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We present a comprehensive numerical study of temperature- and concentration-dependent dopant ionization in GaN optical
photovoltaic converters (OPCs), covering 4-400 K and doping levels from 1x10™" to 1x10'® cm™. Acceptor dopants (Mg, Zn, Be)
exhibit incomplete ionization at room temperature, with Mg achieving P, = 0.60 at 300 K and severe freeze-out P, <1 below 50 K.
Donor dopants (Si, O, S) are nearly fully ionized at 300 K P, > 0.95 and maintain high electron density even at cryogenic temperatures.
Increasing dopant concentration mitigates acceptor freeze-out but cannot overcome intrinsic activation limits at low temperatures.
These results highlight the asymmetry between p- and n-type GaN, emphasize the importance of co-doping strategies, and provide
quantitative guidance for predicting carrier densities, resistivity, and device performance in high-power, space-based GaN OPCs.
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INTRODUCTION

Wide-bandgap (WBG) semiconductors have emerged as foundational materials for next-generation power electronic
and optoelectronic devices operating under extreme electrical, thermal, and radiation environments [1-10]. Compared
with conventional silicon and GaAs, WBG materials such as GaN, 4H-SiC, B-Ga20s, and diamond offer substantially
larger bandgaps, higher critical electric fields, superior thermal conductivity, and enhanced radiation tolerance, enabling
efficient operation at high temperatures and power densities [1-10]. These characteristics make WBG semiconductors
attractive for advanced applications, including space-based solar energy systems, high-power laser energy transfer,
radiation detectors, and high-voltage electronics [4,9,10,11-14].

Among WBG materials, gallium nitride (GaN) has received particular attention due to its wide bandgap (3.39 eV),
high breakdown field, and strong III-N bond strength, which enable robust operation under elevated temperatures and
high-radiation environments [4,9,10,15,16]. Similarly, 4H-SiC (3.26eV) and diamond (5.45¢eV) exhibit high
breakdown voltages (3—10 MV/cm) and thermal conductivities (~3.7 W/em-K for SiC, ~2200 W/m-K for diamond),
making them suitable for high-power, high-reliability devices [3,7,17-19]. B-Ga:0s, with its ultra-wide bandgap
(~4.8 eV), offers high theoretical breakdown voltages, although challenges related to dopant control and thermal
management remain [5,20].

Despite these advantages, incomplete dopant ionization remains a critical challenge in WBG devices, particularly at
low and moderate temperatures [21-24]. Large bandgaps and deep dopant activation energies lead to a significant fraction
of electrically inactive dopants, limiting free carrier concentration and degrading electrical and optoelectronic
performance [21-24]. Representative activation energies include Mg in GaN (~0.16eV), B and Al in 4H-SiC
(0.265-0.293 e¢V), B in diamond (~0.37¢V), P in diamond (~0.57¢V), and unintentional donors in B-Ga:0s
(110-131 meV) [3,5,7,22,23]. Incomplete ionization can result in increased resistivity, reduced carrier lifetime, and lower
device efficiency, particularly under cryogenic conditions and at moderate dopant concentrations (10'°—~10'® cm™3) [21-25].
Incomplete ionization effects are especially relevant for optical photovoltaic converters (OPCs), where carrier transport,
recombination, and resistive losses strongly influence conversion efficiency [10,26]. While GaN-based OPCs have
demonstrated conversion efficiencies up to 79.6 % at laser power densities of 10 W/em?, exceeding GaAs devices
by >10 %, their performance remains sensitive to temperature-dependent carrier activation and dopant
ionization [10,26,27]. Radiation tolerance is also critical for space applications. GaN and Ill-nitride heterostructures
(AIN/GaN, AlGaN/GaN, InAIN/GaN) exhibit high resistance to protons, electrons, neutrons, and y-rays, with minimal
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degradation under high-dose irradiation [2,4,9,28]. Despite prior studies on WBG device modeling, most work has
focused on power diodes, transistors, or laser diodes [26,27,29,30]. A systematic study of incomplete dopant ionization
in GaN OPCs over cryogenic-to-elevated temperatures and practical doping concentrations is still lacking.

