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This work presents a comprehensive electrostatic and transport analysis of planar and radial Si/GaAs heterojunctions over the 
cryogenic-to-room-temperature regime (20–300 K) using self-consistent solutions of the Poisson and carrier continuity equations 
implemented within advanced semiconductor device simulation frameworks. Particular emphasis is placed on the role of incomplete 
dopant ionization and its coupling with junction geometry in determining electric-field distribution and carrier transport characteristics. 
The results demonstrate that incomplete ionization significantly alters the electrostatic behavior of the heterojunctions at cryogenic 
temperatures, whereas its influence progressively diminishes near room temperature due to enhanced dopant activation. For planar 
heterojunctions under complete ionization, the maximum electric field decreases from approximately 1.55∙103 V/cm at 20 K to 
8.5∙102 V/cm at 300 K. Incorporation of incomplete ionization reduces the peak field by nearly 50–100 V/cm below 50 K, while 
producing negligible deviations above 200 K. In contrast, radial heterojunctions exhibit pronounced electric-field localization arising 
from curvature-induced geometric confinement. Under incomplete ionization, the peak electric field remains within 3.2∙104–
3.6∙104 V/cm, increasing to 4.2∙104–4.6∙104 V/cm for fully activated dopants, corresponding to a geometry-enhanced field amplification 
of approximately 28–38%. Carrier transport analysis further reveals strong temperature sensitivity of minority carrier injection, which 
increases by nearly seven orders of magnitude, from 102 cm-3 at 50 K to 109 cm-3 at 300 K, whereas majority carrier concentration 
remains nearly constant at 1016 cm-3. The radial architecture additionally produces localized depletion-field enhancement near the 
cylindrical interface, indicating superior electrostatic confinement compared with conventional planar configurations. These findings 
establish the coupled influence of geometry, dopant activation, and temperature-dependent transport mechanisms on Si/GaAs 
heterojunction performance and provide a rigorous framework for the optimization of cryogenic optoelectronic, nanoelectronic, and 
high-field semiconductor devices. 
Keywords: Si/GaAs heterojunctions; Field distribution; Incomplete dopant ionization; Cryogenic temperatures; Depletion region 

INTRODUCTION 
Semiconductor devices constitute the foundation of modern information processing, energy conversion, and 

photonic technologies [1–3]. Among available material platforms, silicon (Si) has maintained technological dominance 
due to its scalability, long-term reliability, and compatibility with mature complementary metal–oxide–semiconductor 
fabrication processes [4–7]. In contrast, gallium arsenide (GaAs) offers distinct advantages, including high electron 
mobility, a direct bandgap, and strong optical absorption and emission efficiency, making it indispensable for high-speed 
and optoelectronic applications [8–12]. Owing to these complementary properties, Si and GaAs have become key 
materials in advanced devices such as radio-frequency transistors, infrared photodetectors, multijunction solar cells, and 
hybrid optoelectronic systems [13–18]. 

The integration of Si’s cost-effectiveness with GaAs’s superior optoelectronic performance has therefore attracted 
sustained research interest in Si/GaAs heterojunction architectures [19–22]. Recent advances in epitaxial growth, wafer 
bonding, and interface passivation have significantly improved the structural integrity and electrical stability of Si/GaAs 
heterostructures [23–27]. Electrical characterization using current–voltage (I–V) and capacitance–voltage (C–V) 
techniques has further clarified dominant transport mechanisms and junction properties [28–31]. Nevertheless, intrinsic 
challenges remain. Lattice mismatch, thermal expansion asymmetry, and interface defect states continue to limit device 
performance, particularly under non-ambient operating conditions [32–35]. 

These limitations become increasingly severe at low temperatures, where incomplete dopant ionization, carrier 
freeze-out, and defect-assisted trapping substantially modify electrostatic profiles and transport behavior [36–39]. 
Reduced ionized dopant density at cryogenic temperatures alters space-charge distributions, suppresses built-in electric 
fields, and affects breakdown characteristics—issues that are especially critical for space electronics, radiation detectors, 
and low-noise optoelectronic systems [40–43]. Accurate modeling of such devices therefore requires explicit 
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consideration of temperature-dependent dopant activation, which is often neglected in simplified junction 
analyses [44-46]. 

