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Abstract

Bandgap engineering is a power tool for electronic and photonic device optimization, but until recently it has 
been the exclusive domain of III-V technologies such as GaAs or InP. The advent of robust epitaxial growth 
techniques in the silicon material system, however, is generating worldwide interest, because it enables bandgap-
engineering on far-more-manufacturable silicon wafers. The most mature of the Si-based heterostructure elec-
tronic device platforms is the Silicon-Germanium Heterojunction Bipolar Transistor (SiGe HBT). At the present 
state-of-the-art, SiGe HBTs with frequency response above 300 GHz have been demonstrated, on CMOS foundry 
compatible 200 mm wafers, and is being practiced commercially around the world. The combination of ultra-
high-speed SiGe HBTs with scaled silicon CMOS, to form SiGe HBT BiCMOS technology, represents a unique 
opportunity for highly-integrated, low-cost, silicon-based system-on-a-chip or system-in-a-package solutions for 
emerging high-frequency wireless and wireline applications ranging from RF as high as mm-wave frequencies 
(e.g., to 100 GHz). 
Interestingly, SiGe HBTs have been shown to have a built-in tolerance to total-ionizing dose radiation, and are 
also well-suited for operation down to very low-temperatures (to 4.2 K), and up to very high temperatures (to 300 
C), making them very appealing for a wide-variety of emerging extreme environment electronics applications, 
which might be needed, for instance, in space exploration.
This presentation will focus primarily on radiation effects in SiGe HBT devices and circuits. After an introduction 
to bandgap engineering, SiGe strained layer epitaxy and its use in SiGe HBT design and fabrication, a detailed 
assessment of the impact of radiation on SiGe materials, devices, and circuits is presented, including: radiation 
tolerance; basic damage mechanisms; the effects of different radiation types; technology scaling issues; single 
event upset mitigation approaches; cryogenic operation; and the future directions of SiGe technology. Finally, 
recent developments in other Si-based bandgap-engineered electronic devices, including strained-Si CMOS will 
be discussed, as well as the possibilities of Si-based photonic devices. 




