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 ABSTRACT: SRAM can be found in the cache memory of a computer or as a part of the RAM digital to analog 
converter on a video card. Static RAM is also used for high-speed registers, caches and small memory banks like a 
frame buffer on a display adapter. The SRAM consist of bitcell,conventional SRAM of 6T bitcell.the design process 
with conventional, then 13T SRAM cell with dual feedback method. Stack approach is a leakage power reduction 
technique, which forces a stack effect.Using stacking effect to the two inverters in the cell and designed 15T SRAM 
with reduced leakage current and delay. 
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I.INTRODUCTION 
 

Now days with the growth the rapid growth of communication and signal processing the electronics became aware to 
the consumer. So the designer need substantial cost and form factor reduction system. So the designer brings SOC 
(system on chip) Designing system. In which the 70% of area of SOC is being covered by the SRAM cell which needs 
low power for the operation. And the speed of operation is also high which is so demand in the now days market. So 
we need for the design of the SRAM kind memory cell in the market. Although there is some need of powerful design 
of the powerful operation for this. SRAM,static RAM or static random access memory is an improvement upon 
DRAM.DRAM is compressed of a capacitor and a transistor which require information to be periodically(or refreshed) 
for data to remain valid.SRAM memory on the other hand ,does not need to be refreshed at all.static RAM maintains its 
information long as the chip has a enough power to keep in data.the reason is because SRAM chips are made of flip-
flop circuit which does not need constant refreshing.another benefit to static random access memory is very fast access 
speed, much faster than DRAM.the reason behind the speed is a configuration of six transistors which keep current 
flowing in one direction or the other(0 or 1) .each state can be written and read instantly ,and the chip does not require a 
capacitor to fill up or drain.SRAM can be found in the cache memory of a computer or as a part of the RAM digital to 
analog converter on a video card. Static RAM is also used for high-speed registers,caches and small memory banks like 
a frame buffer on a display adapter. Several scientific and industrial subsystems,modern applications, automotive 
electronics, electronic toys,mobile phones, space applications, synthesizers and digital cameras also use SRAM.It is 
also highly recommended for use in PCs, peripheral equipment,printers,LCD screens, hard disk buffers, router buffers 
and buffers in CDROM/CDRWdrivers. 
 
Wide utilization of portable battery-operated devices in modern applications triggers a demand for ultra low-power 
designs. Many circuit techniques have been successfully applied to reduce both dynamic and leakage components of 
power. Recently, digital subthreshold circuit design has become a very promising method for ultra-low power 
applications. Circuits operating in the subthreshold region utilize a supply voltage (VDD) that is close to or even less 
than the threshold voltages of the transistors. This low VDD operation results in ultra low-power dissipation of the 
circuit, but significantly increases the circuits propagation delay. the advantages of the subthreshold circuits compared 
to the conventional strong inversion circuits [3].Power dissipation is one of the most important aspects of current 
nanoscale VLSI design. Ultralow power (ULP) operation is of particular importance in VLSI chips for space 
applications, where available energy resources are limited. Future small, low-cost satellites have an even lower power 
budget, as the total satellite weight is often reduced by restricting the use of heavy batteries and power supplies. The 
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most efficient way to achieve ULP operation in integrated energy. When the particle hits a reverse-biased p-n-junction, 
such as a transistor diffusion-bulk junction, the injected charge is transported by drift and causes a transient current 
pulse that changes the node voltage[2]. SRAM cell indicate that, in some cases, more charge can be collected at 
sensitive nodes fromstrikes that do not cause upset than from strikes that do cause upset. Computations of critical 
charge must take into account the time during which charge is collected, not simply the total amount of charge 
collected simply the total amount of charge collected[4],[6]. 
 
 Low-voltage operation for memories is attractive because of lower leakage power and active energy, but the challenges 
of SRAM design tend to increase at lower voltage.the limits of low-voltage operation for traditional sixtransistor (6T) 
SRAM and proposes an alternative bitcell that functions to much lower voltages[1]. Measurements confirm that a 
SRAM test chip using the proposed bitcell operatesinto sub-threshold to below 400 mV. At this low voltage, the 
memory offers substantial power and energy savings at the cost of speed, making it well-suited to energy constrained 
applications[7],[8]. energy minimization for circuits operating in the subthreshold region. Subthreshold operation is 
emerging as an energy-saving approach to many energy constrained applications where processor speed is less 
important.solve equations for total energy to provide an analytical solution for the optimum VDD and VT to minimize 
energy for a given frequency in subthreshold operation. the dependence of the optimum VDD for a given technology on 
design characteristics and operating conditions. also examines the effect of sizing on energy consumption for 
subthreshold circuits. minimum sized devices are theoretically optimal for reducing energy. A fabricated 0.18mm test 
chip is used to compare normal sizing and sizing to minimize operational VDD and to verify the energy models. 
Measurements show that existing standard cell libraries offer a good solution for minimizing energy in subthreshold 
circuits[9]-[13]. 
 

