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Abstract—Compact Antenna Test Ranges (CATR) are one 

of the workhorses of antenna measurements. They have been 
recently chosen as the preferred method for testing 5G antenna 

systems. Ideally, a plane wave is generated at the quiet zone 
(QZ) by the parabolic reflector.  The purity of the plane wave 
is affected by the pattern of the feed and the termination of the 

reflector edges. The feed pattern must be broad enough to 
minimize the amplitude taper across the QZ. However, a broad 
beam antenna will cause direct illumination of the QZ from the 

feed, creating an interference ripple on the QZ fields. Recently 
a paper was presented where a CATR was analyzed using a 
high order MoM approach. This method provides the field 

distribution across the QZ, not only from the reflector but also 
from the source spillover. In this paper the absorber fence that 
is used to minimize the direct illumination of the QZ from the 

feed is analyzed. Traditional fences are analyzed for different 
absorber loadings, from a heavily loaded to lighter loaded 
absorber. In addition to the analysis of the absorber loading, a 

differently shaped absorber fence is analyzed. The results show 
that absorber loading has little effect on the QZ metrics. 
Shaping the fence is far more important. The specially shaped 

fence shows that the diffraction is reduced resulting in an 
improved ripple level and phase variation in the QZ. 

Index Terms—antenna measurements, compact range 

analysis, numerical methods. 

I.  INTRODUCTION 

Decoupling the direct illumination from the feed to the 

quiet zone (QZ) on a compact antenna test range or RCS 

range using a compact range reflector is a critical issue. 

Absorber baffles [1] or fences (Fig. 1) [2] are typically used 

to cut the direct coupling without affecting the feed antenna 

illumination. The design of the fences is in many cases 

empirical, and it is not unusual to make modifications on site 

during commissioning of the ranges. McBride [3] has shown 

that the QZ scanning data can be used to point the sources of 

stray signal contamination of the QZ. In [3] he shows some 

measured data where the stray signal can be tracked back to 

the fence or decoupling structure to hide the direct feed to 

QZ path. Recently, the authors published a paper [4] on the 

use of the HOBF-MoM based code [5] that allows for an 

analysis of the reflector and the feed structure including the 

absorber fence. In the present paper, the effects of the fence 

on the QZ are analyzed. Two methods of improving the 

fence are studied. One method consists of reducing the 

carbon loading on the absorber. As it was discussed in [2], 

the larger the physical size of the absorber pyramid, the 

lower the amount of carbon. Thus, the same fence design is 

analyzed for three different levels of carbon to check if a 

lower loading will reduce the diffraction while at the same 

time allow for better penetration into the foam of the EM 

waves and better absorption. The second approach is to 

shape the fence or decoupling structure into a shape that has 

soft rounded edges of lower loading foam to see if the 

diffraction is reduce without affecting the QZ.  

The typical QZ parameters, amplitude taper, amplitude 

ripple, and phase variation, as defined in the IEEE SDT 149-

2021 [6] are used to compare the effect of the fence variation 

on the QZ. Field plots are also presented to show specific 

changes on the illuminating field. 

 

Fig. 1. Traditional feed fence implementations on a compact range 

II. VARIATIONS ON LOADING OF THE TRADITIONAL 

FENCE 

The same reflector being modeled in [4] is modeled 

again. The reflector is a cosine blended rolled edge parabolic 

reflector with an overall 6.1 m by 6.1 m size. The focal point 

of the paraboloid is at 6.7 m from the virtual vertex of the 

reflector. The reflector illuminates a horizontal cylindrical 

QZ with its axis along the range length. The center of this 

1.82 m diameter and 1.82 m long cylinder is at a vertical 

plane perpendicular to the range length located 11.18 m 

horizontally from the vertex of the paraboloid. The absorber 

fence used at the feed is a traditional fence similar to the 

ones shown in Fig. 1. Figure 2 shows a view of the modeled 

fence structure. The cylindrical corrugated aperture horn 

used as the feed (Fig. 2) is scaled for the different frequency 



ranges being analyzed to ensure that the amplitude taper 

remains constant. 

