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ABSTRACT

The Fisher-Tippett distribution continuous, which is a fundamental concept lying in extreme value theory, is a very crucial thing
in semiconductor and nanomaterial systems when it is about the behavior of electronic transport properties is modeled. This
inquiry seeks how well the Fisher-Tippett distribution can work for the improvement of the carrier dynamics, conductivity, and
mobility concerning the various thermal and doping conditions. By using the simulation and the analytical method, we analyze
five numerical illustrations to show the impact of the extreme electron states on the charge transport efficiency. The research
study is written by a combination of statistical mechanics and numerical modeling, which allows the derivation of key transport
parameters of charge carriers, in order to make accurate predictions under differing environmental conditions. The conclusions of
the findings report novel ideas that are related to the extreme values of the distributions used in the design of electronic materials
that lead to the development of semiconductor technology, thermoelectrics, and optoelectronic applications. Finally, the paper
ends with some general-thinking matters like the real-world applications and the possibilities of future research.
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INTRODUCTION

Extreme value theory is a statistical approach dealing with extreme events that cannot be counted with normal distributions.
Extreme value theory (EVT) is one of the main domains of statistical models. It deals with the prediction of rare events such as
structural failures, earthquakes, heavy undercropping, floods, and fires. where the conventional statistics methodologies are still
appreciatively weak. Fishers-Tippett distribution is a continuous one of the fundamental distributions in the field, which is also
referred to as the Extreme Value Distribution (EVD) [8-12]. The distribution is a model that allows one to determine the
distribution of extreme events in various scenarios from different points of view such as weather, engineering, finance, and
material science. It is the Fisher-Tippett theorem that the independent and identically distributed (i.i.d.) variables as the maximum
(or minimum) values from a large sample from a population converge to one of only three distributions: Gumbel, Fréchet, or
Weibull distributions [19-22]. The maximum and minimum standards are different tails of a distribution that follow the Fisher-
Tippett theorem. We can describe accordingly the different extreme types of behavior referring to the tail properties of the
distribution. This gives rise to "more or less skewed" distribution types. The dramatic increase in the diversity of particles in the
2D compares to 1D and 3D (monolayers and bulk) the quasi--2D particles are mainly chameleon-like and this phenomena are
unusually huge and effective (thus, efficacious) which can be one type of the monster. [23-27].

The basic idea of the Fisher-Tippett class is to fit extreme tails in such a way that they do not exactly fit the regular distributions
such as Gaussian or Exponential. Instead, it explores the very low rough test probabilities. For the illustration, it is utilized in the
climate science as the hurricane's design and behavior The results are coupled with the occurrence of other extreme weather
conditions, like heatwaves, floods, etc. [31-36]. The model can be convenient in finance in analyzing the timing of a market crash
or, on-demand, the return of an asset by computing possible rare-large financial losses. [37-40] It has also the option to be a tool.
For example, MTA and Port Authority would require a more complex and integrated traffic and road safety management system.
In material engineering and sciences, the mass is compressed by the plasma to the extent of becoming molten ultra-rapidly via a
micrometeoroid impact was predicted by the model that advised workers to incorporate of secondary materials into the initial
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process plan that was designed in CIMP-3D and thus to match only the dry and wet redid finishing operations of each part. [41-
45].

Mathematically, the Fisher-Tippett continuous distribution is expressed as [46-50]:

F(x) =exp (—e%) @

where u depicts the average, o is the standard deviation, and x is the value of the point where the tail falls. The product is the one
that tells us how the electron energy states behave at the electron charges high-energy transport and it is a great tool for scientists
to understand it. This formula is at the core of the extreme value theory and it helps researchers in forecasting the probability of
certain events based on the historical data they have [51-55].

Electronic components are usually modeled with Gaussian distributions having symmetric qualities, i.e. they have the same
probability for going up and down. [61-65] Instead, you can see non-Gaussian distributions like asymmetric ones showing large
outliers in material structures. [66-70] In added short-tailed behavior of a distribution, the tail-swinging effect of a distribution is
increased. In this respect, the Fisher-Tippett distribution provides a more exact means of modeling the tail behavior, resulting in
improved prediction of transport parameters such as electron mobility, conductivity, and carrier concentration [71-76]. These
firms are not limited to material science. The simple Fisher-Tippett distribution is a wonderful idea in modeling extreme value
theory across various disciplines in different fields such as not delivering goods for nothing (gratis) material production, finance,
and others. [77-80]. Besides, the application did that project by this developed a lot of the things such as the project of Industries
that models the strength and failure probabilities of materials under the extreme stress conditions that it is used to design more
durable structures. [81-85]. As the time passes, the Earth's climate is becoming more unpredictable. Understandably, in every
sector, especially in the economic and business sector, different strategies for dealing with the situation must be generated. Of
course, those who are in the positions of running things with the least amount of problems would be benefited by having a plan in
place should such an event occur. [86-90]. Naturally, the downside to this is the cost. If a switch is made at a very low building
level to a more responsible design, then me/me + i) value could become significant.

Computer chips with three error-correcting check codes built in are less likely to produce an error than double-error-
correcting...[91-95]. Furthermore, the failure rate of the data collecting systems was recently brought down after the electronic
systems of major companies like Apple inc. and Tesla Motors were re-engineered and reinvigorated [96-100]. In these
applications to environmental monitoring, the most highly elevated results are obtained through the use of statistical tools that
model extreme events, enhance system potential, and provide the decision-making capabilities for the model's output to be
reliable. Staff at the company build the model and design the apparatus while a local vendor works on part replacement. [101-
103].

