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Attenuation of EM Waves Emitted from Inset Feed Type Microstrip
Rectangular Patch Antenna by Wet Snow

Highlights

Microstrip patch antenna

Inset feed technique

Attenuation of EM waves

Effect of snow and wet snow to attenuation
S11 measurement on Nano VNA

R/
0.0

X3

o

R/
0.0

X3

o

R/
0.0

Graphical Abstract

EM waves emitted from antennas are attenuated when they encounter water, snow, or melty snow.
In this study, both a new antenna is designed and built and the attenuation is measured.

»

Figure. Measurement with snowy antenna
Aim
Designing a microstrip antenna and measuring EM attenuation because of snow.
Design & Methodology

Antenna is created with the help of theoretical studies and CST program and measurements are
made with Nano VNA in different snow types.

Originality

EM attenuation due to wet snow is detected with Nano VNA for the first time.

Findings

The S11 value measured as -18.48 dB in the open air decreased to -4 dB in the presence of snow.
Conclusion

Wet snow causes more EM wave attenuation than dry snow.
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Islak Kar Sebebiyle I¢ten Besleme Tipi Mikroserit
Dikdortgensel Yama Antenden Yayilan EM
Dalgalarinin Zayiflamasi

Arastirma Makalesi / Research Article
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Elektrik Elektronik Miihendisligi Boliimii, Miihendislik Fakiiltesi, Diizce Universitesi, Tiirkiye
(Gelis/Received : 18.05.2022 ; Kabul/Accepted : 19.08.2022 ; Erken Gériiniim/Early View : 07.09.2022)
(074
Mikroserit yama antenler, diisiik maliyetleri, kiiglik boyutlar1 ve kolay imalatlar1 nedeniyle 6ne ¢tkmaktadir. Bu ¢alisma, 2.6 GHz
frekansinda islev goren bir mikrogerit dikdortgensel yama antenin tasarimini ve farkli hava kosullarinin anten {izerindeki etkisini
gostermektedir. CST programinda anten tasarimi ve laboratuvarda antenin imalati sonrasinda istenilen frekans ve desibel
seviyesinde 6l¢lim yapilmistir. Bu uygulama, VNA ile yapilan normal 6lgiimlerin diginda, farkli kar tipleri ile birlikte yapilan
deneyleri ve sonuglar1 da igermektedir. Tasarlanan mikrogerit yama antenin, merkez frekansta, -18.48 dB olarak iyi bir S11 sagilma
parametresi degeri elde edilmistir. Anten {izerinde zayiflama ve termal etkiler nedeniyle 1slak kar oldugu durumlarda bu deger -5
dB civarina diismistiir. Antenden kar kaldirilsa da karmn biraktig1 1slaklik nedeniyle eski S11 degeri tekrar elde edilememistir ve
yaklasik -14 dB'ye ulasilmistir. Sonug olarak, elektromanyetik dalgalarin zayiflamasi 1slak kar gibi farkli kosullar altinda nano

VNA ile yapilan arastirmalara gore ilk kez test edilmis ve literatiirdeki bilgilere gore uyumlu sonuglar alinmustir. Islak kar ve su
ile olan zayiflama, i¢inde bosluklar bulunan kuru kara gore daha fazladir.

Anahtar Kelimeler: Zayiflama ve termal etki, kar ve 1slaklik, mikroserit yama anten, nano VNA él¢iimii.

Attenuation of EM Waves Emitted From Inset Feed
Type Microstrip Rectangular Patch Antenna by Wet
Snow

ABSTRACT

Microstrip patch antennas stand out because of their low cost, smaller size and easy fabrication. The study presents the design of a
microstrip rectangular patch antenna operating at 2.6 GHz frequency and the effect of different weather conditions on the antenna.
During the antenna design on CST program and manufacturing in the laboratory, it is aimed to perform the measurement at the
desired frequency and decibel level. The study includes experiments and results made on different types of snow, apart from the
normal measurement with the VNA. A good S11 scattering value was obtained at the desired frequency in the designed microstrip
patch antenna as -18.48 dB. This value decreased to around -5 dB when there was wet snow on the antenna due to attenuation and
thermal effects. If the snow was removed from the antenna, the old S11 value could not be returned because of the wetness left by
the snow, and it remained at approximately -14 dB. Consequently, the attenuation of the electromagnetic waves have been
confirmed by the literature under different conditions as wet snow with nano VNA for the first time. Attenuation by wet snow and
water is greater than dry snow with voids.

