i

DOI:10.22184/1993-7296.FR0s.2020.14.4.320.330

MaTpuuHble
doTonpuemHbie
yCTpOMcCTBa
NMK-apnanasoHa:
«nocTnaHaeMmyeckue»

TeHaeHumm paBBMTMﬂ
YacTb Il

H.A.Kyabuuykuii’?, A. B. Haymos?, B. B. Cmapues?

" Mockosckuil mexHoAozuseckuil yuusepcumem (MHPDA),
Mockaa, Poccus

2 THII PO AO «HIIO «OPUOH», Mocksa, Poccus

3 AO «OKB «Acmpon», JIbimRapuHo, Mock.o0ba., Poccus

B nepeoi 4yactu o63opa (cm. domoHuka.

2020; 14(3): 234-244) 6b11 pacCMOTPEHDI
MH}paKpacHbie AeTeKTOpbl TEMNJ0BUINOHHOM
TeXHUKU. YCTPOMCTBA BOCTpe6oBaHbI

B CUCTEMAX U KOMTMJIeKCaxX rpaXkAaHCKoOW

M MeAULUNHCKOW TepMmorpadum, oXpaHHOro
M noXxapHoro Ha6aaeHus, NnepcoHasbHbIX
cucTemMax HOYHOro BuaeHusa u obecnevyeHus
6e3onacHocTU. Bo BTopo# 4yacTtu o63o0pa
paccMoTpeHbl oxnaxagaemMblie MOMY ansa
crnekTpanbHOro anana3soHa 3-5 mkm, 8-12
MKM, Heoxsaxxpgaemblie MONY. MNpepcrasneHo
CpaBHeHUe TernJIoBbIX AeTeKTOPOB pasHoOro
TUNA OT pasHblIX MUPOBbIX NPOU3BOAUTENEMN.
[aH 3KCnepTHbIA NPOrHO3 U3MEHeHUN
AVWHaMMUKU pocTa pbiHKa U ero nocT-
naHgeMuyeckme TeHAEHUUN pasBUTUS.

KntouyeBble cnoBa: Tenj081M30pbl, 60/10MeTpbI

CTaTbs nonyyeHa: 08.04.2020
MpuHsaTa K nyéamkaumm: 20.04.2020

OXJNTAXAAEMDbDIE MY

ANna NK-ANAMNA30HA

CHM)KeHHUe IIara pacIolosKeHUs ITHKCeTI0B M IIOBBI-
meHHe GopMaTa MATPHUIBl IIPUBOJUT K 3HAUUTEb
HOMY POCTy [AaJbHOCTH PaCIO3HaBaHUS 0O6BEKTOB
OIITHKO-3/IeKTPOHHBIMHU CUCTeMaMH [5-7].
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The first part of the review (see Photonics
Russia.2020; 14(3): 234-244) deals with infrared
detectors of thermal imaging technology. The
devices are in demand in systems and complexes
of civil and medical thermography, security

and fire surveillance, personal night vision

and security systems. The second part of the
review deals with cooled APDs for the spectral
range of 3-5 microns, 8-12 microns, uncooled
APDs. A comparison of thermal detectors of
various types by different world manufacturers
is presented. An expert forecast of changes in
market growth dynamics and trends of its post-
pandemic development is given.
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COOLED APDS FOR IR RANGE

A decrease in the pixel pitch and an increase in
the array format leads to a significant increase in
the range of recognition of objects by optoelectronic
systems [5-7].

Cooled APDs for the spectral range of 3-5 pm
Array photodetectors (APDs) considered in the first
part of the review (see Photonics Russia. 2020; 14(3):
234-244) are mass-produced widely presented on the
world market. The main format is 640 x 512 pixels, the
transition to 1280 x 1024 pixels. Advances in technol-
ogy of IR sensors allowed increasing the size of the
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Oxnaxpaembie MOTIY gng cnekTpanbHOro
AnanasoHa 3-5 MKM

MatpuuHble QoTonmpHeMHble yCTporcTBa (MOILY),
paccMOTpeHHBIe B IepBOM 4dacTu o63opa (cm. doto-
HHKa. 2020; 14(3): 234-244), BBIIIYCKAIOTCS CEPUHHO U
IIMPOKO IIpelCTaB/leHbl HA MUPOBOM pbIHKe. OCHOB-
HOIl dopMaT - 640x512 IHUKCENOB, OCYLIECTBIISIETCS
nepexon Ha 1280x1024 niukcenoB. [JOCTHKeHHUS B TeX-
Hosorugx HMK-ZaTYMKOB II03BOJIMJIM YBEIHYHTH pas-
Mephl MAaTPHIL] U YMEHBIIUTh Pa3Mephl IIUKCEIOB IS
IIOJIyYeHHsI MerallMKCeJIHBIX MaTpHIl. MaTepHasbl
IS UX co3manus - InSb, KPT, InAsSb.

Oxnaxpaembie MOTY ang cnekTpanbHOro
AnanasoHa 8—12 MKM

M®IIY, npencTaBleHHBIE B Tabn. 3, Takke BBIITY-
CKAIOTCSl CEePHHHO BeAyLIMMH IIPOHU3BOLUTEISIMH
Y LK POKO IIpelCTaBIeHbl Ha MU POBOM PbIHKe. OCHOB-
Hble opMartsl —320 X256, 384x288 u 640 x 512, pazpabo-
TaHBl 00pa3mpl MeramnykcenHex MOIIY. Martepuansl
071 ux co3ganus — KPT, QWIP.

[AByx- " MHOrocnekTpasbHble MOIY

JByX- XU MHOIOCIIeKTpasibHble M®IIY aKkTUBHO pas-
pabaThIBarOTCS MpaKTHUYeCKHd BCeMU BelyMIUMU QUp-
MaMH. HX IpUMeHeHHEe B OIITHKO-3JIEKTPOHHBIX
CHMCTeMax IIOBBIIIAeT BEePOSITHOCTh OOHApyKeHHUS
M PpaCIO3HaBaHUA Liedu. BpiCOKasgs HHPOPMATHB-
HOCTb K IOCTHraemMasi IpH 3TOM KOMIIAKTHOCTh IIPH-
60pOB - OBKIKYILHe CHIbI PAa3BUTHS 3TOrO HaIlpaBile-
HUSA. B caenymoolineM OecATHIETUY ABYXCIIeKTpalbHbIe
MOIIY CTaHyT KOMMEPYECKM OOCTYIIHBIMU H3IeJIH-
aMu MK-poTo3/1eKTpOHMKH. I peasik3ally [OBYX-
CrekTpasbHBIX MOIIY, 4YyBCTBUTE/NBHBIX B [OHA-

i g

arrays and reducing the size of pixels to obtain mega-
pixel arrays. Materials for their creation are InSb, KPT,
InAsSb.

