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ABSTRACT

The Static Random Access Memory (SRAM) has one of the most critical roles in modern computer architecture
designs. The SRAM consists of an array of bit cells, each of which can store one bit of information. The
performance of entire SRAM depends upon the ability of an individual cell’s read and write operation. It is
therefore imperative that each cell is able to perform a read operation quickly and correctly evaluate values.
The read port in SRAM cells suffers from design issues such as evaluation speed, area, leakage current and bit
line offset. The problems are only worsened due to process, voltage and temperature variations. In this work, a
comprehensive evaluation of SRAM read ports on the basis of bit line offset, size, capacitance, read current and
leakage current on the 45nm CMOS Technology has been presented. The results showed that the conventionally
used 6T SRAM cell had the highest leakage current, the highest bit-line offset and overall lowest performance.
The 8T cell showed moderate performance metrics. However, the 8T cell with modified read port showed the
lowest bit line offset, lowest leakage current and the lowest capacitance. These performance metrics directly

translated to higher read operation performance in SRAM.
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I. INTRODUCTION

The SRAM is a high-performance memory used in cache in microprocessors and system-on-chip devices. It
occupies a large portion of the any processor and has a direct impact on the performance of the microprocessor
[1]. Since there has been a need for battery powered portable devices in the recent times, the memory ought to
be highly efficient in terms of power consumption. This places a design constraint on the power consumption of
memory. These portable devices also require large amount of computing power which in turn requires a high-
performance cache memory.The designer thus has to be meticulous about the performance and power trade-off
when designing SRAMs.

The most commonly used SRAM bit cell is the six-transistor cell. It occupies a minimal area, provides
differential sensing and consumes low power. However, there is a design trade-of associated with the 6T SRAM

cell. This trade-off exists between its read and write capability. Since its performance is worsened in deep sub-
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micron region due to process variations, several alternate designs have been proposed in order to mitigate the
performance issues of the 6T SRAM cell. These attempt to either decouple read and write ports of SRAM cells

or add additional control signals to enhance performance and power consumption at the expense of area.

In this work, different read ports have been compared on the basis of leakage current, bit line offset,
capacitance, and port size. The paper has been constructed as follows. Section Il describes the different read port
architectures that are commonly used in SRAM. Section 11l explains the different performance metric upon
which each port has been evaluated. Section 1V shows the simulation results for performance metrics for all the

read ports. Finally, Section V concludes the paper.

I1. READ PORT ARCHITECTURES
The SRAM ports can be evaluated on the basis of several design parameters. Each of these design parameters

have been explained in the following sub-sections.

2.1 6T SRAM Cell Port [2]

The six transistor SRAM cell consists of two access transistors (ACL and ACR) for read and write operation, as
shown in Fig. 1. During the read and write operation, the word line (WL) is enabled and the data is received or
put on the bit lines. The internal nodes formed by two cross coupled inverters, store one bit of information. The
cross coupled inverters are formed using two pMOS (Pull Up Left and Pull Up Right) and two nMOS (Pull
Down Left and Pull Down Right). During the standby condition when the cell is not performing any operation, a
static leakage current flows from bit line in to the data node (X). This increases power consumption and
increases the bit line offset. Although the area is very low for such a configuration, the combined pass gate

leakage may inadvertently pull down the bit line in case of larger arrays.

BL PUL  PUR BL
WL WL
A L
[ Lx x 1
ACL ACR
PDL  PDR

Fig. 1 The conventionally used 6T SRAM Cell using a single nMOS transistor for access port [2]

2.2 8T SRAM Cell Read Port [3]
The eight transistor SRAM cell consists of an isolated read port for noise free read operation. For this operation,
two transistors are used as shown in Fig. 2. In this configuration, the worst-case scenario occurs when the cell

stores low value. This causes the transistor (R2) of the read port to be turned on. This increases the sub threshold
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leakage current through the read port. This in turn further increases the bit line offset causing the effective read
current to degrade. The resulting performance is worsened due slower sensing speed due to such a sensing
mechanism.

RBL

Fig. 3 The 8T SRAM cell with isolated read port using R1 and R2 nMOS [3].

2.3 Modified 8T Cell Read Port [4]

Since the performance of the read port in the 8T cell is degraded, another read port architecture was proposed in
[1 as way to mitigate the performance issues of the previous structures. The architecture for this port is shown in
Fig. 3. This involves the replacement of the read operation enable signal to the lower half of the read port. This
effectively reduces the total potential difference between source and drain during hold condition of the SRAM
cell. This causes the subthreshold current to reduce to less than half of original value. The read performance is
greatly increased due to lower bit line offset. The power consumption is also decreased.