To address these challenges, various material and processing strategies—including surface passivation, plasma-
assisted bonding, and advanced substrate engineering using liquid-encapsulated Czochralski (LEC), vertical gradient 
freeze (VGF), and molecular beam epitaxy (MBE)—have been widely explored [47–50]. While these approaches have 
led to notable improvements in planar Si/GaAs heterojunctions, alternative device geometries remain comparatively 
underinvestigated. In particular, radial heterojunction configurations offer inherent advantages such as enhanced electric-
field localization, increased effective junction area, and improved tolerance to dopant freeze-out effects, yet their 
electrostatic behavior has not been systematically examined [15,17,32,45]. 

In this work, a comprehensive comparative analysis of planar and radial Si/GaAs heterojunctions is presented over 
the temperature range of 20–300 K. The methodology combines analytical solutions of coupled Poisson and carrier 
continuity equations with calibrated numerical simulations, explicitly incorporating incomplete dopant ionization. By 
evaluating space-charge density, electrostatic potential, and electric-field distributions, this study elucidates how junction 
geometry governs low-temperature electrostatics. The results provide quantitative design guidelines for optimizing 
Si/GaAs heterostructures in cryogenic, radiation-hardened, and high-performance optoelectronic and nanoelectronic 
applications. 

 
METHODS AND MATERIAL 

The Si/GaAs heterojunction was modeled with a p–n junction as the fundamental active element. In the considered 
structures, boron (B) was adopted as the acceptor dopant for p-type Si, while silicon (Si) was employed as the donor 
species for n-type GaAs. The parameter set was extracted from established semiconductor databases and experimental 
reports [26], ensuring consistency with the physical behavior of Si and GaAs. A summary of the parameters employed in 
the modeling is provided in Table 1.  
Table 1. Summary of the electrophysical parameters of Si and GaAs employed in the modeling of the p–n heterostructure in this work 
at 300 K [45]. 

Materials ( )Eg eV  ( ),  A DE E meV  ( )3
CN cm−  3( )VN cm−  ( )3

in cm−  , DAg g  ε  ,p nβ β  

Si 1.12 45 2.8∙10¹⁹ 1.04∙10¹⁹ 1.5∙10¹⁰ 4 11.7 1 
GaAs 1.42 5 4.7∙10¹⁷ 7.0∙10¹⁸ 1.8∙10⁶ 2 12.9 1 

The device simulations incorporated the essential electrophysical parameters of Si and GaAs, including bandgap 
energy (Eg), donor and acceptor ionization energies (ED, EA), effective density of states in the conduction and valence 
bands (Nc, Nv), intrinsic carrier concentration ni(T), degeneracy factors of donor and acceptor states (gD, gA), relative 
dielectric constant ε, and electron and hole capture coefficients (βn, βp). All simulations were carried out by solving the 
coupled Poisson and carrier continuity equations, with explicit treatment of incomplete dopant ionization across the 20–
300 K temperature range. Beyond material parameters, device geometry critically influences electrophysical behavior. To 
enable direct comparison, both planar and radial Si/GaAs heterojunctions were modeled. The adopted dimensions and 
boundary conditions are summarized in Figure 1, which schematically depicts the investigated structures. 

 
Figure 1. Two-dimensional schematics of the investigated Si/GaAs heterojunctions: (a) planar and (b) radial geometries. The junction 
comprises p-type Si and n-type GaAs with well-defined depletion regions (xp, xn for planar and rp, rn for radial configurations). Fixed 
charges are represented by ionized acceptors e− and donors e+, while R denotes the core radius in the radial. These structural 
configurations serve as the foundation for the analytical and numerical modeling of electric field distribution, depletion width, and 
breakdown behavior across varying doping levels and temperatures.  

In the analysis of the electrophysical distributions of the heterojunctions depicted in Figure 1 (a) planar and (b) radial 
the governing Poisson equation is solved within distinct coordinate frameworks: Cartesian coordinates for the planar 
configuration and cylindrical coordinates for the radial configuration. In earlier studies [23,24], analytical expressions for 
planar (Eq. 1) and radial (Eq. 2) heterojunctions have been widely utilized to describe the resulting electrostatic 
distributions. 

Figure 2 shows excellent agreement is achieved between model and experiment, with coefficients of determination 
R² = 0.9860 (Si) and R² = 0.9728 (GaAs), confirming deviations remain within 0.01 eV across 180–380 K. For Si, the 
model predicts a bandgap energy of 1.124 eV at 300 K, in close agreement with the experimental value of 1.122 eV 
(Δ ≈ 0.002 eV). For GaAs, the calculated bandgap energy is 1.422 eV, compared with the experimental value of 1.424 eV 
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(Δ ≈ 0.002 eV). These results validate the calibration of our temperature-dependent model and confirm its reliability for 
device-level simulations and predictive analyses. 

