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Abstract - In technology improvement, A system on chip (SoC) is an integrated circuit that integrates all components of a 
computer or other electronic systems. It may contain digital, analog, mixed-signal, and all on a single substrate. In Digital 
SoC’s are mostly filled with SRAM (about 55%) and other remaining part will be Graphical Processing Unit (GPU) and 
Central Processing Unit (CPU). In memory design, different number of MOSFET bit cell targeting the different space 
requirements and different Process, Voltage and Temperature (PVT) which are affects the SRAM  metrics. Static Noise 
Margin (SNM), Write Margin (WM), Retention Voltage, read current, off current, leakage current variation in the SRAM 
these are the metrics of the SRAM. This paper analysis lot of research come up with improvement of bitcell, even why 6T 
transistor are used till today by semiconductor Industry. This paper explains comparison of different number of MOSFET 
SRAM bitcell with 6T SRAM bitcell. 
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I. INTRODUCTION 
 
In continuously changing electronic market, SRAM 
design requirement are vary widely. For Example 
Internet of Things (IoT) and wearable devices are 
putting more pressure on memory to consume less 
power, size, integration, interface, low voltage, 
density, performance; while for servers energy is 
traded off for high performance and automobile 
industry looks for robustness and energy efficacy, 
Neural networks and flexible electronics are 
performance oriented. 
 
Over the last few decades, many attempts have been 
made to extend the design of memories in 
semiconductor industry. A 4T SRAM proposed for 
access time reduction and 9T SRAM proposed for 
read time reduction by providing separate read path. 
Transistor width ratio fixes read write time. 6T 
SRAM cell is implemented with reduced read and 
write time, delay and power consumption. A 4T and 
9T are compared with 6T using 40nm technology 
with supply voltage of 1.1V. Stability Comparison 
factors are write margin, Read Margin, Iread/Ion, 
Ioff, Ileak and Retention voltage. 
 
II. BITCELL  OPERATION 
 
A. 6T Bitcell operation 
Bitcell is the basic unit of memory architecture. It is 
used to store a single bit of data i.e. either ‘0’ or ‘1’. 
It can be considered as the heart of the memory. 
Fig.1.shows 6-T SRAM (6-T refer to its 6 transistors), 
which consists of two cross coupled inverter or 
simply say a latch at its core and two pass transistors. 
These two pass transistors are used to access the data 
in the core of the  bitcell 
 

 
Fig.1. 6T BITCELL 

 
Let data stored in the bitcell is 0 i.e. DT=0 and DC=1. 
Now initially, before any operation starts, precharge 
signal PCH is kept 0 such that both the bitlines, BT 
and BC will be at VDD. pmos is used for equalization 
purpose so that both the bitlines BT and BC 
connected to drains of MP1 and MP2 respectively, 
remains at same potential. Otherwise, our circuit will 
become biased to either ‘0’ or ‘1’, reading or writing 
 
READ OPERATION: Before starting reading 
operation, first of all precharge signal PCH is made 
‘1’ and thus our bitline BT and BC will be left 
floating at VDD. As soon as WL is made ‘1’, the 
access mos MA1 and MA2 goes ON. Since BT=1 and 
DT=0 i.e. there is potential drop across the access 
MOSs MA1, therefore BT\ discharges to zero through 
MN2. Since there is no potential drop across the 
access MOS MA2 i.e. BC=1 and DC=1, therefore no 
charging and discharging will occur that side. As BT 
becomes equal to ‘0’ it switches ON MP and ‘0’ can 
is read at Q Latch circuit at node Q is used tp hold the 
data. Similarly DT=1 and DC=0 BC will discharge 
and will ON MN to give zero at Q. 
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WRITE OPERATION: Here also before starting the 
operation we will OFF the Precharge signal PCH and 
thus bitline, BT and BC will be left floating at VDD. 
Then WL is made ‘1’, which turns ON MA1 and 
MA2. Now data is applied through the input pin ‘D’. 
Whenever WCLK will be high data will be written. 
Let data applied be ‘1’, then with WCLK=1 nand N2 
gives ‘0’ as output and switches ON MW2 whereas, 
MW1 remains switched OFF. BC discharges through 
MW2 which in turn discharges node DC. Thus, DC is 
made ‘0’. With DC=0 MP2 goes ON and MN2 gets 
OFF. DT is pulled up to VDD by MP2 Thus, DT=1 
and DC=0 and hence data (D) ‘1’ is written in the 
bitcell with DT=’1’. 
 
B. 4T Bitcell opration 
The conventional 4T-SRAM cell design is shown in 
Figures 2. It consists of two nmos and two pmos for 
drive transistors and transfer gates. During 
READ/WRITE operation, a high-node level in the 
SRAM cell is lower than a supply voltage (vdd) by a 
threshold voltage of the transfer transistor, even 
though both bit lines are precharged at vdd. This is 
because transfer gates operate as source-follower 
circuits when the cell is selected. 4T-SRAM cell is 
very unstable against noise from peripheral circuits 
because of less critical charge. 
 