BL BL RBL

Fig. 3 The 8T SRAM cell with modified read port [4].
I1l. PERFORMANCE PARAMETERS

The SRAM ports can be evaluated on the basis of several design parameters. Each of these design parameters

have been explained in the following sub-sections.

3.1 Leakage Current
The leakage current becomes a greater portion of total power consumption as technology size scales [5]. It

comprises of the subthreshold leakage current, which flows through cut off nMOS and pMOS transistors. The
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subthreshold current is exponential and dependent on the gate voltage. It is due to carrier diffusion between
source and drain regions of transistor in weak inversion. The Gate Induced Drain Leakage is part of leakage
current and is caused by high field effect in the drain junction of MOS transistors [6]. This leakage current is
exacerbated by high drain-body potential and high drain-gate potential. Another component of leakage current if
the junction current, flows from high node to substrate. This is also called the Reverse-Diode Leakage because it
flows when the p-n junction between the bulk and drain is reverse biased.

3.2 Read Current

The current that flows during a read operation is known as read current [7]. For the 6T cell, the read current
should be able to pull down the bit line in the required time, while simultaneously not destroying the data in the
cell. For isolated read port cells such as the 8T cell, the effective read current should be as large, so that the read

bit line may be pulled down as quickly as possible for a faster read operation.

3.3 Bit Line Offset

SRAM arrays composed of larger arrays are prone to bit line offset conditions. The combined leakage from all
cells on a column reduces the bit line voltage level. Bit cell pass gate device leakage thus reduces the sense
amplifier input differential due to the subthreshold leakage from the bit lines. The worst-case sensing occurs
when all the unselected bitcells on the column store exactly the opposite data from the selected bit cell. Pass
gate leakage determines the maximum number of bitcells that can be implemented per column. This effect is

usually important in high performance memories due to the low threshold voltage of the pass gate device.

3.4 Capacitance

Larger capacitances not only increase time to charge and discharge nodes during every clock cycle, it also leads
to higher power consumption. This causes issues in heat dissipation as well. Similarly, for SRAM cells, the
capacitance must be as low as possible. This is ensured by smaller vertical sizing for SRAM cells and lower

number of transistors per read port [8].

3.5 Size
Since the area on a chip is expensive, it has to be used judiciously. Therefore, the designer has to be careful
about the size of each cell. A smaller read port in terms of transistor count leads to a smaller SRAM cell. This

causes the overall area of the memory to decrease, thereby lowering the cost [9]

IV. SIMULATION RESULTS

All simulations were performed on the 45-nm CMOS technology [10]. The supply voltage is 0.9V and the
temperature is 27°C. All read ports were compared on the basis of leakage current, capacitance, bit line offset
and number of transistors per port. The bit line offset was calculated for 128 bit cells per column. The sizing for

transistors and the simulation results have been tabulated in TABLE 1.
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TABLE I Performance comparison
SRAM Cell | Read Port | W/L Ratio | Leakage Read Bit Line Capacitance | Size (No. of
Port Transistors | (nm) Current Current Offset (fF) devices/port)
(nA) (uA) (mV)
6T Cell Port | ACL, ACR | 90/45 33.45 38.19 55.4 38.74 1
PDL, PDR | 180/45
8T Cell Port | R1, R2 90/45 15.45 22.45 44.5 32.16 2
8T Cell with | R1, R2 90/45 7.74 23.89 23.9 34.64 2
Modified
Read Port

As shown in TABLE I, the port in 6T cell resulted in the lowest performance of all architectures compared.
With its higher leakage current, the bit line offset also increased. However, it also had the least number of
devices. The read port for the 8T cell showed moderate performance, with low leakage current, lower
capacitance and lower bit line offset. However, the best performance was exhibited by the 8T cell with modified
read port. It had the lowest leakage current, the lowest bit line offset and lowest capacitance. It also showed

good read current performance in comparison to the 8T cell with the same number of transistors per read port.

V. CONCLUSION

In this work, a comprehensive analysis was performed and presented to compare different read ports in SRAM
cells. Each of the port differed in architecture, and performed differently. The most commonly used cells such as
the 6T cell, 8T cell and the 8T cell with modified read port were analysed. The effect of each port on different
performance metric was also discussed. The port ability was explained in correlation with leakage current, read
current, bit line offset, capacitance and number of transistors per port. The results showed that the
conventionally used 6T SRAM cell had the highest leakage current, the highest bit-line offset and overall lowest
performance. The 8T cell showed moderate performance metrics. However, the 8T cell with modified read port
showed the lowest bit line offset, lowest leakage current and the lowest capacitance. These performance metrics

directly translated to higher read operation performance in SRAM.
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