In this work, we investigate the temperature- and concentration-dependent ionization of GaN dopants (Mg, Zn, Be
for p-type; Si, O, S for n-type) over 4-400 K and doping levels from 10'° to 10'® cm™3, representative of space solar energy
OPC designs. By capturing the coupled effects of temperature-dependent ionization, carrier transport, and recombination,
this study provides quantitative insight into the limitations imposed by incomplete ionization and establishes design
guidelines for high-efficiency, radiation-resilient GaN OPCs under extreme environmental conditions.

MATERIAL AND METHODS
2.1. Material Parameters and Doping Conditions

Gallium Nitride (GaN) is a III-V wide-bandgap semiconductor with a wurtzite crystal structure (a = 3.189 A,
¢~5.185A) and a direct bandgap of 3.39 ¢V at 300 K, enabling efficient photon absorption and emission in the blue/UV
spectrum [23]. The electron effective mass is ~0.20 mo, and hole masses are ~1.0 mo (heavy) and 0.3 mo (light), yielding high
electron mobility (~1500cm?V-s) and moderate hole mobility (~100cm?/V-s), critical for high-speed optoelectronic
devices. GaN exhibits extremely low intrinsic carrier concentration (~107'° cm™), high relative permittivity (. = 9.5), and a
wide breakdown field (~3.3 MV/cm), allowing compact, high-voltage OPC designs. Thermal conductivity (~230 W/m-K)
and melting point (~2500 °C) support high-power operation and thermal stability [18]. N-type doping is typically achieved
with Si (activation ~20-30 meV) and p-type with Mg (activation ~160 meV), where incomplete ionization impacts hole
density and device performance. GaN shows strong optical absorption (~10° cm™ at 3.4 eV) and excellent radiation hardness,
making it suitable for space-based OPCs and high-power optoelectronics. Low-resistance ohmic contacts ensure efficient
carrier injection and extraction, underpinning high-efficiency device operation [23].
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Figure 1. Schematic p-n junction in Gallium Nitride (GaN)

Figure 1 depicts a p—n junction in Gallium Nitride (GaN) with ohmic contacts at both ends and a depletion region at
the junction interface. The left region (p-GaN) is p-type, enriched with holes, while the right region (n-GaN) is n-type,
enriched with electrons. The depletion region extends from —x,to x,, where free carriers are swept away, leaving behind
immobile ionized acceptors and donors. This creates a built-in electric field that governs carrier transport and charge
separation. GaN’s wide bandgap and high breakdown field enhance the junction’s capability to operate under high voltages
and temperatures, making it suitable for high-power optoelectronic and optical photovoltaic converter (OPC) applications.

Table 1. Donor and acceptor dopants in Gallium Nitride (GaN)

Type Dopant Activation Energy (meV) Comments / Device Relevance
Acceptor Mg 160 Most common p-type; incomplete ionization at RT
Acceptor Zn 120 Less used; moderate p-type conduction
Acceptor Be 150 Rare; high activation energy

Donor Si 20 Common n-type; low resistivity, high carrier concentration

Donor (6] 32 Unintentional donor; can compensate Mg

Donor S 30 Used for n-type; can affect optical absorption

In Table 1, p-type dopants: Magnesium (Mg) is the predominant p-type dopant in GaN. Its high activation energy
(160 meV) causes incomplete ionization at room temperature, limiting hole concentration and impacting device performance
in high-power and optical photovoltaic converter (OPC) applications. Zinc (Zn) and Beryllium (Be) are less commonly used;
Zn offers moderate p-type conduction but lower thermal stability, while Be is rarely employed due to high activation energy
and toxicity. n-type dopants: Silicon (Si) is the standard n-type dopant, providing high electron concentration and low
resistivity due to its low activation energy (20 meV), critical for efficient conduction layers. Oxygen (O), often incorporated
unintentionally, can partially compensate Mg, reducing effective p-type conductivity. Sulfur (S) is an alternative n-type
dopant but may introduce additional optical absorption, relevant for OPC efficiency. Device implications: Optimizing dopant
type and concentration is crucial for balancing carrier density, minimizing resistive losses, and achieving high efficiency in
GaN-based power electronics and OPC devices. Effective dopant management directly affects depletion width, internal
electric fields, and overall device performance.

