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Resistive high-impedance surfaces (RHIS) as absorbers
for oblique incidence electromagnetic waves

Yenny Pinto • Julien Sarrazin • Anne-Claire Lepage •

Xavier Begaud • Nicolas Capet

Abstract This paper presents a lightweight microwave

absorber suitable for space applications. The absorber is based

on a resistive high-impedance surface (RHIS) optimized to

achieve reflection under -15 dB in the band (2–2.3 GHz) at

oblique incidence for transverse electric (TE) and transverse

magnetic (TM) polarizations. A first classical isotropic RHIS

structure is shown to be limited to angles of incidence up to 40�
for TE polarized waves and up to 35� for TM polarized waves.

So the objective of this contribution is to present a second

solution based on an anisotropic RHIS structure which pre-

sents good absorption of incident waves in TE and TM

polarizations for larger angles of incidence. An example is

presented for an incidence angle of 65�.

1 Introduction

Microwave absorbers can drastically decrease the reflec-

tion of incident electromagnetic waves within a certain

frequency range. This property may be used to solve some

electromagnetic compatibility problems. For space appli-

cations, the potential of absorbers covering satellite’s sides

in order to reduce antenna interferences and thus improving

performances of some radar systems has been investigated.

To do so, ultra-light absorbers able to handle extreme space

conditions (wide range of temperatures, resistance to cor-

rosion and UV…) are required.

One popular approach to design an absorber is the

Salisbury screen [1]. It consists of a resistive sheet located

above a ground plane at a distance of a quarter wavelength.

This structure is simple but has an inherently narrow band.

To increase the operational bandwidth, Jaumann [2]

absorbers use several stacked dielectric layers with resis-

tive sheets at their interface. However, this technique leads

to a thick and heavy structure which is not appropriate for

being embedded on satellites, mainly because of its weight.

Recently, artificial impedance surfaces (AIS) or high-

impedance surfaces (HIS) have been used as absorbers. An

HIS consists of a frequency selective surface (FSS) over a

grounded dielectric slab. The FSS is usually a periodic array

of printed patterns loaded with resistors or resistive sheets in

order to achieve absorption. The structure is known as a

resistive high-impedance surface (RHIS) [3–6]. RHIS are

usually thinner since no quarter wavelength resonances are

involved. Consequently, RHIS appear to be a good candi-

date to achieve a low profile and light absorber, mandatory

for space applications. However, two major limitations exist.

Being a resonant structure, RHIS are intrinsically narrow

band. This can be overcome by increasing the distance

between the FSS and the ground plane [7], of course at the

expense of the thickness. The second limitation is that

absorption performance depends on the incoming wave’s

angle of incidence. Usually, absorber designs are optimized

for incident waves at normal incidence. Some research
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groups developed some oblique optimizations for Jaumann

and Circuit Analog absorbers [8–10] or other thick structures

[11, 12], but there are relatively few works regarding the

oblique incidence issue for HIS-based absorbers.

Among these few studies, some of them investigate a way

to make absorbers insensitive to the angular dispersion. For

example in [13], the authors use an analytical model to clearly

show that increasing the permittivity of the substrate sepa-

rating the ground plane from the FSS decreases the incidence

angle sensitivity. This approach can be applied when the space

between the FSS and the ground plane is fully (or mostly)

filled by dielectric. However, achieving a light absorber

involves the use of light spacer structures such as honeycomb

or foam, commonly found in the space field. These materials

have intrinsically a low permittivity (typically less than 1.2)

and are therefore not suitable for this approach. Another way is

to use ultra-thin RHIS. In fact, a short distance between the

FSS and the ground plane decreases the angular dispersion.

For example, in [14], an absorption defined by a reflection

coefficient less than -10 dB is achieved for angles ranging up

to 45�, both in TE and TM cases. However, the extremely low

profile of the structure (0.017 k0) leads to a narrow bandwidth

(2.7 %). For the targeted application, absorption bandwidths

of about 14 % are expected, so this technique is not suitable.

So to the authors’ knowledge, no wideband and light

HIS-based structure capable of an absorption at large

incident angles (greater than 50–60�) for simultaneously

TE and TM polarizations has been reported in the literature

so far. Since achieving lightweight absorbers insensitive to

angle dispersion appears to be a difficult task, we therefore

propose a different approach to overcome this problem. In

some particular applications, the angle of incidence of the

incident interfering wave can be known. This is the case in

some radar systems embedded on satellites, for example.

