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We present a comprehensive theoretical and numerical investigation of planar and radial Si/GaAs p—n heterojunctions, focusing on the
coupled effects of thermal expansion mismatch and incomplete ionization on their electrostatic and mechanical behavior. The two-
dimensional Poisson equation is solved in Cartesian and cylindrical coordinate systems, incorporating probabilistic dopant activation
to capture low-temperature freeze-out effects. At 100 K, incomplete ionization reduces the built-in potential by up to 40% and increases
the depletion width by over 50%, with radial junctions exhibiting 15-25% higher potential due to curvature-induced field enhancement.
Thermomechanical modeling reveals that at 10 K and 200 MPa, planar structures reach a total strain of —2.8 x 1073 and a stress of *280
MPa, whereas radial designs sustain —3.9 x 1073 strain but lower stress (=234 MPa) due to their reduced elastic modulus. These results
highlight the superior stress relaxation and electrostatic control of radial architectures, enabling improved performance and reliability
of cryogenic photodetectors and optoelectronic devices.

Keywords: Radial p—n junction; Planar p—n junction; Incomplete ionization; Thermal expansion; Cylindrical coordinate system;
Cartesian coordinate system; Low-temperature effects
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INTRODUCTION

The monolithic integration of III-V semiconductors on silicon (Si) substrates has been a focus of intense research
since the 1980s, motivated by the prospect of merging the mature, cost-effective Si platform with the superior electronic
and optoelectronic properties of III-V compounds [1-3]. Gallium arsenide (GaAs) and its alloys, such as Al,Gai—As, are
particularly attractive due to their direct, tunable bandgap, high electron mobility, and excellent optoelectronic
performance, which are essential for high-speed and nanoscale devices [4-7].

Despite decades of progress, achieving defect-free GaAs/Si integration remains challenging. Lattice mismatch,
polar/non-polar interface incompatibility, and differences in thermal expansion induce structural defects, including anti-
phase domains, misfit dislocations, and threading dislocations [8§—13]. Substrate orientation critically influences epitaxial
quality; for instance, Si(111) supports superior layer-by-layer GaAs growth compared to Si(001) or Si(110), significantly
reducing defect density and improving crystallinity [14—18].

Thermal expansion mismatch is another key factor limiting heterojunction reliability. Si exhibits a linear thermal
expansion coefficient of ~2.6x107¢ K™', whereas GaAs shows a higher coefficient of ~5.8x10°¢ K', generating
thermomechanical stresses during thermal cycling that can degrade the performance of planar and radial p—n junctions
[19-23]. Additionally, the temperature dependence of the GaAs and AlyGai-As bandgap, arising from electron—phonon
interactions and lattice thermal expansion, can shift up to 45% at low temperatures due to negative thermal expansion
(NTE) effects [24—27]. Accurate modeling of these phenomena is essential for predicting device performance under
realistic operating conditions.

Recent studies underscore the promise of GaAs/Si heterojunctions in high-performance optoelectronic devices. For
example, Jahromi et al. (2025) reported a CMOS-compatible p-GaAs/p-Si UV phototransistor exhibiting high
responsivity (138 mA/W at 3 V), a linear dynamic range of 220 dBm, near-zero dark current, and an exceptional photo-
to-dark current ratio, highlighting the advantages of staggered heterojunction architectures for low-noise, high-sensitivity
UV detection [28].

In this work, we present a comprehensive theoretical and numerical study of thermal expansion effects in planar and
radial Si/GaAs p—n heterojunctions. We quantify stress distributions, geometry-dependent electro-optical performance,
and the combined contributions of electron—phonon interactions and lattice expansion. The results provide a rigorous
framework for optimizing heterojunction design, enhancing mechanical reliability, and improving device performance
across a broad temperature range, with direct implications for next-generation electronic and photonic systems [29-35].
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METHODS AND MATERIAL

