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Abstract. In this work, we show electromagnetic simulations of surface roughness in
multiple conventional antennas applicable for 6G networks potentially operating in the W-band
(75—110 GHz). Operations at such high frequencies require fine accuracy of surface processing
that becomes to the order of the wavelength. We show simulations of the surface roughness
of four devices, such as a horn antenna, a patch antenna, a rectangular waveguide, and a
microstrip transmission line. Finally, we simulated S-parameters and conducted statistical
analysis to define the requirements of surface processing.
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AnnoTtanusg. B sToit paboTe Mbl IE€MOHCTPUPYEM BJEKTPOAMHAMUUYECKOE MOAECIMPOBAHUE
LIePOXOBATOCTH TTOBEPXHOCTH TSI HECKOJIBKUX aHTECHH, TTOAXOASIINX JUIST TIPUMEHEHUS B CETSIX
LIECTOTO ITOKOJICHUS, SKCIUTyaTUPYIOIINX J4acTOThl mopsaka 75—110 I'Ta. B xauecTBe Takmx
YCTPOMCTB OBLIM BHIOPAHBI PYIIOPHAsSI aHTCHHA, IIPSIMOYTOJILHBIN BOJTHOBO, MUKPOIIOJIOCKOBAST
JIMHUS TIepeaavyi v maTy-aHTeHHa. [Tocie mpoBeaeHUS 3J1eKTPOAMHAMUYECKOTO MOICIMPOBAHMUS
ObLIM MOJydYeHbl TpaduKU S-mapaMeTpoB, HAa OCHOBAaHUM KOTOPBIX OBbLIM OMNpeacaeHbI
TpeboBaHUs K 00paboOTKe MOBEPXHOCTE YCTPOMCTB.

KimoueBbie cioBa: KkpaliHE BBICOKME  YacCTOThI, IIEPOXOBATOCTh  TOBEPXHOCTH,
9JIEKTPOIMHAMUYECKOE MOJETMPOBAHUE

®unancupoBanue: PaGota BbllojHeHa Tpu noanepxku Poccuiickoro Hayunoro ®onna
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Introduction

One potential application that uses extremely high frequencies, such as W-band (75—110
GHz), is the 6G wireless network [1, 2]. Several antennas could be used at such a high fre-
quency, among them horn antennas and patch antennas. In addition, one could use rectangular
waveguides, and microstrip lines, and many others. At such a high frequency, the manufacturing
defect has an important role in antenna performance [3, 4]. Recently we have already performed
an electromagnetic investigation of the surface roughness of some devices [5], whereas here we
enlarge our work to the microstrip line and also investigate the convergence rate to validate
our approach.

Materials and Methods

To simulate surface roughness, we performed numerical electromagnetic analysis using simula-
tions in the CST Studio Suite. We separated all devices into two groups, such as additive devices
and chemically etched devices, according to the manufacturing method (Fig. 1). In the first group
(Fig. 1, a, b), we simulated a horn antenna and a rectangular waveguide with the WR-10 flange.
In the second group, we simulate a patch antenna and a microstrip line (Fig. 1, ¢, d).
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Fig. 1. Simulation setups and general view of structures with defects:
waveguide (a), horn antenna (b), microstrip (c), patch antenna (d)

In the first group, we modeled the surface roughness as a set of bumps or hollows, whereas we
modeled only hollows in the second group. These defects have a spherical shape with a radius of R.
For each device, we performed a statistical analysis with 50 random series of simulations, and

© CenoB A.Il., BypueB B.[., Hukynun A.B., Xynbikun A.A., Bomesa T.C., ®unonoB 1.C., 2024. Usnatenn: CaHKT-
IleTepOyprckuii moauTexHudeckuii ynusepcuteT Ilerpa Benukoro.
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Fig. 2. Transmission coefficient of waveguide (a), worst reflection coefficient of horn antenna (5),

worst transmission coefficient of microstrip (c), worst reflection coefficient of patch antenna (d).

In plot legend tables, defect size R in first column is given in mm, N in second column

is corresponding to total number of simulated spheres, third column depicts worst values across
all frequency range

then the S-parameters were evaluated as the worst value at a picked frequency point, as shown
in Fig. 2. For the waveguide, we assessed transmission coefficient §,, (Fig. 2, a, ¢), whereas for
the horn and patch antennas, we assessed reflection coefficient S|, (Fig. 2, b, d). In each case, we
assessed three levels of defect sizes and several defects’ quantities, depending on the device. These
sets of simulations are also shown in Fig. 2.

Finally, we performed statistical analysis on the waveguide to analyze the convergence rate. We
observed that in the case of 200 random series, computation time increases drastically by a factor
of 3, whereas the difference in terms of mean S-parameters becomes only 0.4% compared to the
case of 50 random series. The convergence rate is shown in Fig. 3, a, and the mean S-parameters
for two convergence scenarios are shown in Fig. 3, b.

Results and Discussion

In the case of the waveguide, the worst value of the transmission coefficient decreases to
-3.9 dB (Fig. 2, a), whereas the cases R = 0.05 mm and R = 0.1 mm which S, values do not
exceed -0.3 dB, could be considered as acceptable, since this value is comparable to the ideal
waveguide (0 dB), and its difference is about only 5%. This means that the acceptable surface
roughness in the case of the waveguide corresponds to the wavelength/14 and the wavelength/28
respectively, at 110 GHz.

For the horn antenna, we observed that for R = 0.1 mm, the worst reflection coefficient
S, is nearly —15 dB (Fig. 2, b), which is also considered acceptable, because it is a typical
value obtained on practice for horn antenna. In terms of wavelength, this surface roughness
equals wavelength/14.

For the microstrip transmission line, we observed that for 0.03 mm defect size, the worst S |
is nearly —1.6 dB (Fig. 2, ¢), which is close to the ideal scenario corresponding to the case with a
flat surface. In terms of the wavelength, these values are above the mean wavelength/90.

Finally, in the case of patch antennas, we can observe that the worst reflection coefficient S |
for 0.04 mm is approximately —15 dB (Fig. 2, d), which means wavelength/90.
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Fig. 3. Convergence rate of the waveguide (a),
mean S-parameters for two convergence scenarios (b)

For all cases mentioned above, we observed that with a small number of defects, but with a
maximum size of defects, one observes acceptable performance of the devices under consideration.

Conclusion

In this work, we analyzed four structures: a waveguide, a horn, a microstrip, and a patch. We
have shown that surface roughness R = 0.1 mm is acceptable for the waveguide and the horn,
whereas in the case of the microstrip and the patch, one has to provide surface defects of 0.04
mm. After performing the set of electromagnetic simulations, we can conclude that in the case
of the horn antenna and a patch antenna, the preferred surface quality should be at least wave-
length/14, whereas in the case of the microstrip transmission line and the patch antenna, surface
quality should be at least wavelength/90. Following these requirements, one has to select the
proper manufacturing method or surface processing approach in order to maintain the quality of
the surface.
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