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K BOMPOCY O TEPMUHONOIMU
B CPEAJHEBOJIHOBO
UHOPAKPACHOM
ONTO3NEKTPOHUKE

b.Mamaeees, 0.¢.-m.H., OTH um.A.9.Hop e,
Cankm-Tlemepbype

TepMuH "oTpuuaTenbHas NlOMUHeECLLeHLUS" yXKe
[ABHO nepecTtan yansnatb Gusmnkos. Ho moxet nu
3¢ PeKTUBHOCTb cpeaHeBoIHOBbIX UK-poToamnoanos
nnu KIMNJ uctoyHuka usayyeHusa npesbiiaTtb
eanHuuy? B antepaTtype npuv onMcaHUmM HOBbIX
OMNTO3/IEKTPOHHbIX NPU6OPOB MX Pa3paboTUuKu

He Bcerpa KOppeKTHO UCMOJ1b3YIOT Takue BaXKHble
MOHATUA, KaK paguaLMoOHHOe oX/1aXaeHue,
KBAHTOBbIM BbIX0A, U 3 PeKTUBHOCTb, a TaKXke
6biCcTpOAENCTBME CBETO- N POTOANOLA0B.

HAay4YHOU JIMTepaType MOXKHO BCTPeTHThb
B ny6IMKalMK, aBTOPbl KOTOPBIX YTBEPXKIAIOT,

YTO IIPU HEKOTOPHIX HOIyIIeHHSIX KBaHTOBAas
3pPeKTUBHOCTh CPEeIHEBONHOBBIX HMHQPaKPaCHBIX
(MK) ¢otonuomoB (®[I) mpeBellaeT egUHUIY. ITO,
pasymeeTcsi, BBIXOAMT 3a PaMKH INPHHSATHIX QH3H-
YeCKUX IIpe[CTaBleHUN U TpebyeT IOSICHEHUH,
KOTOpBIe OOBIYHO COITPOBOKIAIOT MOAOOHBIE yTBEPK-
noeHus [1,2]. HenmlpUBBIUHO BBIIVISAAT TaKKe 3Haye-
HUAKO3QUIIHMEHTa II0Ie3HOT0 JeHCTBUS CBETOLHO-
noB (Cl), mpeBBIIIAIONIET0 eAUHUIY [CM., HALIPUMeP,
3]. Ho, bonee ueM CTPaHHBIM, Ha IepPBbIN B3I/IAL,
pe3ybTaT CTAHOBUTCS IIOHATHBEIM I10CJIe BHUMAaTe/Ib
HOTO IIPOYTEHUS JIUTepaTyphl o HMK-cBeTomumomaM.
ABTOPBl HEKOTOPBIX PaboT, PpaccMaTpHUBaloIIne
3ddeKThl pafiuallMOHHOIO OX/JIaXKAeHHUSs (TepMO3ek-
TPUYECKOTO0 BO36Y>KIeHHS) U POTO3TeKTPHUUECKHUX
SABJICHUU B IIOJyIIPOBOAHHUKOBBIX P-N-CTPYKTYpax,
nubo H3NMHIIHE pacCIIMpPUTENbHO, TH60 He BIIONHE
KOPPeKTHOI'O HCIIONB3YIOT TePMHUHOJIOTHIO, IIPUHS-
Ty1o B UK-011TO371eKTpOHHUKe. B ueM ke fneno?

OTPULUATEJIbBHAA TIOMUWHECLIEHLU WA

n PAANALLMOHHOE OXJTAXKOAEHUE

Tepmuu "oTpuuatenbHas aoMuHecneHuus" (OJI)
y>Ke JABHO IIe€PeCcTal YAUBISATh PU3HUKOB. OH IIPOYHO
BOIlleJI B JIGKCHKOH MCCIefoBaTesell, 3aHHMalo-
IIMXCS ONTO3IeKTPOHHBIMU IIpUbOpaMU I AHa-
[1a30HA JJIMH BOJIH 3-7 MKM, U B BpUTaHCKYIO SHIU-
knonenrw. Ho mHorma OJI 3aMeHSIOT IMOHSTUEM
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The term "negative luminescence" has long ago
ceased to amaze physicists. But can the efficiency

of medium wave infrared photodiodes or coefficient
of efficiency of the light source exceed one? In the
literature, in the description of new optoelectronic
devices their developers do not always correctly use
such important concepts as the radiative cooling,
quantum yield and efficiency, as well as the operation
speed of the light and photodiodes.

the authors of which argue that, under certain

assumptions, the quantum efficiency of medium
wave infrared (IR) photodiodes (PD) is greater than
one. Of course, it goes beyond the accepted physical
concepts and requires explanations that usually
accompany such statements [1,2]. The value of
coefficient of efficiency of the LEDs exceeding one
also looks unusual [see, for example, 3]. But the result
being very strange at first glance is becoming clear
after a careful reading of the literature on the infrared
LEDs. The authors of some works, considering the
effects of radiative cooling (thermoelectric excitation)
and photoelectric phenomena in semiconductor
p-n structures use the terminology adopted in the
infrared optoelectronics too broadly, or not quite
correctly. What is the matter?

I n the scientific literature we can meet publications

NEGATIVE LUMINESCENCE

AND RADIATIVE COOLING

The term "negative luminescence” (NL) has long
ago ceased to amaze physicists. It is firmly adopted
in the vocabulary of the researchers involved in
optoelectronic devices for the wavelength range of
3-7 microns, and the Encyclopedia Britannica. But
sometimes "negative luminescence" is replaced
with the term "radiative cooling” [6]; the degree of
cooling (AT) often has a dimension of temperature
[K]. The methods for determining such radiative
cooling, followed by the emergence of a negative flow
of photons are explaned in detail in the respective
surveys [7]. Due to the terminological "democracy'
the unsophisticated reader can be confused, because
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"pamuanuoHHOe oxJIaxkAeHHe' [6]; cTelmeHb 3TOro
oxnaxkaeHus: (AT) 4yacTo MMeeT Pa3sMepHOCTb TeM-
nepatypsl [K]. Criocobsl onpezmeneHus TaKOrO pagu-
AI[MOHHOTO OXJIAKIEeHHsI, COMPOBOXKIAEMOTO BO3-
HUKHOBEHHEM OTPHULIATEIBHOr0 II0TOKAa (GOTOHOB,
oA po6HO OCBeIIeHBl B COOTBETCTBYIOIIUX 0630pax [7].
Y HeUCKyLIeHHOTO YMUTATeNlsl U3-32 TePMHHOJIOrHYe-
CKOM "IeMOKpaTHH MOKET BO3HHKHYThH IIYTaHHIIA,
IIOCKOJIBKY II0[ 'PaHALIMOHHBIM OXJIa’KIeHHeM"
MO>KHO IIOHMMATh [IBA PA3JIMYHBIX QHU3HUUECKUX SIBIIe-
HUS. Bo-mepBbIX,- cobcTBeHHO OJI, BO3HHKAIOIIYIO
npy obpaTHOM CMeIleHHUH p-N-Tepexofa M O03Hada-
IOLIYIO IIpeBa/IMpPOBaHMe IOIVIOIEHUS HaJ, H3/yde-
HHEeM B CIIeKTPaJIbHON o61acTH, 6IM3KOM K Kparo
COBCTBEHHOIO IIOIJIOIIeHU S aKTUBHOM obmacTu [6-8).
Bo-BTOpBIX, - 3pdeKT "TerioBoro Hacoca' HMIMU Tep-
MO3TIeKTPUYECKOr0 BO30OYKIeHHS IIPU CMeIleHUHU
p-D-Iepexofia B IIPSIMOM HaIllpaBieHUU [3-6]. Bo BTO-
pom ciyd4ae, 6raromapsi B3aMMOJEHCTBHUIO GOHOH-
HOro 1 GOTOHHOrO I0JeH, Y GOTOHA, ITOKHIAIOLIEro
IIOJTyIIPOBOJHHUK, BO3HHKaeT A00aBOYHAsl SHEPrHUsl.
ITo HaImeMy MHEHHIO, BO M36e>kaHMe OyayImux HeLo-
Pa3yMeHHUH IOHSTHe "pagHallMOHHOe OXIaskAeHHe"
cinenyeT OTHOCHUTh K 3dpdexkTaM, BO3HHKAIIUM
JIALIB IPU IPSIMOM CMeLeHUHU P-N-TIepPexosa.

