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ABSTRACT

One of the crucial understanding in semiconductors is the behavior of charge carriers, which is statistically optimized by the
traditional and physical and geometrical-electronic models. The continuous type of the Fisher’s z-distribution is a new way of
representing the nature of charge carrier’s numbs and conductivity in a semiconductor. The researchers are testing the effects of
using Fisher’s z-distribution to describe the fluctuations in charge carrier concentration, electron mobility, and conductivity under
different material and temperature conditions.

The study of the behavior of carriers as they move in semiconductors through using the tools of numerical simulation and
computational modeling. The three examples are: (1) temperature-dependent electron occupancy, which shows that Fisher’s z-
distribution accurately captures the high-energy tail states; (2) conductivity fluctuations in semiconductors, where it is shown that
higher dispersion in charge carrier fluctuations (o) enhances conductivity but introduces transport instability; and (3) A
comparative analysis with Gaussian and Fermi-Dirac models, where the difference between the symmetric distributions of charge
carriers is best seen. Fisher’s z-distribution is verified by means of the proposed methods to be more flexible in representing
charge carrier statistics under extreme conditions.

From the results obtained, we can see that Fisher’s z-distribution contributes a great deal to the precision of the predictions about
the carrier’s behavior in comparison with the traditional way of statistics. This study, in particular, provides an insight for the
designers of electronic materials, thermoelectrics, and optoelectronics who want to develop high-efficiency products. In this
particular regard, the transport properties provide the means by which the function of the entire device is controlled. More studies
should focus on the validation of the material and the extension of the model to include the multichannel interaction and quantum
confinement effects for semiconductor performance.

Keywords: Fisher’s z-distribution, charge carrier dynamics, electronic transport, semiconductors, mobility, conductivity
fluctuations, statistical mechanics

INTRODUCTION

The electronics properties of semiconductors and nanomaterials and their study are basic for making great performance electronic,
optoelectronic, and thermoelectric devices [1-5]. In the past, statistical models such as the Gaussian distribution and Fermi-Dirac
statistics have been employed to describe how charge carriers it behave [6-10]. However, very often, these models give us the
pitiful miss when relating to the extreme statistical fluctuations that happen in the charge carrier transport process at high energy
[11-13]. In stark contrast, Fisher's z-continuous distribution reacts by providing a truer image of the charge transport dynamics if
non-equilibrium conditions are concerned, where very sparse, high-energy carrier events centralize and hit electronic transport
[14-20].

Fisher's z-distribution is useful for statistical modeling of transformations and extreme value analysis [21-25]. The Fisher's z-
distribution probability density function (PDF) is determined as: [26-30]
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where: z purely reflects the advanced system incarnation of the electrons, the v hashes to the degrees of freedom of the material
2

and the term e 2 finishes the probability normalization for calculations [31].

Unlike Gaussian and Fermi-Dirac models, Fisher’s z-distribution captures effectively extreme variations in charge carrier
concentrations, thereby making it ideal for materials under severe electric fields, points, and confinement. This model, by the
inclusion of high-energetic tail states, brings a more flexible and accurate description of charge transport phenomena in advanced
semiconductor materials [32-35].

Fisher’s z-Distribution is a concept widely applicable in the study of Electronic Transport

The effects of charge carriers in semiconductors are can be affected the measurements of the energy level that is higher after the
process of thermal donor aloud impurity scatterer, doping from varied and then linking external field interaction to the energy
level of the semiconductor are well understood [36, 37]. The variabilities are greatly an important character of the carrier mobility,
conductivity, and transport efficiency, thus deciding on it in semiconductor materials [38-40]. Traditional models such as
distributions of Gaussian and Fermi-Dirac describe very well the charge transport in equilibrium but do not reflect the statistical
fluctuations that can be extreme in high-energy hybrid transport [41-45]. In opposition, Fisher's z-distribution provides a more
complicated model for the above-mentioned operation, thus enhancing the stability and the transport for semiconductor in the
industrial applications [46-50].

Fisher’s z-distribution holds as a significant advantage the unique feature of capability to include the extreme/fluctuating the value
of charge carrier concentration. Specifically, it is the carrier mobility and electrical conductivity [51-55]. Due to the rare but high
impact of the important high-energy events in charge carriers running through many high energetic fields that classic models
hardly find/notice one of the reasons for this is &quot;disease&quot; that comes once in a blue moon [56-60]. Fisher's z-
distribution really captures those tail-end deviations, making it especially valuable for semiconductors operating under high-stress
conditions, such as power electronics and thermoelectrics [61-65].

