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Abstract—Technology shrinking has allowed major improve-
ments through the last decades, from the increased performance
and design complexity while maintaining circuit area to more reli-
able and power-efficient Integrated Circuits (ICs). However, with
smaller transistors, especially in harsh environments, modern
chips are becoming more susceptible to Single-Event-Multiple-
Transients (SEMTs) in the combinational logic due to radiation
effects. The combination of asynchronous design with Radiation
Hardened by Design (RHBD) has shown great potential to
increase robustness to soft errors arising from Single-Event-
Transients (SETs), but detailed SEMT analyses are missing and
of great concern for the future that lies ahead of modern VLSI
systems. In this paper, the asynchronous Radiation Hardened
(RH) Click controller’s robustness to SEMT is accessed, and a
post-placement approach is proposed to group and space critical
cells apart. Fault simulation experiments demonstrate that the
proposed spacing strategy is effective in mitigating SEMTs.

Index Terms—Asynchronous Design, SEMT, Click Controller,
Placement, Soft Errors, Radiation Hardening, Reliability.

I. INTRODUCTION

THE INCREASING sensitivity of modern CMOS tech-
nologies to soft errors can arise from single factors or a

combination of several. The technology down-scaling trend is
one of the fundamental factors affecting sensitivity. Smaller
transistors present reduced node capacitance and make them
more susceptible to the effects of radiation. Combining the
process, voltage, and temperature variations, circuit aging, and
the potential applications targeting harsh environments forms
the perfect scenario for soft errors to emerge.

In reliability-critical applications, such as those in space
environments, radiation-induced effects are one of the main
challenges to consider when designing digital Integrated Cir-
cuits (ICs). Space applications are susceptible to ionizing
particles (i.e. protons, neutrons, heavy-ions, etc.) strikes that
can lead to Total Ionising Dose (TID) and Single-Event Effects
(SEEs). TID effects may degrade operating parameters such as
leakage and threshold voltage [1] [2], which impacts the device
performance. Methods to mitigate TID effects are usually
implemented at the technology or layout level, e.g. the use of
Enclosed Layout Transistors (ELT) [3]. The typical SEEs in-
clude Single-Event-Transients (SETs), i.e. short voltage pulse
in the combinational logic, and Single-Event-Upsets (SEUs),
i.e. when a SET is latched by a memory element.

Several approaches have been proposed in the literature to
mitigate SEEs, from the traditional Triple Modular Redun-
dancy (TMR) approach to other alternatives which include
gate sizing [4] [5], glitch filtering [6] [7], logical masking [8]
[9], and built-in soft error-resilient architectures, such as Full
Error Detection and Correction (FEDC) [10] and Soft Error
Resilient Asynchronous Design (SERAD) [11]. Nevertheless,
considering only the simplified and unrealistic model of single
events is no longer sufficient.

Besides the increased sensitivity to high-energy particles,
transistor shrinking has reduced the distance between cells
junctions and thus increasing the chance of Single-Event-
Multiple-Transients (SEMT). SEMT is the result of a single
particle strike affecting several adjacent cells (i.e., due to
collected charge sharing) and producing multiple SETs. The
problem of SEMT has been addressed first in memories [12]
[13], and in the past decade, these effects have gained more
attention in logic circuits [14] [15] [16].

Combining Radiation Hardened by Design (RHBD) with
asynchronous design, has recently shown to be a promising
solution to improve robustness to soft errors in modern VLSI
systems while reducing the area, power, and/or performance
overheads typically observed in traditional RHBD approaches.
Among these promising solutions is the Asynchronous Full
Error Detection and Correction (AFEDC) [17]. The AFEDC is
an asynchronous soft error-resilient architecture with Radiation
Hardened (RH) Click controllers [18] in the control path. The
RH-Click controller employs space redundancy to mitigate
SETs and SEUs, but until now, its tolerance to SEMT remains
untested.

This paper evaluates the RH-Click controller’s robustness to
SEMT and proposes combining RHBD with a post-placement
strategy for spacing the critical cells to improve its reliability
by reducing the probability of multiple transients (MTs) af-
fecting the controller’s behavior. The spacing constraints are
defined based on a spacing strategy which consists of two in-
cremental steps. The first step groups cells, taking into account
the controller’s functionality and existing redundancies. The
second step selects critical cells based on fault simulations of
multiple transient (MT) combinations and defines additional
groups for spacing. To the best of our knowledge, this is the
first work to address SEMT in the context of asynchronous
circuit design.

