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Abstract—Near Threshold Computing (NTC) is a promising approach
to reduce the power consumption of modern VLSI designs. However,
NTC designs suffer from functional failures and performance loss.
Understanding the characteristics of the functional failures and variability
effects is of decisive importance in order to mitigate them, and get the
most out of NTC. This paper presents a cross-layer reliability analysis
in the presence of soft errors, aging and process variation effects in
the near threshold voltage domain. The objective is to quantify the
reliability of different SRAM designs and to find a reliability-performance
optimal cache organization for an NTC microprocessor. In this work,
the Soft Error Rate (SER) and Signal Noise Margin (SNM) of 6T and
8T SRAM cells and their dependencies on aging and process variation
are investigated by considering device, circuit and architecture level
analysis. Their experimental results reveal that in NTC, process variation
and aging-induced SNM degradation is 2.5X higher than in the super
threshold domain while SER is 8X higher. The use of 8T instead of
6T SRAM cells can reduce the system-level SNM and SER by 14%
and 22% respectively. Besides, we observe that we can find the right
balance between performance and reliability by using an appropriate
cache organization at NTC which is different from the super threshold.

I. INTRODUCTION

Energy consumption is an important issue in today’s computing

systems [1]. One very promising way of minimizing the energy

consumption is to reduce the supply voltage (Vdd) to a lower value.

Scaling Vdd to near threshold voltage, commonly known as Near
Threshold Computing (NTC), can gain up to 10X energy reduction

at the expense of 10X performance degradation [2]. However, in

addition to performance loss, NTC operation is facing several barriers

such as an increase in functional failures and sensitivity to variation

effects [2]. The key functional failures and resiliency challenges in

NTC include aging, soft errors and process variation.

Aging is a major reliability challenge in semiconductor devices.
Aging effects include failure mechanisms such as Bias Temperature

Instability (BTI). BTI is a degradation phenomenon that leads to a

gradual increase of the transistor threshold voltage (|Vth|) over a long
period of time [3, 4]. In an SRAM cell, BTI degrades the Static Noise

Margin (SNM) of the cell and makes it more susceptible to failures. In

NTC designs aging has less impact on the SNM of SRAM cells due to

the temperature reduction at lower supply voltage values. However,

the sensitivity of SNM to aging increases significantly. Radiation-

induced soft errors are another significant concern in nanoscale

CMOS devices. They are the result of the interaction of high energy

particles with sensitive regions of CMOS devices and can flip the data

state of SRAM cells. In NTC, the susceptibility of SRAM cells to soft

errors increases significantly due to the reduction of the critical charge

(minimum amount of charge required to upset the stored value) of the

cell and variation effects [5]. Process Variation (PV) due to mismatch
of device parameters, such as transistor threshold voltage from their

nominal design time values significantly affects the performance and

reliability of NTC designs. In NTC, process variation mainly affects

memory components as they are designed using smaller nodes for

density (area) reason [6].

To utilize the energy efficiency of NTC designs, the performance

loss and delay variations can be handled by guard-banding. However,

the energy gain of NTC can be nullified by the usage of complex

error correction hardware unless the functional failures in memory
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Fig. 1. Reliability failure mechanisms and their cross-layer impact on system
FIT rate in NTC

structures are addressed appropriately. To overcome the functional

failures in memory structures employing Error Correction Code

(ECC) mechanisms can be an effective solution in the super threshold

domain. In NTC, however, since the functional failures and variability

effects increase dramatically, ECC will not be an effective solution

anymore. Besides, the interdependency of the failure mechanisms will

make it worst. Hence, performing a combined analysis on the failure

mechanisms (as shown in Figure 1(a)) across several layers (as in

Figure 1(b)) is very important and it will help designers to select

the most reliable components at each layer to tackle the reliability

challenges of NTC.

To overcome the NTC barriers, most researches focus on ad-

dressing performance loss and variability, by design techniques such

as multiple Vdd [7]. However, soft errors, process variation, aging

and their interdependency are mainly studied in the super threshold

voltage regime [8–10].

In this paper, we present a cross-layer reliability analysis frame-
work addressing the impact of aging, process variation and soft

errors on the reliability of NTC memory designs. Additionally, to

explore the cross layer impact we study the combined effect of

workload and cache organization on the Soft Error Rate (SER) and

SNM of a memory array. This framework helps to understand how

these issues change from super to the near threshold voltage domain.