Fisher’s z-distribution has the added advantage of being able to generalize Gaussian behavior and thus can be used for
nanoelectrical transport and optoelectrical devices [66-70]. This quality probably- really certainly- makes it the most relevant to
the job of designing high-energy carriers in nanomaterials, transistors, and optoelectronic devices [71-73]. Fisher's z-distribution,
by virtue of nearly exact non-equilibrium conditions, behaves as though it formed a better circuit for the understanding of the
transport mechanism of carrier, and the latter, in turn, directly benefits the preparation of highly efficient electronic and
optoelectronic materials [74-80].

Optimizing the electronic transport properties the correct way is necessary for implementing semiconductors that will work at
high speed such as in electronics, optoelectronics, and thermoelectrics. The conventional statistics models being the Gaussian
distribution and Fermi-Dirac statistics, the electric field and the other two charge carriers dynamics, that have no place, has always
been the reason used for describing limb dynamics [81]. However, these factors "have no leg" under when they apply to non-
equilibrium transport situations, especially where a huge electric field, big doping fluctuations, and all extreme energy states exist
[82, 83].

Among the reinforce inadequacies, the Gaussian variation does not say anything about the extraordinary states of charged
particles [84]. The eye-catching statement is that symmetrically, the distribution raises cause of the carrier’s energies.
Consequently, it is beyond experimental conditions where, though it appears rarely, the charge transport mechanisms are still
ruled by one high-energy electron [85]. Because of this, the prediction failed to the carrier mobility and conductivity where the
model was used in highly doped semiconductors and nanomaterials [86].

For example, electron occupancy in equilibrium could be effectively modeled by Fermi-Dirac statistics, but they do not, on the
other hand, account for fluctuations in carrier concentration explicitly [87]. While Fermi-Dirac models are able to offer probability
distributions that are on the dot of the energy, the latter does not take into account the fluctuation in the carrier density caused by
the external perturbations and the quantum effect [88].

In contrast to this, z-distribution by Fisher is a flexible statistical avenue that can be adopted to model electronic transport by
extreme charge carrier variations too [89]. This makes it easier to understand real-world behavior of semiconductors more
accurately, and, as a result, helps in the device performance analysis and material optimization [90]. Fisher's z-distribution is a
more valuable tool that captures the rare high-energy carrier states, making it particularly apt for the newer technology area which
includes high-power transistors, thermoelectric generators, and optoelectronic devices [91].

Fisher’s Z-continuous distribution finds broad applications in semiconductor physics, electronic transport modeling, besides it is
very useful for statistical data analysis, especially in the systems where extreme charge carrier fluctuations affect material
performance [92]. In the semiconductor device engineering, this distribution is considered effective in the study of non-
equilibrium charge transport, where traditional Gaussian or Fermi-Dirac statistics fail to recover effects of tails of the high-energy
[93]. Until now, it has proved to be indispensable in the high-power electronics, optoelectronic devices, and thermoelectric
materials where charge carrier concentration and mobility are very affected by the extreme conditions [94].
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Fisher’s Z-distribution can be applied to nanomaterial research to study the quantum confinement effects and analyze the low-
dimensional systems such as graphene, quantum dots, and two-dimensional (2D) materials, where the statistical fluctuations in
carrier energy levels affect the electrical conductivity [95]. Finally, in the case of statistical mechanics, this distribution is decisive
in the sense that it is involved in analyzing rare high-energy states in systems under the influence of strong doping variations,
impurity scattering, and high-field transport effects [96].

Besides the semiconductors, Fisher’s Z-distribution has also been used in areas like financial modeling, climate science, and
machine learning where it helps to study the transformations of correlated data, forecast extreme market fluctuations, and model
rare statistical events [97]. The Fisher’s Z distribution with the ability to predict extreme fluctuations in the probability
distribution is an important tool in the field of scientific computing, data science, and advanced mathematical modeling, which is
very useful in the precise predictions of systems with high degrees of fluctuation and uncertainty [98].

Accurate modeling of electronic transport properties in semiconductors and nanomaterials is an important basis for the
development of high-performance electronic, optoelectronic, and thermoelectric devices. Conventional statistical ways such as the
Gaussian distribution and Fermi-Dirac statistics are widely used to analyze charge behavior of carriers. Nevertheless, these
models of statistical analysis are not able to capture the extreme shifts happening in non-equilibrium conditions that are
particularly in the context of high-energy charge carrier transport [99].

In actual semiconductor platforms, non-uniform charge distribution, mobility, and conductivity occur due to thermal excitation,
doping changes, and quantum effects [100]. The conventional models designed for the charge transport suffer from
oversimplification, thus producing incorrect predictions in extreme electronic environments [101]. Fisher's z-continuous
distribution provides a different method of statistics and it can give a more precise description of the rare high-energy charge
transport events [102]. This work will focus on assessing the applicability of Fisher's z-distribution in the context of
semiconductor transport properties and comparing it with traditional models, to see the additional benefits in predicting the carrier
concentration, mobility, and conductivity [103-105].

