
Resistively Loaded Ultra-Thin FSS Absorbers for RF Enhancement of
Spacecraft Thermal Blankets

Goncalves Machado, G., Cahill, R., Fusco, V., & Conway, G. (2019). Resistively Loaded Ultra-Thin FSS
Absorbers for RF Enhancement of Spacecraft Thermal Blankets. IET Microwaves, Antennas and Propagation,
13(11), 1928 - 1933. https://doi.org/10.1049/iet-map.2018.6099

Published in:
IET Microwaves, Antennas and Propagation

Document Version:
Peer reviewed version

Queen's University Belfast - Research Portal:
Link to publication record in Queen's University Belfast Research Portal

Publisher rights
Copyright 2019 IET. This work is made available online in accordance with the publisher’s policies. Please refer to any applicable terms of
use of the publisher.

General rights
Copyright for the publications made accessible via the Queen's University Belfast Research Portal is retained by the author(s) and / or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal requirements associated
with these rights.

Take down policy
The Research Portal is Queen's institutional repository that provides access to Queen's research output. Every effort has been made to
ensure that content in the Research Portal does not infringe any person's rights, or applicable UK laws. If you discover content in the
Research Portal that you believe breaches copyright or violates any law, please contact openaccess@qub.ac.uk.

Download date:23. May. 2023

https://doi.org/10.1049/iet-map.2018.6099
https://pure.qub.ac.uk/en/publications/b6680d90-984a-4561-900f-00b3bf1ef8f7


Resistively Loaded Ultra-Thin FSS Absorbers for RF Enhancement of

Spacecraft Thermal Blankets

Gabriel G. Machado, Robert Cahill, Vincent Fusco, Gareth Conway

The Institute of Electronics, Communications and Information Technology,

Queen’s University Belfast, Northern Ireland Science Park,

Queen’s Road, Queen’s Island, Belfast,

BT3 9DT, Northern Ireland, UK

Abstract

This study reports the use of metal backed frequency se-
lective surface (FSS) absorbers as a means to control the
scattering of electromagnetic energy from satellite plat-
forms which are covered with thermal blankets. This is
achieved by exploting the similarity of the physical con-
struction of this class of absorber and the dielectric clad
foil backed outermost layer of space blankets. Simulated
results are presented for five absorber designs which are
suitable for mechanical integration into the top surface of
a multi-layer insulator (MLI). These were constructed us-
ing Polyethylene Terephthalate (PET) material with sheet
thickness in the range 140 µm (λ/213)−1120 µm (λ/25).
The optimum performance around 10 GHz was obtained
from an array of hexagonal patch elements with the con-
ductivity of the silver plating adjusted to achieve the de-
sired resistive loading. At normal incidence the FSS based
structures presented −10 dB reflectivity bandwidths that
are strongly dependent on the thickness of the PET sheet
and vary between 2% and 16%. The design methodology
is verified by measuring the radar backscatter from 140µm
and 1120µm thick absorbers in the frequency range 8−12
GHz.

1 Introduction

Modern spacecraft platforms are subject to a multitude of
temperature fluctuations that range from +150◦C when
exposed to the sun to −150◦C when in shadow [1]. The
mechanical structure and payload instruments must there-
fore be protected from these temperature extremes. Multi-
Layer Insulation blankets are normally employed to pro-
vide passive thermal control and are ideal for protecting
delicate instruments by ensuring that their normal operat-
ing temperature is not exceeded. Thermal blankets work
by limiting the amount of radiative heat transfer and the
key properties of concern are the IR emissivity and solar
absorptivity, which affects the outer temperature of the
MLI. The overall MLI performance is strongly related to

the number of layers in the composite, therefore in prin-
ciple it should be possible to modify the properties of the
outermost metal backed dielectric layer without degrading
the overall thermal performance of the blanket. To pro-
vide a 100% reflective barrier, MLI’s are constructed from
2 − 35 dielectric layers which are vapour deposited with
aluminium on one or both sides [2]. The individual sheets
are constructed from Polyimide or Polyethylene Tereph-
thalate material with thickness in the range 5 − 240 µm.
To provide environmental protection the composite is of-
ten bonded to an outer cover of the same material which
is up to 300 µm thick.

Electromagnetic scattering from a spacecraft platform
can degrade the performance of radio frequency (RF) in-
struments, mainly those that deploy low gain antennas for
data collection, search and rescue, communications and
navigation systems. These interference effects are respon-
sible for copolar pattern ripple, reduced gain, depolari-
sation and also undesirable RF coupling which is often
observed in antenna farms on densely populated satellite
platforms [3].