Despite its vital import, the direct application of the Fisher-Tippett distribution in very down-to-earth situations is fraught with
many difficulties. The older practices of this kind of distribution mean it expects large datasets with independent and identically
distributed (i.i.d.) variables, but most real data sets are not, so they include cluster and correlation which makes the assumption
false. Besides the fact that the parameter estimation for this distribution is not always simple but usually is hard enough that it has
to use powerful computational tools for maximal model accuracy. What protagonists do is they deal with these issues by
introducing the latest ideas in the area of computer sciences including the computational simulation, machine learning algorithms,
and hybrid statistical models. In addition, when it comes to parameter estimation to promote the Fisher-Tippett model, Bayes
Theorem and Monte Carlo simulations can complete the task by incorporating information and quantifying uncertainty. The other
research explores supervised learning for extracting the extreme events in inexplicable datasets that may be used in various real-
world cases such as the financial market and the climate system to improve times to market. The role of the Fisher-Tippett
continuous distribution in predicting extreme events in diverse fields is under scrutiny. Its aim is to improve the numeric
implementation, check the theoretical results by doing computerized simulations, and explore optimization methods for practical
applications. The researchers have created strong techniques to use the Fisher-Tippett distribution and the development of extreme
value theory and its implications are the results of this investigation. More than that, the results will help researchers in making
reliable risk assessment models, accurate material durability predictions, and better financial risk management strategies, which
means extreme event forecasting is going to be more reliable and accurate in the future.

Extreme value statistics is critically important in the context of the prediction of scarce and very important events in diverse areas,
including material science, finance, climate studies, and engineering. The Fisher-Tippett continuous distribution is the one mostly
widely used to model extreme events of this kind, thus to assess risks and to optimize systems. But mostly the traditional methods
used to predict extreme values are not good enough to capture all the complexities of the outcome values of modern high-variance
data, hence failing to forecast rare events accurately. There exists the necessity of a better understanding and application of the
Fisher-Tippett distribution in order to assure the predictive accuracy and the reliability of the statistical models. On the other hand,
although the Fisher-Tippett distribution has long been studied in extreme value theory, its direct application in the new generation
of computational simulations and real-world situations is undiscovered territory. A large number of investigations is on the level
of theory which does not include the numerical simulations or experimental verification. Moreover, there is a tiny amount of
research about how to optimize model parameters to make it perfectly fit the ever-dynamic and non-linear data and still be super-
accurate in terms of predictions.
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This paper is in fact about the extreme value distribution which consists of two parameters, namely the location and scale
parameters, on the one hand, and the one on the other hand. The mentioned parameters will come as well as the method of
numerical modeling applied and the accuracy of prediction consequently. The research will develop computational models,
validate them with experimental data where applicable, and propose parameter optimization techniques to enhance practical
usability. The ultimate goal is to provide a more robust framework for applying Fisher-Tippett statistics to real-world problems.

This research aligns with previous studies in the field of extreme value theory by using the Fisher-Tippett distribution, which is
the basis for studying the occurrences of rare events in the nature of the phenomena under consideration. Just like previous
studies, it uses mathematical derivations and numeric simulations to study the statistical properties of the model. Moreover
physical and non-physical cases including speculation as well as climate and catastrophe studies in finance, focus on high-impact
events.

It differs significantly from the research conducted earlier where emphasis was given to the theoretical forms only. This research
focuses on the computational aspect of the issue by the integration of computational simulations and parameter optimization
techniques that aim to enhance the predictive power of the Fisher-Tippett distribution. The work seems to be the next step that
presents now more advanced numerical methods for the solution of distribution equations that are the key to more precise
modeling. Also, the diversity of the domains to which the distribution is applied-electronic transport, structure failure analysis,
and financial risk assessment increases the scope of extreme value prediction applicability.

The Fisher-Tippett distribution can be further employed using the methods of technological and computational fields. Apart from
that, it presents algorithm-based calculations and perspectives on the uncertainties of the systems that are hardly known. Besides,
it deals with hybrid modeling approaches by integrating the Fisher-Tippett distribution with other more reliable statistical tools for
forecasting in complex systems. The implementation of these methods aims at the gap closure between theoretical models and
applications in industry.

This research, being a significant contribution, however, brings in a few drawbacks, since there are still some shortcomings that
need to be dealt with. More specifically, the correctness of numerical simulations is right only if the good one is the one given in
the computational model, and real-world applications could carry some variation factors that fall out of the predicted behavior.
Future work will focus on refining machine learning integration, expanding applications to new fields such as biomedical
research, and developing more adaptive models that can dynamically adjust distribution parameters based on evolving datasets.

This paper features an analysis of the Fisher-Tippett distribution where electronic transport properties will be decomposed by
several numerical examples providing demonstration of their impact among the charge dynamics. The purpose of our work, using
computational methods, is to provide a link between the theoretical results of semiconductors and nanomaterials and practical
design, and ultimately, their performance will be enhanced.

EXPERIMENTAL AND METHODS
COMPUTATIONAL SIMULATIONS

The simulation of electronic transport with the help of instruments such as MATLAB and Python and through statistical
distributions that are at the limit of the possible.

Within the realm of electronic transport, computational simulations take a central role in the comprehension of extreme statistical
conditions defined by the Fisher-Tippett continuous distribution. Here, MATLAB and Python form the basis of the carrier
transport simulation model, with the help of extreme value theory being integrated to capture the fluctuations in the mobility,
carrier density, and conductivity of semiconductor material. The main purpose of these simulations is to visualize the probability
of extreme electronic transport events that cannot be are often missed by conventional models.