2.2 Analytical Modeling of Temperature-Dependent Ionization
The temperature-dependent behavior of GaN p—n junctions was analytically modeled using Poisson’s equation under
the depletion approximation, explicitly accounting for incomplete dopant ionization. In this approach, the electric field
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E(r)is assumed to vary primarily along the junction axis, while lateral variations are neglected, allowing a one-
dimensional approximation along the growth direction (1). The local carrier concentrations are expressed as functions of
both the dopant activation energies and temperature, capturing the partial ionization of Mg acceptors in the p-region and
Si donors in the n-region. This framework enables accurate prediction of depletion width, built-in potential, and electric
field distribution in GaN junctions across a wide temperature range, which is essential for optimizing device performance
in high-power and optical photovoltaic converter (OPC) applications.

dE(r) — aE(xayaz) +aE(x»,V»Z)+aE(xay,Z) — p(x’yaz) (1)
dr ox ay oz £-€,

Where ¢ is the relative permittivity of GaN, &,(F/m) is the vacuum permittivity, and p(x, T)is the space charge density,
explicitly including temperature-dependent incomplete ionization of dopants, defined as (2):

p(x.T)=q-[Ny(T)= N (T)+ p(x,T) = n(x,T)] ()

In GaN, N7 (T)and Nj (T)represent the temperature-dependent ionized donor and acceptor concentrations,
primarily associated with Si (n-type) and Mg (p-type) dopants. These concentrations are strongly influenced by the dopant
activation energies and the local lattice temperature, which governs the fraction of electrically active dopants. The electron
n(x, T)and hole p(x, T)densities include contributions from thermal excitation across GaN’s wide bandgap, enabling
precise modeling of carrier distributions within the junction. The ionized dopant concentrations are calculated using
Fermi—Dirac statistics, adjusted for the temperature-dependent density of states. The ionization probabilities of acceptor
P/(T) and donor P,(T) dopants are directly linked to the fraction of dopants that are electrically active at a given

temperature and are expressed as (3a) and (3b):

1

P = ( AEA) Ga)
+ - €X
7,(I)-N,(T) kT
1
P(T)= 3b
@) 1+ gp - n,(x,T) ex (AED) )
7,(I)-N.(T) kT

where Ej and Epare the activation energies of Mg (p-type) and Si (n-type) dopants in GaN, Egis the Fermi level, kgis
Boltzmann’s constant, T is the absolute temperature, and g4, = 2 and gp = 4 are the dopant degeneracy factors for
acceptor and donor states, respectively. N (T)and Ny, (T )represent the effective density of states in the conduction and
valence bands, while AE,and AE,denote the dopant activation energies for donors and acceptors.

a) b)

Figure 2. Schematic band diagrams of donor and acceptor levels in GaN: (a) partially ionized states at low temperatures and (b) fully
ionized states at high temperatures.

