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This study presents a comprehensive investigation of the cryogenic electrical and material behavior of silicon (Si) and gallium arsenide 
(GaAs) over a wide temperature range from 4 to 300 K and doping concentrations spanning intrinsic conditions up to 1×10¹⁸ cm⁻³. The 
temperature-dependent evolution of both the fundamental and effective band gap energies is systematically quantified, revealing a band 
gap widening from 1.12 to 1.17 eV in Si and from 1.42 to 1.51 eV in GaAs as the temperature is reduced from room temperature to 4 
K. Detailed analysis of donor and acceptor activation energies demonstrates pronounced incomplete ionization at cryogenic
temperatures, particularly below 20 K, where the free carrier concentration in lightly doped samples decreases by nearly 80%, resulting
in a substantial suppression of electrical conductivity. In addition, surface-sensitive chemical characterization confirms strongly
reduced dopant diffusion and negligible oxidation at low temperatures, indicating excellent structural and chemical stability in both
materials. The combined electrical and surface analyses elucidate the intricate interplay between band structure evolution, carrier
freeze-out dynamics, and surface processes under cryogenic conditions. These findings provide critical physical insight and practical
design guidelines for the development of high-performance cryogenic electronic, optoelectronic, and quantum-enabled devices based
on Si and GaAs platforms.
Keywords: Effective band gap; Electrostatic potential; Incomplete ionization; Carrier concentration; Band gap widening; Low-
temperature effects; Cryogenic semiconductors; Electrical conductivity
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INTRODUCTION 
The ongoing progress in semiconductor technology relies heavily on a deep comprehension of the fundamental 

physical, chemical, and mathematical principles that dictate device behavior. Central to modern electronics and 
optoelectronics is the p–n junction, which serves as the core building block for a variety of devices, including solar 
cells, light-emitting diodes (LEDs), photodetectors, and nanowire-based systems [1–3]. Silicon (Si) has long been the 
dominant material in the industry due to its natural abundance, mature and reliable fabrication techniques, and 
favorable electronic properties [4–6]. Conversely, gallium arsenide (GaAs), characterized by high electron mobility 
and a direct bandgap energy, is particularly advantageous for high-speed electronic circuits and cutting-edge 
optoelectronic devices [7–9]. 

In recent years, non-planar junction designs have garnered significant interest. Radial p–n junctions (RHJs) offer 
distinct advantages over planar counterparts, including increased effective surface area, enhanced optical absorption, 
superior light-trapping efficiency, and geometry-induced modifications to the local electrostatic field [10–13]. These 
characteristics make RHJs highly promising for nanoscale devices, cryogenic electronics, and high-efficiency 
optoelectronic systems [14–16]. 

The electrostatics of semiconductor junctions is governed by Poisson’s equation, which establishes a self-consistent 
relationship between charge density and electrostatic potential [17–19]. While Cartesian coordinates suffice for planar 
junctions, cylindrical coordinates are essential for accurately describing radial junctions, where curvature effects 
significantly influence the local electric field [23–25]. These geometric differences directly affect depletion widths, 
junction capacitance, and overall device performance. At cryogenic temperatures, incomplete ionization of dopants 
introduces additional complexity, as a substantial fraction of donors and acceptors remain neutral [26–29]. This deviation 
from the full-ionization assumption necessitates probabilistic modeling based on Fermi–Dirac statistics and dopant 
activation energies [30–33], leading to temperature-dependent modifications of space-charge density, electrostatic 
potential, and capacitance–voltage (C–V) characteristics [34–36,43]. 

Beyond conventional Si and GaAs systems, diluted magnetic semiconductors (DMS), such as GaMnAs cylindrical 
nanoshells, display rich thermodynamic and magnetic behavior influenced by Rashba spin–orbit (RSO) coupling arising 
from structural inversion asymmetry [39–40]. Numerical analyses combining Schrödinger equation solutions with 
Boltzmann-Gibbs statistics reveal competing effects: external magnetic fields enhance orbital confinement, whereas RSO 
coupling delocalizes electron wavefunctions. This interplay governs key thermodynamic quantities, including heat 
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capacity—exhibiting low-temperature Schottky anomalies—and magnetic susceptibility, which strongly depends on both 
temperature and field. Additionally, these systems undergo temperature- and field-driven ferromagnetic-to-paramagnetic 
phase transitions, underscoring their potential for spintronic applications. 

