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ABSTRACT

In recent years, to reduce power consumption and increase cell resistance against soft error, several sub-
threshold SRAM cell have been provided. Also, in the memory design, to increase the memory density and
reduce the occupied area, sub-100 nm technologies have been used. These technologies also increase the
sensitivity of the cell against soft error. Among the proposed methods to confront soft error, bit-
interleaving structure is one of the most successful methods. But the designed bit-interleaving cells usually
have many transistors in order to achieve the ideal features. Moreover, another problem in the bit-
interleaving cells is half-select issue. In this paper, a single-ended sub-threshold cell is presented. This cell
has been designed in multi-Vt 32nm technology. On the other hand, the suggested cell can be implemented
in the bit-interleaving structure to confront soft error. In the cell, 7 transistors have been used while the
cell is without half-select problem. Simulations show the suggested cell has less power consumption
compared with standard 6T and other bit-interleaving cells. Also, in the proposed cell, write margin and
write time delay are better than the under comparison cells, while the suggested cell stability in read and
hold modes and read time delay are also optimal.
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1. INTRODUCTION

One of the most important elements of the chip is 6T SRAM memory. Figure 1 shows the
standard 6T SRAM cell. This memory has a high power consumption. One of the most effective
methods for reducing power consumption in CMOS circuits is reducing supply voltage (VDD)
[1]. But reducing supply voltage and using of smaller technologies in the memory circuits in
order to increase the density lead to reducing cell stability ( or static noise margin), increasing
read and write failures and reducing cell resistance against soft error [2]. Soft error is generated
by alpha particles and neutrons. These particles, after collision with the sensitive nodes of the
circuit (storage nodes Q and QB), change the data stored in these nodes [3-6]. By reducing the
power supply and the dimensions of the transistors, the circuit becomes more sensitive to soft
error and the failures caused by these particles are increased. One of the most successful methods
to confront soft error is bit-interleaving architecture. But the designed bit-interleaving cells
usually have many transistors in order to achieve the ideal features. Therefore, the designed cell
occupies a large area. On the order hand, another problem in the bit-interleaving cells is half-
select issue [7-9].

In recent years, several sub-threshold SRAM cell with bit-interleaving structure in sub-100 nm
technologies have been proposed. For example, 7T, 10T and 12T cells have been presented in
[10-12]. The cells have been designed in sub-threshold region and sub-100 nm technologies in
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order to reduce power consumption. These cells are in bit-interleaving architecture in order to
confront soft error. But simulation results show 7T cell stability in [10] is low in read mode (The
most sensitive mode). The 10T and 12T cells in [11, 12] have ideal features but in their design
have been used many transistors which lead to increasing area and reducing density.

In this paper, a sub-threshold bit-interleaving 7T SRAM cell in multi-Vt 32 nm technology has
been designed. The proposed cell has ideal features like low power consumption, high stability
and write margin, low delay, high speed and small area compared to other bit-interleaving cell
while the proposed cell has been designed with 7 transistors and is without half-select problem.
The rest of this paper is organized as follows. Section 2 describes conventional 6T SRAM cell
and its problems in sub-threshold region and advanced technologies. Section 3 explains the
proposed 7T SRAM cell in read, write and hold modes. In Section 4, simulation results are
presented. In this section, the proposed cell has been compared with the standard 6T cell and the
7T, 10T and 12T bhit-interleaving cells in [10-12]. The paper is concluded in section 5.

VDD VDD
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M5 QB M6
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Figure 1. Standard 6T SRAM cell

2. THE STANDARD 6T SRAM CELL AND ITS CHALLENGES IN SuB-
THRESHOLD REGION AND SuB- 100 NM TECHNOLOGIES

Figure 1 shows the 6T SRAM cell. This cell contains two inverters and two access transistors. In
the cell, M1 and M2 transistors are driver transistors. M3 and M4 transistors are load transistors
and M5 and M6 transistors are access transistors. Q and QB nodes are storage nodes. Suppose
that in this cell, the Q and QB nodes are 0 and 1 logic, respectively. In reading mode, BL and
BLB are precharged to VDD and WL is also equal to 1 logic value. By turning on the M5 and M6
transistors, BL node capacitor is discharged through M1 and M5 and BLB node capacitor remains
at VDD. Then the 0 and 1 values are moved to output ports. In writing mode, new data is placed
on BL and BLB and WL is also equal to 1 logic value. By turning on the M5 and M6 transistors,
the new data in BL and BLB is transmitted to Q and Q nodes. In holding mode, BL and BLB are
precharged to VDD to be ready for next reading operation and WL is equal to 0. As you can see
in Figure 1, the Q and QB nodes are the input and output of the inverters. In holding mode, when
the M5 and M6 transistors are off, the Q and QB nodes drive the inverters and thus the data is
retained in the cell.
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In the 6T cell design, the transistor dimensions should be as follows [1, 10]:
Driver transistor > access transistor> load transistor

