reduction of leakage current density; decrease in interface state density; stabilization of capacitance—
voltage characteristics; significant reduction of hysteresis.

In addition, it was shown that the optimization of the SiO: interfacial layer thickness plays an
important role in achieving a balance between capacitance and electrical stability of the device. According
to theoretical analysis, the optimal thickness is in the range of 1-2 nm.
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INFLUENCE OF SELF-HEATING ON ELECTRICAL PERFORMANCE OF Si/GaAs
HETEROJUNCTIONS

Annotation. This study presents an analytical and numerical investigation of self-heating effects on
the electrical performance of Si/GaAs heterojunctions. The thermal conductivities of silicon (150 W/mK)
and gallium arsenide (55 W/m K) are considered along with key parameters such as current density (10*
10° A/em?) and electric field (2x10°-5x10° V/iem). A coupled electrothermal model is used to evaluate
temperature rise and its impact on device characteristics. The results show that the device temperature
increases from 300 K to approximately 360-420 K under high current conditions. As a result, carrier
mobility decreases by 25-35%, while leakage current increases by up to 2-3 times. The output current is
reduced by approximately 15—-20% due to thermal effects. Analytical calculations are in good agreement
with numerical simulations, confirming that self-heating significantly affects carrier transport and device
performance. These results emphasize the importance of thermal management in Si/GaAs heterojunction
devices.

Keywords: Si/GaAs heterojunction, self-heating, thermal conductivity, electrothermal modeling,
numerical analysis, carrier mobility

Si/GaAs GETEROOTISHLARIDA O‘Z-O‘ZIDAN QIZISHNING ELEKTR
XUSUSIYATLARIGA TA’SIRI

Annotatsiva. Ushbu ishda Si/GaAs geterootishlarida o ‘z-o ‘zidan qizishning elektr xususiyatlariga
ta’siri analitik va sonli usullar yordamida o ‘rganildi. Kremniy (150 W/m-K) va galliy arsenid (55 W/m'K)
issiglik o ‘tkazuvchanligi, shuningdek, tok zichligi (10“-10° A/cm?®) va elektr maydon kuchlanganligi (2%
10°-5%10° Viem) hisobga olindi. Bog ‘langan elektroissiqlik modeli asosida harorat oshishi va uning
qurilma xususiyatlariga ta’siri baholandi. Natijalar shuni ko ‘rsatadiki, yuqori tok zichliklarida qurilma
harorati 300 K dan 360—420 K gacha oshadi. Natijada tashuvchilar harakatchanligi 25—-35%ga kamayadi,
oqish toklar esa 2-3 baravar ortadi. Issiqlik ta siri sabab chigish toki taxminan 15-20%ga kamayadi. Ana-
litik hisoblashlar sonli modellashtirish natijalari bilan yaxshi mos keladi va o ‘z-o ‘zidan gizishning qurilma
ishlashiga sezilarli ta sirini tasdiglaydi.

Kalit so‘zlar: Si/GaAs geterootish, o ‘z-o ‘zidan qizish, issiglik o ‘tkazuvchanligi, elektro-issiqlik mo-
dellashtirish, sonli tahlil, tashuvchilar harakatchanligi
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BJIUSAHUE CAMOHATPEBA HA SJIEKTPUUECKHUE XAPAKTEPUCTUKHU
T'ETEPOIIEPEXO/IOB Si/GaAs

Annomauus. B 0annoii pabome npedcmasieHo aHATUMIUYECKOe 1 YUCIEHHOe UCCAe008AHUE GIUIHUS
CAMOHAZPe8A HA 3jekmpuyeckue xaparxmepucmuri cemeponepexo0og Si/GaAds. Yumenwvl menionpogoo-
Hocmu kpemuua (150 Bm/y-K) u apcenuoa eannusg (55 Bm/m K), a maxsce maxue napamempuol, Kax niom-
Hocmob moxa (1010° A/cym?®) u nanpascennocms 3aekmpudecxozo noasa (2x10°-5x10° B/em). Jlna oyenxu
NOGbIULeHUS MeMNePAMYPbL U €20 GIUSHIUSL HA XAPAKMEPUCTIUKY YCMPOTCEA UCNOTb308AHA CEI3AHHAS
INEKMPOMENTO6AsE MOOeab. Pezynsmamol nokazuieaiom, umo memnepamypa YCmpoucmea 03pacmaem ¢
300 K 0o 360—420 K npu evicoxux niomnocmax moxd. IIpu smom nooeusxcHocms Hocumeneti ymeHvuLaen-
ca Ha 25—35%, a moxu ymeuxu yeeruuuearomes 8 2—3 pasza. Beix0OHOT MOK CHUMCAeMCs NPUMepHO Ha 15—
20% u3-3a mennogvix sppexmos. Ananumiueckue pacuemol XOPOULO CO2AACYIOMCL ¢ YUCTEHHBIM MOOeTU-
Posaniem, NOOMEEPHCOAs HAYUMETbHOE 6IUSHIE CAMOHAZPE8A HA MPAHCNOPM HOCUMmeell 1 Xapakme-
PUCTIUKY YCIPOTICIEAL.

