








Step 3: Matching Circuit Synthesis

The next step was to synthesize the physical design using a multi-section microstrip matching circuit to provide 1 GHz additional
bandwidth on each edge of the band (56-65 GHz) and a stop band at 76-78 GHz. Multiple microstrip topologies were synthesized and
optimized. The circuit with four matching sections shown in Figure 8 appeared promising. The matching provided a minimum of 10 dB
return loss across the band of interest and a very good attenuation at the stop band.

Port1  T4:L:0772mm  T3:L: 0.1mm TLL: Figure 8: Most
W: 0.5 mm W: 0.282 mm - L:2mm w: C promising topologies
W: 0.299 mm were synthesized and
optimized.

The synthesized matching circuit was exported from Optenni Lab (Figure 9a) to Microwave Office using a single-click design transfer
(Figure 9b). The resulting layout (Figure 9c) was then extracted to AXIEM and simulated.
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The circuit in Figure 10 compares the results of the matching circuit as designed in Optenni using models, the AXIEM simulation of the
layout of the matching circuit, and the AXIEM simulation of the matching circuit with the antenna attached.

Figure 10: S-parameters for the matching section.




The measurements named Optenni Lab S, and S, are imported directly from Optenni. They are based on standard microstrip models.

The measurements AXIEM S, and S, are from AXIEM simulations of the matching section as shown in Figure 9c. The measurements

AXIEM antenna and matching S, and S, are from the AXIEM simulation of the matching structure placed in the final layout with antenna

and coplanar feed structure. To measure the S, of the matching section with the antenna attached, the feed line to the antenna was cut

and a series port added. The power could then be measured going through the port, thereby giving the S,,.

Step 4: Optimization and EM Verification
The good agreement between the AXIEM models (matching
circuit on ideal ground and antenna separately versus matching
circuit on antenna on the same EM document with non-ideal
ground) shows that the antenna does not directly couple very
much to the matching circuit. From a design perspective, the main
concern was that the AXIEM simulation with the antenna exhibits
a 0.5 GHz frequency shift up at the pass band, compared to the
Optenni Lab result. This was fixed by reoptimizing the pass band
down 0.5 GHz in Optenni Lab. Figure 11 shows the results before
and after fine tuning the dimensions of the matching circuitry. The
result (brown line) has improved pass band performance, albeit the
lower edge of the pass band did not shift as hoped for. Designers
felt there should be enough margin in the bandwidth of the
antenna for the design to work.

Step b5: Results

Radiated Power

The next step was to evaluate the radiation efficiency of the
matched antenna using the Microwave Office Power Info
measurement tool. This measurement is able to calculate what
happens to the power going to the antenna, in other words, how
much of it is reflected, radiated, and dissipated through dielectric
and conductor loss. AXIEM calculates the radiated power by
integrating the far field energy from the known currents on the
antenna. Because AXIEM assumes an infinite substrate, part of
the power is potentially lost in surface waves propagating down
the substrate. This will not occur with a finite sized substrate,
which can lead to AXIEM giving a conservative number for the
radiated power. If necessary, a more accurate analysis of the
radiation efficiency for a finite dielectric can be achieved by using
a 3D arbitrary EM solver based on finite element methods such
as Analyst™ EM finite element method (FEM) simulator in
Microwave Office.
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Figure 11: S-parameters for the AXIEM simulations of matching
circuitry and antenna.
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Figure 12: The reflected, lost through heating, and radiated power
calculated using AXIEM.

The power being radiated, reflected, and absorbed in heating the dielectric and conductors, is shown in Figure 12. The incident power

going into the antenna and matching circuit is 0 dBm. The radiated power is about -8.9 dBm in the upper stop band of the antenna, or
about 77 GHz. This was a problem. In Figure 10, the curve AXIEM antenna and matching S,, (dB) shows a value of -21.8 dB at 77 GHz.

Remember that a series port (Port 2) was added to the layout after the matching section and before the antenna. Therefore, the S,, shows

the amount of power that goes into the antenna, which is much lower than the overall radiated power from the entire antenna and

matching structure. The conclusion was that the matching circuit itself radiating. A quick trial showed that placing a shield 0.5 mm below

the matching circuit and extending it 1T mm beyond the microstrip coplanar waveguide solved this problem without significantly affecting

the antenna’s performance.




With the shielded matching circuit, the radiation was reduced
about 6 dB to nearly -15 dBm, or about 0.03 mW, or 3 percent of
the 1-mW input power (0 dBm). Figure 13 shows that the return
loss was better than -12.7 dB over the band of interest. The final
step for the shielded design was to analyze the radiation
efficiency, defined as the ratio of power radiated from the
antenna to the power delivered to the antenna. The power info
measurement in Microwave Office was used to calculate that
the radiation efficiency was 75-78 percent over the band of
interest (Figure 14). Part of the power was lost in the surface
waves in the model, making this figure pessimistic, but, on the
other hand, metal surface roughness increased the losses,
making this figure optimistic. Analyzing these loss factors more
carefully showed that a surface roughness of a little less than

1 um was equivalent to the power lost in surface waves. Such a
roughness is probably quite close to what can be expected for
10 um line thickness on a millimeter wave board, so the

expected realistic radiation efficiency was thus about 75 percent.

Gain, Polarization and Radiation Pattern

The 3D radiation pattern at 60 GHz is shown in Figure 15. The
antenna directivity varied between 5.7 dB and 6.3 dB over the
band. Assuming radiation efficiency of 75 percent, the antenna
gain varied between 4.5-5.1 dB. The 3D radiation pattern shows
three main lobes:

= Lobe 1: $=0° 6=35° horizontal polarization, 1 dB beamwidth
=30°

= Lobe 2: $=135° 6=135° left hand circular polarization, 1 dB
beamwidth = 38°

= Lobe 3: $=225° 6=120° right hand circular polarization, 1 dB
beamwidth = 27°

By proper weighting in an array, the desired polarization could be
generated.

Conclusion

This application example highlights a unique, step-by-step
mmWWave antenna design and analysis flow that combines

NI AWR Design Environment and AWR Connected™ for Optenni.
Bandwidth potential was used to rank design candidates and
Optenni Lab synthesized the microstrip matching circuits for
simultaneous optimization of pass-band and stop-band behavior.
A synthesized model was exported into Microwave Office,
where it was extracted for AXIEM EM simulation. This flow
provides an excellent starting point for building composite
models that include the antenna and matching circuitry together.
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Figure 13: The cover reduced the radiation from the matching section
by 6 dB.
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Figure 14: The radiation efficiency is 75-78 percent from 57-64 GHz.

Figure 15: The radiation pattern shows three main lobes. The
frequency shown is 60 GHz.

Special thanks to Jaakko Juntunen of Optenni Lab for his
contributions to this application example.
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