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Abstract-This paper Presents an investigation of the effect of random change of relative
permittivity on the performance of microstrip transmission line, Suitable computational
methods have been used; namely: MONTE CARLO and FEM. While the former Method
is applied for the estimation of random variation, the Latter Method estimates resulting
line parameters values. Results are encouraging due the use of truncation division within
the available length rather than the techniques that are based on extra-length extension.
Keywords-Random Substrate Impurity,Microstrip Line, Monte Carlo ,Truncation,
Threshold, propagation constant, Attenuation constant, phase Constant.
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I. INTRODUCTION

The main subject of this work is an investigation into the effect of random changes in
relative permittivity on the performance of microstrip transmission lines, so it can
contributes to the field of RF and microwave engineering by providing insights that lead
to improved designs, ultimately enhancing the performance and reliability of microstrip
line applications. This work uses Monte Carlo simulations to explore how variations, like
impurity substrate material, truncation width on propagation constants that effect on the
performance of microstrip lines. The aim is to show behaviour of microstrip lines and
improve their design for purposes, The study focuses on investigating the effect of
impurities in substrates on microstrip lines. For this reason, the Monte Carlo simulation
method was used to get data on how impurities affect the performance of microstrip lines,
Microstrip lines play a strong role as interconnection components, in microwave
integrated circuits. Random substrate impurity is a common problem in the
semiconductor, as a result, the performance of microwave devices can study the effects
of the dielectric substrate, such as random variation of the relative permittivity, on the
performance of microwave devices, however, the investigation of the effects of random
substrate impurities in microstrip lines by using Monte Carlo simulations has main reason
could be simulated the random events in the substrate [1].

I1. Background

A. Microstrip Line Theory:

Microstrip lines are important components in microwave engineering, commonly used in
the design of microwave circuits like filters, couplers, and antennas. These lines consist
of a thin metallic strip placed on top of a dielectric substrate, with the ground plane
underneath. The design of microstrip lines involves understanding the relationship
between the geometry of the lines and their characteristic impedances, specifically even-
and odd-mode impedancesZ,, and Z,,respectively [2]. In coupled microstrip lines, the
design process is typically hindered by expressing even- and odd-mode impedances in
physical geometry. [2].

B. Transmission Line Parameters:
For thin conductors ( t — 0), closed-form expression (error < 1 % ), Wh<1:

Ere = T+ T {(1 +12 %)_0'5 +0.04 (1 -
12%)2 } (1)
Ze = 5=In (% +0.25%)

(@)

n is the intrinsic impedance of the medium (often related to the speed of light and the
properties of the medium).

W/h >1:
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gre =T 4+ 1{(1 +124) } (3)
-1
Z, = M]g_{% +1.393 + 0.677 In (% + 1.444)} (4)

For thin conductors ( t — 0), more accurate expressions, Effective dielectric constant
w
(error<0.2% ), U =

1 Ep—1 10\~
re =T+ 2 (14 7) ©)
1 u4+(l)2 1
a=1+=In(——2)+—In|1+
49"\ ut+0432) ' 187
u \3
(55 | ©
£,—0.9 0053
b = 0.564 (:) )

Characteristic impedance Z. (error <0.03 % ), u :% .

7. = znﬂsre In E + Il + (%)Zl (8)
f=6+ (2m— 6)exp [— (30'666)0'7528] 9)

u
A= % , Where A is its wavelength., ¢ = 3 x 108 m/s is the speed of light in vacuum, and

f is the frequency of the electromagnetic waves .
A

Guided wavelength A, = T (10)
Propagation constant 3 = ;—“ (12)
g
phase velocity v, = %, where w = 21tf (12)
1
_ 1207 (1/g,)? (13)

- (W/h)s+0.882+[(sr+1)/1-[sr]{ logS(W/h)s+1.88)+0.758}+[(sr—l)/ £r2](0164)

Z is the characteristic impedance of the equivalent single microstrip line, which is
equivalent to the (W/H)s shape ratio, the formula is instrumental in the synthesis step of
the design procedure, to calculate the geometry of coupled microstrip lines based on the
required even- and odd-mode impedances [2] Cut off frequency f. of first higher-order
modes in a microstrip:
C

= 14
fc vV E€r(2w+o0.8h) ( )
C. Characteristic Impedance of Microstrip: In Figl ,the transmission line's
characteristic impedance assumed that the ground plane and the center conductor have
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potentials of one and zero volts, respectively, which determined by dividing the centre
conductor into N-equal subsections, AC along the cross section [6], while Fig.2 displays
the cross section of it with frequency, the length L is also regarded as a changeable
parameter.

