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CospaHue maTepuanos, npeacrasasoulee
co60#1 YepHble NOKpPbITUA, paboTalowwue

B 61M>KHeM 1 cpegHeMm UK-ananasoHax,
SIBNSieTCA aKTyasibHOW 3apayent. Ciou Takmx
MaTepuasoB MOryT UCNOJIb30BaTbCs A
yny4weHus sppekTuBHocTn UK-nsnyyatenen.
OAHMM 13 NepcnekTUBHbIX MaTepnanos,
xopoluo cornacywowmumcs ¢ MIMC TexHonoruen,
SIBNISIeTCS NOKPbITME N3 YePpHOro oKcuaa
anoMuHus. B gaHHoM pa6oTe nNpeacTaB/ieHbl
pe3ynbTaTbl GOPMUPOBAHUS C/101 YEepPHOr O
okcupaa aJIloMUHUSA METOA,0M BaKyyM-
TepMu4yeckoro ncnapeHus, u uccnepoBaHus ero
nornouarowmnx ceomcts B UK-obnactn cnekrpa.
SKcnepyMeHTaNbHble 06pasLbl C/I0€B YEPHOro
okcumpa aloMUHUSA NPOAEMOHCTPUpPOBaIMN
nornoiwieHe B gmanasoHe ot 2,2 o 28

MKM Ha ypoBHe 84% 1 noKas3a/iu BbICOKYIO
TemnepaTtypHyto ctabunbHocTb A0 800 °C.
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The creation of materials, such as black
coatings, operating in the near and middle
IR ranges, is a task of current scientific
interest. Layers of such materials can be
used to improve the efficiency of IR emitters.
One of the perspective materials that is well
consistent with MEMS technology is a black
alumina coating. This article presents the
fabrication results of a black aluminum oxide
layer by vacuum-thermal evaporation method,
and the study of its absorption features in
the IR region of the spectrum. Experimental
samples of black alumina layers showed
absorption in the range of 2,2 to 28 um at
84% and showed high temperature stability
up to 800 °C.
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INTRODUCTION

Materials with low reflection coefficient and high
absorption of incident radiation in the infrared (IR)
region of the spectrum are widely used in many
fields, especially in thermophotoelectric systems
[1, 2], radiation cooling systems [3], stealth technol-
ogy [4], etc. Functional materials used in IR emitters
are the subjects of a special interest. The emission
features of such materials in the IR spectrum range
are due to their heating and in such application, the
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IIHMPOKOe IIPHMeHEeHHe BO MHOTHX 00/1acTsX, 0CO-
6eHHO B TepMOdOTOINIEKTPUUECKHUX CHcTeMax (1, 2],
CHUCTeMax PafAHallMOHHOIO OXJaXAeHHus [3], cTenc-
TeXHOJIOTHUH [4] 1 T.x. OcobbIll MHTepeC BBI3BIBAIOT
GYHKIMOHANIBHBEIE  MaTepHasibl, IIpUMeEHSIeMEble
B MK-u3nydatesnsix. DMHCCHOHHBIE CBOMCTBA TaKHUX
MaTtepuanoB B HK- obnacTtu crmekTpa 00ycIoBIEeHBI
HMX HarpeBOM. B TakoM IpMMeHeHHe Ba’KHBIM I1apa-
MeTpPOM SBJISIETCS CeJIeKTHBHOCTL H3JIy4aeMoro
CIIeKTpa.

OOHUM M3 UHTEpPeCHBIX U IePCIeKTHBHBIX MaTe-
PHIOB SIBJISIETCA YepHBIM OKCHJ, AJIIOMHHUS, IIOJIY-
YaeMBblH MeTOJOM TepMHUeCKOro HCIapeHHs B YCII0-
BHSIX HU3KOIO BaKyyMa.

