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A radar-infrared compatible broadband absorbing surface:
Design and analysis∗
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A radar-infrared compatible stealth surface is designed and analyzed. Without modifying the radar absorbing material
(RAM), the design can theoretically achieve radar-infrared compatibility and broadband radar absorption through surface
patterns and structures. A transmission-line-based model (TLM) is developed to analyze the radar absorbing performance
of the surface. Optimization of the structure geometries is conducted aiming to maximize the−10 dB absorption bandwidth
in 2–18 GHz. Surface with optimized structure geometries exhibits a superior absorption bandwidth, more than twice the
bandwidth of the original 1.5 mm RAM slab, while maintaining a relatively low infrared emissivity.

Keywords: stealth, infrared-radar compatible, broadband absorbing, patterned surface
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1. Introduction
In modern warfare, aircrafts are subjected to various de-

tection methods. Among them, detection of radar reflection
and infrared emission are the two major means to locate and
trace an aircraft. The microwave reflected by an aircraft can
be collected by radar systems to guide the missile approaching
the aircraft. When approaching, an infrared sensor on the mis-
sile begins to seek and lock on the infrared signal emitted from
the aircraft. To increase aircraft survivability during combats,
technologies have been developed to reduce radar reflection in
a wide frequency range and to supress infrared emission at the
same time.

Radar absorbing materials (RAMs) were developed to
mitigate the microwave reflection. RAMs containing ferrites
or carbonyl iron flakes (CIFs) are considered to be some of
the most effective magnetic absorbents, and have been widely
used in stealth coating on aircrafts nowadays. However, a typ-
ical CIF composite RAM has a high infrared emissivity[1] be-
tween 0.8–1, therefore it becomes an intense infrared source
that could radiate large amount of infrared energy at elevated
temperature.

Low radar reflection and low infrared emissivity are
somewhat contradictory in nature, as low-emissivity materials
such as copper, gold, platinum (emissivity below 0.1[2]) and
ITO are good conductors and thus are highly reflective to mi-
crowave. One of the solutions to infrared-radar compatibility
is to apply coating that contains micro aluminum flakes. The
sizes of these micro flakes are in order of magnitude smaller
than the microwave wavelength, allowing diffraction of the
microwave and providing relatively low emissivity at the same
time. To ensure low emissivity, aluminum flakes have to be

uniformly distributed in the resin, and ideally they should be
isolated from each other as aggregation of particles may have
a negative influence on radar absorption.

1.1. Patterned surface for stealth application

CIF composite RAMs are high in density, therefore the
thickness of such coating on aircrafts is limited to several
millimeters and sometimes less than a millimeter. As coat-
ing thickness is strictly restricted and the CIF’s permeabil-
ity is bounded by Snoek’s limit,[3] efforts have been made
to creating patterns and structures in RAM coating for broad-
band radar absorbers.[4–6] Among those attempts, Li et al.[5]

increased the −10 dB absorption bandwidth in the range of
2–40 GHz by more than 6 times through engraving periodic
square patterns with certain depth on a layer of CIF com-
posite. They conclude that in the low frequency range, the
improved performance is dominated by the λ/4 effect inside
the engraved gap, while in the high frequency range, diffrac-
tion of the electromagnetic waves at structure corners plays a
more important role. Similar effects have also been discussed
in the biomimic research of Huang et al.,[6] who produced a
layer of RAM with hexagonal structures, mimicking the mi-
crostructures on the moth eye surface which largely reduces
the reflection of visible light to avoid predators. Their results
showed that when hexagonal periodic pattern has a side length
of 3.2 mm, the −8 dB absorption bandwidth increases from
3 GHz to 11 GHz in the 2–18 GHz range.