To connect the quantum Fermi—Dirac statistics with classical Maxwell-Boltzmann approximations, temperature-
dependent correction factors ¥, (T)and y, (T)are introduced. These factors ensure a physically consistent description of
carrier concentrations and dopant ionization across a wide temperature range, from freeze-out at low temperatures to full
ionization at high temperatures. This analytical framework enables precise calculation of temperature-dependent electron
n(T)and hole p(T)densities in GaN, capturing partial ionization, freeze-out, and complete ionization regimes. Such
modeling is critical for designing high-power electronics and optical photovoltaic converter (OPC) devices, where
incomplete dopant activation can significantly influence carrier density, series resistance, and overall device efficiency.
The donor (Ep) and acceptor (E,) energy levels, illustrated in Figure 2, define the n-type and p-type conductivity in GaN,
respectively, and determine the temperature-dependent fraction of ionized dopants that contribute to free carrier transport.
This quantitative approach provides a robust foundation for optimizing GaN-based power devices, photodetectors, and
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high-efficiency OPCs, under varying thermal and operational conditions. At high temperatures (Figure 2b), donor atoms
(e.g., Si) are fully ionized, supplying electrons to the conduction band, while acceptor atoms (e.g., Mg) accept electrons
from the valence band, generating holes. This full ionization enhances carrier concentrations and improves electrical
conductivity, which is critical for high-power electronics and optical photovoltaic converters (OPCs). At low temperatures
(Figure 2a), incomplete ionization occurs: only a fraction of donor and acceptor atoms contribute free carriers. The
bandgap of GaN is wider at low temperatures, restricting carrier excitation, and narrows as the temperature rises, reflecting
the temperature dependence of the electronic states and carrier distribution in wide-bandgap semiconductors.

RESULTS AND DISCUSSION

The temperature-dependent ionization of acceptor (Mg, Zn, Be) and donor (Si, O, S) dopants in lightly doped GaN
(Na = Np = 1x10" cm™) demonstrates pronounced freeze-out effects at cryogenic temperatures and near-complete
ionization above room temperature. At T < 50 K, high-activation-energy dopants such as Mg and Be remain largely
inactive (P < 0.1), while lower-activation-energy species like Zn and Si begin ionizing earlier, highlighting the strong
dependence of carrier activation on dopant energy levels. In the intermediate temperature range (50—150 K), ionization
increases sharply, with donors generally ionizing at lower temperatures than acceptors due to the combination of lower
activation energy, higher degeneracy, and the larger conduction-band density of states. Temperature—concentration
mapping further reveals that low dopant densities exacerbate freeze-out, whereas increasing dopant concentration partially
mitigates incomplete ionization; however, substantial suppression persists at cryogenic temperatures even for
N ~ 10" cm 3. These findings emphasize that dopant selection critically influences GaN device performance, particularly
for low-temperature and high-power applications. Low-activation-energy donors (Si, S) ensure robust electron conduction
in n-type layers, whereas careful selection and co-doping of acceptors (Mg, Zn) are necessary to enhance hole density in
p-type layers. Incorporating temperature-dependent effective densities of states and incomplete ionization into device
models is essential for accurate prediction of carrier density, depletion width, and current transport. From a perspective,
this analysis informs the design of high-power electronics, LEDs, HEMTs, and optical photovoltaic converters (OPCs)
based on GaN, ensuring reliable operation across a wide temperature range (4—400 K) and enabling optimization of both

high-temperature performance and cryogenic applications, such as sensors, quantum devices, and low-noise
photodetectors.
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Figure 3. Ionization probabilities of dopants in GaN
(a) Acceptor ionization probability P,(T)for Mg, Zn, and Be. (b) Donor ionization probability Py (T) for Si, O, and S

In Figure 3 a), Acceptor Ionization (p-type GaN): Magnesium (Mg) is the primary p-type dopant in GaN, with a
relatively high activation energy of 0.16 €V. At an acceptor concentration of N, =1x10'*cm™, the ionization probability

is highly temperature-dependent. At very low temperatures (10 K), only about 1% of Mg acceptors are ionized, increasing
slightly to 5% at 50 K and 18% at 100 K. At room temperature (300 K), roughly 60% of Mg atoms are ionized, which
limits the hole concentration and reduces p-type conductivity. Co-dopants with lower activation energies, such as Zn
(0.12eV) and Be (0.15 eV), exhibit higher ionization probabilities at the same temperatures. For example, at 300 K, Zn
is ionized up to 75% and Be around 65%, making Zn suitable for co-doping to enhance hole density. Below 50 K, freeze-
out is severe for all acceptors, with ionization probabilities below 10%, significantly impacting low-temperature device
performance, such as cryogenic sensors or optical devices.

