI eCTh IIOTIOKUTEIbHOe
CBOICTBO, II03BOJISIIOIEe CO3[aBaTh OOJBIIOE KOIHUe-
CTBO CIIeKTPa/IbHBIX KaHa/IOB U3MepeHHH [3].

ClieflylOIIMM CIOPIIPU30M MOXeT OBITB TO, UTO
COIVIACHO My6IMKALMSIM HEeKOTOPBIX aBTOPOB, KO3POH-
LIUeHT I1peobpa3oBaHUs, T.e. KOTHYECTBO BbIIEISIeMOK
B eIMHUIYy BpeMeHH CBeTOBOL SHEPrUH, B IMITY/IbCHOM
peskKHMe 3HAYUTE/IBHO [IPEBOCXOAUT KO3PPULIHEHT IIpe-
06pa3oBaHHUS /151 HEIIPEPbIBHOIO U/IK KBa3HHEIIPepbIB-
HOTO (T.e. CO CKBa’KHOCTBIO 2) PEXKHMOB. PacxokIeHHe
3HaueHM I HelIpepbIBHOM U KMITYJIbCHOM MOIIHOCTHU JJI,
JOCTHTalolmee P OJHOM KM TOM >Ke 3HAa4eHHH TOKa
IO HECKOJIBKHX Pa3, 3TH aBTOPBI OOBSICHSIOT pa3orpe-
BOM aKTHBHOM obnactu CJ| IIpH IPOXOKAEHHUH TOKA.
JericTBUTeNbHO, C/I C HEOIITHUMAaJIBHBIM JH3aHHOM (Kak
IIpaBUjIo, 3T0 - CJI C TOUeYHBIM BePXHUM KOHTaKTOM
Y y[IaJleHHBIM OT JIep>KaTelsl P-N - IIepPeXofoM) IoABep-
SKeHbI CUJIBHOMY Pa3orpeBy p-n - Ilepexofa B ITpoliecce
PaboThI, YTO [EMCTBUTETBHO BBI3BIBAET yMEHBIIEHHe
Kro3dduLeHTa peobpazoBanus [4]. OmHAKO CHIIBHBIR
pasorpe C/l KMeeT CIeICTBHEM TaKKe 3aMeTHOe H3Me-
HeHMe IIMPHUHBI 3aIlpellleHHON 30HbI M, eCTeCTBEHHO,
JJIMHBL BOJTHBI MakcuMmyMa JJI. TemM He MeHee, TaKue
M3MeHeHHUSs U/IK Pa3/IMyHUsl CIIeKTPOB IIPK KMITY/IbCHOM
1 HeIIPepPhIBHOM peskKHMax STHMH aBTOpaMU 3adHKCH-
POBaHBI He ObLIH.

B mpyrux tuilax CJ C XOpPOIIHMM TeIlJIOCheMOM
1 BBIBOZIOM H3JIy4YeHMS depe3 IPO3PauHYI0 IO[JIOKKY
cekTpsl I (A,,,=3,3 MKM) He 3aBHCEIH OT TOKa
B mpegmenax or 0,01 mo 500 MA (5], 4TO COOTBETCTBO-
BaJIO IIPeACTaB/IeHUSIM O HeCyleCTBEHHOM J>KOY/IeBOM
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Puc. PacnpedeneHue unmeHcusHocmu OJ1 u 3J1 mampuuypbl
800/b ee eHMpanbHO20 ce4eHust Npu 00HO8peMeHHOM Nod-
KAOYEeHUU 8Cex 3NeMeHmMo8 K UCMOYHUKY NUMAHUS No cxeme,
npedcmasneHHoli 8 /e8oM 8epxHem yaAy pucyHKa [9].

