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Abstract— Space radiation particles causes malfunction in
electric circuits. It is especially susceptible to memory-sensitive
storage devices. When it affects data stored in the memory
circuit, it causes disruption. Standard 6T SRAM is incapable
of mitigating this disruption. Consequently, numerous authors
presented various resilience strategies. However, a trade-off
exists between memory cell efficiency and soft error probability.
This article describes a polar design soft error upset recovery
SRAM memory cell (SUR-16T) that effectively recovers lost
data due to a high-energy particle strike. SUR-16T has
superior write stability, lower hold power dissipation, and
shorter write access time at PVT variations compared to the
mentioned memory cells. Furthermore, SUR-16T has a 0.96x/
1.15x/ 1.10x/ 1.18x/ 1.02x/ 1.64x greater critical charge than
SEA-14T/ RHBD-13T/ RHMC-12T/ QCCS-12T/ NRHC-14T/
HRRT-13T at 0.8V. In addition, the proposed memory cell
demonstrated a higher relative figure of merit than existing
memory cells.

Clinical relevance— This paper demonstrates a radiation-
hardened SRAM circuit that exhibits a higher critical charge
when it is impacted by a high-energy charged particle with a
LET of >10MeV-cm2/mg.

I. INTRODUCTION

Artificial shuttles and spacecraft are growing more com-
mon in space exploration. Spacecrafts were made up of
thousands of electrical components. Furthermore, the space
radiation environment was highly vulnerable to these electri-
cal components [1]. According to [2], small energy space
radiation particles, like α particles, can harm electronic
components. Soft errors from radiation particles to electronic
components have been critical in aerospace applications for
over half a decade. As a result, numerous aviation and
electronic engineering researchers explore radiation factors,
radiation impacts on electronic components, and techniques
to defend against or adapt to radiation. Exposing an elec-
tronic component or system to radiation is known as radiation
hardening. If it reduces the influence of radiation, it is said
to be radiation hardened. Understanding radiation effects is
necessary to make radiation resistant components.

NASA study shows that space radiation anomalies could
damage the spacecraft electronics [3]. The radiation parti-
cle’s direct or indirect ionization to the electronic compo-
nent causes disruptions in the electric field and creates a
transient pulse over the sensitive area. If accumulated charge
surpasses a MOS device’s critical charge, the whole structure
malfunctioned [1],[4]. This malfunction procedure was stated
as single event upset (SEU), and it is more susceptible to
stored memory device data [3].
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Fig. 1. Upset issue of conventional SRAM cell due to high energy particle
strike

SRAM memories comprise a significant portion of the
system-on-a-chip (SoC); therefore, chip designers shorten
SRAM transistors to increase memory density. Shrinking
transistors are highly susceptible to threshold voltage fluc-
tuations and a soft error rate [5]. The radiation particle
hits are more vulnerable to reverse-biased drain regions
in SRAM memory. As depicted in Fig. 1, a high-energy
radiation particle contacts the SRAM memory-sensitive node
and creates an ion track inside the memory cell, upsetting
the storage node [6]. Thus, high-energy radiation particles
disrupted conventional 6T SRAM memory [7]. Radiation-
hardened methods have emerged during the last 30 years.
Our literature study verified various mitigation approaches
like system level mitigation (error correction code (ECC),
triple modular redundancy (TMR)), layout level mitigation,
and circuit level mitigation (RHBD) hardening methods in
[8]. According to the Rockett et al. [9] typical CMOS
foundries make circuit-level mitigation easy to develop and
validate. Thus, we concentrated on modern unique circuit-
level radiation-resistant SRAM memory cells, including
SEA-14T[10], RHBD-13T [11], RHMC-12T [12], QCCS-
12T [13], NRHC-14T [14], and HRRT-13T [15].

These designs have a trade-off between soft error prob-
ability and memory cell performance. Hence, this paper
describes a soft error upset recovery 16T SRAM cell (SUR-
16T) as an alternative to the existing memory cells limita-
tions.