Additionally, it can be used for design space exploration to find the

best cache organization for reliability-performance tradeoffs in NTC.

Experimental results show that in NTC, the 8T SRAM design is highly
affected by process variation, yet more stable and reliable than its
6T counterpart. Hence, by using 8T instead of 6T SRAM cells the

system-level SNM and SER rate of NTC caches can be improved by

14% and 22% respectively. Moreover, we observe that for a certain

FIT rate requirement the size of the cache in an 8T design can be

double of the 6T cache size to obtain better performance without

violating the system FIT rate requirement.

The rest of this paper is organized as follows. The background

of reliability failures in NTC is presented in Section II. Section III

presents the proposed cross-layer reliability analysis framework fol-

lowed by the experimental results in Section IV. Finally, the paper is

concluded in Section V.

II. PRELIMINARIES AND RELATED WORK

Even though NTC is a promising way to provide better tradeoff

for performance and energy efficiency, its applicability is limited by

functional failures and variation effects. As shown in Figure 2, the

energy consumption reduces exponentially by reducing the supply

voltage while the memory failure rate increases dramatically.
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Fig. 2. Energy gain versus memory failure rate for various vdd ranges

A. Aging, Process Variation and Soft Error in NTC

1) Aging effects: Accelerated transistor aging is one of the main
reliability concerns in nanoscale devices. Among various mechanisms,

BTI is the primary aging mechanism in nanoscale designs [11]. BTI

gradually increases the threshold voltage of a transistor over a long

period of time, which in turn increases the gate delay [3]. BTI reduces

the SNM of an SRAM cell and makes it more susceptible to failures.

SNM is the minimum amount of DC noise that leads to a loss of the

stored value. BTI-induced SNM degradation is higher when the cell

stores the same value for a long period of time (e.g., storing ’1’ at

node ’A’ of the SRAM cells shown in Figures 3(a) and 3(b)). Hence,

the effect of BTI on an SRAM cell is a strong function of the cell

Signal Probability (SP)1.

2) Process variation effects: Process variation is a manufacturing
mismatch of transistor parameters, such as threshold voltage from

their designed values. Random Dopant Fluctuation (RDF) and Line

Edge Roughness (LER) are the main sources of variation in nanoscale

devices. The effect of process variation is more pronounced in storage

elements at lower voltage levels [6]. Hence, in NTC designs, SRAM

cells are highly affected by variation effects.

3) Radiation-induced soft errors: The primary source of soft

errors is related to cosmic ray events. Atmospheric neutrons are one

of the higher flux components and their reaction have a high energy

transfer. Thus, neutrons are the most likely cosmic radiations to cause

soft errors. Neutrons do not generate electron-hole pairs directly.

However, their interaction with the Si-atoms generate secondary

particles. These secondary particles produce electron-hole pairs which

can result in a soft error.

Radiation-induced SER of an SRAM cell is increasing signifi-

cantly with decrease in the supply voltage. Previous experiments have

shown that the radiation-induced soft error rate can increase by 50%

for a 20% decrease in supply voltage [12]. Moreover, the soft error

rate of NTC designs is affected by aging-induced SNM degradation

and process variation effects.

B. Related Works

With the increase in reliability challenges, various researchers

have focused on developing mitigation schemes to address BTI, soft

errors and process variation. In the super threshold voltage regime,

several works are available in the literature to address these reliability

issues independently such as [3, 4, 13], to only name a few. In NTC,

however, most of the studies address performance loss and variability

by design techniques such as multiple Vdd [7].

Regarding the interdependence of the reliability failure mecha-

nisms, however, there is quite limited attempt to address the interde-

pendence of failure mechanisms in the super threshold regime. For

example, studies in [8, 10] discuss the impact of aging and process

variation effects in soft error rate of an SRAM cell. In NTC dealing
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Fig. 3. Schematic diagram of 6T and 8T SRAM cells

with failure mechanisms independently can underestimate the overall

reliability impact by more than 2X. Hence, analyzing the combined

effect of the failure mechanisms across several abstraction levels is

of decisive importance for reliable NTC operation. This is the area

where our cross-layer reliability analysis framework can play a big

role to get the utmost NTC benefits during early design phases.

III. HOLISTIC CROSS-LAYER RELIABILITY ESTIMATION

FRAMEWORK

Figure 4 illustrates our holistic cross-layer reliability estimation

framework that abstracts the impact of workload, cache organization

and different reliability failure mechanisms at different levels of

abstraction. The reliability analysis and simulation conducted in this

work use the symmetric six-transistor (6T) and 8T SRAM cells shown

in Figure 3. In this work, the device-level critical charge characteri-

zation was modeled according to the model presented in [14].