On the other hand, frequency selective surfaces (FSSs)
are metal surfaces with periodic patterns designed to reflect,
transmit or absorb microwave of certain frequencies. Some
studies explored the possibility of combining FSS with other
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materials for broadband radar absorbing purpose. Several
articles[7–10] incorporated FSSs between layers of RAMs,
forming a sandwich structure which leads to broader absorp-
tion bandwidth. Tian et al.[11] combined a top layer FSS with
a bottom-layer high resistive surface for infrared-radar com-
patible stealth purpose. As the FFS periodic pattern of copper
film covers more than 80% of the surface area, the resulting
surface has an average infrared emissivity below 0.3. How-
ever, its radar absorption bandwidth is relatively narrow, where
the −10 dB bandwidth merely covers x-band (8–12 GHz). In
some of the latest studies,[12–14] two layers of FSSs were com-
bined together to form a broadband absorber. Xu et al.[12]

showed that at a thickness of 7 mm and with proper FSS
pattern design the −10 dB absorption bandwidth can reach
18 GHz and the infrared emissivity can be maintained below
0.3. Additionally, patterned ITO was used in their study to
achieve optical transparency.

In this study, a radar-infrared compatible broadband ab-
sorbing surface (RICBAS) design is proposed. The proposed
design follows the idea that FSSs play an important role in

infrared-radar compatibility. With proper design, an FSS pat-
tern can cover most of the surface area, providing low infrared
emissivity and tuning the overall input impedance of the sur-
face at the same time. It couples with patterned CIF composite
RAM to promote radar absorbing performance.

A transmission-line-based model (TLM) is developed to
analyze the reflection loss of the designed surface and the re-
sults are compared with that produced by the finite element
method (FEM). Parametric analyses are conducted to explore
influences of basic design variables on radar absorbing per-
formance. An optimization is conducted to find the design
variables that lead to maximum−10 dB absorption bandwidth
within the 2–18 GHz range. An experiment is provided in the
end to qualitatively demonstrate that the conceptual design of
RICBAS is capable of tuning the reflection loss curve.

2. Design and modeling
2.1. Design

The designed RICBAS combines structured RAM and
FSS, as shown in Fig. 1.

FSS pattern

CIF composite 
structure

metal 
backing

(a)

a
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t

d

(b)

Fig. 1. Schematic of RICBAS structure design: (a) surface structures, (b) a single unit cell.

In the current design, the FSS and the RAM share the
same square pattern. This assumption largely reduces the com-
plexity in optimization and manufacturing, yet still allows the
study of design principles.

As shown in Fig. 1(a), the structure consists of a top layer
of thin metal film, a middle layer of CIF composite RAM, and
a bottom layer of metal backing. The metal film only covers
the top surface of the structures. It is also assumed that the
metal film thickness is much larger than the microwave skin
depth in the 2–18 GHz range (several hundreds of nanometers
for common metals), and much smaller than the microwave
wavelength; therefore the thickness effect of the metal film
can be neglected. The middle layer has a total thickness of t
and the depth of the structure is d. This RICBAS consists of
repetitive square unit cells, Fig. 1(b), with side length being a
and the side length of the RAM structure can be expressed as
ac, where c is between zero and one.

In the analysis, the coating thickness t is set to be 1.5 mm,
which is a typical RAM thickness on an aircraft. The structure

depth d should be strictly smaller than t, as any exposure of
the metal backing would drastically increase microwave re-
flection. The type of the CIF composite used in the current
analysis is similar to that in the study of Li et al.[3] Its relative
dielectric parameters, shown in Fig. 2, are kindly provided by
State Key Lab of Advanced Technology for Materials Synthe-
sis and Processing, Wuhan University of Technology.
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Fig. 2. Relative permittivity and permeability of the CIF composite.
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2.2. Modeling

A transmission-line-based model (TLM) is developed for
such a patterned surface to analyze the microwave absorbing
performance. The result is analyzed and compared with that
generated by the finite element method. Parametric analyses
are then conducted to study influences of the three primary
variables a, d and c on reflection loss.

The transmission line method has been well studied and
widely applied in studying the frequency selective surface[15]

as well as RAMs. In the configuration where metal patches are
placed on a layer of dielectric, the equivalent circuit is a par-
allel circuit between impedance of CIF composite RAM and
FSS metal film, as shown in Fig. 3.

ZFSS ZRAM

ZinZair

Fig. 3. Equivalent circuit of the layered RICBAS surface.