This paper is organized as follows: Section II states
the state-of-the-art for existing radiation-hardened SRAM
memory cells. Section III describes the proposed soft error
upset recovery 16T SRAM cell (SUR-16T) fundamental

TENCON 2023 - 2023 IEEE Region 10 Conference (TENCON)
31 Oct - 3 Nov 2023. Chiang Mai, Thailand

ThuA1J.3

979-8-3503-0219-6/23/$31.00 ©2023 IEEE 743



working and soft error recovery analysis. Moreover, Section
IV experimentally investigates the performance metrics of all
existing and proposed memory cells and comparison. Finally,
Section V is a conclusion.

II. STATE-OF-THE-ART OF EXISTING RADIATION
HARDENED MEMORY CELLS

This section describes state-of-the-art of recent unique
radiation hardened memory cells i.e., SEA-14T[10], RHBD-
13T [11], RHMC-12T [12], QCCS-12T [13], NRHC-14T
[14], and HRRT-13T [15].

The reliable soft-error-aware 14T SRAM memory cell
(SEA-14T) consists of four storage nodes. Two storage
nodes are primary, while the other two are secondary nodes,
which allows the recovery of lost data from the primary
storage nodes [10]. This design mitigates soft errors at all
the sensitive nodes, but its read access time is challenging
due to reduced read current.

Another radiation-resistant memory cell was RHBD-
13T. In RHBD-13T, authors added two always on NMOS
transistors (N1, N2) and N5, another access transistor with
separate control signals RWL and RBL to increase memory
cell read and write stability. This design mitigates upset
problems in all sensitive nodes [11]. The major drawback
of the RHBD-13T memory cell is its more static power
dissipation when it is in hold mode, which can increase cell’s
total power consumption.

The RHMC-12T design follows a new polar approach to
reduce sensitive nodes count in the memory cells. Moreover
this design mitigates upset issue in all storage nodes effec-
tively [12], but the write access time was higher due to longer
feedback path to the primary to secondary storage nodes.

The QCCS-12T memory cell follows the cross-coupled
outputs of each other to the inputs. The optimal strategy is
determined by its read and write capability [13]. This design
also mitigates upset issues in all sensitive storage nodes, and
this design’s only shortcoming is its low critical charge.

Another unique radiation resistant design was NRHC-14T.
This design also follows polar strategy to reduce number
of sensitive nodes. NRHC-14T mitigates upset issue in all
sensitive storage nodes, but the major problem with this
design is its hold power and read access time [14].

The HRRT-13T was another radiation hardened design to
mitigate upset issue. HRRT-13T added additional N5, N6,
and N7 transistors to improve read access time [15]. But
unfortunately, write stability of the memory cell degrades.
As a result write access time got increased.

By considering the recent radiation hardened memory
cells limitations, we mentioned a soft error upset recovery
SRAM cell (SUR-16T) that mitigates upset issues along
with improved performance metrics of the memory cell. The
technical specifications of proposed SUR-16T memory cell
has follows:

1) The SUR-16T memory cell recovers all sensitive stor-
age nodes and node pairs stored data when they
impacted with high energy radiation particle.

2) The proposed SUR-16T write ability and the hold
static power dissipation improved even considering
PVT variations.

3) SUR-16T memory cell provides higher effective crit-
ical charge (QCrit ) compared to the existing memory
cells at 0.8V supply voltage.

4) Finally, SUR-16T exhibits a higher figure-of-merit by
considering effective electric quality metric (EQM)
factor.

III. SUR-16T MEMORY CELL BASIC WORKING AND
SOFT ERROR RECOVERY ANALYSIS

This section describes the read, write, and hold operations
of the proposed SUR-16T memory cell in detail; furthermore,
it describes the SUR-16T soft error recovery analysis at all
sensitive nodes of a memory cell. Figures 2 and 3 depict the
proposed SUR-16T memory cell design and thin-cell layout
structure.

