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Identification and Significance of Innovation
= NASA space exploration missions and projects need reliable
electronics that can survive and operate over a wide temperature
range (-230°C to +130 °C) and high radiation levels.

= There is significant need to develop & test new rad-hard wide-T
circuits and robust CAD tools to facilitate design and analysis.

= Innovations: (a) Improved modeling/design tools, coupled with
Cadence and Geant4, enabling innovative mixed-mode analysis of
radiation effects in analog/mixed-signal systems in extreme temp.;
(b) Novel Rad-Hard designs (new concepts, prototype circuits,
experimental verification) of SiGe HBT Analog/Mixed-Signal ICs.
= Estimated TRL at the beginning: 2, and at the end: 3
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Technical Objectives

4 Design, validate, and demonstrate RHBD ICs in the SiGe HBT
technologies for extreme environments. 4 Enhance CFDRC’s
physics-based modeling tools (NanoTCAD, Mixed-Mode) for
predicting electrical performance and radiation response of space
electronics in extreme temperature range, to support RHBD design.

The Phase 1 results include:

& Developed full-3D TCAD model of SiGe HBT based on IBM 5AM
SiGe BiCMOS process (high-fT); ¢ Enhanced CFDRC’s MixCad
tool to allow multiple TCAD models in the same mixed-mode
simulation — very important for new RHBD analyses; ® Performed
first-ever mixed-mode SEE simulations of analog circuit (BGR),
obtained good match against experimental data, and explained
underlying phenomena for future RHBD; 4 Foundation work to
evaluate applicability of different simulation approaches (Spice with
varying current injection sources — vs. full mixed-mode) under
different conditions —

NASA and Non-NASA Applications

* NASA Applications: Radiation-hardened and wide-temperature
analog and mixed-signal circuits for avionic systems used in the
NASA space exploration missions. This SBIR furthers the research
and components library generated under the NASA Exploration
Technology Development Program (ETDP).

* Non-NASA Applications: Wide range of analog and mixed-signal
circuits in space electronics, including DoD space systems
(communication, surveillance, missiles), and commercial satellites.

Firm Contacts

CFDRC: Dr. Marek Turowski, Director, Nano Electronics & Plasma
Email: mt@cfdrc.com, phone: 256-726-4889

Georgia Tech, Atlanta: Prof. John Cressler, ECE Dept. (Subcontract)
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