KBAHTOBAS SODPEKTUBHOCTDb
®OTOINPEOBPA3OBAHUSA

B oTimume OT paJHAllMOHHOIO OXJIaXXKIeHUs, YIIO-
MSIHYTBIe BbIIIe K OTHOCsSIIHecss K pabore O ciy-
Yau, MOIYT ObITh INpOaHAIHW3UPOBAaHB 0e3 IIpuU-
B/leYeHHUsI 3HAHHUM MaTeMaTH4ecKOM QHU3HMKH, HX
MOKHO PacCMOTPeTh B PaMKaxX OOBIYHBIX ITOHSTHH
reoMeTPHUYEeCKOM ONTUKHU U 3aKOoHa Byrepa-Jlambepa.
JeICTBUTE/IbHO, [JIsi IPAaBUJIBHOIO OIpele/leHHUs
3 deKkTUBHOCTU paboThl OJ] KIIOUEBBIM [1apaMETPOM
SBJISIeTCSl TOUHOe 3HaudeHHMe KOJIHMYeCcTBa KBAHTOB
(boTOHOB), MoMafaIIUX B 3IeKTPUUECKH aKTHUBHYIO
30Hy doTonmpHeMHHKa. FIMEHHO IO3TOMYy B H3Me-
PEHHSIX HCIIONB3YIOT, KaK IIpaBHJIO, Mofenb abco-
moTHO dYepHoro Tena (AYT) c 3amaHHOM (PUKCHPO-
BaHHOM) TeMmepaTypon (T); IJIOTHOCTb H3/1yUeHUs
IIPY 3TOM oOIpenessieTcss "'HobeneBcKon" GopMyIion
[ImaHKa M, pasymeeTcsd, paccTossHHeM Mexay AYT
u ®J. OgHako, HeCMOTPS Ha H3BeCTHOCTb KOJIM-
4JecTBa QOTOHOB, H31ydaeMblx AYT B BhHIZle/IeHHOU
CIIeKTPaJIbHOM 0671aCTH, yKa3aTh TOYHOE KOJTHYECTBO
KBAaHTOB, II0NaJAIOUKUX B aKTUBHYO0 30HY ®/I, B psife
C/lydaeB He IIpefCTaB/seTCcsl BO3SMOKHBIM. MHBIMU
cioBaMHU, paf PoTomronoB obnazaeT TakoM KOH-
CTPYKILIHeH, UTO ONpefeNuTh IIoMmaab cbopa H3Iy-
YeHHs] HEeBO3MOKHO HJ/IM MOXKHO JIMIIb NPHUOTH3H-
TeJIPHO ee OLIeHHUTb. [IpuyeM, IOYTH BCErAa MOKHO
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the "radiative cooling" can be interpreted as two
different physical phenomena. Firstly, the actual
negative luminescence occurring during the reverse
bias of p-n junction and representing the prevalence
of absorption over radiation in the spectral range
close to the edge of own absorption of the active
area [6-8]. Secondly, the effect of "heat pump" or
thermoelectric excitation during the bias of the p-n
junction in forward direction [3-6]. In the second
case, due to the interaction phonon and photon
fields, a photon, leaving a semiconductor, receives
the additional energy. In our opinion, in order to
avoid future misunderstandings, the term "radiative
cooling" should be attributed to the effects that
arise only in the case of the forward bias of the p-n
junction.

THE QUANTUM EFFICIENCY OF
PHOTOCONVERSION.

In contrast to the radiative cooling, the cases
mentioned above and related to the photodiodes can
be analyzed without the involvement of knowledge
of mathematical physics, they can be considered
within the ordinary concepts of geometrical optics
and the law of Bouguer-Lambert. Indeed, for the
proper determination of the effectiveness of the
photodiode work, the key parameter is the exact
value of the number of quanta (photons) entering
the electrically active area of the photodetector. That
is why the measurements typically use the model of
ablosute black body (ABB) at a predetermined (fixed)
temperature (T); at the same time, the radiation
density is determined by the "Nobel" Planck’s formula
and, of course, by the distance between the ABB
and the PD. However, despite the known number of
photons emitted by the ABB in the selected spectral
range, it is not possible in some cases to specify the
exact number of photons entering the active zone of
the PD. In other words, the number of photodiodes
has such a structure that it is impossible to determine
the area of radiation collection, or it is possible only to
approximately estimate it. Moreover, we can almost
always confidently say that the area of the radiation
collection in the PD not containing the external
radiation hubs is always greater than the area of the
p-n junction (i.e., the area of the electrically active
parts) [1, 2, 9-11]. This statement is due to the fact that
part of the radiation that has entered into the PD chip,
can be redirected to the p-n junction by the multiple
reflection from the faces, curved surfaces or other
components of the heterostructure, for example, from
the ohmic contacts. This last remark is especially
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C YBEpPeHHOCTBIO T[OBOPUTH, UTO ILIOmMaznb cbopa
usnydeHuss B O, He comepKaIlUX BHENIHUX KOH-
LIeHTPAaTOPOB H3/1y4deHHUsl, Bcerga 6osblile IIoManm
pn mepexopa (T.e. IJIOMIAAX 37MeKTPHUUYECKH aKTHB-
HOoHM 4YacTH) (1, 2, 9-11]. OTo yTBepsKIeHHe CBSI3AHO
C TeM, YTO YacThb U3/Iy4deHHUSs, Bouemero B uum O/,
MoOsKeT ObITh IlepeHaIlpaBaeHa K pP-N-TIepPexofy MHO-
TOKPATHBIM OTPaskeHHEeM OT T'PaHel, UCKPUBIEHHBIX
[IOBEPXHOCTEI MM HHBIX COCTaBHBIX YacTeH rere-
POCTPYKTYPBI, HaIlpMep OT OMHYEeCKHUX KOHTAKTOB.
[TocnemHee 3aMedaHue 0COOeHHO aKTyanbHO A1 P/I,
MMEMUX (QAUI-YUI-KOHCTPYKLHIO C IIHMPOKHUM
OMHYECKHUM KOHTaKTOM [1, 2, 11].