In order to have the correct read operation, the driver transistors should be stronger than the
access transistors and to have the correct writing operation in the cell, the access transistors
should be stronger than the load transistors. So determining the size of access transistors
(especially in sub-threshold region) is difficult. Also, this cell has a high power consumption. The
design of this cell in the sub-threshold region reduces the power consumption but reducing supply
voltage leads to reducing cell stability, increasing read and write failures, reducing read and write
speeds, increasing read and write delays and reducing cell resistance against soft error. On the
order hand, using of smaller technologies in the memory circuits in order to increase the density
has a negative effect on some of the above parameters such as stability, cell resistance against soft
error, correct read and write operations.

3. THE PROPOSED 7T SRAM CELL

Figure 2 shows the suggested 7T cell. In this cell, the read operation runs from the left side and
the write operation runs from the right side. M1, M2 and M3 transistors also hold data stored in Q
and QB nodes.

3.1. Read Operation In The Proposed 7t Cell

In read mode, in the suggested 7T cell, we add M6 and M7 SVt transistors in order to increase
cell stability. Then in order to increase read speed, we use boosted voltage (VDD+0.3 V) for read
word line (RWL). In this mode, G1 = "0", RWL = "VDD + 0.3 V" and RBL is precharged to
VDD. If QB = "0", then M7 turns off and RBL remains at the level of VDD. If QB = "VDD",
then M7 turns on and RBL is discharged to "0" through M6 and M7 transistors.

In this mode, the M7 transistor isolates the QB node from the reading access transistor (M6
transistor). Therefore, the stability of reading mode (RSNM) is increased.
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Figure 2. Proposed 7T cell
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3.2. Writing Mode In The Proposed 7t Cell

According to Figure 2, in the proposed 7T cell, we eliminate M2 from Figure 1 in the write part
of our new proposed 7T cell. In this case to reach fast accessible in write mode, we utilized low
voltage transistor M4 (LVt M4) as write access transistor. Moreover to get a strong "0" in hold
and read modes at node Q after writing "0, we use M1 as high voltage threshold (HVt) to
decrease leakage current. Furthermore we set WBL to "0" in reading and holding modes to
decrease the leakage current through M4 transistor to Q node.

Suppose Q has a "1" logic value and we want to write a "0" to Q. We set WWL and T to
"VDD+0.3 V" and WBL to "0". In this situation, M4 transistor is on and a "0" logic value is
written to Q through this transistor.

Now suppose Q has a "0" logic value and we want to write a "1" logic value to Q node. We set
WW.L and T to "VDD+0.3V" and WBL to "1" logic value. In this condition, M4 is on and Q node
gives "1" logical value.in this mode, RWL and G1 give "0" and "1" logical values, respectively
and RBL is in "1" logical value.

3.3. Holding Mode In The Suggested 7t Cell

In the hold mode, M6, M4 and M5 are turned off, and G1 is connected to "1". Also, in this mode,
RBL is pre-charged to VDD and WBL is connected to "0" to have a strong "0" in node Q.
Although write mode improves by removing the driver transistor, the cell strength is reduced to
hold "0". For this reason, in the design of the 7T cell, multi Vt transistors are used. By using HVt
transistors in pull up path and using the smallest size for this PMOS transistors, the leakage
current injection to node Q is reduced.

3.4. Half-Select Problem In The Proposed Cell

In bit-interleaving SRAM cell design, half-select problem is center of attraction for the
researchers. In writing mode, in the proposed 7T SRAM cell, M5 transistor is used. This
transistor prevents the half-select problem. Figure 3 shows two cells of our memory array in
writing mode. To write a value in the first cell, WWL is set to VDD+300mv, the first cell T is set
to VDD+300mv by the first column address. At this time, the second cell in the first row is ready
to be half selected, but due to the low value of the second column address, the second cell T is set
to "0", as a result, M4 transistor turns off. Thus, the stored value in this cell is preserved.