Cooled APDs for the spectral range of 8-12 pm
APDs presented in table 3, are also mass-produced by
leading manufacturers and are widely represented
in the world market. The main formats are 320 x 256,
384 x 288, and 640 x 512; samples of megapixel APDs
are developed. Materials for their creation are KPT,
QWIP.

Dual-spectrum and multispectral APDs
Almost all leading companies actively develop dual-
spectrum and multi-spectral APDs. Their use in opto-
electronic systems increases the probability of target
detection and recognition. High information content
and achieved at the same time compact devices are
the driving forces for the development of this direc-
tion. In the next decade, dual-spectrum APDs will
become commercially available infrared photoelec-
tronics products. For the implementation of dual-
spectrum APDs sensitive in the ranges 3-5and 8-12 pm,
SRT-based technologies are mainly used. An example
of images in two ranges (Fig. 9), obtained using a
dual-spectrum APDs, gives an idea of the degree of
detailed study of the scene.

UNCOOLED APDs

Compared to photon, thermal detectors in the sec-
ond half of the twentieth century were used less fre-
quently. The reason lies in the fact that they worked
relatively slowly (response time t>5-102 s) and their
sensitivity was lower. However, over the past two

Ta6bnuua 3. MaTpuyHbie OIY pasanyHbLIX MMPOBLIX MPOU3BOAUTENEN

Table 3. Matrix APDs of various world manufacturers

Mars L Sirius LW Hawk

LW

Scorpio
LW

dupma Lynred Finmeccanica AIM GST OKB AcTpoH N®TM CO PAH
Firm

CTpaHa France England Germany China Russia
Country

dopmat 320x256 640x512 640x512 640x512 640x512 640x512 640x512 640x512
Format

Pa3smep 30 15 20 16 24 15 15 15
wara, MKkm

Pixel size, um

TexHonorms HgCdTe/CdznTe QWIP HgCdTe/CdznTe QWIP T2SL HgCdTe/Si
Technology

Tpas, K 80 80 73 80 80 70 <80 70

Harier LW - CG615S ACTPOH-640KPT15A810
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decades we have seen significant
progress in creating uncooled
infrared thermal detectors. Their
threshold characteristics are close
to the characteristics of photon
detectors, and note - at a much
lower cost. The cost of APDs based
on bolometers in industrial pro-
duction is two orders of magnitude
lower than the cost of arrays based
on HgCdTe, InSb [2-4].

Radiation is recorded when heat
is accumulated in the volume of
the receiver from the action of
radiation energy during the frame.
masoHax 3-5 ¥ 8-12 MKM, NIPHUMEHSIOT B OCHOBHOM ‘ To this end, the sensitive element is maximally insu-
TexHOJIOTUHU Ha ocHoBe KPT. Ilpumep usobpaskenuit || lated from the substrate in the design. Thermal insu-
B [IBYX Auala3oHax (puc. 9), momny-
YeHHBIX C IIOMOILIBIO JBYX[JHa-
nmasoHHoro M®IIY, pnpaeT 1mpen-
CTaBJIeHHEe O CTelleHHU MeTaJbHOM
IIpopaboTKHU CLI€HEI.

Puc. 9. V306paskeHusi, nony4yeHHble 8 cpedHe- U 0AUHHOB80AH080M OUdNA30He

¢ nomoubto MY popmama 1280 x 720 ¢ wazom 12 mkm ¢upmel HRL (CLUA)
Fig. 9. Medium and long wavelength images using an APD of 1280 x 720 format
with a pitch of 12 ym by HRL (USA)

TlopmepsKUBaIas MUKPO6aIKa

CHUTrHa/IbHAS IIHMHA

CYHUTHIBAIONIAS
UHTerpajibHas
cxeMa

HEOXJTAXXAAEMDbDIE MY

ITo cpaBHeHHIO C (GOTOHHBIMH,
TeIIJIOBble [IeTeKTOPhl BO BTO-
pon monoBHHe XX BeKa IIpUMe-
HSIUCh pexke. IIpUYMHA KpoeTcs
B TOM, YTO OHU paboTajy OTHO-

HIK-TIOIJIOIIA O
co#

AnpecHas IIMHA
OTpasKaTeib

IToapepskuUBarlIas
CHUTeJIBHO MeOJiIeHHO (BPEMﬂ MHKpo6asKa
oTBeTa t>5-10" €) U KX UYyBCTBU- 2
TeJIBHOCTBIO ObLIa HIDKE. O}_IHB.KO
34 IIoCIefiHME JiBa NeCATKa JIeT TerIoBOM HIK-110r7I0OTUTEND
MBI Ha6mo}1aeM 3HAYHTEIbHBIHN IIPUEeMHUK (30HTHK)
Imporpecc B CO34aHHH HeEOXJIAXK-~ MBI DJIeMEeHTHI OTpaskaTenb
AdeMbIX TeIIJIOBBIX [HOeTeKTOPOB CYUTBIBAHUS MOCTa YUCTCOHA TeIIoCTOK TeIJIOBOIO M3/Iy4eHHUs
HK-muamnasoHa. KX mOpOroBbie
XadPpaKTepHCTHUKH HpI/I6JII/ISI/IJII/ICI>
K XapaKTepHCTHKaM (1)OTOHHI>IX H o B ¥ ‘ ;‘
OeTeKTOpOoB, W 3aMeTbTe - IIpHU DD DDDi 0 /' i DD D
3HQUMUTe/IbHO MeEHBbIIeH CTOMMO- Si-Mem6pana Si/oz

_4

ctu. CtouMoctb M®IIY Ha ocHOBe BakyyMHas MO10CTh

60/10MeTpPOB IIPU IIPOMBIIITIEHHOM
IIPOM3BOACTBe Ha [IBa IOPsAlKa

Si-momyIosKKa

MeHbIlle, 4yeM CTOMMOCTDb ManI/IH JeKTpUYecKas IloppepskuBalolIie DJIeKTpHUYecKue
Ha OCHOBe HngTe, Il’le [2_4] . pa3Bs3Ka oT Si «HOTH» CoeoMHEeHUS
b)

H3nyyeHHe PperucTpupyercs
[P HAKOIUIEHHU B obbeme IIpH-
éMHHKA TeIlZla OT BO3[eHCTBHUSA

Puc. 10. KoHcmpyKuuu menAaosbix NpUeMHUKO8: a) 4y8cmaumenbHbll 3AemeHMm
8 popme MUKPOMOCMUKA HA 2-X KOHCOASIX; b) uyscmeumenbHblll 3nemeHm 8 popme