The core purpose of this research is to examine the application of Fisher’s z-continuous distribution in the model of electronic
conveyance, and also to measure its working in contrast with the classical Gaussian and Fermi-Dirac models. The individual goals
contain the following:

1. There was created a statistical model that was based on Fisher’s z-distribution that takes into account electromagnetic motion in
semiconductor materials.

2. We studied the impact of statistical fluctuations on transport adaptation, where we pointed to mobility, conductivity, as well as
energy distributions.

3. We conducted the experiment on the Fisher’s z-distribution long with the two other ones: Gaussian and Fermi-Dirac statistics
for semiconductor transport modeling, and then we observed the use of the three statistical methods of Fisher's z-distribution
along with Gaussian and Fermi-Dirac statistics for transportation modeling.

4. We carried out numerical simulations to explore the effect of temperature variation, energy levels, and material properties on
electronic transport.

5. We studied the practical implications of using the distribution in device engineering, not only general thermal concepts, but also
specialized applications such as transistors, thermoelectrics, and optoelectronics.

Covering these objectives, this study endeavors to obtain a more accurate and flexible statistical framework for semiconductor
transport modeling that will result in wider application so that next-generation electronic and optoelectronic materials will work
better and be more energy-efficient.

This paper is a presentation of the application of Fisher’s Z continuous distribution used in connection with the modeling of
electronic transportation properties in semiconductors and nanomaterials. We ask whether the use of using Fisher’s Z-distribution
to forecast charge concentration, carrier mobility, and conductivity is as effective as traditional statistical models such as Gaussian
and Fermi-Dirac distributions.

In demonstrating the results through computational modeling and numerical analysis, we reveal a set of three case studies: (1)
Variation in the electron occupancy of temperature where Fisher’s Z-distribution is used as a high-energy tail effect model; (2)
Charge primary wave excursion-caused conductivity fluctuations in semiconductors that enable the benefit of the improved
transportation efficiency, but the device becomes unstable; and (3) Comparison of the results obtained for the three models that
are inserted in the same equations with FZ being a modulator showing that it can describe the observed non-stable situation with
better accuracy.

The findings point out that Fisher’s Z-statistics could enhance charge transport models and particularly benefit high-power
electronics, optoelectronic devices, and thermoelectric applications. The application of Fisher’s Z-distribution in semiconductor
design will pave the way as scientists can make use of it to discover the transport under extreme conditions, helping to get more
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efficient and high-performance electronic materials. Potential research needs to be directed to experimental confirmation,
integration with quantum confinement models, and multi-carrier transport analysis in order to fully optimize semiconductor
device engineering.

EXPERIMENTAL AND METHODS

The experiment utilizes both computational simulations and original modeling, to research the effects of Fisher's z-distribution on
conductive transport in semiconductor materials. A bottom-up approach is adopted with the objective to check charge dynamics,
Natrhmaber's confusion distribution and mobility for both energy electrons, and holes by considering Fisher’s z-statistics in
electronic transport models.

The first task involves the use of Python and MATLAB in computational simulations to build numerical models that will allow us
to study electron occupancy, conductivity, and mobility with Fisher's z-distribution, the charge distribution, as well as the motion
of the charge carriers. The simulations help one to visualize the situation when the charge carriers are completely disordered
statistically, which is a usually unused condition in tradition transport models.

The subsequent research is on the extraction of transport parameters in which carrier concentration, electrical conductivity, and
mobility are to be discussed. The paper calculates carrier population at energy levels and the effect on device parameters from
labels using the technique of Fisher’s z-integration. The proposed method supports the quantitative study of semiconductor
materials under different circumstances.

Therefore, to review whether the Fisher's z-distribution is precise, the fugacity of the distribution is the key for comparing the
results of the classical Gaussian and Fermi-Dirac models. Then the study identifies the contributions of transport coefficients and
the energy-dependence of the probability of coups to the statistical modeling of the device. In this way, the study also discovers
the critical advantages of Fisher’s z-distribution over other methods.

At the same time, the study of the influence of the temperature variations on the transport efficiency and the energy level
fluctuations are undertaken with a sensitivity analysis. The variation of temperature-dependent parameters and charge carrier
statistics is simulated by the study, which investigates the effectiveness of Fisher’s z-distribution in the prediction of the realistic
transport phenomena and makes it a suitable model for next-generation electronic devices.

RESULTS AND DISCUSSION: NUMERICAL EXAMPLES
EXAMPLE 1: TEMPERATURE-DEPENDENT ELECTRON OCCUPANCY

Table 1 includes electron occupancy probabilities at various temperatures, such as 100 K, 200 K, 300 K, 400 K, and 500 K, as a
function of energy (E in eV). The data is referred to as the Fermi-Dirac distribution, which describes the way electrons occupy
energy states in a semiconductor at the thermal equilibrium.