Takass MeTogHKa COBMECTHMa C TeXHOJOTHeMn
MHKPO3JIeKTPOHUKH, UYTO II03BOJIAET CHH3UTh
M3Iep>KKY Ha ITPOM3BOJCTBE M IIOBBICHUTEH €ro Tex-
HOJIOTUYHOCTh. MeTOAOM BaKyyM-TePMHUYECKOTO
HCIIapeHUs (BTH) BO3MOSKHO [10/1y4aTh CJIOH YEPHOTO
ATIOMHUHHUS Ha JI0OBIX IOAJIOKKAX, BRIIOYAS [IH3-
JeKTpu4eckue, 6e3 HCII0Ib30BAHHS JOIIOTHHUTETbHBIX
nofciaoeB. JlaHHAasE 0coOeHHOCTh BBITOHO BBIAE/SET
BTH B CpaBHEHHH C 3I€KTPOXHMHYECKHMH METO-
IAMU, Ie HeobXOOUM IIPOBOASINUN CIOM (KaTaslH-
3aTop) A1 GopMHUPOBaHUS QYHKIIMOHAIBHBIX CIOEB.
[ToMHMO 3TOro, MCK/IIOYAIOTCS 3arpsi3HeHUs 3JIeKTPOo-
JUTOM U BHECeHHe CTPYKTYPHBIX U3MeHEeHHUH B IIPU-
IIOBEPXHOCTHBIE CI0H IIOMAJIOKKHU. IloyyaeMele CJIOU
MMeIOT BBICOKYIO CTabH/IBHOCTB, HU3KHUM KO3QHUIIU-
€HT OTPa’KeHUS U BBICOKOE ITortoleHue B UK-obnactu
CIIeKTpa.

JIns nmoBsilieHUs 3ddekTHBHOCTH HK-H3ny4daTenen
NIPUMEeHSIOTCS MaTepHUabl, KOTOPbIe HMEIOT BBICOKUH
KO3QUIIMEeHT IMoraoumeHUs B TpebyeMon obnacTu
criekTpa. B pabote [5] mpencraBieHo Iony4deHHe Cosl,
5KBUBAJIEHTHOTO MOJENH H3Iy4eHHUs: abCcoToTHO
yepHOro Tena. MccrenoBaTensiMu 6BUIM I1OTydeHBI
CJIOM YepHOH IIJIaTHHBI METOAOM 3JeKTPOXHUMHUYe-
CKOro CHHTe3a. YepHas IUIaTHHA o06JIafjlaeT BBICOKKM
K03oPHUIIMEeHTOM IIOIJIOUIeHHS B LIMPOKOM [OHaIia-
30He [JJIMH BOJH, BKIIodast MK-ob1acTs crekrpa. JApy-
TUM IpUMepoM sBisercs pabora [6], rme memoH-
CTPHpPYyeTCs MHOTOC/IOMHAs CHCTeMa, COCTOsImias M3
crmoeB Ag/ZnS/Si/Ag/Si. Takasl crucTemMa CeleKTHUBHO
[IOIVIOIIAeT M3JIyYeHHe B JHaIlla3oHe OT 3 [0 5 MKM
U OT 8 1o 14 MKM C IlepeH3IydyeHHeM B JHaIlla30He
OT 5 10 8 MKM.

B manHOI pabore mpuBefeHa MeTOgHUKa GOPMHUPO-
BaHM CJI0€B YEPHOIO JIIOMHUHMS METOLOM BaKyyM-
TePMHYECKOT0 MCIIapeHHs. Bbla Iony4veHa 3aBHCH-
MOCTb TOJIIIMHBL CJI0S OT KOJAMYecTBa HaHeCeHHOIo
MaTepHaia, UCCIeAOBAHA TepMOCTabMIIBHOCTh Mare-
pHasa M IpOBeAeHbl MCC/IeLOBAHUS 3aBHUCHUMOCTH

selectivity of the radiated spectrum is an important
parameter.

One of the interesting and promising materials is
black alumina, obtained by the method of thermal
evaporation in low vacuum conditions. This tech-
nique is compatible with microelectronics technol-
ogy, which reduces production costs and increases
its processability. By vacuum-thermal evaporation
(VTI) it is possible to obtain layers of black aluminum
on any substrates, including dielectric ones, without
using additional sublayers. This feature advanta-
geously distinguishes VTI in comparison with elec-
trochemical methods, where a conductive layer (cata-
lyst) is needed to form functional layers. In addition,
electrolyte contamination and structural changes to
the near-surface layers of the substrate are excluded.
In result, the layers have high stability, low reflec-
tance, and high absorption in the IR region of the
spectrum.