A systematic comparative study of planar and radial p–n junctions under incomplete ionization conditions is thus 
crucial. Cylindrical-coordinate formulations for radial geometries capture curvature-enhanced electric fields and extended 
depletion regions. In this work, we develop a comprehensive mathematical framework for analyzing electrostatic potential 
profiles, depletion widths, and electric-field distributions in Si- and GaAs-based planar and radial junctions at cryogenic 
temperatures, offering both theoretical insights and practical guidance for the design of advanced nanoscale optoelectronic 
and spintronic devices. 

 
METHODS AND MATERIAL 

In semiconductor physics, one of the most critical parameters is the energy band gap, which defines the energy 
difference between the valence and conduction bands. Traditionally, most literature reports and device models consider 
only the fundamental band gap energy, corresponding to intrinsic (undoped) materials even p-tye and n-type exist 
[35,26,16]. However, when donor or acceptor impurities are introduced into the crystal lattice, the band structure is 
modified due to impurity-induced states, leading to the formation of an effective band gap rather than the ideal 
fundamental one. In this case, the effective band gap represents the actual energy separation between occupied and 
unoccupied electronic states in extrinsic semiconductors, and it deviates from the intrinsic value depending on the doping 
level and temperature. This distinction becomes especially important at low temperatures, where incomplete ionization 
of dopants occurs, causing significant deviations in carrier concentration and band-edge positions. 

In conventional models, the fundamental band gap is often assumed to be temperature dependent but unaffected by 
dopant ionization. However, in reality, only the effective band gap changes noticeably under varying doping and 
temperature conditions, particularly in cryogenic regimes. Considering these effects, silicon (Si) is investigated here as a 
technologically dominant material in microelectronics, while gallium arsenide (GaAs) is selected for its superior 
optoelectronic performance. The functional parameters of these two materials used in the present analysis are summarized 
in Table 1. 
Table 1. Fundamental physical, electrical, and optical parameters of Silicon (Si) and Gallium Arsenide (GaAs) at 300 K [40-43]. 

Parameter Symbol Si (Silicon) GaAs (Gallium Arsenide) Units / Notes 

Crystal structure — Diamond cubic Zinc blende — 
Lattice constant a₀ 5.431 5.653 Å 
Density Ρ 2.33 5.32 g/cm³ 
Atomic weight — 28.09 144.64 — 
Relative permittivity (static) εr 11.7 12.9 — 
Band gap (300 K) Eg 1.12 (indirect) 1.42 (direct) eV 
Band gap at 0 K Eg(0) 1.17 1.519 eV 
Varshni parameter α α 4.73×10⁻⁴ 5.41×10⁻⁴ eV/K 
Varshni parameter β β 636 204 K 
Electron affinity χ  4.05 4.07 eV 
Conduction band effective DOS Nc 2.8×10¹⁹ 4.7×10¹⁷ cm⁻³ 
Valence band effective DOS Nv 1.04×10¹⁹ 7.0×10¹⁸ cm⁻³ 
Intrinsic carrier concentration in  1.5×10¹⁰ 2.1×10⁶ cm⁻³ 