In figure 3 b), Donor Ionization (n-type GaN): Silicon (Si), the dominant n-type dopant with a low activation energy
of 0.02 eV, is nearly fully ionized across a wide temperature range. Even at 10 K, Si donors are approximately 85%
ionized, reaching nearly complete ionization (~99%) at room temperature. Other donors like oxygen (0.032 eV) and sulfur
(0.03 eV) are partially ionized at room temperature but can act as compensating species in p-type GaN, reducing net hole
concentration. Increasing the acceptor concentration reduces the ionization probability due to Fermi-level pinning. For
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instance, N, =1x10""cm™, the Mg ionization probability at 300 K drops to approximately 55%. Donors are less affected
by concentration changes, maintaining ionization probabilities above 95% over the range N, =1x10'" +1x10"cm™.

In p-GaN layers, the partial ionization of Mg limits hole density, increasing series resistance and reducing current injection
efficiency in LEDs, HEMTs, and optical devices. Co-doping with Zn or Be can partially mitigate these limitations.

In n-GaN layers, Si ensures nearly full ionization, providing high electron conductivity with minimal resistive losses.
At cryogenic temperatures below 50 K, p-type conductivity is severely suppressed due to freeze-out, while n-type layers
remain conductive, which is critical for low-temperature sensors and high-power GaN devices. Mg ionization at 300 K:
~60%; severe freeze-out below 50 K. Si ionization at 300 K: ~99%; minimal freeze-out. Low-activation-energy acceptors
like Zn improve p-type performance. Donors ionize at lower temperatures than acceptors, ensuring n-GaN conductivity.
Incomplete Mg ionization is the primary limitation for p-type GaN, whereas donors like Si provide nearly full ionization.
Accurate modeling of temperature- and concentration-dependent ionization is essential for optimizing device performance
across the 4—400 K range, including cryogenic and high-power applications.
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Figure 4. Temperature- and concentration-dependent ionization probabilities of dopants in GaN.
(a) Acceptor ionization probability P, (T, N,)for Mg, Zn, and Be over 4400 K and 101*-1018 cm™3; (b) Donor ionization
probability P, (T, Np)for Si, O, and S over the same temperature and concentration ranges.

In Figure 4 a), Acceptor lonization (p-type GaN): Magnesium (Mg) is the dominant p-type dopant in GaN, with a
high activation energy of 160 meV. At room temperature (300 K) and a typical doping level of N, =1x10"cm™, only

about 12% of Mg atoms are ionized, indicating that the majority remain neutral. This incomplete ionization directly limits
hole concentration and p-type conductivity in GaN devices. The ionization probability of Mg is strongly temperature-
dependent: at cryogenic temperatures below 50 K, Mg is essentially frozen out, while at elevated temperatures above
350 K, thermal energy gradually increases acceptor ionization, improving hole density. Co-doping strategies with lower-
activation-energy acceptors such as Zn (120 meV) or Be (150 meV) can partially mitigate this limitation, achieving higher
ionization probabilities at 300 K (75% for Zn and 65% for Be). Incomplete Mg ionization impacts p-GaN layers in optical
photovoltaic converters (OPCs) and high-power electronics by increasing series resistance, reducing current injection
efficiency, and limiting overall device performance. In Figure 4 b), Donor Ionization (n-type GaN): Silicon (Si) is the
primary n-type dopant, with a low activation energy of 20 meV. Even at low temperatures (10 K), Si donors are already
approximately 85% ionized, and at 300 K, nearly all (~99%) are fully ionized. Other donors, such as oxygen (32 meV)
and sulfur (30 meV), are also nearly fully ionized at room temperature (95-96%), though they can act as compensating
species in p-type GaN. This robust donor ionization ensures high electron conductivity, minimal resistive losses, and
efficient current injection in n-type regions, even under cryogenic conditions. Increasing the acceptor concentration
reduces the ionization probability due to Fermi-level pinning. For example, at N, =1x10" cm™ Mg ionization at 300 K

