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2 - Atmospheric attenuation
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3 - Extended Interaction Klystron / Oscillator (EIK / EIO)
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4 - Bacward-Wave Oscillator (BWO or Carcinotron)
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5 - Gyrotron
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6 - Free-Electron Laser (FEL) or Maser (FEM)



Semiconductor | Bandgap Dielectric Electron Hole
AW [eV] strength mobility mobility
Emax [V/cm] bn [cm?/Vs] Up [cm?/Vs]
PbS 0.37 (breakdown<2V) 600 200
Se 1.95 (breakdown<25V) 0.005 0.14
PbSe 0.27 900 700
PbTe 0.32 1700 930
Cu:0 2.137 (breakdown<8V) 0.2 0.1
Si 1.11 3+10° 1400 450
Ge 0.67 10° 3900 1900
SitxGex 0.67-1.11 3+10°
SiO 9 10°-107
SizN,4 5.4 3+10°
C (diamond) 5.5 10°-10 2200 1800
3C-SiC 2.36 10° 800 320
4H-SiC 3.23 3¢10°-5+10° 900 120
6H-SiC 3.05 3¢10°-5+10° 400 90
GaAs 1.43 4+10° 5000 400

[ - Electrical properties of semiconductors (1)




Semiconductor Bandgap Dielectric Electron Hole
AW [eV] strength mobility mobility
Ewvax [V/icm] Un [cm?/Vs] Mp [cm?/VS]
AlAs 2.16 6-10° 1200 420
GaixAl:As 1.43-2.16 4410°-610°
InP 1.344 5¢10° 5400 200
GaP 2.26 10° 250 150
GaSb 0.726 50000 3000 1000
InAs 0.354 40000 40000 400
InSb 0.17 1000 77000 850
GaN 3.4 5¢10° 1800 30
AIN 6.28 1.2¢10°%-1.810° 300 14
InN 0.65 3200
BN 54 3¢10°-6-10° 200 500
CdS 2.42 400
CdSe 1.74 650
CdTe 1.44 1100 100
Hg.xCdxTe 0-1.5

8 - Electrical properties of semiconductors (2)
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9 - GaAs flip-chip and beam-lead Schottky diodes
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10 - Millimeter frequency doublers and triplers
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11 - InP / GaN High Electron Mobility Transistor (HEMT)
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12 - InP / SiGe Heterostructure Bipolar Transistor (HBT)




Vout

i

65nm

CMOS VCO
206...220GHz
TmW [18]

—{— 1
?E Cpa rasitic

Vbnd_\’

13 - Push-push oscillator / doubler
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14 - Transmission-line losses in the mm / THz range
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15 - Coplanar-waveguide (CPW) GSG probes
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17 - Resonant tunnel diode (RTD)
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18 - Negative-differential-resistance (NDR) diodes (Gunn, TED)
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19 - Plasmonic mm / THz sources Frequency (THz) Af (THz)
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20 - Quantum-cascade laser
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21 - Electro-optical mm / THz sources
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23 - Active-device noise and loaded-resonator quality
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25 - Millimeter source for a high-resolution FM radar
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26 - Microwave synthesizer for a high-resolution FM radar
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