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Abstract— Memory is an important part of any electronic device. In today's world static random access memory (SRAM) is 
widely used as memory. The major issues for design of SRAM are power loss, delay and stability. This paper presents a 
modified form of a symmetric eight-transistor SRAM bit-cell. In this paper transmission gate has been used as access transistor 
which provides rail-to-rail swing. Moreover, power consumption is reduced using gated ground technique. There is 32% 
power reduction in the proposed cell. All simulation are carried out in Spectre simulator of Cadence Virtuoso tool in 45nm 
technology process. All the circuits are operated at supply voltage of 1.3V. 
 
Index Terms—Symmetric SRAM, Data stability, Transmission gate, Gated-ground Technique.  
 
I. INTRODUCTION 
 
With the development of technology, the use of 
electronic devices in various fields have increased 
manifold. Memory forms an important part of any 
digital electronic device. SRAM is preferred as 
memory for its ease of use. For decades researchers 
have been working on various issues related to design  
of SRAM cell. The key issues that concern designers 
are power consumption, delay, stability, area. There is 
trade-off among these parameters. In the recent years, 
rapid supply voltage scaling has further complicated 
these issues. Threshold voltage fluctuation has 
degraded the stability of the SRAM cell. Generally, 
the cells with high stability has area overhead. Low 
power application has gained popularity as the SRAM 
cell suffer large power dissipation in both standby and 
active mode. Delay is a secondary factor. A better 
power-delay-product is desirable. 
A conventional SRAM cell has six transistors. It is a 
bistable element. It consists of two cross-coupled 
inverters (M1-M3 and M2-M4) and  two n-MOS pass 
gates as access transistors in Fig.1(i). The wordline 
controls supply to the bit-cell while bitlines read or 
write data('0' or '1') to the cell. The size of the cell 
greatly affects its performance. The cell ratio or β ratio 
measures the ratio of strengths of the pull-down to the 
pass-gate nFETs. The pull-up ratio measures the ratio 
of strengths of the pull-up to the pass-gate nFETs. 
Reducing the 6T SRAM cell size decreases its 
stability[1].  
In this paper a symmetric 8T SRAM bit-cell with high 
read stability has been modified to improve its 
performance. The symmetric 8T SRAM cell breaks 
the feedback loop of the cell to ensure high read 
stability without affecting write ability[2][3]. Fig.1 
shows how the conventional 6T cell varies from 
symmetric 8T cell. The RWL signal controls the two 
extra switches M7 and M8. 
     In this paper, the symmetric 8T SRAM cell is 
modified by using transmission gate as access  

 
transistor. Power reduction is achieved using 
Gated-ground technique. For sensing purpose 
advanced current controlled and decoupled latch sense 
amplifier is used. 
     The rest of this paper is organized as follows. In 
Section II, the background of transmission gate and 
gated ground technique is explained. In Section III, the 
proposed SRAM bit cell is described. Section IV 
provides the simulation result and power and delay 
comparison. Finally Section V gives the conclusion of 
this paper. 
 
II. BACKGROUND 
 
A. Transmission Gate 
In a typical SRAM cell, the access transistors allow 
access to the cell during read and write operation and 
provide cell isolation during hold state[4].  The 
n-MOS pass-gate suffer from one threshold voltage 
drop. This indicates that if logic'1' is input to the cell 
then it will store maximum VDD-VTN .So, n-MOS is a 
bad 1 but good 0. But, transmission gate provides full 
voltage swing as both p-MOS and n-MOS is used. 
Here p-MOS passes logic'0' and n-MOS passes logic'1' 
completely. Due to low resistant path between input 
and output, transmission gate offers less delay.  
B. Gated Ground Technique 
The gated ground technique  is a power gating where a 
sleep transistor is inserted to the ground path of the 
SRAM cell. The gated-ground transistor produces 
stacking effect with self-reverse biasing series 
connected transistors. This technique largely reduces 
leakage current in the SRAM cell. The key idea is to 
introduce an extra transistor in the path from the 
supply voltage to ground of the SRAM cell[5]. 

  
III. PROPOSED SRAM BIT-CELL  
 
The diagram in Fig.2. describes the proposed SRAM 
cell design. In this circuit, transistors M1-M3 and 
M2-M4 form the two cross coupled inverters. The 
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n-MOS devices M5 and M6 are used as switches to 
decouple the inverters. 
 

 
 

Fig. 1. Conventional 6T and Symmetric 8T cell 
 

 
 

Fig. 2. Diagram of Proposed Symmetric SRAM cell 
 
During read operation. These are controlled by read 
word-line RWL. The storage nodes(Q2 and QB2) and 
the access nodes(Q and QB) are separated by M5 and 
M6. Here transmission gate TG is used as access 
transistor and is controlled by wordline WL and 
wordlinebar WLB. The gated-ground transistor VG  is 
controlled by wordline. The circled portion indicates 
the modified part of the circuit. The TABLE1 gives the 
voltage level of wordline, wordlinebar and read 
wordline during read, write and hold mode. 
During the write operation, the RWL and the WL are 
ON and WLB is OFF allowing data to reach the 
storage nodes from the bitlines through the 
transmission gate. 
During the read operation, the RWL is OFF to prevent 
bitline voltage affect the storage nodes. This ensures 
read stability is high. The WL is ON to obtain the data 
from the access nodes. The read current affects the 
access nodes due to voltage divider effect. 
In the hold mode, the WL is OFF but RWL and WLB 
is on to allow the feedback path retain the data. 