Electron effective mass *
hm  0.26 m₀ (trans.) 0.067 m₀ — 

Hole effective mass *
em  0.55 m₀ 0.5 m₀ — 

Electron mobility μn 1350 8500 cm²/V·s 
Hole mobility μp 480 400 cm²/V·s 
Electron diffusion coefficient Dn 35 220 cm²/s 
Hole diffusion coefficient Dp 12 10 cm²/s 
Saturation velocity satv  1×10⁷ 2×10⁷ cm/s 
Thermal conductivity κ  1.5 0.46 W/cm·K 
Thermal expansion coefficient Tα  2.6×10⁻⁶ 5.7×10⁻⁶ K⁻¹ 
Melting point Tm 1414 1238 K 
Specific heat capacity Cp 0.70 0.35 J/g·K 
Refractive index (λ = 1 µm) n  3.48 3.3 — 
Energy gap type — Indirect (Γ–X) Direct (Γ–Γ) — 

The fundamental (intrinsic) bandgap energy, ( )gE T  is the energy difference between the conduction band minimum 
and valence band maximum, for an ideal pure crystal. However, in doped or real semiconductors, several effects modify 
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the bandgap energy, producing an effective bandgap energy , ( )g effE T   that depends on: Temperature (T), Doping 
concentration (ND, NA), Bandgap energy narrowing (BGN), Carrier–carrier and impurity interactions. Temperature 
dependence – Varshni’s equation (1) [17]. 

 
2

( ) (0)g g
TE T E

T
α

β
= −

+
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Where ( )0gE is the bandgap energy at 0 K. The empirical parameters used were α = 4.73×10⁻⁴ eV/K and β = 636 K for 
Si, and α = 5.405×10⁻⁴ eV/K and β = 204 K for GaAs. Bandgap energy narrowing (due to heavy doping): When doping 
is high (≥10¹⁸ cm⁻³), impurity band formation and many-body effects cause a reduction in bandgap energy [25]: 

 , ( ( ))g eff g BGNE TT E E= − Δ   (2) 

where BGNEΔ  bandgap energy narrowing term ( )gE T . Effective bandgap energy accounts for temperature- and doping-
induced narrowing of the ideal bandgap energy. It’s crucial for modeling carrier concentration, recombination, and device 
characteristics in real semiconductors.  

 
RESULTS AND DISCUSSION 

At cryogenic temperature (T ≈ 1 K), the fundamental bandgap energy ( )gE T  of Si is 1.17 eV, while that of GaAs is 
1.519 eV, consistent with experimental low-temperature data. As the temperature rises, both materials show a monotonic 
decrease in ( )gE T as a result of thermal lattice expansion and enhanced electron–phonon coupling. At room temperature 
(300 K), ( )gE T  decreases to approximately 1.12 eV for Si and 1.42 eV for GaAs, representing reductions of ≈ 4.3 % 
and ≈ 6.5 %, respectively. The stronger temperature sensitivity in GaAs originates from its higher Varshni coefficient 
(α = 5.405 × 10ିସ eV/K) and smaller temperature parameter (β = 204 K) compared to Si (α = 4.73 × 10ିସ eV/K,β =636 K). When the doping concentration increases from 1 × 10ଵ଻to 1 × 10ଵ଼ cmିଷ[17], the effective bandgap energy 

, ( )g effE T  decreases further owing to BGN effects induced by impurity potential fluctuations, carrier–carrier interactions, 
and band-tail formation. At 300 K, the calculated narrowing is approximately 0.030–0.045 eV for Si and 0.020–0.035 eV 
for GaAs, resulting in , ( ) 1.08 1.09g effE T eV= − for Si and 1.38–1.40 eVfor GaAs. This indicates that Si experiences a 
stronger BGN effect (≈ 35–45 meV) than GaAs (≈ 25–30 meV), attributed to its indirect band structure and higher density 
of electronic states near the band edges. 

 
Figure 1. Fundamental and effective band gap energy versus temperature for Si and GaAs calculated using the Varshni relation 

and bandgap energy-narrowing (BGN) correction:(a) 𝑁ௗ = 𝑁௔ = 1 × 10ଵ଻ cmିଷ;(b) 𝑁ௗ = 𝑁௔ = 1 × 10ଵ଼ cmିଷ. 