Planar p—n junctions, long the standard in semiconductor devices [37,38], exhibit primarily one-dimensional (1D)
thermal expansion along the device thickness. The conventional planar Si/GaAs heterojunction consists of p-type silicon
(pSi) adjacent to n-type gallium arsenide (nGaAs), with the depletion region extending from —x, in the p-side to x, in the
n-side. Within this region, acceptor ions (¢”) and donor ions (e") are spatially separated, generating a built-in electric field.
However, the mismatch in coefficients of thermal expansion between Si (a0 = 2.6x107¢ K™") and GaAs (a = 5.8x10°K™)
induces non-uniform interfacial stress, promoting defects such as misfit dislocations and anti-phase boundaries,
particularly under thermal cycling. In contrast, advances in nanowire growth and epitaxial techniques over the past two
decades have enabled radial p—n junctions [39-42]. In these cylindrical core—shell structures, pSi forms the inner core and
nGaAs the outer shell, with radial coordinates r,, R, and r, defining the depletion region. Electrons and holes are
distributed radially, creating a circumferential electric field. The ~2D thermal expansion inherent to the radial geometry
allows strain to distribute uniformly around the core, significantly reducing planar-like defects.

This configuration improves carrier collection efficiency by ~20-30% and enhances light absorption due to
increased surface area and radial electric fields, offering notable performance gains for photodetectors and nanowire-
based optoelectronic devices. Thermal expansion: Planar junctions expand linearly (~1D), whereas radial junctions
distribute strain circumferentially (~2D), reducing defect density. Electric field distribution: Planar structures exhibit
uniform potential drop; radial structures concentrate fields near the core. Device efficiency: Radial geometries enhance
carrier collection and light absorption relative to planar junctions, highlighting their potential for high-performance
semiconductor applications. Figure 1 illustrates the contrasting geometries and thermal expansion behaviors of Si/GaAs
p—n heterojunctions: (a) planar and (b) radial.

Figure 1. Schematic 2D representations of the investigated Si/GaAs p—n heterojunction structures:
(a) planar geometry and (b) radial geometry.

Table 1. Material parameters for Si and GaAs used in thermal expansion calculations [17,41]

Parameter Symbol Si GaAs Units
Elastic constant 1 Ci1 165.7 122.1 GPa
Elastic constant 2 Ciy 63.9 56.6 GPa
Elastic constant 3 Cyhy 79.6 60 GPa

Ci1 +2Cy,
Bulk modulus = 3 97.83 78.43 GPa
Griineisen parameter y 0.98 1.2 —
Linear Thermal
Expansion Coefficient L 26107 58x10° VK
Debye temperature 0p 645 360 K
Atomic volume Vi 2.0x10% 4.5 %10 m?

Table 1 lists key mechanical and thermal parameters of Si and GaAs used for thermal expansion analysis. Si is stiffer
(Cii =166 GPa, B = 98 GPa) with lower thermal expansion (ar = 2.6x107° K™') and higher Debye temperature (Op = 636
K) than GaAs (Cu = 122 GPa, B = 78 GPa, ar = 5.8x10°¢ K™, ®p = 204 K). The larger lattice softness and thermal
mismatch in GaAs highlight the advantage of radial junctions (~2D strain distribution) for reduced defects and improved
device performance. The linear thermal expansion along one direction is related to the Griineisen parameter y, specific
heat Cy,, and bulk modulus B:
rC(7) ey

D=3y

m

where: Cy, (T)~= Debye specific heat, V,,= atomic volume.

At high temperatures (T >> @p), C;y = 3kzN, giving approximate oy, values consistent with Table 1. Si has a higher
bulk modulus (97.8 GPa) than GaAs (78.4 GPa), meaning it is stiffer, less compressible, and expands less under heat.
GaAs, with lower B, is more prone to thermal strain and mismatch at the interface. Linear thermal expansion coefficients:



390

EEJP. 1 (2026) Jonibek Sh. Abdullayev, et al.

(&), (0, ) - Temperature change: (AT =T -T,.). Young’s modulus (E) and Poisson’s ratio (V) for each material.
Thermal mismatch (linear strain): £, = (¢;,,5 — ;) AT .

1) Planar heterojunction — thin film on thick substrate. If a thin film of GaAs is elastically constrained by a thick
Si substrate (no in-plane displacement of substrate), the film experiences a plane (biaxial) stress approximately [40].