The rest of the paper is organized as follows: Section
II highlights the SEMT state of the art and presents the979-8-3503-1834-0/23/$31.00 ©2023 IEEE
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motivation behind the present work; Section III presents an
overview of the RH-Click controller design, which serves as
a case study in this work, as well as the SEMT vulnerability
analysis; Section IV introduces the proposed spacing approach
to improve the RH-Click robustness to SEMTs; Section V
briefly describes the design flow and shows the proposed
methodology applied to the case study along with the fault
experiments results that demonstrate the proposed strategy
effectiveness to mitigate SEMT.Finally, Section VI concludes
this work.

II. RELATED WORKS AND MOTIVATION

The AFEDC [17] is a soft error-resilient architecture that
can tolerate SETs and timing violations [19] of unbounded du-
ration and relies on an Error Detection Circuit (EDC) designed
with the Full Duplication and Comparison (FDC) method
to protect the datapath. It also addresses the metastability
issues that in the past were neglected by similar synchronous
solutions [20] and presents lower area and power overheads
when compared to equivalent synchronous and traditional
TMR approaches. The AFEDC custom design flow starts
with the synchronous description of a circuit. The circuit
is synthesized using commercial EDA tools and converted
to the asynchronous design, where the global clock signal
is removed and replaced by RH-Click controllers. These
controllers are RHBD following the methodology described
in [18]. Despite the advantages of the AFEDC architecture,
ensuring only robustness to SETs and not considering SEMTs
may limit its range of applications. In particular, SEMTs
in the asynchronous control path are of great concern, as
further demonstrated in Section V, especially when unexpected
transitions can put the controller into a deadlock state from
which it cannot recover.

Not many works in the literature address SEMT in the
asynchronous domain, especially when it comes to mitigation.
The work [21] is one of the few available evaluating the
tolerance of an asynchronous architecture against multiple
faults. Results indicate the circuit’s vulnerability to SEMT,
however, not all SEMTs may be tolerated, and no mitigation
approach is proposed to prevent these faults from affecting
the circuit behavior. Different aspects are considered when
addressing SEMT in the combinational logic, the modeling
of Transient Fault (TF) propagation [14], SER estimation
[22], measurements [23], and mitigation of effects [24]. Fault
modeling and SER estimation gained a lot of attention [15]
[25] [26] [27] [28], but despite being crucial to determine the
vulnerability of the ICs, only a few approaches draw attention
to SEMT mitigation techniques [16] [24].

Spacing cells is a promising alternative for SEMT mitiga-
tion, as it allows relatively easy integration with commercial
P&R tools in custom design flows [29]–[31]. The challenge
remains in properly selecting the cells for spacing in order to
minimize the area and timing overheads associated with the
achieved robustness. In [16], two post-placement strategies to
mitigate SEMTs are presented, the All-to-All, in which all
cells are evenly spaced among each other, and the TMR-
based, where only critical cells are tripled and spaced among
the redundant cells. Fault simulations are conducted, taking
into account particle strikes with different energies at random
circuit parts, generation of SEMT, and its propagation through
the circuit logic considering different masking mechanisms.

While providing accurate SER estimations for large circuits,
it should be noted that for small circuits, very small sections
may be created, thus the extracted SER data may be misleading
[16], and therefore not suited for asynchronous controllers.

Considering the context above, this paper assesses the
vulnerability of the AFEDC’s RH-Click controller against
SEMTs, and presents a strategy that combines RHBD with
a post-placement strategy for selecting and spacing critical
groups of cells so as to mitigate SEMT effects. As will be
further demonstrated, strategies such as the All-to-All spacing
and TMR spacing presented in [16] would add unnecessary
space overhead or unnecessary area redundancy, respectively.
Moreover, the combinational logic in the RH-Click design is
very small. Thus, the SER data extraction method presented in
[16] may not be suitable for the target circuit. Instead, a faults’
simulation environment which integrates the Cadence Incisive
Functional Safety Simulator (IFSS), and custom scripts are
used to extract the error results.

