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Abstract 
In the current VLSI digital circuits, power consumption is one of the 
main design concerns. Power consumption has become a critical 
concern in both high performance and portable applications. In 
this paper, two low power techniques are being discussed. One 
is Adiabatic technique and other is Bulk-biased technique. The 
performance of conventional 6T SRAM circuit is compared with 
adiabatic 6T SRAM circuit and bulk-biased 6T SRAM circuit. 
Using these techniques a greater degree of power reduction has 
been achieved. Simulation of 6T SRAM has been done using 
180nm CMOS technology and TANNER TOOLS.
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I. Introduction
According to Moore’s law, the number of transistors on the chip 
becomes double after every eighteen months [1]. Therefore in 
order to meet the requirements of portable devices, various low 
power techniques had been used. Adiabatic logic and bulk-bias 
are new promising approaches developed for low power circuits. 
In this paper, low power SRAM using adiabatic and bulk-bias 
technique is being discussed.

A. Adiabatic Logic
The term ‘adiabatic’ is typically used to describe thermodynamic 
processes that have no energy exchange with the environment, 
and therefore, there is no loss of energy in the form of dissipated 
heat. In adiabatic switching, the signal energies which is stored on 
the capacitance of the circuit is recycled instead of dissipated as 
heat. In a circuit, during charging a capacitance C from 0 to Vdd 
or discharging from Vdd to 0, the energy dissipated is given by

    (1)

Now, if T is made much larger than RC, the dissipated energy 
becomes smaller than conventional case for which an energy 
of  1 ⁄ 2 CVdd

2 is required during a charge or discharge cycle. 
In fact, the dissipated energy can be made small by increasing 
the charging time. It is seen that the constant current charging 
process efficiently transfers energy from the power supply to 
the load capacitance a portion of the energy can be reclaimed by 
reversing the current source direction, allowing the charge to be 
transferred from the capacitance back into the supply. Thus the 
power supply must be capable of retrieving the energy back from 
the circuit. Thus, there is a need of nonstandard power supplies 
with time varying voltage in adiabatic logic [2-3].

B. Bulk-Bias Technique
Leakage current is one of the major sources of power dissipation 
[4].  In order to reduce leakage current and thus average power 
dissipation bulk-bias is the most promising technique [5]. 
Theoretically, in bulk-biasing technique the PMOS Transistor 
is connected to the most positive terminal and NMOS transistor 

is connected to the most negative terminal. Here, experimentally 
the optimum values for biasing the PMOS and NMOS transistors 
in order to reduce the power dissipation have been found out.

II. 6T CMOS SRAM
 As shown in fig. 1 the conventional 6T memory cell comprises 
of two CMOS inverters cross coupled with two pass transistors 
connected to a complementary bit lines. In the access transistors 
NMOS3 and NMOS4 are connected to the wordline (WL) to 
have the data written to the memory cell from bit lines (BL). 
The bit lines act as I/0 buses which carry the data from memory 
cells to the sense amplifier. There are three main operations of 
the SRAM cells write, read and hold. Whenever the word line 
is high the BL and BLB are connected to the cell hence the cell 
can be read out or write in from the bit lines. When the WL is 
off there is no reading or writing is performed by the cell, hence 
the cell will be in the hold state.
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Fig. 1: 6T SRAM Cell (Conventional)

A. Precharge Logic
In both read and write operations, the bit lines are initially pulled 
up to a high voltage near Vdd. The circuits used to precharge the 
bit lines depend on the type of sensing that is used in the read 
operation. Precharge plays an important role in decreasing the 
delay while writing bits into the memory or reading the bits from 
the memory. Precharge circuit makes both bit line as well as bit 
bar line to charge to precharge voltage before carrying out either 
read or write operation.  Safe read and write operation require 
a modification of the memory array and timing sequence that is 
based upon the precharge circuit. The usual voltage of precharge 
is Vdd/2 using appropriate pass gates. The one of the precharge 
circuit is shown in fig. 2.



IJECT Vol. 6, IssuE 3, July - sEpT 2015

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  19

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

Fig. 2: Schematic of Precharge Circuit

B. Sense Amplifier
A Sense Amplifier circuit is used to read the data from the cell. In addition, it helps to minimizes power consumption in the overall 
SRAM chip by sensing a small difference in voltage on the bit lines. Sense Amplifier takes small-signal differential inputs and 
amplifies them to a large-signal single-ended output. The schematic of sense amplifiers is shown in Figure 3 below.The inputs (bit and 
bit bar) are fed to the differential input devices M14 and M16 and transistors M2 and M13 act as an active current mirror load. The 
sense amplifier is conditioned by the sense amplifier enable signal SE, which is initially low and is enabled once the read operation 
is initiated. A SA allows the storage cells to be small, since there is no need of each individual cell to fully discharge the bit line. 
Design constraints for an SA are defined by the minimum differential signal amplitude, the minimum gain A, and tolerance to the 
environmental conditions and mismatches.