II.EXISTING SYSTEM 
 

Power dissipation is one of the most important aspects of current nanoscale VLSI design. Ultralow power (ULP) 
operation is of particular importance in VLSI chips for space applications, where available energy resources are 
limited. Future small, low-cost satellites have an even lower power budget, as the total satellite weight is often reduced 
by restricting the use of heavy batteries and power supplies. The most efficient way to achieve ULP operation in 
integrated circuits is to aggressively reduce the supply voltage (VDD) and operate all components of the chip in the 
near-threshold or subthreshold region [7], [3], thereby significantly reducing both static and dynamic power 
consumption. However, in addition to the well-known challenges of a low-voltage circuit design, such as increased 
delay, sensitivity to process variations, and temperature fluctuations, low-voltage circuits are much more susceptible to 
radiation effects than circuits powered at nominal supply voltages [3]. The 13T dual-driven separated-feedback bitcell 
.a unit cell size that is only 2larger than a standard 6T static random access memory (SRAM) bitcell, implemented in 
the same 0.18µm CMOS process. 13T SRAM shows high stability under varying voltage and process parameter 
variations, an outstanding advantage over the conventional 6T SRAM cell. The dual-driven separated-feedback 
mechanism is implemented, in order to improve the bitcell robustness. SRAM blocks occupy the majority of the chip 
area and are the primary contributors to leakage power in many modern systems, including those intended for space 
applications [8][10]. These trends lead to two major conclusions. First, due to their static power consumption, scaling 
the supply voltage of the SRAM macros is an efficient method to reduce total chip power. Second, the probability of a 
radiation strike on an SRAM bitcell is relatively high due to the large area that the SRAM core occupies. Therefore, 
SRAM soft-error mitigation has become essential for robust system design. 
 
A.BITCELL DESIGN 
SRAM design for low-voltage operation has become increasingly popular in the recent past. Various bitcell designs and 
architectural techniques have been proposed to enable operation deep into the subthreshold region [9], [13][14]. These 
designs generally incorporate the addition of a number of transistors into the bitcell topology, compared with the 
baseline 6T SRAM bitcell, trading off density with robust, low-voltage functionality .The design architecture of these 
cells is based on the standard 6T cell; therefore, the 6T cell has the same hardening ability to most, if not all, these 
unprotected cells.13T SRAM cell is specifically designed to enable robust, low-voltage, ULP operation in space 
applications and other high-radiation environments. This is achieved by employing a dual-feedback, separated-
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feedback mechanism to overcome the increased vulnerability due to supply voltage scaling. The schematic 
representation of the 13T bitcell is shown in Figure 1. 

 

 
Figure1. 13T SRAM design 

 
The storage mechanism of this circuit comprises five separate nodes: Q,QB1, QB2, A, and B, with the acute data value 
stored at Q. This node is driven by a pair of CMOS inverters made up of transistors N3, P3, N4, and P4 that are, 
respectively, driven by the inverted data level, stored at QB1 and QB2. QB1 and QB2 are, respectively, driven to VDD 
or GND through devices P1, P2, N1, and N2 that are controlled by the weak feedback nodes A and B that are connected 
to Q through a pair of complementary devices (P5 and N5) gated by QB2. By driving the acute data level by a pair of 
equipotentially driven, but independent, inverters, a strong, dual-driven feedback mechanism is applied with node 
separation for SEU protection. This setup effectively protects Q from an upset, while achieving a high critical charge at 
node Q. 
 
B. DESIGN OF 13T SRAM IN 180 NM CMOS TECHNOLOGY 
The design of 13T SRAM contain of two inverters.First the inverter is designed with vdd 1.8V linear region. The nmos 
is set first with the width and length, correspondingly design the pmos.given the input and verify the functioning of the 
inverter .place the two inverters and other transistors,scale them to linear region of operation. The inverter is designed 
and simulated,also verify the output.then have to add the other transistors and design the 13T SRAM with VDD 
1.8V.transient analysis and obtain the read and write operations.after analysing the transform then design the 13T 
SRAM with VDD 500mV. 
 

 
Figure 2 Schematic of 13T SRAM bitcell 
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III.PROPOSED DESIGN 
 

A.STACKING EFFECT 
Sub-threshold leakage current that is flowing through a stack of series connected transistors decreases when more than 
one transistor in the stack is turned off. This effect is known as the stacking effect or self-reverse bias. Leakage currents 
in NMOS or PMOS transistors depend exponentially on the voltage at the four terminals of transistors. VG is 0 thus 
increasing VS of NMOS transistor reduces sub-threshold leakage current exponentially. consider a stack of two NMOS 
transistors. 
 

