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embedded element has a VSWR of less than 2.5:1 over a 26% 
bandwidth, as shown in Figure 5. Coupling is less than -14 dB 
for adjacent elements and is less than -17 dB for diagonal 
elements. The simulated gain at the horizon for a single 
embedded element has less than +/- 0.6 dB of variation around 
all azimuth angles at the horizon as shown in Figure 6. The 
simulated elevation gain pattern for the array on an infinite 
ground plane is shown in Figure 7. Since the goal of the 
current design is to minimize gain variation around azimuth at 
the horizon, non-uniformity in the elevation pattern above the 
horizon is considered acceptable. The simulated phase has less 
than ! /- 15° of variation around azimuth at the horizon as 
shown in Figure 8. 

 

IV. CONFORMAL CONFIGURATION  
Since the planar array simulations showed promising 

results, the array geometry was modified to conform to a 
notional curved platform. Extreme curvature is anticipated to 
significantly degrade performance of the array, so a 2.3 
wavelength radius of curvature was chosen for the notional 

curved platform as a test case. The resulting structure is a 
cavity that is curved along a single axis with feed structures 
oriented normal to the conformal surface. The PCB aperture 
uses a flexible dielectric that can be manufactured as a planar 
geometry and easily molded to the assumed curvature. Figure 
9 shows a side-view line drawing of the conformal array.  

Analysis of the VSWR and gain patterns showed that 
removing the center star-shaped trace on the aperture has a 
minimal effect on the antenna performance for the conformal 
version of the array. Therefore, for the final antenna design, 
the center trace was removed, as shown in Figure 11 (b). 
Additionally, since the conformal array must be measured on a 
finite-sized ground plane, a ground plane shape was selected 
based on available equipment that would fit in an anechoic 
chamber. Ideally, the finite ground plane would have the same 
curvature as the array. However, a flat 51-inch diameter 
ground plane with rolled-edges was chosen because it was 
available for measurements. A tapered transition section was 
attached to allow conductive continuity of the antenna’s 
curved ground plane at the edge of the cavity down to the flat 
section of ground plane. The final conformal array design with 
the rolled-edge ground plane, modeled in FEKO, is shown in 

 
Fig. 8.  Simulated phase around azimuth at the horizon for a single embedded 
element at the center frequency.  

 
Fig. 6.  Simulated azimuthal gain pattern at the horizon for a single 
embedded element at the center frequency. 
  

 
Fig. 9.  Side-view line drawing of the conformal overlapped annular slot 
array.  

 
Fig. 7.  Simulated elevation gain pattern with an infinite ground plane for a 
single embedded element at the center frequency.  

 
Fig. 10.  Model of the conformal overlapping annular slot array on a rolled 
edge ground plane for comparison to measurements.  

 
Fig. 5.  Simulated VSWR of a single embedded element element over 
normalized frequency. 
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Figure 10. The aperture layer in Figure 10 is semi-transparent 
to show the feed structures in the cavity below the aperture. 

The conformal overlapping annular slot array was 
prototyped and measured. The cavity and feed structures were 
milled from a solid aluminum blank, resulting in a 
mechanically robust structure. The aperture layer was 
manufactured on a 60 mil thick Rogers Duroid 5870 board. 
The center conductor of the coaxial transmission line was 
routed up through each feed structure and soldered to the top 
aperture layer. The fabricated conformal antenna cavity is 
shown in Figure 11 (a) and the PCB aperture is shown in 
Figure 11 (b). A top view of the assembled antenna is shown 
in Figure 12 (a) where the PCB is mounted with the 

conductor-side facing down. The traces on the aperture are 
facing down so that the PCB material acts as a protective 
radome for the array. The bottom of the assembled antenna is 
shown in Figure 12 (b), where the coaxial transmission lines 
are attached to each of the four ports.  

