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ABSTRACT

As CMOS technology down sized into double digit nanometer
ranges, variations are a serious concern due to uncertainty in
devices and interconnect characteristics. The single event upset
(SEU) is changing the state of a memory cell due to the strike of
an energetic particle. The single event multiple effects are likely
to increase in nanometer CMOS technology due to reduced device
size and scaling of power supply voltage.SRAM cells are sensitive
to radiation induced hazards. Therefore, designing a reliable novel
SRAM cell is an important challenge against SEU. In this paper,
the proposed SRAM cell that provides a better features than their
recent proposed SRAM cells. The simulation results and analysis
represent that the proposed SRAM cell exhibits the high robust-
ness against single event multiple effects (SEMEs). Moreover, the
proposed SRAM cell successfully reduced the power consumption
by 41% and write delay by 2% in comparison with the existing
radiation-hardened SRAM cells at the cost of circuit complexity.
The process corner analysis displays the comparison of power and
delay of the proposed and existing SRAM cells. It shows that the
proposed memory cell consumes less power than previous memory
cells.
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1. INTRODUCTION

As technology size moving toward nanometer size, new circuits
have been proposed. The normal operation of logic cells changed
due to soft errors caused by the radiation effects. As technology
scales, memory elements used with in the logic blocks become vul-
nerable to soft errors. Storage elements like conventional SRAM,
flip flop (FF), latch circuits become more sensitive to SEU induced
by effect of radiation [1]-[4]. An ionizing particle striking a cell of
memory, due to this the value stored in the memory cell gets altered
and results in failure of logic cell operation. This state change of a
memory cell due to the strike of an energetic particle is called SEU
[5]-[7]. When an energetic particle striking a gate or a chip may
affect multiple sensitive nodes in a circuit through charge sharing
and produces bit flip at each node. Therefore single event produces
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multiple effects this phenomenon is called SEME and it causes a
multiple bit flips in the memory cell is called single event multiple
upset (SEMU) [8]-[10].

As CMOS emerges into nanoscale technology SEMEs and SEMU
are the main effects of energetic particle strikes due to radiation is-
sues [11]. In this technology, mainly focused on circuit level tech-
niques to point out the SEMEs concern. In circuit level techniques,
designer concentrated on robust SRAM cell. Even though an en-
ergetic particle striking multiple nodes of a cell, the resultant logic
operation of the cell would not change and hence there is no value is
altered inside the memory cell [12]-[16]. In this paper, the proposed
SRAM cell that can be used in different design techniques. The pro-
posed SRAM cell provides low average power and delay and it has
a much more critical charge than their previous radiation-hardened
SRAM cells. It offers a high robustness against the single event
multiple effects at the expensive of four more transistors. Power
and delay analysis shown in section 5.

The remainder of the paper is structured as follows. Section 2
presents the particle strike injection. Section 3 describes the exist-
ing RHD SRAM cells. Section 4 depicts the proposed novel SRAM
cell. Section 5 examines the proposed SRAM cell circuit design and
differentiates it with the existing RHD SRAM cells. Finally, con-
clusions are shown in section 6.

2. PARTICLE STRIKE INJECTION MODELING

In a SRAM cell, the single event upset (SEU) will occur, when the
charge deposited at the struck node by the energetic particle strike
is greater than the critical charge stored in that node. The critical
charge for a logic circuit can be defined as the minimum amount of
charge required at a node in the circuit to alter the stored value in
the memory cell, when the charge deposited in that node. Critical
charge is typically characterized on a node basis only. The phe-
nomenon of energy particle striking the CMOS devices has been
studied by the researchers [17]. This may be modeled as a time
varying double exponential current pulse.

Iinject(t) — Q'Lngect (6% _ eﬁ)

Ta — T8
Where Qinjec: is the amount of injected charge in the struck re-
gion,and 7, and 74 are material dependent time constants. The time
constants for the exponentials depend on several factors, the time
constants given in [18] as 7,=1.64 * 10~ %sec and 78 =5.0 % 10711



sec. To simulate the energetic particle strike at a node, a current
source Iy, ject(t) is applied to that node. Where I, ject(t) is con-
sidered as a charge applied on the struck node region as a SEU.

