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ABSTRACT: Due to the advancement of low power CMOS technology, the fast and low power static random access
memory has become an important component of many VLSI chips. This paper is focused on reduction in power
consumption during write operation. We have assumed that the proposed SRAM is designed by using Microwind 2 IC
design tool with CMOS 0.6um technology. The proposed SRAM cell is designed with the dual word line approach that
is circuit used two separated word line for write (WWL) and read (RWL) operation. In proposed 10 T SRAM with 0.6
pm CMOS technology the average write power consumption is being reduced by using two tail transistor at bottom of
pull down network of inverters and the bit line and bit bar line are cross coupled with theses transistor for proper
charging and discharging of bit line during write operation. The result is compared with conventional 6T SRAM cell
that is also designed with 0.6 pm CMOS technology; there is a decrease in average write power consumption in
proposed SRAM by 38.6 %.
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. INTRODUCTION

Most microprocessors use large on-chip SRAM caches to bridge the performance gap between the processor and the
main memory. Due to their growing embedded applications coupled with the technology scaling challenges,
considerable attention is given to the design of low-power and high-performance SRAMs by using CMOS technology
at micro level in microwind tool.

It is well known that according to ITRS roadmap 90% of chip area will consume by memory. Around 30% of the
worldwide semiconductor business is due to semiconductor memory chip. [1] In modern world as the technology
scaled down due to the introduction of CMOS technology, the memory becomes the basic need of many very large
scale integration (VLSI) chips.[2] In today’s CMOS technology device has been scale down to achieve higher speed,
performance and lower power consumption. As the CMOS technology scaled down to sub micron level, the IC
designer should be able to integrate significant densities of memory and logic on same chip. Such a system on chip
with high speed and low power has wide applications in hand held portable devices.

Il. RELATED WORK
The [3] authors mainly used two facts to design low power CMOS SRAM that are:

e Standby power reduction
e  Operating power reduction

The power reduction techniques for CMOS SRAM depend on the applications where they are going to be used.[4] The

power dissipation in CMOS SRAM occurs in form of dynamic power and standby power. In low power design the high
density RAM are required to operate at very low voltage to reduce the power dissipation.[4] When the device operate at
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very low voltage its threshold voltage must reduce to manage the speed of the device, but this reduction in threshold
voltage results an increase in leakage current in SRAM cell.[5]

This leakage current is controlled in proposed novel 10 T SRAM cell by using two tail transistors at the pull down
network of inverters and both are cross coupled with bit line and bit bar line to control the charging and discharging of
bit lines during write operation and also helps in controlling the leakage current in standby mode.

In continuation to our work of low power 10 T SRAM cell [6], we have calculated the total power consumption
focused on reduction in power consumption during write operation. In this paper Section | explains the need of CMOS
technology scaling, section Il describes the functional approach of conventional SRAM cell, and in section 11l the
design of conventional SRAM cell with 0.6 um CMOS technology is done in Microwind \ DSCH tool and its normal
operation has been discussed. In Section IV proposed SRAM cell design with 0.6 um CMOS technology has been done
in Microwind \ DSCH tool and operation is discussed. In Section V the simulation result is discussed and compared
with conventional SRAM cell to show the decrease in average power consumption in novel proposed SRAM cell.

1. CONVENTIONAL 6T SRAM CELL

SRAM is made up of flip flop and it store single bit as voltage. In conventional SRAM cell each bit in an SRAM is
store on four transistors that form two cross coupled inverters. As shown in figure (1.1) since the cell consist of latch
therefore cell data is kept as long as power is turned on and refresh operation is not required unlike DRAM. [7] Hence
the SRAM is most commonly used system on chip and is designed to fill two needs ; one is to improve the direct
interface with CPU at speed not attainable by DRAM and the other one is to replace DRAM in system that require

very low power consumption.[8]
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Figure.1.1: SRAM Cell [3]
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V. DESIGN OF CONVENTIONAL SRAM CELL WITH 0.6pm TECHNOLOGY

The schematic of SRAM cell is designed using DSCH logic editor as shown in the Fig.(1.2). It has 2 pull up PMOS and 2 NMOS
pull down transistors as two cross coupled inverters and two 2 NMOS access transistors to access the SRAM cell during Read and
Write operations [9] . Both the bit lines (BL and BLB) are used to transfer the data during the read and write operations in a
differential manner. To have better noise margin, the data signal and its inverse is provided to BL and BLb respectively
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Figure 1.2 Design Systematic of conventional 6T SRAM
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Operation of SRAM cell: - As shown in Fig. (1.2) circuit diagram of a conventional 6T SRAM cell has Word line (WL) is used for
enabling the access transistors T2 and T5 for write operations. The bit line BL and BL bar line are used to store the data and its
compliment. [9]

Writing operation, for proper writing operation, one bit line is high and the other bit line is low. For writing “0”, BL is low and BL
bar is high. When the word line (WL) is asserted high, both access transistors T2 and T5 are turned ON and any charge which is
stored in the BL goes through T2-T3 path to ground. Due to zero value on Q bar, the transistor T4 is ON and T6 is OFF. So the
charge is stored at Q bar line. Similarly in the write “1” operation, BL is high and BL bar is low, due to this T6 is ON and the charge
stored on Q bar is discharged through the T5-T6 path and due to this low value on the Q bar, T1 is ON and T3 is OFF, so the charge
is stored on the Q.

Before the read operation of “1” at Q (for example) begins, BL and BL bar are pre-charged to as high as VVdd. When the WL is
selected, the access transistors T2 and T5 are turned ON. Because of the pull-up transistor T1 ON and pull down transistor T3 OFF,
voltage of BL will be nearly VVdd. On the other side, current will flow from the pre-charged BL bar to ground, thus discharging BL
bar line through T5-T6 path to ground; T4 being OFF. Thus, a differential voltage develops between BL and BL bar lines. This small
potential difference between the bit lines is sensed and amplified by the sense amplifier at the data output.

