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Abstract: This paper present area efficient layout design for static RAM memory using 45nm VLSI technology VLSI Technology includes
process design, trends, chip fabrication, real circuit parameters, circuit design, electrical characteristics, configuration building blocks,
switching circuitry, translation onto silicon, CAD, practical experience in layout design. The proposed PLL is designed using 45 nm
CMOS/VLSI technology with microwind 3.1. This software allows designing and simulating an integrated circuit at physical description
level. The main novelties related to the 45 nm technology are the high-k gate oxide, metal gate and very low-k interconnect dielectric. The
effective gate length required for 45 nm technology is 25nm. Low Power (0.211mwatt) , high speed static RAM area efficient chip is

designed using 45 nm VLSI technology.
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I. INTRODUCTION

Power has become one of the most important paradigms of
design convergence for multi gigahertz communication
systems such as optical data links, wireless products,
microprocessor & ASIC/SOC designs. This paper introduces
design aspects for layout design of static RAM memory using
VLSI technology. This Static RAM is designed using latest
45nm process technology parameters, which in turn offers
high speed performance at low power [1].There is a large
variety of types of ROM and RAM that are available. These
arise from the variety of applications and also the number of
technologies available. This means that there is a large
number of abbreviations or acronyms and categories for

memories ranging from Flash to MRAM, PROM to
EEPROM, and many more.
Static Random Access Memory: This form of

semiconductor memory gains its name from the fact that,
unlike DRAM, the data does not need to be refreshed
dynamically. It is able to support faster read and write times
than DRAM (typically 10 ns against 60 ns for DRAM), and in
addition its cycle time is much shorter because it does not
need to pause between accesses. However it consumes more
power, is less dense and more expensive than DRAM.

Effort has been taken to design Low Power, High
performance Static RAM, using VLSI technology. The design
process, at various levels, is usually evolutionary in nature. It
starts with a given set of requirement. When the requirements
are not met, the design has to be improved. More simplified
view of the VLSI technology consists of various
representations, abstractions of design, logic circuits, CMOS
circuits and physical layout.

Here for the design using VLSI technology microwind 3.1
VLSI Backend software is used. This software allows
designing and simulating an integrated circuit at physical
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description level. The proposed work is designed using 45
mm CMOS/VLSI technology in microwind 3.1software.

The main novelties related to the 45 nm technology are the
high-k gate oxide, metal gate and very low-k interconnect
dielectric [1]. The effective gate length required for 45 nm
technology is 25nm. Some of the key features of 45 nm
technologies from various providers like TSMC, Fujitsu, and
Intel are as given below.

Table I. Key Features Of 45 NM Technology

Parameter Value
VDD (V) 0.85-1.2 V.
Toff N (nA/um) 5-100
Toff P (nA/um) 5-100
Gate dielectric SiON, HfO,
No. of metal layers 6-10

Compared to 65-nm technology, 45 nm technologies must
offer :
® 30% increases in switching performance.
® 30 % reduction in Power consumption.
e 2 times higher density.
e 2 times reduction of the leakage between source and
drain and through the gate oxide[1].

Considering the advantage of 45 nm technologies over 90
nm & 65 nm technologies, the proposed work is done with 45
nm technologies. Power consumption is a limiting factor in
VLSI integration for portable applications. The resulting heat
dissipation also limits the feasible packaging and performance
of the VLSI chip. Since the dynamic power dissipation in
synchronous digital integrated circuit is determined by CV?*f,
reducing the supply voltage is an effective way to reduce
power consumption of the modern electronic systems [3]. As
the supply voltage scales down with the technology, any
power supply noise on power and ground level affects the
analog circuit performance more than before.
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Following steps are involved to obtain the proposed design.
Every step of design follows the design flow of microwind 3.1
software.

II. PROPOSED STATIC RAM CELL DESIGN

The static RAM is a very important class of memory. It
consists of two cross-coupled inverters, which form a positive
feedback with two possible states illustrated in figurelgiven
below.

Data ~Data

2 stable
memaory
states

Fig. 1 Static Ram Cell
II1. THE 6 TRANSISTOR MEMORY CELL

The memory cell shown in figure 2 forms the basis for
most static random-access memories in CMOS technology. It
uses six transistors (fig.3) to store and access one bit [1, 2].
The four transistors in the center form two cross-coupled
inverters. In actual devices, these transistors are made as small
as possible to save chip-area, and are very weak. Due to the
feedback structure, a low input value on the first inverter will
generate a high value on the second inverter, which amplifies
(and stores) the low value on the second inverter. Similarly, a
high input value on the first inverter will generate a low input
value on the second inverter, which feeds back the low input
value onto the first inverter. Therefore, the two inverters will
store their current logical value, whatever value that is.

The two lines between the inverters are connected to two

separate bit lines via two n-channel pass-transistors (left and
right of the cell). The gates of those transistors are driven by a
word line. In a larger SRAM, the word line is used to address
and enable all bits of one memory word (e.g. all 32 bits at
address Oxcafe from a 64Kx32 SRAM chip). As long as the
word line is kept low, the SRAM cell is disconnected from the
bit lines. The inverters keep feeding themselves, and the
SRAM stores its current value.
When the wordline is high, both n-channel transistors are
conducting and connect the inverter infputs and outputs to the
two vertical bitlines. That is, the two inverters drive the
current data value stored inside the memory cell onto the
bitline (left) and the inverted data value on the inverted-bitline
(right). This data can then be amplified and generates the
output value of the SRAM cell during a read operation[3].