E

E
—_ GaAs — Gads
O.GaAS - : gm e (aGaA: - aSi) AT (2)

1- VGaas 1- VGass

2) Radial heterojunction — axisymmetric core—shell (cylindrical) geometry. Geometry: coaxial core radius aand
outer shell outer radius b. Materials: core (index c), shell (index s). Solve in cylindrical coordinates (r,8,z)for
axisymmetric thermoelastic loading. For each homogeneous cylindrical region (core or shell), in absence of body forces
and under axisymmetric conditions, the radial and hoop stresses have the classical Lame form (3) [42].

o (N=A-2 o, =a+5 3
r r

The constants Aand B differ for the core and shell regions and are determined from the appropriate boundary
conditions. Thermal expansion effects are introduced through constitutive relations. In Si/GaAs heterojunctions, planar
structures exhibit minimal thermal expansion but experience significant in-plane stress (approximately 120 MPa) due to
substrate constraints. In contrast, radial (core—shell) architectures permit greater free expansion (0.17 % for GaAs versus
0.078 % for Si), effectively reducing stress and promoting strain relaxation. This structural advantage enhances
mechanical tolerance, suppresses defect formation, and improves thermal reliability. The temperature-dependent bandgap
evolution is most accurately described by the Varshni [17] and Péssler [41] models, enabling precise prediction of thermal
effects on overall device performance.

o-T?

Eg(T)=Eg(O)—T+IB

“4)

The Pidssler model provides a more physically accurate description, particularly at low temperatures, by
incorporating phonon spectral functions and thermal expansion effects (5).

1/p
-0 21’
Table 2. Typical parameters of Varshni and Passler bandgap models for GaAs and Si [17,41].

Temperature Bandgap
Material Model E4(0)(eV) a(eV/K) B/ 6(K) P ra: e (K) shrinkage
& (0-300 K)
GaAs Varshni 1.519 5.405 x 107 204 - 100-500 =~ 90 meV
GaAs Péssler 1.519 58 x 107 240 2.5 50-500 ~ 90 meV
Si Varshni 1.17 473 x107* 636 - 100-500 =~ 110 meV

Si Péssler 1.17 49x107* 700 2.8 50-500

The temperature dependence of the bandgap energy E, (T)is commonly described using either the Varshni or Pissler
model. Table 2 illustrates a comparative analysis of these two models for GaAs and Si. Both approaches effectively
capture the temperature-induced bandgap narrowing, yet they differ in their physical foundation and applicability range.

In the Varshni model, the temperature dependence is governed by two key parameters: a— the Varshni coefficient
(eV/K), which represents the high-temperature slope of the bandgap reduction, and f— the Varshni parameter (K),
associated with the strength of phonon interactions. The Péssler model provides a more detailed physical description
through: a— high-temperature limiting slope (eV/K), ®— average phonon temperature (K), and p— phonon spectral
shape parameter (typically 2—4), which accounts for the phonon spectrum and thermal expansion effects.

For GaAs, both models predict a bandgap reduction of approximately 90 meV between 0 K and 300 K, primarily
driven by electron—phonon coupling and lattice dilation. The Varshni model provides excellent accuracy in the 100-500
K range, making it a standard choice for device-level simulations. In contrast, the Pdssler model delivers superior
predictive accuracy at cryogenic temperatures due to its stronger physical basis.

For Si, the bandgap shrinkage is slightly larger, approximately 110 meV, reflecting more pronounced phonon
interactions and lattice anharmonicity. The Varshni model offers analytical simplicity and broad applicability, whereas the
Péassler model provides enhanced physical realism and a wider temperature validity range, making it particularly suitable
for high-precision semiconductor modeling.
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RESULTS AND DISCUSSION