The reflection coefficient Γ can be expressed as

Γ = 20log
∣∣∣∣Zin−Zair

Zin +Zair

∣∣∣∣ , (1)

where the air impedance Zair, relative to the free space
impedance, is approximately one and the total input
impedance of the parallel circuit Zin can be written as

Zin =
ZFSS ·ZRAM

ZFSS +ZRAM
. (2)

In Eq. (2), ZFSS and ZRAM are impedances of the FSS top
layer and the RAM layer, respectively. In the current design,
the RAM consists surface structure with a depth of d. There-
fore, the overall RAM layer may be alternatively considered
as a two-layer structure: the lower one is a uniform layer with
a thickness of t−d, consisting of only CIF composite; and the
upper one is a structured layer of thickness d, consisting of
both CIF and air.

The input impedance of the kth layer in a multi-layer
structure[16] can be expressed as

Zk =
Zk−1 +ηk tanh(γkdk)

γk +Zk−1 tanh(γkdk)
. (3)

In Eq. (3), ηk =
√

µk/εk is the characteristic wave
impedance of the kth layer, dk is the thickness of the kth layer,
and the complex propagation constant γk is

γk = i
2π

λ

√
µkεk, (4)

where λ is wavelength.
As the two layers are placed on a metal backing, Z0 is 0,

and the total input impedance of RAM becomes

ZRAM = Z2 = η2
Z1 +η2 tanh(γ2d)
η2 +Z1 tanh(γ2d)

, (5)

Z1 = η1tanh[γ1 (t−d)]. (6)

The lower layer contains only CIF composite, thus η1 is√
µRAM/εRAM. The upper layer is a mixture of CIF com-

posite and air, thus its effective dielectric parameters, εeff and
µeff, should be some weighted averages of that of CIF com-
posite and air. Hardly such a relation has been developed
for surface with regular patterns, however a few equations[17]

have been established to describe the relation between dielec-
tric parameters of a mixture and its components, including the
Lichtenecher equation, the Maxwell–Garnett (MG) equation
and the Bruggeman equation. The Lichtenecher equation is
a rather empirical one, while the later two are developed for
sphere particles that are dispersed in the base material. Prelim-
inary calculation has shown that all three equations yield close
values of dielectric parameters which have little influence on
the estimated reflection loss. Therefore, the MG equation is
used here as a simple approximation to the dielectric parame-
ters of the structured layer:

δeff−δRAM

δeff +2δ RAM
= fair

δair−δRAM

δair +2δ RAM
, (7)

where δ could be either permittivity ε or permeability µ , and
fair is the volume fraction of air.

For FSS surface with square patches, the impedance
ZFSS under normally incident wave can be estimated by the
expression[18]

ZFSS =−i
Zair

√
1

εeff

2α
=−i

√
1

εeff

2α
. (8)

Here, α is a parameter that is related to the size of the patch
𝐷 and gap between patches w by

α =
kintD

π
ln
(

2D
πw

)
, (9)

where kint =
√

ε int2π/λ and εint = 0.5(εeff +1) are the effec-
tive wavenumber and the effective permittivity at the air-RAM
interface, respectively. Given that the FSS pattern and the CIF
composite RAM shares the same pattern, D equals a, and w is
a(1− c). Equation (9) may be rewritten as

α =
a
√

2(εeff +1)
λ

ln
[

2
π(1− c)

]
. (10)

Equations (2), (5) and (8) estimate the overall surface input
impedance, which can be tuned by the three geometrical pa-
rameters a, c and d. Then the overall reflection loss can be
estimated using Eq. (1).
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3. Model analysis
The reflection loss evaluated by the developed TLM is

compared with that generated by a commercial FEM software.
In the FEM analysis, a periodic boundary condition is used to
study the surface response of microwave by analyzing one sin-
gle unit cell.

The reflection loss of the uniform slab without patterns
is shown in Fig. 4. With the volume fraction fair being 0 in
Eq. (6) and Zin = ZRAM, the result from TLM shows good
agreement with that from FEM. The two curves overlap each
other, where the maximum discrepancy, as low as 1.6%, oc-
curs at around 8.4 GHz. The resulting curves also agree well
with the result by Li et al.[5]
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Fig. 4. Reflection loss of 1.5 mm uniform slab evaluated by two models.

