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This research presents a comparative analysis of rectangular Microstrip Patch Antenna (MPA) designs
using python program for various substrates. Focusing on resonant frequencies from 1 GHz to 5 GHz, it
evaluates antennas with 1.6 mm and 0.8 mm thick substrates. A Python program computes antenna dimen-
sions (length and width) for given resonant frequencies, substrate permittivity, and thickness. The program
gives a list of tables with design parameter for a rage of resonant frequencies, different substrate and thick-
ness of substrate. Simulations in HFSS validate these results by comparing resonant frequency graphs. This
research paper examines how substrate properties — length, width, thickness, and permittivity affect reso-
nance. Six substrates (FR-4, Benzo, RT-Duroid, Nylon, Duroid, and Form) are analyzed to highlight their
impact on performance. This readily available list of table helps to design a microstrp patch antenna for any
resonance frequency, substate permittivity and thickness, very easily. Features of Python program can be
utilized to achieve this design of microstrip patch antenna in a convenient and easily method for this dimen-
sion analysis. By changing the range of resonance frequency, it is easy to implement microstrip antenna for
any wireless communication applications.
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1. INTRODUCTION

A Microstrip Patch Antenna (MPA) is a type of an-
tenna commonly used in wireless communication sys-
tems because of its compact size, light weight design,
and easy integration with printed circuit boards (PCBs)
[1-8]. The micro strip patch antenna operates on the
principle of electric field excitation between the radiat-
ing patch and the ground plane [2]. When the antenna
receives an input signal (usually through a feed mecha-
nism), the patch radiates energy into free space.

Neural networks have recently gained attention as a
fast and flexible tool for electromagnetic (EM) and mi-
crowave modeling, simulations, and optimization [4]. A
CAD approach based on neural networks has also been
introduced in the microwave community for modeling
[5]. A simple Python program can be used to simplify and
accurately obtain the design of a microstrip patch an-
tenna [10]. The advantages of Python can be fully uti-
lized to efficiently execute the design steps [9]. However,
despite being generated by a program, the resonant fre-
quency of the antenna may exhibit slight variations.
These variations can be corrected using artificial intelli-
gence techniques [5]. By training the system with more
data, the design process can be refined to achieve a
highly accurate antenna design for a specific resonant
frequency [4].
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2. ANTENNA DESIGN

This research work aimed in analysis of antenna de-
sign using different substrate materials. The proposed
antenna is designed over different substrate of dimen-
sion 60 x 60 x 1.6 mm? or 60 x 60 x 0.8 mm?3 each having
a specific dielectric constant.The resonant frequency of
the antenna is determined by the length and width of
the patch, the thickness of the substrate, and the dielec-
tric constant of the material. [2-4]. The size of the patch
and thickness of the substrate has an inverse effect on
the resonant frequency. The dielectric constant of the
substrate is directly proportional to the resonant fre-
quency [7]. Designing a rectangular microstrip patch an-
tenna for a specific resonant frequency involves deter-
mining the length and width of the patch for a given sub-
strate with a standard thickness.[4]

The key parameters required for designing mi-
crostrip patch antenna are the width and length of the
patch. Accurate values for both the width and length
have a significant impact on the results [3, 4].
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¢ — speed of light, f.— the resonant frequency.
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The effective relative permittivity (&efr) is calculated
from equation (2).

Er+1  Er-1 1
Sreft= — )
2 2 Jdy
Er =relative permittivity, A = height (mm)
AL (Sreff+0.3)(%+0.264)
" 0'412(£reff—0.258)(%+0.8) ()
13 0.3)(+0.264
AL = 0,412 H03G #0268 (4)
(ereff-0258)(3-+0.8)
-
L= 2fc. /oo /Ereff 2AL (5)
c
L= W —24L (6)

Where

L — Actual length of the patch (in mm)

W — Width of the patch (in mm)

no— Permeability of free space

AL — the extended patch length due to fringing effect.

