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MOTIVATION
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Increased
efficiency

50%

Renewables 18%

Biofuels 3%

Nuclear 9%

CCS 20%

Share of cumulative abatement
between 2010-2035



WIDE BANDGAP MATERIALS

~80% POWER ELECTRONICS IN
ELECTRICITY SYSTEMS NEEDED
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SiC

GaN



ULTRA-WIDE BANDGAP MATERIALS
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Ga2O3 Diamond

Ga2O3



DIAMOND FOR POWER ELECTRONICS

Saman.Majdi@angstrom.uu.se

Si SiC GaN Ga2O3 Diamond

Bandgap (eV) 1.1 3.3 3.5 4.6 5.5

Breakdown field
(MV/cm) 0.3 2.8 2.0 8.0 20

Electron mobility
(cm2/Vs) 500 1000 1300 300 4500

Hole mobility (cm2/Vs) 600 120 850 - 3800

Thermal conductivity
(W/mK) 1.5 4.9 1.3 0.18 24

???
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APPLICATIONS OF DIAMOND
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V POWER ELECTRONICS Ƃ  HV DIODES, POWER FETS
HIGH BREAKDOWN FIELD, HIGH THERMAL CONDUCTIVITY

V HIGH TEMPERATURE DEVICES
WIDE BANDGAP, RADIATION HARDNESS

V MICROWAVE DEVICES Ƃ   HF MESFETS
HIGH SATURATION VELOCITY, HIGH BREAKDOWN FIELD

V RADIATION AND UV DETECTORS
RADIATION HARDNESS, ”SOLAR BLIND”

V N-V CENTERS
SINGLE SPIN MAGNETOMETRY, SINGLE PHOTON SOURCES, QUANTUM

CRYPTOGRAHY, QUANTUM COMPUTERS



CHALLENGES
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But… this requires:
• Clever device design.
Lack of n-type doping

- Possible with polycrystalline diamond.

- 20 dB gain @ 12 GHz (cf. eg. GaAs MESFET
15 dB gain @ 12 GHz).

- Cut off for power gain 120 GHz demonstrated.
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But… this requires:
• Development of larger substrates at lower

cost.
8” polycrystalline, 2” Single crystalline



CHALLENGES
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But… this requires:
• Development of process technology for

diamond.
Non-standard

Isotropic etching

Schottky barrier diodes on a 0.5 inch
single-crystalline CVD diamond wafer



CHALLENGES
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Ç Intrinsic Single Crystalline diamond
quality has reached a state of
maturity with low point defect and
dislocation densities possible.



ELECTRONIC APPLICATIONS OF DIAMOND
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E-MRS Fall Meeting