3.5. Control Circuit In The Proposed Cell

We consider our proposed cell in a memory array according Figure 4. According to the figure,
each column has a common control circuit which follows table 1 to produce an appropriate
voltage in each mode. We design the control circuit as Figure 5. According to the design when
cell is in read mode (read-en and CA="1") G1 and T are set to "0" logic value. When cell is in
write mode (write-en and CA="1") G1 and T are set to "VDD" and "VDD+0.3v" respectively and
when cell is in hold mode (read-en and write-en and CA="0") G1 and T are set to "vVDD" and "0"
respectively.
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Table 1. G1 and T values in different modes
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Figure 3. Two cells of our memory array in writing mode
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Figure 4. The Proposed 7T SRAM cell memory array
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4. SIMULATIONS

The proposed 7T cell is simulated in 32 nm PTM technology [15]. We consider SVt, HP and LP
models for LVt and HVt transistors in our simulation. The suggested 7T cell has been compared
with the conventional 6T cell and the 7T, 10T, 11T and 12T [10-14] bit interleaving SRAM cells.

4.1. Hold And Read Static Noise Margin (Hsnm And Rsnm)

In order to analysis the cell stability of the SRAM memory in the read and hold modes, we can
use the SNM. As mentioned in [16], The SNM value is obtained from the SRAM cell voltage
transfer characteristic (VTC). To find the SNM of circuits we plot the butterfly diagram of them
and try to put a square with maximum dimension in the plot. Value of this square leg is equal to
SNM [15]. Figure 6 shows butterfly diagram of 6T and the suggested 7T SRAM cells in hold
mode and VDD = 0.5 V. In this case, the access transistors are off and the large wings
demonstrate the appropriate stability of these cells. We have run Monte Carlo simulations with
100 iterations in 5% Vt, thickness of gate oxide and channel length variations with Gaussian
function in sigma 3 in order to model the deviations.
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Figure 6. Butterfly diagram in hold mode and VDD = 0.5 V a) proposed 7T cell b) 6T cell
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Figure 7. Butterfly diagram in read mode and VDD = 0.5 V a) proposed 7T cell b) 6T cell

Figure 7 shows the butterfly diagram of 6T and 7T cells in read mode with VDD =05 V. 6T
SRAM cell read butterfly diagram wing is small. In this case, the access transistors are on and
there are variations in threshold voltage. As a result, read stability for this cell in low voltages is
unacceptable .On the other hand, read stability for the suggested 7T cell is equal to hold stability.
Because, in this cell we use a buffer (transistor M7) and boosted voltage for word line (RWL). In
fact in this mode, by using the buffer, storage node QB is isolated from read access transistor M6.
Figure 8 shows HSNM and RSNM of under test SRAM cells in various VDDs.
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Figure 8. a) Hold stability for various cells b) Read stability for various cells

4.2. Write Margin

In order to analysis the write ability in the SRAM cell, we used write margin (WM) parameter.
To measure the write margin (WM) of different cells, the second method in [18] is considered. In
this method, SRAM cell is configured in write mode (for a write '1' case). The voltage of BL (the
bitline connected to the node holding ‘1’ initially) is swept downward during simulation. The
write margin is defined as the BLB value at the point when Q and QB flip. The WM of different
cells versus supply voltage, is shown in Figure 9. We examined 100 MONTE CARLO
simulations to model the variability.

In the proposed cell, owing to boosted write word line feature and removing driver transistor,
write operation is more likely to succeed. Larger WM of the proposed cell in Figure 9 confirms
this prediction.
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Figure 9. WM of cells in different VDDs

4.3. Speed Of The Cells

Figure 10 compares read-time delay and write-time delay for conventional 6T SRAM cell ,
proposed 7T SRAM cell and other counterpart cells in T = 25°C and VDD = 0.5 V. Cell’s write-
time is defined as the time that takes between 50% of word-line (WL) when goes to Vdd and the
time that voltages of the nodes of the cell become equal (“Q” and “QB). Cell’s read-time is
defined as the time that takes between activation of read word line and the time that 50 mV
voltage difference occur between read bit-lines (or between read bit-line and Vdd rail in cells
with single ended read operation). As shown in figure 10, due to using Multi-Vt transistors,
removing driver transistor and boosted voltage, the suggested 7T cell write delay is lower than
other cells while the cell read delay is also acceptable.
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Figure 10. Delays for different cells in T = 25°C and VDD = 0.5 V (nS)