Ha ecmaskax npugedeHbl pomozpagust mampuubl

CO CMOPOHbI CA0S p-muna/aHodos (8 ueHmpe), a makxe
MK-usobpaxkeHus npu obuiem moke yepes mampuuy 100 MKA
npu 08yx 8apuaHmMax 8KAKYEHUSl, NOKA3AHHbIX 8 8epxHel
4yacmu pucyHka

Fig. Distribution of the intensity of NL and EL array along its
central cross-section upon the simultaneous connection of all
elements to the power source according to the scheme given
in the left upper corner of the figure [9]. The picture of array
from the side of the layer of p-type/anodes (in the center) and
IR images with the total current through the array of 100 PA in
two connection variants shown in the upper part of the figure
are given in the insertions

KT (k is the Boltzmann’s constant, Tis the temperature),
and therefore the task of spectrum narrowing can be
solved at the expense of LED cooling. However, very
likely that the use of coolers will not bring optimism
to the developers and end users because during the
use of cooling systems the main advantages of LEDs -
their low energy consumption and overall dimensions -
are leveled. In order to eliminate the cross impact
of CO and CO, on the CA parameters the "spectral"
tricks are used; such as, for example, application of
narrow-band interference filters (usually, AA=50-100
nm), Fabry-Perot resonators, the mode structure of
which repeats the spectrum of one of the gases [2], or
filters with "negative filtration", which consist of the
cuvette with one of the gases with high concentration
[1]. Of course, the listed methods are applicable only for
single-component GAs; the use of diffraction grating
is the most convenient method for multi-component
analysis under the conditions of GA immovable parts.
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pasorpeBe Takux CI 1 00 UIEHTUYHOCTH "HeIIPEepHIB-
HOM' W HMIIYJIbCHOM MOIIHOCTH, II0 KpPanHeH Mepe
B 0071aCTH MaJIbIX TOKOB. [IJisl OLIeHKH BJIHSIHHUS TeM-
[epaTypbl Ha II0JIOKeHHe MaKCHMyMa H3iydeHUs CJI
MOYKHO BOCIIO/Ib30BaThCsl, HAIIpUMep, CIeLHPHKALIM-
avu giag CJI tuna LED42Sr, u3nydaromero Ha [jIvHe
BOJIHEL 4,2 MKM IIpH 300K [6]. JIByKpaTHOMY yMeHbIle-
HMIO MOIIHOCTH Takoro CJl COOTBeTCTBYeT BO3pacTaHUe
€r0 TeMIIepaTypsl (TOYHee ~ TeMIIePATYPbl OKPY>KAOIIek
cpeLLLI) ¢ 25 mo 90°C, mpHu 3TOM [JIMHA BOJIHBI MaKCH-
myma IJI BospacTtaet ¢ 4,15 1o 4,4 MkM. OTCIO[a [TIOHATHO,
UTO He 3aMEeTUTh B 3KCIIEPUMEHTE CTO/Ib CHJIBHOE H3Me-
HeHHe MaKCMMyMa CIleKTpa JJI HeBo3MOXKHO. ITpocTor
BBIBOJI, 13 PACCMOTPEeHMS IPUBEIEHHBIX BbIIIe IIpHMe-
POB COCTOHUT B TOM, YTO IIPH BbIOOpe KOMIIOHEHTOB ISl
I'A Hy>KHO BHHMATeJIbHO U3y4YHTb U [IPOAHAIM3HUPOBATh
BCe 3asiBJICHHbIe IIPOM3BOJMTE/IeM IIapaMeTphbl, BKIIIO-
4yasg TeMIlepaTypHble 3aBUCMMOCTH CIIeKTPOB M MOLI-
HOCTH JJI B HeNpephIBHOM M HMIIYJILCHOM pPeKHMax.
EcTecTBeHHO, uTO 607IBIIIEE IOBEPHE BBI3BIBAIOT C/I, 1J1s1
KOTOPBIX IIpHBeJleHbl JaHHBIe C COBIIaJileHUeM HMMIIYJIbC-
HOM U HeIpephIBHOM MOLIHOCTH JJI, TI0 KparHeH Mepe
B 06/1aCTH MaJIBIX TOKOB.

JIy1s BBICOKOTOYHBIX A maske Hebosblure (M 4acTo
Hen3besKHbIe) TeMIIepaTypHble H3MeHeHHS IJIMHBI
BOIHBL DJI BBI3BIBAIOT CEpPhe3HYI0 03a60UEHHOCTH pas-
paboTunKoB. BmecTe ¢ TeM, B MMMepCHOHHBIX CJ|
GIUIIYMI KOHCTPYKLIMM TaKoe H3MeHeHHe He HMeeT
THCTepe3srca U BOCIIPOM3BOAMTCS IIPU MHOIOKPAaTHOM
TePMOLMK/IMPOBAHUHM, II03TOMY €ro MOYXKHO y4ecTb
B AHAJIMTHYECKOM BBIPSKeHHH [Jid IepelaTO4YHOM
dyHKIUM [A ¥ MONTYYUTh BBICOKYIO TOYHOCTb H3Mepe-
HUH. TaKo¥ IIOX0[ IT03BOIHII IOCTHYb ITpefiesia 0bHapy-
skeHHUsI B 50-100 ppm 11pu 06beMe aHaTH3HPYeMOro rasa
(CO,, C,H, mnu CO) MeHee 10 MJT ¥ BpeMeHH yCpeJHEeHHU I
B HECKOJIBKO CeKYH]I, YTO yIOB/IETBOpseT TpebOBaHUSIM
GOBIIMHCTBA 33134 [IJ15 [IOPTATHBHBIX ['A [2].