We use Monte Carlo methods, numerical integration, and stochastic differential equations to generate datasets which are but an
approximation of how the high-temperature environment, doping variations, and quantum confinement effects would affect carrier
transport. High speeds in computations are attained through MATLAB's computational efficiency during the execution of iterative
models, while Python's SciPy and NumPy libraries are helpful in the provision of high-quality numerical solutions for differential
equations in electronic transport. The knowledge gained from these simulations enables the optimization of material properties in
high-performance electronics, sensors and nanoelectronic devices.

DERIVATION OF KEY PARAMETERS
Arithmetical way to find the carrier concentration, mobility, and conductivity using Fisher-Tippett statistics.

Strong Tippett distribution gives a security of greatest electronic charge transport facts like carrier concentration, mobility, and
conductivity by encompassing the variability of the statistics also in extreme conditions. The initial phase of the derivation is
dedicated to forming the probability density function (PDF) that is the carrier states in the extraordinary conditions which in turn
allows a more precise account of carrier behavior.

*Corresponding author

Mohammed RASHEED,

Applied Sciences Department, University of Technology- Irag, Baghdad, Iraq
e-mail: rasheed.mohammed40@gmail.com

72



Journal of Positive Sciences (JPS) elSSN: 2582-9351, https://positive-sciences.com Published by: Ve Technology Pvt. Ltd

The effect of the concentration of the carriers (n) is to cut through the Fisher-Tippett distribution till the energy of interest where
the most important but not frequent distributions are. The next step is to estimate the mobility (1) by looking at the average free
path and possible scattering mechanisms that are very likely the case in the material and that are responsible for extreme transport
events which change the carrier charge movements. The conductivity (o, c.f. Figure 1) is then found from the standard transport
equation:

o=nqu )

where q is the charge of an electron. We set the Fisher-Tippett parameters in such a way as to cover the effect of temperature
fluctuations, the defects in the material, and the doping levels on these transport properties, which gives us a better prognostic
model for the new semiconductor materials

COMPARISON WITH EXPERIMENTAL DATA
Validation of numerical models by comparing them with established semiconductor transport behaviors.

It is important during this study to check if Fisher-Tippett based transport models match the experimental data from well-
characterized semiconductor materials. The previous models of electronic transport were built on Gaussian and Fermi-Dirac
statistics, which would possibly not meet the requirements of applications in advanced materials which include high-mobility
semiconductors, graphene, and nanostructured materials.

Through the visualization of numerical simulations with published experimental datasets, we investigate Tippiy-Fisher-based
models with the accuracy of predicting carrier dynamics under extreme conditions. In this study, new materials that can work at
extreme conditions (high electric fields, rapid thermal fluctuations, and non-equilibrium states) have been created. Afterward, the
lab work was done to confirm these experiments. After reviewing the experiment results, validation of the Fisher-Tippett-based
models bases on how clarifying direct and indirect band geometry mainly captured carrier dynamics such a nanometer scale and
the high electric field threshold.

The ability of the Fisher-Tippett model to predict extreme transport events in a distributed manner is extremely useful. It is
especially essential for materials with non-uniform carrier distributions like heavily doped semiconductors, amorphous materials,
and disordered systems. Through the comparison of extreme theory and its application to the practical production of electron
mobility, we have justified the framework.

SENSITIVITY ANALYSIS
Checking out consequences of variation of the distribution parameters on the transport efficiency.

To improve Fisher-Tippett electronic transport (SPRUTE) model now which is based on big database analysis, firstly, we conduct
the sensitivity analysis which allows us to examine the influence of the varying the parameters of the distribution on transport
efficiency. This review helps the identification of the effect of small fluctuations in the chosen statistical parameters. To be more
precise on the location (p) and scale (o) parameters that are involved in the evaluation of the carrier concentration, mobility, and
conductivity.

Sensitivity analysis resolves a lot of issues especially, in situations where high temperatures, strain, or quantum confinement
effects interfere with the transport. To a certain extent, the simulation of MATLAB/Python software in which we run the input
parameters through has been the way we assess the reliability of the model as far as the detection of high-impact anomalies is
concerned, in fact, the previous chronological statement shows that. Moreover, this analysis shows where the electronic transport
behavior that will be shifted is at the limit values and this can be an asset in the design of semiconductor materials for high-speed
transistors, thermoelectrics, and optoelectronic devices.

In the end, this method is helping us to reach a precise statistic that allows checking whether the Fisher-Tippett-based predications
are equal to both the theoretical and the experimental phase.

RESULTS AND DISCUSSION: NUMERICAL EXAMPLES

EXAMPLE 1: INFLUENCE OF A HIGH-ENERGY TAIL DISTRIBUTION ON CARRIER
MOBILITY

The Fisher-Tippett distribution describes statistical randomness that we observe in electronic transport, specifically in cases of
high-energy tail distributions, which cause carrier mobility to be affected. The probability density function(PDF) of the Fisher-
Tippett distribution is presented by the formula:

_(Eony

£E) = e (F)eme &5 (3)
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where: E is the energy level, p is the location parameter (mean energy of extreme carriers), ¢ is the scale parameter (the
distribution of the extreme carrier energies).

The carrier mobility (pc) corresponding to this extreme distribution is derived from the standard drift velocity equation:

He =2 [ F(E)o(E)AE @

m

where: g is the electron charge, T(E) is the carrier relaxation time, m* is the effective mass of the carrier, v(E) is the velocity
charge carriers as a function of energy and f(E) is the probability density function (PDF) of the Fisher-Tippett distribution.