The temperature dependence of the bandgap energy for silicon (Si) and gallium arsenide (GaAs) was analyzed in
the temperature range from 0 K to 300 K using both the Varshni and Péssler models. The results clearly show that both
materials exhibit a monotonic decrease of bandgap energy with increasing temperature, but the magnitude of this decrease
and the shape of the curve differ between the two models and the two materials. At 0 K, the calculated bandgap energy of
GaAsis Eg(0) = 1.519¢V for both Varshni and Péssler models, whereas for Si the value is E;(0) = 1.170eV. This gives
an initial bandgap difference AE, = E;(GaAs) — E,(Si)of 0.349 eV at absolute zero. As the temperature increases to 300
K, this difference decreases due to stronger thermal bandgap narrowing in GaAs and Si. Using the Varshni model, the
bandgap of GaAs drops from 1.519 eV at 0 K to 1.4225 eV at 300 K, corresponding to a reduction of approximately
0.0965 eV, which is about 6.35 % of its initial value. For Si, the Varshni model gives a decrease from 1.170 eV to 1.1245
eV at 300 K, corresponding to a smaller absolute change of 0.0455 eV (about 3.9 %). As a result, the bandgap difference
between GaAs and Si decreases from 0.349 eV to 0.298 eV, meaning the gap difference shrinks by approximately 0.051
eV between 0 K and 300 K.

a) b)
1.519eV 035_ 0.319_3.\_" !1)_1_()___‘-
1.51 0.349°%
E 0.34 ~.
o 144 N
LL.Im —— Si— Varsh % 0.33 - g
= ——— Si_ Ppiissler = 0325 eV (300&1-
E L3 GaAs — Varsh %
oS ——- GaAs — Pissler W 0.327
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=)
< 127 fiev 0311
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------ - —— AE (Varsh) = Eg_GaAs - Eg_Si
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Figure 2. Temperature dependence of bandgap energy E, (T)for Si and GaAs using Varshni and Péssler models.
(a) Egdecreases from 1.519 eV (GaAs) and 1.170 eV (Si) at 0 K to 1.4225 eV and 1.1245 €V (Varshni), and 1.4078 eV and 1.0823
eV (Pissler) at 300 K. (b) Bandgap difference AE decreases from 0.349 eV to 0.298 eV (Varshni) and 0.325 eV (Pissler), showing
stronger thermal narrowing in Si.

The Pissler model predicts slightly larger temperature-induced narrowing for both materials. For GaAs, the bandgap
decreases from 1.519 eV to 1.4078 eV at 300 K, a change of 0.1112 eV (around 7.3 % reduction). For Si, it decreases
from 1.170 eV to 1.0823 eV, resulting in a larger absolute decrease of 0.0877 eV (about 7.5 %). At 300 K, the bandgap
difference between GaAs and Si becomes 0.325 eV, which is about 0.024 eV lower than at 0 K. This comparison reveals
that the Péssler model gives a stronger temperature dependence for both materials compared to Varshni. The difference
between the two models at 300 K is about 0.0147 eV for GaAs and 0.042 eV for Si, indicating that Péssler’s formulation
has a greater impact on materials with more complex phonon interactions such as silicon. Physically, this behavior is
linked to lattice expansion and electron—phonon interactions, which reduce the bandgap energy as the temperature rises.
Since GaAs is a direct bandgap semiconductor, its bandgap reduction is larger in absolute energy compared to Si
(approximately 0.11 eV vs. 0.088 eV using Péssler), but Si shows a larger percentage change relative to its initial gap.
This indicates that the relative sensitivity of the band structure to temperature is slightly higher in Si. The shape of the
curves also differs between the two models. The Varshni model produces a nearly parabolic decrease with temperature,
resulting in a smoother, more gradual decline. In contrast, the Péssler model yields a slightly steeper slope at intermediate
and high temperatures, particularly above 200 K, due to the inclusion of a multi-phonon interaction term that provides a
more physically accurate description of bandgap shrinkage. Even at high temperature (300 K), GaAs retains a significantly
larger bandgap than Si, with 1.4225 eV (Varshni) and 1.4078 eV (Péssler) compared to 1.1245 eV (Varshni) and 1.0823
eV (Pissler) for silicon. This consistent gap difference of roughly 0.30-0.33 eV across the temperature range is crucial in
applications such as heterojunction solar cells, photodetectors, and LEDs, where band alignment plays a key role in device
performance. Both Si and GaAs show clear bandgap narrowing with temperature. Péssler’s model predicts stronger
narrowing than Varshni, especially for Si. The bandgap difference decreases from 0.349 eV at 0 K to 0.298 eV (Varshni)
and 0.325 eV (Pissler) at 300 K. GaAs maintains a higher bandgap than Si at all temperatures, with the difference
remaining around 0.30 eV near room temperature. Pdssler’s model is more suitable for precise high-temperature modeling,
whereas Varshni provides a good approximation for simpler calculations. These quantitative results highlight the
importance of model selection in semiconductor device simulations, particularly in temperature-dependent performance
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analysis of Si/GaAs heterostructures and optoelectronic components. The 3D surface plots clearly demonstrate the
nonlinear interaction between temperature and pressure effects. At low pressures (below 50 MPa), thermal expansion
mismatch dominates the total strain behavior, resulting in a smooth, nearly linear temperature dependence. As pressure
increases, the strain becomes increasingly pressure-driven, with a steeper slope along the pressure axis. This effect is
more pronounced in the radial structure because of its lower elastic stiffness, which allows greater deformation under the
same applied stress. From a mechanical standpoint, the radial geometry exhibits approximately 60—70 % higher strain
levels than the planar geometry at low temperatures. However, this higher compliance also implies better stress
accommodation and lower risk of interfacial cracking or delamination. In planar structures, the higher modulus (100 GPa)
leads to lower strain but higher stress, which can result in significant in-plane stress accumulation—often exceeding 100
MPa in practical Si/GaAs epitaxial systems.