To increase the efficiency of IR emitters, materi-
als should have a high absorption coefficient in the
required spectrum range. This article [5] presents the
production of an absolute black body. Researchers
obtained layers of black platinum by electrochemical
synthesis method. Black platinum has a high absorp-
tion coefficient over a wide range of wavelengths,
including the IR region of the spectrum. Another
example is study [6], which demonstrates a mul-
tilayer system consisting of Ag/ZnS/Si/Ag/Si lay-
ers. Such system selectively absorbs radiation in the
range of 3 to 5um and 8 to 14 um with re-radiation in
the range of 5 to 8 um.

In this article, we are presenting the procedure
for forming layers of black aluminum by vacuum-
thermal evaporation. We obtained the dependence of
the layer thickness on the amount of applied mate-
rial along with the material thermal stability study
and the dependence of the absorption of the IR spec-
trum of incident radiation on the layer thickness.

METHODS OF FORMATION

AND MEASUREMENT

The formation of a layer of black aluminum was
carried out by vacuum-thermal evaporation (VTI)
at the plant URM-3279011. Tungsten rods 10 cm
long and 2 mm thick were used as an evaporator.
Electrodes were fixed close to each other in water-
cooled current leads. Cranular aluminum with
99.99% purity was used as evaporable material.
A 100 mg sample of aluminum was placed in the
center of the evaporator. The formation of the
black aluminum layer was carried out on a single-
crystal silicon plate (100) of one-sided polishing
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IIOIJIOIIeHH 1 I/IK-cneKTpa IIagaromiero M3jiy4eHHsa OoT
TOJIIIHMHBI CJIOA.

METOAUKN ®OPMUPOBAHUSA

N NSMEPEHWNA

®opMHpOBaHHE CJI0SI YEPHOrO AJIIOMHHHS OCYIEeCT-
BJISIZIOCH METOJAOM BaKyyM-TePMHYECKOro HcIape-
Hus (BTH) Ha ycTaHoBKe YPM-3279011. B KkauecTBe
HCIIapUTe/Is IIPUMEHSIMCh BOJIbPaMOBbIe CTEPKHU
OAUHOM 10 CM U TOJNILIMHOMN 2 MM. DJIeKTPOJBI 3aKpe-
IUISUIMCh BIUIOTHYIO APYTr K OPYry B BOAOOXJIaXKaae-
Mble TOKOBOJBI. B KauecTBe HCIapsgeMOro MaTepu-
azla MCIIO/IB30BAJICSL TPaHY/IHPOBAaHHBIN aJTIOMHUHHUI
YHUCTOTOH 99,99%. HaBecka aJIlOMHHUS Maccor 100 Mr
IIOMeIajack B LEHTP Hcmapurens. PopMHpoBaHHUeE
CJI0S YePHOI0 JIIOMHHMS ITPOM3BOSHJIOCH HAa MOHO-
KPUCTA/JIMUeCKyl0 KpeMHHeBylo IuIacTUHY (100)
ONHOCTOPOHHEK IOJIHMPOBKU €O cioeM SiO, TONIIU-
HOM mopsiaka 600 HM. ITomyioxkkozmepskaTenb ¢ obpas-
LaMH 3aKpeIUISUICS HaJ LIeHTPOM HCIIapHTeled Ha
paccrogaauu 30 cm. Ilpolecc HcIapeHMs HaBeCKHU
IIPOBOAMJICSL IIPU OCTAaTOYHOM [JaBJIeHHH B KaMepe
5x1072 Topp. CxeMa ycTaHOBKH YPM-3279011 ripencras-
JIeHa Ha puc. 1.

