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Thickness Dependence of Structural and Optical
Properties of Chromium Thin Films as an Infrared
Reflector for Solar-thermal Conversion Applications

LI Qingyu', GONG Dianging®, CHENG Xudong"
(1. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University of Technology, Wuhan 430070,
China, 2. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The thermal emittance of Cr film, as an IR reflector, was investigated for the use in SSAC.

The Cr thin films with different thicknesses were deposited on silicon wafers, optical quartz and stainless steel

substrates by cathodic arc ion plating technology as a metallic IR reflector layer in SSAC. The thickness of Cr

thin films was optimized to achieve the minimum thermal emittance. The effects of structural, microstructural,

optical, surface and cross-sectional morphological properties of Cr thin films were investigated on the emittance.

An optimal thickness about 450 nm of the Cr thin film for the lowest total thermal emittance of 0.05 was

obtained. The experimental results suggested that the Cr metallic thin film with optimal thickness could be used

as an effective infrared reflector for the development of SSAC structure.

Key words: thermal emittance; chromium thin film; solar selective absorbing coating; cathodic arc ion

plating

1 Introduction

Solar energy, which is one of the most abundant
sources of renewable energy, attracting attention
for its easy availability, nature friendliness, and
CO, emission free source, etc'"”). It is an important
source of renewable energy and its technologies are
broadly characterized as either passive solar or active
solar depending on how they capture and distribute
solar energy or convert it into solar power". Active
solar techniques include the use of photovoltaic
systems, concentrated solar power and solar water
heating to harness the energy'". Passive solar
techniques include orienting a building to the sun,
selecting materials with favorable thermal mass or
light-dispersing properties, and designing spaces
that naturally circulate air"'. The collector, an important
sub-system of the solar thermal system, is used to
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collect and convert the concentrated solar energy into
thermal energy followed by its transfer to the fluid
medium'". Solar selective absorbing coating (SSAC)
is one of the key elements of the solar collector,
which could be used as the photothermal conversion
surface'®”. Namely, it should maximally absorb the
solar radiation corresponding to blackbody radiation in
the solar spectrum range (0.3-2.5 pm), and minimally
emit the infrared thermal radiation in the thermal
infrared range (2.5-25 pum). The typical multi-layer
structure from surface to substrate is shown in Fig.1,
which consists of a ceramic anti-reflection layer, a
low and a high metal volume fraction cermet solar
absorption layers (LMVF and HMVF), and a metal
infrared (IR) reflector layer. Normally, the stainless
steel, copper, and aluminum are commonly used as
substrates for solar thermal applications. A cleaned
substrate usually present a low thermal emittance about
0.12". However, the commonly used substrates usually
degrade the solar thermal performance at thermal
condition, for the elements diffusion from substrate
into the absorption layers.

Thus, a metal thin layer should be introduced
between substrate and absorber, which not only
provides low thermal emittance as an IR reflector, but
also protects the solar thermal performance at thermal
condition. Therefore, the reflector should exhibit high
thermal tolerance as the temperature of this tandem
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solar selective absorbing coating may increase more
than 600 °C during the operational period. This infrared
reflecting layer also plays an important role as a barrier
layer between the substrate and absorption layers to
protect the corrosion and thus providing the long-term
stability to the solar selective absorbing structures. As
a whole, the metal IR-reflector layer should have not
only high reflectance in the IR range but also excellent
thermal stability at elevated temperature.

