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Abstract: In this paper the area and power-efficient method is 
presented to design and implement Static-RAM Cell. Static-RAM 
is one of the essential building block for the VLSI design. Due to 
their higher speed Static-RAM based Cache memories and 
System-on-chips are commonly used. Due to device scaling there 
are several design challenges for Static-RAM design in 
nanometer technology. The Static-RAM implementation is based 
on 90 nm CMOS submicron technology The auto generated and 
semi-customed proposed layout of Static-RAM cells using 6T has 
been obtained and compared. It can be observed from the results 
that Semi-customed layout gives 21.77% more power reduction 
and 30.5 % area reduction for Static-RAM Cell.  
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I. INTRODUCTION 

Very-large-scale integration (VLSI) is the process of 
creating an integrated circuit (IC) by fabricating thousands 
of transistors into a single chip. VLSI technology started in 
the 1970s when semiconductor electronics and 
communication technologies were being developed.  Before 
the introduction of VLSI technology, most ICs had a limited 
set of functions which these could perform. An electronic  
circuit design might consist of a CPU, ROM, RAM and 
other glue logic. The first semiconductor chips held two 
transistors each but, the subsequent advancements added 
many more transistors, and as a result, more versatile 
functions were integrated over time. The first few integrated 
circuits placed only a few electronics devices, i.e., as many 
as tens of diodes, transistors, resistors and capacitors, 
making it possible to fabricate one or more logic gates on a 
single device [1].  

For nearly past 40 years CMOS devices have been scaled 
down to nanometre scale in order to achieve higher speed, 
better performance and low power consumption. Due to the 
higher speed Static-RAM based Cache memories and 
System-on-chips (SOCs) are commonly used. Due to device 
down-scaling there are several design challenges for 
nanometre Static-RAM design. Now we are working with 
very low threshold voltages and ultra– thin gate oxide due 
to which leakage-energy consumption is getting increased. 
Besides the data stability during read and write operation is 
also getting affected. Intrinsic parameter fluctuation [1] viz. 

random dopant fluctuation [2], line-edge roughness [3] and 
oxide-thickness fluctuation [4] further reduces the stability 
of Static-RAM cell. In order to achieve higher noise-margin 
along with better performance new Static-RAM cells [5] [6-
8] have been introduced. In most of these cells read and 
write operations are isolated to achieve higher noise-
margin. In this paper the detailed analysis of 6T [5] Static-
RAM cell has been carried out. All the simulations have 
been carried on 90 nm CMOS submicron- technology. 
Tools used for the simulation are DSCH, MICROWIND. 

In recent years, sub-threshold design for low power 
application is thought to be as a low energy solution. 
However, the memory circuits operating successfully at 
such low voltage are more challenging since Static-RAM 
throughput decreases considerably at the low voltages [1]. 
Many other effects such as process-variation, bitline-
leakage and transistors mismatches challenge the proper 
operation of Static-RAMs that need a precise design. The 
main Static-RAM unit cell plays a important role in 
practical sub-threshold design [2]. A robust cell design 
resisting to the process-variation and bit-line leakage, 
increases the total Static-RAM performance. 

II. STATIC-RAM CELLS  

A Static-RAM cell should be designed in such a way, so 
that it results in a non-destructive read operation and a 
reliable write operation.  

 
Fig 1. Six-transistor STATIC-RAM cell 

In the conventional 6T Static-RAM cell this condition is 
fulfilled by appropriate sizing of all the transistors in the 
Static-RAM cell. The sizing is done as per the cell ratio 
(CR). Traditionally, Static-RAM cells are symmetrically 

www.ijspr.com                                                                                                                                                                                    IJSPR | 111 



INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH  (IJSPR)                                              ISSN: 2349-4689 
Volume-12, Number - 03, 2015  
 
composed of transistors with identical leakage and threshold 
characteristics. The two lines between the inverter 
transistors are connected to two separate bit-lines via two n-
channel pass-transistors. The gates of these transistors are 
driven by a word-line. The 6T Static-RAM cell performs a 
differential read operation. This means that both the stored 
value and its inverse are used in evaluation for determining 
the stored value. Before the initiation of a read operation, 
the word line (WL) is held low (grounded) and the two bit 
lines connected to the cell through transistors M5 and M6 
are pre-charged high (to Vdd). As the gates of M5 and M6 
are held low, the access transistors are off and the cross-
coupled latch is isolated from the bit lines.  