 
Fig.3  Effect of transistor stacking on source voltage 

 
When both transistors M1 and M2 are turned off, the voltage at the intermediate node (VM) is positive due to small 
drain current[5]. Positive potential at the intermediate node has the three following effects: 1) Due to the positive 
source potential VM, gate to source voltage (VGS1) of transistor M1 becomes negative; hence, the sub-threshold 
current reduces substantially. 2) Due to VM > 0, body to source potential (VBS1) of transistor M1 becomes negative, 
which results in an increase in the threshold voltage (larger body effect) of M1, and thus reducing the sub-threshold 
leakage. 3) Due to VM > 0, the drain to source potential (VDS1) of transistor M1 decreases, which results in an 
increase in the threshold voltage (less DIBL) of M1 and thus reducing the sub-threshold leakage. If only one NMOS 
device is off, the voltage at the source node of off transistor would be virtually zero because all other on transistors will 
act as short circuit. Thus, there is no self reverse biasing effect, and the leakage across the off transistor is large. But if 
more than one transistor is off, the source voltages of the off transistor, except the one connected to ground by 
transistors, will be greater than zero, and the leakage will be determined by the most negatively self-reverse biased 
transistor (because sub-threshold leakage is an exponential function of gate-source voltage). The reverse bias makes the 
leakage across the off transistor very small. 
 
B.15T SRAM DESIGN 
The 15T SRAM bitcell is designed from the 13T SRAM bitcell by stacking two more transistors, stack an nmos to the 
each inverter. 

 

 
Fig 4.15T SRAM in 180 nm 
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1.Write Operation 
 

Standard SRAM topologies, such as the 6T bitcell, write data by driving the new level directly into the storage nodes, 
and therefore are required to overcome the circuits strong internal feedback..The 15T SRAM cell achieves writes by 
driving the weak feedback nodes (A and B), thereby removing much of the ratioed contention, inherent to direct 
access.A pair of write access transistors (N6 and N7) connect a unified write bitline (WBL) to nodes A and B. These 
devices are controlled by a write wordline (WWL), such that when WWL is raised, A and B are pulled toward the level 
driven upon WBL. This virtual connection between A and B creates inverters out of the transistor pairs of N1, P1 and 
N2, P2, driving QB1 and QB2 to the opposite level of WBL. Accordingly, the written data level is driven back to Q 
through the dual-driven feedback inverters, bringing the cell to a stable state. 
 
2.Read Operation 
 
The 15T bitcell features single-ended readout through the read access transistor (N8). This device is controlled by a 
separate read wordline and connected to a column-shared read bitline that is precharged prior to the read operation and 
conditionally discharged, depending on the voltage stored at Q. Due to the dual-driven feedback that drives Q to its 
stable value, this read operation is both more robust and faster than the read operation of standard SRAM bitcells. Read 
failures in 6T SRAM cells occur when the access transistor is stronger than the pull-down transistor due to local 
variations. However, the proposed cell employs a pair of pull-down transistors (N3 and N4), which significantly 
decrease the probability of such a read failure, enabling robust operation at low voltages. In addition, these two devices 
also provide a lower resistance pull-down path to achieve a faster bitline discharge. The separated read and write 
Ports also provide two-ported functionality, often required in memory macros, such as those used for register files. 
 

IV.SIMULATION AND ANALYSIS 
 
1. Simulation of 13TSRAM bitcell 

Transient analysis is done, obtain the read and write operations 
 

 
Fig 5.Transient response of 13T SRAM bitcell 

 
Using cadence tool also obtain the delay=57ps, leakage current=1.08µA, SNM(Static Noise Margin)=1.5V. 
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2. Simulation of 15T SRAM bitcell 
Transient analysis is done, obtain the read and write operations 
 

 
Fig 6.Transient response of 15T SRAM bitcell 

 
Using cadence tool also obtain the delay=5.76ps, leakage current=17.58nA, SNM(Static Noise Margin)=0.7V. 
 

 Parameter Value Unit 
13T SRAM Average power 18.19 nW 
 Delay 57 ps 
 SNM 1.5 V 
 Leakage  current 1.08 µA 
15T SARM Average power 3.494 nW 
 Delay 5.467 Ps 
 SNM 1.5 V 
 Leakage current 17.48 nA 

Table I Comparison of 13T SRAM and 15T SRAM bit cell 
 

V. LAYOUT STRUCTURE 
 
The Virtuoso Layout Editor is used for drawing the layout. A layout consists of geometrical figures in different colours. 
From the size and colour of this figures it is later possible to generate the final mask layers which is used in the 
fabrication of the design. It is possible to include other cells by instanciating their layout views. To verify that the 
layout fulfills all electrical and geometric rules a Design Rule Check (DRC) program is used. The Assura Diva 
verification can be called upon directly from the layout editor. This tool will mark any error in the design and can also 
extract (i.econvert to a netlist) the layout so it can be simulated. 

 

 
 

Fig 7.Layout of 15T SARM bitcell 
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VI. CONCLUSION  
 

The  design and simulate a 15T SRAM bitcell in 180 nm CMOSTechnology at transistor level.stacking nmos transistor 
to the inverter of 13T SRAM bitcell obtained the design of 15T SRAM.Performance of the bitcells are analysed .15T 
SRAM bitcell has better read steability. 
 
Future Works 
SRAM design for low-voltage operation has become increasingly popular in the recent past. Various bitcell designs and 
architectural techniques have been proposed to enable operation deep into the subthreshold region.low voltage bitcell 
can be used for space application. 
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