TepMUH "OTpHULIATeIbHASI IIPUMEHUTENBHO K QH3U-
YeCcKOMY SIBJIEHHIO He Bcerzia HeceT B cebe OTTEHOK
6ecrione3HOCTH WM HEHYKHOCTH /IS TeXHHYeCKUX
NIPUJIOKeHHMH. B JaHHOM KOHTeKCTe OTpPHLIATe/lbHAas
noMuHecteHIMs (OJI) 03Ha4aeT JIMIIb TO, YTO OCHOB-
HOM TIIOTOK (HepaBHOBeCHBIX) GOTOHOB HaIlpaBileH
He B CTOpPOHYy Habmromaresns, a oT Hero. Takas CHUTya-
IIUsI BIIEpBBle OblIa OOHapyskeHa IPH HCCIeNOBAaHHUU
PeKOMOMHAIIMOHHOTO M3/Ty4YeHHsI B aHTHMOHHJE
WHJMUS U BIOC/IeACTBUM BOCIIPOM3Be[eHa BO MHOIMX
OUOTHBIX CTPYKTypax Ha ocHoBe CdHgTe, InAsSb, InAs
1 bosiee CIGKHBIX MaTepHalaX - CBepPXpelleTKax, uMe-
IOIIMX MaJble TOKH yTedek [7]. Ing uHuUUHauuu OJI
IOCTaTOYHO CMecTUTh CJl B 0OpaTHOM HaIlpaB/eHHH,
u CJ Ha4HeT IoIIoIaTh GOTOHBI HOTIbIIe, YUeM U3/TydaTh
HUX BO BHE B IIpefieiaX CBOEro CIIeKTpa IIOIVIOLIeHMS.
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In this case, large width of EL spectrum is the positive
property which allows creating the great amount of
spectral measurement channels [3].

The next surprise can be the fact that according
to the publications of some authors the conversion
coefficient or, in other words, amount of the light
energy released in unit time considerably exceeds
the conversion coefficient in the pulse mode for the
continuous or quasi-continuous (in other words, with
the porosity 2) operation. These authors explain the
discrepancy of the values of continuous and pulse EL
power reaching several times with the same current
value by the heating of LED active region during the
current passage. Indeed, LED with non-optimal design
(as a rule, these are LEDs with the point top contact
and p-n junction which is distant from the holder)
are subject to the intense heating of p-n junction
during operation which in reality causes the decrease
of conversion coefficient [4]. However, the intense LED
heating also causes the noticeable variation of the
width of forbidden band and, of course, EL maximum
wavelength. Nevertheless, such spectrum variations
or differences in pulse and continuous modes were not
registered by these authors.

In other types of LEDs with good heat pick up
and radiation coupling through the transparent
substrate, the EL spectrums (A,,,=3.3 pm) did not
depend on the current within the limits from 0.01 to
500 mA [5], which corresponded to the conceptions of
insignificant Joule heating of such LEDs and identity
of continuous and pulse power, at least, in the region
of low currents. In order to estimate the temperature
influence on the position of maximum LED radiation,
we can use the specifications for LED43Sr radiating
at the wavelength of 4.2um at 300 K as example [7].
Increase of the temperature (more precisely, ambient
temperature) from 25 to 90°C corresponds to the
double decrease of power of such LED and the EL
maximum wavelength grows from 4.15 to 4.4 pm.
It follows that it is impossible not to notice such
significant variation of EL spectrum maximum during
the experiment. The simple conclusion from the
consideration of aforementioned examples consists
in the fact that when selecting the components for
GA it is necessary to study attentively and analyze all
parameters declared by the manufacturer including
the temperature dependencies of LED spectrums and
power in continuous and pulse modes. Of course, the
LEDs, which have the data given with the concordance
of pulse and continuous EL power, at least in the
region of low currents, have higher credibility.