 
Fig 2. Symbols for nominal-Vt and high –Vt transistor 

 
Fig 3. 9T STATIC-RAM cell 

 
In 8T and 9T Static-RAM cell read noise margin (RNM) of 
the Static-RAM cell has been improved by isolating the 
read and write operation. In Ref. [6] during read operation 
gate of “M7” was connected to node “Qn” and gate of “M8” 
to node “Q”. In that case if Q=”1” then BL(bit-line) was 
discharged and if Q=”0” BLB (bitline-bar) was discharged. 
Because of this when the cell was storing logic “1”; we 
were getting logic “0” at the output. To eliminate this 
problem in this paper the node “Q” is connected to “M7” 
and node “Qn” to “M8” as shown in Figure 3. The 

schematic of various transistor used in 9T Static-RAM cell 
is shown in Fig. 3. Due to the higher number of transistor 
used in 9T Static-RAM cell its leakage energy consumption 
increases. To reduce the leakage current in 9T Static-RAM 
dual-threshold voltage technology [10] has been used. High 
threshold voltage transistors are not used for the access 
transistor as it increases the write delay of the cell.  

III. TYPES OF STATIC-RAM 

Non-volatile Static-RAM or nvStatic-RAMs, have normal 
Static-RAM functionality, but they save the data when the 
power supply is off, ensuring conservation of critical 
information. nvStatic-RAMs are used in number of 
situations—medical,  networking, and aerospace, among 
many others —where the ‘saving’ of data is very critical 
and where batteries are infeasible. By transistor type- 
BJT (used in TTL and ECL) – that are very fast but 
consumes a lot of power. Metal Oxide Semiconductor FET  
(used in CMOS) – use low power. By function Static RAM 
can be Asynchronous  i.e.  independent of clock frequency 
where data in (Din) and data out (Dout) are controlled by 
address transition. And Synchronous  type Static-RAM in 
which all timings are initiated by the clock edge(s). Here, 
address, data in (Din) and other control signals are 
associated with the clock signals (CLK). 

In 1990s asynchronous Static-RAM memory used to be 
employed for achieving fast access time. Asynchronous 
Static-RAM was used as main memory in small cache-less 
embedded processor environment and used in everything 
from industrial electronics and measurement systems 
to hard disks (HDD) and networking equipment, among 
many other applications. Synchronous memory interface is 
much faster as the access time can be greatly reduced by 
employing the pipelined architecture. Moreover, as 
Dynamic-RAM is much cheaper than Static-RAM, Static-
RAM is often replaced by DRAM, in the case when high 
volume of data is required. Static-RAM memory is much 
faster for random access. Hence, Static-RAM memory is 
mainly used for CPU cache design, small-size on-chip 
memory,  or others buffer designs. 

By feature the Static-RAM can be classified as-ZBT (ZBT 
stands for zero bus turnaround)  where the turnaround is the 
number of clock cycles it takes to change access to the 
Static-RAM from write to read and vice versa. The 
turnaround for ZBT Static-RAMs or the latency between 
read and writes cycle is equal to zero. Next type of Static-
RAM can be Sync Burst (sync Burst Static-RAM or 
synchronous-burst Static-RAM)  which features 
synchronous burst write access to the Static-RAM to 
increase write operation of the Static-RAM. DDR Static-
RAM is the one with synchronous, single read/write port, 
double data rate I/O. Quad-Data-Rate Static-RAM  is 
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another type of Static-RAM with synchronous, separate 
read and write ports, quadruple data rate I/O. By flip-flop 
type used for designing, there are two types of Static-RAM- 
Binary Static-RAM and the Ternary Static-RAM. 

IV. WORKING OF THE LOW POWER STATIC-
RAM CELL 

The operation of the Low power Static-RAM cell can be 
understood in the read and write mode separately which is 
given below:-- 

1. Read Mode- Basically read mode of the low power 
Static-RAM cell is same as the conventional Static-RAM 
cell In the read mode, CS is held to Logic High “1” and the 
extra transistor will be turned on to activate the basic read 
operation of the Static-RAM cell whenever it will give the 
high voltage (1) to the word lines (WL) both the access 
transistor will get turned on and the required data will be 
“out”  through the sense amplifier. 