2.1 Antenna Design using Python Program

The design of the patch antenna for a specific reso-
nant frequency is simplified using a Python program [9,
10]. The program accepts a range of resonant frequen-
cies for which the length and width of the antenna are to
be designed. It also accepts the thickness and dielectric
constant of the substrate. The program then outputs the
length and width for the range of resonant frequencies.
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Fig 1 - Flowchart for microstrip antenna design

The methodology shown in Fig. 1 will display the
width and length of a patch antenna across a range of
frequencies, with an increment of 0.2 GHz. It helps to
compare how the resonant frequency of the patch
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antenna changes with variations in its size. Addition-
ally, it will allow to study the behavior of the patch an-
tenna as the substrate material and its thickness
change. After calculating the length and width of the
patch, the simulation is carried out using HFSS [8-12].
With the combination of this Python program and the
HFSS simulation software, analyzing the performance
of a patch antenna with different patch sizes, sub-
strates, and substrate thickness is not a daunting task.
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Fig. 2 - Resonant frequency obtained from HFSS

Table 1 - Size Vs Frequency (1.6 mm thickness)

Die_Ele Er=A.4 (FR4) |Er =2.6(Benzo] {r=10.7(Duroid) | Er=3.8{Nylon) F=2.2(RT-DuroEr==L05(Foam)
FinGHg W | L | W | L Wi LWL |WwW|L]|w]|]lL
1 |9129|70L31) 1118 ] 9251 | 62.02) 43.85) 98.91| 78.76| 113.6) 1005 148.2 144.25
12 | 7607|5937\ 93.17| 76.98 | 35L68| 38.17) 8242| 63.56] 98.82) 83.58) 123.5) 119.86
14 |63.21|50.83) 79.86 | 63.89 | 44.3| 3268 70.65| 36.13| 847| 7052 105.8 10243
16 |57.05(4442)69.88 | 57.57 | 38.76| 28.56 6182 49.05| 74.12| 6247) 926 8936
1§ |50.72|3943) 6211 | 5109 | 34.45| 25.34| 3495 43.54| 65.88| 55.44) 8231 .19
1 |45.64|35.44] 559 | 459 | 3L01) 22.77| 4543 9.13) 39.29) 49.8 7408 7106
20 |4149|32.17)50.82 | 4166 | 28.19| 20.66) 44.96| 33.52| 53.9| 45.19) 67.33 44l
24 |38.04|2044) 4658 | 38,12 | 25.84| 189| 4L21) 32.5| 49.41| 41.35) 6L73| 5847
A6 |38I1|2703) 83 | 03| 23.85| 1741) 3804 29.95| 45.61| 38.09) 5698 M1
28 | 326 |25.15) 3993 | 3256 | 2215|1603 35.32) 22.77| 42.35| 33.3) 5091 53005
30| 3043 | .43)37.27) 3033 | 20.67) 15.01) 3297 25.87] 39.53) 32.88) 49.39 4667
30 | 18.33|20.92| 3494 | 2838 | 19.38) 14.04) 309 24.20) 37.06) 30.77) 463 4362
34 | 2685|206 |32.88 | 2665 | 18.24) 13.18) 29.09| 20.74] 3488 289 4353 4093
36 | 2536|1941(3006| 2512 | 17.23) 1241) 2747 2143 3294) 21.23) 4116) 3854
38 | M02)1835| 942 | B0 | 1632 1L73) 2003 2026 3L21) 574 38.99) 364
4 |282| 174|219 | 52| 155| ILIN| 2473 19.21) 29.65) 244 17.04) 3448
42 |2174\1653| 2662 | 214 | 1477) 1055 2355 18.26| 28.23) 23.19) 35.28) 3273
44 | 2075|1575 BAL| 2038 | 14.09) 10.04] 2248) 17.39| 2693 22.09) 33.67) 3L15
46 |1985|15.03) 2431 | 1945 | 1348 9.57) 213 lob| 2578 2L08) 32.21) 2571
43 |1902\1437)23.29| 186 | 1292) 9.4 20.81) 15.87| 2471 20.15) 30.87) 28.38
5 |1826(1376| 2236 | 1781 | 124| 75| 1978 152) 3.72) 193] 2963 27.16‘

Table 1 presents the length and width of the patch an-
tenna for resonant frequencies ranging from 1 GHz to 5
GHz, with an increment of 0.2 GHz. It also explains the
patch size for different substrates, each with a thickness of
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1.6 mm. The substrate materials used for comparison are
FR4 (with a relative permittivity, & = 4.4 Benzo (& = 2.6),
Duroid (& =10.7), Nylon (& = 3.6), RT-Duroid (& = 2.2), and
Form (& = 1.05). These six common substrate materials are
used to compare the behavior of the microstrip antenna. It
is easier to analyze the relationship between antenna size
and resonant frequency across different substrates using a
table rather than a graph. This provides a clearer under-
standing of how the antenna behaves with different sub-
strates, sizes, and thicknesses.