B KauecTBe IIpUMepa MOXKHO yKa3aTb Ha 3aBHCH-
MOCTb TOKOBOM UyBCTBUTEJIbHOCTH Ha AJIMHE BOIHBI
4,2 MKM S;, UMeIoIer pa3MepHOCTh [A/BT] oT cooTHO-
IIeHM s IVIOMAAHU P-N-Tlepexo/ia U KBagpaTa IyOHHEL
Me3bl, IIpUBeleHHYI0 B [l1]. OHa MOKa3bIBaeT, 4TO
IIpY yBeJIHUYEeHUH BBICOTHl HAaKJIOHHBIX CTEHOK Me3bl
(T.e. ee rnybuHBI) IJOMaAb cOOpa H3/IydeHHUS YBe-
JTMYMBAETCS U, COOTBETCTBEHHO, pacTeT $oToTOK P/I.
Hcronp30BaHKe HAKIOHHBIX CTEHOK Me3BI /IJIS1 TTOBBI-
IIeHMs IUIomaAu cbopa M3MydeHUs, T.e. CO3JlaHHUe
BHYTPEHHUX KOHLIEHTPATOPOB H3/Iy4YeHHUSsI, IMIHPOKO
M3BECTHO M JABHO MCIIO/Nb3yeTCsl B IIOYIIPOBOAHU-
KOBOM OIITO3/IeKTPOHMKe, HallPUMep IPHU CO3JaHUHU
OUONHBIX IaHeler O60/NBHION IUIOMAAH C MHHH-
MaJIbBHO BO3MOKHOM BeJIHYHUHON OOPaTHOro TOKA.
Taxkue maHeIH KCIIONB3YIOT IJI 3aIMUTH GOTOIPU-
e€MHBIX MAaTPHI] OT BHEIIHUX TeIIOBBIX LIYMOB [7, 8].
[Ipu CO3JaHUU IaHeNeH HCIOIb3YI0T, KaK IIPaBUIIO,
Habop uaeHTUYHBIX O], BKIIOUEHHEIX B 06paTHOM
HaIlpaB/leHHH, T.e. u3nydawiux OJl.

C Oopyroy CTOPOHBI, [Jsl paAa KOHCTPYKUHI Off
MOYKHO JIOCTAaTOYHO TOYHO yKa3aTh BEPXHHUH IIpefel
KOJIMYeCTBa KBAHTOB, MOCTYIAIONIUX B 00/1acTh p-I-
nepexofa. OQHOM U3 TaKHMX KOHCTPYKLIMI SIBJISIeTCS
"HMMepcuoHHBIN" ®fI, T.e. ®Jl, CONPsI’KeHHBIH C JIMH-
3011 C IIOMOIIBbIO KMMePCHH, Yallle BCero C IOMOIIBIO
onTuyeckoro kies [12, 13] (puc.l). UMMepCHOHHBIN
cnor ("Kier'") Ha cxeme He IIOKa3aH, B JAHHOM CIIy-
Jae Mo pa3yMeBaeTCs, YTO HMMEPCUIO obecriednBaeT
OTCYTCTBHe BO3[AYLIHOM ITPOCIOMKU MeXKAY JTHH30U
1 noBepxHOCTbI0 ®/I. MiMeeTcs B BUAY, UTO PaCCTO-
SHHe MeX/Jy IIOBePXHOCTSIMH JIMH3BI U O MHOro
MeHbIle JJHMHBl BOAHBI H3/1ydeHHs. Takoe cOIps-
>KeHHe TpebyeT BBICOKOTOUHOIO OOOPYHOBaHUS /IS
OOCTHKEHUS 'OITHUYEeCKOro' KauecTBa ITIOBEPXHOCTEH
O[] 1 TuH3BL. [IpU UCIIOTB30BAHKU OIITHYECKOTO KyIest
TpeboBaHUS K KaueCTBY COIPsiraeMbIX IIOBEPXHOCTEH
B UMMepcHoHHOM @I, pa3ymeeTcsi, MeHee CTPOTH.

Jnst @ ¢ MMMepPCHOHHOM JIMH30M ONTHYecKas
IIIOIA/Ab CYIIeCTBEHHO YBeTHUYHBAETCS, IIPH 3TOM
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Puc.1. Cxema ummepcuoHHozo @/ (PD) [12]
Fig.1. Immersion PD schematic [12]

important for the PD with a flip-chip structure with a
wide ohmic contact [1, 2, 11].

As an example, we can point to the dependence
of current sensitivity at a wavelength of 4.2 microns
SI having the dimension [A/W] from the p-n junction
area and mesa depth square ratio indicated in [11]. It
shows that with increasing height of the mesa sloped
walls (i.e., its depth) the radiation collecting area
is increased and thus the PD photocurrent is also
increased. Using the mesa sloped walls to increase
the radiation collecting area, i.e., establishment of
internal radiation gubds is widely known and has
long been used in semiconductor optoelectronics, for
example, when creating a large area diode panels with
the least possible value of the reverse current. Such
panels are used for the protection of photodetector
arrays from the external thermal noise [7, 8]. While
making such panels the scientists generally use a set
of identical PDs activated in the reverse direction, i.e.
emitting negative luminescence.

On the other hand, for some PD designs it is
possible to rather accurately specify an upper limit
of the number of quanta entering the p-n junction
area. One of these designs is the "immersion" PD, i.e.
the PD conjugated with the lens using immersion,
more often, by an optical adhesive [12,13] (Figure 1).
The immersion layer ("adhesive") is not shown in the
diagram, in this case it means that the immersion
is ensured by absence of the air gap between the lens
and the PD surface. It is understood that the distance
between the lens surface and PD is much smaller than
the radiation wavelength. This conjugation requires
the high-precision equipment in order to achieve
"optical” quality of the surfaces of FD and lenses. When
using the optical adhesive the quality requirements
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KOJIMYeCTBO KBaHTOB, IOMAJAIONUX B 06/1acTh p-n-
mepexoja, He MOXKeT MPEeBBICUTb KOIHMYeCTBA KBaH-
TOB, BOIIeJUIMX B JHH3y. JTO KOJIHYECTBO JOCTa-
TOYHO TOYHO MOKeT OBITh OIl€HEeHO [JISI JIMH3BI
C HM3BeCTHBIM JAHaMeTpoM. II03TOMy MapaMeTpsl
I8 UMMepPCHOHHBIX ®J[ MOTYT CIy>KHUTb HEKOTO-
PBIM "3TaJIOHOM" IJISl XapaKTepU3al UK CBOKCTB p—N-
mepexofa M aKTHBHOM 06JIaCTH B HMCXOAHOM YMIIe
®[1". JleFCTBUTEIBHO, KaK [1OKA3BIBAIOT U3MEpPEeHHUS,
KBaHTOBasA 5PpPeKTUBHOCTh YMEHBIIARTCSA IIPU IIPU-
CoefMHEHUH HMMEPCHOHHOMN JIMH3Bl K 'TOJIOMY"
uuny ®JI (puc.2) [13]. Ha fgene 3To 03Ha4aeT yMeHblIle-
HUe TOKOBOM 4yBCTBUTeNbHOCTH PJI. Cpesirt BO3MOXK-
HBIX IPUYUH YMEeHBIIEHHS 3TOr0 Ba>KHOIO IapaMe-
Tpa MOKHO Ha3BaTh OIITHUYeCKHe II0TePH, BbI3BAHHBIE
KaK I[IapasUTHBIM IIOIJIONIeHHEeM, TaK K HeIIOJHO-
TON GOKYCHUPOBKH H3TyUeHHUs Ha AaKTUBHYIO 06J1acTh
®[l. TeM He MeHee, HeCMOTPS Ha CHH>KeHHE TOKO-
BOM (OTOUYBCTBUTENBHOCTH, /s IOTpebUTens
HCII0Nb30BaHHUe MMMepCHOHHOro @/ mouTH Bcerga
[peANIOYTUTEIbHO 1 I101e3HO, MTOCKOIBKY IIPH 3TOM
JNOCTUTaeTCsl CyIlecTBeHHOe yBeJlH4YeHHe OTHOIIe-
HHUS CHUTHQI/IIYM IIPH OINTHYECKHUX H3MepeHHSX
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of the conjugated surfaces in the immersion PD, of
course, are less strict.