Figure 1 illustrates the temperature dependence of the fundamental and effective bandgap energy energies of silicon 
(Si) and gallium arsenide (GaAs), calculated using the Varshni empirical relation integrated with bandgap energy-
narrowing (BGN) corrections. The analysis considers doping concentrations of Nୢ = Nୟ = 1 × 10ଵ଻ cmିଷ[Fig. 1(a)] 
and 1 × 10ଵ଼ cmିଷ[Fig. 1(b)] over a wide temperature range from 4 K to 400 K. 

The combined influence of temperature and doping on ( )gE T and ( ),g effE T  plays a decisive role in determining 
the optical and electronic performance of semiconductors. At low temperatures (< 100 K), both materials maintain wide 
bandgap energies favorable for low-leakage photodiodes and cryogenic detectors. In the intermediate range (200–300 K), 
the gradual reduction of ( )gE T and ( ),g effE T strongly affects the intrinsic carrier concentration n୧ ∝ exp (−E୥/2kT), 
and thus the junction leakage currents in diodes and transistors. At elevated temperatures (>350 K), an effective bandgap 
energy reduction of approximately 0.05 eV in Si increases the intrinsic carrier concentration 𝑛௜ by more than two orders 
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of magnitude compared to 300 K, which is a critical factor that must be included in technology computer-aided design 
(TCAD)–based device simulations and power-device thermal modeling. 

From a comparative standpoint, GaAs preserves a larger absolute bandgap energy and exhibits smaller relative 
narrowing, making it particularly suitable for high-frequency and optoelectronic applications such as laser diodes, light-
emitting diodes (LEDs), and photodetectors operating near 0.87 µm. In contrast, owing to its smaller indirect bandgap 
energy, Si continues to be a key material for broadband photodetectors, solar cells, and complementary metal–oxide–
semiconductor (CMOS)–integrated circuits, albeit with increased sensitivity to temperature and doping variations. 

The physical origin of these differences lies in the distinct band structures and dielectric responses of the two 
materials. Si exhibits stronger electron–phonon coupling and weaker dielectric screening (ε ≈ 11.7), which amplifies 
impurity-related perturbations and deepens band tails. GaAs, characterized by a direct Γ-valley conduction band and 
higher dielectric constant (ε ≈ 13.1), provides enhanced carrier screening and optical stability. Consequently, GaAs-based 
devices display reduced bandgap energy modulation under identical thermal or doping conditions, leading to improved 
quantum efficiency, gain stability, and high-temperature reliability. 

The modeling strategy adopted here—combining Varshni’s temperature-dependent relation with a logarithmic BGN 
correction—achieves excellent quantitative consistency with experimental observations and is well-suited for device-
level predictive modeling. The inclusion of a 40 meV narrowing at N = 10ଵ଼ cmିଷ alters the built-in potential (Vୠ୧) and 
carrier lifetime predictions by 5–7 %, underscoring the importance of incorporating BGN effects into TCAD simulations 
of Si/GaAs heterojunctions, tandem solar cells, and LED/laser structures. Silicon-based devices: The stronger BGN effect 
in Si necessitates precise calibration of junction potential, carrier lifetime, and dark current in heavily doped regions. This 
is particularly critical for power electronic, photovoltaic, and CMOS applications, where carrier transport and leakage 
strongly depend on ( ),g effE T . GaAs-based devices: The comparatively stable effective bandgap energy enhances optical 
confinement, carrier mobility, and thermal reliability, making GaAs superior for high-speed and high-temperature 
optoelectronic systems, including microwave photonics, laser diodes, and quantum well structures. Si/GaAs 
heterojunctions: Understanding the interplay of thermal and doping effects allows precise band alignment engineering, 
minimizing interface recombination and optimizing carrier extraction in multilayer and tandem architectures. Such 
insights are crucial for achieving high-efficiency heteroepitaxial photodiodes, tandem solar cells, and integrated 
optoelectronic circuits. 