Normally, copper (Cu)®, silver (Ag)"", platinum
(PH)", molybdenum (Mo)"?, and chromium (Cr)
(] are mostly used as reflector in the infrared region.
However, the Cu, Ag, and Pt used as reflectors suffer
from agglomeration after heating, which degrades the
infrared reflection properties and increases the thermal
emittance!'’. Additionally, the cost of these reflectors
is also a major issue. As for the Mo reflector, the
diffusion of carbon into the Mo layer results to higher
emittance at thermal condition!"". Thus, keeping in
mind the above constrains, chromium metal is chosen
as a promising candidate for IR reflector in solar
absorbers for its refractory nature with high melting
point (1857 C). SSACs with Cr metal IR reflector
show a low thermal emittance, such as Cr/TiAICrN-G/
TiAIN/AISIN/AISiO: a=0.96, £=0.10""; Cr/AICIN/
AICTNO/AICrO: a=0.90, £=0.15""; Cr/LOCL/MOCL/
HOCL: a=0.92, ¢=0.21""". Additionally, the metal Cr
is cheaper and the SSACs using the metal Cr as the IR
reflector have good thermal stability above 500 ‘C!"*"7.
In the case of low thermal emittance of SSAC, Cr thin
film is employed as IR reflector with thermal stability
at thermal condition. Considering the widely usage of
the Cr film in SSAC, it is valuable to study the thermal
emittance and relevant optical properties of the Cr
film. Nevertheless, the detailed information about the
relationship between the emittance of the Cr film and
thickness has not been reported so far. Meanwhile, IR
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reflectance of the metal films is strongly influenced by
the film structure, such as crystallite size, strain and
surface morphology'”. Moreover, these properties can
be affected by film thickness'".

- Anti-reflection layer(AlCrO)
#—> LMVF layer (AICINO)
“——>HMVF layer (AICTN)

— Metal infrared reflector (Cr)

Substrate

Fig.1 Schematic diagram of the typical structure of multi-layer
SSAC.

Now days, numerous efforts have been
made to prepare the SSAC by employing different
techniques, such as chemical vapor deposition (CVD)
and physical vapor deposition (PVD). As the CVD
deposited coatings may cause some environmental
issues and exhibit low thermal stability, the PVD
deposited coatings are mostly developed for large-
area deposition of SSAC"”. Among those methods, the
cathodic arc ion plating (CAIP) technology, a typical
vapor deposition, has attracted wide attention due to
its advantages over other thin film deposition methods,
such as large adhesion force, accurate control over
composition and thickness, and uniform dense surface
over large areas”"””. Therefore, it is relevant to explore
the CAIP technique for solar applications as the SSAC
will inevitably demand multi-functional attributes,
including high abrasion resistance that the CAIP is
known to provide.

In this paper, the Cr thin films were prepared
on silicon wafers, optical quartz and stainless steel
substrates by CAIP as the IR reflector metallic layer
in SSAC. The effect of film thickness on thermal
emittance was studied and the optimal thickness,
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Fig.2 The schematic diagram of cathodic arc ion plating system
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which made the lowest thermal emittance, was
obtained. The main motivation of this paper was to
optimize the thermal emittance of Cr thin films by
varying the thickness, and to understand the structure-
thickness correlation affecting the thermal emittance of
metallic chromium thin film. Moreover, the structure,
morphologies and optical constants of the Cr films
were investigated in detail.

2 Experimental

2.1 Coating deposition

The Cr thin films were prepared by cathodic
arc ion plating (CAIP) on (100) silicon wafers (20
cmx20 cm), JGS1 optical quartz (20 cm*x20 cm)
and 304L stainless steel (40 cm*30 cm) substrates,
respectively. Before deposition, all the substrates
were ultrasonically cleaned in acetone and ethanol.
Then, they were rinsed by deionized water to ensure
satisfactory surface roughness and cleanness. All the
samples were prepared by a CAIP system (Fig.2),
which was equipped with one Cr (99.99%) target and
one Al,,Cry, (99.99%) target on the opposite sides
of the chamber. The substrates were mounted on the
base support with the help of sample holder. The base
support was rotated at 5 rpm by using a DC motor to
ensure surface uniformity in the deposition process.
Prior to deposition, the chamber was pumped down to a
base pressure below 5x107° Pa and the substrates were
heated up to 200 °C. Subsequently, the substrates were
cleaned in situ by argon ion bombardment for 10 min
with a negative bias voltage of 800 V at a pure argon
pressure of 2.0 Pa. During the deposition of all Cr thin
films, a target current of 65 A was applied to the Cr
target and a negative voltage of 100 V to the substrates.
All the depositions were performed at a fixed substrate
to a target distance of 18 cm. The deposition time
varied from 10 to 90 min for Cr thin films deposition.
In this work, the optimization of film thickness was
aimed to achieve the maximum IR reflectance for
minimum emittance values for their possible use
in spectrally selective coating structures. The film
thickness was methodically investigated to achieve the
minimum emittance, keeping other parameters constant
during deposition. Finally, the solar selective absorbing
coating (SSAC) of AICrO/AICrNO (LMVF)/AICtN
(HMVF)/Cr was prepared, in which the optimized Cr
film was used as the IR reflector. The thermal stability
of the SSAC and Cr thin film was studied at 600 °C for
10 h in air and vacuum.
2.2 Coating characterization