(b) Radial Si/GaAs Heterojunction

(a) Planar Si/GaAs Heterojunction
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Figure 3. Temperature and pressure dependence of total strain in Si/GaAs heterojunctions. (a) Planar structure: total strain increases
with temperature and decreases under applied pressure due to the high in-plane stiffness (E = 100 GPa). (b) Radial structure: lower
modulus (E = 60 GPa) allows greater thermal expansion and enhanced strain relaxation. Radial configuration exhibits larger total
strain at elevated temperatures but lower stress buildup compared to planar geometry.

Figure 3 illustrates the combined effects of temperature and pressure on the total strain in planar and radial Si/GaAs
heterojunction structures. The strain arises from two competing factors: differential thermal expansion between GaAs and
Si, and mechanical compression under external pressure. A temperature range from 10 K to 300 K and pressure range
from 0 to 200 MPa was considered. At room temperature (300 K), the thermal strain is defined to be zero since this is the
reference point. As temperature decreases below 300 K, the thermal expansion mismatch between GaAs (a =
5.8 x 107¢ K 1)and Si (@ = 2.6 x 107 K~1)induces tensile strain in the structure. At 100 K with no external pressure,
the planar structure reaches a total strain of approximately —2.2 X 10™#, while the radial structure exhibits a larger strain
of around —3.8 X 10~*due to its enhanced thermal expansion freedom. At the lowest temperature examined (10 K), the
planar strain is about —2.8 X 10™*, whereas the radial strain reaches nearly —4.6 X 10™*. Application of external pressure
counteracts this tensile strain. For the planar configuration with an effective Young’s modulus of E = 100 GPa, a pressure
of 200 MPa generates a compressive strain of about —2 X 1073, dominating over the thermal contribution. This results
in a net strain around —2.3 X 1073at 10 K. In contrast, the radial configuration, which is more compliant with E =
60 GPa, exhibits a larger pressure-induced strain of —3.3 X 10~ 3under the same conditions, leading to a net strain
magnitude of approximately —3.8 x 10~3at low temperature. Importantly, strain relaxation in radial structures contributes
to improved mechanical stability at cryogenic temperatures and under pressure loading. Such behavior is advantageous
for high-performance heterostructure devices, including photodetectors, LEDs, and high-efficiency solar cells, where
thermomechanical mismatch is a critical reliability factor. The results quantitatively confirm that radial heterojunctions
allow more effective thermal expansion, reducing internal stress while tolerating larger strain amplitudes.