A. Proposed SUR-16T Memory Cell Basic Working

The SUR-16T memory cell comprises four storage nodes
with 8 PMOS and 8 NMOS transistors. I0 and I1 are the main
storage nodes; I2 and I3 are redundant. I2 and I3 storage
nodes are also named recovery storage nodes. We examined
polar design to decrease memory cell-sensitive nodes. In
this polar design, transistors N7, N1 shares storage node I0
and N2, N8 shares I1 storage node. If the proposed SUR-16T
memory cell is at logic ‘1’, storage nodes I0, I1, I2, and I3
store ‘1’, ‘0’, ‘1’, and ‘0’, respectively.

The working of hold mode operates when wordline was
disable i.e., WL=1 and BL, BLB prechaged to supply volt-
age. Then transistors, N1, N3, N5, N8, P2, P6, P4 are in
off condition and remaining transistors are in on condition
results same data retrieved at the storage nodes.

The read operation was performed by enabling access
transistors (WL=0), and the bit lines were precharged to the
supply voltage. When SUR-16T stores the logic value ‘1’,
BLB discharges through the P8 and N2 transistors to the
ground terminal until N1 transistor goes to ON condition.
As a result, potential difference of bitlines detected by sense
amplifier and exhibits a proper logic state at the output (not
shown in paper).

To write a memory cell from logic ‘1’ to ‘0’, the word line
must be enabled (WL=0), and the bit lines was connected to
the ground and supply voltage, respectively. I0 discharges
through N1, P7 and I1 charges through P8, N2 transistors.
Thus, I0 and I1 deliver data to logic ‘0’ and ‘1’ since P4,
P6, and N3, N5 transistors are in on and off conditions,
respectively.

B. SUR-16T Soft Error Upset Recovery Analysis

As mentioned in the introduction, when a high-energy
particle with an average energy of more than 10 MeV
impacts the drain region of a reverse biased off transistor, due
to drift, diffusion, and direct ionization, extra charge carriers
are generated inside the transistor, causing a transient pulse
across the drain area. According to the article [4], when a
high-energy particle hits NMOS off-drain region, it generates
a negative pulse, and the output is either 0 to 0 or 1 to
0. At the same time, PMOS generates a positive pulse that
produces a 1 to 1 or 0 to 1 transient pulse [8].

If the SUR-16T memory cell is stored at logic ‘1’, storage
nodes I0, I1, I2, and I3 store ‘1’, ‘0’, ‘1’, and ‘0’ logic states,
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Fig. 2. Proposed SUR-16T memory cell Schematic

Fig. 3. SUR-16T memory cell thin-cell layout

respectively. The SUR-16T memory cell off transistors drain
regions is considered sensitive nodes. Therefore, storage
nodes I0, I2, and I3 are sensitive, as I1 was radiation-resistant
because it had a negative pulse. The individual sensitive
nodes’ upset recovery process is shown as follows:

1) Soft error upset at I0 storage node: Storage node I0
data temporarily flips from logic ‘1’ to ‘0’ when a high-
energy radiation particle hits the N1 off transistor. Thus,
transistors N2, N4, N6 and P2, P6 momentarily switch off
and on. I3 stored logic ‘0’ turns N8 off, then I1 becomes
high-impedance. According to [16], a high-energy particle’s
high impedance cannot alter the logic state and keep its
original value. I2 stored logic ‘1’ turns N7 on and I1 keeps
0 turns P1 on. As a result, I0 retrieves data from N7 and P1
transistors, as shown in Fig. 4, SEU @ I0 state.

2) Soft error upset at I2 storage node: Storage node I2
temporarily switches from logic ‘1’ to ‘0’ when a high-
energy radiation particle hits the N5 off transistor. Thus,
transistors N7 switch off and P4 switch on. I0 is in high
impedance when N1 and N7 transistors are off. Initially, I3
and I1 stored logic ‘0’, causing I2 to recover its logic ‘1’
state. This is shown in Fig. 4, SEU @ I2 state.
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Fig. 4. Soft error upset recovery transient analysis of SUR-16T memory
cell

3) Soft error upset at I3 storage node: When a high
energy radiation particle strikes the P6 off transistor then
storage node I3 stored data temporarily flips from logic ‘0’
to ‘1’. Then N8 turns to on and P3 turns to off. This doesn’t
effect any other storage nodes of the memory cell. As I0
stored logic ‘1’ causes N4 and N6 always on makes I3
recover back to logic ‘0’. This is shown in Fig. 4, SEU @
I3 state.

