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ABSTRACT 

In the age of scaled silicon technology to improve the functional 

efficiency of a CMOS design, the device geometry and device 

parameters are constantly scaled. The major factors of the power 

consumption due to continuous reduction of the oxide thickness 

(tOX) is the gate leakage current in both the active and standby 
mode of the device and other is due to scaled supply voltage, the 

sub-threshold leakage current. This work proposes a novel 

approach called as the P3 SRAM Bit-Cell Scheme for the 

reduction of the active and standby leakage power through the 

gate and sub-threshold leakage reduction in the active and 
standby mode of the memory operation. As the gated transistor 

is of minimum feature size, so the area penalty is minimum in 

terms of a large memory and can be compromised. To the best 

of my knowledge, pMOS Gated-Ground and full-supply voltage 

body bias for pMOS transistor along with the PP SRAM bit-cell 
structure is used for the first time in the memory bit -cell design 

to reduce the power in 45nm CMOS technology at VDD = 0.7V 

and 0.8V. In comparison with the Conventional and PP SRAM 

Bit-cells, the active power is achieved for Write Data „0‟ as 

89.21% , 94.38%, and for Write Data „1‟ as 89.23%, 94.45%, 
respectively at VDD = 0.7V. When the VDD = 0.8V, the active 

power is achieved for Write  Data „0‟ as 9.15%, 93.63%, and for 

Write Data „1‟ as 91.68%, 93.59%, respectively.  

 

General Terms  

Conventional SRAM Bit-Cell, Low-Power, Circuit Level 
Simulation. 

 

Keywords 

Deep-Sub Micron, Gate Leakage, Sub-threshold Leakage, PP-

SRAM, Stacking Effect. 

 

1. INTRODUCTION 
The growing demand for high density VLSI circuits and 

exponential dependency of the leakage current on the oxide-

thickness is becoming a major challenge in deep-sub-micron 

CMOS technology [1]. According to the ITRS-2003 
(International Technology Roadmap), 90% of the chip -area will 

be occupied by the memory core by 2014 [2]. In the view of 

ITRS, the gate equivalent oxide thickness as low as 0.5nm for 

future CMOS technology. In other words, it demands the 

processor with high processing power, high performance, and 
low-power on-chip memory. There are several sources for the 

leakage current, i.e., the sub-threshold current due to low 

threshold voltage, the gate leakage due to very thin gate oxides, 

etc., [3]. In Fig.1, the leakage power from a high-performance 
microprocessor has been shown. It increases steadily, as the 

technology is scaled down [4].  

 
(a) 

 
(b) 

Fig. 1. (a) Leakage Power Percentage of Total Power. (b) Cache 

Area Percentage of Total Chip Area [4]. 
 

Portable mobile-multimedia applications have two 

operational modes, the active mode and standby mode. Cell 

phone, for example, have low activity factor, i.e., their idle time 

is linger in comparison with the device active time. Even at the 
idle time, these devices affected by the leakage power loss 

which reduces the battery service time. To address this challenge 

of power saving, researchers in the domain have reported work 

at the device level, circuit level, architecture level, and algorithm 

level. At the circuit level, existing designs need to be modified 
in such a way that it curbs the drawing of battery current when 

the device is in the operational and non-operational mode. So, 

based on the two modes of operation, power reduction 

techniques have been reported in two categories [5], the leakage 

control in the standby mode and leakage control in the active 
mode. In the standby mode, at the circuit level techniques, it 

cutoff the circuit from the power supply-rails while in the active 
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mode, certain design modifications, as adding additional 

transistors are used to minimize the leakage current during 

runtime. 
In this work, we present a CMOS design technique 

that reduce the overall leakage power in the Conventional 

SRAM Bit-Cells. In the proposed design, we focus on the static 

and active power dissipation of the memory, i.e., when the 

memory is in the inactive mode (when the cell is fully „ON‟ with 
no read/write operation, i.e., the hold state) and active mode 

(when the cell is active and read/write operation is being 

performed). The rest of the paper is organized as follows, In 

Section II, a basic overview of the SRAM Bit-Cell is presented. 

In Section III, the four major components of the leakage power 
as Reverse-Biased Junction Leakage, Gate-Induced Drain 

Leakage, Gate Direct Tunneling Leakage, and Sub-threshold 

leakage are considered. In section IV, a review of the related 

work is presented. In Section V, the proposed work on a Low-

leakage SRAM Bit-Cell is presented which is followed by the 
Simulation work and Conclusions in Sections VI and VII, 

respectively. 