The structural analysis of the films was performed
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by a grazing incidence X-ray diffraction (GIXRD,
Empyrean) using Cu-Ka (1=0.15406 nm) radiation,
which was operated at 40 kV and 40 mA with a glazing
incidence angle of 0.5°. The scanning angular two theta
was ranged fom 20° to 80° at a scanning speed of 5°/
min. The surface and cross-sectional morphologies of
the coatings were characterized by a Field Emission
Scanning Electron Microscope (FE-SEM, Zeiss Ultra
Plus) system operated at 5 kV. The surface topographies
were probed using an Atomic Force Microscope
(AFM, Shimadzu SPM-9500J3) operated in the tapping
mode with a measuring area of 5 pmx5 pm. The
chemical bonding stated were analyzed by an X-ray
Photoelectron Spectroscopy (XPS, ESCALAB 250Xi)
with Al-Ka (Av=1486.6 eV) radiation source at 20 kV
voltage and 15 mA current, which was calibrated by
the carbon peak C 1s at 284.8 eV. The background was
subtracted by the Smart method, and deconvolution of
the spectra were conducted using a non-linear least-
square fit with a Lorentzian/Gaussian shape (L/G Mix
30%). The electrical resistivity of the obtained coatings
was measured by a standard four-point probe system.

Optical properties of all the films were
measured at room temperature. The near-normal
spectral reflectance (R(1)) and transmittance (7) in
the wavelength range of 0.3-2.5 um were measured
by a UV-VIS-NIR spectrophotometer (Shimadzu
UV3600). While, the spectral reflectance (R(2)) in the
wavelength range of 2.5-25 pm was measured by a
Fourier Transform Infrared Spectrometer (Tensor 27,
Bruker). The optical constants (# and k) of Cr thin films
were obtained by modeling the measured reflectance
and transmittance spectra with a commercial optical
simulation program (CODE)”. The solar absorptance
(a) and thermal emittance (&) were calculatd by

[ 1.y a - Ry

a 2.5
[ La(da

[ 10 -R@A
e=——s @)
[. h(dz

where, I,(4) is the solar radiation power at AM1.5,
R(%) is the spectral reflectance, and /,(4) is the spectral
black body emissive power at a room temperature of
25 C.

3 Results and discussion

3.1 Structural analysis
XPS was carried out to analyze the chemical
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Fig.3 (a) The XPS core level spectrum from Cr 2p electrons of 441 nm thick deposited Cr thin film and (b) The XRD patterns of the Cr thin