 

Fig. 2. The modeled fence and feed antenna.  

 

The material properties of the absorber in the model are 

changed to a total of three different loadings. A heavier 

loading typically used on 30 cm tall pyramidal absorber; a 

medium loading, used on 45 cm pyramidal absorber; and a 

lighter loading used on 61 cm pyramidal absorber. The 

material properties at the different frequencies being 

simulated are shown on Table I. 

 

TABLE I. ABSORBER RELATIVE COMPLEX PERMITTIVITY 

Loading f(GHz) εr’ εr” 

Heavy 

1.0 3.24 6.01 

2.0 2.28 3.415 

3.0 1.94 2.477 

Medium 

1.0 2.22 4.04 

2.0 1.72 2.28 

3.0 1.57 1.61 

Light 

1.0 1.53 1.43 

2.0 1.37 0.801 

3.0 1.33 0.550 

 

 

The permeability of the material is μo. As mentioned in 

the introduction the amplitude taper, amplitude ripple and 

phase variation at the QZ are computed following the 

recommendations of the IEEE STD 149 [6]. The data is 

obtained for a total of six cuts, three vertical and three 

horizontal cuts at the front, center, and back of the QZ. This 

is done for two orthogonal polarizations of the field one of 

them with the electric field perpendicular to the gravity 

vector (horizontal polarization).  Figure 3 shows the 

geometry with the cylindrical QZ and the lines where the 

field is obtained.  

 

Fig. 3. Locations on the QZ where the field is computed during the HOBF-

MoM computation 

  

A. Heavier Loading 

For the heavier loading the largest amplitude taper at 1 

GHz is 0.73 dB. It is recorded at the center cut of the QZ on 

the horizontal scan for the vertically polarized field (VH). 

The largest amplitude ripple is ±0.8 dB recorded at the front 

(closer to the reflector) cut of the QZ on horizontal 

polarization and vertical scan (HV). For that same scan (HV) 

the largest phase variation of 10.64° is found. At 2 GHz, the 

largest amplitude taper of 0.82 dB occurs, as it was the case 

at 1 GHz, in the plane at the center of the QZ for the vertical 

polarization and horizontal scan (VH). The largest ripple on 

the amplitude is ±0.54 dB for the vertical polarization and 

vertical scan (VV) at front of the QZ. The largest phase 

variation of 6.17° occurs on the same VV scan at the front of 

the QZ. At 3 GHz, the largest amplitude taper is 0.47 dB for 

the horizontal polarization on a horizontal scan (HH) at the 

back of the QZ (the plane farthest from the reflector). The 

largest ripple at 3 GHz is ±0.5 dB for horizontal polarization 

and vertical scan (HV) at the front of the QZ. The largest 

phase variation of 6.24° also occurs on the same HV cut at 

the front of the QZ.     

 

B. Medium Loading 

For the medium loaded absorber fence, at 1 GHz the 

largest amplitude taper is for the vertical polarization and 

Horizontal scan (VH) with 0.72 dB on the center plane of the 

QZ. This is the same as it was for the heavily loaded 

absorber. The largest ripple is ±0.8 dB at the front of the QZ 

for the horizontal polarization and vertical scan (HV). Also, 

the same as the heavily loaded case. On that same scan we 

find the largest phase variation at 1 GHz with 10.66°. So far 

at 1 GHz the largest reported metrics are similar in level and 

at the same QZ locations as for the heavily loaded case. 