 

2. THE CONVENTIONAL 6T-SRAM BIT-

CELL  
The Conventional SRAM (CV-SRAM) cell has Six MOS 

transistors („4‟ nMOS and „2‟ nMOS), Fig.2. Unlike DRAM it 

doesn‟t need to be refreshed as the bit is latched in. It can 

operate at lower supply voltages and has large noise immunity. 
However, the six transistors of an SRAM cell take more space 

than a DRAM cell made of one transistor and one capacitor 

thereby increasing the complexity of the cell [6]. 
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Fig. 2. 6T-CMOS SRAM Cell [6] 

The SRAM Bit Cell 
The memory bit-cell has two CMOS inverters connected back to 

back (M1, M3, and M2, M4). Two more pass transistors (M5 

and M6) are the access transistors controlled by the Word Line 
(WL), Fig.2. The cell preserves its one of two possible states „0‟ 

or „1‟, as long as power is available to the bit-cell. Here, Static 

power dissipation is very small. Thus the cell draws current 

from the power supply only during switching. But ideal mode of 

the memory is becoming the main concern in the deep -sub-
micron technology due to its concerns in the leakage power and 

data retentation at lower operating voltages.  

 

The Operation of SRAM Bit-Cell 
Although the two nMOS and pMOS transistors of SRAM 

memory bit-cell form a bi-stable latch, there are mainly the 

following three states of SRAM memory cell [7], the Write, 

Read, and Hold states. 
 

A. Standby Operation (Hold) 
When WL = „0‟, M5 and M6 disconnect the cell from Bit-Lines  
(BL and BLB). The two cross-coupled inverters formed by M1-

M4 will continue to reinforce each other as long as they are 

disconnected from the outside world. The current drawn in this 

state from the power supply is termed as standby current. 

 

B. Data Read Operation 
Read cycle starts with pre-charging BL and BLB to „1‟, i.e.,  

VDD. Within the memory cell M1 and M4 are ON. Asserting the 
word line, turns ON the M5 and M6 and the values of Q and Q‟  

are transferred to Bit-Lines (BL and BLB). No current flows 

through M6, thus M4 and M6 pull BL upto VDD, i.e., BL = „1‟ 

and BLB discharges through M1 and M5. This voltage 

difference is sensed and amplified to logic levels by sense 
amplifiers.  

 

C. Data Write Operation  
The value to be written is applied to the Bit lines. Thus to write 

data „0‟, we assert BL=0, BLB = „1‟ and to write data „1‟, the 

BL = „1‟, BLB = „0‟, asserted when WL = „1‟. 

 

3. LEAKAGE POWER IN SRAM  
Leakage is concerned when the device is in the off state. In 

broader sense, there are four main sources of leakage currents in 

a CMOS transistor, Fig.3. 

 

 
 

Fig.3: Leakage Current Components in an nMOS Transistor 

 

3.1 Reverse-Biased Junction Leakage (IREV) 
The junction leakage occurs from the source or drain to the 

substrate through the reverse biased diodes when a transistor is 

in the OFF mode. A reverse-biased pn junction leakage has two 

main components, one is due to the minority carrier 
diffusion/drift near the edge of the depletion region and the other 

is due to electron-hole pair generation in the depletion region of 

the reverse-biased junction. For Ex: in a CMOS inverter with 

low input voltage, the nMOS is OFF, the pMOS is ON and the 

output voltage is high. Subsequently, the drain-to-substrate 
voltage of the OFF nMOS transistor is equal to the supply 
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voltage (VDD). This results in a leakage current from the drain to 

the substrate through the reverse-biased diode. If both n and p 

regions are heavily doped, Band-to-Band Tunneling (BTBT) 
dominates the pn junction leakage [8]. The junction leakage has 

a rather high temperature dependency (i.e.,  around 50–100x/100 
oC).  

 

3.2 Gate-Induced Drain Leakage (IGIDL) 
The Gate Induced Drain Leakage (GIDL) is caused by high field 

effect in the drain junction of MOS transistors. In an nMOS 

transistor with grounded gate and drain potential at VDD, the 
significant band bending in the drain allows the electron-hole 

pair generation through avalanche multiplication and band-to-

band tunneling. A deep depletion condition is created since the 

holes are rapidly swept out to the substrate. At the same time, 

electrons are collected by the drain, resulting in GIDL current. 
This leakage mechanism is made worse by high drain to body 

voltage and high drain to gate voltage. Thinner oxide and higher 

supply voltage increase GIDL current. For Ex: with a VDG=3V 

and Tox = 4nm, there is roughly a 10 fold increase in the GIDL 

current when VDB is increased from 0.8V to 2.2V.  
 