For the PD with an optical immersion the optical
area is substantially increased, while the number
of photons entering the p-n junction area can not
exceed the number of photons entering the lens. This
amount can be rather accurately estimated for a lens
with a known diameter. Therefore, the parameters
for the immersion PDs can serve as some "standard”
to characterize the properties of the p-n junction and
the active area in the original PD chip”. Indeed, as it
is shown by measurements, the quantum efficiency
is reduced in the case of attachment of the immersion
lens to the "bare" PD chip (Figure 2) [13]. In practice,
it means a reduction in the current sensitivity of the
PD. Among the possible reasons for reducing this
important parameter we can indicate the optical losses
caused both by parasitic absorption and incomplete
radiation focusing on the active PD area. However,
despite the decline in the current photosensitivity, for
the customer the use of the immersion PD is almost
always preferred and useful, because it is possible
to achieve a substantial increase in the signal/noise

*

B aHITIMKICKOM JHTepaType HMCXOLHBIM YMII 4acTO Ha3bIBAIOT

"ronsim” unmiom (bare chip).

*

In the English literature the original chip is often called "bare

chip".
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Fig. 2. InAs (Sb) PD characteristics: a) - Photosensitivity dependence from the wavelength; 6) - Detectivity dependence from the
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6)

c1abbIx cUrHasoB. [ly1st Haubonee ynoTpebUTeIEHOIO
mapaMmeTpa - obHapyKUTeNbHON criocobHocTH DY) -
TaKoe yBeJH4YeHHe B 3aBUCHMMOCTH OT yIJla 3peHHSs
COCTaBisIeT OT N? 1o N* rhe n - moxkasaTenb IIPeoM-
JeHUS HauMeHee IIJIOTHOT0 OIITHYeCcKOoro MaTepHaa,
HCII0/Ib3YeMOr0 B KOHCTPYKIKU I [12]. [lns cpenHe-
BO/HOBBIX O], M3rOTOBJIIEHHBIX U3 TeTepOCTPYKTYP
Ha OCHOBe apceHHZA HMHAUS (n=~3,4) C JUAMeTPOM
aKTHUBHOM o06imacTy ~280 MKM, IIPHCOeIHHEHHBIX
K KpeMHHeBOM JHuH3e (n=3,5) C IIOMOIIbI0 XaJIbKore-
HUAHOrO cTekna (n=2,4), yBenuueHue D* cocTaBisier
B CpeJlHeM OKoJIo 10 pa3 st THH3H C pabouum mgua-
MeTpoM 3,3 MM (CM. puc. 26).

YBenuveHue momanu cbopa poroHos B Ofl ¢ TOH-
KHUM KOJIBLIEBBIM KOHTAKTOM Ha JIMIIeBOM CTOpPOHE
Y3KO30HHOM YacTH CTPYKTYPBl MOKHO 0becIiedrTh
TaK>Xke U 3a CUeT Jydel, OTPakeHHBbIX OT ThIIPHOM
CTOPOHBI MOAJIOKKKU GaSb mau InAs. ABTOpaMu
[9, 10] 6bBLIO yCTAaHOBIEHO, YTO IOJYIIPOBOJHUKO-
BBIM IPHEMHHUK C Pa3BUTOM THUIBHOM II0BEPXHO-
CTBIO IIOJJIOKKH, HApSALy C PacIIMpeHHBIM AHala-
30HOM CIIeKTPQJIBHOM YYBCTBUTEIBHOCTH, obrazaet
elle U MOBBIIIEHHOM 3PPeKTHUBHOCTBIO B CpefHeH
HK-obmactu cmektpa (1-5 MKM) 3a C4YeT [OIIOJ-
HUTEJBHOTO IIOIJIONeHUsT B AKTUBHOM o06s1acTH
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ratio in optical measurements of weak signals. For
the most common option - the detectability D* - such
an increase depending on the vision angle is from
n2 to n*, where n - the index of refraction of the less
dense optical material used in the PD design [12]. For
medium wave PD made of heterostructures on the
basis of indium arsenide (n~3,4) with the diameter
of active area of ~ 280 microns, bonded to a silicon
lens (n=3,5) using the chalcogenide glass (n=2,4) the
increase in D, in average is about 10 for the lens with
a working diameter of 3.3 mm (see. Figure 26).
Increasing the photon collection area in the PD
with a thin annular contact on the front side of the
narrow-band part of the structure can be achieved also
by the beams reflected from the back side of the base
coat GaSb or InAs. The authors of [9, 10] have found
that the semiconductor receiver with the advanced
back surface of the base coat, along with the extended
band of the spectral sensitivity has also increased
efficiency in the medium IR region of the spectrum
(1-5) microns due to the additional absorption in the
active region of the heterostructure of the photons
repeatedly re-reflected from the curved surfaces of
depressions in the semiconductor base coat (Figure 3).
In fact, while creading a relief to the original streams
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reTepoCTPYKTYphl POTOHOB, MHOI'OKPATHO II€peoTpa-
SKEHHHBIX OT KPHUBOJIHWHENHBIX IIOBEPXHOCTEM YITIy-
OleHUHN B IONYyIIPOBOJHUKOBOM IIOAJIOXKe (pHC.3).
JleFiCTBUTENBHO, IIPU CO3MAHHUM penbeda K HCXOA-
HBIM IIOTOKaM A U D, MOIJoIaeMbIM B IIOBEPXHOCT-
HoM csioe O c IJIOCKOHM TBIIBHOM CTOPOHOM IIOJ-
JIO>KKH, 106aBIISIIOTCS IOTOKH, GOPMHUPYeMbIe 3a CHeT
IIOTOKOB B 1 C M KX IOC/IeAYIOIHX OTTOJIOCKOB'.
[ToBblmeHHe QOTOUYBCTBUTENIBHOCTH B 001acTH
IJIMH BoJIH 1-2,5 MkM (mmogjoxkka GaSb) u 1,5-4 MKM
(momyoskka InAs), corllacHO HAHHBIM YKa3aHHBIX
pabor, HeBenuko (~ 30%). II03TOMYy IOHSTHO, YTO
IIpe/IJIO’KeHHBIIN IIOAXOZA crocobeH B OyaylleM HaTh
3HAYUTE/NbHOE YBeJHYeHHe YYBCTBHUTENBHOCTH IIPU
HCIIONB30BAHUU APYruX, Oojlee IIPO3PadHBIX IIOJ-
7oKeK, HanpuMep GaAs st [UAIla30HA AJIUH BOIH
A=1-2,5 MkM) 1 GaSb mis A=2-4 MKM.

