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1 Measurement

During experimental measurements of the CN0566 Rev. C module , it was ob-
served that the received signal reflected from the reference target was 15-20 dB
lower than the value predicted. At the same time, the noise floor measurement
was in good agreement with the estimated value.

Measurements of the signal from the HB100 beacon also showed a reduced
level by 15-20 dB compared to the expected value. The TX path and RF power
amplifier did not exhibit any unexpected losses. It was concluded that the RX
path has a significant loss factor. Since the measured noise level matched the
calculated one, the RX losses must occur before the LNA and may be attributed
to the single patch antenna, the Wilkinson power combiners, or the transmission
lines—components that do not generate thermal noise.

This loss is associated with signal reflections caused by unbalanced or mis-
matched transmission lines and components. The following section presents
analysis and COMSOL electromagnetic simulations for the aforementioned cir-
cuits.

2 Single Patch Antenna (SPA)

The simplified simulation setup and simulated characteristics of the single patch
antenna are shown in Figs. 1-4.

As seen in Fig. 4, the directivity of the SPA is very close to the theoretical
estimate of Ggp4 = 6.8 dB. The gain is reduced by approximately 2 dB com-
pared to the directivity within the specified frequency range due to ohmic losses
and some impedance mismatch. Thus, the loss factor for the SPA is estimated
to be 2 dB.
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Figure 1: Simplified simulation setup for the single patch antenna of the CN0566
(Rev. C) module.
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Figure 2: Simulated S11 parameter of the single patch antenna for the CN0566
(Rev. C) module.

3 Wilkinson Power Combiners (WPCQC)

The column array element signal is formed using 4-input power combiners, where
three WPCs are used. The PCB implementation and simulation geometry of a
4-input WPC are shown in Figs. 5 and 6. Ports 1-4 serve as input ports, and
port 5 is the output.

The resulting S-parameters are shown in Fig. 7. One can see that the im-
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Figure 3: Simulated Z11 impedance of the single patch antenna for the CN0566
(Rev. C) module.

Gain and Directivity of Single Patch Antenna

Gain / Directivity (dB)

2L Maximum gain, dB

14l == Maximum directivity, dB |

9 9.5 10 10.5 11 115 %x10°
Frequency (Hz)

Figure 4: Simulated gain and directivity of the single patch antenna for the
CN0566 (Rev. C) module.

plemented WPC in the CN0566 (Rev. C) module exhibits an additional 4 dB
loss compared to the theoretical -6 dB Sbx parameter. This extra loss can be
explained by non-ideal quarter-wave transmission lines in the WPC. Each line is
implemented as a PCB trace with small gaps between segments, allowing direct
coupling of the wave to the output port, bypassing the intended quarter-wave
transformer path.



Figure 5: PCB implementation of the 4-input Wilkinson power combiner for
the CN0566 (Rev. C) module.
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Figure 6: Simulation setup and geometry of the 4-input Wilkinson power com-
biner for the CN0566 (Rev. C) module.

As a result, the loss factor for the 4-input WPC is estimated to be 4 dB.
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Figure 7: Simulated S-parameters of the 4-input Wilkinson power combiner for
the CN0566 (Rev. C) module.

4 Transmission Lines (TL)

Transmission lines connect the output port of the 4x1 WPC to one of the eight
LNAs in the column array element. The PCB implementation of such a TL is
shown in Fig. 8. The TL is routed on the top layer (Layer 1) of the PCB stack-
up, with the initial ground plane located on Layer 3. However, at a certain
point, a second ground plane appears on Layer 2 between the trace and the
original ground. In addition, a hole in the second ground plane lies directly
beneath the TL. The line segments before and after the hole are approximately
A/2 in length.

Such geometry creates a significant discontinuity in the return current path.
As is well known in signal integrity and EMI analysis, breaks in the return path
can result in serious signal degradation at high frequencies.

The S-parameter results are shown in Fig. 10. Signal loss along this TL
can reach 10-12 dB. The simulated current density distribution in the TL and
ground planes is shown in Fig. 11, where the return current is distorted and
jumps between layers due to the ground discontinuity.

As a result, the loss factor for the transmission line is estimated to be 12
dB. This component contributes the most significant portion to the total system
loss.



Additional plane
appears between the
line and reference
ground plane

Transmission line

Hole in additional
plane under the
line

Figure 8: PCB implementation of the transmission line connecting the WPC to
an LNA in the CN0566 (Rev. C) module.
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Figure 9: Simulation setup and geometry of the transmission line connecting a
WPC to an LNA in the CN0566 (Rev. C) module.
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Figure 10: Simulated S-parameters of the transmission line connecting a WPC
to an LNA in the CN0566 (Rev. C) module.
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Figure 11: Simulated current density distribution along the transmission line
and ground planes in the CN0566 (Rev. C) module.



5 Summary

Optimizing the PCB design of the CN0566 module could potentially improve
the loss factor by up to 16 dB. The following improvements are suggested for
the PCB design:

e Improved SPA matching and optimization.

e Optimization of the WPC through proper track lengths and effective de-
coupling.

o Redesign of the reference plane for transmission lines to ensure there are
no breaks or gaps along the signal paths.