For high-precision CAs even small (and often
unavoidable) temperature variations of EL wavelength
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B KauecTBe IIprMepa Ha PUCYHKe 1 II0Ka3aHO pacIipee-
JIeHHe UHTeHCUBHOCTH JIIOMHUHECLIEHTHOIO HU3/1y4YeHHUs
IIPU OJHOBPEMEHHOM IIOAKJIIOUeHHMH BCeX 3JIeMEeHTOB
MOHOJINTHOM MaTPHIIBI 3X3 C aKTHBHBIM CJIoeM U3 InAs
(A\pax=34 MKM, 300K) K BHEIIHEMY HCTOYHHUKY ITHUTa-
Hu4 [8]. B JaHHOM 3KCIlepHMeHTe AUOAHBIE 3/IeMeHThI
ObUTH 0OBeMIHEHBI B [IBe TPYIIIIbI, COCTOSIIIIHE U3 YeThl-
pex U IISTH IeMeHTOB COOTBETCTBEHHO, KaK IT0Ka3aHO
Ha BCTaBKax K PUCYHKY. Ha IpaBo¥ BCTaBKe IOKa3aHO
HK-m306paskeHHe TOBEPXHOCTH MATPHULIBI, IIOTyYeHHOe
IIPH [IOCTOSSHHOM TOKe ~-25 MKA B Ka’KIOM M3 YeThIpeX
HeIMarOHAJIPHBIX 37IeMEHTOB, PabOTAIONIMX B PEXKUMe
OJ1, T.e. B pe>kHMe ITIOHH>KeHHOM I10 CPAaBHEHHIO C paBHO-
BeCHBIM GOHOM H3/Ty4aTelIbHON CIIOCOOHOCTH (TeMHBbIe
KBaIPaThl), ¥ TOKe ~20 MKA B K&K/IOM K3 JHarOHATBHBIX
U LIEHTPAJIbHOM 37IeMeHTaX, PaboTaIoIHX B PEKHUMe
9J1 (cBeT/ble KBaApaThl, IOBBIIMIEHHAs! II0 CPAaBHEHHIO
¢ GOHOM SIPKOCTb U3/1yueHHs). B Ipyrom sKcIleprMeHTe
(cM. JIeByI0 BCTaBKy) 4YeThIpe [HArOHAJIBHBIX KU IleH-
TPJIBHBIM 3/IEMEHTHl MAaTPHLIBI PaboTalu B pekKHMe
(0))1 (Ipixelz—ZO MKA), a YeTbIpe OCTAaBIIHXCS — B PeXKHMe
I (Lyixe1~25 MKA). AMIUIMTYAQ 0OIIero Toka B 06oux
cay4dasix dopmupoBaHus MK-1306paskeHHs THIIA "IOCKA
IUTS1 KpeCTHKOB-HOMHUKOB" cocTaBisia 100 MKA.

M3 maHHBIX Ha PUCYHKe CJIeflyeT, 4YTO IIPH TOKaX,
6nm3kux K 100 MKA, wuHTeHcuBHocTH OJI u Il
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give rise to the serious concerns of developers [1]. In
the meantime, in the immersion LED with flip-chip
construction such variation does not have hysteresis
and is reproduced upon the multiple thermocycling,
therefore, it can be taken into account in the analytical
expression for GA transfer function and the high
precision of measurements can be reached. Such
approach made it possible to reach the detection limit
of 50-100 ppm with the volume of analyzed gas (CO,,
C,H, or CO) less than 10 ml and averaging time of
several seconds which meet the requirements of the
majority of tasks for portable CAs [2].

The term 'negative" in relation to the physical
phenomenon does not always mean something useless
or unnecessary for the technical applications. In this
context, the negative luminescence (NL) only means
that the main flux of (non-equilibrium) photons
is directed not towards the observer but from him.
Such situation was detected for the first time during
the research of recombination radiation in indium
antimonide and afterwards it was reproduced in
many diode structures based on CdHgTe, InAsSb,
InAs and more complex materials - supergratings
having low leakage currents [7]. For NL initiation it is
sufficient to displace LED in backward direction and
LED will start absorbing photons more than radiating
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IIPaKTHYeCKH COBIIAJAJIH, & ITPY OOJIBIIHX TOKAX KMesIa
MecTo c1abast 3aBUCUMOCTb HHTeHCHBHOCTH OJI 0T TOKaA —
XOPOIIO U3BeCTHAsl 0c0beHHOCTH IIprbopoB OJI, BbI3BAH-
Hasl [IOYTH IOTHOM 3KCTPaKIIKeH HOCHTeNIe U3 aKTHUB-
Ho obactu CJI [9, 10].