Knrwuesovie ciosa: cemeponepexoo Si/GaAs, camonaepes, menionposoOHOCHb, 3]1eKMPOMeniosoe
MOOerUposanite, YUCTeHHbII AHANU3, NOOBUNCHOCHIL HOCUETelL.

Introduction. Heterojunction semiconductor devices based on Si/GaAs have attracted significant
attention due to their superior electronic and optoelectronic propertics, combining the mature silicon
technology with the high electron mobility of gallium arsenide. These structures are widely used in high-
speed electronic circuits, microwave devices, and optoelectronic systems [1], [2]. However, their
performance is strongly influenced by thermal effects arising during high-power and high-frequency
operation.

One of the most critical limiting factors in Si/GaAs heterojunction devices is self-heating, which
occurs due to Joule heating under high current density and strong electric fields. The mismatch in thermal
conductivity between silicon (=150 W/m-K) and gallium arsenide (=55 W/m-K) leads to non-uniform heat
distribution and localized temperature rise within the active region of the device [3]. This thermal
accumulation significantly affects carrier transport mechanisms, including mobility degradation, increased
scattering, and enhanced leakage currents.

Previous studies have shown that electrothermal coupling plays a crucial role in determining the
reliability and efficiency of heterostructure devices [4], [5]. However, a comprehensive quantitative
analysis combining both analytical modeling and numerical simulation for Si/GaAs heterojunctions under
realistic operating conditions is still required.

Therefore, this work presents a coupled electrothermal analysis of self-heating effects in Si/GaAs
heterojunctions. The study investigates how temperature rise influences key electrical parameters such as
carrier mobility, current density, and output current characteristics using both analytical formulations and
numerical simulations.

Research Methodology. In this study, a coupled electrothermal modeling approach is employed to
investigate the influence of self-heating on the electrical performance of Si/GaAs heterojunctions. The
methodology integrates analytical formulations with numerical simulations to evaluate the device behavior
under high-injection conditions (10*~10° A/cm?) across a temperature range of 77 K to 500 K. Structural
Design and Material Parameters: Two distinct 3D architectures are modeled to compare heat dissipation
efficiency: Planar Structure: A layered nGaAs epitaxial thin film grown on a pSi substrate. Radial Structure:
A core-shell nanowire geometry consisting of a pSi core and an nGaAs shell. The simulation utilizes the
temperature-dependent thermal conductivities of silicon Si 150 W/m-K at 300 K and gallium arsenide GaAs
55 W/m-K at 300 K). The 4.1% lattice mismatch at the heterojunction interface is accounted for by
introducing a thermal boundary resistance (Rw), representing localized phonon scattering at interface
defects.

The self-heating effect is governed by the heat generation rate (G), primarily dominated by Joule
heating under high electric fields (2-10° -5-10° V/cm):

G=J-E=c|V¢|

where J is the current density, E is the electric field, and o is the electrical conductivity. The steady-
state temperature distribution T(r) is determined by solving the heat conduction equation:

V-[x(T)VT]+G =0
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substantial Thermal Boundary Resistance (TBR). Given that the thermal conductivity of GaAs (45, W/m
K) is nearly threefold lower than that of Si (148, W/m K), the GaAs layer acts as a thermal insulator,
promoting localized "hotspots" at the junction.

Conversely, radial (core-shell) architectures provide a superior paradigm for mitigating self-heating.
The radial geometry facilitates two-dimensional (2D) divergent heat flux, which effectively increases the
dissipation arca as the thermal energy propagates from the junction. A critical advantage of the radial
symmetry is its ability to accommodate lattice strain via elastic relaxation, resulting in a more coherent
interface with reduced phonon scattering compared to planar films. This leads to a lower TBR (Ru),
enabling more efficient thermal coupling between the active GaAs region and the Si core/substrate.

However, at the sub-100 nm scale, radial structures are subject to phonon confinement effects, where
increased boundary scattering can paradoxically reduce the effective thermal conductivity.

Conclusion. In summary, the thermophysical efficiency of Si/GaAs heterostructures is directly
dictated by their geometric configuration and interface quality:

Planar Structures: Heat dissipation is essentially restricted to a one-dimensional (1D) cross-plane
path. The primary bottleneck is the high Thermal Boundary Resistance (TBR) caused by lattice mismatch
at the heterointerface. Due to the lower thermal conductivity of the GaAs layer, heat tends to accumulate
in the active region, leading to localized hotspots and accelerated device degradation.

Radial Structures: These architectures facilitate superior thermal management via two-dimensional
(2D) divergent heat flux. The radial geometry allows for elastic strain relaxation, which minimizes
interfacial defects and dislocations. This results in enhanced phonon transparency across the Si/GaAs
boundary, allowing heat to escape the active zone more effectively than in planar films.
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