To write new data into the memory, the wordline is
activated, and the strong bitline input-drivers (on top of the
schematics) are activated. Depending on the current value
stored inside the SRAM cell there might be a short-circuit
condition, and the value inside the SRAM cell is literally
overwritten. This only works because the transistors inside the
SRAM cell are very weak.
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The static RAM cell layout using 45nm technology is
given in Figure.4. The BL and ~BL signals are made with
metal2 and cross the cell from top to bottom. The supply lines
are horizontal, made with metal3. This allows easy matrix-
style duplication of the RAM cell.
Memary Cell

Bit Line (BL) ~Eiit Line (~BL)

Dat ~Data

Word Line ]

Fig. 2 The 6 transistor static memory cell
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Fig. 3 The 6 transistor static memory cell

The cross-section shows the NMOS devices and the
connection to Vg using metal 3, situated on the middle of the
cell. The BL and ~BL lines, in metal 2 are on both sides. The
word line controls the access between the bit lines and the
internal memory information.
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Fig. 4. Layout of the 6 transistor static memory cell

A. Write Cycle

Values 1 or 0 must be placed on Bit Line, and the data
inverted value on ~Bit Line. Then the selection Word Line
goes to 1. The two-inverter latch takes the Bit Line value.
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When the selection Word Line returns to 0, the RAM is in a
memory state.

B. Read Cycle

The selection signal Word Line must be asserted, but no
information should be imposed on the bit lines. In that case,
the stored data value propagates to Bit Line, and its inverted
value ~Data propagates to ~Bit Line.

C. Row selection circuit

The row selection circuit as shown in figure .5, decodes
the row address and activates one single row. This row is
shared by all word line signals of the row. The row selection
circuit is based on a multiplexor circuit. One line is asserted
while all the other lines are at zero.

Row
address

1
N

LUl

R
0
w
s Height RowCell || Mem || Mem
E % fixed by height H
L the Mem Word
E R size Word Line
T - Line
Free Mem
o width width

Fig. 5 The row selection circuit

In the row selection circuit as shown in fig.6,for the 16x4
array, we simply need to decode a two-bit address. Using
AND gates is one simple solution. In figure 10-34, we present
the schematic diagram of 2-to-4 and 3-to-8 decoders. In the
case of very large number of address lines, the decoder is split
into sub-decoders, which handle a reduced number of address
lines[3].
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Fig. 6 The row selection circuit in 2 bit and 3 bit configuration

D. Column Selection Circuit

The column decoder selects a particular column in the
memory array for reading the contents of the selected memory
cell (Figure) or to modify its contents. The column selector is
based on the same principles as those of the row decoder. The
major modification is that the data flows both ways, that is
either from the memory cell to the DataOut signal (Read
cycle), or from the Dataln signal to the cell (Write cycle).
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Fig. 7 The column selection circuit
IV. SIMULATION RESULT

The simulation parameters correspond to the read and
write cycle in the RAM. The simulation steps proposed in
fig.8, consist in writing a 0, a 1, and then reading the 1. In a
second phase, we write a 1, a 0, and read the 0. The Bit Line
and ~Bit Line signals are controlled by pulses. The floating
state is obtained by inserting the letter "x" instead of 1 or 0 in
the description of the signal.
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Fig.8 The write cycle for Static RAM cell

The above fig.8 shows voltage virsus time signals for Bit
line, word line and data line. When the word line cell is
activated, Write o keeps the data 0 and write 1 keeps the data
asl.Data line is having a frequency of 5 GHz (0.493 ps time
period).

The simulation of the RAM cell is proposed in figure 9.
At time 0.0, Data reaches an unpredictable value of 1, after an
unstable period. Meanwhile, ~Data reaches 0.

At time 0.5ns, the memory cell is selected by a 1 on Word
Line. As the Bit Line information is 0, the memory cell
information Data goes down to 0. At time 1.5ns, the memory
cell is selected again. As the Bit Line information is now 1,
the memory cell information Data goes to 1. Corresponding to
the stored values. cycle, where Bit Line and ~Bit Line signals
are floating, the memory sets these wires respectively to 1 and
0,
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Fig. 9 Simulation for the 6T static RAM memory
Figure 10 shows the Eye diagram for the 1 bit RAM cell.
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Fig. 10 Eye diagram for the proposed memory

V. EXPANSION OF 1 BIT RAM TO 16 BIT RAM

The single bit cell of static RAM can be further expanded
upto 16 bit, 64 bit and many more. The figure below shows a
16 bit

RAM.
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Fig. 11 The 16 bit Static RAM cell
This is implemented by cascading 1 bit cell into 4x4matrix
form. Power supply used for each cell is 1.0 volt. The total
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power consumption is 0.2 microwatt. The following figure 12
shows the layout of 16 bit Ram cell using 45nm technology is
shown below.
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Fig.12The layout of 16 bit Ram cell using 45nm technology

Figure 13 shows voltage verses time signal for bit
line, word line and data line for 16 bit RAM cell.

VI. CONCLUSION

The proposed Memory is designed using 45 nm
CMOS/VLSI technology with microwind 3.1. The main
novelties related to the 45 nm technology are the high-k gate
oxide, metal gate and very low-k interconnect . The Software
used in program allows the us to design and simulate an
integrated circuit at physical description leve. SRAM memory
is used where speed or low power are in considerations. Its
higher density and less complicated structure also lead it to
use in semiconductor memory scenarios where high capacity
memory is used, as in the case of the working memory within

computers. Proposed layout of static RAM, consumes a
very low power supply (0.2 microwatt) . Also because of
45nm technology it consumes a very low area.
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Fig.13 The simulation for the layout of 16 bit Ram cell
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