3. EXISTING RHD SRAM CELLS

The existing radiation hardened dynamic (RHD SRAM cells dis-
played in the Fig. 1 and 2. The circuits named as RHD11 (Fig. 1)
and RHD13 (Fig. 2). In RHDI11 circuit, when refresh line (RL) =0,
the circuit offers full immunity to SEU. Otherwise, it shows an ef-
fect on adjacent nodes, due to that effect stored value altered in the
memory cell. It can tolerate any particle strike at any node in the
circuit in presence of RL=0 and the result would not change. If an
energetic particle strike at the double node pair, the value stored
in the memory cell is altered. The RHD11 circuit is quite robust
against SEMEs. The RHD11 and RHD13 circuit proposed by the
authors of [19], the RHD13 gives better robustness against SEMEs
as compared with RHD11. RHD13 get the higher critical charge at
node X1 than RHD11 with the help of addition of two more tran-
sistors N7 and P5. The switching threshold voltage of N3 and P4
is more as compared with the N4 and P3. If the particle strikes at
the double node pair that noise voltage is filtered by the latch el-
ement (P3, P4, N3, and N4). Therefore RHD13 can tolerate even
if an energetic particle strikes affecting double nodes, and it gives
high robustness against SEMEs as compared with RHD11 [19].
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Fig. 1. Schematic of RHD11 memory cell.

4. PROPOSED ROBUST SRAM CELL

As MOS devices, scaling towards nanometer ranges SEMEs are
big problems in circuit design techniques. Therefore, robust SRAM
cells have to be designed against SEMEs induced by radiation ef-
fects. The succeeding section propose a novel SRAM cell which
provides a better robustness against SEMEs and that require low
power and delay as compared with the previous RHD SRAM cells.

4.1 Proposed Radiation Hardened SRAM Cell

The proposed SRAM cell consists of 17 transistors is present in
the Fig. 3. The operation of the proposed SRAM cell is similar to
existing SRAM cells is shown in figure [Fig. 6], the N6 transistor is
acting like access transistor is controlled by word line (WL), when
RL =1 transmission gates T1 and T2 are providing the feedback
loop from the inverter (P1, N1) to latch element (P3, P4, P5, N3,

International Journal of Computer Applications (0975 - 8887)
Volume 149 - No.7, September 2016

WL

Fig. 2. Schematic of RHD13 memory cell.

N4, and N5) and it also disconnects the feedback loop between
inverter and latch element in case of RL =0. Suppose consider a
case if bit line (BL) is 1 and word line (WL) is assumed to be high
then X1 node has a value 1 and its causes N1 transistor to turn ON.
So X2 node gets a value to be 0 from the ground. As RL =1 both
T1 and T2 becomes ON, X3 and X4 nodes get 0 value. Therefore
P3 and P4 gets turned ON and X7 node gets approximately the V4
voltage.
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Fig. 3. Schematic of proposed memory cell.

When both WL and RL are low, then SRAM retains its data until
the read operation. The stored value may be lost, if the feedback
loop is left open. To rectify this problem, the control signal "RL’ of
the transmission gates should go to 1 whenever the feedback loop is
open. In this case any particle striking at the node X1 or X2, results
will not show any effect on nodes X3 and X4. Let us consider a case
BL =1, WL and RL are high, then X2 node at O value, T1 and T2
are ON then X3 and X4 nodes at 0. PMOS devices in latch elements
are ON and X1 node charges to V4 voltage (logic high) at that time



transistor N8 and N7 are going to turn ON, with the help of N8 and
N7 biasing is provided at the nodes X8 and X6. The voltage values
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Fig. 6. The simulation results of the proposed SRAM cell.

at nodes X8 and X6 is assumed to be (V4-Vin) and (Vyq-2Vip).
If an energetic particle strikes at node X2, the results will transmit
through the transmission gates. The voltage at X3 node is V,, then
N5 transistor is turned ON, when the voltage (V;4-2V;;,) at node
X6 is dropping to a value of V;, through N5 then N4 is turned ON.
Therefore the switching threshold voltages require for N3 and N4 is
higher than N5. Therefore, in this latch element noise voltages are
filtered. In this case the critical charge at the node X1 is increasing
with adding of four transistors (N7, N8, P6, and P7). In case of BL
=0, the reverse operation is performed, the critical charge obtained
at the nodes in the proposed circuit is higher than the critical charge
obtained in the existing RHD SRAM cells. Therefore, the proposed
SRAM cell shows the high robustness against single event multiple
effects in the presence of radiation effect.

5.  COMPARISON OF RHD SRAM CELLS

In memory cell design, designers mainly concentrates on low cost,
area, power consumption and better performance. To achieve high
robustness and reliability there may be a chance of increase in the
circuit complexity. The comparison between the proposed and ex-
isting SRAM cells performed and simulated by CADENCE Vir-
tuoso tool using 45nm technology, supply voltage set to 0.7V and
temperature set to 25°C, at process corner analysis temperature set
to 80°C and —40°C.