Keywords: Attenuation and thermal effects, snow and wetness, microstrip patch antenna, nano VNA measurement.
1. INTRODUCTION

Microstrip patch antennas are divided into types
according to their feeding type. Inset feed technique is

they undergo various attenuation according to weather
conditions [11-14]. Atmospheric attenuation can be
caused by fog, haze, rain, hail or snow [15]. Humidity in

one of these types [1-2]. Its reliability is better than others
and ease of fabrication & impedance matching are really
easy [3-4]. The design stages have been applied and
realized by different researchers until today [5-7].
Antenna, which is one of the basic elements of wireless
communication, can be used with various devices for
various applications [8-10]. While EM signals coming to
or emanating from antennas to perform their functions,

*Sorumlu Yazar (Corresponding Author)
e-posta : mehmetduman@duzce.edu.tr

the atmosphere or on the antenna can also cause EM
wave power reduction.

In this study, inset fed microstrip rectangular patch
antenna operating at 2.6 GHz frequency was made on
FR4 substrate; theoretical studies and simulations were
carried out in a computer program; tested with Nano
VNA with SMA connector after PCB produced; then, the
antenna was tested again under snowy conditions,
keeping other parameters constant. Studies found in the
literature have been largely validated, and particularly
attenuation with wet snow and humidity has been proven.
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2. MATERIAL and METHOD

Microstrip rectangular patch antenna produced on a 1.6
mm thick (k) double-layer FR4 substrate using inset feed
technique is connected to Nano VNA with SMA
connectors (3.5 mm) and SS405 phase stable cable. The
thickness of the conductive layer is 0.035 mm (t) and the
dissipation factor is 0.019 (tan §). Antenna dimensions
can be calculated as

4 2

c is speed of light, f, is operation frequency, 2.6 GHz,
and &, is dielectric constant [1-2]. L., (effective length),
AL (length of fringe) and ¢, (effective dielectric

length), which is necessary to have, can be found as
[

Lesr = Tofrer” (3)
w
AL = 0.412p Ere0DGH02 (4)

(eref—O.ZSS)(%+0.8) '

Er+1 &—1
—+
2 2

Eref = - ®)
! [

Under these conditions, W=37.44 mm and L= 27.44 mm.
All other dimensions including inset feed are given in
Figure 1 [1-2].

Width pf the feed Iint = 3,Ilmm

\ 4

Patch Antenna

| Substrate ’

Ground

Figure 1. Dimensions of the antenna

The system for which the method of measuring the
scattering parameter S11 will be applied testing under
normal conditions and wet snow.

Measurements below -10 dB will
operability of the antenna.

indicate good

3. DESIGN, SIMULATION and MEASUREMENT

To start the design, Antennas tab was selected from the
Microwaves & RF/Optical section of the CST Studio
Suite program. Worked in broadband and time domain.
2.6 GHz is set as the center frequency. Antenna input is
set to 50 ohms for impedance matching and port for SMA
is added.

The graph of S11 [dB] for the antenna created by using
the W and L lengths obtained as a result of the formulas
is as in Figure 2. Since there are leftward shifts from the
2.6 GHz center frequency, the length values have been
fine-tuned. The new W=38.55 mm and L= 26.56 mm.
The new graph of S11 is shown in Figure 3.

Pres————

w.\\ '/.

Figure 2. S11 [dB] and frequency [GHz] graph for the antenna

e

_R\i ‘/,,_,

Figure 3. S11 [dB] and frequency [GHZz] graph for the antenna
after fine-tuned
While the minimum S11 value in Figure 2 was -27 dB,
the minimum value drawn to the desired center frequency
by fine adjustments decreased to under -60 dB S11 value
in Figure 3. Computer measurements and real
measurements made in the laboratory do not fully overlap
with each other in RF circuits. For this reason, the more
perfect computer graphics are obtained, the better the
actual graphics will be.