III. RH-CLICK CONTROLLER

The RH-Click controller is implemented using the asyn-
chronous bundled-data design style based on the Click [32]
template. Bundled-data designs use standard Boolean encoding
to represent information and separate request and acknowledge
wires are bundled with data signals to provide synchronization.
The communication is usually implemented with 2-phase or
4-phase handshake protocols [33]. The 2-phase and 4-phase
terms refer to the number of signal transitions required to
complete the communication cycle. For instance, in a 2-phase
implementation, the communication starts with the rising edge
of the request signal and ends with the rising edge of the
acknowledge signal, and the next communication cycle starts
with the falling edge of the request signal and ends with the
falling edge of the acknowledge signal.

This work’s case study, i.e. the non-RH-Click controller,
designed for the AFEDC architecture, is shown in Fig. 1. It
implements a 2-phase bundled-data channel for communica-
tion and also controls the AFEDC datapath error sampling
and recovery. The timing diagram of Fig. 2 illustrates the
controller’s general behavior for one error-free communication
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Fig. 1: AFEDC non-RH-Click controller implementation,
adapted from [17].
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Fig. 2: AFEDC timing diagram, adapted from [17].

and one possible error detection and recovery process. Note
that request (R.req) and acknowledgment (L.ack) transitions
are only generated if no error (nErr) is flagged in the AFEDC
datapath. If an error (err) is sampled (smp), the controller
enters into a re-sampling loop and remains in this state until
the error in the datapath disappears. This mechanism guaran-
tees that TFs of unbounded duration are tolerated. For more
information on the AFEDC architecture, a detailed description
is available in [17].

Two flip-flops (FFs), F1 and F2, represent the controller’s
four internal states. The initial state after reset is (0, 0). This
state enables a rising edge of L.req to propagate through gates
G2 and G3. Next, G4 transitions to 1, asserting clk high, and
through G6 the F1 clock input is asserted. The F1 input port is
connected to its inverted output, so the controller transitions to
state (1, 0). This makes the G4 transition to 0 and the F1 input
clock falls as well as the clk signal. The F1 output prevents
request and acknowledge signals to propagate through G1 and
G3, and also propagates through the G7 and the delay line
dl, causing smp to rise, thereby sampling the error signals Err
and nErr. If the nErr is subsequently received, indicating that
no error was detected, G9 transitions to 1, asserting the F2
clock input. In parallel, nErr propagates through G8, G5 and
G6, asserting the F1 clock input. At this point, the controller
transitions to the state (0, 1). If an error was detected, the
propagation of Err down G8 would have caused a transition
back to the state (0, 0). From state (0, 1), the F2 output
port now enables the path through G1, and a falling edge
of L.req starts a new communication instead. In this new
communication cycle, the controller will first transition to state
(1, 1) and, in the end, return to the initial state (0, 0).

A. Hardening Method
As previously mentioned, the RH-Click controller is imple-

mented according to the generalized RHBD method presented
in [18]. The baseline for hardening starts with the previously
described non-RH-Click shown in Fig. 1. The method relies
on spatial redundancy and the use of Guard Gates (GGs)
[6] as voters, which output, similar to a C-element, only
changes when both inputs have the same value. Fig. 3 shows
a generalized RH-Click controller. The combinational logic
and the sequential elements (FFs) are fully duplicated. After
duplication, all equivalent FF outputs and clock inputs are
cross-coupled with GGs, and GGs are added for ”voting”
equivalent control signals. The GGs prevent SETs from prop-
agating to sensitive parts of the controller, such as from the
controller’s combinational logic to the FFs, which would cause
an undesired state transition (soft error).

B. SEMT Analysis
Before proposing any SEMT mitigation technique, it is

essential to analyze the impact of multiple TFs in the current
RH-Click design, as it can provide valuable information on
the relevant faults and what are the potential critical gates.
Considering that in the RH-Click design, there is a copy of
each element shown in Fig. 1, it would be possible to state
that, as long as a particle strike does not affect the same
copies, the controller would tolerate MTs. Moreover, it could
also be stated that as long as one of the combinational block
copies remains unaffected, the other could present any number
of concurrent TFs. In this case, one could argue that simply
spacing the two combinational copies and register copies, thus
having two spatially mutually-separated logic clouds, would be
enough to solve the SEMT problems in the RH-Click design,
but these statements are only partially correct.