3.3 Gate Direct Tunneling Leakage (IG) 
The gate leakage flows from the gate through the “leaky” oxide 
insulation to the substrate. In oxide layers thicker than 3–4nm, 

this kind of current results from the Fowler-Nordheim tunneling 

of electrons into the conduction band of the oxide layer under a 

high applied electric field across the oxide layer. For lower 

oxide thicknesses (which are typically found in 0.15µm and 
lower technology nodes), however, direct tunneling through the 

silicon oxide layer is the leading effect. Mechanisms for direct 

tunneling include electron tunneling in the conduction band 

(ECB), electron tunneling in the valence band (EVB), and hole 

tunneling in the valence band (HVB), among which ECB is the 
dominant one. The magnitude of the gate direct tunneling 

current increases exponentially  with the gate oxide thickness Tox 

and supply voltage VDD. In fact, for relatively thin oxide 

thicknesses (in the order of 2-3 nm), at a VGS of 1V, every 

0.2nm reduction in Tox causes a tenfold increase in IG [9]. Gate 
leakage increases with temperature at only about 2x/100 oC.  

 

3.4 Sub-threshold leakage (ISUB) 
The Sub-threshold Leakage Current is the drain-to-source 

leakage current when the transistor is in the OFF mode. This 

happens when the applied voltage VGS is less than the threshold 

voltage Vt of the transistor, i.e., weak inversion mode. Sub-

threshold current flows due to the diffusion current of the 
minority carriers in the channel of Metal Oxide Semiconductor 

Field Effect Transistor (MOSFET). The Eq.1 relates sub-

threshold current ISUB with other device parameters. 
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As the supply voltage (VDD) is being uniformly scaled 

down with successive technology nodes. The transistor delay is 

inversely proportional to the difference of supply and threshold 
voltage [10], the threshold voltage must also be scaled down 

proportionally with each technology node to maintain the circuit 

performance. This leads to an exponential increase in sub-

threshold leakage current. As seen from Eq.1, increasing the 

threshold voltage (Vt) of the transistor is an effective way to 
reduce sub-threshold leakage.  

 

4. A REVIEW OF RELATED WORK 
In general, the SRAM is being considered as the systems of 

Low-Activity Factor. Researchers in the static memory design 

domain have reported several integrated circuit and architecture 
level approaches to address the power and performance in deep -

sub-micron CMOS technologies. 

 

In [11], G.Razavipore, et.al., proposed the PP SRAM Bit -Cell 

structure where the two nMOS access transistors has been 
replaced by the two High-Vt pMOS access transistors by 

considering the view that the gate leakage (gate oxide direct 

tunneling) current will be lower than that of the leakage offered 

by the nMOS transistors in the ideal mode of the bit-cell. It 

utilizes the Dual Threshold Voltage technology with Forward 
Body Biasing (FBB) to reduce the sub-threshold leakage without 

loosing the performance. As compared to the conventional 6T 

SRAM Bit-cell, this work reduces the total gate leakage current 

by 27% and the idle power by 37% with no access time 

degradation and an improvement in the SNM by 15% in 45nm 
CMOS technology at VDD = 0.8V.  

 

In [12], B. Amelifard, et.al., proposed an architecture of the 

SRAM Bit-cell by inserting an extra nMOS transistor in 

between the ground line and SRAM cell, called as the Gated-
Ground technique to reduce the leakage power consumption in 

the high performance cache memories with single V t (transistor 

threshold voltage) process. The turning OFF of the Gated-

Ground transistor gives large reduction in leakage power. This 

technique requires no extra circuitry, i.e., the row decoder itself 
can be used to control the Gated-Ground transistor. At the 

simulation level on 100nm and 70nm, leakage power 

consumption is achieved at 16.5% and 27% in L1 cache and 

50% and 47% reduction in L2 cache with less than 5% impact 

on execution time and within 4% increase in area overhead.  
 

In [13], K. Nil, et.al., proposed Multiple Threshold CMOS 

Technique (MT-CMOS) to influence the leakage current. In the 

active mode of the operation of the memory cell, the low 

threshold voltage is preferred because of the higher performance 
(speed). However, in the standby mode of operation, high 

threshold voltage is useful for reduction of the leakage power. 

Therefore, if transistors can be set to different threshold 

voltages, most likely using Reverse-Body-Bias (RBB), the 

threshold voltage can be set according to different modes of 
operation of the memory. At the time of accessing the that is in 

the Standby mode, it has some overheads, as the threshold 

voltage must be returned to the proper level before the value can 

be read. 

