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This work studies the effect of ion treatment on low-emissivity (low-e) coatings deposited by magnetron sput-
tering. Specifically, we have investigated the application of an ion treatment in the dielectric layer before
deposition of a layer of silver. This reduces layer roughness which means the silver layer can be deposited with
enhanced characteristics. We have also evaluated the etching rate on the SnOy layer due to the ion treatment on
already deposit coatings of equal thicknesses. Subsequently, we studied the effects on the coating’s photoenergy

properties. For equivalent coatings, we found that those treated with ions were more transparent in the visible
region, more reflective, and had a lower emissivity, which are essential requirements for low-e coatings applied

in architectural glass.

1. Introduction

Glazing plays a crucial role in several industries including automo-
tive, locomotive and construction. Glazed areas act as the interface that
enables visual communication between the inside and outside worlds.
However, any glazed areas must feature specific energy-insulating
properties, so that they also offer greater comfort and habitability,
while minimizing energy consumption.

The main component of modern glazing is soda-lime silicate glass,
which offers excellent transparency and high chemical and environ-
mental stability. Nevertheless, one of its main disadvantages is poor
thermal insulation. This drawback has been resolved adequately using
double glazing configurations plus selective low-emissivity and solar
control coatings that reduce both energy losses in winter and solar gain
in summer [1-4].

The development of low-emissivity glasses with solar control prop-
erties derives from the basic structure of substrate/MeOy/Ag/metallic
barrier/MeOy [5], that is, a silver layer sandwiched between two
transparent oxide layers. The silver layer provides low emissivity and is
the ideal material for this task because it has high reflectivity in the mid-
and far-infrared regions [6], while reducing solar transmittance in the
near-infrared region. The two transparent metal oxide layers act as
visible anti-reflection layers, thus achieving a high transparency [7].
Furthermore, a very thin metallic barrier layer (2-3 nm) must be

* Corresponding author.
E-mail address: ecarre@unizar.es (E. Carretero).

https://doi.org/10.1016/j.vacuum.2022.111485

deposited on top of the silver layer to prevent it from oxidizing when
depositing the subsequent MeOy layer [8]. Although the use of these
coatings is commonplace, they do not have much visible light/infrared
selectivity; they present 60% transmittance at 800 nm, which equates to
limited solar control properties. To improve this selectivity, and there-
fore its solar control properties, more complex coatings based on a
double Ag structure of substrate/MeOy/Ag/metallic barrier/MeOy/-
Ag/metallic barrier/MeOy are used with more selective spectral prop-
erties [9,10]. This type of structural arrangement has been widely
exploited by glass manufacturers to develop various products with these
properties [11].

Better emissivity can be achieved by reducing the roughness of the
dielectric layers. This means the silver layers will acquire a better
crystalline structure when coated after the ion gun treatment, thus
reducing their electrical resistance and improving the emissivity of the
coating [12,13].

Physical vapor deposition (PVD) is the most common technique for
obtaining low-emissivity coatings [14]. It consists of ion bombardment
of a material followed by its evaporation deposition onto the surface of
the substrate [15]. The present works looked at the properties of
different low-emissivity coatings deposited by PVD. The substrate was
pretreated with an ion gun system before depositing the silver layers. We
applied argon ion bombardment to the dielectric layer before the silver
layer to achieve a smooth dielectric surface. We found that the silver
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grew in a more crystalline structure when deposited on dielectric layers
previously treated with an ion gun, which resulted in lower emissivity
throughout the whole structure [16].

Typically, SnO5 has been used for the metal oxide layer, mainly
because its optical properties are suitable for this application and also
thanks to its high deposition rate compared to other metal oxides. SnOy
is the most used material in industrial applications because its high
deposition rate means it requires a shorter cycle time in the production
line [6,8,17,18]. On the other hand, there are other metal oxides such as
Zn0O, AZO (aluminum-zinc oxide), ZrO,, TiO,, and so on [19-24] which
also have suitable optical properties for this type of coating, but they are
used to a lesser extent because of more complicated processing and
lower deposition rates. However, some of these metal oxides have a
more suitable microstructure for the deposition of the Ag layer and
consequently offer better photoenergy properties than those achieved
with SnO; [13,21,25]. Regarding the optical properties, SnO5 presents
optimal values for its application in low emissive coatings, however,
several attempts have been made to improve the properties of the
coatings with new treatments or techniques [26,27]. In this work we
aimed to improve the surface of the SnOx layers by means of an ion gun
treatment to ultimately obtain coatings with improved photoenergy
properties, while also retaining the productive advantage associated
with the high deposition rate of SnOx by means of the sputtering
technique.

