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We propose a way to measure the absorber reflectivity at a 
low cost. Only one simple antenna with a small radiating 
aperture and a frequency-domain instrument are utilized. The 
previously used equation for calculating the reflectivity of an 
absorber is inaccurate, and, therefore, a new equation is 
derived based on multiple reflection analysis and three test 
models. Notably, the reflection coefficient of the antenna is 
included in the derived equation. The accuracy of the proposed 
method is proven through simulation and measurements. It can 
be easily applied to a product examination by absorber 
manufacturers and customers owing to its advantages of 
simplicity, cost effectiveness, and non-cutting examination. 

Keywords: Absorber, reflectivity, multiple reflection analysis, 
anechoic chamber, antenna measurement. 

I. Introduction 

As wireless communication services have developed, the use 
of absorbing material has increased, such as in the case of the 
wall attachments in anechoic chambers. The main factor in the 
performance of an absorber is the absorption rate, that is, the 
reflectivity [1]. It is recommended that all absorbers be 
evaluated before delivery from the factory to the customer. In 
many cases, the customer also wants to check the performance 
of the absorber.  
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Three test methods of reflectivity are the arch system method, 
the free-space method, and the enclosed system method. In the 
arch system method, two antennas and an arch mechanical 
structure are used [1]-[5]. The two antennas are placed in 
parallel on the arch mechanical structure, and the absorber 
sample is placed on the bottom side with the separation 
distance being half of the far-field distance. At a few hundred 
MHz, this far-field distance and the sample size are critical 
problems. Even at a few GHz, two flared horns with large 
aperture should be provided [4]. 

The free-space method is based on a technique that 
compares the reflection coefficient for the metal plate to the 
reflection coefficient for the absorber [2]. This method requires 
a far-field distance and a time-domain measurement system  
[2], [5] or a network analyzer with a time-domain gating 
function [4], [6]. However, these instruments are financially 
burdensome to the examiner with a small budget. 

The enclosed system method contains the absorber inside the 
waveguide-type or coaxial-type transmission [3]. This method 
ensures higher accuracy, but the manufacturing required to 
execute the method is expensive. Furthermore, the waveguide-
type method has a narrow bandwidth owing to the cutoff 
frequency of the waveguide. The coaxial-type transmission has 
broadband performance, but the central part of the sample 
should be cut, which is inappropriate for an all-product 
examination.  

In this letter, we propose a method to evaluate microwave 
absorbers at a low cost and without cutting the sample. This 
letter is an extension of the work in [7]. Specifically, this study 
includes a parametric study and experiment results. The real 
test results are very important since the simulation results can  
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Fig. 1. Proposed method used to evaluate absorber reflectivity:
(a) configuration and (b) equivalent circuit. 
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sometimes be incorrect due to incorrect settings. A simple 
antenna, such as an open-ended waveguide with a small-sized 
aperture, is utilized in the frequency domain. This 
configuration results in a smaller far-field distance and absorber 
size. The evaluation equation is derived from a multiple-
reflection analysis. The simulation and experiment results 
prove its accuracy. 

II. Theory 

 The configuration of the proposed method is shown in Fig. 
1(a). An open-ended waveguide antenna is used. The network 
analyzer is connected to the antenna and sends an 
electromagnetic wave and collects the reflected wave in the 
frequency domain. Here, a gating function is not required. The 
absorber is placed at separation distance R. This distance is 
much smaller than that for a flared-horn antenna. 

Figure 1(b) shows an equivalent model of the multiple 
reflections from the antenna aperture through free space and 
the load. 1 and 2 are the reflection coefficients of the aperture, 
with 2 = –1. In addition, T21 and T12 are the transmission 
coefficients of the aperture, and Zo, ZFS, and ZLoad represent the 
impedance of the waveguide, the free space, and the load, 
respectively. In Fig. 1(b),  is the attenuation from the free-
space propagation, and  is the propagation constant. Because 
the aperture and absorber are not perfectly matched to the free 

space, there are multiple reflections. This phenomenon is 
similar to that of multiple reflections existing between a 
mismatched generator and load [8], [9]. From the model 
shown in Fig. 1(b), we derive a new equation and establish the 
three test models since three unknowns are found in the 
derived equation, as follows. The reflection coefficient  can 
be written from a multiple-reflection analysis [8], [9]. 
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In (1), there are three unknown values (, 1, and 3), and, 
thus, three simultaneous equations are required. The 
parameters , , and R in (1) are common factors and thus 
disappear after substitution. In this letter, three test models are 
proposed by placing an air, perfect electric conductor (PEC), or 
absorber as a load, and the resultant reflection coefficients for 
each model are air, pec, and abs. The coefficient air can be 
obtained when the antenna is exposed to air without any 
material. pec is the reflection coefficient when PEC is used as a 
load, and abs is the reflection coefficient when the absorber is 
present. Now, the three simultaneous equations obtained from 
the test model can be written as 
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where 3 is 0 and –1 for air and PEC, respectively. The 
manipulation of (2-1), (2-2), and (2-3) leads us to a final 
expression for the absorber reflectivity: 
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If the antenna reflection coefficient air is very small, (3) can 
be reduced to the previously used equation for the absorber 
reflectivity [2]: 

abs
3
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However, if air is large, (4) shows a larger error, as will be 
demonstrated in the following section. 
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Fig. 2. Simulation results: (a) reflection coefficient and (b)
reflectivity. 
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III. Simulation and Experiment Results 