 
Fig.2.4T BITCELL 

 
C. 9T Bitcell operation 
The conventional 9T-SRAM cell design is shown in 
Figures 3. 9T bitcell uses separate path for read 
operation It has separate Read and write word line. 
Either read or write can be improved as need, but 
overall area is getting increased due to more number 
of transistor and transistor size. Therefore, it is read-
disturb free during read operation. LP9T also 
provides larger read current and shorter read delay. 
Furthermore, the proposed cell consumes less power 
during hold mode. 
 

 
Fig .3. 9T BITCELL 

 
III. STABILITY ANALYSIS 
 
Static Noise Margin 
It is the measure of the stability of the bitcell in the 
read mode also termed as ‘Read Disturbance Margin. 
SNM is defined as that minimum amount of voltage 
that a bitcell can tolerate at its nodes DT and DC so 
as not to flip the data, when it is in read mode 

 
Fig .4. SNM 

 
Write Margin 
WM is important to guarantee the Writability of the 
cell without spending too much energy in pulling 
down the bit-line voltage to zero volt. Write Margin 
is the measure of the minimum voltage of BT/BC at 
which data flips. Write Margin determines the 
Writability of a bitcell i.e. how much favorable a 
Bitcell is to write operation. It is also known as 
Write-Trip Point. 
Retention Voltage 
It is defined as the measure of the minimum supply 
voltage up to which our bitcell will be able to retain 
the data 
Off Current 
It is the current flowing through the drain of the pass 
transistor when WL=0. It itself is not a much 
important parameter but its ratio with read current 
(ION) is much important parameter. ION/IOFF 
determines the number of bit cells in a column a 
memory can support. 
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Read Current 
It is the current flowing through the drain of the pass 
transistor when bitcell is ON i.e. WL=1. Read current 
directly effects access time. 
 
IV. RESULT AND MESUREMENT 
 
Static Noise Margin 
Voltage source is introduced between DT and DT1 
node to make inverter work fast and flip the data at 
DC side, this voltage source is introduced for noise 
reference. Then voltage difference between DT and 
DT1 is calculated, this is called Read capacity or 
SNM when noise intruded in bit cell, this will be 
shown in Fig 5. Then voltage difference between DC 
and DC1 is calculated, this will be shown in Fig 6. 
The comparison of SNM tabled in table 1. 
 
SNM = Min (DT side noise capacity, DC side noise 
capacity) 

 
Fig 5 : DT side SNM 

 
Fig 6: DC side SNM 

 
Table 1. SNM VALUE COMPARISON 

 
Write Margin: 
When write data DT node BC should completely 
discharge to 0 as well as when write data DC node 
BT should completely discharge 0. The time of 
BT/BC when DT/DC flips are calculated as write 
margin. Calculate the maximum value of  BC side 
voltage when the DT reaches the 80% of VDD and 
DC reduces the 20% of VDD. The value calculated 
from the Fig 7. Calculate the maximum value of  BT 
side voltage when the DC reaches the 80% of VDD 

and DT reduces the 20% of VDD. The value 
calculated from the Fig 8. The comparison of WM 
value tabulated in table 2. 
 
WM = Max (BT side write capacity, BC side write 
capacity) 
 

 
Fig 7 : BC Discharge 

 
Fig 8 : BT Discharge 

 
Table 2 .WM VALUE COMPARISON 

 
For 4T, 6T, 9T bitcell stability factors (Static Noise 
Margin (SNM), Write Margin (WM), Retention 
Voltage, current variation in the SRAM these are the 
metrics of the SRAM are tabulated in table 3. 

 
Table 3. COMPARISON OF STABILITY FACTOR 

 
ACCESS TIME MEASUREMENT 
It defined as the time interval between the read/write 
request and the availability of the data. The different 
bit(either 0 or 1) read and write access time will be 
tabled in table 4. 
 

 
Table 4.  ACCESS TIME MEASUREMENT 
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WAVEFORM: 
Fig 9 shows simulated waveform for read and write 
operation of 6T SRAM in 45nm CMOS technology. 
 

 
Fig 9.  6T WAVEFORM 

 
WRITE TIME: 
Fig 10 shows simulated waveform for write operation 
of 6T SRAM in 45nm CMOS technology. 
 

 
Fig 10. WRITE TIME WAVEFORM 

 
READ TIME: 
Fig 11 shows simulated waveform for read operation 
of 6T SRAM in 45nm CMOS technology. 

 

 
Fig 11. READ TIME WAVEFORM 

CONCLUSION 
 
Lot of research comes in industry and academics, the 
research work did not targeting the static noise 
margin, write margin, cost, power and area in VLSI 
constrains, only technology reduction from foundry 
are helping to improve for SRAM. Nowadays bitcells 
are coming from foundry and all the industry are just 
qualifying it for creating IO, control and Decoder 
cells. Even this project propose new designs for 
improvement in bitcell foundry cannot accept due to 
PVT and other fabrication steps involved, so 6T only 
used till date in all electronics applications. 
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