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Abstract:
Single Event Effects, otherwise known as SEE’s, are undesired effects caused by single energetic particles passing through a given medium. These effects are generally categorized into three distinct occurrences:  single event upset (SEU), single event latch-up (SEL), and single event burnout (SEB). There is no latch up in Silicon-On-Insulator/Silicon-On-Sapphire technologies due to the absence of a bipolar counterpart in the substrate, thus SEL is not a concern. In this study, we examine the single event effects on a Peregrine’s 0.25 (m Silicon-On-Sapphire (UltraCMOS®) CMOS technology.

A test chip has been designed using standard and radiation tolerant techniques in Peregrine’s Semiconductor 0.25(m Silicon-On-Sapphire (UltraCMOS®) process. The test chip contains ring oscillators, PLL components (PFD, VCO, divider), a matrix of various sized NMOS and PMOS transistors, latch chain, logic gates, current mirrors, passive components and shift registers. The shift registers and latch types were based on: standard geometry, enclosed geometry, resistive hardening, and SET free logic. The standard geometry and enclosed geometry shift registers are made up of 32 stages of D-Flip Flops connected in chain format. The sizes of both the PMOS and NMOS transistors in these registers are kept consistent for comparison purposes. The resistively hardened shift registers have a total of 32 stages divided into 8 sub sections. Each subsection had a resistance that doubles its previous stage. The resistor sizes are: 1,2,4,8,16,32,64, and 128 kOhm. The purpose of the standard geometry based shift register is to provide a basis for comparison. The enclosed geometry based shift register depicts an alternative design technique via layout. Resistive hardening and SET free logic presents alternative circuit level schemes to mitigate SEE effects. 

An online test was done on the shifter registers and latch chain at dose of 100krad(Si) under a 230 MeV proton beam. A pseudo random bit stream was written into these test elements at a rate of 40Mb/s during irradiation. The outputs of the test elements were compared with their respective inputs for errors. No errors were reported before, during and after irradiation period. The current consumption of these test elements was monitored. Relating to the functionality of our test structures, there was no significant current change that inhibited device operation. When comparing standard geometry based shift registers to enclosed geometry based shift registers, there was no difference in functionality and SEE immunity. In addition, since the standard geometry based shift register worked error free for the given radiation period, the resistive hardening technique showed no further benefit in relation to SEE immunity. From the results of the test elements up to 100krad(Si), we report that typical SEU’s and SEB’s were not seen in our experiment on the 0.25 (m (UltraCMOS®) technology. Table 1 shows fluence, error count # and cross section data for the different type of test elements in our experiment.

	Test Element Type
	Fluence (proton/cm​2)
	 Error Count #
	Cross section (cm2)

	Std Shift Register
	18(1012
	0
	<5.6(10-13

	ELT Shift Register
	18(1012
	0
	<5.6(10-13

	Res. Hard Shift Register
	18(1012
	0
	<5.6(10-13

	SET free logic latch
	18(1012
	0
	<5.6(10-13


Table 1. Fluence, Error Count # and Cross Section Data for Test Elements

Based on the results of our experiment, we have shown that a 0.25 (m Silicon-On-Sapphire (UltraCMOS®) process has exhibited SEE immunity in certain test structures up to 100krad(Si) of radiation. The data we have collected shows that the special radiation tolerant design techniques employed do not perform any different from standard design techniques in relation to SEE immunity up to 100krad(Si) of radiation.