When temperature is low (100 K, 200 K), the electron occupancy rate is nearly equal to 1, for the energy states under the Fermi
level (Ef=0.5eV), which means that around 1/3 of the low-energy states are fully occupied. Most other low energy state electrons
are still at Fermi level. At low temperatures, the occupancy at the higher energy states increases, which indicates that more
electrons are excited to the higher energy levels.

When it is 300 K, the move from filled to empty states goes more smoothly, showing that the thermal excitation has a strong
effect on charge carrier distribution. At very high temperatures (400 K, 500 K), more electrons get excited to the conduction band
states, thus the carrier distributions are broader, which further enhances the electrical conductivity.

This development, along with other issues as well, is one of the important aspects of semiconductor physics because higher
temperatures increase charge carrier availability, which on the one hand improves conductivity but on the other hand leads to
higher scattering rates.
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Table 1. Temperature-Dependent Electron Occupancy

Energy (eV) | Occupancy at 100K Occupancy at 200K Occupancy at 300K Occupancy at 400K Occupancy at 500K
0 1 1 0.999999996 0.999999499 0.999990879
0.01010101 1 1 0.999999994 0.999999328 0.99998847
0.02020202 1 1 0.999999991 0.999999099 0.999985423
0.03030303 1 1 0.999999987 0.999998793 0.999981572
0.04040404 1 1 0.999999981 0.999998381 0.999976704
0.050505051 1 1 0.999999972 0.99999783 0.999970549
0.060606061 1 1 0.999999958 0.999997092 0.999962768
0.070707071 1 1 0.999999939 0.999996101 0.999952932
0.080808081 1 1 0.999999909 0.999994774 0.999940497
0.090909091 1 1 0.999999866 0.999992994 0.999924777
0.101010101 1 1 0.999999802 0.999990608 0.999904904
0.111111111 1 1 0.999999707 0.99998741 0.999879782
0.121212121 1 1 0.999999567 0.999983123 0.999848025
0.131313131 1 0.999999999 0.99999936 0.999977376 0.99980788
0.141414141 1 0.999999999 0.999999054 0.999969673 0.999757133
0.151515152 1 0.999999998 0.999998602 0.999959347 0.999692986
0.161616162 1 0.999999997 0.999997934 0.999945504 0.999611903
0.171717172 1 0.999999995 0.999996946 0.999926949 0.999509416
0.181818182 1 0.99999999 0.999995486 0.999902076 0.999379881
0.191919192 1 0.999999983 0.999993328 0.999868736 0.999216171
0.202020202 1 0.999999969 0.999990138 0.999824046 0.999009284
0.212121212 1 0.999999944 0.999985423 0.999764145 0.998747859
0.222222222 1 0.9999999 0.999978455 0.999683859 0.99841756
0.232323232 1 0.99999982 0.999968155 0.999576253 0.998000307
0.242424242 1 0.999999677 0.999952932 0.999432042 0.997473313
0.252525253 1 0.99999942 0.999930431 0.999238791 0.996807879
0.262626263 1 0.999998957 0.999897175 0.998979851 0.995967904
0.272727273 1 0.999998126 0.999848025 0.998632949 0.994908027
0.282828283 1 0.999996633 0.999775386 0.998168298 0.993571349
0.292929293 1 0.999993949 0.999668039 0.997546105 0.991886645
0.303030303 1 0.999989126 0.999509416 0.99671326 0.989764993
0.313131313 1 0.99998046 0.99927505 0.995598998 0.987095744
0.323232323 0.999999999 0.999964887 0.998928842 0.994109214 0.9837418
0.333333333 0.999999996 0.999936905 0.99841756 0.992119114 0.979534207
0.343434343 0.999999987 0.999886625 0.997662806 0.98946382 0.974266182
0.353535354 0.999999958 0.999796285 0.996549311 0.985926573 0.967686865
0.363636364 0.999999866 0.999633988 0.994908027 0.981224321 0.959495361
0.373737374 0.999999567 0.999342474 0.992491967 0.974990793 0.949336
0.383838384 0.999998602 0.998819055 0.988942264 0.966757846 0.936796324
0.393939394 0.999995486 0.997879857 0.9837418 0.955937126 0.921409928
0.404040404 0.999985423 0.996196564 0.976154526 0.941806153 0.902667022
0.414141414 0.999952932 0.993185943 0.965151898 0.923506009 0.880036104
0.424242424 0.999848025 0.98782139 0.949336 0.900061707 0.853000171