Future studies should extend this approach by incorporating strain-induced band modulation, quantum confinement, 
and alloy composition effects (e.g., GaAsP, InGaAs, or SiGe) to refine predictive accuracy for nanoscale and 
heteroepitaxial systems. These refinements are essential for the next generation of photonic, quantum, and energy-
conversion devices, where accurate bandgap energy engineering governs both conversion efficiency and long-term 
operational stability. Integrating temperature, doping, strain, and compositional effects into unified analytical–
computational frameworks will enable precise material tailoring, paving the way for high-efficiency, low-loss, and 
thermally robust semiconductor technologies. 

 
Figure 2. Temperature dependence of (a) the fundamental and (b) the effective band gap energy of Si. 

Figures 2 and 3 depict the temperature-dependent evolution of the fundamental and effective band gap energies for 
silicon (Si) and gallium arsenide (GaAs), respectively, within the temperature range of 10–400 K and the doping 
concentration range of 10¹⁴–10¹⁸ cm⁻³. Both materials demonstrate a continuous reduction in band gap energy as the 
temperature increases, a behavior primarily governed by lattice thermal expansion and electron–phonon coupling effects 
as expressed by the Varshni relation. For silicon (Figure 2), the fundamental band gap ( )gE T decreases from 1.170 eV 

at 0 K to approximately 1.103 eV at 400 K, resulting in an average thermal coefficient of  ௗா೒ௗ் ≈ −1.7 × 10ିସ eV/K.  This 
relatively weak temperature dependence arises from the large Varshni parameter 𝛽Si = 636 K, indicating a modest 
phonon-induced band renormalization. When the bandgap energy narrowing (BGN) effect is included, the effective band 
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gap energy ( ),g effE T decreases further. At a moderate doping level of N = 10¹⁶ cm⁻³, the bandgap energy reduction is 
approximately 0.01 eV, whereas at N = 10¹⁸ cm⁻³, it reaches 0.06–0.07 eV. Consequently, 𝐸௚,efffor heavily doped Si falls 
to around 1.04 eV at 300 K, reflecting the impact of impurity-induced potential fluctuations and the merging of conduction 
and valence band tails. 

In the case of GaAs (Figure 3), the fundamental band gap exhibits a more pronounced temperature sensitivity due 
to its smaller Varshni β parameter (𝛽GaAs = 204 K). The band gap decreases from 1.519 eV at 0 K to approximately 
1.420 eV at 400 K, corresponding to a thermal coefficient of  ௗா೒ௗ் ≈ −2.5 × 10ିସ eV/K. This indicates that the electron–
phonon interaction in GaAs is roughly 1.5 times stronger than in Si. When the doping-induced narrowing is included, the 
effective band gap ( ),g effE T  drops to about 1.47 eV for N = 10¹⁶ cm⁻³ and further to 1.43 eV for N = 10¹⁸ cm⁻³, implying 
a BGN magnitude of 40–50 meV at high doping levels. The weaker narrowing in GaAs compared to Si can be attributed 
to its direct band structure and lower density of states near the band edges, which reduces impurity band overlap. 

 
Figure 3. Temperature dependence of (a) the fundamental and (b) the effective band gap energy of GaAs. 

A direct comparison between Figures 2 and 3 reveals several key differences. First, GaAs maintains a larger band 
gap across the entire temperature range by approximately 0.32–0.35 eV at 300 K making it more suitable for high-
frequency and optoelectronic applications where direct interband transitions are desired. Second, the temperature 
coefficient of GaAs is nearly 50% larger than that of Si, indicating higher thermal sensitivity, which may limit its use in 
devices operating under elevated temperatures without compensation mechanisms. Third, Si exhibits stronger doping 
dependence, with an effective bandgap energy reduction exceeding 60 meV at 𝑁 = 10ଵ଼ cmିଷ, compared to 40–50 meV 
for GaAs under similar conditions. Overall, the comparative analysis indicates that Si is thermally more stable but more 
susceptible to impurity-induced band tailing, while GaAs offers superior optical properties but exhibits stronger 
temperature-induced bandgap energy reduction. These results are consistent with experimental observations and underline 
the necessity of temperature- and doping-dependent modeling in the design of Si- and GaAs-based optoelectronic and 
high-power devices. 
Table 2. Comparison of intrinsic and effective intrinsic carrier concentrations in Si and GaAs at 300 K 