GROUND FLANE V=0

Fig. 1:Cross section of a microstrip transmission line[6]

i _E i
t 1

D. Monte Carlo Simulation Methodology

A Monte Carlo simulation is a mathematical technique that simulates the range of possible
get for an uncertain event. These predictions are depending on an estimated range of
values instead of a fixed set of values and evolve randomly. The historical background of
Monte Carlo simulation methodology dates back to the development of the technique by
Stanislaw Ulam and John Von Neumann in the 1940s during their work on the Manhattan
Project. The method was named after the famous Monte Carlo Casino in Monaco due to
its reliance on random sampling techniques reminiscent of gambling. Initially used for
solving complex mathematical problems in physics and engineering, Monte Carlo
simulation has since found applications in various fields such as finance, risk assessment,
and computer graphics. The methodology involves generating a large number of random
samples of input variables to estimate the behavior of a system or model under
uncertainty. Setting a threshold for specific value as 0.5 that shouldn't exceed and by
repeating the process multiple times, Monte Carlo simulation provides a probabilistic
insight into the possible outcomes of a given scenario, making it a valuable tool for
decision-making and problem-solving in diverse domains. [3]
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The principles and concepts of Monte Carlo simulation revolve around the generation of
random numbers to model complex systems in order to estimate their behavior and output
[3]. One fundamental principle is the law of large numbers, which states that as the
number of iterations or simulations increases, the average outcome converges to the
expected value. This convergence is a key feature that allows Monte Carlo simulations to
provide accurate estimates of system behavior [4]. the concept is the use of random
variables to represent uncertain parameters in the system being modeled. By sampling
from probability distributions that characterize these variables, Monte Carlo simulations
can capture the variability and uncertainty inherent in real-world systems, making them
invaluable tools for decision-making in complex scenarios.

E. Random Substrate Impurity Model

Provides an in-depth investigation of the impact of random substrate impurities on the
performance of microstrip lines. The model takes into account variations in the dielectric
properties of the substrate material due to the different values of impurities, which can
introduce variations in the characteristic impedance and propagation characteristics of the
microstrip line. By incorporating statistical distributions of impurity concentrations and
spatial locations within the substrate, the model provides a more realistic representation
of the actual operating conditions of microstrip lines in practical applications. This level
of detail enables understanding of the behavior of microstrip lines under real-world
conditions, which is essential for the design and optimization of high-performance RF
and microwave circuits [5].

The Random Substrate Impurity Microstrip Line Model serves as a valuable tool for
researchers and engineers working in the field of Radio Frequency and microwave circuit
design, offering insights into the effects of substrate impurities that may not be captured
by traditional, idealized models [5], The applications of the random substrate impurity
microstrip line model are manifold, the model provides a valuable tool for analyzing and
understanding the impact of substrate impurities on the performance of microstrip lines,
which are integral components in high-frequency circuit design. By incorporating random
impurity effects, the model enables researchers and engineers to simulate more realistic
scenarios and make more accurate predictions about key parameters such as signal
transmission loss, in fact that the truncation has been effect on propagation characteristics
as a direct result of its tiny magnitude and the distance between areas. [7], Now efficiently
spread throughout the conductors' whole volume, resulting in notable radiation and
Ohmic losses. [8] low-loss substrate that can be used to integrate passive components, but
it has a lot of disadvantages, including the inability to do wafer micromachining and
thinning and integration of substrate [9], The use of Monte-Carlo simulations for
scattering by random rough surfaces has grown in popularity recently. Since the invention
of contemporary computers, such large-scale issues can now have numerical solutions.
When solving random rough surface scattering issues, the tapering wave integral equation
formulation and method of moments are most frequently utilized. [10].
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I11.  Simulation Results and Analysis:
The results Analysis provides the following:

In Table 1 and with varying the truncation width, allow to observe changes the
propagation constants for different Epsilon values in the signal propagating via microstrip
line. by increasing the value Epsilon Values, the Attenuation constant and phase constant
will increase as in Figures [2,4,6,8,10,12] ,The histogram displays the frequency of
current values in the ensemble average, and a threshold line is calculated as in Table 2
and plot to indicate the specified threshold values as in Figures [1,3,5,7,9,11] for each
epsilon value, this allows for analysis of the distribution of current values that exceed or
meet the threshold. In Table 3 there is the computing of Ensemble Average over 60
truncation width, the values represent as current distribution along the microstrip line at
discrete locations is listed in Table 4.