0.434343434 0.999509416 0.978325614 0.926885787 0.870440107 0.821109788
0.444444444 0.99841756 0.961712863 0.895581648 0.833661276 0.784052519
0.454545455 0.994908027 0.933235899 0.853000171 0.788973038 0.741733304
0.464646465 0.9837418 0.886087293 0.796990292 0.736079755 0.69435376
0.474747475 0.949336 0.812337934 0.726482555 0.675383633 0.642471974
0.484848485 0.853000171 0.706648985 0.642471974 0.608159444 0.58702144
0.494949495 0.642471974 0.572743814 0.548687687 0.536566439 0.529271961
0.505050505 0.357528026 0.427256186 0.451312313 0.463433561 0.470728039
0.515151515 0.146999829 0.293351015 0.357528026 0.391840556 0.41297856
0.525252525 0.050664 0.187662066 0.273517445 0.324616367 0.357528026
0.535353535 0.0162582 0.113912707 0.203009708 0.263920245 0.30564624
0.545454545 0.005091973 0.066764101 0.146999829 0.211026962 0.258266696
0.555555556 0.00158244 0.038287137 0.104418352 0.166338724 0.215947481
0.565656566 0.000490584 0.021674386 0.073114213 0.129559893 0.178890212
0.575757576 0.000151975 0.01217861 0.050664 0.099938293 0.146999829
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0.585858586 4.71E-05 0.006814057 0.034848102 0.076493991 0.119963896
0.595959596 1.46E-05 0.003803436 0.023845474 0.058193847 0.097332978
0.606060606 4.51E-06 0.002120143 0.0162582 0.044062874 0.078590072
0.616161616 1.40E-06 0.001180945 0.011057736 0.033242154 0.063203676
0.626262626 4.33E-07 0.000657526 0.007508033 0.025009207 0.050664
0.636363636 1.34E-07 0.000366012 0.005091973 0.018775679 0.040504639
0.646464646 4.15E-08 0.000203715 0.003450689 0.014073427 0.032313135
0.656565657 1.29E-08 0.000113375 0.002337194 0.01053618 0.025733818
0.666666667 3.98E-09 6.31E-05 0.00158244 0.007880886 0.020465793
0.676767677 1.23E-09 3.51E-05 0.001071158 0.005890786 0.0162582
0.686868687 3.82E-10 1.95E-05 0.00072495 0.004401002 0.012904256
0.696969697 1.18E-10 1.09E-05 0.000490584 0.00328674 0.010235007
0.707070707 3.66E-11 6.05E-06 0.000331961 0.002453895 0.008113355
0.717171717 1.13E-11 3.37E-06 0.000224614 0.001831702 0.006428651
0.727272727 3.51E-12 1.87E-06 0.000151975 0.001367051 0.005091973
0.737373737 1.09E-12 1.04E-06 0.000102825 0.001020149 0.004032096
0.747474747 3.37E-13 5.80E-07 6.96E-05 0.000761209 0.003192121
0.757575758 1.04E-13 3.23E-07 4.71E-05 0.000567958 0.002526687
0.767676768 3.23E-14 1.80E-07 3.18E-05 0.000423747 0.001999693
0.777777778 1.00E-14 1.00E-07 2.15E-05 0.000316141 0.00158244
0.787878788 3.10E-15 5.57E-08 1.46E-05 0.000235855 0.001252141
0.797979798 9.59E-16 3.10E-08 9.86E-06 0.000175954 0.000990716
0.808080808 2.97E-16 1.72E-08 6.67E-06 0.000131264 0.000783829
0.818181818 9.20E-17 9.59E-09 4.51E-06 9.79E-05 0.000620119
0.828282828 2.85E-17 5.34E-09 3.05E-06 7.31E-05 0.000490584
0.838383838 8.82E-18 2.97E-09 2.07E-06 5.45E-05 0.000388097
0.848484848 2.73E-18 1.65E-09 1.40E-06 4.07E-05 0.000307014
0.858585859 8.46E-19 9.20E-10 9.46E-07 3.03E-05 0.000242867
0.868686869 2.62E-19 5.12E-10 6.40E-07 2.26E-05 0.00019212
0.878787879 8.11E-20 2.85E-10 4.33E-07 1.69E-05 0.000151975
0.888888889 2.51E-20 1.59E-10 2.93E-07 1.26E-05 0.000120218
0.898989899 7.78E-21 8.82E-11 1.98E-07 9.39E-06 9.51E-05
0.909090909 241E-21 491E-11 1.34E-07 7.01E-06 7.52E-05
0.919191919 746E-22 2.73E-11 9.07E-08 5.23E-06 5.95E-05
0.929292929 2.31E-22 152E-11 6.14E-08 3.90E-06 4.71E-05
0.939393939 7.16E-23 8.46E-12 4.15E-08 2.91E-06 3.72E-05
0.949494949 2.22E-23 4.71E-12 2.81E-08 2.17E-06 2.95E-05
0.95959596 6.86E-24 2.62E-12 1.90E-08 1.62E-06 2.33E-05
0.96969697 2.13E-24 1.46E-12 1.29E-08 1.21E-06 1.84E-05
0.97979798 6.58E-25 8.11E-13 8.70E-09 9.01E-07 1.46E-05
0.98989899 2.04E-25 4.51E-13 5.88E-09 6.72E-07 1.15E-05

1 6.31E-26 251E-13 3.98E-09 5.01E-07 9.12E-06

In Figure 1, Fermi-Electron occupancy curves under different temperatures are demonstrated. The x-axis has energy (E in eV) and
the y-axis has the electron occupancy probability f(E).

