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AIN thin films on the flexible polymeric Teflon and Mylar substrates show characteristics of efficient infrared (IR)
blocking filters (IR “stealth”). They can suppress heat flows from the warm parts of objects (T ~ 300+500 K) and
block IR radiation from them, but are transparent in visible, microwave, and THz spectral regions in contrast to
special paints that demonstrate a relatively high emissivity in the IR spectral range
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Many modern optical imaging and detection systems operate not only in the visible, but in the
infrared (IR), radio wave, and mm (sub-THz) spectral ranges. The rapid development of such
systems requires the development of means of masking (suppression) of signals, for example,
in the infrared region of the spectrum. Infrared blocking filters are also crucial for controlling
the radiation load on cryogenic systems and optimizing the sensitivity of bolometric detectors
in the far infrared region of the spectrum. In this case, the filters should minimize the radiation
load on the cryogenic system, have a high thermal conductivity for heat sinks, avoid the rera-
diation, and be transparent in the THz spectrum.

In this work, a comparative analysis of the distribution of thermal fields of two types of
masking coatings — special paint and composite structure based on aluminum nitride — is car-
ried out. It is shown that the latter can be more efficient IR filter elements due to the AIN cha-
racteristic band of residual rays (Reststrahlen band, almost 100 % reflection) in the spectral
range of 5—25 pum, where the main part of the radiation power of a black body at 300K is con-
centrated.

“Cover-blocking IR” paints. It is well known that any paint in IR spectral range has emi-
ssivity from € = 0.84 (plastic, white) to € = 0.94—0.97 (oil, various colors) [1]. Still, from time
to time there are advanced offers proposing different kinds of paints that presumably can dimi-
nish an object visibility in the IR. Here a comparison of one of such paints with ordinary gray oil
paint in the visible and IR spectral ranges was made. In visible, really, such experimental paint
that covers a part of metallic sheet can reduce the visibility of object (see Fig. 1) but in the IR,
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contrary, its emissivity is growing substantially leading to large IR visibility by IR cameras
compared to non-covered with paint metal surface and is equal to emissivity of ordinary gray oil
paint (see Fig. 2). Images (Fig. 1 and Fig. 2) were obtained using a Mikron M7800 IR camera
(A = 7.5+14 pm) with a temperature resolution of AT = 60 mK and simultaneously recording
objects in the visible spectral range.

The visible images of investigated metallic sheet with paints at the temperatures T ~ 20 °C
and T ~ 60 °C are not different. But, when using the IR camera, the distribution of thermal fields
from the uncovered part of the metal plate and covered with paints differ. As can be seen from
Fig. 2, when the plate is heated to the temperature T = 64,9 °C, the paint-covered parts of
the metal plate have an effective thermal temperature of T= 62,2 °C, which is only 2,7 °C lower
than the surface temperature of the heated plate.

IR blocking filters. The IR blocking filters based on AIN nanostructured thin films deposited
on different polymeric substrates, particularly on the Teflon and Mylar films, by the low-temper-
ature ion-plasma technique, are investigated. Due to the location of the residual band of AIN
(Restrahlend band, almost 100 % reflection [2]), nanostructured surface morphology peculiari-

Uncovered Experimental Grey oil
metal paint paint

Fig. 1. A metallic sheet with uncovered polished part (@), experimental paint (b),
and ordinary gray oil paint (¢) on the top of a hot plate, visible photos
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Fig. 2. IR image of a metallic sheet with uncovered polished part (@), experimental paint (b), and ordinary gray
oil paint (¢) on the top of a hot plate heated to the temperature T = 64.9 °C (1) and distribution of the effective
temperature along line “1” (2) obtained with a Mikron M7800 IR camera
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Fig. 3. IR image of woman’s face behind the AIN/Mylar filter (a) and distribution of
the effective temperature along line “1” (b) obtained with a Mikron M7800 IR ca-
mera (temperature resolution is AT = 60 mK)
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Fig. 4. IR image of the hot plate heated to T =61.8 °C with using an AIN / Mylar
filter and a plastic mesh (a) and distribution of the effective temperature along line
“1” (b) obtained with a Mikron M7800 IR camera (temperature resolution is AT =
=60 mK).

ties, and the high thermal conductivity (y = 134+180 W /m - K), such thin films composite struc-
tures effectively block an IR radiation from the wavelengths 10.3 microns up to almost 20 mic-
rons [3]. Fig. 3 demonstrates the IR image of woman’s face behind the AIN/Mylar filter. As it can
see from Fig. 3, a, this blocking filter has well masking characteristics in the IR spectral range.
From the analysis of the curve (Fig. 3, b),we obtain the reduction in the temperature along
line “1” from 31.7 °C (on the hand) to 22.4 °C (at the center of the filter). However, the tempera-
ture distribution along line “1” (Fig. 3, b) on the segment lying in the filter plane is characterized
by a slight temperature gradient. This can be explained by the insignificant nonuniformity of the
thickness of the AIN coating, when synthesized on polymeric substrates of a larger area.

For comparison with the experimental paint (Fig. 2), the thermal image of a hot plate heated
to T=61.8 °C in vertical position with using an AIN / Mylar filter and a plastic mesh to form an
air gap between the heated object and the filter is presented in Fig. 4.