Table 3. Thermal and pressure-induced strain—stress response in planar and radial structures

Structure AT (K) P (MPa) Thermal strain (x107%) Pres(sxulr gjgram To(t:ll SEE)HH Stress (MPa)
Planar 290 0 —0.80 0 —0.80 80
Planar 290 200 —0.80 —2.00 —2.80 280
Radial 290 0 —0.53 0 —0.53 32
Radial 290 200 —0.53 -3.33 -3.86 234

At low temperatures, strain accumulation exhibits a strong geometry dependence. At T = 100 K and P = 0 MPa, the
total strain is approximately —2.2x107* for planar structures and —3.8x107* for radial structures. Under P = 200 MPa at
T =10K, the total strain increases to —2.3x1073 (planar) and —3.8%1073 (radial), indicating that radial strain is ~1.7xhigher
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than planar at low temperature. This clearly shows that pressure-induced strain dominates over thermal effects at
P> 100 MPa. For planar geometries, the thermal expansion mismatch between GaAs (o = 5.8x107¢ K™) and Si (a =
2.6x107¢ K™) results in significant in-plane thermal stress. At T =300 K (reference), the strain is ~0, whereas at T= 10 K
and P = 0 MPa, the total thermal strain reaches € =~ (5.8 — 2.6)x107°x(10 — 300) = —8.0x107*. When pressure is increased
to P =200 MPa, the total strain exceeds —2.8x1073, producing high compressive stress that can drive crack formation or
dislocation generation at the heterointerface. Surface plot contours reveal a strong nonlinear dependence of total strain on
both temperature and pressure. In contrast, radial structures exhibit reduced effective thermal expansion due to radial
compliance and a lower elastic modulus (E = 60 GPa). At T = 10 K and P = 0 MPa, the thermal strain is ¢ = —5.3x107%,
while at P = 200 MPa, the total strain reaches —3.9%1073. Although the magnitude of total strain is larger in radial
structures, the resulting mechanical stress remains lower because of the smaller elastic modulus: g4, =
60 GPa X 3.9 x 1073 =~ 234 MPa, Oplanar & 100 GPa X 2.8 X 1073 ~ 280 MPa. This confirms that radial designs
accommodate strain more efficiently, reducing stress concentrations and enhancing interface stability. Thermal strain
amplitude: Planar = 8.0x10* Radial = 5.3x10* Pressure strain amplitude (200 MPa): Planar = 2.0x1073;
Radial = 3.33x1073. Maximum stress: Planar ~ 280 MPa; Radial = 234 MPa. Thermal mismatch strain reduction in radial
design: = 34 %. These results demonstrate that radial heterojunction architectures provide superior strain accommodation
and stress relaxation, significantly mitigating the risks of delamination, interface cracking, and performance degradation.
This mechanical advantage is particularly valuable for high-power optoelectronic and photovoltaic devices, where long-
term structural integrity under thermal-mechanical loading is critical.

CONCLUSIONS

This work provides a comprehensive analysis of thermal, electronic, and mechanical effects in planar and radial
Si/GaAs p—n junctions under varying temperature (10-300 K) and pressure (0—200 MPa). The results demonstrate that
radial heterojunctions, with ~2D strain distribution, allow greater thermal expansion freedom (0.17 % for GaAs vs.
0.078 % for Si), leading to a 34 % reduction in thermal mismatch strain and a stress drop from 280 MPa (planar) to
234 MPa (radial). Thermal bandgap narrowing was accurately modeled using Varshni and Péssler relations, showing that
Eg(GaAs) decreases from 1.519 eV (0 K) to 1.4078 eV (300 K) and Eg(Si) from 1.170 eV to 1.0823 eV. The bandgap
difference shrinks from 0.349 ¢V at 0 K to 0.298 eV (Varshni) and 0.325 eV (Péssler) at 300 K. These temperature effects
are critical for heterostructure band alignment and optoelectronic device efficiency. Mechanically, radial architectures
accommodate 1.7x higher strain at cryogenic temperatures but generate lower stress levels due to reduced stiffness (E =
60 GPa), suppressing defect formation such as misfit dislocations. This structural advantage enables enhanced reliability
and performance of photodetectors, LEDs, and solar cells under extreme thermal-mechanical loading. Overall, this study
confirms that radial p—n junctions outperform planar designs, offering improved thermal stability, mechanical tolerance,
and electronic performance making them a promising platform for next-generation optoelectronic and energy devices.
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XAPAKTEPUCTHUKHU TEIJIOBOI'O PO3IINPEHHS IIJIOCKUX TA PAJIAJIBHUX
T'ETEPOIIEPEXO/IB p—n Si/GaAs
Jixonibex II1. Adnysiaes!, Maginadony III. Ioparivmosal, zkomkin L. A6aysiace?, Iopoxiv b. Canaeg?3+5
! Vpeenucoruii deporcasnuii ynisepcumem, eyauysa Xamioa Onimoocona, 14, Ypeeny, 220100, Yzbexucmarn
’Hayionanvnuii docnionuywxuii yuisepcumem TIAME, xagedpa pizuxu ma ximii, Tawkenm, Yzbexucman
33axiono-Kacniticoxuil ynisepcumem, baxy, Azepbaiiocarn
*Tawxenmcokul ynisepcumenm npukiaonux nayx, eymuysa Yuieepcumemcoka, 28, Tawkenm 100095, Yz0exucman
SInorcenepnuii paxynemem, Llenmpanvroaziamcoxuii ynicepcumem, Tawxenm 111221, Vz6exucman