The full-wave electromagnetic simulations are performed 
with the aid of commercial software Ansys HFSS. The 
absorber has a permittivity of r=1.5, permeability of μr=1.5, 
electric loss tangent of e=0.5, and magnetic loss tangent of 
m=0.5. The shape of the absorber is flat. The lateral size of the 
absorber sample is 150 mm  150 mm, and the thickness is   
5 mm. An open-ended waveguide is chosen for the antenna, 
with aperture dimensions of 22 mm  10 mm.  

The separation distance R between the antenna and the metal 
plate or absorber is 50 mm. Here, the reference plane of the 
antenna is the end of the radiating aperture. The reference plane 
of the flat absorber is the front end of the absorber. Usually, the 
back of the absorber is with the metal plate. If the absorber is 
cone-shaped, the reference plane is the end of the tip since the 
electromagnetic wave starts to be absorbed at this position. 

Figure 2(a) shows the simulated results for the reflection 
coefficient S11. Instead of PEC, a good metal plate is utilized. 
Since multiple reflections exist between the poorly matched  

 

Fig. 3. Experimental setup for absorber reflectivity.  
 
antenna and the closely placed metal, S11 of the antenna for the 
metal has a large ripple. Therefore, as shown in Fig. 2(b), the 
reflectivity based on the conventional (4) shows a ripple and 
surpasses 0 dB at around 10.5 GHz in an unusual way. 
Meanwhile, the proposed (3) shows a similar curve as the 
reference. Here, the reference curve is obtained from an 
artificial model assuming perfect electric conductive sheets 
vertical to the electric fields and perfect magnetic conductive 
sheets vertical to the magnetic fields. 

The proposed method is also verified experimentally, as 
shown in Fig. 3. A flat absorber with a thickness of 21 mm and 
an area of 150 mm  150 mm is mounted on a supporting 
metal plate. A coaxial-to-waveguide adaptor (model number 
WGA-90N) with a small aperture is placed in front of the 
absorber. The adaptor is connected to port 1 of the network 
analyzer, as shown in Fig. 3. 

The S11 values of the three test models are measured and 
plotted in Fig. 4(a), where R=20 mm. At around 10 GHz, the 
value for the metal is lower than that for the absorber. 
Therefore, as shown in Fig. 4(b), the reflectivity using (4) 
strangely shows values greater than 0 dB. Meanwhile, the 
reflectivity curve using (3) shows similar results to the 
reference value. Here, the reference curve is obtained using the 
horn and time-gating function. 

Figure 5 shows the experiment results of reflectivity versus 
distance R wherein the value of R is 20 mm, 50 mm, and   
100 mm. The curves are similar. However, as R increases, the 
measured reflectivity deviates more compared with the 
reference. The reason for this is that the reflected amount of 
power to the absorber or metal plate becomes weak and 
sensitive to the noise as R increases. In terms of the theoretical 
approach, the proposed method can be applied to the pyramidal 
absorber, but the sensitivity of the experimental environment 
and apparatus should be carefully treated.  

Another reason for the error is the imperfect alignment  
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Fig. 4. Experiment results: (a) reflection coefficient and (b)
reflectivity. 

8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0
–40 

–35 

–30 

–25 

–20 

–15 

–10 

–5 

0 

 air
 metal 
 absorber 

Frequency (GHz) 

(a) 

S
11

 (
dB

) 

8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0
–40 

–35 

–30 

–25 

–20 

–15 

–10 

–5 

0 

5 

10 

 reference
 previous, Eq (4)
 proposed, Eq (3)

R
ef

le
ct

iv
it

y 
(d

B
) 

Frequency (GHz) 

(b) 

 
 

 

Fig. 5. Reflectivity vs. distance R between antenna and absorber
by moving absorber backward in experiment. 
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of the measurement planes between the horn and absorber or 
metal plate since we move the sample manually. An advanced 
mechanical alignment system could remove the deviation. 

IV. Conclusion 

We described a low-cost method for evaluating an absorber 
using a small-sized aperture antenna and frequency-domain 
instrument. Since the antenna has a high reflection coefficient, 
a novel formula was derived using a multiple reflection 
analysis and three test models. The proposed method produced 
a reflectivity similar to the reference value. Meanwhile, the 
previous formula behaved poorly. Using the method proposed 
in this paper, an absorber test can be easily performed by 
manufacturers or customers owing to its advantages of 
simplicity, low-cost, and non-cutting examination. 
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