Doping level 
(cm⁻³) 

ΔE₍BGN₎ 
Si: (eV) 

Si: 
nᵢ (cm⁻³) 

Si: 
nᵢ,eff (cm⁻³) 

ΔE₍BGN₎ 
GaAs: (eV) 

GaAs: 
nᵢ (cm⁻³) 

GaAs: 
nᵢ,eff (cm⁻³) 

1×10¹⁴ 3.0×10⁻⁴ 1.50×10¹⁰ 1.51×10¹⁰ 1.1×10⁻⁵ 1.90×10⁶ 1.90×10⁶ 
1×10¹⁵ 1.0×10⁻³ 1.50×10¹⁰ 1.53×10¹⁰ 1.1×10⁻⁴ 1.90×10⁶ 1.90×10⁶ 
1×10¹⁶ 1.0×10⁻² 1.50×10¹⁰ 1.82×10¹⁰ 1.03×10⁻³ 1.90×10⁶ 1.94×10⁶ 
1×10¹⁸ 6.0×10⁻² 1.50×10¹⁰ 4.79×10¹⁰ 2.60×10⁻² 1.90×10⁶ 3.14×10⁶ 
1×10¹⁹ 1.0×10⁻¹ 1.50×10¹⁰ 1.04×10¹¹ 5.01×10⁻² 1.90×10⁶ 5.00×10⁶ 

At 300 K, silicon (Si) and gallium arsenide (GaAs) demonstrate distinctly different doping responses in both their 
intrinsic and effective intrinsic carrier concentrations due to varying degrees of bandgap energy narrowing (BGN). As 
summarized in Table 2, the intrinsic carrier density of Si 3101.5 10in cm−= ⋅ is approximately four orders of magnitude 
higher than that of GaAs 6 31.9 10 cm−⋅ , primarily due to Si’s smaller bandgap energy. When the doping concentration 
rises from 3141 10 cm−⋅ to 19 35 10 cm−⋅ , Si exhibits a nearly sevenfold increase in its effective intrinsic concentration from 

3101.51 10 cm−⋅ to 3111.04 10 cm−⋅ driven by a substantial bandgap energy reduction of 0.01 BGNE eVΔ ≈ . In contrast, GaAs 
experiences only a 2.6-fold enhancement 6 31.9 10 cm−⋅ to 6 35.0 10 cm−⋅ with a smaller 0.05 BGNE eVΔ ≈ . This sharp 
contrast highlights that Si is significantly more sensitive to heavy doping, leading to stronger bandgap energy narrowing 
and higher carrier activation, while GaAs maintains superior electronic stability with limited BGN effects an essential 
advantage for high-speed and high-temperature optoelectronic devices. 
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CONCLUSIONS 
A comprehensive comparison of the intrinsic and effective intrinsic carrier concentrations and bandgap energy-