films prepared with varied thicknesses

structure of deposited Cr thin film. Fig.3(a) shows
the XPS core level spectrum of Cr 2p electrons of Cr
thin film with a thickness of 441 nm on stainless steel
substrate, which showed two strong bands at around 575
eV and 585 eV corresponding to Cr 2p3/2 and Cr 2p1/2.
These two bands could be decomposed into two pairs of
peaks at 574.03 and 583.29 eV, 575.98 and 586.17 eV,
which could be assigned to the metal Cr-Cr bond, oxide
Cr-O bond, respectively. These peaks were compared
with XPS database compiled by National Institute of
Standard and Technology (NIST)**. The results also
presented the oxygen content in the films that was
probably due to the films exposure to the air ambient.
XRD studies were carried to analyze the
evolution of Cr thin films structure and their correlation
with absorptance and thermal emittance. The XRD
patterns of Cr thin films on SS substrates with different
thicknesses are shown in Fig.3(b). The XRD spectrum
suggested that Cr thin films were polycrystalline with
cubic crystallographic Cr phase (ICDD-PDF: 85-1335),
but had preferred orientation along (110) plane. No
other characteristic peaks related to impurities or other
chromium oxide compounds were observed. These
analyses confirmed that the element in the coating was
pure chromium. Furthermore, the Cr thin films with
smaller thickness (62-112 nm) were nearly amorphous
and no significant diffraction of Cr diffraction pattern
was observed. In the case of thicker films, only
chromium diffraction peaks related to Cr (110), (200),
and (211) were observed. Meanwhile, the crystallinity
of the film was found to increase with increasing
the thickness, due to the initial stress release for the
deposited chromium thin films on SS substrates"”.
Because the structure evolution of Cr films was an
atomistic process during the film deposition and
affected by process parameters, such as deposition
time. This may lead to the variation in grain size,
texture orientation and film density of deposited thin
film structures”®. Due to the effects of crystallite size

and lattice strain, the peak width increased, and the 26
peak position shifted””. The lattice parameters of the
Cr thin films deposited at various times are summarized
in Table 1.

Table 1 The structure parameters of Cr thin films with
different thicknesses

Thickness/nm ~ 26/(°) fu/(°)  hkl  dy, /(nm) Structure
62 - - - - Amorphous
112 - - - - Amorphous
4441 0.63 (110) 0.204

264 6450 0.72 (200) 0.144 Cubic
81.80 0.68 (211) 0.118
4447 046 (110) 0.204

441 6474 0.50 (200) 0.144 Cubic
81.89 0.63 (211) 0.118
4443 048 (110) 0.204

861 6492 0.66 (200) 0.144 Cubic
81.83 0.68 (211) 0.118

The crystallite size was usually calculated
by Scherrer method, which deemed that the peak
broadening occurred because of crystal sizes. However,
lattice strain was a measure of the distribution of
lattice dislocations affecting the peak broadening and
position”®. Thus, the lattice strain should be considered
in crystallite size calculations. Several methods were
designed for considering the lattice strain in crystallite
size calculation. Among these methods, size strain
plot (SSP) method was applied in the current research,
which had the advantage that less weight was given to
data from reflections at high angles, where the precision
was usually lower™. In SSP, Lorentzian and Gaussian
functions were employed to describe crystallite size
and lattice strain, respectively. Accordingly, it could be

written as™™:

3 £
(d\yy By €O8 )’ = E(dsklﬁhkl cos ) + (?0)2 3)
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where, D is the crystallite size, and g, is the lattice
strain of Cr thin films. Theterm (d,fB,,cos0)’
was plotted with respet to (da, B, cos6) for all the
orientation peaks of Cr thin films. The crystallite size
and lattice strain could be calculated from sloop and
y-intercept of the fitted data, respectively (Fig.4), which
is presented in Table 2.

Table 2 Geometric parameters of Cr thin films with different

thicknesses

Thickness/nm D/nm g/x107*
264 17.79 7.17
441 18.29 4.81
861 18.38 4.62
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Fig.4 The SSP plot of the Cr thin films with thicknesses of (a) 264
nm, (b) 441 nm and (c) 861 nm