4) Soft error upset at I2 and I3 storage node pairs:
According to the article [17], when we go beyond the deep
sub-micron technology node transistors used in radiation
hardened applications, leads to charge sharing issue between
the closest sensitive node pairs. So, we consider sensitive
node pairs also impact with radiation particle strike.

Storage nodes I2 and I3 momentarily switch from logic
‘1’ to ‘0’ and ‘0’ to ‘1’, respectively, when a high-energy
radiation particle hits the N5 and P6 off transistors. Thus,
transistors N7, P3 switch off and N8, P4 switch on. I0 and
I1 storage nodes are unaffected. As I0 initially stored logic
‘1’ makes I3 back to logic ‘0’ further, I1 and I3 make P3,
P5 on. This state recovers I2 back to logic ‘1’. This is shown
in Fig. 4, double node upset (DNU) @ I2-I3 state.

High-energy particles flip storage node pairs I0-I2 and I0-
I3. This may flip initial bits in other storage nodes. Any
sensitive storage node pair with less than or equal to 2
µm area and 0.6 µm area between two NMOS and NMOS
to PMOS transistors has charge sharing issue [8]. Hence,
a 2.02 µm between I0 and I2 and 0.82 µm between I0 and
I3 was maintained in the layout design (in Fig. 3) to minimize
the charge-sharing issue.

The probability of two or more storage nodes simultane-
ously flipped due to single high energy ion strike is low. If
this happen, charge dispersion spread across the other nearer
storage nodes.

IV. MEMORY CELL PERFORMANCE METRICS ANALYSIS
AND COMPARISON

In this section we discuss stability, access time, hold static
power consumption, critical charge and overall performance
metric figure-of-merit (FOM) analysis and comparisons. All
the simulations are performed by using UMC 65nm CMOS
technology node.
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A. Stability

Static noise margin (SNM) determines memory cell sta-
bility. SNM was the memory cell’s minimal voltage without
changing its storing state. Applying an external voltage
source across the primary storage node and observing the
voltage transfer characteristics of the two primary nodes cre-
ates a butterfly curve for read SNM (RSNM). RSNM of a
memory cell is the biggest square that fits inside the smallest
butterfly curve lobe [6].

RSNM generally depends on memory cells’ cell ratio (CR)
[18]. It is defined as the dimension of the driver to access
the transistor. A constant CR value of 2 was considered
for all memory cells’ RSNM analysis. Figure 5 illustrates
each memory cell’s RSNM butterfly curves and smallest lobe
square voltage values. QCCS-12T has the highest RSNM at a
1V supply voltage among the memory cells listed. Following
QCCS-12T, SUR-16T reports a 162mV RSNM.

Memory cell write margins are measured by bit line mar-
gin (BLM) and word line sweep margin (CWLM). Sweeping
BLB from VDD to GND and measure I0 storage node
voltage determines the bit line margin (BLM). If BLB was
completely discharged, but no flip at the I0 signals indicates
a write failure. The word-line margin is detected at the
storage node I1 when the word line sweeps from VDD to
GND. If storage node I1 was not flipped, reported as a failed
write margin.

A Monte-Carlo 1000-step simulation using a Gaussian
Distribution function at ±3 sigma level variations computed
BLM, and CWLM write margins of all memory cells. BLM
and CWLM mean (µ), and standard deviation (σ ) values
for all memory cells with a constant 1V supply demon-
strate the variability. Table I evaluates all existing and pro-
posed memory cell write margin mean, standard deviation,
and variability ( σ

µ
). Due to perfect write logic ‘0’ and ‘1’,

SUR-16T has a better write margin and lower variability
than other radiation-hardened memory cells. The RHMC-12T
and HRRT-13T fail the CWLM write stability test because
storage node QB does not flip.