Analyzing the 2 GHz data the largest amplitude taper is 0.87 



dB on the VH scan at the center plane of the QZ. This is like 

the heavily loaded case. The largest amplitude ripple is ±0.55 

dB for the vertical polarization, vertical scan (VV) at the 

front of the QZ. Once again following the performance 

reported for the heavily loaded fence. On the same scan VV 

also at the front of the QZ the largest phase variation of 6.43° 
is found. Results at 3 GHz are analyzed to find the following 

largest values: 0.75 dB amplitude taper on HH cut at front of 

the QZ, ±0.39 dB amplitude ripple on VV cut at center of the 

QZ, and 6.5° phase variation on HV cut at front of the QZ. 

At 3 GHz is where a slight difference in the locations of 

maxima of metrics is finally found within the QZ.  

Fig. 4. QZ parameters for different loadings. The different metrics and 
configurations have been shifted on the x-axis for clarity, but all the values 

were computed at 1, 2, and 3 GHz.  

C. Lighter loading 

At 1 GHz, the largest values for QZ metrics for the low 

loading case are as follows: 0.81 dB of amplitude taper for 

VH cut at front of the QZ, ±0.81 dB for HV cut at front of 

the QZ, and 10.75° phase variation for HV cut at front of the 

QZ. All these are the same as both the heavily loaded and the 

medium loaded cases. At 2 GHz, the largest values for the 

QZ metrics for the low loading case are as follows: 0.98dB 

amplitude taper for VH cut at center of the QZ, ±0.56 dB 

amplitude ripple for VV cut at front of the QZ, and 6.87° 
phase variation for VV cut also at front of the QZ. Again, 

like the previous cases with heavier loaded absorber. Finally 

at 3 GHz the largest values for the QZ metrics are as follows: 

0.84 dB for HH cut at front of the QZ, ±0.56 dB for HV cut 

at front of the QZ, and 7.07° for HV cut at front of the QZ.  

At 3 GHz we see a slight change on the locations for the 

largest metrics, but we also notice that amplitude ripple and 

phase variation for the lighter loading case had larger 

reported values at 3 GHz when compared to the other cases. 

 

D.  Trend of parameters versus loading 

If the calculated amplitude taper, amplitude ripple, and 

phase variation for the different loadings are plotted onto a 

single graph it is easier to see if the change in loading shows 

any improvement on QZ metrics. Figure 4 shows the 

consolidated results. There is not a clear improvement. At 2 

GHz, it appears that the amplitude taper gets worse, but this 

is caused by the ripple affecting the polynomial fit of the data 

that is used to calculate the amplitude taper [6]. It should be 

noted that the fence modeled is closer in size to the typical 

fence used for 2 GHz and above and in the present study we 

are pushing its performance to 1 GHz.  

 

 

III. THE “IGLOO” CONCEPT FOR THE FENCE 

The previous simulations of the traditional fence with 

different absorber properties have shown that there is not a 

significant improvement to the QZ metrics by changing the 

material of the fence. Thus, a new concept for the fence is 

evaluated. The thought was to create an absorber covering 

for the feed that would not have sharp edges or straight edges 

of any kind. The result, shown in Fig. 5 is a half dome 

structure that looks like the apse of a Romanesque church. 

Manufacturing this structure can be done with lossy foam 

blocks of a given thickness that are assembled into the dome 

similar to blocks of ice used in making an igloo. Hence the 

name of half-igloo fence, as an igloo is a more familiar 

structure than architectural features of medieval 

churches.

 

Fig. 5. the "Igloo" fence concept. 