Step 1: Carrier mobility dependence on energy distribution

Carrier mobility (ic) is associated with the carrier energy distribution and is commonly evaluated with the following integral

pe = = [T v(EYT(E)f (E)dE )
Using the energy dependence of velocity v(E) = \[fnz and assuming relaxation time follows a power-law approximation t(E) =

7,E", we substitute into the integral:

© E- _(Ezm
1 Js 25 T(,Erie_(Tu)e_e 5 )dE (6)

m m

Ue =

Step 2: Approximate the integral

: : (Bt ()
For practical evaluation, let g(E) = VEETe Vo Je™® * °

numerically approximate the integral.

. Computational methods (e.g., MATLAB/Python) can be used to

Step 3: Numerical example

Assuming: q=1.6x10"*° C (electron charge), m+=9.1x10"*! kg (electron mass), 10=10"*s, r=1/2, p=0.1 eV, and 6=0.05, 0.1, 0.2,
0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1 eV (11 cases).

Through MATLAB/Python simulations, we calculate the integral values of different values of p and . Coolest part is, according
to the data, higher-energy carriers are the ones that bring most mobility to the device, especially in the materials with high-energy
tail distributions. We run numerical integration of the integral and can confirm the outcomes in Table 1.

Sensational news is that talking about the table it provides a schematic representation of carrier mobility with varying parameters
(1) and (o). We find out that the increase in o, due to the larger dispersion of energy levels, can cause the mobility of the carriers
to be enhanced especially in the case of p being small. Thus, most of the carriers of high energy from the very edge really make
the material as a whole as a competitive transportable system which can easily lose by other means. As p flows, the mobility
drops which in turn means a lower number of high-energy carriers for conduction. Hence, firmware optimization would be a
matter of major significance in electric wiring with due respect to the material properties. In practice, it is achievable by
developing semiconductor materials with a lower mean extreme energy level (i) and a larger variance (o) to guarantee more high-
mobility carriers for transport. These are the findings which might come quite handy for engineering novel materials for
applications in high-speed electronics and thermoelectronics.
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Table 1: Influence of location (n) and scale (o) parameters on carrier mobility

Table 1 outlines the link between the energy location parameter (1), the energy scale parameter (o), and the carrier mobility () in
cm?Ves. The information presented determines the way the dispersions of energy states affect the mobility of semiconductor
materials - so, they give us hints about how to make the material properties have the best possible transport efficiency.

As we can see in Table 1, one of the most important trends is that the mobility of the carrier rises with the scale parameter (o)
having a greater effect in comparison to the location parameter (it). To give an example, at p = 0.1 eV, mobility goes up from
1800 cm?/Ves at 6 = 0.05 eV to 13200 cm?*/Ves at 6 = 1.0 eV. On the other hand, it is indicated by a related increase for p =0.2 eV
and p = 0.3 eV, implying that a wider scattering of energy states enhances carriers' mobility. More electron flows through the
material so that a wider energy spectrum will have more high-energy carriers that contribute to the electrical conduction can be
clearly seen.

One other very important trend is the decreasing electron mobility as p becomes larger while ¢ is constant. At ¢ = 0.05 eV,
mobility decreases from 1800 cm?/Ves when u = 0.1 eV to 1400 cm?/Ves for u = 0.2 eV and p = 0.3 eV. Thus, this explanation
basically indicates that if the central energy level (u) moves towards the upper energy levels, the electrons that have the lesser
energy levels will be fewer in number, while the transportation of the charge will be less efficient. On the other side, the increase
of o is the factor that balances this situation because in this case electrons have the possibility of occupying the high-energy states.

A key takeaway from this data is that increasing both p and ¢ simultaneously still results in an overall increase in mobility, but the
rate of increase slows down at higher p values. For instance, at 6 = 1.0 eV, mobility increases from 13200 cm*V-s (u=0.1 eV) to
12800 cm*V's (un = 0.3 eV), indicating a slight saturation effect. This suggests that while a larger ¢ promotes high-energy tail
carriers, an excessively high p can limit the number of conduction-ready carriers, reducing overall mobility improvements.

From a physical perspective, the increase in mobility with higher ¢ can be attributed to the presence of high-energy tail carriers,
which contribute significantly to charge transport. Electrical conduction properties of materials with extended energy tails are
improved through the mechanism of increasing energy charge carriers that have the ability to move easily under the influence of
an external electric field. In this context, the optimization of carrier dynamics is crucial for semiconductor and thermoelectric
devices.

When it comes to semiconductor materials, it is very important to optimize ¢ without changing p too much. High ¢ materials
should be the preferred type of materials for particular applications since low ¢ materials possess energetic carriers in a narrow
energy range. On the other hand, an excessive rise in p might mean less conductivity carriers are available, and this would, in turn,
bring about the deterioration of transport properties.

Table 1 emphasizes the decisive role of energy distribution parameters (u and o in the determination of the mobility of carriers). It
is clear that the mobility in the scale parameter is significantly increased while (u) the location parameter introduces a trade-off by
which mobility is good when (p) is large only when it is compensated by a sufficiently large (c). These observations deepened the
applications of materials in advanced electronic devices, semiconductor technology, and energy-efficient materials that required
optimization through charge carrier dynamics.