M3MepeHHe TIIOIVIOIIeHHSI 00Opa3lioB IIPOBOIU-
nock Ha HMK-®ypse cmekrpomeTpe PCH-2201 (MHpa-
crek, Poccus) C HNPUCTaBKOM 3ePKaJbHOIO OTpaske-
HUS C YIJIOM IafeHus usnydeHus 30° B gHala3’oHe
oT 390 mo 4500 cm™! ¢ marom 0,1 cmL. Ing cHATUS
OJIHOTO CIIeKTpa MpoBOAM/IOCh 10 u3MepeHuU. Ilepen
Ka>KIbIM H3MepeHHeM CHUMAJICS CIIeKTP CpaBHEeHHUS
C MCIIO/Ib30BAHMEM 30JI0TOrO 3epKaja. 30J/I0Toe 3ep-
KaJsio 6bUI0 BRIOPAHO B KauecTBe STAJIOHHOTO 3epKaja
ansg UK-u3nydeHus.

TepMuvecKas CTabHIBHOCTD C/I0€B HCC/IEAOBAIACH
IyTeM HarpeBa B My(de/lbHOM IIeYH B BO3AYIIHOMH
atMmocdepe. H3mepsinock moryiolieHHe 06pas3LoB 10
HarpeBa U Ioc/le HarpeBa. O6pasiisl HarpeBaIKCh 10
100 °C co ckopoctbio 600 °C/u, 3aTem TemIlepaTypa
BBIIEP>)KUBAJIACh B TedyeHHe 10 MHUHYT U U3 MapTHUHU
H3BIMAJICS OOUH 0bpa3ser. [lasee ocTaBUIKecs 06pa3iisl
IIOMeIa/INCh 0OPaTHO B MydesIbHYIO IIeYb U HarpeBa-
auck g0 200 °C. LUK IIOBTOPSJICS [0 TeMIIepPaTyphl
800 °C BK/IIOUHTE/IBHO.

HccnenoBaHue MoOpQOIOrHMU IOBEPXHOCTH 06pas-
LI0B IIPOM3BOAMIIOCH Ha CKAHUPYIOIEM 3JIeKTPOHHOM
MuKpockorie JEOL JSM 6010plus/la (JEOL Ltd, SImoHus).
Tok myd4ka cocTaB/ist 21 IIA, yCKOpsollee HaIIpsske-
HHUe 5 KB.

PE3YJIbTATbI N OBCY)XAEHWUA
HccnenoBanue rmorioieHus HMK-ciiekTpa 4epHBIM
AIIOMUHHUEM OBbLIo IIpOBEeIeHO Ha [OBYX TpymIiax
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Puc. 1. Cxema ycma+osku YPM-3279011
Fig. 1.URM-3279011 Instalation scheme

with a SiO, layer with a thickness of about 600 nm.
The substrate holder with samples was fixed above
the center of the evaporators at a distance of 30 cm.
The process of evaporation of the suspension was
carried out at the residual pressure in the chamber
equal to 5x1072 Torr. The URM-3279011 diagram is
shown in Figure 1.

Sample absorption was measured on an FTIR
spectrometer FSN-2201 (Infraspeck, Russia) with
a mirror image attachment with an incident angle
of 30° in the range from 390 to 4500 cm™ in 0,1 cm!
increments. To obtain a single spectrum 10 mea-
surements were taken. Before each measurement,
the comparison spectrum was shot using a gold
mirror. The gold mirror was chosen as the “refer-
ence” mirror for IR radiation.

The thermal stability of the layers was inves-
tigated by heating in a muffle furnace in an air
atmosphere. The absorption of the samples before
and after heating was measured. The samples were
heated to 100 °C at a rate of 600 °C/h, then the tem-
perature was maintained for 10 minutes and one
sample was withdrawn from the batch. The remain-
ing samples afterwords placed back in the muffle
furnace and heated to 200 °C. The cycle was repeated
to a temperature of 800 °C inclusive.