narrowing (BGN) effects in Si and GaAs has been carried out at 300 K over doping levels ranging from 1×10¹⁴ to 
1×10¹⁹ cm⁻³. The results reveal that silicon (Si) exhibits a pronounced narrowing of the bandgap energy from 1.12 eV 
(intrinsic) to 1.02 eV at N = 1×10¹⁹ cm⁻³, corresponding to ΔEBGN ≈ 0.10 eV. In contrast, gallium arsenide (GaAs) shows 
a smaller reduction from 1.424 eV to 1.374 eV (ΔEBGN ≈ 0.05 eV) under the same doping conditions. The effective 
intrinsic carrier concentration in Si rises sharply from 1.5×10¹⁰ cm⁻³ (intrinsic) to 1.0×10¹¹ cm⁻³ at N = 1×10¹⁹ cm⁻³—a 
nearly sevenfold enhancement. In GaAs, the corresponding increase is more moderate from 1.9×10⁶ cm⁻³ to 5.0×10⁶ cm⁻³ 
(a 2.6× growth). At moderate doping (N = 1×10¹⁶ cm⁻³), Si experiences ΔE₍BGN₎ ≈ 1.0×10⁻² eV and nᵢ,eff ≈ 1.8×10¹⁰ cm⁻³, 
whereas GaAs shows ΔE₍BGN₎ ≈ 1.0×10⁻³ eV and nᵢ,eff ≈ 1.9×10⁶ cm⁻³ demonstrating nearly an order of magnitude weaker 
dependence on impurity concentration. This disparity originates from Si’s higher effective density of states 
(Nc ≈ 2.8×10¹⁹ cm⁻³, Nv ≈ 1.04×10¹⁹ cm⁻³) and its indirect band structure, which enhances carrier–carrier and impurity 
interactions. GaAs, with Nc ≈ 4.7×10¹⁷ cm⁻³ and Nv ≈ 7.0×10¹⁸ cm⁻³, exhibits stronger dielectric screening and less BGN 
sensitivity. At cryogenic conditions (T < 20 K), incomplete ionization becomes dominant: in Si, up to 80% of donors and 
acceptors remain un-ionized, reducing free-carrier density by nearly one order of magnitude; in GaAs, the ionization 
efficiency exceeds 90% under similar doping, maintaining higher conductivity stability. Consequently, Si is advantageous 
for cryogenic or high-field devices such as low-noise detectors and power diodes, whereas GaAs remains superior for 
high-frequency optoelectronic and microwave components. These quantitative insights into ΔE₍BGN₎ and nᵢ,eff provide a 
reliable framework for predictive bandgap energy engineering and doping optimization in next-generation Si-, GaAs-, 
and Si/GaAs-based heterostructures and nanodevices. 
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КРІОГЕННІ МАТЕРІАЛЬНІ ТА ЕЛЕКТРОФІЗИЧНІ ЗМІНИ В Si ТА GaAs 
Джонібек Ш. Абдуллаєв1, Мадінабону Ш. Ібрагімова1, Джошкін Ш. Абдуллаєв2, Іброхім Б. Сапаєв2,3,4,5 

1Ургенчський державний університет, вулиця Хаміда Олімджона, 14, Ургенч, 220100 Узбекистан 
2Національний дослідницький університет ТІІАМ, кафедра фізики та хімії, Ташкент, Узбекистан 

3Західно-Каспійський університет, Баку, Азербайджан 
4Ташкентський університет прикладних наук, вулиця Університетська, 28, Ташкент 100095, Узбекистан 

5Інженерний факультет, Центральноазіатський університет, Ташкент 111221, Узбекистан 
У цьому дослідженні систематично вивчено кріогенну поведінку кремнію (Si) та арсеніду галію (GaAs) у температурному 
діапазоні 4–300 K та при концентраціях легування від власних до 1×10¹⁸ см⁻³. Встановлено еволюцію фундаментальної та 
ефективної ширини забороненої зони: у Si вона зростає від 1,12 до 1,17 еВ, а у GaAs — від 1,42 до 1,51 еВ при зниженні 
температури від 300 K до 4 K. Визначено енергії активації донорів і акцепторів, які демонструють виражений ефект неповної 
іонізації при T < 20 K, що зменшує концентрацію вільних носіїв майже на 80% у слабко легованих зразках і суттєво знижує 
електропровідність. Аналіз поверхневої хімічної стабільності показав придушення дифузії легуючих домішок та мінімальну 
окиснюваність у кріогенних умовах. Отримані результати забезпечують комплексне розуміння взаємодії структурних, 
електронних та хімічних процесів у Si і GaAs, що є критично важливим для проєктування та оптимізації кріогенних 
електронних і оптоелектронних пристроїв. 
Ключові слова: ефективна ширина забороненої зони; електростатичний потенціал; неповна іонізація; концентрація носіїв; 
розширення забороненої зони; ефекти низьких температур; кріогенні напівпровідники; електропровідність 