drops to roughly 8-55%, depending on the dataset, highlighting a trade-off between doping density and incomplete
activation. Donor ionization is largely insensitive to concentration changes, remaining nearly complete across
N, =1x10" +1x10"cm™ . For OPCs, the low hole density from incompletely ionized Mg limits photocurrent and

conversion efficiency, while fully ionized Si ensures electron extraction. In high-power GaN electronics, partial Mg
ionization increases series resistance, self-heating, and can reduce breakdown voltage, potentially affecting reliability.
Accurate modeling of temperature- and concentration-dependent ionization is crucial for optimizing device performance
from cryogenic (~4 K) to high temperatures (~400 K). Mg (p-type) has an activation energy of 0.16 eV, with room-
temperature ionization ~12% and severe freeze-out below 50 K. Si (n-type) has an activation energy of 0.02 eV, with
nearly full ionization (~99%) at room temperature and minimal freeze-out. Low-activation-energy acceptors such as Zn
improve p-type conductivity. Donor ionization occurs at lower temperatures than acceptors, ensuring robust n-type
conduction. Summary of Figures 3 & 4: Temperature-dependent ionization maps illustrate the strong asymmetry between
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acceptors and donors in GaN. For Mg E, =0.16 e/, N, =1x10"®cm™, the ionization probability rises from ~1% at

10 K, to ~18% at 100 K, ~60% at 300 K, and ~95% at 400 K, highlighting severe freeze-out at low temperatures and
partial activation at room temperature. Zn (0.12 eV) reaches ~75% ionization at 300 K, while Be (0.15 eV) reaches ~65%.
In contrast, Si donors E,, =0.002 eV , N, =1x10"*cm™, are nearly fully ionized across the entire temperature range,

from ~85% at 10 K to ~99% at 300 K and ~99.5% at 400 K. These results demonstrate that p-type GaN is limited by
incomplete Mg ionization at room temperature, whereas n-type GaN maintains robust electron conduction across 4-400 K.
Optimizing GaN-based OPCs, high-power LEDs, and high-voltage devices requires careful consideration of these
temperature- and concentration-dependent ionization effects.

CONCLUSIONS
In this work, we systematically analyzed temperature- and concentration-dependent ionization of dopants in GaN
over 4-400 K and doping levels from 1x10' to 1x10'® cm™. The results demonstrate that incomplete ionization strongly
affects p-type GaN, where Mg E, =0.16 e/ reaches only P, =0.60 at 300K and experiences severe freeze-out

P, =0.60 below 50K.Zn E, =0.12 e/ and Be E, =0.15 el show slightly higher ionization at room temperature but
remain partially inactive at low temperatures. In contrast, n-type GaN donors such as Si, E, =0.002 eV,
O, E, =0.032 eV ,and S, E, =0.003 eV are nearly fully ionized at room temperature P, >0.95 and maintain high