SHePTUM U3JIydyeHHUs] 3a BpeMs
Kazpa. [ 3TOro B KOHCTPYKLIHUH
YyBCTBHUTE/BHBIM 3JIeMeHT Mak-
CHMMajbHO TeIJIOU30IMPOBAH OT
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«30HmuKa» (ucmo4Huk [8])
Fig. 10. Designs of heat receivers: a) a sensitive element in the form of a micro-
bridge on 2 consoles; b) a sensitive element in the form of an “umbrella” (source [8])
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[IOAJIOKKH . TeIIoM30/MALMs peajik30BaHa 3a CYET
KCIIONIb30BaHUs TexHOoJoruu MEMS. B ee ocHOBe
JIe&XKUT I7TyDOKOe CyXoe TPaBlIeHHe KPeMHHUS C IIpHMe-
HeHHeM “KepTBEeHHBIX» CJIoeB (o Tpex). Ha moBepx-
HOCTH TaKUM IIyTEéM CO3[AI0T MeMOpaHHbIe KOHCTPYK-
LMK TOMIIMHON MeHee 1 MKM. Ilapa MHKpobanoK
(mopmep>KUBAIOIIMX KOHCO/EH) yAep>KHMBaeT HX Haf,
IIOJUIOKKOK Ha PAacCTOSHHUM ~2 MKM, Ha HHUX pa3Me-
IeH QOTOUYBCTBUTE/LHBIN 3/IeMEeHT — TOHKOIUIEHOY-
Hasi CTpyKTypa (pHuc. 10).

Ha puc. 11 mpuBemeHa OOPOKHAsi KapTa pas-
BUTHS  HeOXJaKZaeMbIX  MaTpHIL, TeIIOBBIX
HK-merexkTopoB [4]. BuAHO, 4YTO IIpH YIy4dlleHHUU
XapaKTePUCTUK M YBEeJIHWYEHHHM IIJIOTHOCTH ITHKCe-
noB (yMeHbUIEHHH MX pa3Mepa) MOXKHO 3Ha4H-
TeJIbHO PaCIIMpPHUTh YHCI0 UX NPUMeHeHHM. TeIo-
Bble MATPHIBL YK€ CTaJKM IIMPOKO HCIIO/IH30BATHCS
B IIOBCEHEBHBIX YCTPOLCTBAX HOYHOIO BOXKIEHMUS.
I TakHUX Leleld IIPUMEHSIOT MaTpPHULBL C YHCIOM
IIMKCEJIOB B MaTpHLie 2-10° u 3HaueHnH NETD=100 MK
(NETD - Noise Equivalent Temperature Differ-
ence - TeMIIepaTypHas YyBCTBHUTEIBHOCTh, paBHas
MHUHHMAaJIbHON PAa3HOCTH TeMIIepaTyp, 3KBHBAJIEHT-
HOIM IIyMy). B HallJeMHBIX YCTPOMCTBaX, CIpel-
KOBBIX IIpHIIeNax, OAaTYMKaX Ha3eMHBIX OXPaHHBIX
YCTPOKCTB LU POKO IPUMEHSIIOT MaTPHLIbI, Y KOTOPBIX
IIar MUKCeI0B YMeHbIleH 10 10-17 MKM Ipu Koiuye-
CTBe MHUKCenoB >10°. ECIM LieMH TaKOM MPOrpaMMBI
6yayT mocturHyThl (NETD<10 MK), To obmacTé Ipu-
MeHEeHHS TaKMX TeIUIOBBIX HeOXJIa’KAAeMBbIX MaTpPHI]
MOTYT OBITh pPacIIHpeHE! elle 6osnble. [Toka Ha MyTH
peanu3anys BCTAIOT TeXHUYECKKE TPYJIHOCTH.

B HacTosmee BpeMs Haubosee IIHMPOKO HKCIIOJb-
3yI0TCS O CO3LAHHUS TeIUIOBBIX GOpMHPOBATeNlen
n300paskeHUs OKCHJ BaHAAUS M JIETHPOBAHHBIM

=

lation is realized through the use of MEMS technology.
It is based on deep dry etching of silicon using “sacri-
ficial” layers (up to three). On the surface in this way
create membrane structures with a thickness of less
than 1 micron. A pair of microbeams (supporting con-
soles) holds them above the substrate at a distance of
~2 pm, a photosensitive element is placed on them - a
thin-film structure (Fig. 10).

Figure 11 shows a roadmap for the development of
uncooled arrays of thermal IR detectors [4]. It can be
seen that with an improvement in the characteristics
and an increase in the density of pixels (a decrease in
their size), it can significantly expand the number
of their applications. Thermal arrays have already
become widely used in everyday night driving devices.
For such purposes, we use arrays with the number of
pixels in the array 2-10° and the value NETD=100 mK
(NETD - Noise Equivalent Temperature Difference).
In helmet-mounted devices, rifle scopes, sensors of
ground-based security devices, arrays are widely used,
in which the pixel pitch is reduced to 10-17 pm with
the number of pixels >10°. If the goals of such a pro-
gram are achieved (NETD <10 mK), then the areas of
application of such thermal uncooled arrays can be
expanded even more. So far, technical difficulties are
getting in the way of implementation.

Currently, vanadium oxide and doped a-Si: H are
most widely used to create thermal imaging devices.
Vanadium oxide VO, has high values of the tempera-
ture coefficient of resistance (TCR=2-3%). Based on
this material, arrays of 2048x1536 format with a pixel
size of 17 pm were created [4-6]. However, vanadium
oxide is a non-standard material for CMOS technology.
The manufacture of vanadium oxide in the form of
thin films is difficult to control the process. The reason

2 -105 IMKCeIO0B 106 mMKCeI0B

Puc. 1. «Jopox-

100 MK 50 MK 100 MK

50 MK

Hag kapma» pas-
sumus menaosu-

HouHoe BoXXaeHUE HaselleHuns

CHapssKeHHe —>
KOHTpOIb rPaHUI]

HocHMBlIe yCTPOMCTBA

CHUCTEeMBI

TomoBkM

CTpenIKOBble ITPUIIETBL

Heo6CIy>KiBaeMble BeCIIM/IOTHbIE IETATEIbHbIE imaging sys-
KoMMepueckue CPeZCTBa OGHAPYKEeHUS ammapaTsl tems based on
CHCTEMBL HamneMmHble __ O6JeryeHHbIH YCTPOICTBA AUCTAHIIMOHHOTO microbolometric

Hallll7IEeMHBIe YCTpOI;ICTBa.