A. Computed QZ parameters 

For this numerical exercise it was decided to use the 

medium loaded absorber. the structure was not optimized at 

this point, it was made large enough to be able to fit a feed 

positioner inside it. As it was done for the traditional fence, 

the QZ metrics were calculated at 1, 2, and 3 GHz. The 

results of these analyses are shown in Fig. 6. At 1 GHz, the 

QZ metrics with the largest values are as follows: 0.84 dB 

for amplitude taper for the HV scan at the middle of the QZ, 

± 0.61 dB for the amplitude ripple for the VV scan at the 



front of the QZ, and 7.78° for phase variation for the HV 

scan at the front of the QZ.   At 2 GHz the maxima of the QZ 

metrics are as follows: 0.74 dB amplitude taper for the HV 

scan at the front of the QZ, and 5.87° for the phase variation 

at the HV scan at the front of the QZ. An amplitude ripple of 

±0.39 dB is recorded for the HV scan at the front and middle 

planes as well as for the VV scan at the front plane. At 3 

GHz, the metrics show a 0.69 dB amplitude taper for the HH 

scan at the front of the QZ. An amplitude ripple of ±0.41 dB 

is found for the HV scans at the front and middle planes of 

the QZ. The largest phase variation is found to be 4.84° at the 

HV scan in the front of the QZ.  

 

Fig. 6. QZ parameters for the half-igloo. The different metrics and 

configurations have been shifted on the x-axis for clarity, but all the values 
were computed at 1, 2, and 3 GHz 

 

B. Effects on the pattern of the feed. 

The half-igloo shows improved amplitude ripple and phase 

variation compared to the traditional fence. As it was 

mentioned above, the design has not been optimized, and in 

creating it the only two guidelines were to have no edges 

and to be able to house a feed positioner under it. The 

amplitude taper appears to have deteriorated at 1 GHz. 

Since the amplitude taper is typically related to the pattern 

of the feed antenna it appears that maybe the fence is 

affecting the illumination of the reflector. Figure 7 shows 

the data from the analysis for the HV scan at the center of 

the QZ.  The curve fit of the data that is used to calculate the 

amplitude taper [6] shows a tilt. The tilt or asymmetry is 

effectively the same as the amplitude taper. This could be 

corrected by adjusting the tilt of the feed, but maybe 

optimizing the fence can fix the problem. 

 
Fig. 7. QZ data for the HV scan, showing tilt on amplitude taper. 

 

 
Fig. 8. Horizontal polarization at 1 GHz for the traditional and the half-
igloo concept. There is a change to the illumination from the feed, as the 

fence is affecting the radiation from the feed. The scales go from -10dB 

(red) to -70dB (purple). The color changes represent 2dB steps. 

 



Looking at the data at other frequencies, it does not show 

the large asymmetry seen at 1 GHz, which may point to 

having to change the design of the fence to have more space 

between the feed and the fence. The data at 1 GHz for the 

horizontal polarization case is shown in Fig. 8 for both the 

traditional fence (medium loading) and new half-igloo 

concept. There is clearly a difference in the fields radiated 

by the feed. Figure 9 shows a similar comparison at 2 GHz 

There is less of an apparent difference on the feed 

illumination, but the ripple on the upper right corner is very 

different. 

 
Fig. 9. Horizontal polarization at 2 GHz for the traditional and the half-

igloo concept. There is less of a change to the illumination from the feed. 
The scales go from -10dB (red) to -70dB (purple). The color changes 

represent 2dB steps. 

 

Clearly there is some optimization of the half-igloo design 

that needs to occur and that is part of future research. 

Overall, the data in Fig. 6 shows a potential improvement on 

the ripple with this fence concept. 

IV. CONCLUSION 

An analysis of the QZ metrics have been shown for two 

different geometries of absorber fences. In one of the 

numerical experiments the absorber material properties were 

changed. The properties used are typical complex 

permittivity for different sizes of pyramids. While there was 

no clear improvement with the changes in properties, this 

means that once a design is found that minimizes the ripple 

and the phase variation in the QZ from direct coupling 

between the feed and the QZ area, the fence can be 

constructed from any absorber regardless of the supplier as 

changes in the properties have little effect on the QZ 

metrics. This means that the shape of the fence is far more 

important than the properties. More work on optimizing the 

half-igloo fence is required, but it shows potential as a fence 

that causes a much lower ripple in the QZ. Future work also 

will look at potential improvement of this fence in RCS 

measurement compact range facilities. 
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