The European Space Agency [4] has recently identified
a need for the RF enhancement of metal backed thermal
blankets as means to control the scattering of electromag-
netic energy from satellite platforms. At present, these
blankets are deployed for the sole purpose of providing
thermal control, so the implementation of dual function-
ality is desirable because it provides a low cost solution
without imposing additional weight constraints. A suc-
cessful outcome would permit relaxation of the stringent
performance requirements often imposed on the antenna
backlobe levels and moreover this would provide designers
with additional flexibility to select the most suitable layout
of the microwave instruments on the satellite platform.

A modulated metasurface [5], [6] composed of a pat-
terned layer that is printed on the top surface of a thermal
blanket is currently the only arrangement that has been
rigorously investigated as a means to reduce the power re-
flected from this type of structure. Radar backscatter sup-
pression is obtained by deploying a periodic array which
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is designed to spread the impinging energy upon reflec-
tion to create reflected waves that are randomly phased.
The working frequency range is determined by the intrin-
sic resonance of the metasurface and is therefore propor-
tional to the thickness of the MLI. In [6] a 6% bandwidth
was achieved for a 500 µm thick structure. At frequen-
cies outside this narrow band, the patterned surface does
not couple to the incident RF energy and the electromag-
netic response is determined by the metal backing of the
thermal blanket

The approach described in this paper is radically dif-
ferent. Here, instead of spreading the back scattered
energy the structure is designed to absorb the incident
power. This is achieved by depositing an array of re-
sistively loaded resonant elements on the surface of the
outermost metal backed dielectric layer of the MLI com-
posite. The geometry of the arrangement, which is similar
to a lossy high impedance surface (HIS), permits reuse of
the MLI so that its thermal properties are retained. How-
ever the electromagnetic behaviour changes from, one pre-
senting an almost perfect reflecting surface, to one which
absorbs most of the impinging energy over the intrinsic
bandwidth of the microwave absorber. The size and sur-
face resistance of the periodic elements can easily be se-
lected to provide strong absorption at different frequency
bands and can be optimised for operation at incident an-
gles corresponding to the illumination at different spatial
positions on the spacecraft surface by the individual radi-
ating sources comprising the antenna farm [3].

This concept for increasing the functionality of MLI was
first proposed by Costa et. al. [7], who used numerical
simulations at x-band to show that a lossy HIS composed
of cross dipoles printed on a 1000 µm thick Teflon sub-
strate can give up to 30 dB suppression of TE and TM
waves at 10 GHz. In the paper we now present the first
comprehensive study of an ultra-thin Frequency Selective
Surface absorber which is suitable for integration into an
MLI. Numerical simulations are employed to predict the
radar backscatter from five different metal backed PET
structures, ranging in thickness λ/213 to λ/25 at X band.
The corresponding physical thicknesses (140µm - 1120µm
) are similar to the metal backed outer layer of commer-
cially available thermal blankets [1], [2]. For thermal con-
trol these can be selected independently of the dimensions
of the multiple foil backed inner films, which are normally
identical but manufactured using thinner dielectric mate-
rial. The reflectivity bandwidth of this class of absorber is
proportional to the thickness of the PET substrate which
is used to physically separate the restively loaded FSS from
the metal ground plane [8], [9]. Therefore to address this
challenging performance limitation, the geometry and the
surface resistance of five example periodic arrays were op-
timised to achieve the maximum reflectivity bandwidth
for normal incidence operation. Numerical electromag-
netic simulation was employed to investigate the angular
sensitivity, which is also dependent on the absorber thick-
ness [8], when exposed to TE and TM waves incident at

angles up to 60◦. In each case the periodic array was
formed by patterning the outermost surface of the metal
backed PET with a close packed array of hexagonal shaped
patch elements. This topology exhibits a wider reflectivity
bandwidth than FSS loop elements when used to construct
ultra-thin (< λ/17) absorbers [10, 8]. The metal backed
absorbers were fabricated by patterning the surface of a
140 µm thick PET sheet using an ink jet printer digitally
controlled to obtain the desired surface resistance values
for the patches. Numerical predictions obtained from CST
Microwave Studio [11] are shown to be in good agree-
ment with measured radar backscatter from the structures
working at normal incidence in the frequency range 8−12
GHz.