4.4. Power Consumption

Tables 2, 3 and 4 show power consumption for various cells in read, hold and write modes,
respectively. Read power consumption of the suggested 7T cell is nearly equal to the 7T cell in
[10]. But our 7T cell has better features in sub threshold region such as better WM, RSNM, hold
and write power and delay. As well as, generally, hold and write power consumption for the
suggested 7T cell is lower than other cells.
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Table 2. Read power consumption (nW)

VDD(V) 6T 7T 10T-1 12T Proposed7T 10T-2 11T
0.3 34.9 2.4 5 6.3 0.032 5.5 6.7
0.4 353 27.1 59.2 78 32.47 61 66
0.5 1760 152 335 489 149.9 346 358

Table 3. Hold power consumption (nW)

VDD(V) 6T T 10T7-1 12T Proposed7T 10T-2 117
0.3 0.21 0.052 0.02 0.3 0.007 0.021 0.023
0.4 0.357 0.093 0.04 0.5 0.015 0.039 0.042
0.5 0.595 0.164 0.07 0.9 0.032 0.076 0.08

Table 4. Write power consumption (nW)

VDD(V) 6T T 10T7-1 12T Proposed7T 10T-2 117
0.3 1.3 0.6 0.39 0.45 0.05 0.4 0.42
0.4 2.1 1.22 0.778 0.9 0.39 0.82 0.86
0.5 3 2.1 1.44 1.6 0.65 1.54 1.7

4.5. The Proposed 7T Cell Layout And Post-Layout Simulations

Figure 11 shows the layout of the suggested 7T cell in LEDIT software. In this design, A is half of
technology (technology is 32nm and A is 16 nm). In proposed 7T cell design, the HP and LP
model in [15] are used for LVt and HVt transistors. These transistors have the same layout
design. This is because their difference is in threshold voltage and threshold voltage difference is
caused by gate work function.

Figure 11. Layout of the suggested 7T cell

We run post-layout simulation by extracting net list of the layout. Tables 5, 6 and 7 show power
consumption, HSNM, RSNM, WM, RTD and WTD for the proposed 7T SRAM cell for post-
layout in different VDDs. As expected, by adding the parasitic capacitors, delays increase and the
amounts of SNM and WM make a little difference with pre layout simulation results.

Table 5. power consumption, post layout simulations, T = 25°C (nW)
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Hold | Read | Write

VDD(V) mode | mode | mode
0.5 0.038 | 153 0.78
0.4 0.017 34 0.43
0.3 0.0075 | 2.65 | 0.058

Table 6. Proposed 7T cell performance parameters, post layout simulations, T = 25°C (mV)

VDD(V) | HSNM | RSNM | WM
0.5 187 184 144
04 140 133 101
0.3 92 88 57

Table 7. Delays for the proposed 7T cell, post layout simulations, T = 25°C (nS)

VDD(V) | RTD | WTD
05 | 1.65| 0.98
04 | 443 | 157
03 25 | 41

5. CONCLUSIONS

In this paper, a new bit interleaving sub-threshold 7T SRAM cell with different paths and the
boosted voltage to read and write word line (VDD + 0.3 V) is presented that improves cell
performance compared with conventional 6T SRAM cell. To improve the reading operation, an
access buffer is used that separates storage node from read access transistor. Also, to reducing
leakage, the virtual ground is used and its control circuits are presented. With techniques used in
the cell such as removing driver transistor, suggested 7T cell area is improved against other bit-
interleaving cells. On the other hand, combining different techniques and applying multi-Vt
transistors in the suggested 7T cell design increase the cell performance similar to other 10T and
12T bit-interleaving cells. The proposed 7T SRAM cell performs effectively write operations
with high speed while the cell is without half-select problem. Simulation results in a PTM 32 nm
technology show that the proposed design improves power consumption compared with other
cells. Furthermore, the proposed cell in comparison with similar SRAM cells, which are
compatible with bit interleaving structure has better performance in write and read modes.

REFERENCES

[1] J. M. Rabaey, A. P. Chandrakasan and B. Nikolic, " Digital Integrated Circuits: a Design Perspective,
Prentice-Hall, " Inc, 2003.

[2] M. Khayatzadeh, et al., "Average-8t differential-sensing subthreshold sram with bit interleaving and
1k bits per bitline," Very Large Scale Integration (VLSI) Systems, IEEE Transactions on, Vol. 22, No.
5, 971-982, 2014.

