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material with dielectric constant of &, =1.2. This meant the EBG unit cell size had to be

redesigned to maintain the same operating frequency. This resulted in the dimensions
shown in Table 2.2.

Table 2.2: EBG parameters for foam-like Substrate.

Design Parameter Size (mm)
Height h 15
Width 44
Gap w 1.6
Ant. spacing d 203

Simulated S11 and S21 results with the low dielectric constant foam like substrate
(truncated) are shown in Figure 2.9 and Figure 2.10, respectively. Results only for N =0
and N = 3 are shown. There is a clear 50 MHz down-shift on the lower end of the S11 when
the EBG is installed. The low dielectric constant material seemed to have widened the
coupling reduction bandwidth at the cost of S21 depth. Within the antenna operating
bandwidth, 1 to 1.15 GHz, the reduction in coupling is between 7 and 13 dB. The azimuthal
patterns in Figure 2.11 show similar behavior as before.

Using equations (1)-(3) the obtain stopband frequency to be 1103 MHz considering

the EBG parameters listed in Table 2.2.
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Figure 2.9: Antenna S11 for low dielectric substrate (¢, =1.2).
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Figure 2.10: S21 for low dielectric substrate (&, =1.2).
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Figure 2.11: Radiation patterns for low dielectric substrate (&, =1.2).

13



Figure 4.2: VSWR for structure in Figure 4.1 with markers indicating design bounds
given in datasheet.

three main design parameters, namely substrate height, patch width, and gap between
patches. In this run, 96 variations of dimension combinations were performed. Width
varied from 40 to 43 mm, foam height varied from 12.5 to 14 mm (with constant 0.5 mm
TMM height), and gap varied from 1 to 2 mm. Among these, having a patch width of 40
mm and foam height of 14 mm yielded the most promising S21 results. The best-case
parameters are displayed in Table 4.2 and the S21 plot for these is shown in Figure 4.3.

Table 4.2: EBG dimensions for best-case with Nz = 2.

Design Parameter Size (mm)
Height (total) h 14.5
Width w 40

Gap w 1.2,1.6,2.0

Since a 40 mm patch width best-case was at the bounds of the parametric sweep,
two more simulations were performed for a patch width of 35 mm and 32 mm. All other

dimensions remained the same as before. Shown in Figure 4.4 are the S21 plots for 32, 35,
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Figure 4.3: Best S21 cases for big sweep with blade antennas — N = 9 with EBG
dimensions as in Table 2.2.

and 40 mm along with the control case. As indicated by the black dashed line, a patch width
of 32 mm provides at least 20 dB of isolation improvement over the control case from
approximately 992 to 1300 MHz. Although the starting frequency is slightly higher than
960 MHz, the 301 MHz or 26% bandwidth provided is evidence that sufficient isolation
improvement bandwidth can be achieved for an L-band design.

Unfortunately, all of these designs negatively affect the S11 by shifting the low-
end -10 dB point up by at least 50 MHz and up to 100 MHz, as shown in Figure 4.5.

Table 4.3: Best case EBG dimensions for Nz=2, N = 9.

Parameter | Value (mm)
w 32

g 2

htotal 14.5

29



-25 :

J4—w =32mm

—w = 35mm

-35 —w =40mm

- No EBG

= No EBG - 20dB

—
o o e o e e e = o =

— - - — = — o o o e o

-65 |
0.9 1 1.1 1.2 1.3

Frequency [GHZ]

Figure 4.4: S21 for 32, 35, and 40 mm patch width — all other design parameters the
same as previous case.
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Figure 4.5: S11 for 32, 35, and 40 mm patch width — all other design parameters the
same as previous case.
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Of these S-parameter curves, the 32 mm shows the best S21 performance by far
based of both reduction depth and bandwidth coverage. The dimensions for this best case
are shown in Table 4.3.

At this point it was clear that the current EBG design was consistently detuning the
antenna’s S11 performance by an unacceptable amount. It was theorized that the EBG
patches for higher N values were encroaching too far into the near field of the antennas and
capacitively loading them, resulting in the upshift in S11 observed. The simplest remedy
was to increase the distance between the EBG structure and the antennas was to investigate
behavior for lower N values. The detuning nature shown with the larger EBG structure
diminishes as a function of reducing N, as indicated by Figure 4.6. Unfortunately the S21
performance is also diminished significantly with decreasing N (Figure 4.7), reducing
coupling about half as effectively as the larger structure. Of these, N = 5, was considered

to be the best compromise of performance and size to be further investigated.
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Figure 4.6: S11 behavior for lower N values — EBG dimensions as in Table 4.3.
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Figure 4.7: S21 behavior for lower N values — EBG dimensions as in Table 4.3
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Figure 4.8: S11 results for parametric sweep of EBG dimensions fixing N = 5 and
Nz =3.
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