2. Write Mode- In the write “1” mode, node ‘B’ must be 
written to high value (1) that is done by setting CS to Logic 
low “0” and asserting word lines (WL) signal and the data 
value is apply to the bit lines (BL) and possible case is 
writing the cell state from “High” to “High”. Because both 
nodes ‘B’ and CS are “0”, no state transition arises in this 
case. In this case, as the access transistor ‘N4’ has much 
larger conductance than ‘P2’, it is easy to flip the cell state 
from “LOW” to “HIGH” by discharging node ‘B’ through 
N4. When the data is written from “0” to “1” corresponding 
path is shown. 

V. SCHEMATIC AND LAYOUT DESIGN 

Proposed 6T Static-RAM Cell is implemented using DSCH 
3.1 tool. Transistor level design is implemented using 
Microwind 3.1 tool. 

The area and power-optimized design is also made by 
Microwind 3.1. The Simulated waveforms have been shown 
in Fig. 6 and 8. The Level-1, Level-3 and B-SIM 
simulations are performed using the tool. The Fig. 4 shows 
the schematic of the 6T Static-RAM Cell using DSCH. Fig. 
5 and fig. 6 shows the auto-generated layout of 6T Static-
RAM Cell with the simulated output waveforms of the 6T 
Static-RAM cell configuration. The auto-generated layout is 
generated using the verilog file which is obtained by the 
schematic design. The output waveform shows the Read 
and Write operation of the Static-RAM using WordLine 
(WL) and Bitline (BL) line. 

 
Fig.4: Schematic of 6T STATIC-RAM Cell 

 

 
Fig. 5: Autogenerated Layout of 6T Static-RAM Cell 

 

 
Fig. 6: Simulated Waveform of 6T Static-RAM Cell 
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The fig. 7 and fig 8 shows the proposed layout of the 6T 
Static-RAM Cell with the output waveform of the semi-
customed layout. The proposed (semi-customed) layout is 
simple as compared to the auto-generated layout. 

 
Fig. 7: Proposed Layout of 6T Static-RAM Cell 

 

 
Fig. 8: Proposed Layout Simulated Output Waveform 

VI. RESULT ANALYSIS 

As can be seen from the simulated schematic and layout 
that the auto generated layout is more complex in 
comparison to the self generated proposed layout.  

 
Auto 

generated 
Layout 

Proposed Layout 
(Semi-customed) 

6T 
Width 8.9µm 8.5µm 

Height 5.4µm 6.2µm 

Area 48.1µm2 35.6µm2 

Power 52.367µW 40.361µW 

Table 1  Area and Power Analysis of  Layouts  
Table 1 shows the performance analysis of conventional 
auto-generated 6T Static-RAM Cell and the proposed semi-

customed cell layout on the basis on height, area and power 
required of each proposed layout and auto generated Layout 
of Static-RAM Cells. 

 

 
Fig.9: Layout Comparison for area, power and height 

 
The table 1 shows that the consumed power for auto 
generated layout is 52.367µW that is smaller than the power 
required for proposed layout, while the surface area 
requirement of proposed layout is less in comparison with 
auto generated layout .It is also be noticed from  the  layouts 
that the number of transistor requirement is less in proposed 
layout for the 6T Static-RAM Cells. Fig.8 shown above is 
the comparative analysis of auto generated layout and 
proposed layout and signify which layout perform better. 

VII. CONCLUSION 

This paper includes the design of Static-RAM cells. 
Performance analysis of auto generated layout and proposed 
layout also be done in this paper. The proposed design aims 
at the power and area reduction for the Static-RAM  cell 
configurations, i.e. 6T  Cells. From the result it is clear that 
optimized proposed layout of 6T Static-RAM Cells are 
more power and area efficient than auto generated layout 
design. As optimized layout provide 22.926 % less power 
than the auto generated layout for 6T Static-RAM layout. 
The area reduction is 25.9875 % less in the proposed semi-
customed layout as compared to the conventional 6T Static-
RAM Cell. Number of transistor requirement is also less in 
proposed area efficient optimized  layout. 
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