TABLE I
COMPARISON OF WRITE MARGIN VOLTAGES USING BLM AND CWLM

METHODS

BLM CWLM
Design µ σ

σ

µ
µ σ

σ

µ

SEA-14T 248.3 32.45 0.13 254.8 33.28 0.13
RHBD-13T 286.6 33.8 0.11 299.4 38.15 0.12
RHMC-12T 272.4 34.6 0.12 Fail - -
QCCS-12T 292.5 32.71 0.11 318.2 35.31 0.11
NRHC-14T 289.8 32.27 0.11 303.6 36.43 0.12
HRRT-13T 273.9 37.32 0.13 Fail - -
SUR-16T 298.2 31.6 0.10 306.7 30.28 0.1

B. Access Time and Hold Static Power Dissipation

Read/write access time determines a memory
cell’s performance[19]. Read access time (RAT) defined
the time between WL reaching half of VDD and bit
lines having a minimum 50mV voltage difference [20].
Write access time (WAT) defined the time from 50% of
word line voltage to both primary storage nodes intersecting
time [21]. According to the article [20], these access times
are subject to PVT fluctuations; thus, we validated all
specified memory cell’s read and write access time under
distinct VDD values (0.6 to 1V), temperatures (-450C to
1250C), and threshold voltages (0.05 to 0.09). Due to a
more significant driving current, QCCS-12T has a lower
RAT, as shown in Fig. 6(a–c). SUR-16T has a lower RAT
after QCCS-12T.

Whereas, for write access time almost all memory cells
exhibits similar write access time at PVT variations except
HRRT-13T, as shown in Fig. 6 (d), (e), and (f). This is due
to HRRT-13T have separate read control signal. As a result
it consumes more time to write the stored data.

Static power consumption is another reliable memory
cell parameter. The hold static power of a memory cell is
the maximum power consumed when the memory cell was
in hold mode. Latch inverter and bit-line leakage power de-
termines the hold power. According to [8], process variables
affect this hold power most in space applications. Thus, a
Monte-Carlo 2000-step simulation using a Gaussian Distri-
bution function at ±3 sigma level of variation demonstrated
that all memory cells hold power. In Fig. 7, the suggested
SUR-16T memory cell has a mean hold power of 23.34 pW.
The SUR-16T has 2.48x/ 2.92x/ 1.06x/ 1.2x/ 2.66x/ 2.38x
times lower hold power than SEA-14T/ RHBD-13T/ RHMC-
12T/ QCCS-12T/ NRHC-14T/ HRRT-13T.

C. Critical Charge Analysis

The minimum amount of charge collected at the sensitive
node of a memory cell that causes a bit flip is stated as critical
charge of a memory cell. This critical charge (Qcrit ) was
determined primarily by the magnitude and pulse width of
the applied double exponential current source and ion track
created time constant of the memory cell. Qcrit was computed
by using the following equation:

Qcrit =
∫ Tcrit

0
Iin j(t)dt (1)

Whereas, Iin j(t) was the applied double exponential cur-
rent pulse and Tcrit stands for critical time.
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Iin j(t) = Ipeak ∗
[

exp
(
−t
τα

)
− exp

(
−t
τβ

)]
(2)

Where Iin j(t) is the current pulse injected at the sensitive
node, Ipeak is its peak amplitude which was depends on
injected charge to the charge collection time constant, and
τα and τβ are the exponential curve’s collected time and
ion track-created time constants. We considered 200ps and
50ps of τα and τβ values for a linear energy transfer (LET)
of >10MeV-cm2/mg. All memory cells Qcrit were estimated
using (1) and (2).

The proposed SUR-16T exhibits a 75.6fC critical charge
which was 0.96x/ 1.15x/ 1.10x/ 1.18x/ 1.02x/ 1.64x times
higher than SEA-14T/ RHBD-13T/ RHMC-12T/ QCCS-12T/
NRHC-14T/ HRRT-13T. According to the article [22] a small

increasing in critical charge efficiently reduces the soft error
rate of a memory cell.