[ToMHUMO HCIIONb30BaHusa OJI I/ CO3MAHUS 'XOJIOM-
HBIX 3KPAaHOB B OXJIA>KAAeMBIX GOTOIIPHEMHBIX CHCTe-
MaxX Ha OCHOBe MaTrpul bonbmioro ¢opmara, TeCTHPO-
BaHHS TaKUX MaTpHuLl (8, 9] U Mony4yeHUSI CyMMapHOTIo,
"TeMIlepaTypHO-He3aBHUCUMOTr0" OIITHYECKOro CHIHaJIa
(10] OJI BaskHA M IUIST UCCIENOBAHUM M IIPOTHO3UPOBA-
HUS TapaMeTpoB doTonuonoB (PII), MMEIoNUX OfNH
13 KOHTAKTOB Ha 06/1y4aeMON IOBEPXHOCTH IIOIYIIPO-
BOZHHKA C BBICOKMM 3Ha4YeHHEeM 00BbeMHOI0 COIIPOTHB-
neHus. Tak, HAIIpUMep, U3ydeHHe IPOCTPAHCTBEHHOTO
pacrpenenenus OJI B @] Ha ocHoBe InAsSb BBISIBHIIO CTy-
meHHe GOTOTOKA BOIM3HM OT KOHTAKTA M BCKPBIJIO OCHOB-
HYIO IPUYKHY UX HHU3KOM TOKOBOM POTOUYBCTBUTE/IBHO-
CTH — HEeITOJTHBIH cO0p poTOreHepHpoOBaHHBIX HOCUTEIEH
(11]. OTH KCcCIeOBaHHS IO3BOJIM/IM I10-HOBOMY B3IVISI-
HYTb Ha KOHCTPyHpOBaHHUe CpelHeBONHOBBIX Il [12]
U Co3[aTh BBICOKO3)EKTHUBHBEIE ONTHYECKHE Ta30BbIe
CEHCOPBI, CII0COOHBIe paboTaTh, B TOM YHC/Ie, U IPU
TIOBBIIIEHHBIX TeMIlepaTypax [13].