2. Experimental
2.1. Experimental setup

All the coatings being studied were deposited in a semi-industrial
(inline) high vacuum system using magnetron sputtering (see
Figure S1(a-b) Supplementary Material). The deposition system featured
DC pulsed power supplies and 600 mm x 100 mm rectangular targets.
Mass flow controllers (MFC) were used to control the amount of gas
injected into the vacuum chamber. While the discharge was taking
place, that is, while the layer was being deposited, the substrate carrier
moved through the process chamber at a constant speed, so each point
on the substrate received exactly the same exposure to the deposition
process, producing an uniform coating with a homogeneous thickness.
As such, the thickness deposited on the substrate was inversely pro-
portional to the speed of the carrier. The system also included an ion gun
to help produce a cleaner substrate prior to deposition and therefore
better adhesion of the layers [28]. In the deposition system there is a
cryo pump in order to reduce the residual water vapor. We used low-iron
sodium-calcium glass substrates (Pilkington Optiwhite™), measuring
100 mm x 100 mm and 4 mm thick, previously cleaned with a special
glass detergent (ACEDET 5509).

The linear ion gun is approximately 600 mm long. An acceleration
voltage of 2 kV was applied and a flow of 0.84 Pa m® s™! of Ar was
introduced into the vacuum chamber during bombardment. The dose
applied in each case was inversely proportional to the speed of the
carrier. The ion beam was pointed perpendicularly on the sample. By
doing that, all the points of the sample received the same ion dose with
the same angle of incidence due to the inline process.

Layer thicknesses were measured with a DektakXT® mechanical
profilometer, which has a precision of approximately 1 nm.

X-ray diffraction data were collected using a Rigaku D/Max, Ru300
diffractometer, equipped with a rotating Cu anode. The diffractometer
was operated at 40 kV and 80 mA using a graphite monochromator to
select Cu K-alpha radiation. The measurement parameters were from 26
= 20° to 80° with step = 0.03° and t = 1 s/step. Phase determination was
based on the JCPDS-International Center for Diffraction Data 2000
database.

Structural characterization and elemental mapping was performed
using Transmission Electron Microscopy TITAN (FEI Company) with
EDS detector “EDS Oxford Instruments Ultim Max TLE 100”. Surface
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roughness measurements of SnOy films was performed using Atomic
Force Microscopy (AFM) Dimension Icon (Bruker).

Optical measurements were made with a UV-Vis/NIR spectropho-
tometer designed and built by the Photonic Technologies Group at the
University of Zaragoza. The spectrophotometer can perform trans-
mission and specular reflection measurements across the entire range of
the solar spectrum, from 300 to 2500 nm, with an angle of incidence of
8°.

We used the following equations to calculate the photoenergy factors
that characterize low-emissivity and solar control coatings:

780nm

T(A)V(A)Des (A)dA
TWS = 380m7n80rml (1)

V(2)Des(4)dA

380nm
2500nm

T(1)S(A)dA

Tsoar =S5 @)
S(A)dA
300nm

where T(4) is the spectral transmittance factor (measured with the
spectrophotometer), V(1) is the normalized human eye spectral sensi-
tivity curve, Des(4) is the standard illuminator, and S(1) is the solar
spectrum. Similarly, analogous values can be calculated for reflectance.

Conductivity was measured via two methods: a 4-point probing
method using a Jandel RM3000 m and the sheet resistance using a NAGY
SRM-12 instrument. Sample emissivity was calculated from the
following equation [29]:

£,= 0.0106 -R 3

where ¢, is the emissivity normal to the surface of the sample and R
stands for the sheet resistance.