 
Figure 2. Temperature dependence of the bandgap energy for (a) Si and (b) GaAs, showing comparison between model (solid 

lines) and experimental data (symbols) [45,46].  
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However, these conventional formulations typically neglect the influence of temperature and applied external bias, 
factors that can substantially alter the electrostatic behavior of the junction. As a result, their omission may lead to 
significant inaccuracies when modeling or analyzing devices operating across broad temperature ranges or under both 
forward and reverse bias conditions. 
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In analyzing the electrophysical distributions of heterojunctions (Figure 1), the Poisson equation is solved in 
Cartesian coordinates for planar and cylindrical coordinates for radial configurations. While conventional formulations 
(Eqs. 1 and 2) have been widely applied, they often neglect temperature and external bias, leading to inaccuracies across 
broad operating conditions. Experimental and numerical studies confirm that variations in temperature and applied 
voltage significantly affect space-charge density, potential, and electric-field profiles. To overcome these limitations, 
temperature-dependent effects such as self-heating at high temperatures and incomplete ionization at low temperatures 
were incorporated. The reformulated models introduce additional terms for material parameters, dopant activation 
energies, carrier distributions, and quantum contributions, yielding new analytical expressions (Eqs. 3 and 4) with 
improved predictive accuracy. 
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Space-charge density, electrostatic potential, and electric-field distributions were systematically evaluated across a 
broad temperature range by comparing the conventional formulations (Eqs. 1 and 2) with the newly derived models (Eqs 3 
and 4).  
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The graphical analyses reveal pronounced differences in device behavior and demonstrate the superior predictive 
capability of the revised models. To obtain these solutions, Neumann boundary conditions were imposed by specifying 
zero electric field at the domain boundaries, ( ) 0nE r =  and ( ) 0pE r = . Dirichlet boundary conditions fixing the 
electrostatic potential at the contacts were applied in conjunction with appropriate initial conditions, as schematically 
illustrated in Figure 1 ( ) 0prϕ =  ( ) ( )n kr Tϕ ϕ= . ND, NA — total concentration of donors and acceptors, Ef — Fermi level, 
ED, EA — donor and acceptor energy levels, kT — thermal energy. 
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In the case of the planar p–n junction, expression (5) lacks explicit dependence on both temperature and external 
bias voltage. This limitation leads to increasing discrepancies in the calculated results, particularly when the model is 
applied across a broad temperature range. 
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In the case of the radial p–n junction, expression (6) does not explicitly account for temperature or external bias 
voltage. Consequently, the model exhibits increasing deviations from the actual electrostatic behavior when applied over 
broad temperature ranges or under varying bias conditions. 
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The proposed expression (7) for planar p–n junctions incorporates the effects of temperature, dopant activation 
energy, doping concentration, and material properties, thereby providing a more accurate description of their electrostatic 
behavior. 

The proposed expressions (7) and (8) extend the applicability of analytical models for planar and radial p–n junctions 
by incorporating temperature dependence, dopant activation energy, doping concentration, and material-specific 
parameters. Electric field distributions were evaluated under both complete and incomplete ionization, with the latter 
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modeled using Fermi–Dirac statistics. Incomplete ionization reduces the effective space-charge density and lowers the 
maximum electric field in the depletion region. The results obtained from expressions (5) and (7) for planar junctions and 
expressions (6) and (8) for radial junctions are presented for Si/GaAs heterojunction structures in the following section. 
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RESULTS AND DISCUSSION 

This section presents the electrostatic characteristics of planar and radial p–n junctions in Si/GaAs heterostructures. 
Results obtained from the conventional models (5) and (6) are compared with the proposed formulations (7) and (8) under 
both complete and incomplete ionization conditions. The analysis highlights their influence on space-charge distribution, 
electric field profiles, and overall junction behavior across varying operating regimes. The injection characteristics of 
electrons into the p-side and holes into the n-side of the Si/GaAs heterojunction (Fig. 3) exhibit a strong temperature 
dependence. At 50 K, minority carrier densities are limited to ~102–103 cm−3 due to incomplete ionization. With increasing 
temperature, the densities rise progressively: ~ 104–105 cm−3 at 100 K, ~106–107 cm−3 at 200 K, and ~108–109 cm−3 at 
300 K. 