OT/IIMYUTEIBHON OCOOEHHOCTBIO CpeJHEBOTHOBBIX
C[I siB/isieTcsl CyOIIMHEMHOCTb UX BaTT-aMIIEPHOM XapaK-
TEPHUCTUKU Jaske IPH HeOOTBIIMX 3HAUYEeHMSIX TOKOB.
CHMKeHHe 3QPeKTHCBHOCTH IIPH BO3pacCTaHHUHU TOKa
BBI3BAHO He TOIBKO YIIOMSIHYTBIM BbIllle HarpesoMm C[|
BO BpeMsI ero paboTsl, HO U bornee pyHIAMEHTATBHBIMU
IIPUYMHAMHU — TaK Ha3blBaeMor OsKe-peKOMOHHALIMeN,
Ha3BaHHOM II0 MMeHHU OTKpbIBaTels OCHOBHBIX MeXa-
HHU3MOB 0e3pI3/Ty4uaTe/IbHOM PeKOMOMHALIMK HepaBHO-
BeCHBIX HOCHUTeIeH B y3KO30HHBIX COeIMHEHMIX THIIa
InAs. CKOpPOCTb 3TOHM PpeKOMOMHALIMK IIPOIIOPLIHO-
HajapHa Kyby KOHLIEHTPAaLlMHM HHKeKTHPOBAHHBIX
HOCHTeJIeH, U II03TOMY Pa3paboTUMKU K ITPOK3BOAU-
TelU CpelHeBONHOBBIX CJl MpeAIlouUTAIOT KCIIOJB30-
BaTh [IOCTaTOYHO TOJICThbIe IIOYIIPOBOLHUKOBBLIE CJIOH,
B KOTOPBIX HOCHUTEJIH 3apsifia "pa3MasbIBAIOTCS ' [10 BCEMY
06BeMy aKTHBHOM 00671acTH. B pe3ynbraTe HOCTHTAETCS
OTHOCHUTEe/IBHO HH3Kas KOHLIEHTPALIKsI MHKeKTHPOBAH-
HBIX HOCHUTe/IeH U, COOTBeTCTBEHHO, HM3Kasl CKOPOCTb
Oske-peKOMOKHALIMK. PasymeeTcsi, IIPH 3TOM BepXHSIS
IPaHMLA /IS TONLITHMHBI aKTUBHOM 006/1aCTH BBIOKMpaeTcst
HCXONsl U3 BO3MOPKHOCTH BBIBOZIA H3JIyUEHMS K3 3TOH
0b7acTH C yd4eTOM CaMOIIOIJIOIEHHUS H3/IyIeHHs.
B pesynbraTe omTUMasibHas TonmpuHa AO CJI 4acTo oxka-
3BIBAETCSI COIIOCTABHMOM C OITTUMaJIbHOM TOIIIHMHON AO
B @[, Ipyrumu c1oBaMH, 3¢pGeKTUBHBIN CpeSHEeBOIHO-
Bl C/l Hepellko OKa3bIBaeTCs OLHOBpeMeHHO U 3ddeKk-
TUBHBIM Q. 9T0 06CTOSTENBCTBO OBUIO yUTEHO IpPHU
BIOOPE eIMHOr0 JH3aHa MHOI'HX CPeHEeBOTHOBBIX CJ
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them outwards within the limits of its absorption
spectrum. The distribution of intensity of luminescent
radiation is shown in figure as the example upon the
simultaneous connection of all elements of monolithic
array 3x3 with the active layer of InAs (A,=3.4
pm, 300 K) to the external power source [8]. In this
experiment the diode elements were united into two
groups consisting of 4 and 5 elements respectively as
it is shown in the insertions to figure. IR image of
array surface obtained at the direct current ~- 25 pA
in each of 4 non-diagonal elements, which operate
under the NL conditions or conditions of decreased
radiation capacity (dark squares) in comparison with
the equilibrium background, and at the current ~20
HA in each of diagonal and central elements, which
operate under the NL conditions (light squares,
increased radiation brightness in comparison with
the background) is shown in the right insertion to
figure. In other experiment (see left insertion) four
diagonal and central array elements operated under
the NL conditions (Ii~20 pA), and four remaining
elements - under the EL conditions (L. = 25 pA).
Amplitude of the total current in both cases of the
formation of IR image of the type "board for noughts
and crosses’ was 100 pA.

From the data in figure it follows that at the
currents close to 100 pA the intensities of NL and EL
practically concurred and at high currents the small
dependence of NL intensity on the current occurred -
it is well known peculiarity of NL devices which is
caused by almost complete extraction of carriers from
the LED active region [9, 10].

Besides NL use, for the creation of "cold" screens
in cooled photodetecting systems based on the arrays
with large size, for the testing of such arrays [8, 9] and
obtainment of combined, "temperature-independent”
optical signal [10], NL is important for the studies
and forecasting of the parameters of photodiodes (PD),
which have one of the contacts on the illuminated
semiconductor surface with the high value of bulk
resistance. Thus, for example, the studies of the
spatial distribution of NL in PD based on InAsSb
revealed the photocurrent concentration near the
contact and disclosed the main reason of their low
current photosensitivity - incomplete collection of
photogenerated carriers [11]. These studies allowed
viewing the construction of medium-wave PD in a new
way [12] and creating the high-efficiency optical gas
sensors which can operate even at high temperatures
(13].