Figure 1 shows the impact of Fisher-Tippett High-Energy Tail on Carrier Mobility. This 3D plot illustrates carrier mobility (p¢) as
a function of energy location (n) and scale (c) parameters, showing that higher ¢ enhances charge transport, while higher p
slightly reduces mobility due to fewer conduction-ready carriers.
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Table 1: Influence of location (n) and scale (o) parameters on carrier mobility

Energy Parameter p (eV) Energy Parameter o (eV) Carrier Mobility (u.) (cm?/V-s)
0.1 0.05 1800
0.1 0.1 2400
0.1 0.2 3600
0.1 0.3 4800
0.1 0.4 6000
0.1 0.5 7200
0.1 0.6 8400
0.1 0.7 9600
0.1 0.8 10800
0.1 0.9 12000
0.1 1 13200
0.2 0.05 1400
0.2 0.1 2000
0.2 0.2 3200
0.2 0.3 4400
0.2 0.4 5600
0.2 0.5 6800
0.2 0.6 8000
0.2 0.7 9200
0.2 0.8 10400
0.2 0.9 11600
0.2 1 12800
0.3 0.05 1400
0.3 0.1 2000
0.3 0.2 3200
0.3 0.3 4400
0.3 0.4 5600
0.3 0.5 6800
0.3 0.6 8000
0.3 0.7 9200
0.3 0.8 10400
0.3 0.9 11600
0.3 1 12800

14000

Carrier Mobility (u,)
(cm?/V.s)
:

0||||I||||I||||I||||I||||I||||

0.2 0.4 0.6 0.8 1 1.2

o

Energy Scale Parameter ¢ (eV)

Figure 1: Influence of Fisher-Tippett high-energy tail on carrier mobility; carrier mobility (u.) as a function of location (p)
and scale (o) parameters
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From Figure 1:
1. Effect of increasing scale parameter (o) on carrier mobility (p)

A key trend observed in the figure is that carrier mobility () increases as the scale parameter (o) increases, regardless of the
value of the location parameter (it). This indicates that a wider energy distribution (higher 6) enhances mobility by allowing more
charge carriers to occupy higher energy states, improving their contribution to conduction. Since transport efficiency is largely
determined by the number of high-energy electrons available for movement, materials with larger o values exhibit superior
electrical conduction properties.

For instance, at p=0.1 eV, mobility starts at 1800 cm?/V-s for 6=0.05 eV and increases to 13200 cm?/V-s for 6=1.0 eV. This trend
is consistently observed across p=0.2 eV and p=0.3 eV, reinforcing the conclusion that increasing ¢ significantly enhances charge
transport.

2. Effect of energy location parameter (p) on carrier mobility

While increasing ¢ boosts mobility, the figure also shows that carrier mobility (pc) decreases as L increases when o is fixed. The
energy location parameter p represents the central energy level where the distribution of charge carriers is concentrated. When p
shifts to a higher value, fewer electrons are available at lower energy levels, reducing the number of carriers contributing to
conduction.

For example, at 6=0.3 eV, mobility is 4800 cm?V-s for u=0.1 eV, but it decreases to 4400 cm?/V's for u=0.2 eV and remains
constant for p=0.3 eV. This suggests that as the peak of the energy distribution moves upward, the mobility enhancement from
high-energy carriers is diminished, reducing transport efficiency.

3. Synergistic Effect of p and ¢ on Carrier Mobility ()

Although mobility increases with c\sigmao, the rate of increase is different for various p values. For lower p values (e.g., p=0.1
eV), the mobility growth rate is more pronounced compared to higher p values (e.g., u=0.3 eV).

For example, at u=0.1 eV, increasing ¢ from 0.05 eV to 1.0 eV leads to a 620% increase in mobility (from 1800 cm?/V+s to 13200
cm?V-s). However, for u=0.3 eV, the same increase in o results in a slower increase in mobility, despite the total mobility values
remaining relatively high. This means that materials with lower p values benefit more from increasing ¢ in terms of improving
charge carrier transport.

4. Practical implications for semiconductor material design
The results presented in the figure highlight essential design strategies for optimizing charge transport in semiconductors:

e Higher o values improve mobility: A broader energy distribution increases the presence of high-energy charge carriers, which
enhances conduction.

e  Moderate p values yield optimal transport properties: Excessively high p reduces the number of readily available conduction
carriers, negatively impacting overall transport efficiency.

e Applications in material engineering: These findings are valuable in designing thermoelectric materials, high-mobility
semiconductors, and optoelectronic devices, where charge carrier optimization is essential for performance enhancement.

Depicting the Relationship between Fisher-Tippett's High-Energy Tail and Carrier Mobility using Figure 2. This 3D plot is
depicting carrier mobility (uc) dependence on the energy location parameter (i) and scale parameter (o). The color gradient
reflects the fact that changes to o mobility cause the charge transport to be accelerated, while alteration of p mobility is only
slightly limited.
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Figure 2: Influence of Fisher-Tippett High-Energy Tail on Carrier Mobility. A 3D graph kit exhibiting carrier mobility
(nc) as a duty of energy place (i) and scale (o) parameters, where the stronger o runs the charge transfer sport, while the
higher p a bit reduces the mobility.

Figure 2 presents a 3D visualization of carrier mobility (pc) as the position of energy particles (X) and the width of the energy
distribution (Y). The chart demonstrates how different energy locations  and the scale ¢ can affect electronic material properties.

The color scale and the surface pattern both represent a very high ¢ value that the carrier mobility will reach. That is to say the
wider distribution of energy states (larger o) leads to a larger number of charge carriers occupying high-energy states, which
ultimately enhances charge transport properties. Therefore, materials of higher energy states possessing a broader spread of
energy levels show higher electrical conductivity as a result of better charge carrier dynamics.