The surface morphology of the samples was exam-
ined using a JEOL JSM 6010plus/la (JEOL Ltd, Japan)
scanning electron microscope. The beam current
was 21 pA, accelerating a voltage of 5 kV.
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obpasLoB. B mepBori IpyIie 06pasLioB YePHBIH a0~
MHHHM GOPMHPOBA/ICS Ha IOJIHPOBAHHOLK CTOPOHE
KPeMHHeBOH IUIACTHHEL. Bo BTopom rpymme ¢op-
MHPOBAHHUS CJIOSI IIOKPBITUS OCYIIeCTB/ISJIOCh Ha
HeITOJIMPOBAaHHOKU CTOPOHe. [ng Ka’kKgOW TIPYIIIBI
M3TrOTaBIMBAIOCh 110 6 06PasLoB, OTIMYAOIINXCS
KOJIMYeCTBOM OIlepalliil HalbUIeHHs. HaIlblleHHS
CJI0eB MPOBOAMIIMCH I10C/Ie[0BATEIbHO PaBHBIMH II0
Macce IOPUHAMH aniOMUHHA. C yBeIMYeHHUEM KOJIH-
YecTBa HAIBUIEHHUHM Ha6MI0JaeTcsi PocT TOJIIHHBI
cnosi. IIpM 3TOM 3aBUCHMOCTb HMeeT JTHHEHHBIU
xXapakrep. Ha pwc. 2 mpencraBieHbl POM-CHUMKHU
[oJy4aeMBbIX CJIOEB II0C/Ie OLHOrO0 M Tpex IIpoLiec-
COB HAIIBIJICHUM TOJNIIMHON 225 U 780 HM COOTBeT-
cTBeHHO. Ha M306pakeHMSIX BHUJHO, YTO IIOJNy4eH-
Hble CJI0M HMEIT BBICOKOPA3BUTYIO MOPPOIOrHUI0
[I0BEPXHOCTH.

Ha pwuc. 3 mpeacraBjieHBl CIIEKTPBI OTPasKeHUS
Ipymmsl 06pa3loB Ha IJIaZIKOM CTOPOHe KPeMHHeBO
IUIACTUHBI. BHAHO, YTO C yBeIMYeHHEM TOJLIMHEIL
C/1051 pacTeT obilee cpefHee morjomeHre. Hanubomp-
niee yMeHbIIeHHWe HMHTEeHCHBHOCTH OTPa’KeHHOTIO
HK-cniekTpa HabmiogaeTcs IIOCTe YeTBEPTOrO HaIlbl-
JIeHUd B guamnasoHe or 1850 mo 4500 cml. Hanmuuue
IIMKOB B AuarasoHax orT 1300 mo 19007! u ot 3700
oo 36007 MOKHO OOBSICHHUTH aCOPOMPOBAHHBIMH
razamu (CO,) u Bomowm (OH-rpymnmsl) Ha Pa3sBUTOH
MOBEPXHOCTU IMOIJIOMIAIIero ciaosi obpasior [7].
[Tuky B parioHe 2200-2400 cm! xapakTepHs aiist CO,
B BO3IyXe.

—_
1 MKM | pm

Puc. 2. Cnoli yepHo20 antoMuHuUs nocae 0dH020 (a) u mpex

(b) onepauuli HaneineHus (P2M-u3obpaxkeHue)

Fig. 2. A layer of black aluminum after one (a) and three (b)

deposition processes (SEM images)
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Puc. 3. Cnekmpbl N02A0LWeHUSI YePHO20 AAOMUHUSI, HAHECeH-
HO020 HA NOAUPOBAHHY0 CMOPOHY KpemHUegol NAACMUHbI
Fig. 3. Absorption spectra of black aluminum deposited on
the polished side of a silicon wafer
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Puc. 4. Cnekmpbl noznoweHust YepHo20 aAloMUHUS,
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HaHeceH-

HO020 HA HEeNOAUPOBAHHYH CMOPOHY KPEMHUEBOU NAaCMUHbI
Fig. 4. Absorption spectra of black aluminum deposited on

the unpolished side of a silicon wafer
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CroexkTphl oTpakeHHOro HMK-u3nydeHHs, I1OTy4eH-
Hble Ha YepHOM aJIIOMHUHHH, CGOPMHPOBAHHBEIM Ha
HeIoJIMPOBAHHOU II0BEPXHOCTH KpPeMHHEBOH IIOf-
JIOKKH, IIpe[ICTAB/IEHEI Ha pUC. 4.