Table 1. Comparison of 45Snm SRAM cell

parameters
Parameters RHD11 | RHD13 | Proposed
Power(nW) 139.4 149.7 87.82
Write delay(ns) 20.7 20.72 20.22
read delay(ns) 20.19 20.18 20.19

Table I and Table II represent the average power consumption, per-
formance and critical charge at the circuit nodes of the proposed
SRAM cell together with the noticed values of existing memory
cells. Table I depicts that the proposed SRAM cell has low power
and delay and it requires more area as compared with previous
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Table 2. Critical charge for various nodes in the SRAM
cells when RL =1

SRAM Type | Node | Critical Charge(Q.)(10-22C)
X1 471
RHD1 X2 14.51
X5 10.50
X6 3.26
X1 7.01
RHDI3 X2 16.26
X5 14.09
X6 4.37
X1 11.65
X2 18.91
X5 2237
Proposed X6 701
X7 41.66
X8 10.22

memory cells. Table II represents that the proposed SRAM cell has
a high critical charge in its circuit nodes, high robustness than the
previous memory cells.

The simulation results obtained from the process corner analysis
are shown in Fig. 4 and Fig. 5. At different temperatures, the pro-
posed and existing SRAM cells exhibit different power and delay at
different corners [20]. Comparison of power and delay for SRAM
cells at temperatures 80°C' and —40°C are displayed in Fig. 7 and
Fig. 8. In process corner analysis, the proposed design has compa-
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Fig. 7. Comparison of power for SRAM cells at temperatures (a) 80°C
and (b) —40°C.

rable delay and consumes less power than previous designs.

6. CONCLUSION

Previous radiation hardened SRAM cells requires an increase of
power consumption and write delay. This paper has given a novel
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Fig. 8. Comparison of delay for SRAM cells at temperatures (a) 80°C and
(b) —40°C.

immune SRAM cell. Using CADENCE Virtuoso tool, simulation
analysis and results exhibited that, proposed SRAM cell presents
better robustness against SEMEs and SEMU than their latest pro-
posed designs (RHD11 and RHD13). It exhibits best dual node up-
set tolerance and it provides extraordinary performance (low power
consumption and write delay) in comparison with the existing de-
signs. Process corner analysis proved that at different temperature
the power consumed at different corners in proposed memory cell
is lower than the existing RHD SRAM cells. This paper has addi-
tionally displayed that the critical charge obtained in the proposed
circuit nodes is higher than the existing memory cells. Therefore,
the proposed SRAM cell provides a high robustness.

7. REFERENCES

[1] R. Rajaei, M. Tabandeh, and B. Rashidian, “Single event upset
immune latch circuit design using c-element,” in Proc. IEEE
9th ASICON, Xiamen, China, pp. 252-255, Oct. 25-28, 2011.

[2] Y. S. Dhillon, A. U. Diril, A. Chatterjee, and A. D. Singh,
“Analysis and optimization of nanometer CMOS circuits for
soft-error tolerance,” IEEE Trans. Very Large Scale Integr.
(VLSI) Syst., vol. 14, no. 5, pp. 514-524, May 2006.

[3] T. Karnik, P. Hazucha, “Characterization of soft errors caused
by single event upsets in CMOS processes”. Dependable and
Secure Computing, IEEE Trans on Vol 1, Issue 2, April-June
2004.

[4] Hazucha, P.; Svensson, C.; “Impact of CMOS technology scal-
ing on the atmospheric neutron soft error rate”. Nuclear Sci-
ence, IEEE Transactions on Vol 47, pp:2586-2594, Issue 6, Part
3, Dec. 2000.

International Journal of Computer Applications (0975 - 8887)
Volume 149 - No.7, September 2016

[5] T. Calin, M. Nicoladis, and R. Velazco, “Upset hardened mem-
ory design for submicron CMOS technology,” IEEE Trans.
Nucl. Sci., vol. 43, no. 6, pp. 2874-2878, Dec. 1996.

[6] P. Hazucha, K. Johansson, and C. Svensson, “Neutron induced
soft errors in cmos memories under reduced bias,” IEEE Trans-
actions on Nuclear Science, vol. 45, no. 6, pp. 2921-2928,
1998.

[7] P.E. Dodd and L. W. Massengill, “Basic mechanisms and mod-
eling of single-event upset in digital microelectronics,” IEEE
Trans. Nucl. Sci., pp. 583-602, Jun. 2003.

[8] F. L. Yang and R. A. Saleh, “Simulation and analysis of tran-
sient faults in digital circuits,” IEEE J. Solid State Circuits, vol.
27, no. 3, pp. 258-264, Mar. 1992.

