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ABSTRACT

To solve the power dissipation problem, many
researchers have proposed different ideas from the
device level to the architectural level and above.
However, there is no universal way to avoid tradeoffs
between power, delay and area, and thus designers are
required to choose appropriate techniques that satisfy
application and product needs. This paper represents the
simulation of different SRAM cells and their
comparative analysis on different parameters such as
Power, Operating Frequency, Temperature and area
efficiency etc. All the simulations have been carried out
on EDA tanner at 90nm, 45nm and 32nm technologies
for enhancing the cell performance.

Keywords - CMOS Logic, Low power, Speed, SRAM and
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I. INTRODUCTION

The transistors have been lowered which also contributes to
leakage currents, badly. These leakage currents can drain a
lot of power and reduce battery life dramatically, a severe
curse for the portable multimedia applications. Solutions
involving additional transistors, i.e., 7T, 8T, 10T and 11T
have been explored to lower power consumption while
reducing these adverse effects in the cell performance. This
paper look into a couple of these SRAM Cells topologies
that allow the analysis and simulations of different
parameters at different technologies successfully on the
basis of the power dissipation, speed, operating frequency
range and their temperature dependence with the area
efficiency of the circuit.

Il. LITERATURE REVIEW OF DIFFERENT SRAM
CELLS

1.1 6T SRAM Cell

In such a case, the SRAM voltage does not scale with
technology and could even be increased as variability
intensifies. The schematic diagram of 6T SRAM cell is
shown in fig.1. (a)[1]. During read, the WL voltage VWL is
raised, and the memory cell discharges either BL (bit line
true) or BLB (bit line complement), depending on the stored
data on nodes Q and BQ. A sense amplifier converts the
differential signal to a logic-level output. Then, at the end of
the read cycle, the BLs returns to the positive supply rail.
During write, VWL is raised and the BLs are forced to
either VDD (depending on the data), overpowering the

contents of the memory cell. During hold, VWL is held low
and the BLs are left floating or driven to VDD.

1.2 Modified 6T SRAM Cell

The transistors NMOS_3, PMOS 4 and NMOS_2,
PMOS 1 form cross coupled inverters. Reduction of
leakage power is the effective stacking of transistors in the
path from supply voltage to ground. This is based on the
observation that “a state with more than one transistor OFF
in a path from supply voltage to ground is far less leaky than
a state with only one transistor OFF in any supply to ground
path.”[2][4].

1.3 7T SRAM Cell

The 7TSRAM cell uses a novel write mechanism in this
fig.1(c) which depends only on one of the 2 bit-lines to
perform a write operation, which reduces the activity factor
of discharging the bit-line pair. [7].

1.4 8TSRAM Cell

A dual-port cell (8T-cell) is created by adding two
transistors; the read can be entirely decoupled from the write
operation in an 8T cell by sensing the data through a
separate read stack controlled by a separate read wordline
(RWL).The remaining 6T portion of the cell is optimized for
write, resulting in an overall lower Vmin. Separation of data
retention element and data output element means that there
will be no correlation between the read SNM Cell and |
Cell. Thus, an 8T SRAM design [10] contains a write assist
in which a horizontally routed VDD line is collapsed during
write. As a result, the bit cell array Vmin is limited by the
hold margin.

1.5 9TSRAM Cell

The schematic of the 9T SRAM cell, with transistors sized
for CMOS technology, is shown in Fig.1 (e). The upper sub-
circuit of the 9T memory circuit is essentially a 6T SRAM
cell with minimum sized devices (composed of
NMOS_2,NMOS_1,NMOS_4,NMOS_3,PMOS_2,

and PMOS_1).The two write access transistors (NMOS_3
and NMOS_4) are controlled by a write signal (WL). The
data is stored within this upper memory sub-circuit. The
lower sub circuit of the new cell is composed of the bit-line
access transistors (NMOS_5 and NMOS_6) and the read
access transistor (NMOS_7). The operations of NMOS_5
and NMOS_6 are controlled by the data stored in the cell.
NMOS_7 is controlled by a separate read signal (RD) [12].

951 |Page



Sapna Singh, Neha Arora, Neha Gupta, Meenakshi suthar / International Journal of Engineering
Research and Applications (IJERA)  ISSN: 2248-9622 www.ijera.com
Vol. 2, Issue 1,Jan-Feb 2012, pp.951-955

i

=

".

( .

- =

1
o . . .
/ - . . .
- -
l," — ? T ks 1 i . § K
L ™8 1 . .

0 Il N .l - .l N ahe ] §
ey ey —_:__‘_., . - ® B . . .
¢ | 1¢ | =t p4 we. . . . —

- >—— - -
mroed Ly o Lo ¢ - |: i - ' 2
o . T — 8 . = | . T . o
. | - - -
! a4 o 4 v 1 . .
. - . . - ot i o
- - - . - -
. . . |
® @ ®
1 L
H $
g '
5 /
/ ’ [ . . . 3
. s b .
-4 i . .l @ v
’ o i " .' - . W H . -
' v 1ol (31 : &
01 93 bh 4 ' .. o
= B TR ' 3 . e \
e . . » - * W 1Y | & * e .3
- I!":’B -
= l . . . . .
i cu" w -
.
. . ' .
— — — .
@ ®
¢ . . 3 .
V , mlo ¢ 4
— e
A : 8 V1, .
L ’
] ) [
H : 0 41
M —_ mile ' s ("N "‘—.—
Y o ———9
s ~a n "= ¥ | 3 "™l ¥ H
®h e M4 L
- m el L = - . ' 5 . .
WiDe) Lot — ' e 10V Y 1w 1L
o ‘——rrju e g ) "B ¢ ey T "
| o B e —o— e .- e —e a1
2 L o, T e ),
— H ™ o
- } . ol LoiBle
Ot—— |
< = -t v -t ©n o
- - s . ° . .

s — .
b — ,,/
. - £ !
o_i
o‘ et 0‘ +—ail ’ 2
S B! (LR
U e e B [ S S
noed Lt T 137 Lecws i} i
4 -
0 ‘= " s
-m s oy + 17} -
* e
oo e ) 1
- L
oy -
.