B HexkoToprlXx THUIIaX DJ TOKOBask YYBCTBU-
TeABHOCTh (KBaHTOBas 3PPEKTHBHOCTH) MOXKET
OBITH IIOBBIIIEHA 3a CUeT yBeJIHYeHHUs K0IQOULIH-
€HTa OTPaskeHUs OT THUIPHOM CTOPOHBL CTPYKTYPBHI.
K TakoMy THIIy yCTPOMCTB MOKHO OTHecTH ®I, ume-
IOI[Fe KOHCTPYKUHIO (GIUI-YUII M OTpaskaloliue
KOHTAKTHl, HampuMmep aHop (R=0,6 [11]). B Takux
OUONAX YacTh He IIOIVIOLeHHBIX IIPH IIePBOM IIPO-
XO[le KBAaHTOB MOXKET IIPU OTPa’kKeHHHU OT KOHTAKTa

i
MepBbIi OMUYECKUI KOHTAKT | KonbLeBas
MoBepxXHOCTb First Ohmic contact aKTUBHasN
aKTUBHON obnactb
obnactu MOTOK GOTOHOB Annular
Active region Photons flux active
surface region
____- -.___
'h. 7, Y vV Y Y YV N
Yrnybnenus  MepudepuinHas | | Bropown
Pits 0bnacTb | | omuyecknia
Peripheral area | | KOHTaKT
Second
MoBepxHOCTb NepudepuinHor obnactn | Ohmic
Peripheral region surface contact

MonynpoBoAHMKOBas NOAI0XKKA
Semiconductor substrate

Puc.3. Cxema ®/] ¢ KoAbLEe8bIM KOHMAKMOoM U pazeumot
N08epXHOCMblO HA MblAbHOL CMopoHe NodAOXKKU [9]

Fig. 3. Scheme PD having an annular contact surface area and
textured surface on the back side of the substrate [9]

A and D, absorbed in the PD surface layer with a flat
back surface of the base coat, are combined with
the flows generated by the flows B and C and their
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OBITH IIepeHaIIpaBIeHHON B CTOPOHY aKTHBHOM 0by1a-
CTH, 4YTO JACT yBeJlH4YeHHe POTOTOKA. ECcTecTBeHHO,
YTO IOAOOHBIM MexXaHH3M yBeIHYeHUS KBAHTOBOM
3¢pPeKTUBHOCTH aKTyaJleH /ISl U3JIy4eHHs C HeBbI-
COKUM KO3)PHUIIMEHTOM IIOIJIOIIEeHHUs, T.e. BOIM3HU
OJIMHHOBO/JIHOBOTO Kpas IIOTJIOIeHHM S AKTUBHOU
obsmacTu. B KOPOTKOBOJITHOBOM YacCTH CIIEKTPAJIbHOM
KPHBOM He CTOUT OKHUAAThb YBeJIHUYeHHUSI KBAHTOBOM
3¢ $eKTUBHOCTH HK3-3a IIOJIHOLO IIOIJIOLIEHMS H3J1y-
YeHMsl aKTUBHOM 0671acThio - 3¢PeKTrl, 06ycI0BIEH-
Hble OTPa’KeHHUEM OT KOHTAKTa sl 3Tou obmactu
CIIeKTPa, MOTYT OBITh IIPOMTHOPUPOBAHBI. [IOHATHO
TaK>ke, YTO IIPU 3aTeHeHUH Bcex yacTen O], KpoMe
AKTHUBHOU 06y1acTH, KBaHTOBAas 3bOEeKTHBHOCTH
He MOXKeT IIPeBBICUTh e JUHHILY.

BbICTPOLAENCTBUE ®/

TepmuH "6pIcTpomericTBytomue O Takke TpebyeT
YTOUHEeHH S, IOCKOJIbKY Pa3Hble aBTOPHI BK/IaJbIBAIOT
HeCKOJIbKO Pa3HBIM CMBICJI B 3TO IIOHSTHe. B Kaue-
CTBe IIpHMepa PacCMOTPUM pPaboTel, B KOTOPHIX Tep-
MHUH "OBICTpOZEeHCTBYOIIME" HIH "CBepXOBICTpOme-
cTByromue” ®Jl BoIHeCeH B Ha3BaHMe CTaTbu [14-16].
B pabore [15] mon 6sicTpomericTBHeM Pl u3 InAs
IIOHHUMAaeTCs II0CTOSSHHasi BpeMeHH RC-LIeIIOUKH,
BbIuHMcasieMast gJisi R=50 OM u coctaBiisgromas 30-80 HC
o ©J1 nmamerpom D=0,2-0,3 MmM. MIHOra orpaHUYH-
BAIOTCSI IIPUBefleHHeM 3HadeHUs eMKoCTH OJ], Hanpu-
Mep C=2-5 n® mpu obpatHoM cMmenieHuHu (U=-(0,2-
0,4 B)) nns @I nuamerpom F=50 MKM [16]. B pabore
(17] mpuBeneHO B BOe MeHblllee, YeM B [15], 3HaueHUe
[IOCTOSIHHOU BpeMeHH (t=15 Hc) gasa O Ha ocHOBe
p-InAsSbP/n-InAs C COIOCTaBUMBIMU pa3MepaMH,
IoJIy4eHHOe IIPHU H3MEePeHHUSAX C IOMOIIBIO0 IOy~
IIPOBOJHMKOBOIO jIa3epa Ha ocHoBe GaAs. Eme MeHb-
Ilee 3Ha4yeHHe [JISi MOCTOSIHHOM BpPeMeHH MOKHO
obHapykuTh B [18] (pacueTHoe 3HaueHHe T=1-6 HC
IUIS THoMa IUIOIAAbio 1 MM?2), a Takke B CIlelHudU-
KallMAX CepUHHO BbIIIyCKaeMoro doronmona J12-LD2-
R250U u3 apceHua UHAKSA AUAMETPOM J=250 MKM,
nns Kotoporo TepmuH "High-Speed" (<3 HC) mpu-
MEeHEeH JIUIIb K OITMCAHHIO CXeMBI €ro BK/IIOUEHUS,
a He K npubopy B LenoM [19]. B 3TOH CBSI3U pa3yM-
HBIM IPe/CTaB/seTCs IPHUBefeHNe B Ha3BaHUHU CTa-
TPU 3HAUeHMs, OTHOCSILErocsi K OBICTPOLENCTBHIO,
HaIlp¥Mep 3HaYeHHU S IIPOU3BeAeHU I KO3PPHUIIeHTa
YMHOXKeHUsI Ha II0JI0CY IPOIYCKAHUS JIABUHHOTIO
dotonuopa (cM., HanpuMep, [14]) unu nosocy npomy-
cKaHHUS (CM., Hanpumep, [16], HO 6e3 pacHIHpUTeNb
HOI TPAKTOBKHU M PaCIPOCTPaHEHHUS OLHUX JaHHBIX
Ha BCe TUITHI UCCIeqoBaHHBIX D[I).
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subsequent "echoes". The increase in photosensitivity
in the wavelength region of 1-2.5 micrometers (GaSb
base coat) and 1.5-4.mu.m (InAs base coat), according
to the above works, is small (~ 30%). Therefore it is
clear that the proposed approach is capable in the
future to provide a significant increase in sensitivity
during the use of other, more transparent base coats,
for example, GaAs for the wavelength range A=1-2,5
m, and GaSb for A=2-4 microns.