UYL 3UOHHBIX CUCMeMm
Ha ocHogse MUuKpo-
bonomempuye-
CKUX mampuu,

CpeAcTBa IpeABAPUTETBFHOTO (ucmovuHux [4])

Fig. 1. Roadmap
for the develop-
ment of thermal

OITIOBEIIeHH A

yCTpOfICTBa 3aXBaTa LIe1x

30HIMPOBAHUS arrays (source [4])
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a-Si:H.Oxkcup BaHamusi VO, o6namaeT BBICOKUMH
3HaYeHHSIMHU TeMIIePaTyPHOIro KO3QPHUIKeHTa COIIPOo-
tuBneHusa (TKC=2-3%). Ha ocHOBe 3TOro MaTepuaia
Co3maHBl MaTpuLibl dopMaToM 2048x1536 c pasme-
poM IuKcena 17 MM [4-6]. OfHAKO OKCUJ, BaHAAHUS -
HeCTaHAAPTHBIM MaTepuhan st KMOII-TexHOIOTHH.
HM3roTtoBjieHue OKCHJA BaHaAMs B BHIE TOHKHUX ILIe-
HOK SIBJISIETCS CIIOKHBIM B YIIPaBJIEHHM IIPOLIECCOM.
ITpyyrHa KpoeTcs B CAMIIKOM Y3KOM [AHalla3oHe
TeXHOJIOTUYeCKUX I[apaMeTpoB, B paMKaX KOTOPBIX
MOKHO 06ecIiedUTh CTabHIBPHOCTb M OIITHMAJIBHOCTD
XapaKTePHUCTUK OKCHIA. Kpome Toro, Hajau4ure IUCTe-
pesrca NIPUBOAUT K IpobreMaM IIpH IIOCTPOEHUU
TEILIOBBIX H300pakeHHI TopsiuuxX 06BeKkToB. Terwio-
IIPOBOJHOCTh TAKUX IIEHOK Ha IOPSIOK BBIIIE, YeM
3HaYeHMs 3TOro IlapaMeTpa ISl II0JyIIPOBOSHHKOB
(0bpraHO 0,05 BT/cMK). BonomeTpsl Ha ocHOBe a-Si:H
00/1aJal0T BBICOKKMM COIIPOTHBJIEHHEM, HO 3TOT MaTe-
puan HecTabuleH IpU TeIJIOBbIX 06paboTkax M MpHU
OeNCTBUU YIbTPadHUOIETOBOTO 00NydeHUsI. ITOT
MaTepHan MMeeT ABe (asbl: CTaOMIBHYIO M MeTacTa-
6MJIBHYIO, KOTOpBIE pa3fesieHbl IT0TeHLIHAJTbHBIMU
6apbepaMu, UTO IIPENsSTCTByeT GOPMHPOBAHUIO PaB-
HOBECHOI'0 COCTOSIHUS.

B HacTosillee BpeMsi BHHMaHHe Pa3paboTuukoB
CKOHIIeHTPHUPOBAaHO B 006/1aCTH TeXHONIOTHMYEeCKHUX
mpobseM COBMECTHMOCTH IIpOIiecca H3TOTOBIEHHS
6omoMeTprueckux MaTpull ¢ KMOII-TeXHOJIOTHeH,
a TaKke B 00/aCTH ONTHMM3ALMK CONPOTHBIEHUS
MaTepuana, TKC, Tem1oBoM MPOBOOUMOCTH H IpY-
TUX XapaKTepPUCTUK Ipubopa. BoioMeTpsl Ha OCHOBe
Kapbuma KpemHHUs SiC 006/1afaloT BBICOKMMM 3Haue-
HusMmu TKC (4-6%). Ho mas cTtabunu3aliii CBOM-
CTB MaTepuajna TpebyeTcs MPOBOAUTH OTKUI IIPHU
TeMIiepatypax okojo 1000 °C, YTO HECOBMECTHMO
¢ KMOII-TexHosoruen [6, 7].

JpyruM HampaB/ieHHeM pa3sBUTHs CTajI0 CO3MaHKe
MaTpPUYHBIX MaCCHBOB (HOTOUYBCTBUTE/IBHBIX 3JIe-
MEHTOB C YMEHBIIEHHBIM BIUIOTh J0 5 MKM IIaroMm
371eMeHTOB (puc. 12).

OnHaKko MBI BUJIUM HOBBIM MHTepeC K TeXHOJIOTHH
CO3JaHMsI MUKpobomoMeTpoB. OH CBSI3aH C UX IIPHU-
MeHeHHeM B KaMepaX BBICOKOCKOPOCTHOM CbeMKH.
[Ipu opMUpOBaHUS H300pakKeHUN OT [eTeKTopa
TpebyeTcst OBICTPBIM OTKJIMK. B 3TOM cilydae JTHMMH-
THUPYIOIIUM (aKTOpOM SBJISETCS BeJIMYMHA TeIlIo-
BOM ITOCTOSIHHOM BpeMeHH OTK/IHKA Ty,. CeronHs ais
TUIIOBBIX 60JI0OMeTPOB C IIAarom 17 MKM JOCTHTHYTa
BeIMYMHA Ty, =12 Mc. IlyTeM ONTHMMH3ALIUKU KOH-
CTpyKUUH 6o/10MeTpa Ty MOXKET ObITh yMeHblIeHa
J0 BeIMYHH MeHee 3 MC. YMeHblIeHHe TeIlJIOBOM
IIOCTOSSHHOM BpeMeHH MOXKeT 00eCIeqHuTh YIlydlle-
HUe KavyecTBa u3o06paskeHus (puc. 13).
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lies in the too narrow range of technological param-
eters within which it is possible to ensure the stability
and optimality of the characteristics of the oxide. In
addition, the presence of hysteresis leads to problems
in constructing thermal images of hot objects. The
thermal conductivity of such films is an order of mag-
nitude higher than the values of this parameter for
semiconductors (usually 0.05 W/cmK). o-Si: H-based
bolometers have high resistance, but this material is
unstable during heat treatments and under the influ-
ence of ultraviolet radiation. This material has two
phases: stable and metastable, which are separated by
potential barriers, which prevents the formation of an
equilibrium state.

Currently, the attention of the developers is focused
in the field of technological problems of compat-
ibility of the manufacturing process of bolometric
arrays with CMOS technology, as well as in the field
of optimization of material resistance, TCR, thermal
conductivity and other characteristics of the device.
Silicon carbide SiC bolometers have high TCR values
(4-6%). However, to stabilize the material proper-
ties, annealing is required at temperatures of about
1000 °C, which is incompatible with CMOS technol-
ogy [6, 71.

Another development direction was the creation of
array arrays of photosensitive elements with a step of
elements reduced up to 5 pm (Fig. 12).

However, we see a new interest in the technology
of creating microbolometers. It is associated with
their use in high-speed cameras. When imaging, a
fast response is required from the detector. In this

60

52 MKM

50 -

40
35 MKM

30 25 MKM

20 17 MKM

12 MKM

Pa3zMep MUKCeNIsd, MKM

10 - Tt~.._ 5MKM

0 | | | | | | | |
1998 2000 2002 2004 2006 2008 2010 2020

Puc. 12. JuHamuka CHUXKeHUs pasmepa nukceaa oAsi HeoXAa)<-
daembix Mb

Fig. 12. Pixel size dynamics for uncooled microbolometric
arrays
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PbiHOK MUKpO60/1O0METpPOB

I[To [JaHHBIM aHAJHUTHUYECKOIO
areHTcTBa Yole Development,
OCHOBHOE€ IIPOM3BOACTBO MMKPO-
60IOMeTpPOB CErofHSI COCPeLoTO-
dyeHo B CIIIA, ®pannuu. Takke
IIPOM3BOAMTENIN HMeITCa B M3pa-
une, Kutae, SIoOHUY, Op. CTpaHaX
IOro-Boctounon Asuu (puc. 14).
OTH  HU3[eJIHUS  BBIIIYCKAIOTCA
CePHUIHO MHPOBBIMH IIPOH3BO-
JUTENSIMH U IIHPOKO IIPeJCTaB-
7eHbl Ha MHPOBOM PpbIHKe [6, 8].
B Tabn. 4 mpencraBieHbl Xapak-
TePUCTUKU HeoxJIaxkgaeMblx QITY
Pa3THYHBIX IPOU3BOAUTEIEH .