In this section, we will discuss the proposed cross-layer reliability

estimation framework in a top-down manner. The system-level Failure
In Time (FIT) rate and SNM extraction is described in Section III-A

followed by the cross-layer SNM and SER estimation in Section III-B.

A. System FIT Rate Extraction

The system-level FIT rate of a cache memory is the sum of the

FIT rate of each row (cache line). The row FIT rate is calculated as

the product of the row-wise SER (extracted based on the circuit-level

SER information) and its Architectural Vulnerability Factor (AVF).
Equation (1) shows the system-level FIT rate calculation.

FITsystem =

N∑

i=0

AV Fi × SERi (1)

Where N is the total number of rows in the cache.

Architecture level AVF and SNM analysis: One step of deter-
mining the failure rate of a memory (cache) due to soft errors is to

determine the AVF value of the memory. The AVF of a memory is

the probability that a fault (flip) in the memory cells will propagate

down to the data path [15]. Hence, the vulnerability factor of a

memory array is computed based on the liveness analysis commonly

known as Architectural Correct Execution (ACE) analysis which is

the ratio of ACE cycles to the total number of operational cycles [16].

The computation of AVF value of a memory array with M cells is

expressed in Equation (2).

AV Farray =

∑M

i=0
ACEi

T ×M
(2)

Where T is the total number of cycles.

The SNM degradation of an SRAM cell strongly depends on the

signal probability of the cell. The BTI-induced SNM degradation is

minimized when the signal probability of the cell is close to 0.5. To

determine the SNM degradation, the worst case SP of the memory row

is obtained as the maximum SP distance from 0.5 (D = |SP − 0.5|)
as shown in Equation (3):

SPworst−case = MAXZ
i=1Di (3)
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Fig. 4. Holistic cross-layer reliability estimation framework to analyze impact of aging and process variation effects on soft error rate

where Di = |SPi − 0.5| and Z is the total number of cells in the

memory row.

To extract the AVF and SNM of a cache unit, first we extract

the trace of the data stored in the cache, read-write accesses and the

clock period of the running workload. Once all these information

are available, our reliability analysis tool will use these information

along with the cache organization to determine the AVF according to

Equation (2) and SNM from the SP to SNM Look-Up Table(LUT).

The cache organization (size and associativity) has a big impact

on the AVF and SNM of the cache, as it determines the hit ratio and

the duration data can be stored in the cache entry. Hence, different

cache size and associativity combinations can result in different AVF

and SNM values for the same application. Additionally, AVF and

SNM are highly dependent on the running workload. To explore this

issue, various cache organizations and workloads are investigated

in this work. From our study we identify and propose a reliability

and performance optimal cache organization for the near and super

threshold voltage regimes.

B. Cross-Layer SNM and SER Estimation

1) SNM estimation: The SNM of an SRAM cell is extracted by

conducting a circuit level SPICE simulation. The SPICE simulation

uses the BTI model, device level parameters and architecture level

signal probability values to determine the SNM of the SRAM cell

after 3 years of operation. Finally, the SNM degradation of a particular

SP value is obtained according to Equation (4).

DEGSP =
SNMSP − SNMfresh

SNMfresh
× 100% (4)

where SNMSP is the SNM of the particular signal probability and

SNMfresh is the SNM of a fresh (new) SRAM cell.

2) SER estimation: The SER of an SRAM cell depends on two

main factors, the critical charge of the cell and the flux rate.

Device-level critical charge characterization: The sensitivity

of an SRAM cell to radiation-induced soft errors is determined

by the critical charge (Qcritical) of the cell, as it determines the

minimum amount of charge required to flip the state of the cell.

The Qcritical of an SRAM cell depends on several factors such as

supply voltage, threshold voltage and strength of the cross-coupled

inverters [17]. Qcritical can be computed using analytical models or

circuit simulators. In this work we use the analytical model developed

in [14] to determine Qcritical of an SRAM cell.