Table 1.Calculate the propagation constants for different Epsilon values

Epsilon values Attenuationconstant Phaseconstant
3.8 7.82566 7.77566
4.0 7.92665 7.87665
4.2 8.02393 7.97393
4.4 8.1178 8.0678
4.6 8.20851 8.16851
4.8 8.29632 8.24632
Table 2. Calculate the thresholds different Epsilon values
Epsilon values Threshold
Epsilon =3.8 0.494721
Epsilon =4.0 0.488282
Epsilon =4.2 0.495411
Epsilon =4.4 0.491700
Epsilon =4.6 0.490102
Epsilon =4.8 0.481829

A. Ensemble Average Current Distribution and Histogram for Epsilon =3.8.

Ensemble Average Current Distribution

i A |l Epsilon = 38

i
=l

Number of data points

=}

o 0.1 0.z 0.3 0.4 0.5 0.6 0.7 0.8 [=K-] 1
Curre mt

Fig. 3: Ensemble Average Current Distribution for Epsilon =3.8 with a threshold = 0.494721
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Fig.4: propagation constants for different truncation widths for Epsilon =3.8 ,With and
attenuation constant value of 7.82566 and phase constant =7.77566

B. Ensemble Average Current Distribution and Histogram for Epsilon =4.0

Ensemble Average Current Distribution
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Fig. 5: Ensemble Average Current Distribution for Epsilon =4.0 with a threshold
=0.488282

Propagation Constants for Different Truncation Widths
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Fig. 6: propagation constants for different truncation widths for Epsilon =4.0 , With and attenuation
constant value of 7.92665and phase constant =7.87665
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C. Ensemble Average Current Distribution and Histogram for Epsilon =4.2

Ensemhle Average Current Distribution
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Fig. 7: Ensemble Average Current Distribution for Epsilon =4.2with a threshold =0.495411
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Fig. 8: propagation constants for different truncation widths for Epsilon =4.2, With and attenuation constant value of

8.02393 and phase constant =7.97393

D. Ensemble Average current Distribution and Histogram for Epsilon =4.4

1 Ense_'mble Average Current Distribution
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Fig.9 Ensemble Average Current Distribution for Epsilon =4.4with a threshold =0.491700
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Propagation Constants for Different Truncation Widths
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Fig. 10: propagation constants for different truncation widths for Epsilon =4.4, With and attenuation

constant value of 8.1178 and phase constant =8.0678

E. Ensemble Average Current Distribution and Histogram for Epsilon =4.6

Ensemble Average Current Distribution
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Fig.11: Ensemble Average Current Distribution for Epsilon =4.6with a threshold =0.490102
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Fig.12: propagation constants for different truncation widths for Epsilon =4.6 , With and attenuation

constant
value of 8.20851 and phase constant =8.15851
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F. Ensemble Average Current Distribution and Histogram for Epsilon =4.8

Ensemble Average Current Distribution
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Fig.13: Ensemble Average Current Distribution for Epsilon =4.8with a threshold =0.481829

Propagation Constants for Different Truncation Widths
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Fig.14: propagation constants for different truncation widths for Epsilon = 4.8, With and attenuation constant value of
8.29632 and phase constant =8.24632