Thus, in respect to a given system, optimizing the absorber

for a particular oblique incidence rather than achieving an

angle insensitive absorber is an acceptable option.

Consequently, in this paper, we demonstrate the feasibility

of a lightweight microwave absorber suitable for space

applications optimized for oblique incidence. First of all, Sect.

2 describes the design of a light RHIS classically optimized for

normal incidence and the absorber’s limitations in terms of

angular dispersion are highlighted. Section 3 presents the

proposed solution. It consists of an anisotropic RHIS opti-

mized simultaneously for TE and TM oblique polarizations.

Finally, a conclusion is drawn in Sect. 4.

2 Classical RHIS design

A typical RHIS consists of an array of square patches

interconnected by resistors above a grounded dielectric

slab. The analytical model of this structure is explained in

[3]. The equivalent RHIS circuit consists of a RLC parallel

circuit, where the surface impedance (Zs) is calculated as

indicated in (1) and (2). The real part of Zs corresponds to

the resistance (R) and the imaginary part is set by the patch

dimensions (capacitive response ZC) and metal-backed

substrate (inductive response ZL). Circuit losses are mainly

induced by the resistors, the resonance conditions are

reached when the imaginary part is zero.

Z�1
S ¼ R�1 þ Z�1

L þ Z�1
C ð1Þ

ZS ¼
R

1� jR 1�x2LC
Lx

� � ð2Þ

In order to calculate the absorption, this circuit is con-

sidered as the load of a transmission line model with free

space characteristic impedance (Z0). The reflection coeffi-

cients UTE and UTM for TE and TM polarizations,

respectively, are obtained as indicated in (3) and (4). Zs
TE

and Zs
TM are the surface impedance for TE and TM

polarizations, and h is the angle of incidence.

CTE ¼ ZTE
s cos h� Z0

ZTE
s cos hþ Z0

ð3Þ

CTM ¼ ZTM
s � Z0 � cos h

ZTM
s þ Z0 � cos h

ð4Þ

The maximal absorption is obtained at the resonance,

when the reflection coefficient approaches to zero, in that

case Zs equals to (5) or (6) for TE and TM polarizations,

respectively. Thus, the imaginary part of Zs is equal to zero,

and the impedance value is equal to the real part that

corresponds to the resistance (R).

ZTE
S ¼

Z0

cos h
ð5Þ

ZTM
s ¼ Z0 � cos h ð6Þ

In Fig. 1, it appears that the surface impedance at the

resonance depends on the angle of incidence for two

Fig. 1 RHIS surface impedance at the resonance for two polariza-

tions (TE and TM) as a function of incidence angle



polarizations (TE and TM). In the case of TE polarization,

the optimal resistance value for maximal absorption

increases as the incidence angle rises, whereas for TM

polarization, the optimal resistance decreases as the inci-

dence angle increases. So it appears that with isotropic

structure, a straightforward simultaneous optimization for

both TE and TM polarizations is not possible.

In [15], we proposed a lightweight solution to fabricate

wideband RHIS for normal incidence. It consists of an

array of square patches etched on Rogers� RO4003 sub-

strate (er = 3.38 ± 0.05) on the top of a honeycomb layer

(er = 1.08 ± 0.05) with the ground plane (copper film) at

the bottom. The resistors are implemented in a TICER�

sheet with resistivity RS = 100 X/square and thickness

t = 0.1 lm. Figure 2 shows the unit cell of the RHIS

structure. This structure, optimized at normal incidence

(h = 0�), presents a reflection coefficient magnitude lower

than -15 dB from 2 to 2.3 GHz, for TE and TM polar-

izations. Simulation and measurement results showed that

the RHIS performs well in the required band, at normal

incidence, for both TE and TM polarizations. But when the

angle of incidence increases, the absorption level decreases

and the frequency band shifts toward higher frequencies.

Therefore, the absorption in the 2–2.3 GHz band is limited

to incidence angles up to 40� for waves in TE polarization

and 35� for waves in TM polarization.

3 Anisotropic RHIS

In this section, an optimization strategy based on a hybrid

structure is proposed. The design consists in the

combination of two classical RHIS structures, where one

dimension is optimized for TE polarization and the other

one for TM polarization (Fig. 3), leading then to aniso-

tropic RHIS.