For patterned surface in the following parametric anal-
ysis, a set of nominal values, a = 1 mm, d = 0.5 mm, and
c = 0.9, are chosen to set the benchmark. Calculated by both
the models, the benchmark reflection loss of the patterned sur-
face with and without the FSS layer (RAM structure only) are
given in Fig. 5. In the absence of the FSS layer, as shown in
Fig. 5(a), both the models predict an increase of the −10 dB
absorption bandwidth, from 4.4 GHz to 6.0 GHz by FEM
and to 4.9 GHz by TLM. Also, both the models capture the
changing trend that absorption peak moves towards higher fre-
quency. In FEM, the absorption peak appears at 8.0 GHz while
the TLM predicts a peak at 7.0 GHz. The intensity of the peak
evaluated by FEM is 15.9 dB, 4% lower than that of the TLM.
The two curves show large discrepancy in the 8–18 GHz range.
As discussed by Li et al.,[5] the microwave diffraction at cor-
ners of the surface pattern is the dominating mechanism of the
reflection loss in high frequency range, which cannot be effec-
tively captured by the current TLM.

Figure 5(b) shows the benchmark reflection loss of the
patterned surface with the FSS layer. Compared with the pre-
vious results, both the models indicate that the appearance of
1 mm square metal patches on the top surface moves the ab-
sorption peak towards lower frequency and reduces the perfor-
mance in high frequency. The −10 dB absorption bandwidth
decreases from 6.0 GHz to 4.7 GHz in FEM, and from 4.9 GHz

to 3.9 GHz in TLM. An increase in the intensity of the absorp-
tion peak is observed in the FEM result. With the FSS layer,
the peak absorption loss increases from −16 dB to −18.3 dB,
which could be caused by the overlapping of the absorption
peaks of patterned RAM and FSS.
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Fig. 5. Benchmark reflection loss: (a) without the FSS layer (RAM
structure only), (b) without the FSS layer (RAM structure + FSS pat-
tern).

The influence of unit cell size a is studied first. The re-
sults produced by FEM is demonstrated in Fig. 6(a). When
a is 0.1 mm, in an order of magnitude smaller than its nom-
inal value, the absorption peak changes from 6.4 GHz in the
benchmark to 8.5 GHz. While the reflection loss between 2–
8 GHz decreases, the performance in the range of 8–18 GHz is
largely improved. The appearance of FSS in this case has little
influence on the curve. In both the cases, the −10 dB absorp-
tion bandwidth is larger than that in the benchmark, increasing
from 6.0 GHz to 6.7 GHz.

As the side length increases from 0.1 mm to 5 mm, in the
case without an FSS layer, the absorption peak moves towards
low frequency, but is still higher than that of the uniform slab.
A distinct difference is observed in the case with the FSS layer.
The 5 mm square metal patch largely affects the reflection loss
in the 4–18 GHz range. The absorption peak shifts to 3.2 GHz,
and the −10 dB absorption bandwidth drastically decreases to
only 0.7 GHz. When the size of the FSS pattern is in the order
of wavelength of the microwave, microwaves of higher fre-
quency can not pass the metal patch and thus becomes highly
reflective.
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The results produced by TLM are given in Fig. 6(b). The
TLM developed in this study adopts the MG equation to repre-
sent the patterned CIF composite layer with a uniform CIF-air
layer. The dielectric parameters of such a CIF-air layer only
depends on the volume fraction of air, fair, which is indepen-
dent of the unit cell size. Therefore, the current model does
not include the size effect of the RAM structure. Yet, simi-
lar trends have been observed with the FSS layer, compared
to the results produced by FEM. After comparing the curves
produced by the two models, it seems that the FEM model is
more sensitive to the variation of unit cell size.

