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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.

Keywords: magnetic field, semiconductors, resistivity, Fermi-Dirac distribution functions,
chemical potential.

Anem AKKyC
[a3nocmaHnalwa yHnsepcuTeTi, TOKaT, TypKuA
*e-mail: ademakkus76@yahoo.com

KapTbinan eTkisriluTepAin, KenepriciHiH, a1ci3 MarHUT epicTepiHAeri esrepicTepiH
aHanuTKKanblik 6aranay

JNEeKTPANiK KeaepriHiH MarHUTTIK epicTep acepiHeH e3repyi KaTTbl ANCKINEP MEH MUKPOCXEMaA
CEHCOpPapbl CUAKTbI KBMNTereH TEXHONOMMANbIK KonaaHbanapaa maHbi3abl pen aTkapadbl. byn
YCbIHbIIFaH 3epTTeYAe 9/CI3 MAarHUTTIK 6piCKe ylblpafaH LWana eTKI3riWTiH 31eKTPAIK KedepriCiHiH
@3repici KannblnaHFaH TEOPUALIK Heridge KapacTbipbliadbl. Tangay 6ip napametpni Pepmm—
Onpak Tapany OyHKUMANAPbIH KOAZAHY apKblabl XKypridingi. bapsbik ecenteynepae aBTopAbiH,
YCbIHFaH QYHKUMANAPAbIH, aHAAUTUKANbIK ©pHeri nanganaHbingbl. AHANIUTUKANbIK HaTUKenep
MEH CaHAbIK 2AiCTep apKpl/ibl aNblHFaH HITUMKENEPi CaNbICTbIPY KOFapbl AeHreMaeri COMKECTIKTI
KepceTTi, AFHWM, OyN YCbiHbIAFAH TACINAIH, CeHiMmAiniri meH An4iriH Aanenaenai. AnbiHFaH
aHANUTUKANbIK HOTUXKENEP aHbIKTbINbIKTbI apTTbIPY KaHe TiKenel canbiCTblpyAbl *KeHINAETY YLWiH
KecTenik Typae OepinreH. byn Tacin KapTbinah eTKi3riwTepAeri MarHUTKeaepri acepnepiH
aHaNUTUKANbIK TYPAE KapacTblpyAbl XKeHiNAeTin KaHa KOMMal, COHbIMEH KaTap CbIPTKbI LLAPTTap
e3repreHzie MatepuaniblH, MiHE3-Ky/KbIH Modenbaeyre MymKiHAK 6epeni. COHAbIKTAH, OCbl
KYMbICT@  YCbIHbIIFaH GOpMynanap MarHuT epici acepiHAeri 31eKTPOHAbIK, TackiMangay
KacueTTepiH JAan OaKkblnayabl KaxkeT eTeTiH KongaHbanap VWiH KapTblnak  eTKi3riw
KYPbIAFblNapabl TEOPUANBIK KobanayFa MaHbI3bl Yaec Koca anaapl.

TyWiH ce3pmep: MarHUT epici, XapTblnal eTKisrilTep, anekTpaik keaepri, Pepmmu—mpak
Tapany GyHKUMANAPbI, XMMUANBIK NOTEHUMAN.
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AHanutunyeckas OuEeHKa N3MEHEeHUM conpoTtusaneHna nonynposogHNMKOB
B C1abblX MarHUTHbIX NONAX

MN3MeHEeHUs 31eKTPUYECKOrO CONPOTUBIEHNS NOoA BO3AENCTBMEM MArHUTHbIX NMOJIEN UTrpatoT
BaXKHYIO pPOJib BO MHOTMX TEXHONOMMYECKUX MPUIONKEHUAX, BKAOYAA KECTKME AUCKM U
MWUKPOCXEMHblE  AaTYMKM. B JaHHOM  MCCNeAoBaHMM  PAcCMaTPUMBAETCA  M3MEHEeHMe
3NEeKTPMYECKOrO COMPOTUBAEHMS MOAYNPOBOAHWKA, MNOABEPrHYTOro BO3AeNCTBMIO cnaboro
MarHMTHOroO MoJs, B pamkax 0DOO0DOLWIEHHOM TeopeTuMyeckon modenn. AHanms npoBoAMTCA C
NCMONb30BaHNEM OHOMAPaMeTPUYECcKNX GpyHKUMA pacnpeseneHma Pepmu—Anpaka. Bo Bcex
BbIYMC/IEHMAX WCMOMb3YETCA aHa/IMTUYECKOe BblparKeHne 3TUX OYHKUMIA, NpeasioeHHoe
aBTopoM. CpaBHEHME MeXKAY aHaIUTUYECKUMKN pe3yabTaTaMn U pesy/ibTaTamMu, NOoyYeHHbIMU
YUC/IEHHbIMM METO/IaMM, AEeMOHCTPUPYET BbICOKUIM YPOBEHb COrNacusA, 4YTO MOATBEPKAAET
[OCTOBEPHOCTb M TOYHOCTb NPeaSOKeHHON GOPMYIMPOBKN. [loayYeHHbIe aHanUTUYecKue
pe3ynbTaTbl NpeacTaBneHbl B TabanyHo dopme A1A NOBbIWEHUA HArAAAHOCTM U 0bneryeHma
NPAMOro cpaBHeHWA. JaHHbIN NOAX0/ He TO/IbKO YNPOLAeT aHaAuTM4eckoe onucaHme adpdeKkTos
MarHeToConpPoTMBAEHMA B MOAYNPOBOAHMKAX, HO M MO3BOASET MOAENMPOBaTb MOBeJEHME
mMaTepuana npm U3MeHALWMXCA BHELLHMX ycaosusax. CneaosaTensHo, pa3pabotaHHas B JaHHOM
paboTe MofeNb MOXeT CcrnocobCTBOBaTb TEOPETUYECKOMY MPOEKTMPOBAHMIO MOAYNPOBOA-
HUKOBbIX YCTPOMUCTB, OCOOEHHO B MPUNOKEHUAX, TPEOYIOLIMX TOYHOTO KOHTPOA 3EKTPOHHOMO

TPaHCNOPTa noA BO3,£I,€VICTBI/I€N\ MarHuUTHbIX NONeMN.

Kniouesble c/10Ba: MarHMTHoOE Moje, NoaynpPoOBOAHMKN, INEKTPOCONPOTUBAEHME, DYHKLMM
pacnpeaenexHms Gepmu—Amnpaka, XMMUYECKUIA NOTEHLMaN.

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.
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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]:

;ﬂam=mmﬁ+ﬁgj@wﬁ 1)

Here, p is the chemical potential, B is the magnetic
field, y represents the magnetic susceptibility, and
©(0) is the resistivity in the absence of a magnetic

field. The function 4,(p) is defined as follows:
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Here, F, (1) is the Fermi function, defined as follows:
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Here, 7 is the variable —00 <7} <00 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 » typically takes the
values 7 =0, 7 = 2, 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 K, (a,7) is calculated according to
the following formula:
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In Egs. (4), (5), and (6), the indices N,L,M ve N'
are the upper bounds of the sums. special functions
IN'a), I'(a,x) ve y(a, x) are complete and

incomplete Gamma functions and are written as
follows [22-24]:

[(a) =]2t“_'e_tdt (7
0

y(a,x) = jit“’le”dt 3

e, x)= Tt“_le_'dt ©)

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
Il 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 u=45.10"m"/V.s, intrinsic resistivity
pr(0)=25Q.m, and the applied magnetic field
H =0.057! . 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

n 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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