Assume the combination block C1 and its copy C2. If the
first statement is true, then G1 in C1 and G2 in C2 can be
affected by the same particle strike. However, they belong
to the same logical path to F1, and even though the TFs
originate from different gate copies, the fault would propagate
to both GGs inputs, allowing the RH-Click to have an invalid
state transition. One possible solution could be, in addition
to spacing G1 copies, also to space G1 copies from the G2
copies, but this is not an optimal solution if G1 and G2 of
C1 are simultaneously affected but the copies of C2 are not,
then the controller behavior would not be affected. The ideal
solution, in this case, is to only space G1 and G2 that belong
to a different combinational block and allow them to be placed
closely if they belong to the same block.

The previous analysis supports our second statement that
simply spacing two combinational copies is enough. Nev-
ertheless, some combinations of MTs in sync with specific
timing conditions can expose vulnerability, even if MTs are
contained within the same combinational copy. One of these
cases is when G8 and G5 of C1 or C2 are affected at the same
time that a communication cycle begins. Assuming that the
communication cycle begins with the L.req rising edge. Both
C1 and C2 will propagate this transition through their G2. If
G8 and G5 of C1 are affected, the transient fault coming from
G8 masks the G2 transition through G4, and prevents C1 to
assert its clk high. On the other hand, C2 correctly asserts the
clk high, but since only the C2 clk is high, the transition is not
propagated through the GG. The major problem arises from
gate G5. In this scenario, the faulty transition coming from
G5 is propagated through G6, and combined with the correct
behavior of C2, ends up asserting the clock input of both F1
copies. The controller then transitions to the state (1, 0), and
the communication cycle completes successfully even though
no clk was propagated to the datapath. No errors are flagged
since no new data was stored for comparison in the datapath
registers.

Considering these vulnerabilities, it is clear that the RH-
Click controller requires more sophisticated hardening to
tolerate SEMT. In particular, a strategy to satisfy spacing
constraints based on analyzing MT fault combinations and
identifying critical cells.

IV. PROPOSED SPACING STRATEGY

The proposed approach to address SEMT in asynchronous
RH-Click combines the RHBD described in [18] with a post-

Authorized licensed use limited to: IHP - Leibniz-Institut für innovative Mikroelektronik. Downloaded on September 29,2023 at 12:46:34 UTC from IEEE Xplore.  Restrictions apply. 



4

GG
GG GG

rst rstGG

FF

GG

FF

GG
Controller

Comb. logic
duplicated

C2

Controller
Comb. logic

C1

dl dl

Err
nErr

GG clk

R.req
dup

R.ack
dup

L.req
dup

L.req

L.ack
dup

L.ack
L.req
L.req

dup

R.ack

R.req

GG

nErr
smp Err

Fig. 3: Generalized RH-Click controller, adapted from [18].

placement strategy for spacing critical cells. As demonstrated
in Section III-B, some groups of cells in the RH-Click
controller can be placed close to each other, thus minimiz-
ing area and timing overheads associated with the spacing
strategy. Moreover, the controller’s timing behavior is crucial
for extracting the critical MT combinations and tracing the
related critical cells. Therefore, the approach is divided into
two incremental steps. The first step relates to the grouping
part of the strategy, and the second relates to the tracing of
critical cells.

A. Grouping Step
The grouping phase occurs during the design description

of the non-RH-Click, where cells belonging to a given group
are separated into hierarchical logic blocks that are preserved
during the RH-Click synthesis. The division of cells between
groups is defined by the controller’s state transitions. When-
ever a gate or a set of gates controls a state transition, this gate
or the set of gates becomes a group. For instance, considering
the initial state of F1 and F2 (Fig. 1) to be (0, 0), the
path from G1 or G2 through G3, G4, and G6 controls the
transition (0, 0) −→ (1, 0), while the path through G8,G5, and
G6 control’s the transition (1, 0) −→ (0, 0). If a gate is present
in more than one path, it is allocated to a separate group, such
as G6. In case a single gate controls a FF transition, then the
gate alone forms a group. This is the case of G9.

Once all groups are defined, the RH-Click controller is syn-
thesized, and the spacing constraints are applied during post-
layout placement. After the grouping step, the only spacing
rule is that copies of each group must be spaced at a certain
distance. Even though sequential elements are not addressed
in this work, F1 and F2 could also be defined as separate
single element groups and constrained to be spaced out from
their copies.