 
IV.  PERFORMANCE COMPARISON AND 

RESULT 
 
The schematic of symmetric 8T-SRAM bit cell and the   

TABLE I 
VOLTAGE LEVEL OF WORDLINES OF THE PROPOSED 

CELL 

 
 

Fig. 3. Schematic of Proposed Symmetric SRAM cell 
 

 
Fig. 4. Waveform showing write, read and hold operation of 

proposed     cell 
 

proposed symmetric SRAM bit cell are simulated in 
Cadence Virtuoso tool in 45nm technology process. 
The proposed symmetric bit cell schematic is shown in 
Fig.3. The bit cell is operated at supply voltage of 
1.3V. The waveform showing different operations of 
proposed bit cell is shown in Fig.4. It is known from 
the figure that nodes Q, QB, Q2, and QB2 switch state 
during write mode  but during read mode only Q and 
QB nodes switch state. Simulations are carried out at 
operating temperature of 27°c. All the analysis(both 
transient and dc analysis) is done using Virtuoso 
Analog Design Environment.  
C. Power Comparison 
There are various sources of power loss in a SRAM 
cell[6]. The total power consumption of the symmetric 
8T cell and proposed cell is obtained. This power is 
sum of switching power and static (leakage) power. 
Increasing the size of the transistors increasing power 
dissipation. The power comparison is shown in 
TABLE II. There is 32% power reduction in the 
proposed bit cell. 
D. Delay Calculation 
The input to output delay of the symmetric 8T cell and 
proposed symmetric cell is calculated during read and 
write operation. The TABLE III gives the details of 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-6, June-2015 

Design Of Low Power Robust Symmetric SRAM Cell Using Gated Ground Technique 
 

148 

delay calculation of the cells. The use of transmission 
gate helps in reducing delay of the proposed cell. 

 
TABLE II 

POWER COMPARISON 

 
 

TABLE III 
DELAY CALCULATION 

 
 

TABLE IV 
SNM COMPARISON 

 
 

 
Fig. 5. Butterfly curve showing read static noise margin 

      
E. Static Noise Margin (SNM) 
The stability of the bit-cell is an important 
performance parameter. The stability of the cell is 
determined from static noise margin(SNM). The SNM 
is the maximum noise voltage introduced at the output 
of the two inverters of cell such that the cell can 
sustain its state[7].The SNM is the length of the largest 
square that can be inscribed in the lobe of butterfly 
curve. Various topologies of SRAM cell(6T-10T) 
have been  proposed by researchers to improve cell 
stability. A multi-threshold CMOS technology offers 
wide range of design option for data stability. A 
comparative  analysis of these bit cells based on 
parameters like data stability, write voltage margin, 
read and write speed, layout area, power consumption 
is presented by authors in[8]. The read stability and 

write ability has conflicting design requirements. 
The dc analysis of the proposed cell is performed to 
obtain  the nodes Q and QB. This VTC curve is 
exported to MATLAB. 
 

 
Fig. 6. Circuit of current controlled and decoupled latch 

sense amplifier 
 

 
Fig.7. Schematic of current controlled and decoupled latch 
sense amplifier 
 

 
Fig.8. Waveform showing power of the sense amplifier 

 
Then butterfly curve is obtained by plotting the VTC 
curve and overlapping its inverse using MATLAB 
software. From Fig.5. the read SNM of the proposed 
cell is 282.3mV. The static noise margin comparison 
of the cells is given in TABLE IV. 

 
F. The Peripheral Circuitry 
The peripheral circuitry of SRAM consists of 
precharge circuit, sense amplifier and write driver. An 
advanced current controlled and decoupled latched 
sense amplifier is used [9].  
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.  
Fig.9. Circuit of the write driver circuit 

 
Fig. 10. Schematic of write driver circuit 

 
Fig. 11. Schematic of proposed SRAM cell with its peripheral 

circuitry 
 

 
Fig. 12. Read-write cycle of proposed cell with peripherals 
 

It is found that this sense amplifier consumes very low 
power compared to a simple sense amplifier. Fig. 6. 
gives the circuit of the sense amplifier and Fig. 7. 
gives its schematic. Fig. 8. shows the power curve of 
this sense amplifier. The sense amplifier consumes 
414.9E-9W  power. The write driver circuit is used to 

write data into the cell during write operation. In Fig.9. 
the write driver circuit is given and in Fig. 10. its 
schematic is given. 
Finally, the schematic of a single bit-cell with its 
peripheral circuitry is shown in Fig. 11. The working 
of this circuit is shown in Fig. 12. It is clear from the 
waveform that write 0 or 1 to the cell is read from the 
cell in the next cycle. After the bitlines are precharged 
to Vdd by precharge circuit, write enable allows input 
data to be stored into the cell. Then in next cycle, sense 
enable allows the stored data to be read by sense 
amplifier.  
 
CONCLUSION 
 
The symmetric 8T SRAM bit cell uses bit-interleaving 
scheme to separate read operation path from storage 
nodes to increase data stability. This cell is modified 
using transmission gate to provide full swing. 
Moreover, Power Gating(Gated-Ground) technique is 
used to reduce  power loss in the proposed cell. This 
technique has extra one transistor(nMOS) per bit-cell. 
So, there is 32% power reduction. As delay is also 
reduced, the proposed cell gives a better power delay 
product. Area overhead is the drawback of the circuit. 
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