D. Overall Performance Metric Figure-of-Merit (FOM)

The literature assessment and state-of-the-art of all pro-
vided memory cells demonstrate a trade-off between soft
error upset probability and performance of memory cell [23].
This overall performance measures a memory cell’s figure of
merit (FOM). FOMs fill the memory cell trade-off problem,
and the radiation-hardened memory cell FOM was calculated
using the equation below.

FOM =
QCrit ∗RSNM ∗BLM
RAT ∗WAT ∗Phold

(3)

Equation (3) verifies all memory cell’s figure of merit.
The ratio of comparing memory cell FOM to SUR-16T
FOM determined relative FOM. The existing memory cells,
SEA-14T/ RHBD-13T/ RHMC-12T/ QCCS-12T/ NRHC-
14T/ HRRT-13T exhibits 0.163/ 0.20/ 0.57/ 0.9/ 0.22/ 0.06
value of relative FOM compared to the proposed SUR-16T
memory cell. Higher relative FOM memory cells are more
precise and ideal for all aerospace and military applications
[23].

V. CONCLUSION

This paper presents a soft error upset recovery 16T SRAM
cell (SUR-16T), resilient to high-energy radiation particles
at all sensitive nodes and node pairs, by adopting a polar
design strategy. The SUR-16T memory cell exhibits sym-
metric butterfly lobes for RSNM and a higher write noise
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margin for the BLM and CWLM methods under ±3 sigma
threshold variations. In addition, the write access time and
hold static power dissipation at PVT variations were reduced.
Higher critical charge and relative FOM values are the most
significant aspects of the paper. Therefore, the proposed
SUR-16T SRAM cell is suitable for all reliable aerospace
and military memory applications.

REFERENCES

[1] A. Holmes-Siedle and L. Adams, “Handbook of radiation effects.”
[Online]. Available: https://www.osti.gov/biblio/54537

[2] D. Kobayashi, “Scaling trends of digital single-event effects: A survey
of seu and set parameters and comparison with transistor perfor-
mance,” IEEE Transactions on Nuclear Science, vol. 68, no. 2, pp.
124–148, 2020.

[3] D. Binder, E. C. Smith, and A. Holman, “Satellite anomalies from
galactic cosmic rays,” IEEE Transactions on Nuclear Science, vol. 22,
no. 6, pp. 2675–2680, 1975.

[4] P. E. Dodd and L. W. Massengill, “Basic mechanisms and modeling
of single-event upset in digital microelectronics,” IEEE Transactions
on nuclear Science, vol. 50, no. 3, pp. 583–602, 2003.

[5] E. Ibe, H. Taniguchi, Y. Yahagi, K.-i. Shimbo, and T. Toba, “Impact
of scaling on neutron-induced soft error in srams from a 250 nm to a
22 nm design rule,” IEEE Transactions on Electron Devices, vol. 57,
no. 7, pp. 1527–1538, 2010.

[6] M. P. Kumar and R. Lorenzo, “A 1.2v, radiation hardened 14t
sram memory cell for aerospace applications,” in 2022 IEEE Silchar
Subsection Conference (SILCON), 2022, pp. 1–7.

[7] T. Heijmen, D. Giot, and P. Roche, “Factors that impact the critical
charge of memory elements,” in 12th IEEE International On-Line
Testing Symposium (IOLTS’06). IEEE, 2006, pp. 6–pp.

[8] M. Pavan Kumar and R. Lorenzo, “A review on radiation-
hardened memory cells for space and terrestrial applications,”
International Journal of Circuit Theory and Applications,
vol. 51, no. 1, pp. 475–499, 2023. [Online]. Available:
https://onlinelibrary.wiley.com/doi/abs/10.1002/cta.3429

[9] L. Rockett, “An seu-hardened cmos data latch design,” IEEE Trans-
actions on Nuclear Science, vol. 35, no. 6, pp. 1682–1687, 1988.

[10] S. Pal, S. Mohapatra, W.-H. Ki, and A. Islam, “Design of soft-error-
aware sram with multi-node upset recovery for aerospace applications,”
IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 68,
no. 6, pp. 2470–2480, 2021.