With FEM analysis, it can be shown that further decrease
in a will not have much influence on the reflection loss curve.
Curves of a being 0.05 and below are almost identical to that
of a = 0.1. As the size of unit cell is in order of magnitude
smaller than the wavelength, the wave does not “see” the in-
dividual structure. However, smaller unit cell could affect the
infrared emissivity in a negative way. Firstly, if a is smaller
than the wavelength of infrared (several micrometers), infrared
emittance from the CIF composite may pass through the metal
film at the top of the structure. Secondly, if the values of c and
t are kept to be unchanged, smaller a will result in larger over-
all surface area. Both will increase the total surface infrared
energy emission.
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Fig. 6. Influence of the size of unit cell on reflection loss by (a) FEM
and (b) TLM.

Influence of the RAM structure depth d has been dis-
cussed by Li et al.,[5] who attributed the improved perfor-
mance in a high-frequency range to the 4/λ resonance at the
etched area. Similar trends have been captured by both the
models, although the FEM model is more sensitive to the
change in structure depth, as the absorption peak in Fig. 7(a)
shifts to a higher frequency compared to that evaluated by the
TLM model, as shown in Fig. 7(b). Another observation in
Fig. 7(a) is that the appearance of 1 mm square FSS layer
shifts the two curves differently. The FSS layer has smaller
impact to the 0.2 mm depth structure. For example, in the case
of d = 1.2 mm, the FSS layer increases the reflection coeffi-
cient at 18 GHz from 0.295 (−10.6 dB) to 0.562 (−5.0 dB),
while in the case of d = 0.2 mm, such a value increases from
0.562 (−5.0 dB) to 0.708 (−3.0 dB). This observation implies
that the influences on reflection loss by RAM structure and
FSS pattern are intertwined, instead of being independent and
linear.

In Fig. 7(b), it can be seen that, although TLM is capable
of capturing trends of the reflection loss with varying structure
depth, the resulting curves significantly deviate from the FEM
analysis in high-frequency range, and especially under a large
d value. This could be again caused by the inaccurate rep-
resentation of structured RAM with uniform CIF-air mixture.
Also, the absence of wave diffraction mechanism at structure
corners contributes to the error in high frequency.
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Fig. 7. Influence of structure depth on reflection loss by (a) FEM and
(b) TLM.

The value of c is the ratio of structure size to the size
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of unit cell a. With a being fixed, variation of c not only af-
fects the size of the structure (ac), but also affects the CIF-
air volume fraction (1− c2), thus changing the effective di-
electric parameters of the structured layer. In both the FEM
and TLM results shown in Figs. 8(a) and 8(b), as the value
of c increases from 0.8 to 0.95, absorption peaks shift to high
frequencies, the −10 dB absorption bandwidth increases and
the absorption performance in high frequency is improved. A
smaller c means smaller percentage areal coverage of the metal
film, which directly leads to higher surface infrared emissiv-
ity. Therefore, the changing trends in Fig. 8 indicate that a
trade-off exists between lower infrared emissivity and better
radar absorption performance in the presented RICBAS de-
sign, where an optimization can be used to find a balance point
between the two sides.
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Fig. 8. Influence of the value of c on reflection loss by (a) FEM and (b)
TLM.

4. Optimization
The above parametric analyses have shown that the three

variables affect the overall radar absorbing performance in a
convoluted way. Both RAM structure and FSS pattern can
be used to tune the reflection loss curve. An optimization is
conducted in this section aiming at maximizing the −10 dB
absorption bandwidth in the 2–18 GHz range.

On the other hand, as RICBAS is also designed for in-
frared stealth, a low infrared emissivity, say 0.3, is set as a
boundary condition in the optimization process. The average

infrared emissivity εavg of the patterned surface may be esti-
mated by the empirical formula[11]

ε
∗
avg = ε

∗
mSm + ε

∗
RAMSRAM, (11)

where ε∗m and ε∗RAM are the emissivities of the metal film and
the CIF composite, respectively; Sm is the percentage areal
coverage of metal film on the top surface; SRAM is the percent-
age exposed CIF composite area on the top surface. The ratio
between the FSS metal film and the top surface area is c2, and
Eq. (11) can be rewritten as

ε
∗
avg = ε

∗
mc2 + ε

∗
RAM(1− c2). (12)

Typical values for ε∗m and ε∗RAM are chosen to be 0.1 and
0.9, respectively. To ensure an average surface emissivity be-
low 0.3, the value of c should be greater than 0.86. Thus the
value of c is bounded between 0.86 and 1.