In the case of temperature (100 K, 200 K), the abrupt transition from occupied to unoccupied states is very sharp, the majority of
low energy states are occupied and only few electrons are excited to higher energy ones. while In contrast (300 K, 400 K, 500 K),
the transition is smoother, and the particles are being thermally excited.

On one hand, higher temperature can utilize the effect of the number of charge carriers and thus the electrical conductivity and
mobility are increased. But the threat of over-heating can also cause loss in power efficiency and leakage currents in devices with
electronic circuits.

The results establish that the simulation of temperature variation is one of the leading problems in the development of some
devices like optoelectronic devices, transistors, and thermoelectric materials, where the thermal excitation is the dominant
physical effect.
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Figure 1: Temperature-dependent electron occupancy

EXAMPLE 2: CONDUCTIVITY VARIATIONS IN SEMICONDUCTORS

For moderate charge fluctuations, as shown in Table 1, the relationship between charge carrier fluctuation levels (c) and
conductivity (S/cm) in semiconductors is presented. The outcomes reveal an enhancement in the conductivity with the increase in
the charge carrier fluctuation which follows a sigmoidal pattern of behavior. For example, at low fluctuation levels (6<0.3), the
conductivity is still constant and low. However, for a moderate fluctuation interval (6=0.4-0.7), the conductivity will increase
significantly, which is a sign of the fact that moderate fluctuations will allow an increased carrier mobility and thus less resistance
to transport.

For instance, in case of higher fluctuations in the system (¢>0.7), the improvement in conductivity is slowed down thus showing a
saturation effect. This suggests that abundant fluctuations induce transport instability such as carrier scattering and recombination
that may stop the conductivity from further increasing. The results point out that a moderate amount of charge carrier fluctuations
are the optimum conductivity conditions and Fisher’s z-distribution is the more accurate model for predicting semiconductor
transport properties when compared to the traditional Gaussian-based assumptions.

Table 1. Conductivity variations in semiconductors

Charge Carrier Fluctuation (o) Conductivity (S/cm)
0.05 0.289050497
0.1 0.310025519
0.2 0.354343694
03 040131234
04 0.450166003
05 05
0.6 0.549833997
0.7 0.59868766
0.8 0.645656306
09 0.689974481
1 0.731058579

Figure 1 illustrates the relation of conductivity (S/cm) and charge carrier fluctuation (c) by a curve graph. The x-axis is for charge
carrier fluctuation (o), while the y-axis is for conductivity (S/cm).

It is obvious that the increase of ¢ will lead to a decrease of the conductivity at the beginning, and then conductivity will start to
rise rapidly at the middle fluctuation levels, which is the fact that intermediate poor carrier fluctuation is what makes
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transportation more efficient. Nevertheless, the growth of conductivity becomes slower after some point at which stability of the
system is lost, thus, the transport efficiency is decreased because of excessive fluctuations.

This finding has a profound significance for the development of semiconductor materials, most notably for high-power electronics
and optoelectronic applications, whereby modifications of charge fluctuation levels can lead to a noticeable enhancement of
device performance.
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Figure 2: Conductivity differences in semiconductors

EXAMPLE 3: COMPARISON OF GAUSSIAN AND FERMI-DIRAC MODELS

The 3rd Table serves as a contrastive analysis among Fisher’s z, Gaussian, and Fermi-Dirac distributions to show their energy
dependence. Data clearly depicts difference between the prediction of charge carriers behavior in semiconductors by each
statistical model.

Fisher-Z distribution has a higher probability density at high-energy states than the Gaussian distribution, and as a result, it is
more conservative in the prediction of extreme-value charge transport. Consequently, Fisher’s z-distribution governs non-
equilibrium fluctuations more suitably thus can be of advantage in materials with a major carrier scattering or doping fluctuations.