Table 2 — Size Vs Frequency (0.8 mm thickness)

Die_Ele Er=4.4FR4) |Er=2.6(Benzo] ir=10.7(Duraid) | Er=3.6(Nylon) £=2.2(RT-Duro|Er==L1.05{Foam)
FinGH W | LW | L | WL | W[l L|W]L|W]|L
1 |9009|7045/ 110.8| 9286 | 6202 459 98.91 73.93| 118.6| 1008| 148.2) 145.32
12 | 7607|3952\ 9317| 7735 | 5L68| 38.23) 8242) 68| 98.82| 83.95| 123.3) 120.92
14 |65.21) 51 |7.80|66.27 | d44.3| 3278 7065 56.38) 847| TLS1| 105.8) 103.43
16 |57.05|44.61) 69.88| 57.56 | 38.76| 20.68) 01.82) 49.32 41| 687 926 9042
18 |5072|39.64) 6211| 515 | 3445| 2548) 3493 43.83] 65.88] 35.85| 8231 0.2
2 | 4564|3566 359 | 46.33 | 3L01) 22.93) 49.45 39.43| 59.9) 50.22| 74.08) TL.13
11 |4149) 324 \5082| 421 | 2819( 20.83) 4496 35.83) 39| 45.62) 6735 0547
24 | 3004|2968 46,58 | 3057 | 25.84] 19.09) 41.21) 32.84] 49.41] ALTO| 6173 39.93
26 |1511(2738) 4 | 3559 | 2385 1761) 304 30| 45.61] 38.54] 36.98 3524
15 | 3160|542 3993 | 33.03 | 2215(16.34) 35.32) 28.12) 42.35( 35.76| 5291 5L
(3043|870 1727 081 2067 15.4) 3097 26.24| 39.33| 33.35| 4938 4173
32 | 2853|22.21) 3454 | 28.87 | 19.38] 1428 0.91) 4.59] 3706 324 463 468
34 |2685|20.89| 3283 | 2716 | 18.24| 13.43) 25.09) 23.13| 34.88| 29.37) 43.58) 4199
36 | 2036(19.72) 3L06| 2563 | 17.3| 1267 27.47) 20.84] 30%4| 27.72) 4116 396
38 | 2402|1867 942 | 427 | 16.32] 1099) 26.03) 20.68| 3L2L| 26.24) 3393 3746
4 |28\ 1770 1755 | 04| 155 1038 24.73) 19.63| 29.65) 29| 37.04 3533
42 | 2174 10.86| 20.62| 2193 | 1477 10.83] 23.35| 18.69| 28.23) 23.69| 35.28| .79
4412075 16.09| 2541 | 2092 | 14.09] 1033 22.48| 17.83) 26.95) 226) 3367 322
46 |19851537)431| 20 | 1348 9.87) 2L3| 17.05| 25.78| 21.59| 32.21) 30.76
48 | 1902|1472 305| 19.06 | 1292) 945 2061 16.33) .71 20.67) 087 2943
5 1826|1412 236 | 1838 | 124] 906 19.78| 1567) 372 19.83) 29.63) 2.2

Fig. 3 and 4 show the relationship between mi-
crostrip antenna size and resonant frequency for sub-
strates of 1.6 mm and 0.8 mm thickness, respectively.
Each graph contains six color-coded lines representing
different substrates. In Fig 3, the lines are linear but not
parallel, illustrating how antenna length and width vary
with frequency. The width is always greater than the
length, and lower frequencies correspond to larger an-
tennas [13]. The inverse relationship between size and
frequency is nonlinear — size changes more significantly
from 5 GHz to 4.8 GHz than from 1.2 GHz to 1 GHz. At
lower frequencies, small frequency shifts require sub-
stantial size adjustments, while at higher frequencies,
the size change is minimal.

The graph shows that at higher frequencies, most
lines converge, indicating similar antenna sizes across
different substrates, while at lower frequencies, they
diverge significantly. This suggests that antenna size
variation is more pronounced at lower frequencies. Ad-
ditionally, the length of each line varies, highlighting
non-uniform size changes across substrates. The rela-
tive permittivity (&) inversely affects antenna size —
lower & (e.g., 1.05) results in larger antennas,

J. NANO- ELECTRON. PHYS. 18, 01022 (2026)
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Fig. 3 - Size of antenna vs Resonant frequency of different sub-
strate with 1.6 mm thickness

while higher & (e.g., 10.7 for Duroid) leads to smaller an-
tennas at the same frequency. Thus, using a higher per-
mittivity substrate enables a more compact antenna de-
sign [11].

