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Abstract: With the miniaturization of integrated circuits, degradation of reliability has become a critical
issue. Soft errors are one of the causes of reliability degradation. In this paper, we clarify the vulnerability
of flip-flops in a 130 nm process by accelerated test using an alpha-ray source and circuit simulations, and
propose a method to improve the soft error tolerance. A comparison was made between the measured result
and the critical charge (Qcrit) of the NMOS determined by circuit simulations. It was found that the higher
the Qcrit, the less likely an soft error occurred. By increasing the gate width of the PMOS that composes
the vulnerable logic gate, the drain current of the PMOS was increased and the Qcrit was increased. How-
ever, it is necessary to minimize the increase in the gate width because it affects the delay time and power
consumption. To minimize the change in the gate width, the gate structure was modified by adding a wire
connection. The change in the gate structure increases the Qc,it at the vulnerable points, but there were also
points where the Q¢it decreases, thus transistors are added in addition to the change in the gate structure as
a countermeasure considering the tolerance of the entire circuit. Changing the PMOS gate width, changing
the gate structure, and adding transistors improves the soft error resistance.
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Improving Soft Error Tolerance of Flip-Flops in a 130 nm Process
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