2 Numerical optimisation and de-
sign

The equivalent circuit of a metal backed resistively loaded
FSS consists of a parallel connection of a series Lfss, Cfss,
Rs circuit which represents the impedance of the periodic
array, and Lg, the transformed inductance (< λ/4 gap) of
the metal ground plane. The structure can be designed to
resonate when the imaginary parts of the FSS impedance
and the inductance presented by the ground plane cancel
each other. This requires a careful choice of the unit cell
topology and gap dimensions, and the value of Rs, which
is used to model the loss of the FSS array [12]. Total
radar backscatter suppression occurs when the structure
is impedance matched to free space (Z0 = 377 Ω), and is
achievable only at a single frequency and for one angle of
incidence. For this reason, the -10 dB reflectivity band-
width is often cited to compare the frequency range over
which absorbers exhibit signal suppression of at least 90%.
Sensitivity to wave polarisation and angle of incidence is
reduced by patterning the array with close packed sym-
metrical shaped elements [13]. For operation at large in-
cident angles, the in-plane anisotropy required to balance
TE and TM waves is obtained by selecting unequal load-
ing values in the vertical and horizontal arms of the loop
elements [14].

CST Microwave Studio EM simulator [11] was employed
to predict the radar backscatter suppression in the fre-
quency range 8 − 12 GHz for FSS based absorbers with
thickness 140 µm, 280 µm, 560 µm, 840 µm and 1120
µm. Floquet ports and appropriate boundary conditions
were applied in order use a single 3D unit cell to model
the periodic structures which are assumed to be infinite
in extent and illuminated by a plane wave. The inves-
tigation considered both loop and patch elements which
were designed to work at a center frequency of 10 GHz.
A unit cell composed of unequal length loops generates
resonances at different frequencies [8]. When these are
merged by suitable choice of the physical dimensions and
the surface resistance of the loops, the −10 dB reflectiv-
ity bandwidth can be increased beyond the value obtained
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for a single resonance structure [9, 15, 16]. This classical
design strategy was used by the authors in [9] to create a
3 mm thick (λ/14 − λ/4) FSS based absorber which ex-
hibits a reflectivity bandwidth of 108% centred at a 16
GHz. The periodic array was supported above the metal
ground plane using a foam spacer, so for this arrangement
the signal suppression is mainly attributed to energy loss
in the resistively loaded nested hexagonal loops. However,
our computations show that this design methodology does
not work for the class of ultra-thin absorbers investigated
in this paper [17]. This can be explained by observing the
very rapid impedance changes with frequency around res-
onance, which make it impossible to merge the very nar-
row reflection nulls that are generated by the individual
loop elements for arrangements thinner than λ/17. There-
fore all five ultra-thin absorbers investigated in this study
were created by patterning the surface of the PET sub-
strates with an FSS composed of an array of resistively
loaded patch elements [18]. For each absorber thickness
(Lg fixed), the physical dimensions of the unit cells (Lfss,
Cfss) and the surface resistance (Rs) of the patches were
adjusted to optimise the bandwidth performance at nor-
mal incidence. The reflectivity of the absorbers was also
computed for angles of incidence up to 60◦ to the direction
of propagation of the TE and TM incident waves.

For each case the optimum solution was obtained by
constructing an array of closely spaced capacitive coupled
unit cells each containing a hexagon patch with a conduc-
tivity value slightly less than bulk silver (6.3 × 107 S/m).
The hexagonal shaped element exhibits a larger surface
area and more capacitive coupling from its six edges, and
therefore gives a better performance than FSS based ab-
sorbers patterned with square and circular shaped patches.
This can easily be understood from equations (1) to (3)
[18].

FBW = R
√
C/L (1)

C = εrε0

(
A

h

)
(2)

L = l
µ0

4π
ln

{
1 +

32h2

w2

[
1 +

√
1 +

(
πw2

8h2

)]}
(3)

Equation (1) shows the fractional bandwidth (FBW)
of an equivalent LC circuit which can be used to model
the patch FSS, and (2) and ((3)) relate the inductance
and capacitance values, using classical microstrip circuit
theory. l is the length of the line, h is the height of the
substrate, w is the width of the element and A the area.

Fig. 1 illustrates a schematic of the unit cell used in the
CST Microwave Studio simulations. The physical dimen-
sions for each absorber thickness (td) and the correspond-
ing surface resistance (Rs) are given in Table 1. The gap
between the hexagonal patches is 0.6 mm for the 140 µm
absorber and 0.3 mm for the other four structures stud-
ied. PET substrate with permittivity 2.9 and loss tangent

td
Figure 1: Schematic of unit cell geometry and side view
of the FSS based absorbers.