2.2. Samples

The layers studied in this work consist of low-emissivity structures
with dielectric layers of tin oxide. The base pressure of the deposition
system was 7.10~7 mbar. The working pressure was between 1 and
2:10~2 mbar, depending on the layer (a flow of 3.38 Pa m® s™! is
equivalent to a pressure of approximately 1.10~° mbar). Table 1 shows
the deposition parameters for each layer. The oxygen flow for SnOy
deposition was calibrated ensuring that the process worked in reactive
mode (see calibration curve in Figure S2 of the Supplementary
Material).

Low-emissivity coatings with structures such as SnOx/Ag/Ti/SnOx
and SnOy/Ag/Ti/SnOy/Ag/Ti/SnOx were deposited using the same high
vacuum deposition system. Layer thickness could be controlled by
adjusting the speed of the substrate holder. The ion gun had the effect of
etching the layer deposited previously. Therefore, to obtain samples
with similar optical properties, the layers deposited were slightly thicker
than required to compensate for the etching. Table 2 shows the
composition of the layers for six different samples, four of them with a

Table 1
Deposition parameters for each material and the ion gun.
Material Power Power density Ar flow 0O, flow
W) (W/em®) (Pam®s™) (Pam?s ™)
SnOy 2000 3.33 2.53 3.04
Ag 500 0.83 5.06 0
Ti 800 1.33 3.38 0
Ion gun 2kv 0.84 0




E. Carretero et al.

Vacuum 205 (2022) 111485

Table 2
Composition and thickness of each layer deposited. Negative values in thickness indicates the etching thickness by ion treatment.
Material Layer No. Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Thickness (nm) Thickness (nm) Thickness (nm) Thickness (nm) Thickness (nm) Thickness (nm)
Ref Ton Ref ITon Ref Ton Ref Ton Ref ITon Ref Ton
Substrate
SnOy 1 29 44 24 39 30 60 15 30 29 44 30 45
Ton gun - -15 - -15 - -30 - -15 - -15 - -15
Ag 2 10 10 15 15 20 20 27 27 9 9 7 7
Ti 3 3 3 3 3 3 3 3 3 3 3 3 3
SnOy 4 45 45 49 49 8 8 53 53 77 92 78 93
Ion gun - - - - - - - - - -15 - -15
Ag 5 - - - - - - - - 14 14 19 19
Ti 6 _ — _ - - - - - 3 3 3 3
SnO, 7 - - - - - - - - 34 34 32 32
single layer of silver (with different thicknesses) and two of them with
. . . " Table 4
two layers of silver. The ion gun was always applied before depositing a . . .
. . . Sample 5 layer thicknesses at different ion doses.
layer of silver and Table 2 shows the thickness eroded at the applied dose
(0.420 cm/s in all samples except 0.210 cm/s in sample 3). We prepared Sample ~ Sample  Sample  Sample ~ Sample  Sample
. . . Sample 5 5.Ref 5.1 5.2 5.3 5.4 5.5
at least two specimens of each sample; a reference specimen (Ref)
without applying the ion treatment and the specimen with the ion Carrier — 1.680 0.840 0.420 0.210 0.105
treatment (Ion). For Samples 1 and 5, we also studied the effect of ion s pr‘:edt /s em/s cm/s cm/s cm/s
ubstrate
dose (Tables 3 and 4). Note that the most external layer of SnOx was 10, 29 34 39 44 59 69
thinner in Sample 3 (less than the optimal optical thickness) so the Ion gun _ _5 ~10 ~15 -30 —40
crystallinity of the silver layer could be studied in more detail by means Ag 10 10 10 10 10 10
of X-ray diffraction. Ti 3 3 3 3 3 3
SnOy 77 82 87 92 107 117
. . Ton gun — -5 -10 -15 -30 —40
3. Results and discussion Ag 14 14 14 14 14 14
Ti 3 3 3 3 3 3
3.1. Calibration of etching based on ion dose SnOy 34 34 34 34 34 34
The first step is to characterize the etching on the SnOy layer due to
the application of the ion gun. This is crucial because the optical prop- 50 -
erties of the coating are heavily dependent on the thickness of the SnO | d
1 ¢ coating vy cep . . — +-—|0Nn aoses——»-
ayer. This impact is especially pronounced on the transmittance and E
reflectance in the visible range, because SnOy layer thickness can c 4040
significantly modify the interference due to the multiple reflections in - |
the multilayer. For this reason, we deposited a 100 nm layer of SnOx on g 30 -
different samples under the same conditions and at different doses of .= ]
exposure to the ion gun (inversely proportional to the speed of the ﬁ i
substrate holder); the etching as a function of ion dose is shown in Fig. 1. - 20
As expected, the etching effect increased with the ion dose. However, it o 4 ]
did not increase linearly, because the ionic bombardment compacted the = 10 [
remaining layer, so after a certain amount of bombardment, the 2
resulting layer was more resistant to etching. This level of etching was b [
taken as a reference in Tables 2-4 when determining how much extra 0 T T T