OCHOBHOe OTIIMYHe OT IPyIIbl 06pa3IioB Ha IIOTH-
POBAaHHOM IMOAJIOKKE 3aK/II0YaeTcd B 3HAYMTEIbHO
MeHbIllell HHTeHCHUBHOCTH OTPa’KeHHOI'0 H3J/IyueHUs.
ITpu 3TOM II0C/Ie TPeThero Ipoliecca HaHeCeHHs CI0s
YePHOIro aJIIOMUHHUS yBeIHYeHHe HHTEeHCHBHOCTH
IIOIVIOIIEHHS ITPOMCXOAUT He3HAYMTeNbHO. CTOUT
OTMETHTH MOI/IoMeHHe 06pa3liaMy Ha HeIloJHPOBaH-
HOU IOBepXHOCTH MK-U3/1ydyeHus B ITMHHOBOJIHOBOU
obnacTu crekTpa. 3TO BUAHO IO IPadUKy 3aBHCHUMO-
CTH OTPKeHHUS crekTpa Ha 800 cm! oT KonmvecTBa
HCIIapeHUI Ha IIOJIMPOBAHHOM M HEIIOJHPOBAHHOM
IIOBEPXHOCTH IIOJIOKEK (pHC. 5).

Belio McC1enoBaHO M3MeHeHHe HMHTEeHCHBHOCTH
OoTpaKeHHOro HMK-H3/1ydeHHs IOKPBITHI 00pa3LioB
Iocjie UX Harpesa. Pe3y/bTaThl SKCIIEPUMEHTOB I10Ka-
3a/IM, YTO II0C/Ie OIlepallMu Harpesa, IPOBOAMMOM Ha
BO3/lyxe, 0Opa3Lbl C IMTOKPBHITHEM K3 UYE€PHOIO aJTIOMHU-
HHSI U3MEHSJIM CBOM LIBeT IOC/Ie JOCTHKeHHS TeMIle-
patypsl BetyKHEL Bhile 400 °C. Ha puc. 6 mpogeMoH-
CTPHPpOBaHa XOPOIIO 3aMeTHas PasHHMIIA B IBeTe JBYX
00pasloB, OAMH K3 KOTOPBIX He IIpOIIe/ OIepaltio
HarpeBa, a APyroi - HarpeBanu mo 800 °C. Obpaser,
KOTOPBIM He IIOABeprajii HarpeBy, MMeeT XapaKTep-
HBIM YepHBIM LBET. JTO CBUIETEIbCTBYET O XOpOLIeM
IIOIJIOLIEHHH B BUAMMOM [IHalia3oHe criekrpa. ITocre
Harpesa o6pasija IIeHKa YepHOro aIIOMHHMUS IIPH06-
peTaerT cepblil LIBeT.

HccnemoBaHue BIMAHKS TeMIIepaTyphl Harpesa Ha
M3MeHeHHe crekTpa MK-morynomeHnus (puc. 7) MOKa-
32710, YTO CIIEKTPBI IIOIVIOIIEHHS He3HAYHUTEeIbHO
M3MEHSIMCh [IPY HarpeBe B [uala3soHe TemIlepa-
Typax oT 100 mo 300 °C. Bsrme 400 °C HabomaI0Cch
YMEHBIIIEHHE IIOT/IOIIeHHS B Arara3oHe oT 1000 cml
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Puc. 5. 3agucumocmb UHMEHCUBHOCMU OMpaAXKeHus
WIK-u3ny4eHus Ha 800 cm™ om Koauyecmea onepauuli ocax-
OeHus ucnapeHull Ha NOAUPOBAHHYIO U HENOAUPOBAHHYIO
KpemHuesyto no0N0XKKY
Fig. 5. Dependence of the intensity of reflection of IR radia-
tion at 800 cm™ on the number of vapor deposition opera-
tions on a polished and unpolished silicon substrate