Ty, =10 MC

CUTYALUA B CCCP

Puc. 13. CKpuHwom cHUMKa 8enocunedos, cOeAaHHbIl C NOMOLWbHO Kamepbl,
OCHauweHHol cmaHdapmHbim mukpobonomempom QVGA ULIS ¢ wazom nukcenos
17 Mmkm (cAesa) U 8bICOKOCKOPOCMHbIM MUKpoGonomempom (cnpasa)

Fig. 13. Screenshot of a bicycle picture taken with a camera equipped with a stan-
dard QVGA ULIS microbolometer with a pixel pitch of 17 um (left) and a high-speed
microbolometer (right)

- Ty =2,5MC

N POCCHNUN
Pa3paboTKoy GOTOIIPHUEMHBIX YCTPOMCTB Pa3IMYHOIO
Ha3Ha4deHHs B POCCUH 3aHUMaeTCs psifi IpeJIpUsITHH
AO «llIBabe» u AO «PoC3/meKTpOHHKA», POCCHUIICKOM
aKafleMHMM HayK, YacTHBIE MOpeAnpusatvs. OCHOB-
HBIMHM IIOCTaBIIMKaMHU ABAsAOTCA AO «HIIO «Opron»
1 AO «M3 Cannpup», Bxonsiue B AO «IIIBabe», a TakKe
4yacTHoe npennpustue AO «OKB «Actpon». AO «HIIO
«OpuOH» pa3pabaTelBaeT U BefleT IPOU3BOACTBO
OXJaKIaeMbIX M HeOoXJIaXXAaeMbIX GOTOIIPUEeMHHKOB.
AO «M3 «Canup» IMpoHU3BOIHT OX/IKIAeMBble U HeoX-
naxkpaemble MOITY Ha ocHoBe Si, Ge, InSb, CdHgTe.
AO «HHH «Ilomroc» pasBHUBaeT HeoxJIa’KIaeMble
MOIIY Ha ocHoBe InGaAs M IPOM3BOACTBO $OTO-
YYBCTBUTEIBHBIX IIOJYIIPOBOSHHUKOBBIX CTPYKTYP.
IMpepnmpusatuss AO «PoC37IeKTPOHHKA» CIeLHaIH-
3UPYIOTCS Ha pa3paboTke M IIPOM3BOACTBE MATPHIL
BUJMMOIO JHalla30Ha Ha OCHOBE KPeMHHS, OXJIaK-
naemelx MOIIY Ha oCHOBe KBaHTOBBIX SIM, bapbepa
IIoTKM M3 CHIMLKAA IUIATHHBI, W OXJIaXKJAeMBIX
®ITY Ha ocHOBe IMpHMecHOro kpeMHus (AO «HIIII
«ITlynecap», AO «IJHHUM «3nmextpon», AO «ITHHH
«[TuximoH» AO «HIIIT «BoCTOK?»). HNHCTUTYT UHKU
IIOJIYIIPOBOAHUKOB CHOHpcKoro ormeneHuss PAH
pa3BHBaeT IIOJIYIPOBOJHHKOBOE MaTepHalioBene-
HUe U MOIIY Ha ocHoBe CdHgTe, InAs, MHKpO-
6omomMeTpoB K KBaHTOBBIX M. AO «OKB «ACTpoH»
(r. JIBITKAapUHO, MOCK. 0611.) pa3pabaTeiBaeT U IIpo-
M3BOJUT TEIIOBU3HUOHHBIE ITPHUOOPHI TPASKAAHCKOT0
Ha3HayeHMsI Ha OCHOBe HeoxJIaxkgaeMbix MOITY
CO6CTBEHHOIO ITPOM3BOACTBA, a TaKke OXJIaKIae-
MbIX MOIIY Ha ocHoBe CdHgTe coBmecTHO ¢ H®II
CO PAH.

AO «HIIO «OpHOH» HPUCTYIIHIO K CEPHHHOMY
BBIITYCKYy MO®IIY cpeaHeBOJIHOBOIO [JHaIlla3oHa.

case, the limiting factor is the value of the thermal
response time constant ty,. Today, for typical bolom-
eters with a step of 17 pm, the value t;=12 ms is
reached. By optimizing the design of the bolometer,
Ty, can be reduced to values less than 3 ms. Reduc-
ing the thermal time constant can provide improved
image quality (Fig. 13).

MICROBOLOMETER MARKET
According to the analytical agency Yole Development,
the main production of microbolometers today is

16,70% | Ulis

4,50%  DRS
3,40%  SEEK
2,70%  BAE
2,20%  Raytheon

1,50%  Dali

1,20%  L3Technologies

1,10%  SCD

2,50%  Ilpoume
Puc. 14. Npou3sodumenu HeoxAa)xdaempix MUKPOO0AOMeEMpPOos
(ucmouHuk - Yole Development)

Fig. 14. Manufacturers of Uncooled Microbolometers (source -
Yole Development)
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AO «OKB «ACTpOH» IIPUCTYIIMIO K CEPUMHOMY BBIILY-
CKY MaTpUYHOIO (GOTOIIPHEMHOI0 MOAY/IS B IJIHH-
HOBOJIHOBOM [Halla30He Ha OCHOBe OXJaKHaeMOI
matpunpl KPT/Si (mpomsBogcrBa HMOII CO PAH)
U COBCTBEHHON MHKPOXOIOLUIBHON CHCTEMBI
AcTpoH-MKC500. AcTpoH-MKC500 paboraeTr mo 3am-
KHYTOMY O6paTHOMY TepMOra3ofHHAMHUYeCKOMY
pereHepaTUBHOMY LMKIy CTHPIHMHIA C BHYTpeHHeH
pereHepanyell Tera, B KadecTBe pabodero Tesna
HICIIONIb3YeTCS CBePXYMCTBIM Ta3000pa3HbBIN TelHH.
JIOCTUTHYTBle pe3y/nbTaThl OJIM3KH 110 CBOMM IIOKa3a-
TeJIIM MHPOBOMY YPOBHIO.