As the film thickness increased, the (110)
diffraction peaks shifted to higher angles and the
FWHM reduced, which indicated that grain growth
had occurred. It was observed that the crystallite size
increased with increasing film thickness. According to
Daniel et al™, most defects could be assumed located
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at and in grain boundaries. Thus, the relation of the
volume fraction of grain boundaries to grains had a
major influence on the strain. The thinner the films
were, the smaller were the grains and the higher was the
volume fraction of grain boundaries in between. Thus,
the reduced grain boundary fraction in thicker films
led to a reduced defect density and, hence, reduced
the strain. The schematic development of Cr thin film
structure could be summarized in Fig.5, as a function
of thickness. The lower thickness of Cr film, up to 264
nm or less, led to highly disordered phase. As thickness
increased with deposition time, the initial Cr layer
acted as a buffer layer for upper Cr thin film structure.
Thus, the crystallinity increased and the strain reduced,
as observed in XRD measurement and summarized in
Table 2. Finally, the pure Cr crystallographic phase was
deposited, the crystallite size and strain kept almost
unchanged at the film thickness of 441 nm.

\\~861nm
172}
E
5
S
=]
8
g
3
E
~264 nm

Fig.5 The schematic representation of Cr thin films with varying
the thickness

3.2 Microstructure analysis

The 2D surface AFM imaged of Cr films are
shown in Fig.6 for SS substrates deposited with different
thicknesses. The granular morphology was observed
for all Cr thin films, which showed an increase in
granules size with increasing thickness, which was
consistent with the XRD measurements. The root mean
square surface roughness (R,,) rose with increasing the
deposition time. Initially, a decrease could be found for
smaller film thickness, suggesting that surface defects
had decreased, contributing towards reduced surface
roughness. Then, the crystallite size increased with
thickness, resulting in an increase in R, for thicker
films.

The surface morphology of Cr thin films on
SS substrates with different thicknesses is shown in
Fig.6, in conjunction with AFM microstructure. The
microstructure was uniform and dense throughout the
film surface with granular morphology. It was clear that
the size and shape of Cr grains significantly increased
with film thickness. As the emittance was also a surface
property of the materials, the low surface roughness

rms
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Fig.6 2D AFM images, FESEM surface and cross-sectional micrographs of Cr thin films with thicknesses of (a) 62 nm, (b) 112 nm, (c) 264

nm, (d) 441 nm and (e) 861 nm

of the film was important to achieve the low thermal
emittance of the film.

The cross-sectional FESEM images of Cr thin
films deposited on silicon substrates are depicted in
Fig.6, indicating columnar microstructure, typical of
films prepared by CAIP. A more careful inspection
revealed the highly disordered phase of Cr films with
smaller thickness, which also could be observed in the
thicker films close to the silicon substrate.

3.3 Optical properties
3.3.1 Visible range

Fig.7 shows the reflectance spectra of the Cr thin
films with increasing thickness. It was observed that the
reflectance increased gradually from the film thickness
62 nm to 112 nm, and then reached the maximum in
the thickness range of 441-861 nm. The variation of
absorptance with the Cr thickness is shown in the inset
of Fig.7, which was calculated by Eq.(1) and found
to drop gradually. The variations of the reflectance
spectra and absorptance of the Cr films attributed to its
film growing process. The Cr film initially consisted
of tiny crystals with hill-like rounded top and then
grew to a dense smooth surface for the broadening of
the hill-like tops with increasing film thickness (62-
112 nm). As the film thickness increased from 264 nm
to 441 nm, the crystallite size increased and the metal
particles coalesced to form irregular length and shape,
which could be found in Fig.6. When the metallic film
reached a certain equivalent thickness, the dense and
smooth surface of the Cr film kept unchanged with the
continually increasing thickness from 441 nm to 861
nm, of which the reflectance spectra were nearly the
same and reached the maximum.

