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This research project combines the strengths of the thin capacitively coupled thyristor (TCCT) [1] 
with the strengths of the nanoscale field effect diode (FED) to design, fabricate and test new memory cells.  
The research is in response to the widely recognized urgent need for progress in memory technology, as 
abundantly demonstrated, for example, by the large number of dedicated technical sessions in recent 
IEEE-IEDM meetings.  Field effect diodes involve demanding device physics and nanofabrication 
technology, and we explore their design space in order to establish the most appropriate structures and 
operation conditions for new types of SRAM, DRAM and NVM memory cells [2].  In addition, FED 
structures have shown promise and are further explored in this research project for ESD protection 
applications [3]. These two applications are characterized by different demands on the device properties: 
for memory applications, leakage control and small cell size drive the device design, whereas for ESD 
protection large forward breakdown voltage must be achieved.  

The FED structure resembles a SOI pin diode to which two closely spaced narrow gates have been 
added.  Its many advantages derive from the fact that by suitably biasing these (independent) gates, the 
FED can be operated as a pin diode or as a thyristor.  We will discuss the relevant nanoscale FED device 
physics, which allows us to design a variety of FED memory cells and ESD protection devices, including 
multigate-SOI MOSFET and Fin-FET FEDs.  These new cells are characterized by better gate control, 
faster operation and lower leakage power dissipation at reduced cell area.  This better gate control of the 
FED also leads to higher current and higher breakdown voltage in ESD applications. 

Our research is expected to have substantial broader impact in the quest for new devices for the "post 
CMOS" semiconductor industry era, as it introduces device structures with operational principles 
different from classical CMOS, while at the same time benefiting from the vast experience with silicon 
technology.  These devices will make urgently needed contributions to semiconductor industry in two 
very important areas, namely memory cell technology and electrostatic discharge protection.  
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