As shown in Figure 4, the SPICE model of an SRAM cell along

with the BTI model is employed to evaluate the impact of BTI on the

threshold voltage (Vth) of the transistors of an SRAM cell. The BTI

analysis uses the signal probability (SP) values of the memory array

from higher (architecture) level analysis to determine the BTI-induced

Vth shift of the running workload. In this way, the aging effect of the

workloads is incorporated in our analysis framework. Once the fresh

and aged Vth values are available, process variation (i.e., the main

NTC challenge) is incorporated as a normal distribution (μ± 3σ) of
the transistor threshold voltage where μ = Vth and σ is obtained

using Equation (5) [18]. All these information will be used by the

critical charge model to extract the corresponding Qcritical values.

σΔVth =
AV T√
L×W

(5)

where, L and W are the length and width and AV T is process specific

parameter (the ”pelgrom coefficient”), dependent on
√
L×W .

Circuit-level SER analysis: The circuit-level SER analysis is

conducted using the SER extraction tool depicted on the left side

of Figure 4. First, the critical charge of the SRAM cell is extracted

using a device-level model. Afterwards, the critical charge along with

the neutron-induced flux distribution is used to determine the SER of

the cell according to Equation (6) [19]. As shown in Equation (6), the

SER of an SRAM cell has an exponential relation with the Qcritical.

Hence, the higher the Qcritical the lower the SER will be.

SER ∝ FAe
(−Qcritical

Qs
)

(6)

where F is the neutron flux in particles/cm2-s with energy greater

than 1MeV [20]; A is the area sensitive to a strike, in cm2; Qcritical

is the critical charge and QS is the charge collection efficiency.

From Equation (6), we can make the following observations:

• The SER of an SRAM cell has exponential relation to its

critical charge. Hence, a small decrease in Qcritical lead to

an exponential increase in SER of the cell.

• Since atmospheric neutrons are an external factors, a small

drift in Qcritical can leads to a significant increase in

the amount of flux. Furthermore, transistor up-sizing will

increase the area which is sensitive to soft errors.

IV. EXPERIMENTAL RESULTS

In this section, the experimental setup used in our holistic cross-

layer reliability analysis is presented first. Afterwards, the obtained

reliability and performance results are discussed.

A. Experimental Setup

For evaluation purpose, we use an ALPHA implementation of an

embedded in-order core on the Gem5 [21] performance simulator.
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TABLE I. EXPERIMENTAL SETUP
Configuration Near threshold Super threshold
Processor model Embedded Embedded
Architecture Single in-order core Single in-order core
Supply voltage 0.5V 1.1V
Frequency 100MHz 1GHz
Technology node 45nm PTM 45nm PTM
Cache size 4, 8 and 16 KByte 4, 8 and 16 KByte
Associativity Direct mapped - 4-way Direct mapped - 4-way
Benchmark SPEC2000 SPEC2000

Various cache sizes (4KByte-16KByte) and wide associativity range

from simple directly mapped to 4-way set associative caches are as-

sessed to perform a reliability-performance tradeoff. Four workloads

(applu, bzip2, lucas and parser) from the SPEC2000 benchmark

suite [22] were executed for 5 million cycles on the simulated

processor model to analyze the impact of workload. The experimental

setup used in this work is presented in Table I.

To extract the BTI-induced Vth shift, we assume 10% BTI-

induced aging after 3 years of operation. First, 45nm 6T and 8T

SRAM cells are modeled using PTM model. Afterwards, we conduct

SPICE simulation to extract the SNM and Vth shift Look-Up Table

(LUT) for various SP values (0.0-1.0). In this work the impact

of process variation is considered as a normal distribution of the

transistor threshold voltage with a mean (μ = Vth, 0.3V) and standard

deviation (σ) obtained using the model given in Equation (5).

To demonstrate the effect of soft error, neutron induced soft

errors are considered in this work as they are the dominant soft error

mechanisms at terrestrial altitudes. Our results are according to the

setup given in Table I and transistor sizing specified in [23].

B. SNM and SER Analysis of 6T and 8T SRAM Cells

1) Impact of aging and process variation on SNM: BTI-induced
SNM degradation of an SRAM cell depends not only on SP but also

on process parameters such as threshold voltage, which are highly

affected by manufacturing variabilities. Though aging has less impact

on SNM degradation in near threshold designs, as the temperature is

low. In combination with process variation induced vth shift, however,

it can degrade the SNM of an SRAM cell significantly.

Figure 5 shows the worst case aging (SP=0.0) after 3 years

and process variation induced SNM degradation of 6T and 8T

SRAM cells, confirming our expectation about the significant SNM

degradation in NTC which is 2.5X higher than the degradation in

the super threshold domain (as shown using gray boxes). While the

use of 8T instead of 6T SRAM cells in super threshold regions has

limited difference in SNM degradation (only 7.7%), this difference is

significant (14.7%) in NTC.