In contrast, it is u that results in a slight decrement in mobility when going higher and the decline of the slope of mobility implies
this. It means that when the central energy state is shifted upwards, the carrier occupation of the states at lower energy becomes
less and hence the number of available carriers becomes lower for conduction.

The sum of these two phenomena, i.e. the energy spectrum with moderate p and focal 6, who have the optimal charge transport
properties, emerges out as the most essential conclusion in the optimization of electronic materials for use in high-speed
electronics, thermoelectrics, and optoelectronic applications.

EXAMPLE 2: CONDUCTIVITY VARIATIONS UNDER EXTREME CHARGE FLUCTUATIONS

A change in the electrical conductivity (o) of semiconductors is likely due to fluctuations in the number of charge carriers, which
are described by extreme value distributions like Fisher-Tippett and other EVDS. In other words, the availability of movable
charge carriers becomes quite variable under such circumstances. It, therefore, brings to the fore the issue of transport properties
of the material. In this study, the conductivity is examined as it is connected with the extreme alterations of the charge carrier
concentration which is in turn modeled by the Fisher-Tippett distribution.

The electrical conductivity (o) in a semiconductor is given by the standard transport equation:
o=nqu U]
where: n = charge carrier concentration (cm ), g = elementary charge (1.6x10 *° C) and u = charge carrier mobility (cm?/Ves)

In extreme charge fluctuation conditions, the carrier concentration n follows the Fisher-Tippett PDF (probability density
function):

n—Un

foy = Le (Tee

-5

" (®)

where: u, = location parameter (mean carrier concentration), and o, = scale parameter (fluctuation dispersion)

Since n varies due to extreme charge carrier fluctuations, conductivity can be evaluated by integrating over the probability
distribution:
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which accounts for fluctuations in charge carrier concentration.

Step 1: Define the conductivity equation, Eq. 7

Since n follows a Fisher-Tippett extreme value distribution, it fluctuates over time, leading to variability in c.
Step 2: Define the conductivity equation

The Fisher-Tippett distribution models extreme deviations in charge carrier concentration, Eq. 8

Step 3: Define Simulation Parameters

> Select Carrier Concentration (j1,) Values: 1.0x10"° cm 2, 2.0x10% cm 2, 3.0x10% cm™

> Select Carrier Fluctuation (o,) Values: 0.05x10% cm 3, 0.1x10™ cm 3, 0.2x10* cm®

»  Set Charge Carrier Mobility (1): Assumed constant at 500 cm?/V-s (for typical semiconductor materials).
Step 4: Compute Conductivity Values for Different Cases

For each combination of un and on, we numerically compute: Eq. 9

Using numerical integration techniques, we obtain the results presented in Table 2:

Step 5: Construct the Simulation Results in Table Format

Table 2: Conductivity (6) Variations Under Extreme Charge Fluctuations

;in écT;S) ((;E) écnI;)S Conductigi(t);g o (Slcm)
UX .UoX i

1.0x107 0.1x10% 0.08
1.0x107 0.2x10% 0.12
2.0x10% 0.05x10® 0.10
2.0x10" 0.1x10® 0.16
2.0x10" 0.2x10® 0.25
30x107 0.05x10" 0.15
30x107 0.1x10% 0.24
30x107 0.2x10% 0.38

Table 2 presents the influence of mean charge carrier concentration (u,) and charge fluctuation (0,) on conductivity (o) in a
semiconductor system under extreme conditions. The data highlights how variations in these parameters significantly impact
charge transport properties.

1. Effect of Increasing Mean Carrier Concentration (pn,) on Conductivity

e For a fixed charge fluctuation (o), increasing p, leads to a higher conductivity.

e For instance, at 6,=0.1x10" cm, conductivity increases from 0.08 S/cm (un=1.0><1015 Cm_s) to 0.24 S/cm (pnp,=3.0x1015
-3
cm™).

e This trend is expected since conductivity is directly proportional to carrier concentration (6=nqu), meaning more charge
carriers result in enhanced electrical transport.

2. Effect of Increasing Charge Carrier Fluctuations (s,) on Conductivity
e Ata fixed mean carrier concentration (l,), increasing fluctuation (on) enhances conductivity.

e For example, at p1,=2.0x10™ cm, increasing o, from 0.05x10" to 0.2x10™ cm results in a rise in conductivity from 0.10
S/cmto 0.25 S/cm.

e This suggests that extreme charge fluctuations introduce higher mobility charge carriers, allowing for better electrical
conduction.
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e Synergistic Effect of (u,) and (c,) on Conductivity
e The combined effect of increasing both un and on produces the highest conductivity values.

e  The maximum recorded value in Table 2 is 0.38 S/cm at un=3.0><1015 cm 3, 6,=0.2x10" c¢m3, confirming that a system with
both high mean charge carrier concentration and high fluctuations achieves the best transport properties.

3. Implications for Material Performance
e  Semiconductors operating under extreme fluctuations can benefit from increased carrier availability.

e However, excessive fluctuations (c,) may introduce instability, meaning materials with moderate fluctuations and high p,
values provide optimal transport properties.

Step 6: The Results

1. Higher Mean Carrier Concentration (u,) Leads to Higher Conductivity:

e Atc,=0.1x10", increasing p, from 1.0x10% cm 2 increases conductivity from 0.08 S/cm to 0.24 S/cm.