 
Figure 3. Temperature-dependent injection of (a) electrons into the p-side and (b) holes into the n-side of the Si/GaAs hetero p–n 
junction. Carrier concentrations are presented for 50 K, 100 K, 200 K, and 300 K. 

This nearly seven-order-of-magnitude increase underscores the decisive role of dopant activation in governing 
injection efficiency. In contrast, majority carrier densities remain fixed at ~1016 cm−3, reflecting the imposed doping 
concentrations. The sharp transition at the metallurgical junction confirms strong electrostatic confinement, while the 
extended injection profiles reveal the thermal modulation of minority carrier availability. A slight asymmetry is observed, 
with electrons injected into the p-side (Fig. 3a) exceeding hole injection into the n-side (Fig. 3b), reflecting transport 
differences across the Si/GaAs interface. Minority carrier injection critically shapes the electrostatic potential and electric 
field within the depletion region: at low temperatures, dopant freeze-out weakens the built-in field and limits current 
transport, whereas at higher temperatures, enhanced injection strengthens charge separation but also increases 
recombination. 

Temperature-dependent injection has direct implications for device performance. In solar cells, carrier injection rises 
from ~102 cm−3 at 50 K to ~109 cm−3 at 300 K (a ~7-order increase), strengthening charge separation but also raising 
recombination at high T. In LEDs and lasers, the observed asymmetry of electrons injected into the p-side reaching up to 
10× higher densities than holes in the n-side can reduce radiative efficiency. For photodetectors, injection suppression at 
low T lowers responsivity by several orders of magnitude, critical for cryogenic or space operation. In high-power/high-
frequency devices, variations in space-charge density from ~1016 cm−3 (majorities) to as low as 102 cm−3 (minorities at 
50 K) significantly alter the built-in potential and field, impacting breakdown and reliability. Injection varying by up to 
seven orders of magnitude directly links microscopic carrier dynamics with macroscopic device efficiency. 

Figure 4 depicts the evolution of the electric-field distribution in planar Si/GaAs heterojunctions as a function of 
temperature under different ionization assumptions. At 20 K, the maximum electric field reaches approximately 
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1.55×10³ V/cm when full dopant activation is assumed, whereas partial ionization limits the peak field to about 
1.45×10³ V/cm. As temperature increases, Emax exhibits a monotonic decline in both cases, decreasing to roughly 
1.25×10³ V/cm (complete ionization) and 1.10 × 10³ V/cm (incomplete ionization) at 50 K, followed by values near 
1.05×10³/9.5×10² V/cm at 100 K, 9.5×10²/8.7×10² V/cm at 200 K, and finally converging to approximately 
8.5×10²/8.0×10² V/cm at 300 K. Overall, the reduction in peak field amounts to ~45% for the fully ionized case and ~40% 
when incomplete ionization is considered. 

 
Figure 4. Simulated electric-field profiles for planar Si/GaAs hetero p–n junctions assuming (a) complete dopant ionization and 
(b) incomplete ionization, evaluated over the temperature range from 20 to 300 K. 

The disparity between the two ionization models is most pronounced at cryogenic temperatures, where the difference 
in Emax approaches ~100 V/cm at 20 K due to limited dopant activation. This gap progressively diminishes with increasing 
temperature and reduces to ~50 V/cm near room temperature, reflecting near-complete ionization of dopants. These trends 
indicate that incomplete ionization substantially alters junction electrostatics at low temperatures by reducing the built-in 
potential and suppressing the electric field, while its influence becomes marginal at elevated temperatures. Accurate 
inclusion of temperature-dependent ionization effects is therefore essential for predictive device modeling and 
optimization. In cryogenic radiation detectors and space-borne electronics, suppressed electric fields can degrade charge-
separation efficiency and timing performance. Similarly, in photovoltaic devices and photodetectors, the temperature-
induced reduction of Emax directly affects carrier collection efficiency and achievable open-circuit voltage. Incorporating 
realistic ionization dynamics also improves the reliability of electric-field predictions, aiding in the mitigation of 
premature breakdown and the optimization of doping profiles. A rigorous understanding of temperature- and ionization-
dependent electrostatics thus forms a critical basis for the design of robust, high-efficiency Si/GaAs optoelectronic 
devices. 