2) SER of 6T and 8T SRAM cells: In the conventional 6T SRAM
cell (Figure 3(a)), the cell must be stable during read access. For this

purpose, either read-write assist circuitries should be employed or the

pull-down (NMOS) transistors of the cross-coupled inverters should

be strengthened by transistor sizing [1]. However, the sizing will also

increase the area of the cell sensitive to soft errors. In low voltage
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designs, the 6T SRAM cell is more sensitive to read-disturb such

that transistor sizing cannot handle it. This makes the 6T design less

preferable for near threshold designs.

To address this issue, alternative SRAM designs (such as 8T [23]

and 10T [24] SRAM cells) are recommended for NTC. For this

regard, the 8T SRAM cell design (see Figure 3(b)) is studied in this

work. The read-disturb issue is solved in the 8T design by decoupling

the read and write lines using two additional NMOS access transistors.

Hence, the size of the pull-down transistors is decreased to reduce

the area sensitive to soft errors. The transistor sizing specified in [23]

is used for the design of the 6T and 8T SRAM cells.

The critical charge of the 6T and 8T designs is almost the same.

However, due to the increase in the size of the cross-coupled inverters

for read stability, the 6T SRAM cell is more vulnerable to soft errors.

Hence, the SER of the 6T cell is higher than the 8T cell in NTC.

Figure 6 shows the fresh and aged soft error rate of a 6T and 8T

SRAM designs for different supply voltage levels. At super threshold

voltage (0.9V-1.1V) the 6T and 8T designs have negligible SER

difference. In NTC, however, the 6T design has higher SER than the

8T design due to the effects of transistor sizing which increases the

area sensitive to radiation. The combined effect of aging and process

variation on 6T and 8T SRAM cells is shown in Figure 7. From

Figure 7, we observe that in near threshold voltages the SER of the

6T and 8T designs is 4X higher than the SER in the super threshold

voltage which shows the severity of sensitivity to variation effects in

NTC designs. Due to its smaller size the 8T design is highly affected

by process variation. However, it is more reliable than the 6T design.

The circuit level SER of the 6T and 8T designs is used along

with the architectural level AVF to determine the system level FIT

rate of the cache. Figure 8 shows the system level FIT rate of different

cache organizations in NTC by considering average aging impact of

the four workloads.

3) Reliability improvement and area overhead analysis: In a near
threshold SRAM design, the 8T design improves the soft error rate in

the presence of aging and variation effects by up to 25%. Similarly,

Fig. 7. SER of 6T and 8T SRAM cells in the presence of process variation
and aging effects after 3 years of operation
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the SNM can be improved by ≈15% using 8T SRAM cells in NTC

caches. However, it is expected that the 8T SRAM design has 30%

area overhead than the 6T design due to the two additional access

transistors. In practice, however, this overhead is much less. Since the

6T SRAM has to be up-sized to increase its read stability in NTC,

this will increase the cell area of the 6T design to be larger than the

area of 8T design as experimentally demonstrated in [23].

C. Cache Organization Impact on System FIT Rate

Cache organization has a big impact on the performance of em-

bedded processors [25]. Similarly, the organization has an impact on

the reliability of the cache units. In NTC, the reliability impact of the

cache organization is even more pronounced. Hence, a proper cache

size and associativity selection should consider both performance and

reliability as target metrics.

The system failure probability (FIT rate and SNM) of a cache unit

highly depends on the architectural vulnerability factor and the values

stored in the cache as well as their residency time intervals which is in

turn highly dependent on the read-write accesses of the cache. Hence,

these parameters are influenced by cache size and associativity.

To evaluate the performance and reliability impact of different

cache organizations in the near and super threshold voltage regimes

we use the configurations described in Table I. For near threshold

(0.5V) the processor core frequency is set to 100MHz (10X slower

than the super threshold regime [2]). Since gate delay is the dominant

factor in near threshold domain, the cache latency is set to 1

cycle [26]. In the super threshold domain, however, the cache latency

and interconnect delay has significant impact on the overall delay.

Thus, the cache hit latency is set to 2 cycle for 4K and 8K caches

and 3 cycles for 16K cache [27].