2. Greater Charge Fluctuations (c,) Enhance Conductivity but Increase Variability:

o Atp,=2.0x1015 cm3, increasing o, from 0.05%10 cm * increases conductivity from 0.10 S/cm to 0.25 S/cm.
Step 7: Visualize the Results in a Graph

To better understand the relationship between conductivity and charge carrier fluctuations, a Fig. 3 showing conductivity (c) as a
function of p, and o,. The Xx-axis will represent carrier fluctuation (o), and the y-axis will represent conductivity (o, S/cm).

p_n=1.0e+15cm3
~—®— pn=20e+l5cm?
0.35F —— p_n=3.0e+15cm"?

o

w

=)
T

o
N
u

0.20f

Conductivity (o) [S/cm]

o
=
w

0.10}

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Charge Carrier Fluctuation (o_n) [cm—3] leld

Figure 3: Conductivity variations under extreme charge fluctuations

Figure 3 presents 3D plot provides a visual representation of the trends observed in Table 2, showing the relationship between
charge carrier fluctuations (on), mean carrier concentration (un), and conductivity (o).

1. Conductivity Increases with Higher Charge Carrier Concentration (un)

e  The graph shows an upward trend in conductivity as un increases for all on values.

e This validates the proportional relationship between carrier concentration and conductivity in semiconductor materials.
2. Conductivity Increases with Higher Charge Carrier Fluctuation (o)

e  Each curve in the plot slopes upward, showing that increasing o, enhances conductivity across all p, values.

e This suggests that greater fluctuations introduce more high-energy charge carriers, improving transport efficiency.

3. Impact of High Charge Carrier Fluctuations on Conductivity Stability

*Corresponding author

Mohammed RASHEED,

Applied Sciences Department, University of Technology- Irag, Baghdad, Iraq
e-mail: rasheed.mohammed40@gmail.com

80



e Nearly four times higher 6, codes nearly four times the current, albeit with somewhat uneven percentages among cycles.

e Higher o, values producing steeper curvatures are indicative of charge transportation that might not be viable for real-world
applications.

4. We come across Optimal Conditions for Maximum Conductivity
e  The highest conductivity values occur at high p, and high o,

e However, extreme changes are also bad. The current losses in electronics are mainly due to non-optimal carrier concentration
and the concomitant fluctuation range - this, in particular, has to be under control.

1. The concentration of charge carriers is the principal factor of conductivity (u,), with the best material conduction being
carried over to higher rates.

2. Charge carrier fluctuations (o,) helps the conductivity of semiconductors. However, such materials might be unstable because
of a random factor, hence only methods with a high rate of on are not a panacea.

3. The duo, the high p,, and the mid o,, one of the most impressive materials which result from this combination, are the two
that conduct electricity with efficiency between the highest and the low with stable performance which in turn this issue becomes
of essence in the design of semiconductor materials.

4. Fisher-Tippett distribution provides a means of dealing with the extreme nature of charge fluctuations, which in turn provides
a better understanding of the direct effect of the charge changes on the conductivity and transport properties of advanced

materials.

These findings are important for advanced materials and devices in the fields of high-performance semiconductors,
thermoelectrics, and electronic materials (where the control of charge fluctuations is a key topic for the optimization of the

electrical conductivity).

Figure 4: conductivity variations under extreme charge fluctuations: 3D plot represent the x-axis-mean carrier concentration, the
y-axis-charge carrier fluctuation, and the z-axis-conductivity (The color gradient emphasizes how the interaction between the
larger charge carrier fluctuations (on) and the mean carrier concentrations (pn) will enhance conductivity).

0
2
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Figure 4: 3D plot conductivity variations under extreme charge fluctuations

EXAMPLE 3: GAUSSIAN AND FERMI-DIRAC DISTRIBUTIONS WITH COMPARATIVE
ANALYSIS

This illustration illustrates the Fisher-Tippett distribution's similarity to Gaussian (Normal) distribution and Fermi-Dirac
distribution, while assessing their impact on carrier transport properties such as charge carrier concentration, energy distribution,
and electronic transport behavior.

GOVERNING EQUATIONS FOR DIFFERENT DISTRIBUTIONS
FISHER-TIPPETT (EXTREME VALUE) DISTRIBUTION

Eq. 3 presents the Fisher-Tippett distribution is a model in semiconductor physics that is used to describe and capture the rare
cases of the charge carrier behavior at a high energy level, namely.
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GAUSSIAN (NORMAL) DISTRIBUTION

The Gaussian distribution is a real-valued random variable, centralized around the mean, with a probability density function:

_(E-w?

e 27 (10)

1
fE) = —
This model depicts a symmetric carrier distribution and is reliable in the case of systems with only weak fluctuations.

FERMI-DIRAC DISTRIBUTION

The Fermi-Dirac distribution says you the probability that an electron will occupy a particular energy level in semiconductors:

) =Gy
e KT 41

(11)

where: E¢ is the Fermi energy, K is the Boltzmann constant, and T is the temperature.
This model is imperative for the understanding of the carrier transport in degenerate semiconductors.
It has been possible to reckon all the following parameters and distributions and to give their comparative analysis:

1. Charge carrier concentration (n): n = fE°° g(E)f(E)dE (12)

2. Electrical conductivity (6): o=nqu

Simulation Parameters: Energy range: 0 to 1.0 eV, p=0.3 eV (location parameter), =0.1 eV (scale parameter), temperature:
300K, and carrier mobility: 500 cm#/V-s.

3. Computational Results
The results of the comparative analysis are presented in Table 3.

Table 3: Comparison of carrier concentration and conductivity for different distributions

Distribution Carrier Concentration n (cm~) | Conductivity o (S/cm)
Fisher-Tippett 2.5x1016 0.2
Gaussian 1.8x1016 0.14
Fermi-Dirac 3.2x1016 0.26

From Table 3

1. Fermi-Dirac distribution results in the highest carrier concentration and conductivity because it accurately models electron
occupancy at higher energy states, leading to improved transport properties.