Table 3: Ensemble Average for 60 truncation width with 0.6 of width

Trunc. Ensemble Trunc. Ensemble Trunc. Ensemble
width | Average width | Average width Average
06w 1 4 908557 126w 1 430083 | 240V 0.459017
Law 1 6 020763 182w 1 gog2 25.2w 0.609972
L8W 1 992817 138w | (578038 | 58V 0.946861
24T 0 862655 14w 1 13565 | 204V 0.335032
3w 1 670217 150w 1146760 | 27OV 0574947
36w 1 277851 156w 1 0400501 | 27OV 0.823304
420 451067 162w 1 o o50g17 | 282V 0.19018
A8W | 280487 168w 1 30800 | 288W 0.046417
SAW 6 671015 14w 1 630678 | 24V 0.704312
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6OW 1 092353 180w 1 65012 30.0w 0.330207
66w 1 4 979966 186W | o 4o775 | 306W 0.082319
T2W 1020082 192w 1 614743 | 312V 0.665436
T8 516404 198w 1 g op1e1 | 3TBW 0.468846
84w 1 1 288066 204w 1 ggargp | 324V 0.213389
SOW 1 4 481305 2LOW 1 65186 33.0 0.812824
O6W 1§ 552402 2LOW 1 703003 | 336W 0.156275
102w 6 647422 2220 | 377839 | 342W 0.438111
108W 1 4 170034 2280 | o goeay | 348V 0.15188
1141 9300382 23401 00ga305 | 34V 0.722682
120w 1 4 519664 240w 1 g3ggas | 30OW 0.077879

Table 4: Current Distributions at 60 truncation width with 0.6 of width

Trunc. Current Trunc. Current Trunc Current Trunc Current

width Distrib. width Distrib. width Distrib. width Distrib.
0-6w 0697298 | 2% 096054 | BB 0201446 216w 0.713321
12w 0310258 | 102 oaeeasr | W 07561 28.2w 0.75743
Léw 0766878 | 108 0751181 | 198" og1e048 28.8w 0.753734
24w 0707993 | % 0520725 | MW 189944 294w 0.317045
3.0w 0667197 | 2O oggarze | 2P 02067 30.0w 0.393018
36w 0072775 | 2% 0863005 | PO 765798 30.6w 0.672835
42w 0362891 | B ooor0a3 | P oo13027 312w 0.452455
48w 031782 | B ooaeess | 2BV o114716 318w 0.389159
SAw 0201819 | W ogez001 | AW 0.05596 324w 0.719788
6.0w 020015 | P gomss | 24 gos0767 33.0 0.537852
66w 0450078 | O gopoer | 2P 783462 33.6w 0.626812
72w 0469602 | &2 oo7as7 | P> 0703762 34.2w 057833
78w 0462002 | 188  o3giee | 28 g1z 34.8w 0.948658
84w 0907172 | YW osoa285 | 284 0 ogasss 354w 0.866551
90w 0616364 | 8O o73se3s | 27O 717001 36.0w 0.05208

IV. CONCLUSION

More effective truncation technique within the total transmission line has been realized.
A stream of relative permittivities values (range from 3.8 - 4.8 in step of 0.2) have been
tried to realize the random variation effects .Another randomly chosen range can be
used), both used computational Methods shown to be suitable with truncation scheme and
permittivity chosen to the used procedure. Table 1 displays how varying the truncation
width affects the propagation constants for various epsilon values. As seen in Figures 4,
6, 8, 10, 12, and 14, increasing er values results in a rise in the attenuation constant as
well as the phase constant. The frequency of the current values in the ensemble average
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is shown by the histogram analysis, for each relative permittivities value, threshold values
are computed (as shown in Table 2) and represented by threshold lines in Figures 3, 5, 7,
9, 11, and 13. The distribution of current values that exceed or match the given threshold
is revealed by this study. Compute the ensemble average over 60 truncation widths and
compare it to the current distribution. The ensemble average represents the current
distribution along the microstrip line at discrete locations listed in Tables 3 and 4, it also
indicates that wider value of the attenuation and phase constants are increased result by
increasing the value of relative permittivities. This gives an advantage for this work, That
one can always use suitable computation code determining suitable truncation length for
the desired application.

V- ABBREVIATIONS AND ACRONYMS
FEM Finite Element Method

Zoe Even -mode impedances
Zoo Odd -mode impedances
w Width of Strip width
h height of Strip width
& Substrate Relative Permittivity
S Gaps
® Angular frequency
fc Cut off frequency
Z: Characteristic impedance
Ere Effective dielectric constant
Ag Guided wavelength
B Propagation constant
vp phase velocity
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