The value of d is bounded by the thickness of the CIF-
composite RAM layer, so 0 < d < 1.5 mm. Based on the para-
metric analysis of a, if the size of FSS pattern is large, it will
hinder the radar absorption in high frequency range. Addition-
ally, when the size of a is close to 0.1 mm, it will pose almost
negligible effect on radar absorption. Therefore, a is set to be
0.1≤ a≤ 3 mm to narrow down the optimization search space.
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Fig. 9. Curve of reflection loss optimized for maximum −10 dB ab-
sorption bandwidth.

The optimization process is performed by the embedded
optimizer of the commercial FEM software. After several
dozens of iterations, a set of optimized values are given as
a = 0.58 mm, d = 1.08 mm and c = 0.87. The resulting curve
of reflection loss at the optimized points is plotted along with
that of the uniform slab in Fig. 9. The optimized design yield
−10dB reflection loss between 7.9 GHz and 18 GHz. The
corresponding absorption bandwidth is 10.1 GHz, 115% more
than that of the uniform slab the absorption peak occurs at
11.4 GHz with a maximum−22.5 dB reflection loss. The cor-
responding surface infrared emissivity, according to Eq. (12),
would be around 0.287. In the current design, FSS shares the
same pattern with the RAM structure. This design can be
rather easily realized by first depositing a layer of metal on
the CIF composite by physical vapor deposition (PVD), and
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then manufacturing the pattern and structure with machining
or laser. Although the design reduces the difficulties in design
and manufacture, it also limits further optimization. In future
research, FSS and RAM may have independent patterns, and
the optimized results may yield a better infrared-radar stealth
performance.

5. Experiment
An experiment was conducted to demonstrate that the

conceptual design is capable of improving the radar absorption
performance while allowing most of the surface being covered
by metal film.

5.1. Experiment procedure

To prepare the CIF composite layer, CIF was fully
mixed with epoxy resin and uniformly sprayed onto two
180 mm×180 mm steel plates. They were then placed in an
oven to cure for 12 hours at 50 ◦C. The resulting CIF compos-
ite RAM is a 1.4-mm-thick black layer as shown in Fig. 10(a).
A vector network analyzer was used to measure the reflection
loss curve of one plate. After that, both plates were placed in
a vacuum chamber and a layer of copper was deposited on the
RAM surface by magnetron sputtering, a type of PVD pro-
cess. The fully coated surfaces have a purplish-orange color
with metallic gloss, as shown in Fig. 10(b), and its reflection
loss was measured once again.

(a) (b)

Fig. 10. (a) CIF composite slab and (b) copper coated CIF composite slab.

Structures were constructed on the surfaces with an ultra-
fast laser which uses picosecond or femtosecond laser pulse to
remove materials with minimum thermal effect and high pre-
cision. This minimizes the degradation of the CIF material
under high temperature. However, the downside is that the ab-
lated material can be trapped in the small gap, which prevents
further ablation in the depth. After several attempts, it seems
that the maximum structure depth under reasonable process-
ing time would be around 0.5 mm. Therefore, two sets of sur-
face structures (1) a = 1.5 mm, d = 0.5 mm, c = 0.9 and (2)
a = 1.0 mm, d = 0.5 mm, c = 0.9 were separately constructed
on the two surfaces, as shown in Figs. 11(a) and 11(b). An op-
tical microscope with large depth-of-field capability was used
to measure the geometries of the manufactured structures, as

shown in Figs. 11(c) and 11(d). Finally, the reflection loss of
the structured surfaces was measured at the end.

0.1 mm

0.9 mm

(d)

0.15 mm

1.35 mm

(c)

(a) (b)

Fig. 11. (a) and (c) Pictures of 1.5 mm unit cell sample and its geometry
measurement. (b) and (d) Pictures of 1.0 mm unit cell sample and its
geometry measurement.