The optical constants (rn and k) of the Cr thin
films as a function of thickness on quartz substrates are
shown in Fig.8. The refractive index n and extinction
coefficient k decreased with the film thickness
increasing. The variation correlated with the film
growth, which could be explained by the Bruggman’s
effective-medium approximation (BEMA)!"®. The
crystallite size and some residual voids significantly
altered the effective optical constants. During the
initial deposition stage, the hill-like top Cr formed
highly disordered phase on the substrates, and the area
fraction occupied by the metal particles was small with
many voids. With further deposition, the area fraction
rose rapidly and the optical constants decreased. Then,
the hill-like tops were linked and formed continuous
film with less voids, where no major change was found
in the microstructure, so the refractive index n and
extinction & coefficient tended to be a constant level.

1.0r Cr/ss with thickness variation
0.5
. 0 adcrrss
0.9F wvi ?%2 L
=
80.81 ——- 861 0
S 0.3:
8.7k 0
% . 0 200 Th“:&ﬂ‘e“/:“g() 800 1000
~
0.6
S ~
NI
0.5
1 1
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Wavelength/nm

Fig.7 The reflectance curves in the visible range of Cr thin films
with different thicknesses

3.3.2 Infrared range
The reflectance spectra were recorded for these
Cr thin films in the 2.5-25 um wavelength range, at
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Fig.8 The refractive index n (a) and extinction coefficient k (b) of Cr thin films with different thicknesses on quartz substrates

room temperature of 25 °‘C. The measured reflectance
spectra are plotted in Fig.9, and used for calculating
the thermal emittance according to Eq.(2). The
calculated emittance values are plotted as an inset, as
a function of deposition thickness in Fig.9. It could be
observed that the emittance values strongly depended
on the thickness of thin film structure, which showed
a minimum emittance value of 0.0471 for the 60-90
min deposited Cr thin film with a thickness of 441-861
nm. Meanwhile, the emittance value became almost
constant after certain thickness (441 nm), above which
the emittance were nearly insensitive to the thickness.
The decrease in emittance with thickness could be
explained by the enhanced crystallinity and reduced
defects, as observed from XRD, SEM, and AFM
measurements. In another word, the low emittance for
Cr thin films with large thickness were attributed to the
reduced defects such as grain boundaries, dislocation,
vacancies and interferential defects"’. The free
electrons in the metal thin films played an important
role to minimize the thermal emittance, for the infrared
property was determined by the contribution of free
electrons in films"".

Measurements of electrical resistivity of the
deposited Cr thin films were carried out using the four-
point probe method. For this, single Cr films were
deposited on optical quartz to avoid the contribution
of the substrate on the electrical measurements. Fig.10
shows the variation of electrical resistivities as a
function of film thickness. The total normal emittance
of metal film could be calculated using Hagen-Rubens
relation and given by"':

£=9.98x107 x R"* =530x107° x R+3.00x107 x R** (4)

where, R is the electrical resistivity in (uQecm) at
room temperature of 25 °C. In thin films, the resistivity
strongly depended on the crystallite size, thus, on the
film thickness. This could be attributed to the lower
overall defect densities in thicker films as already
explained. The resistivity was higher for thinner films

and reached a quite constant level for films above
264 nm thickness. The experimental emittance of the
films were lower than the theoretical curve’s, which
trend was accordant. The experimental observations
suggested that the minimum emittance values were
achieved for Cr thin films deposited with a thickness
above 441 nm. This optimized thickness could be used
for preparing the Cr metallic infrared reflector thin
films in conjunction with an absorber and antireflecting
structure for the application of solar spectrally selective
coating.

O ¢ with thickness variation

|

200 400 600 800 1000
Thickness nm
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5 10 15 20 25
Wavelength/um

Fig.9 The reflectance curves in the infrared range of Cr thin films
with different thicknesses
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Fig.10 Total normal emittance of experimental Cr thin films as a
function of resistivity

3.4 Performance of spectrally selective
coating on Cr reflector
In order to study the effect of Cr interlayer on
the emittance of spectrally selective coating on SS
substrate, a tandem absorber consisting of a multilayer
stack of AICrO/AICtNO (LMVF)/AICtN (HMVF) was
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Fig.12 XRD patterns of (a) SSAC and (b) Cr thin films before and after annealing

deposited under optimized conditions with a Cr layer
thickness of 461 nm, the details of which are provided
elsewhere"®. This coating exhibited an absorptance
of 0.91 and emittance of 0.15. The corresponding
reflectance spectra in the range of 0.3-25 um is shown
in Fig.11, depicting very high reflectance in the IR
region. The Cr film, acting as an IR reflector, caused
this high reflectance of the solar selective absorbing
coating. The Cr thin film also improved the thermal
stability of the SSAC by acting as a diffusion barrier
between the SS substrate and tandem absorber.

