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Fabrication of extreme-temperature devices using Aluminum Nitride (AIN)
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Tsukuba, Japan—Silicon (Si) semiconductors are ubiquitous in electrical appliances and play an essential role in our daily lives. However, in high-temperature environments
exceeding 300°C, such as underground resource drilling, space exploration, and engine peripherals, improved semiconductor materials are required because of the limited
operational temperature range of Si devices. This study presents the fabrication and evaluation of high-quality AIN-layered diodes and transistors using a novel electrical
characterization system capable of functioning at temperatures up to 900°C. The researchers achieved a successful demonstration of diode operation at 827°C, surpassing

all previous records, and the transistors operated at 727°C. This research has paved the way for operable semiconductor devices to operate in severe environments
(>800°C). These AIN devices are expected to be employed in high-temperature industries such as underground mining, steel production, space exploration, and aviation.
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Applications Temperature (K) AIN samples(DOWA electronics) Thermal annealing
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- Tilt angle : 7 degree
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Aluminum nitride (AIN)
© Large high-quality templates

© Possible n-type and p-type doping
© Small intrinsic carrier density (ni)

Gate oxide Electrode

® High ionization energy of dopants 1000/T (1/K) Leakage due to
intrinsi rier:
ﬁ Gazoa DEmond intrinsic carriers
-_____ Leakage due to
Bandgap energy (eV) 1.1 dislocation
Carrier type POIN® P@/N@ P@/N@ P@/N@ P©IN® P@/N@ o i
m (cm*) at 1000°C >101 ~10% ~10% ~1010 ~10° ~108 High-temperature probe station
Thermal conductivity (W/mK) 156 490 200 27 2000 290 (<900°C, ~10° Pa)
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TLM measurement

® Reduction of pc with increasing Tm due to enhanced TFE :
4x102 Qcm? at 1T100K
B Reduction of Rs and ne with increasing Tm due to enhanced donor ionization :

B Reduction of Von with increasing Tm due to shrunk Eg : 1.47 V at 500K, 1.16 V at 1000K
B Reduction of Ron with increasing Tm due to increased ne and decreased pc:
3.8x10° Qcm? at 300 K, 4.2x10" Qcm? at 1100 K

100 kQ/sq. at 1100K M Increase o_f Imax at 3 V with increasing Tm : 3.9%10% A/cm? at 300 K, 3.6 A/cm? at 1100 K
Hall-ott B On/off ratio : ~10% at 1100 K
all-effect measurement ® Breakdown voltage : 610 V at 300 K
m Reduction of ue with increasing Tm due to phonon scattering : Cathod Anod
19 cm?/Ks at 500K, 3 cm?/Ks at 900K P iad _— 10" — - - - - . .
H Tm dependent Hall effect : of — 300K ——400K
Es=320 meV, corresponding to DX- center (2d° ¢ d*+DX") ~ 10 500k—— 600K
Na=2x10'8 cm3, Na=1%10'7 cm3, indicating donor activation (Na/[Si]) ratio of 10% g 107} 700K 800K
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