thickness to deposit in the SnOy layers before applying the ion gun. The
result was SnOy layers with an ideal thickness in terms of their optical
properties and coatings comparable to the reference samples.

Table 3
Sample 1 layer thicknesses at different ion doses.
Sample Sample Sample Sample Sample Sample
Sample 1 1.Ref 1.1 1.2 1.3 1.4 1.5
Carrier — 1.680 0.840 0.420 0.210 0.105
speed cm/s cm/s cm/s cm/s cm/s

Substrate
SnOy 29 34 39 44 59 69
Ion gun — -5 -10 -15 -30 —40
Ag 10 10 10 10 10 10
Ti 3 3 3 3 3 3

SnOx 45 45 45 45 45 45

0.0 02 04 06 08 1.0 1.2 1.4 16 1.8 20
Carrier speed (cm/s)

Fig. 1. Ion etching of SnOy as a function of ion dose.

3.2. AFM and XRD

We studied the surface morphology of a 100 nm layer of SnOy by
AFM (Top-view photos performed by FESEM are also shown in Figure S3
of the Supplementary Material). Fig. 2 shows the difference in the sur-
face morphology of four SnOy samples. First sample had no treatment
(Fig. 2a) and the measured roughness is 1.0 nm (Table 5). The second
sample had ion treatment at a speed of 0.840 cm/s (Fig. 2b) and it can be
seen that the surface morphology has been modified obtaining a similar
roughness of 1.0 nm but with smaller diameter bulges. Sample 3 had ion
treatment at a speed of 0.420 cm/s (Fig. 2¢), in this case the roughness is
reduced to 0.7 nm preserving the small bulges size. The last sample had
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Fig. 2. AFM images of the “top surface” of a 100 nm layer of SnOy: a) as deposited, b) after ion gun treatment at 0.840 cm/s, ¢) at 0.420 cm/s and d) at 0.105 cm/s.

Table 5

Roughness as a function of ion dose.
Carrier speed (cm/s) Rq (nm)
No ion 1.0
0.840 1.0
0.420 0.7
0.105 0.7

ion treatment at a speed of 0.105 cm/s (Fig. 2d) and the roughness
obtained is 0.7 nm but for this case the diameter of bulges is similar to
the sample that had no ion treatment. This means the silver layer
deposited over the SnOy layer after the treatment is more uniform when
moderate ion doses are applied, which improves the coating’s optical
and electrical properties while using the same amount of silver.

We also studied the crystallinity of the silver layers incorporated in
the low-e coating. To this end, we deposited the same structure as
Sample 3 on a substrate and analyzed it by X-ray diffraction. Fig. 3
compares two samples, one with ion treatment on the SnOy layer prior to
deposition of the silver layer and the other without. The silver peak is
higher for the sample subjected to the ion treatment, additionally the
grain size is 14.8 nm with ion treatment compared to 11.5 nm without
treatment, which indicates ion treatment improves the surface

»~AQg

— Without ion
— With ion

Intensity (counts)

20 30 40 50 60 70 80
Angle (°)

Fig. 3. X-ray diffraction of the Sample 3 structure.

properties and promotes greater crystallinity in the silver layer.

3.3. TEM and EDS

The morphology of the cross-section of Sample 2 has been studied by
TEM, Fig. 4. The layer structure can be clearly visualized, the SnOx
layers are clearly observed and have compact morphology and amor-
phous structure. The intermediate layer of silver is observed and the
grains with different orientations of the crystallinity planes can be
distinguished with a size according to that obtained by XRD (Additional
TEM images are shown in the Supplementary Material, Figures S4(a-d)).
The grains are not perfectly isotropic due to the limitation of the
thickness of the silver layer as shown in the TEM images. Elemental
mapping was performed by EDS, Fig. 5. The elemental distribution
clearly corresponds to the layer structure described in Table 2. The
mappings of the individual materials are attached in Figure S5 and Sé6.