Fig 4 shows the relationship between substrate di-
mensions and resonant frequency for a 0.8 mm thick mi-
crostrip antenna. As substrate thickness increases, an-
tenna size decreases slightly. Using the given design
methods, the width remains constant while the length
varies slightly for 1.6 mm and 0.8 mm substrates at the
same frequency. The graph indicates that the slope rep-
resents size variation with frequency changes, increas-
ing as frequency decreases. A lower relative permittivity
or substrate thickness further steepens the slope.
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Fig. 4 — Size of antenna Vs Resonant frequency of different
substrate with 0.8 mm thickness

Fig. 4 shows the relationship between resonant fre-
quency and antenna size for 0.08 mm thick substrates.
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Both Figures 3 and 4 share similar properties, differing
only in substrate thickness. As thickness increases, an-
tenna size decreases for a given frequency. The key dif-
ference is the slope — Fig. 4 has steeper slopes than
Fig. 3, indicating larger antenna sizes. Thus, resonant
frequency is primarily influenced by antenna size, sub-
strate thickness, and material.

3. CONCLUSIONS

This research analyzes rectangular microstrip patch
antennas using python program and HFSS simulations,
highlighting the effects of substrate materials and thick-
ness. The results show that higher relative permittivity
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Poamipuuii aHas1ida MiKpOCMYKKOBOI MaTY-aHTEHHU JJIS Pi3HUX MIIKIATOK
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Ile mocutipreHHs Ipe/ICTaBIIsAe TOPIBHAIBHAM AHAJI3 KOHCTPYKITIN IPSIMOKYTHUX MIKPOCMY?KKOBUX I1aTY-
anted (MPA) 3a momomoroio mporpamu Python mmsa pisHux miakiramok. 3ocepemKylodnch HA Pe30HAHCHUX
vacrorax Big 1 I'Tx mo 5 I'Tir, BoHa oIiHIOE aHTEeHH 3 MiAKIagKaMu ToBIIMHOL 1,6 MM Ta 0,8 mMm. [Iporpama
Python o6umcioe posmipu anTeHu (IOBKUHY TA IMUPUHY) IJIA 3aJaHUX PE30HAHCHUX YACTOT, M1eJIeKTPUIHOT
IPOHUKHOCTI TA TOBIIMHY IiAKIaqKu. [[porpamMa Hamae COMCOK TAOIHIH 3 IapaMeTPaMu IIPOeKTYBAHHS JIJIs
iamas3oHy pe30HAHCHUX YACTOT, PI3HUX MITKJIAI0K Ta TOBIMHY makaaaku. Mogemosauusa 8 HFSS minrse-
PIDKYE Tl pe3yIbTaTH MIJITXOM IIOPIBHAHHS rpadikiB pe30HAHCHUX YacTOT. ¥ I JOCTIIHAIIBKIA PpoboTi po3-
TJISAEThCS, K BJIACTUBOCTI MIIKJIAJKKM — JOBKHMHA, IIMPWHA, TOBIIWHA TA JleJIeKTPUYHA MPOHUKHICTE —
BILUIMBAOTH Ha pe3oHanc. [IpoamasizoBamo etk makaanok (FR-4, Benzo, RT-Duroid, Nylon, Duroid Ta
Form), mo6 BucBIT/INTH IXHIM BIIMB HA IPOAYKTUBHICTE. 1[eif JIETrKOMOCTYIIHMI CITUCOK TAOIUIT JOIIOMATae
JIysKe JIETKO CIIPOEKTYBATH MIKPOCMYKKOBY IIaT4Y-aHTEHY JJIst 0y 1b-SIK0I pe30HAHCHOI YaCTOTH, JieJIEKTPUYHOT
TPOHWKHOCTI Ta TOBINWHU MiAKIaakA. MoskauBocTi mporpamu Python mokHA BHKOPHCTOBYBATH JJIS JTOCAT-
HEHHA ITiel KOHCTPYKIIII MIKpPOCMY XKOBOI IIATY-aHTeHN 3PYYHUM Ta IIPOCTUM METOI0M AHAJII3y po3Mipis. 3Mi-
HIOIOYUH J1ala30H PEe30HAHCHOI YaCTOTH, JIETKO PeaidyBaTH MIKPOCMYKKOBY AHTEHY IJIA OyIb-IKHUX 3aCTOCY-
BaHb 0€3IPOTOBOrO 3B'I3KY.

Kmiouosi cnosa: MPA, Anasnis poamipis, PTFE, FR4, RT/miopoizn.
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