Fig. 4 shows the efficiency of an AIN / Mylar filter that significantly reduces the effective
temperature of the heated object from T=61.8 °C to T=30.7 °C.
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The use of polymeric films of Mylar and Teflon as substrates made it possible to evaluate
the potential of an AIN / Mylar (Teflon) film structures to obtain filters that block IR radiation
and transmit sub-THz/THz radiation, for example, for highly sensitive cooled detectors. To esti-
mate the transmittance of the radiation intensity with a frequency of 140 GHz, we use a simplified
model. We will assume that plane waves interfere. Let the incident wave that falls on the detector
for the first time have the amplitude of the electrical component E,. Let the amplitude of a wave
reflected from the surface of the detector, reflected from the source, and again falling on the de-
tector have the amplitude E,. The following many multiple reflections will be neglected to faci-
litate the consideration. We will also assume that, at small displacements along the optical axis,
the amplitudes E, and E, do not change, only the phase of these waves changes. Then the maxi-
mum of the power will be observed, if these two waves are in the phase P__ = (E, + Ez)z, res-
pectively, the minimum — when in the antiphase P_. = o (E, — E2)2, where a is the dimension
coefficient. When the investigated structure overlaps the output of the horn antenna of the sour-
ce, the maximum and minimum conditions can be written as

P =o' E, + 5PV Ey (1)
PTmin =0 (n 1/2E1 o “1/2 n3/2 E2)2’ (2)

where 7 is the transmittance of the radiation through the structure, and p is the reflectance of
the radiation from the detector and the source. We define n from Eqgs. (1) and (2):

_ \/PTmin +\/PTmax

N \]Pmin+\jpmax

The calculations of the transmittance coefficient according to formula (3) showed that, for an
AIN / Mylar samples n #85+90 % in sub-THz spectral range (140—280 GHz).

Conclusions.The distribution of thermal fields in structures based on layers with different
coefficients of thermal conductivity (AIN / Mylar) in the spectral range of 8—14 um with a re-
solution of 60 mK is experimentally investigated and compared with the experimental “Co-
ver-blocking IR” paint. An analysis of obtained thermal images and their temperature distri-
butions with the use of AIN / Mylar filters demonstrates an effective temperature reduction
by ~ 9.3 °C for living objects at room temperature. The effectiveness of the suppression of infra-
red radiation by such filters and paints in the application to heated objects has been studied. It
is shown that the AIN/Mylar filters demonstrate the better masking characteristics in the IR
spectrum (the temperature contrast is ~ 30 °C with using an air gap) in contrast to experimental
paint, where the temperature contrast is only 2.7 °C (and much smaller compared to the unpain-
ted metal surface, AT = 40 °C).

AIN / Mylar filters showed a good transparency in the sub-THz spectral region. They can
improve the performance of THz low-temperature detectors by supressing the parasitic back-
ground IR radiation.
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MATEPIAJIU, AKI BJIOKYIOTH IHOPAYEPBOHE BUITPOMIHIOBAHHSA

Torki miBku AIN Ha rHYYKHX HOJIMEPHUX TiAKJIaAKaxX TedJOHy Ta Mailjlapy XapaKTepU3yIOThCS BJIACTHBOC-
MU epekTuBHUX iHppavepsorux (1Y) 6aokyrounx ¢inabrpis. BoHH MOXKYTh IPUAYITYBATH TEIIOBI MOTOKK
Biz tapstunx wactu 06’ektiB (T ~ 300+500 K) i 6;oxyBatt Y BUTIPOMiHIOBAaHHS Bi/l HUX, ajie € MTPO30PUMH Y

BUANMOMY, MiKpOXBUJIbOBOMY Ta TTIl CIeKTpajbHUX [ianasoHax Ha BiaAMiHy Bij crenianbHux dapb, mo me-
MOHCTPYIOTh BiIHOCHO BUCOKY BUIIPOMIHIOBaIbHY 31aTHiCTH B 1Y o61acTi criekrpa.

Kantouosi crosa: 149 6noxyrouuil, AIN, pinempu, papbu.
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MATEPUAJIbBI, BJIOKMPYIOUIME NHO®PAKPACHOE U3JIYUYEHUE

Tonkue menkn AIN Ha rHOKHMX TTOJMMEPHBIX MOAJIOKKAX Te(IOHA ¥ Maliapa XapaKTepU3yIOTCs CBOMCTBAMU
s dexruBubix nHpparpacubx (MK) 6aokupyiomux ¢uabrpos. OHE MOTYT MOAABAAT TEIJIOBBIE TIOTOKU OT
HarpeTbix yacteil 06bekToB (T~ 300+500 K) u 6;10xuposars MK ussyueHne oT HUX, HO SIBJISIFOTCS TIPO3PAYHBIMU

B BUANMOM, MUKPOBOJIHOBOM 1 TrH CIIEKTPAJIbHBIX JINAITa30HaX B OTJIMYNUN OT CHEINAJTIbHBIX KPACOK, KOTOPbIE
JAE€EMOHCTPUPYIOT OTHOCUTEJIbHO BBICOKYIO N3J1y4aTE/IbHYIO cniocobrocts B K obactu CIIEKTpa.

Knioueswie cnoea: UK 6roxupyrowuii, AIN, purompot, kpacku.
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