V. PROPOSED SRAM CELL WITH 0.6um TECHNOLOGY:

With the reduction in power consumption and leakage current there is one method to make modification in conventional SRAM
circuit in such a way that the proposed SRAM circuit help in reducing the power consumption and leakage current and also manages
the charging and discharging the bit line during read and write operation. This paper is devoted in continuation of my proposed low
power 10 T SRAM cells [6] to calculate the total power consumption and is more focused on reduction in power consumption during
write operation. In Microwind 2 tool by default the software is configured at 0.25 pm technology. As the CMOS technology
improving channel length of MOSFET is scaling down. In this environment stability of SRAM becomes the major concern for future
technology. [15] A SRAM cell must meet requirements for operation in submicron/nano ranges. So we have to modify conventional
6T SRAM circuit with additional circuitry to design a novel SRAM cell by using 0.6pum technology files.

In this new SRAM cell the read operation and write operation is performed by two different word lines WWL and RWL. During
write operation RWL is low and WWL is activated similarly during read operation the WWL is low and RWL is high.

There is one another transistor is connected between the two cross coupled inverters that will help in reducing the effective
resistance of the pull down network of inverters and is responsible for read operation by connected the gate of this transistor to the
RWL (read word line) signal. Last one transistor also added in new proposed SRAM cell nearly one of the access transistor to create
a separate path for read operation of new SRAM cell by connecting RWL signal with gate of this transistor and drain terminal is
connected at output of one inverter. The schematic circuit of proposed SRAM is shown in figure (1.3)
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Figure 1.3. Schematic circuit of proposed SRAM [6]
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The proposed circuit is given best result in reducing average power consumption during write operation, with
activating the WWL and giving a high input to bit line. As the bit line line and bit bar lines are added with an inverter,
so it will generate the complementry date automatically when any one of the bit line is selecting in accordance to
circuit operation need. The average power consumption is calculated by microwind 2 used for designing and
simulating the proposed SRAM cell circuits at layout level by selecting the foundry value for this proposed SRAM cell
is 0.6um CMOS technology and after that choosing the appropriate cell ratio, for PMOS it is W\L = 2.00/0.12 and for
NMOS its value is taken W/L = 1.00/ 0.12. The cell ratio is very important factor in SRAM cell in term of data stability
during read and writes operation the proposed SRAM cell is more focused on reduction in power consumption during
write operation by using dual word line approach, using two separated word line for write (WWL) and read (RWL)
operation. The SRAM with 0.6um technology, the average write power consumption is being reduced with the help of
the two transistors used in pull down network of latch and the bit line and bit bar line are cross coupled with these two
tail transistors is responsible reduce the number of times to charge and discharge the large bit lines capacitance to
reduce the write power consumption. The proposed SRAM circuit is designed at layout level as shown in figure (1.4)
and when simulation is performed then by default voltage vs time curve is generated and the average power
consumption is automatically calculated in micowind simulator tool.

VI. SIMULATION RESULT DISCUSSION OF PROPOSED SRAM WITH CONVENTIONAL SRAM
WITH 0.6um CMOS TECHNOLOGY

Here in this section by using microwind 2 layout designs and simulation, the proposed 10 T SRAM circuit analysis is
done in term of calculating the total average power consumption during write operation as shown in figure (1.4.)&
figure (1.5). This total average write power consumptions of proposed SRAM cell is compared with conventional 6T
SRAM cell as shown in figure (1.7) and (1.8) for showing the actual reduction in power consumption in proposed
SRAM cell.
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Figure 1.5. Simulation for proposed 10 T SRAM cell (P=1.193mW)
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Figure 1.6. Simulation waveform of proposed SRAM cell

From the simulation waveform result shown in figure (1.6), it is clear that during write operation WWL is high and RWL is low.
Output Q goes high and QB low the write ‘1’ at Q & ‘0’ at QB is performed. As the WWL goes low and RWL goes high the output
changes QB goes high and Q goes low, read ‘1’ operation is performed. The simulation result analysis of proposed SRAM shown in
figure (1.5) shows the total average total average power consumption of proposed circuit during write operation.
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Figure 1.8. Simulation for conventional 6 T SRAM cell(P= 3.090mW)
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Figure 1.9 Simulation analysis of 6 T SRAM cell

POWER CONSUMPTIONS

As shown in simulation wavefrom of conventional SRAM (1.8) and proposed SRAM cell at 0.6 um technology (1.5)
there is a decrease in total average power consumption during write operation in proposed SRAM cell about 38.6 %
compared to conventional SRAM cell. Table 1 shows the calculated power consumption value of both conventional
and proposed SRAM cell.

SRAM cell Average power
consumption
Conventional 6T SRAM 3.090 mwW
cell
Proposed 10 T SRAM cell 1.193mwW

Table I Total average power consumption
VII. CONCLUSION

In this paper by using of CMOS technology to 0.6um technology a novel 10 T SRAM cell is designed. The proposed
technique with two separate word line approach for read and write operation. The proposed SRAM used two tail
transistors that are connected in pull down network of inverters, and these two tail transistors are cross coupled with bit
line and bit bar line are responsible to reduce the number of times to charge and discharge the large bit lines
capacitance to reduce the write power consumption. The simulation result using MICROWIND 2 TOOL shows much
better decrease in write power consumption by using proposed SRAM cell as compared with conventional SRAM.

FUTURE WORK
With respect to day by day rapid advancement in CMOS technology, the proposed SRAM cell can be optimized to

nano scale technology to decrease total power consumption during read and write operation as well as to control
leakage current in standby mode
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