RESULTS AND DISCUSSIONS
The study of absorption of the IR spectrum with
black aluminum was carried out on two groups of
samples. In the first group of samples, black alu-
minum was formed on the polished side of a silicon
wafer. In the second group, the formation of the
layer was carried out on the unpolished side. For
each group, 6 samples were produced, differing in
the number of sputtering. Sputtering was carried out
sequentially equal in weight to aluminum. As the
number of sputtering increases, the thickness of the
layer increases. In this case we

a) b)

Hazpesa 00 800 °C

to 800 °C

Puc. 6. O6pasubl noKpbiMus 4epHo20 aAloMUHUS: d) 00 Hazpesa; b) nocae

Fig. 6. Samples of black aluminum coating: a) before heating; b) after heating

see, that the dependence is linear
dependence. Figure 2 shows the
SEM images of the resulting lay-
ers after one and three sputtering
225 and 780 nm thick, respectively.
The images show that the result-
ing layers have a highly developed
surface morphology.

Figure 3 shows the reflection
spectra of a series of samples on
the smooth side of the silicon
wafer. It can be seen that as the
thickness of the layer increases,
the total average absorption
increases. The greatest decrease in
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no 2850 cml. [lanee, ¢ yBelHueHHEM TeMIIepaTypsl
Harpesa, IIPOMCXOLUIO yBeIMYeHHEe IIOTJIOeHUS
B UIMHHOBOJIHOBOM obiactu (or 350 mo 1900 cm™l)
U yBeIMYeHHe OTpakeHHs B OmrxkHeM HK-crexTpe.
Takoe pe3skoe H3MEHEHHE XapaKTepa IIOIVIOIIEeHHS
HK-ciekTpa MOXKeT 6bITh 00yciiOB/IeHO 1H60 IOSIB-
neHueM o¢asoBoro Iepexona [8], nubo u3MeHeHHEM
Mopdonoruu obpasna.

Ha puc. 8 mpencraBneHsl POM-1306paskeHHS C10eB
[I0 U IocC/Ie onepauuy Harpesa Ao 500 °C. Kak BUIHO
M3 PHCYHKA, M3MeHeHKe MOP(}OJIOIHH II0BEPXHOCTHU

i g

the intensity of the reflected IR spectrum is observed
after the fourth sputtering in the range from 1850
to 4500 cm™. The presence of peaks in the ranges
from 1300 to 1900 cm™ and from 3700 to 3600 cm™
can be explained by adsorbed gases (CO,) and water
(OH-groups) on the developed surface of the absorb-
ing layer of samples [7]. Peaks in the region of 2200-
2400 cm™ are characteristic of CO, in the air.

The spectra of reflected IR radiation obtained on
black aluminum formed on the unpolished surface of
the silicon substrate are shown in Figure 4.
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Fig. 7. Absorption spectra of black aluminum coating before and after heating operations with varying heating temperature
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1MKM |1pm

onepayuu Hazpesa (PIM-u3obpaxkeHue)

operation (SEM image)

Puc. 8. [Mokpbimue U3 YepHO20 antoMUHUS: a) Ao onepauuu Hazpeaad; b) nocie

Fig. 8. Black aluminum coating: a) before heating operation; b) after heating

The main difference from
a series of samples on a polished
substrate is the significantly
lower intensity of reflected radi-
ation. At the same time, after
the third application of the black
aluminum layer, the increase in
absorption occurs slightly. It is
important to note the absorp-
tion of samples on the unpol-
ished surface of IR radiation in
the long-wave region of the spec-
trum. This can be seen from the
plot of the 800 cm™ spectrum
reflection versus the amount of
evaporation on the polished and

1MKM |1pum

He HabJII01aeTCs, YTO MOKeT FOBOPUTH B I10JIb3Y HU3Me-
HeHHs $a3bl OKCHUAA alIOMHUHUA. [IpyU 3TOM Hanmu4yue
TaKOTo 3¢¢peKTa MOKeT OKa3blBaTh II0JIOKHTEIbHOe
BIMSIHHE HM3-32 POCTA IIOIJIOIIEHHUsS B 0OJMIACTH Cpen-
Hero MK-u3ny4yeHus.