In some PD types the current sensitivity (quantum
efficiency) can be increased by increasing the
coefficient of reflection from the back surface of the
structure. Such a device may include the FDs having a
flip chip structure and a reflective contacts such as the
anode (R=0,6 [11]). In such diodes the part of photons
not absorbed during the first pass can be redirected
towards the active region as a result of reflection
from the contact that will provide the increase in
the photocurrent. Naturally, such a mechanism of
increasing the quantum efficiency is relevant for
radiation with a low absorption coefficient, i.e., close
to the long-wavelength absorption of the active region.
In the short-wave part of the spectral curve it is not
necessary to expect the increase in the quantum
efficiency due to the complete absorption of radiation
by the active area - the effects due to reflection from
the contact for this spectrum area can be ignored. It
is also clear that while shading all PD parts except
for the active region the quantum efficiency can not
exceed one.

OPERATION SPEED OF THE PD

The term "fast PD" also requires clarification, because
different authors put different meaning in this
concept. As an example, we will consider the works
in which the term "high-speed” or "ultra high-speed”
PD is included in the name of the article [14-16]. In
the work [15] the PD operation speed from InAs means
the time constant of the RC-chain calculated for R=50
Ohm and is 30-80 ns for the PD with the diameter
D=0,2-0,3mm. Sometimes we are limited to the usage
of the FD capacitance values, for example, C=2-5pFin
the case of the reverse bias (U=- (0,2-0,4 V)) for the
PD with the diameter @=50 mm [16]. The work [17]
provides the time constant that is less than half of the
value indicated in [15], (t=15ns) for the PD on the basis
of p-InAsSbP/n-InAs with the comparable dimensions,
obtained by the measurements using semiconductor
laser based on CaAs. Even lower value for the time
constant can be found in [18] (the calculated value
of 1=1-6 ns for diode with an area of 1 mm?), as well
as the specifications of the commercially available
photodiode J12-LD2-R250U made of indium arsenide
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MOLWHOCTb U3NTYHEHUA.

BecbMa PpacmpocTpaHeHHBIM IIPHJIATaTelbHBIM,
HCIIONB3YeMbIM [IJIs1 XapaKTePUCTHUKU CpPeHEeBOTHO-
BBIX CBETOAUOJOB, SIBJISIETCS IIPHUJIATATeIbHOE "MOII-
HbIn" [20-22] unu "odeHs MoIHbIN" [23]. [IOHITHO, YUTO
B IIOHSTHE "MOIIHBIN" aBTOPBI BKJIALBIBAIN CMBICI
"ONITUYeCKY MOIIHBIN" CBeTOLUOZ. [Ipy 3TOM HepeLKo
OKa3bIBaeTCsl, YTO "O0YeHb MOIIHBINA (B OPUTHHaJIe
"high power", 5 MBT, 1=1,4 A [23]) ycTynaeT mo omnTu-
YeCcKOM MOLIHOCTH mpocTto "MomuoMmy" (5,5 mBT,
[=9 A [20]) mpu COIIOCTaBUMBIX TOKaX HaKauKH.
Hec/IOKHBIM pacueT ITOKa3bIiBaeT TaKxke, 4To 3ddex-
TUBHOCTh IIpeobpa3oBaHUs, onpezenseMas, HallpyU-
Mep, ISl CBeTOAHOL0B M3 HOMUHAJIBHO OMHAKOBBIX
CTPYKTYP C aKTHBHOM 006/1aCThIO 3 apCeHUA UHAUS
[20-23] 1 mMeromas pa3MepHOCTbh MHJIHBATT Ha
amIIep, IOCTENeHHO YMeHBIIAeTCsI C POCTOM HOMEpPa
TOMa KypHaJIa. 3aMeTUM TaKKe, UTO yMeHbIlIeHHe
Ko3bduireHTa npeobpasoBaHus B 6ojee MO3THUX
paboTax, yKa3aHHBIX aBTOPOB (CM., HanpuMmep, [20])
II07Ty4eHO, HEeCMOTPSI Ha CyILlecTBeHHble JOpaboTKU
KOHCTPYKUMH umuna Cl, T.e. IpU Iepexofe OT KOH-
CTPYKLIHHK C TOYEYHBIM KOHTAKTOM K p-obmactu [21]
YU YOAJIEHHOCTBIO p-N-liepexofa OT TeIlJIOOTBOAA (21,
22] K KOHCTPYKLHUH YHIIA C TOUEYHBIM KOHTAKTOM

Syl 4

with the diameter @=250 mm, for which the term
"high-speed” (t <3 ns) is applied only to the description
of its connection layout, rather than to the device as
a whole [19]. In this connection it seems reasonable to
use in the title of the article the value relating to the
operation speed, for example, values of the product
of the multiplication factor and the bandpass of the
avalanche photodiode (see, for example, [14]) or the
bandpass (see, for example, [16], but without broad
interpretation and dissemination of the same data on
all types of the studied PDs.

RADIATION POWER

The very common adjective used to describe the
medium wave LEDs is the adjective "powerful" [20-22]
or "high powerful" [23]. It is understood that the
concept of "powerful” is meant by the authors as the
"optically powerful" LED. It often turns out that the
"high powerful" (in the original, the "high power",
5 mW, I=1,4 A [23]) is second in the optical power
to the simply "powerful” (5.5 mW, I=9 A [20]) at
comparable pump currents. A simple calculation
also shows that the conversion efficiency defined,
for example, for the LEDs of nominally identical
structures with the active region, ade of indium
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Puc.4. Bamm-amnepHble xapakmepucmuku "20abix" paun-4un
C/1 Ha ocHose cmpykmyp p-InAsSbP/n-InAs/n+-InAs
Fig. 4. LED (p-InAsSbP/n-InAs/n+-InAs) characteristics

K N-0671aCTH U MaKCHMaJIBHBIM IIPUOIHKEeHHEM p-11-
mepexofa K TeIUIOOTBOAY, T.e. IIPU MOHTaKe 3IIH-
TaKCHAJIBHOTO CJIOSL BHU3 Ha Kopimyc [20]. Ilo BceM
IIpe/IIIOChIIKAM U COOOPasKeHHSIM, INPHBeJeHHBIM
B [24, 28], CI B [20] mo/KHBI O6bLIM 6Bl OBITH Oosee
30PeKTUBHBIMH M MOIIHBIMU, yeM CI B [21, 22].
Bompoc HECOOTBETCTBHUSI OKHUIAHHUH U PeabHbIX
OAHHBIX y>Ke pacCMaTpHUBAJICs HAMHU B [24] mpuMeHU-
TeJIbHO K MU3MEPEeHHSIM C IIOMOLIbI0 MHPPAKPACHBIX
MHKPOCKOIIOB.