 

5. PROPOSED WORK – P3 SRAM BIT 

CELL  
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In this work, a novel architecture called as the P3 SRAM Bit-

Cell Scheme has been proposed for the reduction of the active 

and standby leakage power through the gate and sub-threshold 
leakage reduction in the active and standby mode of the memory 

operation. In it a gated-ground pMOS transistor (typical) has 

been used with the PP SRAM Bit-Cell structure [11]. The two 

pMOS access transistors reduce the gate leakage (gate oxide 

direct tunneling) current. This current will be lower than that of 
the leakage offered by the nMOS transistors in the ideal mode of 

the bit-cell due to the high barrier width of the pMOS in 

comparison with the nMOS transistor. Full supply body biasing 

is being used to reduce the sub-threshold leakage without 

loosing the cells performance. As the gated transistor is of 
minimum feature size, so the area penalty is minimum in terms 

of a large memory and can be compromised. The extra pMOS 

transistor between the cell and ground, produces the stacking 

effect in conjunction with bit-cell. When the Gated-pMOS is 

turned off, opposes the leakage current flow through it.  
 

 

Fig. 4. The proposed P3 SRAM Bit-Cell 

When WL = „0‟, the bit-cell behaves as the normal bit-cell and 

ready to perform the read/write operation in the active mode 
operation. When WL = „1‟, bit-cell is in the OFF state and puts 

the memory in the standby mode to hold data. To the best of my 

knowledge, pMOS Gated-Ground and full-supply voltage body 

bias for pMOS transistor along with the PP SRAM bit -cell 

structure is used for the first time in the memory bit -cell design 
to reduce the power in 45nm CMOS technology at VDD = 0.7V 

and 0.8V. 

 

6. SIMULATION WORK 
The simulation work is being performed at the Cadence-

Virtuoso Sch. and Spectre-AMS Designer platform at CMOS 

Technology, pdk 45nm for tox = 2.4nm, Vth = 2.2V, at VDD = 

0.7V, and 0.8V and T =250C when Active Data for Write „0‟ 
and „1‟ and Standby Stored Data „0‟ and „1‟, shown in Fig. 5-8.  
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Fig. 5. Active Power Consumption when Write Data is „0‟ at 
VDD = 0.7V. 

 

Active Power Consumption for Data '0' and '1' at Vdd = 0.8V
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Fig. 6. Active Power Consumption when Hold Data is „1‟ at VDD 

= 0.8V. 

 

Leakage Power Consumption for Data '0' and '1' for Vdd = 0.7V
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Fig. 7. Leakage Power Consumption when Hold Data is „0‟ at 
VDD = 0.7V. 

 

Leakage Power Consumption for Data '0' and '1' at Vdd = 0.8V
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Fig. 8. Active Power Consumption when Write Data is „1‟ at 

VDD = 0.8V. 
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7. CONCLUSIONS 
In this paper, a novel structure of the SRAM Bit-Cell, called as  

Stacked-pMOS PP SRAM Bit-Cell (or simply called as P3-

SRAM Bit-Cell) structure, is presented. The proposed bit-cell 

utilizes the Gated-Ground technique for transistor stacking, PP-

SRAM Cell, and full-supply body-biasing to reduce the active 
and standby power in the memory. It is found that P3 scheme 

effectively reduces the leakage power while maintaining the cell 

performance at 45nm CMOS technology node with a little area 

penalty of gated transistor. As the gated transistor is of 

minimum feature size, so the area penalty is minimum in terms 
of a large memory. In comparison with the conventional and PP 

SRAM Bit-cells, the active power is achieved for Data write „0‟ 

as 89.21% , 94.38%, and for Data write „1‟ as 89.23%, 94.45%, 

respectively at VDD = 0.7V. When the VDD = 0.8V, the active 

power is achieved for Data write „0‟ as 9.15%, 93.63%, and for 
Data write „1‟ as 91.68%, 93.59%, respectively. Also, in 

comparison with the conventional and PP SRAM Bit-cells, the 

leakage power is achieved for Data Hold „0‟ as 44.30%, 46.67%, 

and for Data Hold „1‟ as 51.83%, 61.67%, respectively at VDD = 

0.7V. When the VDD = 0.8V, the leakage power is achieved for 
Data Hold „0‟ as 38.82%, 42.84%, and for Data Hold „1‟ as  

43.23%, 53.10%, respectively. The work is performed for t ox = 

2.4nm, Vth = 2.2V, Cadence pdk 45nm, at VDD = 0.7V, and 0.8V 

at T =250C when Active Data for Write „0‟ and „1‟ and Standby 

Hold Data „0‟ and „1‟. 
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