Fig. 4. Cross-section of Sample 2 performed by TEM.
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Fig. 5. Elemental mapping of Sample 2 performed by EDS.

(a-e) in the Supplementary Material. A quantification of the chemical
composition was performed, obtaining a value of SnOj g3, this value is
higher than that obtained in other studies of SnOy layers such as in Refs.
[30,31] where values close to x = 1.5 were obtained and slightly larger
than [32] where values of x = 1.85 are reported. Our value closest to the
stoichiometric value of x = 2 is due to the fact that during the deposition
process we used a high flow of O, that guaranteed the reactive mode of
the deposition. These results guarantee that the SnOy layer has a high

a)., Sample 1
0.8
e oo =
o3
=R Refi
= 04 R lon
0.2
0+ T
500 1000 1500 2000
A(nm)
c)1.o Sample 3

0.0 T T T 1
500 1000 1500 2000
A(nm)
e) 1.0 Sample 5

[====T Ref
Tlon
(=R Ref
=R lon

1 I 1 1
500 1000 1500 2000
A(nm)
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gap value and it is transparent in the visible zone of the spectrum
[33-35]. The main contaminants found were sodium (Na), coming from
its diffusion from the glass substrate, and carbon (C), which could have
its origin in the sample preparation stage for the visualization by TEM (it
had to be coated with C for the test). As shown in Figure S6.e, the
bombardment of the first layer of SnOx with Ar ions has not shown an
extra implantation of Ar in the coating. The highest concentration of Ar
in the coating occurs in the silver layer that was deposited after ion
treatment. The concentration of Ar is similar in the first SnOy layer
(deposited before ion treatment) and in the second SnOy layer (depos-
ited after ion treatment). Finally, the measured concentration of Ar in
the SnOy layers is less than 0.2%. The elemental spectrum and its
quantification are shown in Figure S7 of the Supplementary Material.

3.4. Optical properties

We measured the transmittance and reflectance of the structures
developed for the study. Fig. 6 shows the spectra obtained for the
structure without (Ref) and with the ion gun pretreatment on the SnOy
layers (Ion). It shows the transmittance and reflectance (coating side) in
visible and near-infrared, which are the most important parameters for
determining the photoenergy properties of the coating. In all cases, the
ion treatment produced a slight increase both in transmission in the
visible range (380-780 nm) and in reflection in the near-IR (800-2500
nm). These increases improve the coating’s photoenergy properties.
Obtaining better optical properties using the same amount of silver is a
notable achievement, particularly considering the high cost of the silver
target used in industrial deposition systems, as it translates into higher

Sample 2
[—T Ref,
T lon
——R Ref
R lon
T & & T J ¢ & % [ &5 & & ]
500 1000 1500 2000
A(nm)
) 10 Sample 4
[——T Ref
T lon
R Ref
Rlon
00 i T T T 1
500 1000 1500 2000
AMnm)
f)m Sample 6
=T Ref
T lon
——R Ref
=R lon
00 T 1 T 1
500 1000 1500 2000

A(nm)

Fig. 6. Transmittance and reflectance (coating side) spectra of the six samples studied.
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performance coatings at the same cost.

The same behavior can be observed when comparing the global
transmittance and reflectance calculated according to DIN EN410 [36].
Table 6 shows the transmittance and reflectance (solar and visible) on
both sides for each of the low-emissivity sample studied, as well as the
difference between samples with and without the ion gun pretreatment.
Note that the most important parameter of a low-e coating is its visible
transmittance, which corresponds to the amount of visible light that can
pass through it, and solar reflectance, which indicates the amount of
solar energy the coating reflects. The coating is designed to be
anti-reflective on the coating side in visible range, hence the importance
of compensating for the etching of the SnOy layer.