BHYTPEHHWNIA KBAHTOBDIV BbIXO/,

JIOBOJIBHO 4YacCTO MPHUBOJHUMBEIN aBTOPAMH BHYTpEH-
HUM KBAaHTOBBIK BBIXOJ, IIOJIy4aeMBIM K3 3KCIIepH-
MeHTa/IbHBIX 3HaueHHH OIITHYeCKOM MOIIHOCTH,
HMeeT 3HaueHHe, He COOTBETCTBYIOIlee BCeH COBO-
KYITHOCTH JAaHHBIX 06 06BeKkTe HCC/IeNOBaHMUS, IIpe-
SKJIe BCero TeMIIepaTypHOU 3aBUCHMOCTH €ro ONTHYe-
CKOM MOIIHOCTH. Ha momo6HOe HeCOOTBETCTBHE YKe
obpalasock BHUMaHHe paHee B 0630pe [24] 1 oTMeda-
JI0Ch, YTO CTAHJAPTHOE [IJ151 CBETOJMO0B U3 apCeHUa
WHOMSA yBeIMYeHKe MOIIHOCTH Ha 1-2 mopsjKa Ipu
oxnakAaeHuu oT 300 mo 77K 03Ha4aeT, YTO IPU KOM-
HATHOM TeMIIepaType BHYTPeHHH K KBAaHTOBBIL BBIXOT,
He MOKeT IHpeBblmaTh 1-10%. K cokaJleHHIO, HeKO-
TOpble aBTOPHI (CM. Hampumep, [20]) mpeHebperaioT
IIPOCTBIMH OLIEHKAMHK KBaHTOBOI'O BBIXOJA, OCHOBAaH-
HBIMH Ha MpeAIonoKeHHH o 100%-oM KBaHTOBOM
BBIXOZe B INAs Ipu TeMIlepaTypax HHKe 77 K U Heus-
MEHHOCTH IIPOIIYCKAaHMS CJIOEB B IeTePOCTPYKTYpPY
IIPH U3MEHEeHHH TeMIIepaTyphl. [1o HaleMy MHEHUIO,
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arsenide [20-23], and having the dimension of mW/A
gradually decreases with increasing volume serial
number of the file. It should be also noted that the
reduction in the conversion factor in the later works of
these authors [see, for example, 20] is received, despite
the substantial improvements in the LED chip design,
i.e. druing the transition from design with the point
contact to the p-region [21] and the remoteness of
the p-n junction from the heat sink [21, 22] to the
chip designwith a point contact to n-region and the
closest approximation of the p-n junction to the heat
sink, i.e. while mounting the epitaxial layer down on
the body [20]. According to all the prerequisites and
reasons given in [24, 28] the LEDs [20] would have to
be more efficient and powerful than the LEDs in [21,
22]. The issue of non-compliance of expectations with
the actual data has already been considered in [24]
with respect to the measurements using the infrared
microscopes.

THE INTERNAL QUANTUM EFFICIENCY

The internal quantum efficiency wuite often provided
for by the authors and obtained from the experimental
values of the optical power has a value that does not
match the data aggregate relating to the object of
research, especially the temperature dependence of
its optical power. We have already drawn attention
to such a discrepancy earlier in the review [24] and
noted that the power increase by 1-2 orders standard
for the LEDs of indium arsenide during cooling from
300 to 77 K means that at the room temperature, the
internal quantum efficiency can not exceed 1-10%.
Unfortunately, some authors [for example, 20] neglect
the simple estimates of the quantum efficiency, based
on the assumption of 100% quantum efficiency in InAs
at the temperatures below 77 K, and the transmittion
immutability of the layers in the heterostructures
with changes in temperature. In our opinion, the
overestimated value of power and, consequently, the
internal quantum efficiency, is due most likely to the
methodological errors in the calculation of power. This
assumption is appropriate, given the large difference
in the values of power in the pulsed and continuous
modes [20-23]. This difference, of course, should be
available, but only at the high pump currents when
the LED chip is heated by Joule heat (see, for example,
data in [24, 25]).

RADIATION TEMPERATURE

For most applications of the IR LEDs the paramount
importance is provided by their luminosity, or
brightness, but not by the integral radiation power.
This is due to the fact that for efficient use of radiation
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3aBBIIIEHHOE 3HAUeHHe MOITHOCTH U, COOTBETCTBEHHO,
BHYTPEeHHEro KBAHTOBOI'O BBIXOIA, CBSI3aHO, BEPOSIT-
Hee BCETo, C MeTOAMYeCKHMMHU OIIHUOKAMHU ITPU pacyeTe
MOIIHOCTH. Takoe IpeJIONOKeHHe BIIOJTHE YMeCTHO,
€CJIH Y4eCTh CUJIbBHOE Pa3THYHe 3HAaUeHH I MOIIHOCTH
B MMITyJIbCHOM U HeIlpepblBHOM peskuMax [20-23]. 3to
pasyinyre, KOHEYHO Ke, JOJIKHO OBITh, HO TOJIBKO IIPU
GONMBIIMX TOKAX HaKa4dKM, Korga 4yum CJI pasorpea-
eTcst JI>KOyJleBBIM TeIlIOM (CM., HaIlpuMep, HaHHbIe
B [24, 25)).