Table 1: dimensions and surface resistance of the ab-
sorbers investigated.

Electrical

td (µm) r (mm) P (mm) Rs (Ω/sq) thickness at

10 GHz

140 5.4 9.65 0.05 λ/213

280 5.14 9.2 0.8 λ/105

560 4.5 8.1 4.46 λ/51

840 3.9 7.1 11.6 λ/34

1120 3.46 6.3 20 λ/25

0.025 was used to model the spacer material in the nu-
merical simulator. This material is used by manufacturers
to construct the individual layers of MLI [1, 2] which are
deployed on spacecraft platforms. The simulated results
were validated experimentally (Section 3) using commer-
cially available 140µm thick PET coated printed electron-
ics substrate on which the array pattern (blue) was ink jet
printed.

In Fig. 2 the predicted absorbance at normal incidence
is compared for all five arrangements where it is shown
that bandwidth is proportional to the structure thickness.
The relationship between the −10 dB fractional reflection
bandwidth (FBW) and the absorber thickness is depicted
in Fig. 3. The numerical results show that values of be-
tween 2% (140 µm ) and 16% (1120 µm ) are achieved
for these FSS based absorbers which have physical thick-
nesses that are suitable for integration into the outermost
surface of the MLI. Although Fig. 3 shows a linear rela-
tionship between thickness and the reflectivity bandwidth
this is not the case for absorbers which are constructed
with spacers that are more than about 1.75 mm (> λ/17)
[17] thick and are designed to work in the same frequency
band.

Simulations were also performed to confirm that the
radar backscatter suppression observed for all five struc-
tures is attributed to energy absorption and not random
scattering of reflected signals as reported for the MLI
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Figure 3: Computed relationship between -10 dB frac-
tional reflection bandwidth and absorber thickness at nor-
mal incidence.

metasurface arrangment reported in [5, 6]. The computer
predictions were made for absorbers with a surface area
431 cm2 which corresponds to the size of the prototypes
that have been manufactured. A normal incident plane
wave was set as the source of excitation, and the scat-
tered electric field was plotted and compared to the radar
backscatter obtained from a metal plate of the same size.
Two examples are illustrated in Fig. 4 which shows the
results obtained at the reflection null of the 140 µm (9.85
GHz) and 1120 µm (10 GHz) thick absorbers. In addition
to signal suppression in the direction of the main reflected
beam, energy scattered in directions outside this angular
range are shown to be significantly lower too.

In contrast to resistively loaded FSS absorber arrange-
ments that are constructed with foam spacers [9], the sig-
nal suppression exhibited by the structures investigated in
this study is mainly attributed to absorption of the high
intensity electric fields inside the PET filled cavities. Al-
though the energy loss in the FSS screen is significantly
lower than the dielectric material, the absorber perfor-
mance is critically dependent on the value of the surface
resistance (Rs in the equivalent circuit model) that is used
to model the hexagonal patch elements in the full wave
simulations. This design parameter, which is proportional

to the absorber thickness [19], must be specified precisely
in order to maintain a good impedance match to freespace.
Our parametric studies have shown that the RF perfor-
mance of thicker structures is more tolerant to variations
in the conductivity of the FSS patches, and therefore this
imposes demanding requirements on the precision and re-
peatability of the processes that are needed to manufac-
ture MLI with integrated ultra-thin microwave absorbers.
Fig. 5a and 5b illustrate the sensitivity to surface resis-
tance for the thinnest (140 µm ) and thickest (1120 µm
) absorbers studied. The optimum design of the former
structure is based on a surface resistance of 0.05 Ω/sq,
but the results show that reflectivity levels below -10 dB
cannot be obtained if the hexagonal patch elements are
patterned with a metal that exhibits a value greater than
0.2 Ω/sq. However, the 1120µm thick absorber exhibits an
acceptable reflectivity bandwidth when the surface resis-
tance of the patches is increased from the optimum value
of 20 Ω/sq to 25 Ω/sq. The results of a comprehensive in-
vestigation to establish the impact of manufacturing toler-
ances are summarised for all five absorber designs in Fig.
6. The plots show the variation from the optimum surface
resistance value which is needed to reduce the maximum
reflection loss to below −10 dB.