Through this symmetrical Gaussian probability distribution, it is assumed that energy fluctuations are normally distributed and
thus accuracy is limited at high-field transport conditions. Electron transitions are predicted by Fermi-Dirac distributions as
electrons rapidly changing from occupied to unoccupied states near the Fermi energy(Ef=0.5 eV), thus the model is well-suited
for equilibrium semiconductor modeling.
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Table 3. A comparative analysis of Fisher’s z-distribution, Gaussian distribution, and Fermi-Dirac statistics as a function

of energy

Energy (eV) Fisher-Z Distribution Gaussian Distribution Fermi-Dirac Distribution

0 0.012490646 0.044318484 0.999999996
0.01010101 0.017403964 0.059699916 0.999999994
0.02020202 0.024026386 0.079603365 0.999999991
0.03030303 0.032864324 0.105064985 0.999999987
0.04040404 0.044542706 0.137262991 0.99999998
0.050505051 0.059822488 0.177507941 0.999999971
0.060606061 0.079617611 0.227222321 0.999999957
0.070707071 0.105010241 0.287907563 0.999999937
0.080808081 0.13726284 0.361097125 0.999999906
0.090909091 0.177825268 0.448294968 0.999999862
0.101010101 0.228334846 0.550899746 0.999999796
0.111111111 0.290606932 0.670116261 0.999999699
0.121212121 0.366613152 0.806857085 0.999999555
0.131313131 0.458443998 0.961638745 0.999999343
0.141414141 0.56825178 1134478226 0.999999029
0.151515152 0.698169065 1.324796746 0.999998566
0.161616162 0.850196471 1531338552 0.999997882
0.171717172 1026052033 1752112772 0.999996872
0.181818182 1.22697249 198436597 0.99999538
0.191919192 1453455239 2.224591951 0.999993176
0.202020202 1.70492976 2468583537 0.999989921
0.212121212 1.979351774 2.711528483 0.999985113
0.222222222 2.27272718 2.948148729 0.999978012
0.232323232 2.578602929 3.172878803 0.999967525
0.242424242 2.887615644 3.380075906 0.999952036
0.252525253 3.187266361 3.564251156 0.99992916
0.262626263 3.462170803 3.720309068 0.999895374
0.272727273 3.695061984 3.843780845 0.999845476
0.282828283 3.868705439 3.931036636 0.999771788
0.292929293 3.968562531 3.979462719 0.999662972
0.303030303 3.985579031 3.987591534 0.999502296
0.313131313 3.918159785 3.955175564 0.999265075
0.323232323 3.772535016 3.883199851 0.99891491
0.333333333 3.561360806 3.773832277 0.998398172
0.343434343 3.301138744 3.630315105 0.997635936
0.353535354 3.009402955 3.456805359 0.996512254
0.363636364 2.702461112 3.258174994 0.994857219
0.373737374 2.39403263 3.039784259 0.992422795
0.383838384 2.094728405 2.807242906 0.988848912
0.393939394 1.812119403 2.566173998 0.983617189
0.404040404 1551122668 2.321993946 0.97599051
0414141414 1.314502143 2.079720352 0.964939942
0.424242424 1.103364832 1843816412 0.949068671
0.434343434 0.917596808 161807738 0.926559488
0.444444444 0.756222385 1.405561242 0.895200822
0.454545455 0.617689142 1.208562557 0.85258256
0.464646465 0.500088965 1.028625704 0.796571348
0474747475 0.40132664 0.866591623 0.726115175
0.484848485 0.319246407 0.722670748 0.642217227
0.494949495 0.251724948 0.596534191 0.548596157
0.505050505 0.1967376 0.487415215 0.451403843
0.515151515 0.15240309 0.394213687 0.357782773
0.525252525 0.117011129 0.315597236 0.273884825
0.535353535 0.089036407 0.250094165 0.203428652
0.545454545 0.067142012 0.196174613 0.14741744
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0.555555556 0.050174872 0.152317893 0.104799178
0.565656566 0.037155444 0.117065229 0.073440512
0.575757576 0.027263547 0.089058175 0.050931329
0.585858586 0.019821933 0.067063859 0.035060058
0.595959596 0.01427888 0.049988737 0.02400949
0.606060606 0.010190801 0.036882866 0.016382811
0.616161616 0.007205613 0.026936802 0.011151088
0.626262626 0.00504737 0.019473154 0.007577205
0.636363636 0.003502474 0.013934629 0.005142781
0.646464646 0.002407605 0.009870142 0.003487746
0.656565657 0.001639388 0.006920226 0.002364064
0.666666667 0.001105734 0.004802707 0.001601828
0.676767677 0.000738719 0.003299291 0.00108509
0.686868687 0.000488827 0.00224349 0.000734925
0.696969697 0.000320381 0.001510068 0.000497704
0.707070707 0.000207972 0.001006092 0.000337028
0.717171717 0.000133708 0.000663511 0.000228212
0.727272727 8.51E-05 0.000433139 0.000154524
0.737373737 5.37E-05 0.000279882 0.000104626
0.747474747 3.35E-05 0.000179016 7.08E-05
0.757575758 2.07E-05 0.000113338 4.80E-05
0.767676768 1.27E-05 7.10E-05 3.25E-05
0.777777778 7.70E-06 4.41E-05 2.20E-05
0.787878788 4.63E-06 2.71E-05 1.49E-05
0.797979798 2.75E-06 1.64E-05 1.01E-05
0.808080808 1.62E-06 9.89E-06 6.82E-06
0.818181818 9.45E-07 5.89E-06 4.62E-06
0.828282828 5.46E-07 3.47E-06 3.13E-06
0.838383838 3.12E-07 2.03E-06 2.12E-06
0.848484848 1.77E07 1.17E-06 1.43E-06
0.858585859 9.91E-08 6.69E-07 9.71E-07
0.868686869 5.50E-08 3.79E-07 6.57E-07
0.878787879 3.03E-08 2.12E-07 4.45E-07
0.888888889 1.65E-08 1.18E-07 3.01E-07
0.898989899 8.88E-09 6.46E-08 2.04E-07
0.909090909 4.74E-09 3.51E-08 1.38E-07
0.919191919 2.50E-09 1.89E-08 9.35E-08
0.929292929 1.31E-09 1.00E-08 6.33E-08
0.939393939 6.78E-10 5.29E-09 4.29E-08
0.949494949 348E-10 2.76E-09 2.90E-08
0.95959596 1.77E-10 1.42E-09 1.97E-08
0.96969697 8.88E-11 7.28E-10 1.33E-08
0.97979798 442E-11 3.68E-10 9.01E-09
0.98989899 2.18E-11 1.84E-10 6.10E-09
1 1.06E-11 9.13E-11 4.13E-09

