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Objectives: Long term objective of the project is integration of digital and analog circuits for high frequency applications on a single chip. Specifically, it is 
the purpose of this research to grow, for the first time, SiGe films on sapphire suitable for electron conduction transistors and to evaluate whether or not the quality of these films will prove adequate for high frequency devices.
Background: NASA’s vision in the space communications area is to develop a broadband data network in which a high degree of inter-connectivity between various satellite systems, ground stations, and wired systems is achieved. To accomplish this goal, complex electronic circuits integrating analog and digital data handling will be required for high speed applications, including the Ka-band (26-40 GHz).The purpose of this project is to show the feasibility of a new technology for Ka-band communications applications, namely silicon germanium (SiGe) on sapphire. This new technology will have several advantages compared to the existing silicon substrate based circuits. The main advantages are extremely low parasitic reactances enabling much higher quality active and passive components, better device isolation, higher radiation tolerance and low energy consumption, thus enabling the integration of digital and analog circuitry on a single chip.

Accomplishments: The actual work included three steps: device modeling, material fabrication and material characterization. The first step in the work was modeling of various SiGe film structures and transistors for their Ka-band performance. The results of this step set the starting values for the layer structure needed for the SiGe transistor and the required electron mobility for Ka-band operation, namely a mobility of at least 700 cm2/volt-sec. In the fabrication step, the work included substrate preparation and MBE film growth. Starting with 4” commercial silicon-on-sapphire (SOS) wafers, the top Si layer on the SOS wafers were amorphized, recrystallized and thinned down to roughly 100 nm. The MBE growth used several buffer layers and virtual substrates, with one example of a final structure shown in the figure. Several structures are investigated in this study. In the characterization step, the following techniques are used: Hall effect, high resolution x-ray diffractometry, secondary ion mass spectroscopy, atomic force microscopy and transmission electron microscopy. The results of these measurements show high quality crystalline SiGe and strained Si active layers, with the correct dopings and Ge concentrations. Most importantly, measurements show room temperature electron mobilities as high as 1300 cm2/volt-sec. This result shows that this material is now ready to be used for SiGe transistors working in the Ka-band and fabricated on sapphire substrates. 
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Glossary terms:
SiGe-silicon germanium semiconductor alloy; 

SOS-silicon on sapphire is a thin silicon semiconductor layer grown on sapphire;

MODFET- modulation doped field effect transistor;

n-MODFET is an n type modulation doped field effect transistor
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