[9] R.Rajaei, M. Tabandeh, and M. Fazeli, “Soft error rate estima-
tion for combinational logic in presence of single event multi-
ple transients,” J. Circuits, Syst., Comput., vol. 23, no. 6, Jul.
2014, Art. ID. 1450091.

[10] M. Fazeli, S. G. Miremadi, A. Ejlali, and A. Patooghy, “Low
energy single event upset/single event transient-tolerant latch
for deep submicron technologies,” IETComput.Dig. Technol.,
vol. 3, no. 3, pp. 289-303, May2009.

[11] E.Ibe, H. Taniguchi, Y. Yahagi, K. Shimbo, and T. Toba, “Im-
pact of scaling on neutron-induced soft error in SRAMs from a
250 nm to a 22 nm design rule,” IEEE Trans. Electron Devices,
vol. 57, no. 7, pp. 1527-1538, Jul. 2010.

[12] S. Lin, Y. B. Kim, and F. Lombardi, “A 11-transistor
nanoscale CMOS memory cell for hardening to soft errors,”
IEEE Trans. Very Large Scale Integr. Syst., vol. 19, no. 5, pp.
900-904, May. 2011.

[13] S. Lin, Y. B. Kim, and F. Lombardi, “Analysis and design
of nanoscale CMOSstorage elements for single-event harden-
ing with multiple-node upset,” IEEE Trans. Device Mater. Rel.,
vol. 12, no. 1, pp. 68-77, Mar. 2012.

[14] P. E. Dodd and EW. Sexton, “Critical charge concepts for
cmos srams,” IEEE Transactions on Nuclear Science, vol. 42,
no. 6, pp. 1764-1771, Dec. 1995.

[15] N. Seifert et al., “On the radiation-induced soft error per-
formance of hardened sequential elements in advanced bulk
CMOS technologies,” in Proc. IEEE IRPS, pp. 188-197, 2010.

[16] F. Vargas and M. Nicolaidis, “Seu - tolerant sram de-
sign based on current monitoring,” Fault-Tolerant Computing,
1994. FTCS-24. Digest of Papers., pp. 106-115, 1994.

[17] G. Messenger, “Collection of charge on junction nodes from
ion tracks,” IEEE Trans. Nucl. Sci., vol. 29, no. 6, pp.
20242031, Dec. 1982.

[18] H. Cha and J. H. Patel, “A logic-level model for-particle hits
in CMOS circuits,” in Proc. 12th IEEE ICCD, pp. 538-542,
1993.

[19] Ramin Rajaei, Bahar Asgari, Mahmoud Tabandeh, and Mahdi
Fazeli, “Design of robust SRAM cell against single-event mul-

tiple effects for nanometer technologies,” IEEE Trans. Device
Mater. Rel.,vol. 15, no. 3, pp. 429-435, Sep. 2015.

[20] R. Rajaei, M. Tabandeh, and M. Fazeli, “Single Event Mul-
tiple Upset (SEMU) tolerant latch designs in presence of pro-
cess and temperature variations,” J. Circuits, Syst., Comput.,
vol. 24, no. 1, Jan. 2015, Art. ID. 1550007.



International Journal of Computer Applications (0975 - 8887)
Volume 149 - No.7, September 2016

4 = Comessewy K

Launch File Create Tools Opfions Run EAD Parasitics/LDE| " y T

B-@-lsomBl| F o l& el

Ubdag @ | D > |

Mo Parasitics/LDE Be »||Single Run, 5 ! I I ! I | &
| | Comers ¥ MNominal | [eli} v C1 v c2 v C3 v o}

Data View 728X
—_— Qutputs Set
AT utputs Setup Ri Temperature 0 0 60 a0 il
Design Variables
Wi bk Tcriical1 b % | & ) |
¥ i okticrticat @ B |raanetars
Test | Name | Ty
1& Glohal Variahles Model Files
1& Parameters apokD45ses v fi ¥ fs o i o 53 o t =
B S Comers
M 1 Molel Group(s)
Documents TES"Sh K eritical
¥ bnk1criticall v v v v v v
Selup Stal = v ] ¥ ¥ v v
R:h:ﬁmta::\a\ 585 o] G| £ = = = .
Y Vm A Number of Comers 1 1 1 1 ! J
Data. Histary ¥
il
Run Summary. 78X - -
le [ ok [ T

Fig. 4. Corners setup in process corner analysis at temperatures 80°C.
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Fig. 5. Power measurement at different corners for SRAM cell.
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