Table3 The solar absorptance and thermal emittance of
samples before and after annealing

As-deposited  After-annealed
Sample
a € a €

Cr/SS 0.33 0.05 Vacuum 0.34 0.06
AICrO/AICrNO/AICIN/Cr/SS 091 0.14 Air 093 0.14

To demonstrate the high thermal stability of the
solar selective absorbing coating, the as-deposited
coating was heated at 600 ‘C for 10 h in air with
a heating rate of 5 ‘C/min. The Cr thin film were
prepared between the substrate and spectrally selective
coating. In order to simulate the thermal condition, the
Cr thin film with a thickness of 461 nm was annealed
at 600 C for 10 h in vacuum with a heating rate of
5 “C/min. The absorptance and thermal emittance of
as-deposited and after-annealed samples are listed in
Table 3. The absorptance of the SSAC increased from
0.91 to 0.93, while the thermal emittance almost kept

unchanged at 0.06. Owing to the high IR reflectance of
the Cr/SS IR reflector, the low thermal emittance of the
SSAC was obtained.

To access the phase evolution of the coatings
before and after heat treatment, the GIXRD analysis
was performed in this investigation as shown in Fig.12.
As for the SSAC shown in Fig.12(a), the coating was
indicated to consist of Al,O; and Cr,O, before and after
heat treatment, Moreover, the content of Al,O, was
remarkably increased after annealing. The XRD pattern
of Cr thin film shown in Fig.12(b) shows a weakened
plane of (110) due to the interdendritic diffusion and the
diffusion of the substrate elements after annealing. It
was assumed that the oxides formation on the spectrally
selective coating surface increased the absorptance
after annealing. While, the thermal emittance of the
SSAC kept almost unchanged for the high reflectance
of Cr thin film even after heat treatment. The Cr layer
was expected to minimize the outward diffusion of
SS substrate, and the structural stability and oxidation
resistance of AlICrO, AICrNO, and AICrN layers were
responsible for the overall thermal stability of the
SSAC deposited on Cr coated substrate. Therefore, the
optimized Cr thin film performed an excellent property
of high reflectance as an IR reflector in SSAC.

4 Conclusions

CAIP deposited Cr thin films were studied and
prepared, and the thickness was optimized in order to
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achieve the minimum thermal emittance/maximum
infrared reflectance in 2.5-25 um wavelength range.
The structure-thickness correlations suggested that the
thermal emittance of Cr reflector strongly depended
on film thickness. The minimum thermal emittance
was obtained for Cr thin film structures with minimum
dislocation densities and strain, and maximum
crystallite sizes. The optimized film thickness above
441 nm showed the minimum thermal emittance of
0.05. The small variation in emittance values was
attributed to the free electrons due to varied crystallite
sizes. The highly reflective Cr layer caused low
emittance of AICrO/AICrNO/AICrN/Cr/SS coating.
The coating deposited with optimal thickness Cr layer
exhibited a relatively good thermal stability with a solar
selectivity of 0.93/0.14 after annealing at 600 “C in air.
The relative good thermal stability was due to the dense
structure of AICrO, AICrNO, and AICrN layers. The
slightly higher emittance of the SSAC after annealing
resulted from the oxides formed on the surface of
AICrO layer. The results suggested that the Cr metallic
thin film with optimal thickness could be used as an
effective infrared reflector for the development of
SSAC structure.
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