The figure of merit (FOM), which is commonly used to
compare the performance of different absorber designs, is
defined as the common (TE/TM) bandwidth divided by
the physical thickness normalised to the centre working
frequency. Table 2 summarises the computed FOM va-
lues for all five hexagonal patch structures investigated.
The numerical predictions which range from 370 to 443,
compares favourably with the 308 value for a classical Sal-
isbury Screen [20].

Angular sensitivity is an important performance consid-
eration given that a metalised MLI installed on a space-
craft is often illuminated by spillover energy and backlobe
radiation from low gain antennas, incident at different an-
gles and electric field vector orientations. Although the
ultra-thin FSS based absorbers reported in this paper have
been designed to work at normal incidence, we have inves-
tigated the performance of all five structures at angles of
incidence from 0◦ to 60◦ for TE and TM polarised waves.

Table 2: Computed relationship between figure of merit
and absorber thickness

Electrical

td (µm) FOM thickness at

10 GHz

140 370 λ/213

280 381 λ/105

560 408 λ/51

840 428 λ/34

1120 443 λ/25
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Figure 4: Scattered E Field from absorbers illuminated at normal incidence compared to a metal plate of the same
dimensions. (a)140 µm (b)1120 µm (c)Metal plate (d)Farfield cut at φ = 90◦.

The reflectivity plots are shown in Fig. 7a and 7b for the
thinnest (140 µm ) and in Fig. 7c and 7d for the thickest
(1120 µm ) absorber arrangements. The two structures
exhibit a small narrowing of the absorption bands up to
30◦ incidence, and for these cases the reflection nulls are
fairly stable and exhibit an upwards frequency shift of less
than 1% (TE) and 5% (TM). However the performance
degradation is much more severe at tilt angles of 45◦ and
60◦ particularly for the thicker absorber where the radar
backscatter suppression is less than −10 dB in the TE
plane and for TM polarised waves a 15% shift in the re-
flection null is predicted.

The angular stability and its dependence on the ab-
sorber thickness can be understood from equations (4) and
(5) [19]:

BTE = jωµ0td (4)

BTM = j
ε′r − sin2 θ

ε′r
ωµ0td (5)

Where BTE/BTM are the imaginary parts of the input
impedance for a thin metal backed substrate when td <<
λ, ω is the angular frequency and θ represents the angle
of incidence. By inspection of (5), it can be seen that
the shift in the reflection null is much more significant
for thicker metal backed FSS structures that operate at
oblique incidence in the TM plane.

The -10 dB reflectivity bandwidth exhibited by the two
FSS absorbers in the TE and TM plane and for simulta-
neous operation in both planes of incidence is summarised
in Fig. 8.

3 Construction and Experimental
Results

An Epson Stylus C88+ inkjet printer was used as means
for fast prototyping the thinnest and the thickest metal
backed FSS structures. The FSS were printed on a 140µm
thick, 222 mm × 192 mm, coated PET sheet, Novele IJ-
220 (εr = 2.9 and tan δ = 0.025), using Metalon JS-B25P
[21] nanosilver ink. The printer was configured for the
highest DPI settings and the patterned sheet was dried
for 30 minutes inside an oven at 90 ◦C in order to achieve
very low surface resistance value (0.05 Ω/sq) which is re-
quired for the construction of the 140 µm thick absorber.
The 1120µm thick absorber was manufactured using a sil-
ver ink plated FSS which exhibits a surface resistance of
20 Ω/sq. The required resistance loading was obtained by
selecting an Inkvol : Solventvol [22] mixture ratio of 1 : 7
and printer RGB code of (13,13,13) configured in grayscale
to define the required DPI. These digital settings and the
selected ink composition were previous obtained by con-
structing a linear dipole FSS, and fitting the numerical
predictions to the spectral transmission plots in the fre-
quency range around resonance [22],[23].

The thicker absorber was manufactured by bonding
eight PET sheets together using 3M Scotch-welding ad-
hesive to remove air voids between the individual layers.
Construction of the two absorbers was completed by bond-
ing the unpatterned surface of the PET spacer to a rigid
FR4 backed 35 µm copper plate.

Fig 9a depicts a photograph of a typical unit cell of the
hexagonal patch FSS. The physical dimensions of the two
prototypes were measured using a TESA-VISIO [24] non-
contact precision optical system, which has a resolution
of 1 ± 0.5 µm. A random sample of 5 the 264 unit cells
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Figure 5: Computed reflection coefficient for (a) 140 µm
and (b) 1120 µm thick FSS absorbers for various surface
resistance values, working at normal incidence. The inset
shows the current distribution on the hexagonal loops at
the reflection nulls generated by the optimum design. The
scale shows dark blue as the lowest value of surface current,
whilst red is the peak surface current.