The distinctive feature of medium-wave LEDs is
sublinearity of their Watt-Ampere characteristics even
at insignificant values of currents. Decrease of the
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U OJ] ¢ MHUPOKUM OTPASKAIONIUM aHOAOM [4-8]. B pe3ynb-
TaTe ObIIM CYLIECTBEHHO CHHJKEHBI 3aTPaThl Ha IIPO-
W3BOZCTBO, IIOCKOJIBKY OLHH M Te >Ke IIOCTPOCTOBbIE
OIlepally M OCHACTKa NpHMMeHHUMBI U K @[, u x Cl,
BKJIIOUAsi, HAIIpUMep, IabIoHbI 17151 GoTonuTorpadum.
OmnucaHHas "NyaJbHOCTb CBOMCTB CPeIHEBOTHOBBIX
[HOZIOB MOSKET OKa3aThCsl II0JIe3HOM TaKyKe U IIPH IIPO-
ekTUpoBaHUU ['A. Tak, Hanpumep, B [14] npu doTome-
TPUYeCKUX HM3MEPeHMSX, BK/IIOYas Ta30BbIM aHa/IM3,
OBLIO IpelIoKeHO II00YepeHO HCIIONb30BaTh OAHH
Y TOT >Ke IMOJ], TO B KaYecTBe IIPHeMHHMKa, TO B Ka4ecTBe
HMCTOYHHKA H31y4deHHs. [logobHas "XHUTpocTh OymeT
0cobeHHO MoJIe3HA [/ISl AaHAJIM3aTOPOB C OOMIBIIMM HHC-
JIOM OITHYecKU cBs3aHHBIX CII u @I [15], mOCKOIBKY
CYIIECTBEHHO YBeJIMYKMBAET YKCJIO [I0JIe3HBIX CUTHAJIOB,
KOTOpBble MOKHO HCIIOJIb30BaTh IS CaMOKaTHOPOBKU
[A Tpu COOTBETCTBYIONIEH MaTeMaTH4ecKor ob6pa-
60TKe oLIIPPOBAHHBIX CUTHAJIOB — 33JJa4H, aKTya/IbHOK
U IIOHBIHeE.

Ho, mnoxanym, caMblil MOPHUSTHBIN CIOPIPU3
cpenHeBONMHOBBIX CJI - 3TO KX CIIOCO6HOCTH paboTaTh
B KaueCcTBe TEIUIOBOIO HAcoCa IPH HeDOONBIIHX CMe-
IMeHUIX PN - Iepexofa. ACIHPAaHTBl U COTPYIHUKHU
Maccauycerckoro TexHosoru4veckoro HMHCTHUTYTaA
(CIIIA) yCTaHOBMIIH, UTO IIPOK3BeJleHHble KOMIIAaHHeH
"HoddelIEN" CIl Ha ocHOBe p-n cTPYyKTyp InGaAsSb
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efficiency with the current increase is caused not
only by the aforementioned LED heating during its
operation but by more fundamental reasons as well -
so-called Auger recombination which has such name
after the name of the discoverer of basic mechanisms
of radiationless recombination of non-equilibrium
carriers in the narrow-bandgap compounds of InAs
type. The speed of this recombination is proportional
to the cube of the concentration of injected carriers,
and therefore the developers and manufacturers
of medium-wave LEDs prefer using quite thick
semiconductor layers, in which the charge carriers
are "spread" throughout the active region. As a result,
relatively low concentration of injected carriers
and low speed of Auger recombination are reached
accordingly. Of course, the upper bound is selected
for the thickness of active region on the basis of the
capability to couple radiation out of this region taking
into account the radiation self-absorption. As a result,
the optimal thickness of LED AR (active region) often
turns out to be comparable to the optimal thickness of
AR in PD. In other words, the efficient medium-wave
LED often simultaneously turns out to be efficient
PD. This circumstance was taken into account in the
selection of the common design for many medium-
wave LEDs and PDs with broad reflecting anode [4-8].
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C IOJIMHOM BOJHBI BOIM3U 2 MKM, 0061afal0T CII0co6-
HOCTBIO 3a0HMPaTh YacTh TEIJIOBOM SHEPIHU OT KpH-
CTA/IZINYECKOH PpelleTKH KU TpaHCPOPMHUPOBaTh ee
B 3Hepruio GoToHOB [16]. B pesynbTaTe B3auMomeH-
cTBUSL GOHOHHOTO U (GOTOHHOU moner 3P eKTUB-
HocTh CJI, ompepesnsieMas KaK OTHOLIEHKE BBIE/IKB-
mrericst u3 CJI B BuJe GOTOHOB 9HePrUH K 3aTpadeHHOMU
3/IeKTPUYECKON SHepruH, OKa3bplBaeTCs CYLeCTBeHHO
BBIIIe eqUHUILLI (230%, 135°C). K cosKaleHHUIo, IIpu
TeMIlepaTypax, OTM3KHX K KOMHATHBIM, 'CYyIIepBBI-
cokun”" KIIJ| uMeeT MecTO OBITH TOJIBKO B 06/1acTH
MaJIbIX TOKOB, MEHBIIMX, YeM HEeCKOJIbKO ITHKOAM-
nep [17]. [nsg peanusallMu H3MepUTENBHOIO IIPU-
6opa, HCIIONB3YIOIIEro CTOJAb HHU3KKe TOKH IIUTAHUS
C[i, mortpebyroTcst P/l ¢ mpelenbHO HHU3KHMHU COO-
CTBeHHBIMH IIyMaMH, HanlpuMep PJI, oxna>kAeHHEbIe
mo TeMIeparyp, 6nuskux K 77K [18]. 3To 3acTaBisieT
CYMUTATh IpHUMeHeHHe 3¢dpdeKTa TelIOBOro Hacoca
B MIpaKTHUYeCKUX LelsdX, HalpUMep B HeJOPOrHX
[IOPTAaTUBHBIX 'CBETOAMONHBIX [A, IIOKa ITpesKIeBpe-
MeHHBIM. TaKk 4YTO OCTaeTCsl HafesAThCsb Ha ycepaue
U Ie/leyCTPeM/IeHHOCTh aCIIUPaHTOB, BIOXHOBJIEH-
HBIX KPaCOTOM HOBOr'0 GM3NUYECKOTO SBIeHUS U IOTO-
BBIX "MOOBIBAThH', a IIOTOM 3aILUINATh U MPUMEHSTh
Ha IPaKTHKe HOBble HayuHBble [10JIO’KEHHU S 110 CIIeLH-
anpHOCTH 01.04.10 - pr3HKa I10JyIIPOBOAHHKOB,

