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AN ANALYTICAL EVALUATION OF SEMICONDUCTOR RESISTANCE CHANGES  
IN WEAK MAGNETIC FIELDS 

 
Variations in electrical resistance under the influence of magnetic fields play a crucial role in 

numerous technological applications, including hard disk drives and microcircuit sensors. In this 
study, the change in the electrical resistance of a semiconductor exposed to a weak magnetic 
field is examined within a generalized theoretical framework. The analysis is carried out by 
formulating the system using single-parameter Fermi–Dirac distribution functions. All calculations 
use the analytical expression of these functions proposed by the author. A comparison between 
the analytical results and those obtained through numerical methods demonstrates a high degree 
of agreement, confirming the reliability and accuracy of the proposed formulation. The 
analytically derived results are presented in tabular form to enhance clarity and facilitate direct 
comparison. This approach not only provides a simplified analytical treatment of 
magnetoresistance effects in semiconductors, but also enables the modeling of material behavior 
under variable external conditions. Therefore, the formulation developed in this work is expected 
to contribute to the theoretical design of semiconductor devices, particularly in applications 
requiring precise control of electronic transport properties under magnetic influence. 
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Жартылай өткізгіштердің кедергісінің әлсіз магнит өрістеріндегі өзгерістерін  
аналитикалық бағалау 

 
Электрлік кедергінің магниттік өрістер әсерінен өзгеруі қатты дискілер мен микросхема 

сенсорлары сияқты көптеген технологиялық қолданбаларда маңызды рөл атқарады. Бұл 
ұсынылған зерттеуде әлсіз магниттік өріске ұшыраған шала өткізгіштің электрлік кедергісінің 
өзгерісі жалпыланған теориялық негізде қарастырылады. Талдау бір параметрлі Ферми–
Дирак таралу функцияларын қолдану арқылы жүргізілді. Барлық есептеулерде автордың 
ұсынған функциялардың аналитикалық өрнегі пайдаланылды. Аналитикалық нәтижелер 
мен сандық әдістер арқылы алынған нәтижелерді салыстыру жоғары деңгейдегі сәйкестікті 
көрсетті, яғни, бұл ұсынылған тәсілдің сенімділігі мен дәлдігін дәлелдейді. Алынған 
аналитикалық нәтижелер анықтылықты арттыру және тікелей салыстыруды жеңілдету үшін 
кестелік түрде берілген. Бұл тәсіл жартылай өткізгіштердегі магниткедергі әсерлерін 
аналитикалық түрде қарастыруды жеңілдетіп қана қоймай, сонымен қатар сыртқы шарттар 
өзгергенде материалдың мінез-құлқын модельдеуге мүмкіндік береді. Сондықтан, осы 
жұмыста ұсынылған формулалар магнит өрісі әсеріндегі электрондық тасымалдау 
қасиеттерін дәл бақылауды қажет ететін қолданбалар үшін жартылай өткізгіш 
құрылғыларды теориялық жобалауға маңызды үлес қоса алады. 

 
Түйін сөздер: магнит өрісі, жартылай өткізгіштер, электрлік кедергі, Ферми–Дирак 

таралу функциялары, химиялық потенциал. 
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Аналитическая оценка изменений сопротивления полупроводников  
в слабых магнитных полях 

 
 

Изменения электрического сопротивления под воздействием магнитных полей играют 
важную роль во многих технологических приложениях, включая жёсткие диски и 
микросхемные датчики. В данном исследовании рассматривается изменение 
электрического сопротивления полупроводника, подвергнутого воздействию слабого 
магнитного поля, в рамках обобщённой теоретической модели. Анализ проводится с 
использованием однопараметрических функций распределения Ферми–Дирака. Во всех 
вычислениях используется аналитическое выражение этих функций, предложенное 
автором. Сравнение между аналитическими результатами и результатами, полученными 
численными методами, демонстрирует высокий уровень согласия, что подтверждает 
достоверность и точность предложенной формулировки. Полученные аналитические 
результаты представлены в табличной форме для повышения наглядности и облегчения 
прямого сравнения. Данный подход не только упрощает аналитическое описание эффектов 
магнетосопротивления в полупроводниках, но и позволяет моделировать поведение 
материала при изменяющихся внешних условиях. Следовательно, разработанная в данной 
работе модель может способствовать теоретическому проектированию полупровод-
никовых устройств, особенно в приложениях, требующих точного контроля электронного 
транспорта под воздействием магнитных полей. 

 
Ключевые слова: магнитное поле, полупроводники, электросопротивление, функции 

распределения Ферми–Дирака, химический потенциал. 
 