®

Fig.1:Several SRAM Cell structures :(a) 6T SRAM Cell [1], (b) Modified 6T SRAM Cell [4] , (c) 7T SRAM Cell [7] ,(d)
8T SRAM Cell , (e) 9T SRAM Cell ,(f) 10T SRAM Cell [15] ,(g) Differential 10T SRAM Cell [15], (h) 11T SRAM Cell
[16].
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The 9T SRAM cell completely isolates the data from the
bit lines during a read operation. The idle9T SRAM cells
are placed into a super cutoff sleep mode, thereby
reducing the leakage power consumption.

1.6 10T SRAM Cell

Fig.1 (f) shows the schematic of the 10T sub threshold bit
cell. Transistors are identical to a 6T bit cell except that
the source of PMOS 3 and PMOS_2 tie to a virtual
supply voltage rail Vdd. Write access to the bitcell occurs
through the write access transistors,NMOS 1 and
NMOS _3, Transistors from the write bitlines, WBLT and
WBLC. Transistors NMOS 5 through NMOS 7
implement a buffer used for reading. Read access is
single-ended and occurs on a separate bitline, RBL,
which is precharged to prior to read access. The wordline
for read also is distinct from the write wordline. One key
Advantage to separating the read and write wordlines and
bitlines is that a memory using this bitcell can have
distinct read and write ports.

1.7 Differential 10T SRAM Cell

10T SRAM is as shown in Fig. (g) shows a schematic of
a 10T SRAM with differential read bitlines (BL and
BLB). Two NMOS transistors (NMOS_4 and NMOS_8)
for the RBL and the other additional NMOS transistors
(NMOS_6 and NMOS_7) for BLB are appended to the
6T SRAM. The 10T cell permits bit interleaving and
exhibits superior sense margin with a differential read
path based on a DCVSL (differential cascade voltage-
switch-logic level) structure at the column periphery
[15].There is a performance degradation from stacked
transistors that requires boosted WL voltages, but BL
leakage is reduced at the same time.

1.8 11T SRAM Cell

In Fig.1 (h) the schematic of the 11T-SRAM bitcell is
shown. Transistors PMOS_3, PMOS_1, NMOS_7, and
NMOS_8 are identical to 6TSRAM, but two transistors
NMOS_land NMOS_2 are downsized to the same size as
the PMOS transistors. Minimum size transistors were
used for the added 5Tcircuitry, except the access
transistor that has a larger size. The most important part
of the 11T-SRAM is a boost capacitor (CB) that connects
source of NMOS_3 to RDWL. [16]

I1l. SIMULATION AND ANALYSIS

2.1 Simulation Environment

All the circuits have been simulated using BSIM 3V3
90nm, 45nm and 32nm technology on Tanner EDA tool.
To make the impartial testing environment all the circuits
have been simulated with supply voltage ranging 1v to
1.65v. Fig.2, 4, 5, 8, 9 shows the power consumption Vs.
operating frequency and Fig.3, 6, 7, 10, 11 shows power
consumption Vs. operating temperature for different
SRAM cells circuits at 90nm, 45nm and 32nm
technology.

2.2 Simulation analysis at 90 nm technology
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Fig.2 Power Consumption vs. Operating Frequency for
different SARM Cells at 90nm technology.
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Fig.3 Power Consumption vs. Temperature for different
SRAM Cell at 90nm technology

2.3 Simulation analysis at 45 nm technology
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Fig.4 Power Consumption vs. Frequency for 7T, 10T and
D10T SRAM Cells at 45nm technology.
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Fig.5 Power Consumption vs. Frequency for different
SRAM Cells at 45nm technology.
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Fig.6 Power Consumption vs. Operating Temperature for

6TM, 7T and 10T SARM Cells at 45nm technology.
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Fig.7 Power Consumption vs. Operating Temperature for
different SARM Cells at 45nm technology.

2.4 Simulation analysis at 32 nm technology
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Fig.8 Power Consumption vs. Operating Frequency for
7T and 6TM SARM Cells at 32nm technology.
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Fig.9 Power Consumption vs. Operating Frequency for
different SARM Cells at 32nm technology.
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Fig.10 Power Consumption vs. Temperature for 6TM and
7T SRAM Cell at 32nm technology
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Fig.11 Power Consumption vs. Temperature for different
SRAM Cell at 32nm technology

2.5 Simulation Results

By comparing different SRAM cell design, the power
consumption of the Differential 10T SRAM cell shows
the least power delay product over a range of supply
voltages at 90nm and 45nm technology and Modified 6T
SRAM cell shows the least power delay product over a
range of supply voltages at 32nm technology in terms of
power  consumption, operating  frequency and
temperature.

1VV. CONCLUSION

The most efficient technique to reduce the power
dissipation is the reduction of the supply voltage.
Unfortunately, reducing the supply voltage is the main
factor of reduction the speed operation of the circuit. This
paper tries to find out an efficient SRAM memory cell in
both the aspects power consumption and speed in terms
of operating frequency and temperature at different
technologies for enhancing the cell performance.
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