PAOANALUNOHHASA TEMMEPATYPA

Ilns GONBLUIMHCTBA npuMeHeHUN HK-cBeTonHOm0OB
[IepBOCTeIIeHHOe 3HayeHHe HMeeT HUX CBeTHMOCThb
WUIKA SPKOCTh, a He HMX HHTerpajbHas MOIIHOCTb
M3Iy4YeHHUs. IDTO CBA3aHO C TeM, 4YTO g 3ddex-
TUBHOTO MCIIOJIb30BAHMUS M3JIyUeHUS M II0faBa-
eMOH Ha H3JIydaTe/b 3JIeKTPUYeCKOH MOIIHOCTH
Ba)KHO, 4TOOBI pa3mep akTUBHOMN obnactu CJI, 6B
CyLeCTBeHHO MeHbIIe, yeM pa3Mep GOKYCHPYIOIIUX
OITHYECKHX 37IeMeHTOB, HallpUMep HMMePCHOHHBIX
JIMH3 WK 3epKaJl, UCII0/Ib3yeMBIX B H3MEePHUTEeIbHOM
ycTporcTBe. Tak, HallpuMep, IIPH KCIIOIb30BAHUU
CIl ¢ momepedyHBIM pa3MepoM aKTHBHOMN 061acTH
430 MKM, MHKPOMMMEPCHOHHBIX JIMH3 pPasMepoM
~1 MM H chepuUeCKHX 3epKajl AHaMeTpoM 68 MM
YAAI0Ch CO3AATh M3MEPUTeIbHBIN KaHal Ha JJIHUHY
BOJIHBI 3,3 MKM C OIITHYECKOH MJIMHOMN 10 100 m [26].
IIpy 3TOM CTAaHOBHUTCS IIOHSATHBIM, YTO K/IIOYEBBIM
[IapaMeTpPOM B CBETOJHOZE SIBJISeTCSI MOLTHOCTD U3/Ty-
YeHHUs C eJUHUIIBl IJIOMIAAM ero akKTHUBHOM o6ia-
ctu (MBT/cM?). O4eHBb 4acToO [/ XapaKTepUCTHKHU
TaKOM "yoeIbHOHM' MOILIHOCTH IIOJIB3YIOTCS IIOHS-
THeM "pafuallMOHHAs TeMIlepaTypa’ MM 'apparent
temperature(T,) [24, 27]. AHalIUTHYeCKHE BBIpasKe-
HUS IJIS1 BBIYKC/IeHU S PaJHallMOHHOM TeMIIepaTy pbl
MOXHO HAaWTH, HallpuMep, B [27]; Ha puc. 4 mpuBe-
JeHbl JaHHbIe [JIS1 CAMBIX SIPKUX Ha CerofHSIIIHUUN
IeHb cpeaHeBONHOBBIX MK CJI, I KOTOPBEIX 3ddex-
THBHAs pajHallMOHHAs TemIlepaTypa Ha JAJIHHe
BOJIHEI 3,3 MKM cocTaBigeT 1250 K [24, 28]. 3HaueHMe
3¢ PeKTUBHON paJUALlMOHHOK TemIeparypel (T,)
yKa3aHO [JIS MaKCHMaJIbHOIO 3HadeHHSI HMMIIYJIbC-
Horo Toka (4.5 A) anst CJI c r1yboKor Me30H TpaBsile-
HHS U TeKCTYPHUPOBAHHOM IIOBEPXHOCTBIO, IOJy4YeH-
HOM XHMMHYECKHM TpaBJeHHeM CBeTOBBIBOAAIIECH
MOBepXHOCTH N*-InAs. ITOMHMO BBICOKOM SPKOCTHU
npenjoxkeHHble B [28] C[I yLLoﬁHbI OJ1s1 CTBIKOBKH
C ONTHYeCKHUM BOJIOKHAMM, YTO CO3[aeT IIpeAIlo-
CBUJIKH [J15 UX KCIIOJIb30BAHM S B BOJIOKOHHO-OIITHYe-
CKHUX JaTuMKax, HallpUMep JaTYHKaX XMMHUYEeCKOro
COCTaBa KUAKOCTH, paboTAIONIHUX 10 METOAY HCYe3a-
IOIIlel BOJTHEI.
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and the electric power supplied to the emitter, it
is important that the size of the LED active area is
significantly smaller than the size of the focusing
optical elements, such as immersion lenses or mirrors
used in the measuring device. For example, when
using the LEDs with a lateral dimension of the active
region of 430 microns, microimmersion lens with the
size of ~1mm and spherical mirrors with the diameter
of 68 mm it was able to create a measurement channel
for the wavelength of 3.3 microns with the optical
length of up to 100 m [26]. At the same time it is
becoming clear that the key parameter in the LED
is radiated power per unit of its active area (mW/cm?).
The characteristics of such a "specific" power very often
uses the term "radiation temperature” or "apparent
temperature” (T,) [24, 27]. The analytical expressions
for calculating the radiation temperature can be
found, for example, in [27]; Fig. 4 shows the data for
the brightest modern medium wave IR LEDs for which
the effective radiation temperature at a wavelength of
3.3 microns is 1250 K [24, 28]. The effective radiation
temperature (T,) is indicated for the maximum pulse
current value (4.5 A) for the LEDs with the deep
etching mesa and textured surface, obtained by
chemical etching of the light deferential surface of
the n + -InAs. In addition to the high brightness the
LEDs proposed in [28] are suitable for the optical fiber
connections that creates prerequisites for their use
in the fiber-optic sensors, for example, the sensors of
chemical composition of the fluid working according
the disappearing wave method.

INSTEAD OF CONCLUSION.

We believe that understanding the above mentioned
nuances of using the terminology of infrared
optoelectronics is important for proper assessment
of the applicability of a particular PH or LED design
to solution of a particular technical problem. Such
problems have recently become more and more, the
balance between high speed, sensitivity, power,
brightness and the possibility of PH/LED using in the
fiber-optical systems, for example, to measure the
objects heated to low temperatures [29], have greater
importance.
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BMECTO 3AKJ/TIOYEHWNSA

Ham mpepcTraBiigercs, 4TO IOHUMaHUe IIepeYHC/IeH-
HBIX BBIIIe HIOAHCOB MCIIOJIB30BAHHS TEPMHHOJIO-
ruy MK-0oNTO3/IeKTPOHUKH Ba’kHO AJIS IPaBHUIBHOU
OLleHKM IIPUMEHHMOCTH TOM H/IH HHOH KOHCTPYK-
uur O mau CJ] K pellleHWI0 KOHKPeTHOH TeXHH-
YeCcKOM 3ajJaud. TaKHUX 3aZayd B IOCefHee BpeMs
CTAaHOBHUTCS Bce bonblle, npudyeM Bce bonee u bonee
Ba)KHOe 3HaueHHe Ipuobperaer 6amaHc MeXAOy
OBICTPOAEHCTBHEM, UYYBCTBUTENBHOCTHIO, MOIIHO-
CThIO, SIPKOCTBIO M BO3MOXKHOCTBIO MCIIOJIb30BaHHSA
®J1/C/l B BOJIOKOHHO-OIITUYECKUX CUCTEeMAaX, HAIlpH-
Mep AJ1s1 U3MepeHMsI HarpeThIX N0 HeBBICOKUX TeM-
repatyp o6veKToB [29].

ABTOp BBIpa>kaeT 0/1arofapHOCTh COTPYLHH-
KaM TpyIIIBl JUOAHBIX omrTormap MIRDOG nabopa-
TOPUU HHOPPAKPACHOM ONTO3MeKTpoHUKU PTU
uM.A.®.Hodde PAH 3a momoIus B pabote.

[losiBlIeHHe NAHHOM CTaTbU 00YC/IOBJIEHO BBIIIOJ-
HeHHeM paborT 110 mpoexTy "Pa3paboTka TeXHOJIOTHUH
IIOJIyYeHUs II0yIIPOBOAHUKOBEIX POTOUYBCTBUTEIID-
HBIX MaTepHajoB /I MAaTPUYHBIX MHPPaKpaCHBIX
bOTOIPHEMHHUKOB U TeIIOBU30poB". Ko KOHTpPaKTa
14.576.21.0057.
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