As shown in Table 6, the increase in the visible transmittance of
samples that received the ion gun pretreatment was between 1.1% and
2.3%, which gives an average increase of approximately 2%. The in-
crease in the total solar reflectance was less evident; as can be seen in the
visible region of the spectra (Fig. 6). There was a decrease in reflectance,
resulting in a smaller increase in the global solar reflectance despite the
clear increase in the near-IR region. The average increase in solar
reflectance on the coating side was approximately 0.6%. Thus, we can
conclude that the ion gun pretreatment improves the photoenergy
properties of low-emissivity coatings.

Fig. 7 and Table 7 show the effects of applying different ion doses.
The optimal ion dose was between 0.210 and 0.420 cm/s, since samples
1.3, 1.4, 5.3 and 5.4 had the best photoenergy properties (higher visible
transmittance and higher solar reflectance). It should be noted that it is
harder to make samples analogous to the references, as the thickness of
the layer deposited must be carefully adjusted every time the ion dose is
changed.

The increase in visible transmittance with respect to the reference
sample was between 2 and 3% of the absolute transmittance, whereas
the solar reflectance was barely modified. However, this is a good result
considering the improved transmittance (which decreases the visible
reflectance).

3.5. Emissivity

Table 8 shows the emissivity for each sample. Note that the emis-
sivity decreases for all samples subject to the ion gun pretreatment. It is
important to differentiate between the structures with a single (Samples
1 to 4) or a double layer of silver (Samples 5 and 6). Of those with a
single layer of silver, the relative decrease in emissivity was greater for
thinner layers of silver. This is because the roughening effect of the SnOy
layer pretreated prior to silver deposition is more pronounced in thinner
layers.

The improvement in emissivity was greater at higher ion doses;
however, this nominal increase seems to be saturated at high doses, as
there was no improvement between samples exposed to doses of 0.210
and 0.105 cm/s.

These results seem to indicate that the best application conditions for
the ion treatment are a moderate dose, which equates to a speed of
between 0.210 and 0.420 cm/s for the deposition system used here.
Higher doses do not improve the quality of the SnOy surface and may be
harder to control in terms of etching, which also means it is harder to
control the coating’s optical and photoenergy properties. The results
obtained for the samples without ion treatment are similar to those
obtained in other works such as [13], where an emissivity of 0.09 is
obtained for an SnOy coating with 9 nm of silver. It should be noted that
the comparison with other studies is not straightforward because many
structures can be manufactured with different thicknesses of silver that
affect the values of emissivity, transparency and reflectance. In any case,
under similar conditions, results show that the application of the ion
treatment improves the photoenergy properties of the coating compared
to the samples without ion treatment.
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Table 6
Transmittance and reflectance coefficients in both, visible and solar, of the
different samples studied.

Sample 1 Sample 2 Sample 3

Ref Ton Ref Ton Ref Ton
Tvis 77.3%  79.1%  60.4%  623%  31.9%  33.5%
Ryis (glass side) 11.4%  10.0% 30.8% 29.1%  56.0%  55.8%
Ryis (coating side) 5.1% 4.9% 21.6% 20.0% 51.5% 50.9%
Tsolar 56.4% 57.4% 39.9% 40.5% 22.2% 22.7%
Rsolar (glass side) 25.3%  24.8%  45.7%  45.6% 67.1%  66.9%
Rsolar (coating side)  24.0%  24.2%  43.0% 42.8% 61.3% 61.2%

Sample 4 Sample 5 Sample 6

Ref Ton Ref Ton Ref Ton
Tyis 25.2%  26.3%  60.9%  63.3%  48.2%  50.4%
Ryis (glass side) 68.2%  66.4%  6.2% 6.6% 13.5%  16.1%

Ryis (coating side) 53.4%  545% 52%  6.0%  19.7%  20.5%
Tsolar 149% 153%  31.6%  32.0%  25.0%  25.5%
Rsolar (glass side) 74.8%  73.6%  36.6%  37.8%  38.4%  40.0%
Rolar (coating side)  69.1%  70.1%  40.2%  41.7%  50.9%  51.9%
8) Sample 1.Ref
0.85 Sample 1.1
Sample 1.2
D .80 - = Sample 1.3
—— Sample 1.
b 0.75
=
»n 0.70
c
o
- 0.65 4
0.60 +rrrrr e
400 450 500 550 600 650 700 750
A(nm)
b) Sample 5.Ref|
0.7 ~ Sample 5.1
Sample 5.2
8 0.6 Sample 5.3
c 1 / \ [ Sample 5.4
g 0544 N\ N\ |/ Sample 5.5
£ \
»n 0.4 - \
S
e
= 0.3 1
0.2 e ey

400 450 500 550 600 650 700 750
A(nm)

Fig. 7. Visible transmittance spectra as a function of ion dose for Sample 1 (a)
and Sample 5 (b).