Figure 5 illustrates the spatial variation of the radial electric field in Si/GaAs heterojunctions for three different 
junction radii (R = 0.5, 1.0, and 1.5 μm), highlighting the impact of dopant ionization. In all cases, the electric field 
reaches its maximum near the depletion boundaries. Under incomplete ionization conditions (case A), peak field values 
fall within the range of 3.2×10⁴–3.6×10⁴ V/cm, whereas full dopant activation (case B) increases the peak field to 
approximately 4.2×10⁴–4.6×10⁴ V/cm, corresponding to an enhancement of roughly 30–38%. The lower Emax observed 
for incomplete ionization is attributed to the reduced concentration of ionized impurities, which expands the depletion 
region and consequently weakens the local electric field. 

 
Figure 5. Radial electric field profiles, E(r), calculated for a Si/GaAs hetero p–n junction with cylindrical symmetry. Simulations 
are shown for device radii of R = 0.5, 1.0, and 1.5 μm. Curves labeled A correspond to partial dopant ionization, whereas curves 
labeled B represent the fully ionized case. 



522
EEJP. 3 (2026) J.Sh. Abdullayev, et al.

Table 2. Extracted maximum radial electric field values, Emax (V/cm), for Si/GaAs radial p–n junctions under incomplete (A) and 
complete (B) dopant ionization conditions at different junction radii (R, μm). The relative percentage increase in Emax resulting from 
full dopant activation is also reported. 

Radius R (μm) Emax B (V/cm) Emax A (V/cm) Increase B vs A (%) 
0.5 44,000 32,000 37.5 
1.0 42,000 32,000 31.3 
1.5 46,000 36,000 27.8 

In radial architectures, the cylindrical coordinate system intrinsically amplifies the electric field toward the inner 
radius, whereas the Si/GaAs heterointerface modifies the depletion balance through the contrast in dielectric permittivity 
between the two semiconductors. As a result, the combined effects of dopant activation, junction radius, and material 
parameters play a decisive role in shaping the radial electric-field profile. These factors directly impact charge separation 
efficiency, low-temperature device operation, and susceptibility to high-field phenomena such as premature breakdown 
in photodetectors and photovoltaic cells. Electric-field maps for planar and radial Si/GaAs hetero p–n junctions under 
complete and incomplete dopant ionization are shown in Figures 4 and 5.For planar junctions with fully ionized dopants, 
the maximum electric field Emax decreases steadily with temperature, falling from approximately 1.55 × 10³ V/cm at 20 
K to about 8.5 × 10² V/cm at 300 K. When incomplete ionization is considered, Emax is further suppressed by roughly 50–
100 V/cm at cryogenic temperatures, reflecting the reduced density of ionized impurities. In contrast, radial 
heterojunctions develop much stronger electric fields, with peak values of 3.2 × 10⁴–3.6 × 10⁴ V/cm under partial 
ionization and 4.2 × 10⁴–4.6 × 10⁴ V/cm assuming full activation, corresponding to a relative increase of approximately 
28–38%. This enhancement originates from geometric field convergence near the depletion boundary, whereas planar 
structures distribute the electric field more evenly across the junction region. Across both geometries, partial dopant 
ionization at low temperatures lowers the effective space-charge concentration, increases the depletion width, and 
consequently reduces Emax These observations emphasize the necessity of incorporating temperature-dependent dopant 
activation in electrostatic simulations. Overall, radial Si/GaAs heterojunctions enable highly localized electric fields that 
improve carrier separation and collection, while planar junctions mitigate peak-field stress through more uniform field 
profiles, highlighting how geometry and ionization physics jointly define device performance. 