carrier densities even below 50 K. Increasing dopant concentration partially mitigates freeze-out in acceptors, yet low-
temperature limitations persist due to the intrinsic activation energy. These findings highlight that p-type conductivity in
GaN is limited by incomplete acceptor ionization, whereas n-type layers remain highly conductive. Accurate modeling of
temperature- and concentration-dependent ionization is therefore essential for optimizing high-power electronics, LEDs,
optical photovoltaic converters, and cryogenic GaN-based devices, ensuring reliable predictions of carrier density,
resistivity, and device performance across a wide temperature range.
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BILIMB HEIIOBHO{ IOHI3ALI JOMIIIOK Y GaN OIITUYHUX ®OTOIMEPETBOPIOBAYAX V JIATIA3OHI
4-400 K IJIs1 KOCMIYHUX COHSAYHUX EHEPTETUYHHUX 3ACTOCYBAHb
I.A. Kananaaposa!, MLIIL I6parimosa', Y.I'. Canaes!, LB. Canaes?, I.C. Mamapamxa6os?, A.M. Manoaimos?,
®.0. Toxiposa4, A.L ¥Ocynos’, O.A. Carraposa’
'Vpeenucvruti depoicasnuii ynisepcumem, eyauys Xamioa Onimooicona, 14, Ypeenu, 220100 Vzbexucman
2Hayionanvnuii Oocnionuyvkuii ynieepcumem TIIAME, kagedpa gizuxu ma ximii, Tawxenm, Ysbexucmarn
3Kagheopa mpaemamonozii ma opmonedii, Depeancokuii MeOUHUL IHCMUMYN 2POMAOCHKO20 300P06 ',
Depeana, Pecnybnixka Y36exucman
‘Camapranoceruii depoicasnuti meouunuil ynieepcumem. eyi. Amipa Temypa, 18, 140100, Camapkano, Y3bexucman
STawxenmcokuil Oeporcasnuti mexuivnuil ynisepcumem, Tawkenm, Yzbexucman
Y peenucwruii Oepacasnuti meduunuti incmumym, 220100, eyi. Ano-Xopesmi, 28, Ypeenu, Yzbexucman

Mu npencTaBisieMO KOMIUIGKCHE YHCIIOBE JOCIIDKCHHS TeMIIepaTypHO- Ta KOHIEHTpalifHO-3aJIeKHOT 10HI3aIi] JIETYIOUHX JOMIIIOK
B ONTHYHHX (oToenekTpuuHux neperBoproBadax (ODII) Ha ocHoBi GaN, mo oxorutoe piamazon temmeparyp Bix 4 no 400 K Ta piBHi
neryBaHHs Bif 1x10™ o 1x10"¥cm>. AkuenTopHi jerytoui nominiku (Mg, Zn, Be) neMOHCTpyIOTh HENOBHY 10HI3allil0 32 KIMHATHOI
TeMneparypu, npuaomy Mg nocsrae pisas P, = 0.60 npu 300 K, a Hmkue 50 K cnocrepiraerscs cuiibHe 3amep3anss P, <1 . JloHopHi

neryroui gomimku (Si, O, S) maibke noBHicTIO i0HI3yt0ThCs 11pu 300 K P, > 0.95 Ta miaATpUMYIOTh BUCOKY €IE€KTPOHHY IIIIBHICTH

HAaBIiTh 3a KPIOTEHHUX TeMIIepaTyp. 30UTbIICHHS KOHIIEHTpAIi{ JIerylodoi JOMIIIKK 3MEHIIIYE 3aMep3aHHs aKLENTopa, aie He MOXe
TIO/I0IaTH BHYTPINIHI Mexi akTHBamii 3a HU3BKUX Temneparyp. Lli pesynasratu mimkpecmoiors acumerpito Mix GaN p- Ta n-Tumy,
B)XJIMBICTh CTpATeTill CHINBHOTO JIETYBaHHS Ta HAJAIOTh KiIBbKICHI PEKOMEHMAIl /Ul NMPOTHO3yBaHHS IMUIBHOCTI HOCIIB 3apsiy,
IUTOMOTO OIOPY Ta NMPOLYKTUBHOCTI IIPUCTPOIB y moTykHKUX KocMiynux OITK Ha ocHOBi GaN.

Kuarwuosi cinoBa: GaN; ionizayis oomiwiox; onmuuti ¢omonepemeopiosaui; memnepamypha 3aielcHicms, KOHYeHmpayis HOCiis;
HenoeHa i0HI3ayis, KOCMIYHA COHAYHA eHep2isl