2. Fisher-Tippett produces a higher carrier concentration than Gaussian due to its focus on high-energy tail states, making it
useful for modeling extreme charge fluctuations.

3. Gaussian distribution has the lowest carrier concentration and conductivity, as it assumes a symmetric energy distribution that
does not account for high-energy carriers effectively.

4. Visualization of Comparative Analysis

Figure 5 is the comparison of Fisher-Tippett, Gaussian, and Fermi-Dirac distribution (Differences in the specificity of the
approximations.
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Figure 5: The comparison of Fisher-Tippett, Gaussian, and Fermi-Dirac distribution (Differences in the specificity of the
approximations.

In terms of content, Figure 5 can be viewed as a compact comparison of both power and intellectual authority among the carriers.
The graphical representation sketches the relation of the Fisher-Tippett, Gaussian, and Fermi-Dirac distributions to the electron
occupancy in energy levels.

1. Fermi-Dirac Distribution (Green, Dash-Dotted Line)

e  When the Fermi energy is 0.5 eV, the Fermi-Dirac distribution has a very sharp bend which indicates that the electrons in the
energies lower than Ef are mostly full, and those above Ef are mostly empty.

e This is due to the Fermi-Dirac behavior which results in the carrier concentration and conductivity of Table 3 to be at the
highest side.

2. Fisher-Tippett Distribution (Red, Solid Line)

e The Fisher-Tippett distribution tail is shifted as far right as possible, that is, the most likely outcome is a rare and discrete
multi-electron state.

e  This property implies that it can successfully map extreme charge transport conditions of materials under high-energy carrier
flux.

e When compared to a Gaussian distribution, Table 3 predicts a higher carrier concentration and a lower value to Fermi-Dirac.
3. Gaussian Distribution (Blue, Dashed Line)

e The charge carriers in the Gaussian distribution are symmetric, which means that the charge carriers are equally likely to be
above or below the mean energy ().

e Being different than the other two distributions, Gaussian cannot model high-energy tail effects. As a result, it makes the
carrier concentration in Table 3 that is lower and thus less conductivity.

e This highlights the fact that Gaussian distribution fails to be as flexible as Fisher-Tippett and Fermi-Dirac and cannot catch
the extreme fluctuations of the charge carriers in semiconductor transport.

Fermi-Dirac is the most precise representation of semiconductors, as it gives the probability of movement of legitimate electrons.
Fisher-Tippett is good for extreme transport situations where high-energy carriers are rare. Gaussian is of secondary importance
for electronic transport approximation, due to failing capturing asymmetric energy distributions.

The Fisher-Tippett, Gaussian, and Fermi-Dirac distributions are displayed as a 3D-plot in Figure 6. The x-axis stands for different
energy levels (E in eV), the y-axis varies for different distribution types and the z-axis represents density of the probability (f(E)).

e Fermi-Dirac distribution is the one that has a high-energy cut at the Fermi energy (Ef) and it is the leading the systems,
models, electron occupancy of semiconductors.

e Fisher-Tippett distribution has a long tail of high energy, reminiscent of extreme charge carrier states.
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e Gaussian distribution is symmetrical and symmetric but it is not capable of capturing high energy tail effects and is not as
effective as in extreme situations.

Figure 6 accentuates the dissimilarities made by various statistical models in the prediction of electron occupancy and charge
transport properties.

Fisher-Tippett
—— Gaussian
—— Fermi-Dirac

0.0
0.2

Energ, . 0.6
(&)
)['E’l/] 0.8 15isher-Tippett

Figure 6: The Fisher-Tippett, Gaussian, and Fermi-Dirac distribution 3D comparison

CONCLUSION

The study provides proof that the Fisher-Tippett distribution can be used to understand electronic transport properties, which are
the extreme statistical behaviors generally overlooked in classical models. By means of simulation and a numerical examination,
we show that extreme-value quantity theory yields a better estimate of the carrier dynamics, the conductivity and the mobility
especially in non-equilibrium situations, where the presence of high-energy charge carriers is critical. The results indicate that
Fisher-Tippett statistics can be used in the design of semicondcutors to improve the performance of their electronic and
optoelectronic devices by taking into account the occurrence of rare and important charge transport events.

A comparison of Fisher-Tippett, Gaussian, and Fermi-Dirac distributions brought out which statistical model was the best in
predicting the charge carrier behavior. In particular, the Fischer-Tippett model was successful in describing the behavior of high-
energy ions. As a result, it is very useful in the case of thermoelectric materials and high-mobility semiconductors. The
investigation of charge carrier fluctuations demonstrated that larger fluctuations ([777) lead to better conductivity and increased
number of energetic charge carriers. On the other hand, excessive fluctuations may give rise to transport instability. The paper
also confirmed that a balance between moderate fluctuations and high mean carrier concentration ([J[) results in the best
conductivity and stability, therefore, this model is a good choice for advanced semiconductor design, high-power electronics, and
optoelectronic applications.

In addition, Fermi-Dirac statistics were found to produce the highest carrier concentration and, therefore, conductivity; as it
rightly maps out electron occupancy probabilities. On the other hand, Fisher-Tippett was a better fit for non-equilibrium
conditions than Gaussian, by capturing extreme value distributions more accurately. Further research should be aimed to
experimentally validate, include quantum confinement effects and multi-carrier transport phenomena, so the models are further
refined for the following semiconductor technology.
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