Figure 6: Computed upper and lower surface resistivity
variation from the optimized values for each FSS based
absorber working at normal incidence, in which 90% ab-
sorption is unattainable

were checked and an error of between 0.5% and 1% was
found for r (Fig. 1), and up to 10% for the gap between
the hexagonal patches. On a microscopic level, the qual-
ity of the patterned elements is imperfect. A non-uniform
jagged metal edge profile is observed in conjunction with
straight printed lines which exhibit different optical inten-
sities. The latter feature suggests that the surface resis-
tance is not homogeneous over the surface of the patch
elements which is in contrast to the assumption used in
the numerical model.

Time gated swept frequency reflection measurements
were carried out in range 8− 12 GHz using a pair of stan-
dard gain horns placed at a distance of 1.3 meters from
the surface of the two FSS based absorbers. There were
precision aligned using a laser and configured for normal
incidence illumination as shown in Fig. 9b. A metal plate
of the same size was used to calibrate the experimental
set-up and then substituted with each of the planar ab-
sorbers.

Fig. 10 shows very good agreement between the mea-
sured radar backscatter measurements and numerical sim-
ulations for the 1120 µm thick FSS based absorber. The
measured -10 dB reflectivity bandwidth of 15.37% and
the position of the reflectivity null at 9.91 GHz compare
favourably with the simulated values of 16% and 9.84 GHz.

However the correlation between the two sets of re-
sults is less perfect for the 140 µm thick absorber. Fig
10 shows that the measured reflectivity null is shifted 988
MHz above the resonant frequency obtained from the nu-
merical predictions. As a general observation it is noted
that the sensitivity to dimensional tolerances (and surface
resistance, Fig. 6) is very much greater for this ultra-
thin structure, and our computer model shows that the
measured frequency shift can be attributed to the pres-
ence of a 20 µm airgap between the metal ground plane
and the unpatterned surface of the PET. To better match
the numerical simulations with the experimental results,
we have increased the surface resistance from 50 mΩ/sq
used in the design, to 200 mΩ/sq in the CST model. This
would account for (i) the slight increase in the thickness
of the absorber, (ii) imperfections in the patterning of the
hexagonal patch shown in Fig. 9a

4 Conclusion

Full wave simulations have been used to investigate the
scattering of electromagnetic energy from ultra-thin ab-
sorbers which are manufactured from the same material as
multi-layer insulation material. The physical thickness of
these is compatible with the thin outermost layer of com-
mercially available thermal blankets, therefore by printing
a resistively loaded FSS on the top surface and exploiting
the presence of the first foil backing layer in the composite
structure, a microwave absorber can easily be integrated
into the MLI. The results presented in this paper are for
absorbers working at 10 GHz, and although the physical
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Figure 7: Predicted frequency response for the (a,b) 140 µm and (c,d) 1120 µm thick absorbers at angles of 0◦ to 60◦.
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Figure 8: Computed −10 dB reflectivity bandwidths of
the FSS based 140 µm , and 1120 µm thick absorbers in
TE, TM and combined TE/TM planes working at angles
of incidence of 0◦ to 60◦.

dimensions can easily be scaled, operation at lower fre-
quencies may result in a narrower reflectivity bandwidth
because of the limitation on the maximum substrate thick-
ness which is imposed to ensure sufficient flexibility of the
material and to meet weight restrictions. A trade-off be-

tween the maximum obtainable reflectivity bandwidth and
these physical restrictions is therefore required. The signal
suppression when exposed to TE and TM waves between
0◦ and 30◦ is reasonably insensitive to the direction of
propagation of the impinging signals. However the com-
puted performance for larger angles of incidence is sig-
nificantly degraded and therefore an alternative strategy
should be used to create the in plane anisotropy that is
required to balance the TE and TM waves. The RF be-
haviour of thermal blankets that are deployed on large
spacecraft platforms could be enhanced by patterning the
surface of the structure with a non-uniform periodic ar-
ray. The FSS element size and surface resistance can then
be designed to account for the spatial distribution of the
antennas operating at different frequencies and mounted
on a spacecraft platform [25]. The concept described is a
promising solution which has the potential to reduce scat-
tering from spacecraft structures and suppress the gener-
ation of passive intermodulation products which are pro-
duced by thermal blankets.
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