VY wiit po6GoTi HMpeaCcTaBIeHO KOMIUIEKCHE TEOPETHYHE Ta YHMCENbHE NOCHIKEHHS IUIOCKHX Ta PajialIbHUX P—N TeTepolepexoiiB
Si/GaAs, 30cepe/pKkeHe Ha CHIJIBHOMY BIUIMBI TEPMIYHOTO PO3IIMPEHHS Ta HEMOBHOI 10Hi3awil JOMIIIOK Ha €NEKTPOCTaTHYHI Ta
MeXaHIuHI XapakTepUCTHKU CTpYKTyp. J{BoBumipHe piBHsHHs [lyaccoHa po3B’si3aHO B JEKapTOBi Ta LHIIHAPHYHIN cHcTeMax
KOOPJMHAT 3 YpaxyBaHHSM iMOBIpHICHOT aKTHBALIl JOMILIOK Ui MOJCIIOBAHHS 3aMOPOXKYBaHHsI HOCITB IIPH HU3BKHUX TEMIIepaTypax.
ITpu 100 K nemoBHa ioHi3anis 3MeHITye BOynoBaHui motermian Ha 10 40 % i 30imbmrye mupuHy 30igHeHO] 00MacTi OLTBII HiK Ha
50 %, Tomi AK pamianbHI MEPEeXOau AEMOHCTPYIOTh Ha 15-25 % BUIMI MOTEHIIaN 3aBISKH KPHUBONIHIHHOMY MOCHICHHIO MOJS.
Tepmomexaniune MopenmoBaHHS Tokas3ano, mo npu 10 K ta tucky 200 MIla y miockux CTpyKTypax 3aranbHa aedopmaris
nocsirae —2,8 x 1073, a Hanpyxenus — ~280 MIla, Toxi sk y pafiaJbHUX CTPYKTypax crocrepiraerbes aedopmanis —3,9 x 1073, ane
MeHIIe HanpyxeHHs (<234 MIla) yepe3 3HMmKeHUH MOayiIb pyxHOCTI. OTpUMaHi pe3yiIbTaT JeMOHCTPYIOTh IEPeBaru pamiainbHOl
reoMeTpii Moo penakcallii HanpyXeHb Ta MiJ[BUIIEHHS eJIEKTPOCTaTHYHOIO KOHTPOJIIO, IO € BaXKIMBUM JUISI BUCOKOS(EKTHBHUX
KpiOTeHHHX (POTOJETEKTOPIB Ta ONTOCIEKTPOHHUX MPUCTPOIB.

KurouoBi ciioBa: padiansnuil p—n nepexio; niockuii p—n nepexio, HenosHa ioHizayis;, mepmiune posumupents, YuliHOpuuHa cucmema
KOOpOUHAm,; 0exapmosa cucmema KOOPOUHAm, HUIbKOMeMnepamypHi egpexmu





