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Table 1. Applications of SiGe alloys.
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Application Merit Parameter Institution Ref,
SiGe(C) HBT fr = 300GHz [HP 23
SiGe(C) HBT fr = 210GHz IMEC 24

fuax = 400GHz
SiGe HBT BiCMOS fr = 200GHz IBM 25
a—Si/a—SiGe tandem solar cell Efficiency = 10.4% United Solar 26
a—Si/a—SiGe tandem solar cell Efficiency = 13,0%* University of Toledo 27
a—Si/a—SiGe/nc—Si triple—junction solar cell Efficiency = 11% University of Toledo 15
a—Si:H/a—SiGe:H/a—SiGe:H triple—junction solar cell Efficiency = 10,1% United Solar 28
Thermoelectric p—type SiGe alloy 7ZT = 0.95 Boston College 29
Thermoelectric n—type SiGe alloy ZT =13 Boston College 30
*Simulated data
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Figure 1. Comparison of lattice constants and energy
band gaps of Si and Ge.
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Figure 2. Comparison of Gummel plots of a SiGe HBT
and a Si BJT.
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Figure 5. Schematic cross—section of a Si/SiGe photo—
detector employing a Si/SiGe superlattice
structure,
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Figure 6. (a) Simplified energy band diagram of a solar
cell and (b) quantum efficiency (QE) spectra
of solar cells employing Si and SiGe absorp—
tion layers,
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Figure 8. Schematic of the Peltier effect occurring at
a p—n junction.
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The silicon-germanium (SiGe) alloy, which is compatible with silicon semiconductor
technology and has a smaller band gap and a lower thermal conductivity than silicon, has
been used to fabricate electronic devices such as transistors, photodetectors, solar cells, and
thermoelectric devices. This paper reviews the application of SiGe alloys to electronic devices
and related technical issues. Since the SiGe alloy comprises germanium whose band gap
is smaller than silicon, its band gap is also smaller than that of silicon irrespective of the
ratio of silicon to germanium. This narrow band gap of SiGe enables the base thickness
of bipolar transistors to decrease without a loss in current gain so that it is possible to improve
the speed of bipolar transistors by adopting the SiGe-base. In addition, the conversion
efficiency of solar cells is enhanced by the absorption of long-wavelength light in the SiGe
absorption layer. Phonon scattering caused by the irregular distribution of alloying elements
induces the lower thermal conductivity of SiGe than those of pure silicon and germanium.
Because a thin film layer with a low thermal conductivity suppresses thermal conduction
through a thermal sink, the SiGe alloy is considered to be a promising material for

silicon-based thermoelectric systems.
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