Fig. 3: Schematic of Differential Voltage Sense Amplifier

The performance of sense amplifier strongly affects both memory access time, and overall memory power dissipation. The main use 
of these is to read the contents of RAM, DRAM and SRAM cells. They are very sensitive to noise and their design implies that they 
will provide adequate noise margins and provide good quality of data that represents the contents of a particular memory cell. There 
are two categories of sense amplifiers. The static sense amplifiers mainly used to detect logic in the static RAMs and the dynamic 
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sense amplifiers are mainly used to save energy when low power 
dissipation is required. For achieving low latency in many circuits, 
the most common being bit-line reading in memories, fast sense 
amplifiers are used. With the advent of sub micrometer CMOS 
chips, one of the major source of delay interconnection, and fast 
sense amplifiers are also likely to be needed, e.g. as repeaters are 
needed for high-speed signals which must traverse large chips. 
Several operate in current mode i.e. they present a low impedence 
to the inputs and respond to the differential current rather than to 
the voltage between the inputs, it reduces the interconnect delay 
thereby providing speed improvement. As compared to voltage 
mode sensing technique, the current mode sense amplifier reduces 
the bit line swing during read operation. It proves that current 
sensing technique would be faster than voltage mode due to the 
low impedance termination of the current mode. It shows that 
current sensing is relatively insensitive to the bit line capacitance. 
This gives the motivation to use current mode sensing in the bit 
lines in SRAM [6-7].

C. Write Operation
For the write operation, in order to store logic ‘1’ to the cell, 
BL is charged to Vdd and BLB is charged to ground and vice 
versa for storing logic ‘0’. Then the word line is switched to Vdd 
for turning ON the NMOS access transistor. After turning the 
access transistors ON, the values of the bitlines are written into 
Node A and Node B. The node which is storing the logic ‘1’ will 
not go to full Vdd because of a voltage drop across the NMOS 
access transistor. After the write operation the wordline voltage is 
reset to ground to turn off the NMOS access transistor. The node 
with the logic ‘1’ stored will be pulled up to full Vdd through the 
PMOS driver transistors. Fig. 4 shows the write ‘0’ operation. 
During write ‘0’ operation transistor PMOS1 and NMOS2 will 
be turned off.
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Fig. 4: 6T CMOS Cell During Write ‘0’ Operation

D. Read Operation
For the read operation the bitlines and word lines are charged to 
Vdd. The node with logic ‘1’ stored will pull the voltage on the 
corresponding bitlines up to a high (not Vdd  because of the voltage 
drop across the NMOS access transistor) voltage level. Detection 
is done by sense amplifier that which bit line is at high voltage 
and which bit line is at ground [8]. 
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Fig. 5: 6T CMOS cell During Read ‘0’ Operation

E. Hold Operation
For hold operation the bitlines are charged to Vdd and word lines are 
connected to ground potential. The access transistors NMOS3 and 
NMOS4 disconnect the cell from the bit lines. The two inverters 
formed by PMOS1, PMOS2, NMOS1, NMOS2 and they will 
continue to reinforce each other as long as they are connected 
to the supply. Fig. 6 shown below shows the hold operation of 
SRAM cell.
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Fig. 6: 6T SRAM in Standby Mode

III. Adiabatic Technique
Adiabatic switching is a new approach for reducing power 
dissipation in digital logic. When adiabatic switching is used, 
the signal energies stored on circuit capacitances may be recycled 
instead of dissipated as heat.

A. Adiabatic Charging
Adiabatic switching can be achieved by ensuring that the potential 
which is across the switching devices is kept arbitrarily small. 
The potential Vr which is across the switch resistance is high in 
the conventional case because of the abrupt application of Vdd to 
the RC circuit. 
Adiabatic charging may be achieved by charging the capacitor 
from a time varying source that starts at VI = 0V. The ramp increases 
towards Vdd at the slow rate that ensures that Vr =VI- VC , is kept 
arbitrarily small. This rate ensures that its period is T >> RC.  In 
fact the energy dissipated is

Ediss = I2 RT = (CVdd ⁄ T)2RT = (RC⁄T) C (Vdd)
2  (2)

A linear increase in T results in a linear decrease in power 
dissipation. Adiabatic discharge can be arranged in a similar 
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manner with a descending ramp. Now if T is sufficiently larger 
than RC then energy dissipation during charging Ediss→ 0 and 
so the total energy removed from the supply is 1 ⁄ 2 CVdd

2 - the 
minimum required to charge the capacitor and hence hold the 
logic state. This energy can be removed from the capacitor and 
returned to the power supply during the discharge cycle if it too 
is performed adiabatically. As a result, given a suitable supply 
it should be possible then to charge and discharge signal node 
capacitances with only marginal net losses. The time constant RC  
of a typical CMOS is about100ps. If we set T to 10 time constants, 
then the delay through an adiabatic gate would be 1ns - making 
the gate viable in systems running with clock speeds in the tens 
to hundreds of megahertz range.