ABTOp BBIpa’KaeT 6/arofapHOCTh COTPYZHHKAM
TPYIIBl OUOAHBIX OITOIAp Jabopatopun HHPpa-
KpacHoM onTo3neKTpoHUKu OTU um.A.D.Hodde PAH
3a [10JIe3Hble COBETEI ITPU IIOATOTOBKE CTATHH,
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As a result, the expenses connected with production
were significantly decreased due to the fact that the
same post-growth operations and accessories are
applicable for PDs and LEDs including, for example,
templates for photolithography. The described "duality”
of the properties of medium-wave diodes can turn out
to be useful for the projecting of GA as well. Thus, for
example, in [14] during the photometric measurements
including the gas analysis, it was suggested to use
the same diode in the capacity of detector and then
in the capacity of radiation source by turns. Such
"ruse” will be especially useful for the analyzers with
large amount of optically connected LEDs and PDs [16]
because it significantly increases the number of useful
signals which can be used for the self-calibration of
GCAs with the relevant mathematical processing of
digitized signals - this task is still topical.

But probably the most pleasant surprise of medium-
wave LEDs is their capability to operate in the capacity of
thermal pump with low displacements of p-n junction.
Craduate students and workers of Massachusetts
Institute of Technology (USA) established that the LEDs
manufactured by the company "loffeLED" based on p-n
structures InGaAsSb with the near wavelength of 2um
have the capability to take part of the thermal energy
from the crystal lattice and transform it into the energy
of photons [16]. As a result of interaction of phonon and
photon fields, the LED efficiency, which is determined
as the ratio of the energy released from LED in the
form of photons to the expended electric energy, turns
out to be considerably higher than one (230%, 135°C).
Unfortunately, at the temperatures, which are close
to the room temperatures, the "super high" coefficient
of efficiency occurs only in the region of low currents
which are less than several picoamperes [17]. In order to
implement the measurement device using such low LED
supply currents, the PDs with extremely low intrinsic
noises will be required, for example, PDs cooled to the
temperatures close to 77 K [18]. It compels us to consider
the application of the effect of thermal pump for
practical purposes, for example, in inexpensive portable

"light emitting” CAs, untimely, as for now. So we can
just to rely on the diligence and commitment of the
graduate students who are inspired by the beauty of the
new physical phenomenon and ready to "mine" and then
defend and put into practice the new scientific provisions
in the major 01.04.10 - Physics of Semiconductors.

Author expresses gratitude to the workers of the
group of diode optical couplers of the Laboratory
of Infrared Optoelectronics of the Iloffe Physical-
Technical Institute of the Russian Academy of Sciences
for the useful recommendations during the article
preparation.
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