 
CONCLUSIONS 

In this study, the electrostatic and transport characteristics of planar and radial Si/GaAs heterojunctions were 
systematically investigated under both complete and incomplete dopant ionization conditions across the temperature 
range of 20–300 K. By employing self-consistent numerical solutions of the Poisson and carrier continuity equations, the 
analysis clarifies the coupled effects of junction geometry, dopant activation, and temperature-dependent carrier dynamics 
on electric-field formation and charge transport. The results reveal that incomplete ionization plays a critical role in 
determining the low-temperature electrostatic response of the heterojunctions. For planar structures under full dopant 
activation, the maximum electric field decreases from approximately 1.55∙103 V/cm at 20 K to 8.5∙102 V/cm at 300 K. 
When incomplete ionization is incorporated, the peak field is reduced by approximately 50–100 V/cm at cryogenic 
temperatures owing to suppressed dopant activation, while the discrepancy becomes negligible above approximately 200 
K as thermal ionization approaches completion. Radial heterojunctions exhibit substantially stronger electric-field 
enhancement than their planar counterparts due to curvature-driven electrostatic confinement. Under incomplete 
ionization, the maximum electric field remains within 3.2∙104–3.6∙104 V/cm, increasing to 4.2∙104–4.6 ∙ 104 V/cm under 
complete ionization, corresponding to a field amplification of approximately 28–38%. The cylindrical geometry induces 
pronounced electric-field localization near the depletion boundary, whereas planar heterojunctions maintain 
comparatively uniform field distributions. Furthermore, a moderate increase in field intensity is observed for smaller 
junction radii R = 0.5 μm relative to larger radii R = 1.5 μm, consistent with geometric field-focusing effects inherent to 
radial architectures. The numerical model was further validated through temperature-dependent bandgap calibration 
against experimental data. Excellent agreement was obtained for both semiconductor materials, with coefficients of 
determination of R2 =0.9860 for Si and R2 =0.9728 for GaAs, while absolute deviations remained below 0.01 eV 
throughout the 180–380 K interval. At 300 K, the calibrated model predicts bandgap energies of 1.124 eV for Si and 1.422 
eV for GaAs, with deviations of approximately 0.002 eV relative to reported experimental values. These results confirm 
the robustness and physical consistency of the proposed modeling framework. The present study demonstrates that the 
interplay between incomplete dopant ionization and junction geometry fundamentally governs electric-field distribution, 
carrier separation efficiency, and transport behavior in Si/GaAs heterostructures. The pronounced electrostatic 
enhancement observed in radial configurations highlights their potential for next-generation cryogenic optoelectronic, 
high-field, and nanoscale semiconductor applications. The developed framework further provides a scalable foundation 
for future investigations involving quantum confinement, interface-state effects, and nonequilibrium transport phenomena 
in complex heterojunction architectures. 
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Ця робота представляє комплексний електростатичний і транспортний аналіз планарних та радіальних Si/GaAs 
гетеропереходів у температурному діапазоні від кріогенних до кімнатних температур (20–300 K) із використанням 
самозгодженого розв’язання рівняння Пуассона та рівнянь неперервності носіїв заряду, реалізованих у сучасних програмних 
середовищах моделювання напівпровідникових приладів. Особливу увагу приділено ролі неповної іонізації домішок та її 
взаємозв’язку з геометрією переходу у формуванні розподілу електричного поля та транспортних характеристик носіїв заряду. 
Отримані результати демонструють, що неповна іонізація суттєво впливає на електростатичну поведінку гетеропереходів за 
кріогенних температур, тоді як її вплив поступово зменшується поблизу кімнатної температури внаслідок посилення активації 
домішок. Для планарних гетеропереходів за умови повної іонізації максимальне електричне поле зменшується приблизно від 
1.55×10³ В/см при 20 K до 8.5×10² В/см при 300 K. Урахування неповної іонізації призводить до зниження пікового поля 
приблизно на 50–100 В/см нижче 50 K, тоді як вище 200 K відхилення стають практично незначними. На відміну від цього, 
радіальні гетеропереходи характеризуються вираженою локалізацією електричного поля, зумовленою геометричним 
обмеженням, пов’язаним із кривизною структури. За умов неповної іонізації пікове електричне поле перебуває в межах 
3.2×10⁴–3.6×10⁴ В/см, збільшуючись до 4.2×10⁴–4.6×10⁴ В/см у випадку повністю активованих домішок, що відповідає 
геометрично зумовленому підсиленню поля приблизно на 28–38%. Аналіз транспорту носіїв також виявив високу 
температурну чутливість інжекції неосновних носіїв, концентрація яких зростає майже на 7 порядків — від ~1×10² см⁻³ при 
50 K до ~1×10⁹ см⁻³ при 300 K, тоді як концентрація основних носіїв залишається майже сталою на рівні ~1×10¹⁶ см⁻³. Радіальна 
архітектура додатково забезпечує локалізоване підсилення поля в області збіднення поблизу циліндричного інтерфейсу, що 
свідчить про ефективніше електростатичне обмеження порівняно з традиційними планарними конфігураціями. Отримані 
результати встановлюють комплексний взаємозв’язок між геометрією структури, активацією домішок та температурно-
залежними механізмами транспорту під час формування характеристик Si/GaAs гетеропереходів і забезпечують надійну 
основу для оптимізації кріогенних оптоелектронних, наноелектронних та високопольових напівпровідникових пристроїв. 
Ключові слова: гетеропереходи Si/GaAs; розподіл електричного поля; неповна іонізація домішок; кріогенні температури; 
область збіднення 