The tapered ground plane section extending from the 
antenna cavity edges down to the flat ground plane was 
fabricated out of copper tape covering a carved foam structure. 
Figure 13 shows the antenna installed on the rolled-edge 
ground plane inside the anechoic chamber. The antenna and 
ground plane are mounted on a positioner for measuring 
azimuth gain patterns.  

The conformal antenna array element exhibits a VSWR of 
less than 2.5:1 over the same operating bandwidth as the 
planar configuration. Figure 14 shows the simulated VSWR of 
the conformal array element compared to the measured 
VSWR, which are in good agreement.  

While the VSWR was not affected significantly, curving the 
array to fit conformally on a curved platform changed the gain 
pattern from the ideal planar configuration shown in the 
previous section. Additionally, embedding the slot array in a 

 
(a)            (b) 

Fig. 11.  (a) The overlapping annular slot array cavity, containing four feed 
structures and (b) the PCB aperture that attaches to the top of the cavity.  

 
(a)            (b) 

Fig. 12.  (a) The assembled overlapping annular slot array with the PCB 
traces facing down and (b) the bottom of the array with a coax cable attached 
to each of the four ports.  

 
 
Fig. 13.  The overlapping annular slot array embedded into a 51-inch 
diameter rolled-edge ground plane inside the anechoic chamber  

 
 

Fig. 14.  Measured and simulated VSWR for a single embedded element   

 
Fig. 15.  Measured (dashed line) and simulated (solid line) azimuthal gain 
pattern at the horizon for a single element at the center frequency.  

 
Fig. 16.  Simulated elevation gain pattern for a single element at the center 
frequency.  
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finite-size ground plane created a back-lobe in the gain pattern 
and reduced the gain at the horizon. Figure 15 shows the 
simulated and measured azimuthal gain at the horizon for a 
single element at the center frequency, which is representative 
of performance across the matched bandwidth. The variation 
in realized gain at the horizon, i.e. 0° elevation, is within +/-
1.5 dBi for the simulated antenna and within +/-1.7 dBi for the 
measured prototype. For comparison with a conventional 
antenna, a four-element array of quarter wave stubs was 
manufactured with the same spacing as the overlapping 
annular slot array. The stub array was measured on a 
conformal surface with the same shape as the slot array and 
mounted on the same rolled edge ground plane. The stub array 
exhibited realized gain variation at the horizon of +/- 6 dBi 
around azimuth, which is significantly larger than the 
overlapping annular slot array. 

The horizon gain of the prototyped antenna is 5 to 6 dB 
lower than the planar antenna mounted in the infinite ground 
plane, which is expected due to the finite sized ground plane 
in the anechoic chamber. Also, the measured gain of the 
prototype antenna is approximately 1 to 2 dB lower than the 
simulated azimuthal gain shown in Figure 15. Observing the 
steep slope in the simulated elevation gain pattern near the 
horizon, as shown in Figure 16, the simulated and measured 
gain of Figure 15 are in reasonable agreement. Additionally, 
minor differences in the tapered ground plane section around 
the antenna cavity may contribute to the small difference in 
results. The elevation pattern of the array was not measured 
due to the inability to manipulate the large ground plane 
around the elevation axis in the anechoic chamber. 
 

V. CONCLUSION 
A compact overlapping annular slot array was described in 

planar and conformal configurations. The conformal array was 
prototyped and measured, showing a symmetric gain pattern 
around azimuth owing primarily to the conformal nature of the 
slot element. The conformal array lends itself to applications 
requiring an omnidirectional antenna pattern for beam 
forming, null steering, or direction finding in the plane of the 
horizon while not physically protruding from the surface of 
the platform on which it is installed.  

In addition to the four-element array previously described, a 
six-element overlapping annular slot array has been designed, 

simulated, and fabricated using the same principles. The 
fabricated six-element array is shown in Figure 17. Gain 
patterns have not yet been measured but are expected to be 
similar to the four-element array.  
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Fig. 17.  A six-element rectangular array of overlapping annular slots, 
showing the concept may be extended to an arbitrary number of elements.  
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