Figure 4 (a) shows the S11 graph of a microstrip
rectangular patch antenna measured with nano VNA
under normal conditions in the laboratory. Its minimum
value is -21.432 dB at 2.58 GHz but at 2.6 GHz working
frequency, the value is -18.48 dB. Figure 4 (b) gives the
Smith chart of the produced antenna. It can be seen that
the Marker 2 (means operating frequency) is very close
to the midpoint of the Smith chart, 50 ohms. In such
cases, close to 50 ohms is of great importance for
impedance matching. In Figure 4 (c), the other figure of
merits values can be seen Marker 1 to Marker 3.
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Figure 5. (a) VSWR (b) Quality factor graphs for the antenna
. A . -
Frequency: 1.60000 GHz VSWR: 27.476 with nano VNA
Impedance: 4.84+164.3Q Return loss: -0.633dB
SeriesL:  6.3941nH Quality factor: 13.29 . L
SeriesC:  -1.5475pF S11Phase:  75.56° The VSWR graphic value close to 1 (1.27), which is
paralelR: 858.90 S21Gain:  -86.632d8 considered quite good, and the quality factor graph,
paralel X:  6.4303 nH S21Phase:  11.09° which is predicted to work quite appropriately close to 0
Marker 2 (0.127), are given in Figure 5 at the desired operating
Frequency: 2.60000 GHz VSWR: 1270 frequency. )
Impedance: 40.545.14 Q2 Returnloss:  -18.486 dB Now, the result of the measurement made by placing dry
Seresl:  -314.57pH Quality factor: 0,127 snow on the antenna (Figure 6.a, -5.3 dB), the result of
SeresC:  11.912pF SiiPhase:  -148.31° the measurement made by taking the dry snow but when
ParallelR: 41,1629 S21 Gain: 71.833d8 there is wetness and wet snow patches (Figure 6.b, -14
Paralel X:  185.65 fF S21Phase:  -131.62° dB), and the measurement result made with snow again
Marker 3 but at this time wet and melted snow (Figure 6.c, -4 dB)
Frequency: 3.60000 G ey D will be shared, respectively.
Impedance: 34.2:j95.4Q Returnloss: -5.480dB
Series L: -2.1841nH Quality factor: 1.445
SeriesC:  894.85 fF Si1Phase:  -77.35°
ParallelR:  105.59Q S21 Gain: -60.998 dB
Paralelx: 605.18%F  (C)| s21Phase:  159.97°

Figure 4. (a) S11 [dB] and frequency [MHz] graph for the
antenna with nano VNA under normal conditions in
the lab (b) Smith chart of the antenna with nano VNA
under normal conditions in the lab (c) values of
antenna parameters for different markers
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Figure 6. S11 [dB] and frequency [MHz] graphs for different
conditions (a) snow on the antenna (b) removed snow
but wetness and melted snow patches on antenna (c)
second measurement with wet and melted snow

Thus, it is shown that fog, haze, rain, cloud, polluted
weather ect. conditions in the atmosphere [11-15], as well
as snow and wet snow cause electromagnetic wave
attenuation [16-17].

2100.0M 2600.0M 3100.0M 3600,

NANO VNA
SAVER
PROGRAM

COMPUTER
by g with 16 GB RAM

Qoo

ANTISTATIC BRACELET !

NANO VNA
MEASURING
DEVICE

MICROSTRIP
RECTANGULAR
PATCH
ANTENNA

2

SNOW MASS (2cm)

S§405 PHASE
STABLE
CABLE

SMA CONNECTOR

Figure 7. Laboratory measurement

In Figure 7, the measurement photograph of the nano
VNA and microstrip rectangular patch antenna in the
laboratory is given. Snow mass, connection equipment,
antistatic wristband and computer running nano VNA
Saver program are also shown.

4. RESULTS AND DISCUSSION

The S11 value, which was approximately -22 dB in the
computer program, was reduced below -60 dB with
minor changes in antenna dimensions, but -18.48 dB was
measured with nano VNA in real environment conditions
in the lab. measurements.

Measurements made under snow were more than 10 dB
effective and the S11 value was measured as -5.3 dB.
When snow is taken over the antenna again, -14 dB S11
is obtained. When snow was added on the antenna again,
it reached -4 dB levels as shown in Figure 6, the obtained
results are similar as the literatures [16-19] in terms of
attenuation.

Impedance matching is set to 50 ohms and 50 ohm
sensitive  SMA connectors are used in the actual
measurement. The impedance is 40.5 - j4.15 ohm in the
lab. experiment. The cables used are quite short (30 cm)
and their possible affects for attenuation are very little.

5. CONCLUSION

Electromagnetic wave attenuation due to rain, fog, haze,
dust cloud or snow has been studied in the literature.
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The attenuation of waves emitted from antennas was
clearly seen in this work by lab experiments. While dry
snow is not effective in weakening, wet snow is an
important factor in deterioration. So much so that even
when the snow is removed from the antenna, the old S11
value cannot be reached due to its wetness and thermal
values. When snow is added again, a worse result is
reached. In this case, it can be said that the main
deterioration is caused by water and wet snow not dry
snow with void.

6. FUTURE WORKS

It is planned to test the same antenna in an environment
created using an electronic device that gives an artificial
fog effect, and in a real fog environment.
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