[11] G. Prasad, B. C. Mandi, and M. Ali, “Double-node-upset aware sram
bit-cell for aerospace applications,” Microelectronics Reliability, vol.
133, p. 114526, 2022.

[12] L. Hao, L. Liu, Q. Shi, B. Qiang, Z. Li, N. Liu, C. Dai, Q. Zhao,
C. Peng, W. Lu et al., “Design of radiation-hardened memory cell
by polar design for space applications,” Microelectronics Journal, p.
105691, 2023.

[13] A. Yan, J. Xiang, A. Cao, Z. He, J. Cui, T. Ni, Z. Huang, X. Wen,
and P. Girard, “Quadruple and sextuple cross-coupled sram cell designs
with optimized overhead for reliable applications,” IEEE Transactions
on Device and Materials Reliability, vol. 22, no. 2, pp. 282–295, 2022.

[14] Q. Zhao, H. Dong, X. Wang, L. Hao, C. Peng, Z. Lin, and X. Wu,
“Novel radiation-hardened sram for immune soft-error in space-
radiation environments,” Microelectronics Reliability, vol. 140, p.
114862, 2023.

[15] R. T. Yekula, M. Pandey, and A. Islam, “A highly reliable radiation
tolerant 13t sram cell for deep space applications,” Microelectronics
Reliability, vol. 133, p. 114527, 2022.

[16] J. Jiang, Y. Xu, W. Zhu, J. Xiao, and S. Zou, “Quadruple cross-
coupled latch-based 10t and 12t sram bit-cell designs for highly
reliable terrestrial applications,” IEEE Transactions on Circuits and
Systems I: Regular Papers, vol. 66, no. 3, pp. 967–977, 2018.

[17] O. A. Amusan, A. F. Witulski, L. W. Massengill, B. L. Bhuva, P. R.
Fleming, M. L. Alles, A. L. Sternberg, J. D. Black, and R. D. Schrimpf,
“Charge collection and charge sharing in a 130 nm cmos technology,”
IEEE Transactions on Nuclear Science, vol. 53, no. 6, pp. 3253–3258,
2006.

[18] M. P. Kumar, R. Lorenzo, J. Khaja, and A. Singh, “A highly stable pnn-
ppn-10t sram cell with improved reliability,” in 2023 3rd International
conference on Artificial Intelligence and Signal Processing (AISP),
2023, pp. 1–5.

[19] P. K. Mukku, S. Naidu, D. Mokara, P. Pydi Reddy, and K. Sunil Kumar,
“Recent trends and challenges on low-power finfet devices,” in Smart
Intelligent Computing and Applications: Proceedings of the Third In-
ternational Conference on Smart Computing and Informatics, Volume
2. Springer, 2019, pp. 499–510.

[20] R. Lorenzo, S. N. S. Vajhala, and M. P. Kumar, “Low power and
high-performance associative memory design,” in 2022 2nd Interna-
tional Conference on Emerging Frontiers in Electrical and Electronic
Technologies (ICEFEET), 2022, pp. 1–5.

[21] C. Peng, J. Huang, C. Liu, Q. Zhao, S. Xiao, X. Wu, Z. Lin, J. Chen,
and X. Zeng, “Radiation-hardened 14t sram bitcell with speed and
power optimized for space application,” IEEE Transactions on Very
Large Scale Integration (VLSI) Systems, vol. 27, no. 2, pp. 407–415,
2018.

[22] A. P. Shah, N. Gupta, and M. Waltl, “High-performance radiation
hardened nmos only schmitt trigger based latch designs,” Analog
Integrated Circuits and Signal Processing, vol. 109, no. 3, pp. 657–
671, 2021.

[23] P. K. Mukku and R. Lorenzo, “Design and analysis of radiation hard-
ened 10 t sram cell for space and terrestrial applications,” Microsystem
Technologies, pp. 1–12, 2023.

979-8-3503-0219-6/23/$31.00 ©2023 IEEE 748