1) Cache organization and SNM degradation: Since cache

organization determines the residency time of a data, it has a direct

impact on the SNM degradation. Figure 9 illustrates the impact of

cache organization on SNM degradation of near and super threshold

6T and 8T memory arrays in the presence of process variation and

aging after 3 years of operation. From the figure we can observe that
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smaller cache size with higher associativity (4k-4w) has less impact

on SNM degradation as the data residency time is smaller.

2) Cache organization and SER FIT rate: The cache size and
associativity determines the read-write accesses of the cache lines.

which in turn affects the ACE cycles of a cache line and its failure

probability. The impact of the cache organization on FIT rate and

performance (in terms of committed Instructions Per Cycle (IPC))

varies along various supply voltage domains. At the super threshold,

an increase in cache size and associativity improves the performance.

However, from FIT rate point of view, an increase in cache size has a

negative impact due to the increase in the AVF of the cache. Smaller

cache sizes, however, have lower performance and better FIT rate.

Figure 10 shows the design space of FIT rate and performance (in

terms of IPC) impact of various cache organizations in the super

threshold voltage. In the figure the FIT rate-performance optimal

configuration is (8k-4w) as indicated by bold italic font.

In the near threshold regime the performance is mainly dominated

by the delay of the logic unit and failure rate is significantly high, it

is important to select a cache organization that gives better reliability

(FIT rate and SNM) than performance. Hence, in NTC a smaller

cache size with a higher associativity gives the best reliability-

performance tradeoff. Figure 11 shows the design space for the

FIT rate-performance tradeoff for 6T and 8T designs in NTC. The

reliability impact of the cache organization is more pronounced in the

presence of aging and process variation effects. Figure 12(a), shows

the FIT rate-performance plot in the presence of aging and process

variation effects in the super threshold regime. Figures 12(b) and 12(c)

show the FIT rate-performance plot of 6T and 8T designs in NTC.

From the figures we can observe that the 8T design has better FIT

rate for the same performance.
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(a) Super threshold (6T SRAM) (b) Near threshold 6T (c) Near threshold 8T

Fig. 12. FIT rate-performance tradeoff for various cache configurations in the presence of process variation and aging effects

3) Supply voltage aware optimal cache organization: From our

experimental results reported in Figures 9, 10, 11 and 12 we observe

that an increase in the cache associativity improves the performance

and reliability (both FIT rate and SNM). Hence, in the super threshold

domain, medium cache size (e.g., 8 KByte) with higher associativity

gives better reliability-performance tradeoff. In the NTC domain,

however, smaller cache sizes with a higher associativity are preferable

due to two main reasons: 1) The performance is mainly dominated

by the processor core not by the cache units. 2) The soft error rate

and SNM degradation are higher in NTC than in the super threshold

regime. Hence, the cache size can be reduced by half to obtain a

better reliability-performance tradeoff in NTC.

In the NTC domain, the selection of an optimal cache organization

can be different for 6T SRAM cell based caches from the 8T caches,

depending on the FIT rate and performance requirement. For example,

if we assume that a FIT rate of 350 is tolerable in NTC (as shown

by the dotted line in Figures 12(b) and 12(c)), then only 4 KByte

4-way associative cache is within the acceptable zone for 6T design.

In the 8T design, however, three additional cache organizations (4K-

dm, 4k-2w and 8k-4w) are within the acceptable zone. Hence, the

8k-4w cache can be used in the 8T design to get ≈10% performance

improvement without violating the reliability constraint.

To implement the suggested cache organizations for a specific

supply voltage regime (only near threshold or super threshold) is

straightforward. In a design that is expected to operate in both super

and near threshold regions, the cache can be designed according to

the super threshold voltage (e.g., 4-way 8 KByte in our case). Then

when switching to a near threshold region, half of the cache can be

disabled (power gated) or can be used for error checking [28].

V. CONCLUSIONS

In this paper, we studied the combined impact of aging, process

variation and soft error on the reliability of cache memories in super

and near threshold voltage regimes. We observe that, the combined

effect of process variation and aging has huge impact on the soft error

rate and SNM degradation in NTC. Experimental results show that,

process variation and aging-induced SNM degradation is 2.5X higher

in NTC than in the super threshold domain while SER is 8X higher.

The use of 8T instead of 6T SRAM cells can reduce the system-level

SNM and SER by 14% and 22% respectively. Additionally, workload

and cache organization have a significant impact on the FIT rate and

SNM degradation of a memory structure. We show that the cache

organization changes when going from the super to near threshold

voltage domain. Hence, smaller caches size with higher associativity

give better reliability-performance tradeoff in the NTC.
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