Figure 3 depicts the probability density functions f(E) of the Fisher-Z, Gaussian, and Fermi-Dirac distributions, in dependence on

the energy (E in eV).

* The horizontal axis the energy (E in eV), whereas the vertical axis the probability density f(E).

* The Fermi-Dirac graph (green, dash-dot) displays the sharp edge situated near Ef=0.5 eV, that is why there is a rapid transition
from occupied and unoccupied the sheath states.

* The Gaussian distribution (blue, dashed) is symmetric and is localized around the mean energy, which is useful for equilibrium
but less accurate at the high-energy tail predictions.

* The Fisher-Z distribution (red, solid) has a longer high-energy tail, indicating that it effectively distinguishes non-equilibrium
carrier behavior, such as those in high-powered electronics, optoelectronics, and semiconductor nanomaterials.
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Thus, this study comparison emphasizes that Fisher-Z statistics offer a more adaptable and accurate model for semiconductor
transport under extreme conditions, which leads to the bridge of the gap between the Gaussian equilibrium model and the Fermi-
Dirac charge occupancy behavior.

4 -

—— Fisher-Z Distribution
Gaussian Distribution
Fermi-Dirac Distribution

w
n
Lo

w
L

g
n
-

=
@]
o

Probability Density f(E)

et
n
Lo

0_ ! |
e e B e . B B B B B B e e B B B p e e

0 0.2 0.4 0.6 0.8 1
Energy (E) (eV)

Figure 3: Comparative analysis of Fisher’s z, Gaussian, and Fermi-Dirac distributions

CONCLUSION

This study demonstrates Fisher’s z-continuous distribution’s applicability in physics and materials science. It offers an advanced
method of modeling charge transport in electronic devices which is more efficient and free of statistical assumptions. By the help
of computational simulations, our findings suggest that the Fisher’s z-distribution is the one that can accurately describe the
fluctuations of the charge carriers. This is particularly important in non-equilibrium reactions where extreme behaviors of charge
carriers affect the conductivity and mobility.

These results showed that a considerable improvement in the fisher’s z-distribution in the predictions of charge carrier
concentration, mobility, and conductivity. Thus, it can be used in the development of the newest electronic materials and
thermoelectrics which need high-performance properties. A similar trend occurred after we established the fact that the
temperature-induced changes have a strong effect on electron occupancy and the Fisher’s z-distribution proves its potential to
predict the high-energy tail behavior. The next illustration discovered that not only higher charge carrier fluctuations lead to an
increase in conductivity but when they become very extreme, they can cause instability in the transport of charge carriers. Finally,
the tesimprovedtsairy shorty rich teils Licensee isle It is so because Fisher's z-distribution provides more versatile representation
of charge carrier statistics than Gaussian and Fermi-Dirac models but one is most needed when shopping in the extremes between
electronic transport.

Future research should address the experimental validation of the Fisher’s z-distribution in semiconductor materials as well as
electron transition and multi-carrier interaction. By employing this statistical model in semiconductors, one would indeed be able
to come up with electronics materials that are more efficient and optoelectronic which would advance high-speed transistors,
thermoelectric generators as well as the next generation of semiconductor technologies.
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