4. Conclusions

The application of an ion bombardment treatment to SnOy layers
prior to silver deposition in low-e coatings improves the material’s
photoenergy performance. We have also confirmed that this treatment
achieves higher crystallinity in the thin layer of silver deposited in
samples subject to the ion pretreatment, this point has been confirmed
by XRD and TEM. The main effect of ion bombardment is the
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Table 7
Visible and solar (transmittance and reflectance) coefficients in function of ion
dose for structures type 1 and 5.

Sample 1

Ref 1.1 1.2 1.3 1.4 1.5
Tyis 77.3% 78.3% 79.7% 79.7% 80.1% 78.6%
Ryis (glass side) 11.4%  9.4% 9.1% 9.3% 7.7% 8.5%

Ryis (coating side) 5.1% 4.1% 4.3% 4.5% 3.9% 3.8%

Tsolar 56.4% 56.6% 57.8% 57.5% 57.6% 56.7%
Rsolar (glass side) 25.3%  25.1%  25.4%  25.8% 24.4%  25.1%
Roolar (coating side)  24.0%  24.6%  24.6%  25.0% 24.7%  24.7%

Sample 5

Ref 5.1 5.2 5.3 5.4 5.5
Tyis 62.5%  63.5% 63.6% 64.8% 64.7%  62.3%
Ryis (glass side) 6.3% 6.3% 6.5% 6.3% 8.6% 6.5%
Ryis (coating side) 4.8% 5.5% 6.0% 6.0% 8.7% 5.5%
Tsolar 32.4%  324%  322%  32.7%  33.3% 31.6%
Rsolar (glass side) 38.1%  37.8%  37.4% 39.0% 36.8%  38.9%
Rsolar (coating side) 40.6% 40.5% 41.0% 42.0% 41.4% 41.9%

Table 8
Emissivity for different samples and ion doses. Thickness in samples 5 and 6
stand for the first and the second layer of silver.

Sample Ag Carrier Emissivity Emissivity %
thickness speed without ion with ion improvement
(nm) (cm/s) (Ref) (Ion)
1 10 0.420 0.082 0.071 13.4
2 15 0.420 0.039 0.035 10.3
3 20 0.210 0.026 0.024 7.7
4 27 0.420 0.016 0.015 6.3
5 9+14 0.420 0.031 0.027 12.9
6 7+ 19 0.420 0.026 0.022 15.4
1.1 10 1.680 0.082 0.073 11.0
1.2 10 0.840 0.082 0.073 11.0
1.3 10 0.420 0.082 0.069 15.9
1.4 10 0.210 0.082 0.068 17.1
1.5 10 0.105 0.082 0.068 17.1
5.1 9+ 14 1.680 0.031 0.028 9.7
5.2 9+ 14 0.840 0.031 0.028 9.7
5.3 9+14 0.420 0.031 0.027 12.9
5.4 9+14 0.210 0.031 0.026 16.1
5.5 9+ 14 0.105 0.031 0.026 16.1

morphological change of the surface in the SnOy layer prior to the
deposition of the silver layer, with the appropriate dose of ions, it is
possible to reduce the roughness of the SnOy surface and modify the type
of roughness with a smaller bulges size. The ion pretreatment was also
shown to enhance the coating’s optical properties with increases in
visible transmittance of approximately 2% and a slight increase in solar
reflectance. This translates into an effective reduction in the amount of
silver consumed to produce low-e coatings while retaining their optical
properties. Furthermore, this study shows that ion treatment consider-
ably decreases coating emissivity. This improvement is most evident in
low-e coatings with thin layers of silver, and we have quantified the
effect of different ion doses in order to find the optimal dose.
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