[3] J.L. Autran, D. Munteanu, S. Serre and S. Sauze, "A Review of Real-Time Soft-Error Measurements

in Electronic Circuits," Reliability Physics Symposium (IRPS), 2012 IEEE International, Anaheim,
CA, 2012 ,pp.5B.1.1-5B.1.2.

10



[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

International Journal of Electronic Design and Test (JEDT) Vol.1 No.3

R. C. Baumann, "Radiation-Induced Soft Errors in Advanced Semiconductor Technologies," IEEE
Trans. Device and Materials Reliability, VVol. 5, No. 3, pp. 305-316, 2005.

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 Trans. Electron Devices, Vol.
57, No. 7, pp. 1527-1538, 2010.

A. Sil, S. Bakkamanthala, S. Karlapudi and M. Bayoumi,"Highly Stable, Dual-port, Sub-threshold 7T
SRAM Cell for Ultra-low Power Application,” in Proc. NEWCAS, Montreal, QC,2012, pp. 493-496.

S. Pal and A. Islam,"9T SRAM Cell for Reliable Ultralow-Power Applications and Solving Multi-Bit
Soft-Error Issue," IEEE Transactions on Device and Materials Reliability, VVol. 16, No. 2, pp. 172-
182, Jun. 2016.

Y.W. Chiu, Y.H. Hu, M. H. Tu, JK. Zhao, Y.H. Chu, S.J. Jou and C.T. Chuang,"40 nm Bit-
Interleaving 12T Subthreshold SRAM With Data-Aware Write-Assist," IEEE Trans. Circuits and
Systems, Vol. 61, No. 9, pp. 2578-2585, Sep. 2014.

D. ATuan, J. Y. Shern Low and J. Y. Lih Low, " An 8T Differential SRAM With Improved Noise
Margin for Bit-Interleaving in 65nm CMQOS," IEEE Trans. Circuits and Systems, Vol. 58, No. 6, pp.
1252-1263, Jun. 2011.

G. Pasandi and S. M. Fakhraie, "A New Sub-Threshold 7T SRAM Cell Design with Capability of
Bit-Interleaving in 90 nm CMOS," in Proc.21st ICEE, Mashhad, 2013, pp. 1-6.

I. k. J. Chang, J. J. Kim, S. P. Park and K. Roy, "A 32 kb 10T Sub-Threshold SRAM Array With Bit-
Interleaving and Differential Read Scheme in 90 nm CMOS," IEEE Journal of Solid-State Circuits,
Vol. 44, No. 2, pp. 650-658, 2009.

Y. W. Chiu, Y. H. Hu, M. H. Tu, J. K. Zhao, Y. H. Chu, S. J. Jou and C. T. Chuang, "40 nm Bit-
Interleaving 12T Subthreshold SRAM With Data-Aware Write-Assist,” IEEE Trans. Circuits and
Systems I, Vol. 61, No. 9, pp. 2578-2585, 2014.

S. Mansure, R. Gamad, " A data-aware write-assist 10T SRAM cell with bit-interleaving capability, "
Turkish Journal of Electrical Engineering & Computer Sciences, Vol. 26, No. 5, pp. 2361-2373,
2018.

V.Sharma, P. Bisht, A. Dalal, Sh. S. Chouhan, H.S. Jattana, S.K. Vishvakarma, " Low Power 11T
Subthreshold SRAM with Double Adjacent Error Correction for FPGA-LUT Design,” , 22"
International Symposium , pp. 551-564, 2019.

Predictive Technology Model (PTM) [Online]. Available :( http://www.eas.asu. Edu/_PTM/).

Alorda. B, Torrens. G, Bota. S and Segura. J, "Adaptive static and dynamic noise margin
improvement in minimum-sized 6 T-SRAM cells,”, Microelectronics Reliability, Vol. 54, pp. 2613-
2620, 2014.

Mostafa. H, Anis. M and Elmasry. M, "Adaptive Body Bias for Reducing the Impacts of NBTI and
Process Variations on 6T SRAM Cells," IEEE Trans. Circuits and Systems I: Regular Papers, Vol.
58, pp.2859-2871, 2011.

Wang. J, Nalam. S and Calhoun. B. H, "Analyzing Static and Dynamic Write Margin for Nanometer
SRAMs," Low Power Electronics and Design (ISLPED), 2008, pp.129-134.

11