BbIBObl

Pe3ynbTaThl, IIOydeHHBle B XOfie IIPOBeJeHHBIX
HCCIeI0BaHUM, II03BOSIOT YTBEpPXKIATh O HaIHU-
YMU IOTeHIHaja NPUTOAHOCTH IOKPHITHUSL B BHIE
C/10s1 YepHOIro JIIOMHHUS, II0OTYy4eHHOIO0 MeTOAOM
BaKyyM-TEPMHUECKOI0 MCIIapeHMs, B KaueCTBe 3MUC-
CHOHHOIO HOKpPBITUS B HK-M3nydaTensax. JaHHas
TeXHOJIOTHS I103BOJIseT IIONy4YaTh CJIOM Pa3lIHUYHOH
TOJILIMHEL B JHamna3oHe oT 0,2 MKM [0 10 MKM B IIpo-
tecce dopMmupoBaHus HMK-usnydartenei. Ciaou 4dep-
HOTO JIIOMHHUS ITPOJEeMOHCTPHUPOBUIN HOCTATOYHO
XOPOIIMHM ypOBeHb IIOIVIOLIeHUe MWHTEeHCHUBHOCTHU
cpenHero MK-muamasoHa (84%) M BBICOKYIO TeMIle-
paTypHYyI0 cTabuabHOCTb. PaboTa 6ymeT mpomosskeHa
y Oymer HampaB/leHa Ha HCCIeIOBAaHHE 3MHCCHOH-
HBIX CBOLCTB IIJIEHOK YepPHOT0 aJTIOMHHHUSA, CHOpMHU-
POBaHHOrO0 Ha MMKpPOHAarpeBaTesie, HM3TOTOBIEHHOIO
1o MOMC-TeXHOJIOTHUH .

BJAATOAAPHOCTU

Hacrosmasi cTaThsi IIOATOTOBJIeHA IIPpH QHHAHCOBOM
nojfep>kke MHUHHCTepPCTBA 06pa3oBaHMS U HayKHU
Poccurickon Penepaliuy B paMmKax BelllonHeHus HHP
FNRM-2022-0009.
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non-polished surface of the sub-
strates (Figure 5).

After experiments with heating samples of black
aluminum in air, a change in the color of the sample
was observed when the temperature reached more
than 400 °C. The difference in color between the
unheated sample and the sample that was heated to
800 °C is clearly seen (Figure 6). The sample, which
was not heated, has a characteristic black color, which
indicates good absorption in the visible range of the
spectrum. After the sample is heated, the black alumi-
num film becomes gray.

A study of the effect of the heating tempera-
ture (Figure 7) showed that the absorption spectra
varied slightly at temperatures from 100 to 300 °C.
Above 400 °C, a decrease in absorption was observed
in the range of 1000 cm® to 2850 cm. Further,
with increasing heating temperature, there was
an increase in absorption in the long wave region
(350 to 1900 cm) and an increase in reflection in
the near IR spectrum. Such a sharp change in the
absorption pattern of the IR spectrum may be due
to either a phase change [8] or a change in the mor-
phology of the sample.

Figure 8 shows the SEM images of layers before and
after heating to 500 °C. As can be seen from the figure,
no change in surface morphology is observed, which
may suggest a change in alumina phase. In this case,
such a transition can have a positive effect due to an
increase in absorption in the region of medium IR
radiation.

CONCLUSION

In the course of the studies, the obtained results
allow us to conclude that the suitability of the layer
of black aluminum created by vacuum-thermal
evaporation as an emission coating in IR emitters
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is possible. This technology makes it achievable to
obtain layers of different thickness in the range
from 0,2 um to 10 um during the formation of IR
emitters. The layers of black aluminum showed
a fairly good level of intensity absorption of the
middle IR range (84%) and high temperature
stability. Further research will be aimed at
studying the emission properties of films of black
aluminum formed on a microheater made using
MEMS technology.
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