[lepBBle MOIBITKU CO3GAHHS MHKpoboIOMeTpHUe-
CKHX MaTpHI] 6bUIM HayaThl B 1994-1995 rogos B HITIO
«Opuon» (Mocksa) [1, 3]. B Hagane 2000-x romoB IIpen-
IIpUsITHe IIPUCTYIIMIO K pa3paboTrkam npubopos dop-
MaTa 320x240 Ha oKcHUAe BaHaOMs Ha IIOAJIOKKE M3
HUTPHJA KpeMHHUSI. OJHAKO Pa3BHBAIOIIMUICS PHIHOK
IPKIAHCKUX M OXPaHHBIX IPUMEHeHHUH TpeboBasn
KPYIIHOCEPHUIHOIO BBIIIYCKa MHKpobo1oMeTpoB. [lo
HeJABHUX IIOp OTeUeCTBEHHYIO TeXHUKy obecrieuu-
BaJX TeIUIOBU3HMOHHBIMH CHCTeMaMM B paMKax
3aKyIKH U060 COBMECTHOIO ITPOM3BOACTBA C HHO-
CTPAaHHBIMU COUCIIONHUTENIMU. HeobXomumocTh pas-
PaboTKU U CEpUEHOTO IIPOM3BOACTBA OT€YECTBEHHBIX
HeoxJaxAaeMblx MOIIY cTana 0cobeHHO aKkTyalbHOM
II0C/Ie 3aITpeTa UX IIOCTABOK K3-3a pybeska.

C 2016 roma Ha npepnpusatuu AO «OKB AcTpon»
OCBOEHO IIpPOH3BOACTBO M®IIY ¢ YyBCTBUTEIBHO-
CThIO A0 40 MK «AcTpoH-38425-1» U «ACTpoH-64025-1»
C pasMepoM YYBCTBUTE/IbHBIX 3/IeMEHTOB MaTPHILIbI
25 MKM U 17 MKM. M®IIY H3roTOBI€HO Ha OCHOBe
MaTpHUIBI MHKPODOIOMETPOB C 3JeKTPOHHOM IIOf-
CHCTEeMOM CUMUTBIBAHMS, U YIAaKOBAHHOM B Kepa-
MH4YecKuu Kopmyc. MOIIY mmeeT MacCHMB MHKPO-
6oromMeTpoB B BHAE [ABYMEPHON MAaTPHIIBI
3J1eMeHTapHBIX [JeTeKTOPOB, PaCIIOJOXKEHHBIU
B QOKaJbHOM IIJIOCKOCTH, COCTOAINer M3 384 x288
anmeMeHTOB (®IIY ACTPOH-38417-1), 1 640 x480 (PIIY
ACTPOH-64017-1). MuxpobosoMeTpbl BbIIIOJHEHBI
M3 OKCHOA BaHaAHs IO MOCTHKOBOH cxeMe. MO®IIY
BbIZaeT HeobpaboTaHHOe H3006paskeHHEe B AHAIOIO-
BOM $opMaTe CO CKOPOCThIO 50 60 KafgpoB B CEKYHAY.
YrpaBiieHHe 31eKTPOHHOM IOJCHUCTEMBl IIPOU3BO-
IOUTCS I10 IIOCTe0BaTebHOM INHe JaHHBIX. Pa3Mep
IIMKCesa cocTabisgeT 17x17 MKM. MOIIY BBLIIIOTTHEHO
B kopryce LCC (Leadless chip Carrier) m3 Bakyym-
IIOTHOM KepaMHKH (puc. 15). Tomosorusi MUKpobo-
JIOMeTPHUYeCKUX [eTeKTOPOB Pa3HBIX IIPOH3BOJMTE-
Nel NpHBeleHa Ha pUC. 16 [6]. PaboTsI 110 CO3MaHUIO
MHKpObOIOMeTpUYEeCKHX MAaTpPHI], Ha OCHOBe OKCH-
OB BaHaAMs BedyTcs Takke B UPII CO PAH (r. HoBo-
cubupck) 4, 6, 7].
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concentrated in the USA and France. Also, manufac-
turers are available in Israel, China, Japan, and other
countries of Southeast Asia (Fig. 14). These products
are mass-produced by world manufacturers and are
widely represented on the world market [6, 8]. In the
table. 4 shows the characteristics of uncooled PDs of
various manufacturers.

SITUATION IN THE USSR AND RUSSIA

A number of enterprises of Shvabe JSC and Roselectron-
ika JSC, the Russian Academy of Sciences, and private
enterprises are developing photodetectors for various
purposes in Russia. The main suppliers are NPO Orion
JSC and MZ Sapfir JSC, members of Shvabe JSC, as well
as a private enterprise Astrohn DB JSC. NPO Orion
JSC develops and produces refrigerated and uncooled
photodetectors. MZ Sapphire JSC produces cooled and
uncooled APDs based on Si, Ge, InSb, CdHgTe. NII
Polyus JSC is developing uncooled InGaAs-based APDs
and the production of photosensitive semiconductor
structures. The enterprises of Roselectronika JSC spe-
cialize in the development and production of visible-
range arrays based on silicon, cooled by APDs based on
quantum wells, the Schottky barrier from platinum
silicide, and cooled PDs based on impurity silicon (NPP
Pulsar JSC, CRI Electron JSC, CRI Cyclone JSC, NPP
Vostok JSC). The Institute of Semiconductor Physics
of the Siberian Branch of the Russian Academy of Sci-
ences is developing semiconductor materials science
and multifunctional devices based on CdHgTe, InAs,
microbolometers and quantum wells. Astrohn DB JSC
(Lytkarino, Moscow Region) designs and manufac-
tures civil thermal imaging devices based on uncooled
APDs of its own production, as well as cooled APDs
based on CdHgTe in conjunction with IFP SB RAS.

NPO Orion JSC started mass production of the
medium-wave range APDs. Astrohn DB JSC has begun
serial production of a array photodetector module in
the long wavelength range based on a cooled KRT/Si
array (manufactured by the Institute of Physics and
Technology of the Siberian Branch of the Russian
Academy of Sciences) and Astrohn-MKS500 own micro-
cooling system. Astrohn-MKS500 operates on a closed
reverse thermogasdynamic Stirling regenerative cycle
with internal heat recovery; ultrapure helium gas is
used as a working fluid. The results achieved are close
in their indicators to the world level.

The first attempts to create microbolometric arrays
were started in 1994-1995 at the NPO Orion (Mos-
cow) [1, 3]. In the early 2000s, the company began
developing devices of the 320x240 format on vana-
dium oxide on a silicon nitride substrate. However,
the emerging market for civilian and security appli-
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a) ACTPOH-38417-1; b) ACTPOH-64017-1

b) ASTROHN-64017-1

Puc. 15. MampuyHble pomonpuemHbie ycmpolicmea KOMNAHUU «ACMpPOH»:

Fig. 15. Astrohn array photodetector devices: a) ASTROHN-38417-1;

cations required large-scale pro-
duction of microbolometers. Until
recently, domestic equipment was
provided with thermal imaging
systems as part of a purchase or
joint production with foreign co-
contractors. The need for the devel-
opment and serial production of
domestic uncooled APDs became
especially urgent after the ban on
their supplies from abroad.