 

Introduction 

 

Organic semiconductors are widely used as 

important functional materials in many areas of 

electrical and electronic technology [1–6]. These 

materials possess unique electronic properties and 

functionalities that can be tailored through chemical 

synthesis to meet specific requirements. Additionally, 

they are expected to provide electronic applications 

that are more cost-effective, lighter, and mechanically 

flexible than current inorganic-based technologies. 

However, there is still much to learn about the 

properties of these materials, which can behave 

differently depending on external factors such as 

magnetic field, temperature, film thickness, and 

others [7–14].  

One such external factor is the change in 

electrical resistance of materials under magnetic 

fields, a phenomenon known as magnetoresistance. 

Magnetoresistance is widely used in commercial 

applications, such as computer hard disks and on-chip 

sensors.  

In organic semiconductors, magnetoresistance, 

referred to as organic magnetoresistance (OMAR) is 

characterized by changes in electrical resistance upon 

application of a magnetic field. This effect is typically 

explained by mechanisms such as spin-dependent 

processes and hyperfine interactions and plays a 

significant role in the development of organic 

spintronic devices [15-20]. 

In this study, the change in the resistance of 

semiconductors exposed to an external magnetic field 

is calculated using an analytical approach based on 

Fermi–Dirac distribution functions. An analytical 

formula expressing this behavior has been derived 

within the framework of kinetic theory using one-

dimensional Fermi functions.  

The proposed theoretical approach may 

contribute to guiding future experimental studies in 

the right direction.
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Methods  

 

Analytical formula for calculating 

semiconductor resistance in a weak magnetic field 

 

Using kinetic theory of transport phenomena, the 

analytical formula for the change in the resistance of 

semiconductors under the influence of a weak 

magnetic field can be expressed as follows [2–4]: 
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Here, μ is the chemical potential, B is the magnetic 

field, χ represents the magnetic susceptibility, and 

(0)  is the resistivity in the absence of a magnetic 

field. The function 
2 ( )A   is defined as follows: 
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Here, ( )F   is the Fermi function, defined as follows: 
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Here,   is the variable −     varies within a 

certain interval, and  is the parameter can take 

arbitrary integer or non-integer values. In cases 

involving charge carriers scattered by acoustic 

phonons or by ions, the constant r  typically takes the 

values 0r = , 2r = , respectively. In the study [21], 

authors have provided the following analytical 

formulas for the precise calculation of the one-

parameter Fermi function: 
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where the function ( , )iK    is calculated according to 

the following formula: 
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In Eqs. (4), (5), and (6), the indices , ,N L M ve N   

are the upper bounds of the sums. special functions 

( ), ( , ) ( , )x ve x     are complete and 

incomplete Gamma functions and are written as 

follows [22-24]: 
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Calculation results and discussion 

 

The change in the electrical resistance of 

semiconductors under weak magnetic fields has been 

calculated using Equation (1) for various values of the 
  relevant parameters. A computational algorithm 

based on Equation (1) was developed using the 

Mathematica 10 programming language. The 

calculations were carried out for silicon (Si) as the 
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semiconductor material, considering the hole 

mobility 3 245.10 / .u m V s−= , intrinsic resistivity 

(0) 25 .m =  , and the applied magnetic field 

0.05H Tl= . Our analytical results, alongside those 

obtained from numerical integration methods, are 

presented in Table 1. As can be seen from the table, 

there is a good agreement between the analytical 

calculations and the numerical results, confirming the 

accuracy and reliability of the proposed analytical 

approach. Furthermore, the results indicate that the 

derived analytical expression is general and remains 

valid for arbitrary values of the physical parameters. 

 

 

Table 1. Comparative results for the electrical resistance of the semiconductor under the weak magnetic 

field  

 

  Eq. (1) Numerical calculation results 

-5.0 3.99905770701113E-09 3.99905770701113E-09 

-0.3 3.999057707013538E-09 3.999057707013555E-09 

-0.7 3.999057707012535E-09 3.999057707012535E-09 

-1.6 3.999057707011747E-09 3.999057707011747E-09 

-4.8 3.999057707010885E-09 3.99905770708621E-09 
-8.8 3.999057707010217E-09 3.999057707010211E-09 
1.0 3.999057707016095E-09 3.999057707016061E-09 

2.6 3.999057707031013E-09 3.99905770702209E-09 

16.8 3.999057707180921E-09 3.99905770710575E-09 

 

 

Conclusion  

 

This general applicability highlights the advantage 

of the analytical formulation in modeling the 

magnetoresistive behavior of semiconductors under 

weak magnetic fields. It offers a useful theoretical 

framework that can complement experimental 

investigations and support the design of magneto-

sensitive semiconductor devices.
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