B. Tracing Step
The tracing of critical cells consists of simulating the

injection of MT fault combinations and identifying the gates
with higher incidence of errors associated with them.The
faults simulations performed in this step are not injected at
random locations. Instead, an exhaustive scenario is assumed,
and all possible MT combinations are simulated. The random
parameters are the fault pulse width and injection time of the
faults.

Fault simulations are performed with the post-placement
netlist and annotated gate and wire delays. This type of
simulation helps identify the MT combinations that generated
errors related to the controller’s timing behavior, such as

the one involving G8 and G5 (Fig. 1), and that could only
be detected in this step. When fault the simulations are
complete, the results are automatically evaluated. The list of
fault combinations which lead to errors is exported along with
the number of times each gate appeared in these combinations,
and this represent the critical gates. At this point, the designer
determines which gates or groups of gates are relevant for
spacing and from which other gates these should be spaced.
For instance, considering the G8 and G5 case, these gates are
not allowed to be placed close to each other, so the group
defined in the previous step cannot be sustained, as cells
belonging to the same group are allowed to be placed near
each other. One possible solution is to create two separate
groups, {G5} and {G8}, and specify that these groups should
be spaced from their copies and from each other inside the
same combinational copy.

Next, we used the fault simulation flow which combines the
IFSS tool with custom scripts to generate the fault campaigns.
These scripts handle the random pulse width for each fault
injection and generate all possible MT combinations based on
the fault list file (all gates’ output path), which is generated
by the IFSS tool. The total number of fault simulations of
each campaign depends on the set of possible combinations
that can be formed according to the specified MT size. The
IFSS runs the golden simulation, handles fault injections at
random times, and generates the simulation logs and reports.
The generated logs and reports are then evaluated to extract
critical gates.

V. SPACING STRATEGY EVALUATION

The RH-Click controller robustness to SEMT and the
proposed mitigation approaches were verified and evaluated
using a linear 5-stage pipeline version of a 32-bit multiplier
and the AFEDC controller’s design as the case study. The
asynchronous multiplier is generated through an asynchronous
design flow [17]. The flow consists of Synopsys Design Com-
piler and a set of custom TCL and Shell scripts that are used to
synthesize the circuit targeting a 130nm technology process.
For faults simulations, the Cadence Incisive Functional Safety
Simulator (IFSS) tool is also combined with custom scripts to
generate the fault campaigns. These scripts handle the random
pulse width for each fault injection and generate all possible
MT combinations based on the fault list file (all gates’ output
path), which is a file generated by the IFSS tool. The total
number of fault simulations of each campaign depends on the
set of possible combinations that can be formed according to
the specified MT size. The IFSS runs the golden simulation,
handles fault injections at random times, and generates the
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simulation logs and reports. The generated logs and reports
are then evaluated to extract critical gates.

It is important to mention that in this evaluation, the tool
required to satisfy the spacing constraints is not addressed.
Moreover, no major effect would be observed when running
fault simulations with different spacing constraints since the
positions of the cells are not available in the netlist. Therefore,
to assess the SEMTs mitigation impact, the simulation flow
analyzes the MT combinations that would be injected, and it
marks those combinations that are forbidden according to the
spacing strategy (IV), thus assuming the spacing are satisfied.
For instance, if two gates can be placed close to each other,
the MT combination where these two gates are affected at the
same time is valid, and it is added to the fault campaign, while
if these gates are spaced out, the flow assumes they would
never be affected simultaneously by a single particle strike, so
the MT combination is marked as invalid and removed from
the fault campaign.

The subsequent analyses are focused on the controllers,
and the datapath serves as an observation point for the side
effects of the faults injected in the control path. Next, the
methodology proposed in Sec. IV is applied in the AFEDC
controller described in Sec. III.

A. Methodology Application
Step 1 - Grouping Step: The first grouping step is based on

the controller’s state transition. Considering the design of Fig.
1, the gates involved in a valid transition of F1 from 0 to 1 are
G1, G2, G3, G4, and G6, while gates G8, G5, and G6 control
the transition back from 1 to 0. Based on this, three groups
are formed, {G1, G2, G3, G4}, {G8, G5}, and {G6} alone
since it would intersect both groups. Note that there is a path
from G8 through G4. However, this path does not generate a
valid state transition of F1. G4 is added in this design actually
to block any transition from G3, so it is not separated. The
same applies to G5 since it blocks transitions coming from
G8. The fourth group is composed of G7 and all the cells that
are used to implement the delay line dl. This group causes an
external state transition when smp is asserted, and the error
signals are registered in the datapath. The last group {G9}
alone, as it is the only gate controlling state transitions of F2.
At this point, the first step of the proposed spacing strategy
is concluded, and the formed groups are constrained to be
spaced from their copies. The configuration of these groups
and spacings are evaluated in the T2 experiment presented in
the following subsection and is the initial configuration for the
next step.