Since 2016, Astrohn DB JSC has
mastered the production of multi-
function devices with a sensitivity
of up to 40 mK Astrohn-38425-1
and Astrohn-64025-1 with the
size of sensitive elements of the
array 25 pm and 17 pm. APD is

OCHOBHDbIE TEHAEHLUWW PA3BUTUA

B mocnenHee pecATHIeTHEe B (OTO3JIEKTPOHHKE
MK-nmuana3oHa HaMeTHJ/ICS Psifi HOBBIX HaIlpaBJIeHHUH
U TeHOeHIUHN. OHU CBSI3aHBl C IIOBBIIIEHHEM pas-
pellaloIler CIOCOOHOCTH CHCTEM, YCOBepIIeHCTBO-
BaHMEM METO/IOB PeruCTpPallMi CBepXC/IabbIX ONTH-
YeCKHUX CHTHAJIOB, CO3JaHHeM OBICTPOEHCTBYIOIIMX
M MHOLOCIIEKTPAJIbHBIX CHCTeM, (OpMHPOBaHHEM
MHPpaKpacHbIX 3D-1M306pasKeHUH U AP.:

* TIepexof, Ha IIOJHBIM MeTaIllHKCeNbHBIN Op-
maT 1024x1280 3/1eMeHTOB C OSHOBpeMEHHBIM
yMeHbIIeHHeM Illara 3jJIeMeHTOB, COo3faHue
CBEPKPYITHOPOPMATHBIX MaTPHI;

* IMOBBHIIIeHHe (QYHKUHOHAJIBHBIX BO3MOKHOCTEH
MOIIY (3D, 1aBUHHOe yCHUIeHHe U T. 1I.);

made on the basis of a array of
microbolometers with an elec-
tronic reading subsystem, and packed in a ceramic
case. The APD has an array of microbolometers in
the form of a two-dimensional array of elementary
detectors located in the focal plane, consisting of
384 %288 elements (PD ASTROHN-38417-1), and 640 x 480
(PD ASTROHN-64017-1). Microbolometers are made of
vanadium oxide according to the bridge circuit. The
APD delivers a raw image in analog format at speeds
up to 60 frames per second. The electronic subsystem
is controlled via a serial data bus. The pixel size is
17x17 pm. The APD is made in the LCC (Leadless chip
Carrier) case made of vacuum-tight ceramic (Fig. 15).
The topology of microbolometric detectors of different
manufacturers is shown in Fig. 16 [6]. Work on the
creation of microbolometric arrays based on vanadium

aAcTPOH

ONTUKO-HMEXAHHMYECKEE KOHCTPYKTOPCKOE Bopo

TennoTenesn3noHHbIi perucTpatop
TeMnepaTtypsl TEna

ACTPOH-TT2019

#’r - MpegHaidHadyed N8 aBTOMaETHIMPOBAHHOMD

-l
w-§

GECKOHTAKTHOrD ONpeasneHua Noaen
C NOBBILUEHHOH TEMNEPaTYPOR Tena
Ha NYyHETaxX Nponycka W QocHMoTpa

140080, MO, r. NeiTkapuHo, yn. Mapkoean, 1;
Ten.: +7 (495) 215-13-82;
vi@astrohn.ru, www.astrohn.ru
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Co3JaHMe IBYX- M MHOIOCIIeKTpaabHbIX MOILY;
pacumupeHHne npuMeHeHUH MO®IIY KOpOTKOBOJ-
HoBoro MK-mguarmasoHa;

BBefleHHe LIMPoBoM mpenobpaborku B BUC cuu-
THIBAHMUS;

Co3JaHHe CBepXJIMHHOBOMHOBEIX M®IIY c rpa-
HUYHOM JJIUHOM BOJIHBI bo/ee 14 MKM;

IIOMCK HOBBIX IIPHUHIIMIIOB [eTeKTHPOBaHHUA
HK-u3ny4yeHHUs U HOBBIX (HOTOYYBCTBUTE/Ib-
HBIX MaTepuaioB (rpadeH, napyrue 2D CTpyK-
TYpBL M T.II.).

| mﬂly ONTO3J/IEKTPOHHbIE NPUEOPbI U YCTPOVNCTBA I

oxides is also underway at the Institute of Physics
and Technology of the Siberian Branch of the Russian
Academy of Sciences (Novosibirsk) [4, 6, 7].

MAIN DEVELOPMENT TRENDS

In the last decade, a number of new directions and
trends have been outlined in infrared photoelectronics.
They are associated with increasing the resolution of
systems, improving methods for recording ultra-weak
optical signals, creating high-speed and multispectral
systems, forming infrared 3D images, etc.:

Tabnnua 4. Heoxnaxxgaemble MY pasznmyHbIX MUPOBbLIX MPOU3BOANTENEN
Table 4. Uncooled APDs from various world manufacturers

KomnaHus MaTtepnan 6onomeTpa dopmat MaTpuLibl Pasmep nukcena, MKM NEDT (mK)
Company Bolometer material Matrix format Pixel size, um
-3 (USA) a-Si 160x120, 640x480 30 50
a-Si/a-SiGe 320x240,1024x768 17 30-50
BAE (USA) VOx 640x480 12 <50
VOXx 1024 x768 17 <50
DRS (USA) VOXx 320%x240 25,17 <40
VOXx 640x480, 1024x768 17 <40
Raytheon (USA) VOx 320x240, 640x480 25 30-40
VOx 320x240,640x480 17 50
VOXx 1024 x480, 2048 x 1536 17 50
Lynred (France) a-Si 80x80 34 <100
a-Si 160x120 25 <60
a-Si 320x240 12 <60
a-Si 384 x240 17 <55
a-Si 640x480,1024x768 17 <50
SCD (Israel) VOX 384x288 25 <20
VOXx 384x288 25 <35
VOx 640x480 17 <35
VOx 1024 x768 17 <35
FLIR Systems (USA) VOXx 640x512 17 <60
VOXx 336x%x256 17 <50
ASTROHN Design VOx 320%x 240 17 <50
Bureau JSC (Russia)
VOX 384x288 17 <50
NEC (Japan) VOX 320%240 23,5 <75
VOXx 640x%x480 23,5 <75
VOXx 640x%x480 12 60
VOXx 320x 240 23,5 60
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Puc. 16. Tononozus Mmukpobonomempuyeckux demekmopos pa3Hbix Npou3sodume-
nell: a) BAE Ha VO,; b) Lynred Ha a-Si; c) DRS Ha VO,; d) OKE AcmpoH Ha VO,

Fig. 16. Topology of microbolometric detectors from different manufacturers: a)
BAE onVO,; b) Lynred on a-Si; ¢) DRS on VO,; d) Astrohn Design Bureau on VO,

 transition to a full megapixel for-
mat of 1024x1280 elements with
a simultaneous decrease in the
step of elements, the creation of
super-large format arrays;