Thus, the structure is formed by rectangular patches

instead of square patches and the patch’s interconnection is

made using different resistance values on each rectangle

side. The RHIS anisotropic unit cell is shown in Fig. 4.

Dimension pTM (pTM = g ? lTM) and resistance RTM are

optimized for TM polarization and pTE (pTE = g ? lTE)

and RTE for TE polarization.

This RHIS is then optimized to achieve a reflection

lower than -15 dB in the band (2–2.3 GHz) for TE and

TM polarizations at 65� angle of incidence. The wave

vector k is supposed to lie in the XZ-plane. The structure is

made of the same materials with same characteristics as the

classical isotropic RHIS presented in the previous section.

The RHIS anisotropic unit cell is simulated using CST

Microwave Studio�. The simulated results are plotted in

Fig. 2 RHIS unit cell (hHONEYCOMB = 25 mm, hSUBSTRATE =

0.203 mm, p = 13 mm, g = 2 mm, Wres = 0.53 mm, Lres = 2 mm,

R = 377 X)

Fig. 3 Configuration of the RHIS with anisotropic geometry

Fig. 4 Anisotropic RHIS unit cell (hHONEYCOMB = 25 mm, hSUB-

STRATE = 0.203 mm, pTE = 22.8 mm, pTM = 42.5 mm, g = 3 mm,

WresTE = 0.55 mm, WresTM = 1 mm, RTE = 444 X and

RTM = 333 X)



Figs. 5 and 6; the required performance is obtained for 65�
angle of incidence in both TE and TM polarizations.

These results show that absorbing incident waves in a

particular oblique incidence for both TE and TM polar-

izations simultaneously is feasible using an RHIS structure

with anisotropic geometry. However, the angular disper-

sion is restricted to ±5� around the optimal angle of inci-

dence, with a -15 dB reflection criteria in both TE and TM

polarizations, but the frequency band is shifted. The fre-

quency shift is more significant in TM polarization.

In order to validate the concept, simulation results have

been compared to measurements. The anisotropic RHIS

prototype is realized using the same materials and method

as those of the isotropic RHIS prototype described in [15].

The substrate slab with the patches and resistors is pasted

on the top of honeycomb using an adhesive film. And a

copper film is pasted at the honeycomb bottom. Figure 7

shows the prototype.

The measurement of the reflection coefficient is carried

out as detailed in [15]. The reflection coefficient is

measured using two horn antennas. The two horn antennas

are connected to a network analyzer E5071C Agilent. The

Fig. 8 illustrates the measurement setup at oblique inci-

dence. Measurements are taken in an anechoic chamber,

RHIS anisotropic edges and antennas are cover with ab-

sorbents in order to reduce environment interferences. The

distance between the antenna and anisotropic RHIS pro-

totype is dam = 107 cm. The anisotropic RHIS prototype is

fixed and the antennas are placed according to incidence

angle (hi = hr).

The measurements are taken for oblique incidence (65�).

The results are plotted in Fig. 9 for TE polarization and

measurements for TM polarization are presented in

Fig. 10.

A good agreement between results is obtained, however,

differences in frequency and level are observed.

Shifts in frequency and level can be explained by dif-

ferent ways:

Fig. 5 Reflection coefficient for different angles of incidence for TE

polarization

Fig. 6 Reflection coefficient for different angles of incidence for TM

polarization

Fig. 7 Anisotropic RHIS prototype

Fig. 8 Measurement setup at oblique incidence



• The imperfections of realization.

• The simulation does not take into account the presence

of the double-sided adhesive film.

• The resistance value is not accurate and has a tolerance

of ?/- 10 %.

• The permittivity value of honeycomb is not accurate.

4 Conclusions

The design of a lightweight absorbing material for larger

angles of incidence based on a RHIS has been described. It

has been firstly highlighted that the classic isotropic RHIS

can meet the required specifications at normal incidence

but only up to a 40� incidence for waves in TE polarization

and 35� for waves in TM polarization. Hence a second

solution based on an anisotropic RHIS structure has been

proposed. This solution performs well for a given angle of

incidence in both TE and TM polarizations. The final

design has been optimized to absorb 65� incident waves on

both TE and TM polarizations simultaneously. Simulations

have been validated by measurements.
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