B. Proposed 6T SRAM Cell
In this proposed 6T SRAM cell adiabatic technique is used in 
order to reduce the average power dissipation in active mode 
operation of SRAM cell. In this work a method based on adiabatic 
technique uses an ac power supply rather than dc for the recovery 
of energy [9]. Although adiabatic circuits consume zero power. 
Theoretically, they show some energy loss due to nonzero 
resistance in the switches.
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Fig. 7: 6T Proposed SRAM cell (Using Adiabatic Technique)

C. BULK-BIAS Technique
Power dissipation due to leakage current is one of the major 
concerns. It can be reduced by using bulk bias technique [10]. 
Experimentally we have found that the optimum value for bulk 
bias of PMOS transistor is 1.8V and for NMOS transistor is -0.6V.
In general the bulk of PMOS transistor and NMOS transistor 
are connected to the Vdd and ground potential respectively. In 
this work we have used 6T SRAM cell having four NMOS and 
two PMOS transistor. In which two NMOS transistor are used as 
access transistor and two NMOS transistor are used in back to back 
connect inverters. In this work to reduce the sub threshold leakage 
current and  average power consumption bulk bias technique is 
used and the optimum value of bulk bias is applied only to the 
inverter transistors, the bulk of two NMOS transistors which are 
used as access transistors, connected to the ground potential same 
as conventional SRAM Cell.

IV. Simulation Results
In this section comparison of conventional, adiabatic and bulk-
biased 6T SRAM on the basis of average power dissipation has 
been carried out. 

Table 1:

Write operation Conventional 
SRAM

Adiabatic 
SRAM

Bulk-
Biased

Power dissipation 1.4E-5 1.59E-6 6.3E-6
% reduction 88.64 55

Table 1 shows the comparison of average power dissipation during 
write 0/1 operation.

 
Fig. 8: Average Power Dissipation in Write Operation for 
Conventional, Adiabatic And Bulk-Biased SRAM

Fig. 8 shows the graphical representation of average power 
dissipation,During write operation. A power reduction of up to 
89% using adiabatic technique and up to 55% using bulk-bias 
has been achieved.

Table 2
Write and hold Conventional Adiabatic Bulkbiased
Power dissipation 6.02E-6 2.09E-6 5.46E-6
%Reduction 65.28% 9.3%

Table 2 shows the average power dissipation during write and 
hold operation.

Fig. 9: Average Power Dissipation in Write and Hold Operation 
for Conventional, Adiabatic and Bulk-Biased SRAM
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Fig 9 shows the graphical representation of average power 
dissipation during write operation. A power reduction of up to 
65% using adiabatic technique and up to 9% using bulk-bias has 
been achieved.

Table 3:
Write and read conventional adiabatic Bulk-biased
Power dissipation 1.59E-5 2.07E-6 9.063E-6
% reduction 86.98 43

Table 3 shows the average power dissipation during write and 
read operation.

It shows that the power of 6T SRAM has been reduced to a great 
extent using adiabatic and bulk-bias technique.

Fig. 10: Average Power Dissipation in Write and Read Operation 
for Conventional, Adiabatic and Bulk-Biased SRAM

Fig. 10 shows the graphical representation of average power 
dissipation during write and read operation. As compared to 
conventional a power reduction of up to 86% using adiabatic 
technique and up to 43% using bulk-bias has been achieved.

V. Conclusion
In this work, 6T low power SRAM has been presented using 
adiabatic technique and body-bias technique. Simulation has 
been done using 180nm CMOS technology. Different operations 
of conventional, adiabatic and bulk-biased 6T SRAM has been 
studied. Using adiabatic technique, average power dissipation is 
reduced up to 89% during write operation, power dissipation is 
reduced up to 65% during write and hold operation and power 
dissipation is reduced up to 87% during write and read operation. 
On the other hand, average power dissipation is reduced up to 
55% during write operation, power dissipation is reduced to 9% 
during write and hold operation and power dissipation is reduced 
up to 43% during write and read operation. The simulation results 
show that there is a significant reduction in power using both 
techniques without any performance degradation.
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