+ increase the functionality of
APDs (3D, avalanche amplifica-
tion, etc.);

« creation of dual-spectrum and
multispectral APDs;

» expansion of applications of the

3AKJ/TIOMEHUE

ITocnencTBHs MaHAeMHH M OIPaHHUYeHHUMH BelyT
K IOSBJIEHHIO KPaTKOCPOUHBIX U JOATOCPOUHBIX Pak-
TOPOB BIMsHHEe Ha prIHOK MK M®IIY. K KpaTKocpoy-
HBIM MOXXKHO OTHECTHM BCe, YTO HAIIPSIMYIO CBS3aHO
C MeJUIIMHCKOM TepMmorpaduer. B mepBylo ouepenb
3TO OTHOCHTCS K HeOXJIaKIaeMBbIM TeIlJIOBBIM [eTeK-
TopaM. HH3Koe BpeMs OTKIHKA B Cly4yae HeJOPOTHX
«CMOTPSAINMX» TeIIOBU3MOHHBIX CHUCTEeM IIPaKTHYe-
CKH HeCyLIeCTBeHHO, 0CODeHHO /151 MeSULIMHCKHX
IIPUMeHEHHUH IPH H3MepeHHH TeIUIOBBIX I0o/1eH
HEIIOABIKHBIX 00BeKTOB HIM 0OBEKTOB, IepeMella-
IOIIMXCS C MaJIBIMU YIJIOBBIMH CKOPOCTSIMH. B 11e10M
BCSL MHYCTpHS OyZIeT UCIIBIThIBATh IoABeM (0cOOeHHO
3aMeTHBIM Ha OHe BO3MOXKHOIO 3aMeJJIeHHs] MHPO-
BOI 5KOHOMHUKHU B 1Ie/I0M). M 3TOT TpeH/, MOXeT Iiepe-
WTH U3 KPAaTKOCPOUHOM $as3kl B JOITOCPOYHYIO.

YTo KacaeTcsi [OJTOCPOUYHBIX TeHIEeHLUH, TO
BeCbMa BepOSITHO, YTO 3[IHJeMHOJIOTHYecKas yrposa
3ariMeT B 06IleCTBEHHOM CO3HAaHMH TaKOe >Ke MeCTo,
Kakoe Iocie TepakToB B Hewo-Hopke 2001 roama
3aHsjIa TeppopUCTHYecKas yrposa. Henb3s HCKIIIO-

Bakyymuoe obpynosanuve
ANA ONTHEA W
MUKEPOINEETRPOHWER

MpoexkTHpoOBaHKE W
NPoUMIBOACTED BAKYYMHLIX
HANLINWTENLHEIX

YCTAHOBEOK €00 KNays

Mporpamuoe cbecneyeHne
W BBTOMaTHI3UMA

HarotoeneHmne
TEXHOMNOrHYBCKNX
YCTPOWCTE

o)

lzovac

short-wave infrared APDs;

 introduction of digital preprocessing in LSI read-
out;

« creation of ultra-long-wavelength APDs with a
boundary wavelength of more than 14 microns;

« search for new principles for detecting infrared
radiation and new photosensitive materials (gra-
phene, other 2D structures, etc.).

CONCLUSION

The consequences of the pandemic and restrictions
lead to the emergence of short-term and long-term
factors influencing the market of IR APDs. Short-term
can be attributed to everything that is directly related
to medical thermography. This primarily relates to
uncooled thermal detectors. The low response time
in the case of inexpensive “looking” thermal imag-
ing systems is practically insignificant, especially for
medical applications when measuring the thermal
fields of stationary objects or objects moving with
small angular velocities. In general, the entire indus-
try will experience a recovery (especially noticeable
against the background of a possible slowdown in the
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YaTh IIOSIBIEHUSI B a9POIIOPTaX OHOMeETPHUUYeCKOro
KOHTPOJIS B [OIOJHEHHe K CYIIeCTBYIOIIHM IIPO-
TOKOZIaM aBHAIIMOHHOM 6e30MacHOCTH, HOBBIX IIPO-
TOKOJIOB ITPOXOSK/I€HHUS IIYHKTOB I1€Pexo/ia TPAaHHLIEI
U 1p. Bce 310 moTpebyeT pe3koro yBenudeHHs 06b-
€MOB ITPOM3BOJCTBA M CHHKEHHUS cebecTOMMOCTH
M3rOTOBIEHUs. BynayT BocTpe6oBaHBI TeXHOIOTHH
ele 6oyiee KPyITHOCEPUIHOIO GOPMUPOBAHHUS B €U~
HOM TeXIIpollecCeé MHOTOIIMKCeTHBIX MATPHUIL C HU3-
KON J1epeKTHOCTBIO, a TakKe MX TMOPHAM3ALIMIO CO
CYUTHIBAIOUIMMU cXeMaMH. H3 J0CTaTOYHO 3K30TH-
YecKoro W Jopororo mpubopa TeIIOBU30p B CpefHe-
CPOYHOM IIepCIIeKTHBe MPeBPATUTCS B IOYTH OBITO-
BOM mpubop.

Vmen UCIIONB30BaHUS B $OTO3TEKTPOHHKE MeTaMa-
TepHaJIoB, rpadeHa U Apyrux 2D-CTPYKTYp HAUHMHAIOT
peasM30BBIBAThCS Ha ITPAaKTHKe. BMecTe ¢ «TpaguLiH-
OHHBIM”» TeIUIOBU/IEHHEM OHM HeOOBIYalHO HIMPOKO
Pa3IBUTAIOT IPAaHULIBl U TeXHUUYECKHe BO3MOXKHOCTH.
MBI okuiaeM 3HAYHTEIBHOIO PACIIMPEHHS IIepCIIeK-
THB COBEPIIEHCTBOBAHUS M CO3[AHHUS HOBBIX HHOPpa-
KPACHBIX OIITHKO-3JIEKTPOHHBIX CHCTEM.
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global economy as a whole). Moreover, this trend can
move from short-term to long-term phase.

With regard to long-term trends, it is highly likely
that the epidemiological threat will occupy in the
public mind the same place as the terrorist threat
after the terrorist attacks in New York in 2001. It is
impossible to exclude the appearance of biometric
control at airports in addition to the existing aviation
security protocols, new protocols for passing border
crossing points, etc. All this will require a sharp
increase in production volumes and lower manufac-
turing costs. Technologies of even larger series pro-
duction in a single technical process of multi-pixel
arrays with low defectiveness, as well as their hybrid-
ization with readout circuits will be in demand. In
the medium term, a thermal imager will turn from
a rather exotic and expensive device into an almost
household device.

The ideas of using metamaterials, graphene, and
other 2D structures in photoelectronics are being put
into practice. Together with the “traditional” thermal
imaging, they unusually widely push the boundaries
and technical capabilities. We expect a significant
expansion of the prospects for improvement and the
creation of new infrared optoelectronic systems.
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