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A B S T R A C T

It is well known that high-energy particle strikes on an integrated circuit can cause circuit errors. We quantify the
fraction of a layout which is susceptible to multiple transients, through the notion of critical area fraction (CAF).
We perform a 2D-study on a layout of 65 nm planar transistors to evaluate maximum values of CAF. We find that
CAF can be as high as 1, that is, 100% of the layout area is vulnerable. Potentials of adjacent source/drain regions
play a significant role in increasing the CAF and simple layout techniques do not reduce the CAF substantially.
We confirm these observations through 3D simulations of inverter layouts. A key observation is that, CAF is high
in the region of the layout which contains small gates. At the circuit-level, multiple transients not only cause
multiple errors, they also merge to create wider transient increasing its capture probability. A circuit-aware
placement of vulnerable gates and alternate latch designs may be required to alleviate the problem.

1. Introduction

When high energy particles such as alpha particles or neutrons strike
a semiconductor device, they generate charge at the region of strike.
This charge gets collected in the source/drain regions [1,2], resulting
in a transient current known as single event transient (SET). The SET
can propagate to flip-flops and flip the stored value resulting in bit-flips,
known as soft errors. The architectural level model for soft errors is a
probabilistic single bit-flip fault model [3–6]. Similarly, at the circuit
level, an SET is modeled as a current injection into the drain of a single
transistor [7,8]. If multiple transients or multiple bit-flips are to occur,
these models will result in optimistic reliability estimates. Thus, it is
important to quantify the extent to which a circuit/layout is susceptible
to multiple transients.

The phenomenon of a radiation-induced strike affecting multiple
transistors has been studied in the past [9–12]. Studies carried out in
130 nm and 90 nm technologies by other authors [13,14], reveal that
charge collection depends on particle energy, direction and device sepa-
ration. Layout methods such as increased device separation, guardrings
and a technique called Layout Design through Error-Aware Transistor
Positioning (LEAP) are known to reduce charge collection [10,15,16].

In this paper, we quantify the fraction of a device layout which
is susceptible to multiple SETs, by introducing the notion of a criti-
cal charge and critical area fraction (CAF). We study the effectiveness
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of simple layout-based solutions to reduce the probability of multiple
transients. Further, we discuss the circuit level implications of multi-
ple SETs and propose possible circuit level approaches to reduce their
likelihood.

Critical charge is defined as the minimum charge collected by a logic
gate to cause an observable difference in the output (greater than the
threshold voltage). CAF is that fraction of the layout where a particle
strike causes multiple logic gates to collect a charge greater than the
critical charge. We evaluate the CAF by performing a device simulation
based characterization study of the impact of a particle strike on repre-
sentative layouts of 65 nm planar transistors under different operating
conditions, particle LETs and device separations. We also try out sim-
ple layout techniques to see if it helps to reduce the CAF. This study is
carried out on 2D and 3D layouts of 65 nm planar transistors. We first
perform particle strike simulations on a 2D layout of 65 nm planar tran-
sistors which spans a distance of 30 λ (2 λ = 65 nm), and measure the
charge collected in the source/drain regions under different operating
conditions.

We find that potentials of source/drain regions of adjacent transis-
tors in the neighborhood of the strike play a significant role in multiple
node charge collection. CAF values were as high as 1 at worst case
voltages (source/drain of adjacent transistors biased high) and nearly
0.4 at best case voltage conditions (source/drain of adjacent transistors
biased low). This means that, in the worst case, 100% of our layout is
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Fig. 1. (a) Simulated 65 nm NMOS device layout (zoomed in to show the 2 transistors). The arrows indicate particle strike locations assumed in our simulations. (b) Device 1 is shown
with the mesh.

found to be vulnerable, that is, multiple transistors are surely affected.
The implications of multiple SETs on a logic circuit can be quite seri-
ous. The SETs can propagate and consequently get captured in flip-flops
causing multiple bit flip errors in a circuit. A key observation is that,
CAF is high at small critical charge values. This implies that, multiple
gates are more likely to be affected in the region of a layout which has
small gates in close proximity. Simple layout techniques such as con-
trolling the potentials of adjacent signal rails and adding guard-regions
do not help reduce charge collection in multiple logic gates substan-
tially. Similar observations with guardrings have been reported in the
past [13,15] for 130 nm and 90 nm technologies.

To confirm the impact of layout techniques, we perform particle
strike simulations on a 3D layout of two adjacent inverters in 65 nm
technology. The layout methods chosen are similar to those in the 2D
analysis: inverter layouts with different cell orientations to modify the
potentials of adjacent signal rails, different positions of body contacts
and layout with guard-regions are simulated. Our observations are sim-
ilar to those in the 2D case; the reduction in charge collection due to
these layout methods is not substantial. This implies that the problem
cannot be entirely tackled at the local layout level and may need to
be addressed using careful circuit-aware placement of vulnerable gates.
For instance, approaches such as placing small gates in the same logic
cone (to prevent multiple flip-flops from being affected) or placing a
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