5.2. Result and discussion

The three reflection loss curves are shown in Fig. 12.
The curve of the the CIF composite slab has a peak value of
−17.5 dB at 6.08 GHz, and the −10 dB absorption bandwidth
is 3.8 GHz. After the surface was covered by copper film, the
reflection loss is around 0 dB, indicating that microwaves was
fully reflected.
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Fig. 12. Reflection loss curves of different surface structure and treatment.

As structures were manufactured on the surface, mi-
crowaves can once again enter the CIF composite. When
the size of unit cell is 1.5 mm, the absorption peak moves to
5.52 GHz and the intensity of the peak increases to −19.4 dB.
However, the high frequency performance is impaired and
the −10 dB absorption bandwidth is decreased to 3.12 GHz,
which is probably due to the lack of structure depth and large
FSS pattern size as discussed previously. Since the structure
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depth is difficult to further increase, the size of unit cell is
set to be 1.0 mm in the second set of parameters. As shown
in Fig. 12, when a = 1.0 mm the absorption peak shifts to a
higher frequency at 6.92 GHz with a peak value −16.7 dB.
While the low frequency performance is affected, the high fre-
quency performance is comparable to that of the CIF compos-
ite slab. The −10 dB absorption bandwidth is broadened by
8.1%, to 4.12 GHz.

The above experiment only serves as a demonstration.
It shows that surface structure can be used to tune the radar
absorption performance, increasing the absorption bandwidth
when the surface is mostly covered by low-emissivity metal
film. It also shows that some changing trends can be captured
by the model.

More systematic experiments are required in the future to
verify this conceptual design. Nevertheless, many obstacles
are on its way to practical application. In the presented experi-
ment, copper was used as the low emissivity material,[2] which
is prone to be oxidized under elevated temperature, causing
significantly higher emissivity. Although noble metals such
as gold and platinum could maintain low emissivity at high
temperature, particle erosion under flight conditions could re-
move the soft metals in a short time. This may require hard
and infrared transparent film on the top to protect the noble
metals. Also, the size of applied workpiece is limited by vac-
uum chamber size of PVD equipment. Manufacturing patches
or using other metal spraying technology could be practical
approaches to this problem. Also, more comprehensive ex-
periments are required to ensure that base material properties
are unaffected during the process. In the presented experi-
ment, we took more than 3 hours to manufacture structures
on a 180× 180 mm surface using ultrafast laser technology.
One solution for large-scale production could be imprinting
the CIF composite using metal mold before the resin is fully
cured. Metal deposition with mask could replace the laser pro-
cessing in constructing FSS pattern.

6. Conclusions
A radar-infrared stealth surface has been designed. Its

radar-infrared compatibility and broadband radar absorption
are achieved by means of surface patterning. The RAM struc-
ture and the FSS pattern govern the surface radar absorption.
Influences of structure and pattern geometries on reflection
loss are studied by a developed transmission-line-based model
along with finite element analysis. They are summarized as
follows:

(1) The developed TLM is capable of capturing variations
in radar absorbing performance qualitatively. The omission of

diffraction mechanism and the inaccurate representation of the
structured layer lead to large deviation from the FEM results
especially in high frequency range.

(2) Decrease in pattern size, increase in structure depth
and decrease in ratio of pattern size to unit cell size lead to
improved reflection loss in high frequency range and reduced
performance in low frequency range. The absorption peak also
shifts to a higher frequency.

(3) Increased pattern size can significant reduce the reflec-
tion loss in high frequency, as the FSS layer becomes more
reflective to high frequency microwave. An intense absorp-
tion peak may be found at a low frequency, which means that
proper FSS could be used to improve the reflection loss in low
frequency.

Optimization was conducted to maximize the−10 dB ab-
sorption bandwidth. An optimized solution is found near the
point a = 0.58 mm, d = 1.08 mm and c = 0.87, which leads
to a 10.1 GHz absorption bandwidth, more than two times of
the unstructured RAM. An experiment is conducted to deter-
mine the capability of structure design in tuning the overall
radar-infrared compatibility.
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