Step 2 - Tracing Step: In the tracing step, MT fault
simulations are used to extract the critical gates and identify
cases where simply spacing group copies is not sufficient. The
tracing analysis for the AFEDC RH-Click design revealed that
all the MT combinations reporting errors had either G8 or G6
in them. As already described in Section III-B, G8 and G5 is
one fault combination that requires special timing conditions to
generate an error. Regarding G6, for instance, looking at Fig.
1, the combination of G6 and G3 should not be allowed, as a
transient generated at G3 propagating through G4 could reach
G6 of one of the combinational copies (e.g. C1) at the same
time that G6 from the other copy (e.g. C2), thus propagating
to the GG’s input and causing an invalid state transition. These
are only two of several MT combinations that report errors,

and especially when increasing the number of concurrent TFs
injected, the number of combinations with errors increases
significantly. As a result of the tracing, {G8} alone forms a
separate group, and G5 is integrated into group {G5, G7, dl}.
G5 could be left as a single group element, but this could also
prevent it from being placed close to other cells. In addition,
G6 and G8 are especially constrained to be spaced apart not
only from their copies, but from all other gates which compose
the controller design. The improvements achieved with this
step are demonstrated next in the T3 experiment.

B. SEMT Fault Experiments
Three separate experiments for two MT values were con-

ducted to assess the effectiveness of the spacing strategy. The
first experiment (T1) is the baseline, where no spacing is
applied, and all MT combinations are allowed. The second
experiment (T2) includes only the groups and the spacing
constraints formed in Step 1 (Section V-A), while the third
experiment (T3) is the result of tracing and spacing critical
cells performed in Step 2 (Section V-A). Even though there
are five controllers, one for each pipeline stage, only the
combinational logic of the controller in the center stage is
the target of fault injections, and the errors reported are either
incorrect values computed by the multiplier or cases where
the circuit halted due to transients causing an invalid state
transition.

Table I shows the fault simulation results considering 2 and
3 MT, and the reasoning for selecting this number of MTs is
not related to limitations in the proposed mitigation strategy
but rather due to the increased simulation time required to
simulate all possible combinations with larger MTs. One
possible MT combination is injected in each fault simulation,
and the duration of the transients is randomly generated in a
range from 100ps to 2000ps. According to Step 1, experiment
T2 has the following groups, {G1, G2, G3, G4}, {G5, G8},
{G7, dl}, {G6}, and {G9}, and assume the spacing of these
groups from their copies. The grouping approach reduced
the percentage of errors, but a few errors are still reported.
According to Step 2, the groups of T3 are {G1, G2, G3, G4},
{G5, G7, dl}, {G6}, {G8}, and {G9}, and in addition to
spacing these groups from their copies, {G6} and {G8} are
spaced from all other individual gates in the controller. T3 re-
sults show that with this spacing strategy, no MT combination
generates an error.

TABLE I: MT fault simulation experiments for the RH-Click.

MT Experiment Simulations Errors %

2

T1 1891 29 1.53%

T2 1376 3 0.22%

T3 1032 0 0.00%

3

T1 37820 1726 4.56%

T2 15388 135 0.88%

T3 8644 0 0.00%

VI. CONCLUSIONS

This paper assessed the robustness of the RH-Click con-
trollers to SEMT and proposed a post-placement approach to
space cells and reduce the probability of SEMTs affecting the
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controller’s behavior. The spacing strategy proposed consisted
of two incremental steps, the first for grouping cells based
on the controller’s state transition, which allows some cells
to be placed close to each other and avoid unnecessary
spacing overheads, and the second step finds the critical cells-
based MT fault simulations. The evaluation demonstrated the
effectiveness of the proposed strategy to prevent MTs from
affecting the RH-Click behavior. The next step is to satisfy
the spacing constraints following the proposed strategy and
assess the area, power, and delay overheads associated with
this approach in the circuit layout.
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