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Abstract— The main and highly concerned issue in the low power
VLSI design circuits is Power dissipation. The basic approaches
that we wused for reducing energy/power dissipation in
conventional CMOS circuits include reducing the supply voltages,
on decreasing node capacitances and minimize the switching
activities with efficient charge recovery logic. The Adiabatic
switching technique based upon the energy recovery principle is
one of the techniques which is widely used to achieve low power
VLSI design circuits. In the following paper the power dissipation
of various adiabatic circuits is calculated and then simulated
using T-SPICE tool. From the results of calculation it is observed
that among all of the techniques used for multiplexer
implementation the efficient charge recovery logic (ECRL)
multiplexer exhibits the minimum power dissipation. The
adiabatic logic family has been proposed by implementing PMOS
and NMOS transistors as pull down network and pull up network.
With the help of calculated result, it has been shown that the
multiplexer used with adiabatic logic can reduce the power
dissipation than conventional CMOS circuit.

Index Terms— Adiabatic, VLSI, ECRL, T-SPICE.

I. INTRODUCTION

The widely used concept of power dissipation becomes one of
the critical issue for the performance because of rapid growth
of rapid portable battery powered devices [1]. There are
various methods that are widely used for reducing the power
dissipation in circuits by reducing switching activities, supply
voltage, load capacitances [1]. These methods only try to
minimize the power dissipation but still most of the energy
down from DC power supply is completely dissipated in the
circuit [4]. The alternative method for reducing power
dissipation is by the implementation of the adiabatic logic.
The adiabatic logic circuits can reduce the power dissipation
up to a very large extent by utilizing the AC power supply for
the recycling of the energy that is stored into the load
capacitances rather than to dissipate the energy in the form of
heat in the circuit [4]. The Greek word Adiabatic used for the
impassable. The word adiabatic having the concept of
Thermodynamics which is used to describe about the thermal
process in which there is no loss or gain in the form of heat
[1,4]. In the following paper we have calculated the power
dissipation for various adiabatic logic circuits using T-SPICE
simulation tool. From the calculation we have done, it has also
been found that among all the multiplexers, the efficient
charge receovery logic (ECRL) multiplexer exhibits
minimum power dissipation.
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The adiabatic logic family has been designed by
implementing PMOS and NMOS transistors of pull down
network and pull up network. From the results, it has been
shown that the inverter used with the adiabatic logic concept
has less power dissipation as compared to conventional
CMOS inverter.

In standard CMOS circuits, the power dissipation usually
occurs during the switching of the device. The changes are fed
from the power supplied steered through the MOS devices
and then dumped into the laod capacitor of the circuit. Both of
the transistors, PMOS and NMOS transistors can be modeled
by implementing an ideal switch in series with a resistor for
the representation of the effective channel resistance of the
switch as well as the interconnected resistance in the circuit.
The pull up and pull down networks are connected to the load
capacitance C,, which is also known as the node capacitance.
There is sudden flow of current through R when the used logic
level is one, ‘1°. The charge, Q= C_ Vyq supplied by the
positive power supply rail for charging the load capacitance
C_ to Vg Hence, the energy dissipation from the power
supply is represented by the product of charge Q and supply
voltage Vyq= Cp. V24, where Q is the charge and CL is the
load capacitance [9]. Now, it is assumed that the energy
dissipated from the power supply is equal to that energy
which is supplied to C_ and it becomes equal to one half of
the total supplied energy, i.e. Egoreq= 0.5 CL. V% the
remaining amount of energy is dissipated in resistance R. The
same amount of energy is dissipation is observed during
discharging of the NMOS pull down network when the given
logic level is at “0”. Hence, total amount of energy dissipated
in the form of heat during charging and discharging can be
represented as the total energy is equal to the sum of the
energy dissipating in charging load the capacitor and
discharging the capacitor.
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Figure-1.Adiabatic CMOS inverter
Where as in the Adiabatic logic circuits, the load capacitance
is charged through a constant current
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source instead of a constant voltage source as in case of
conventional CMOS circuits [1,6]. The Adiabatic switching
technique is commonly used to minimize the energy loss
during the charging and discharging of the load capacitor. The
word adiabatic indicates for the state transition that occurs
without any heat loss or heat gain. During the adiabatic logic
is used , all of the capacitors are charged or discharged at a
constant current for the minimization of the power
dissipation. The adiabatic switching can be explained with a
constant current source.

D-/j’dd.—} R
U !

Figure 2- Charging & discharging of capacitor

The adiabatic logic circuit can be explained by the above
circuit with a constant current source, a resistor and a
capacitor. R is the resistance of PMOS network and V¢ be the
initial capacitance voltage of the circuit.

Voltage drop across the resistor R = IR

Power dissipated in the resistor P(R) = I’R

Energy during charging of the capacitor = I°RT

As we already know that | = CV/T then T = CV/I

E = I’RT = (CVIT)’RT = C2V?RIT

E= Edqissipation = %2 CV?x (2CR/T)

The dissipated energy in the adiabatic circuit is smaller than
the conventional CMOS circuit if T is larger than 2RC, that is
dissipated energy can be reduced by increasing the charging
time of the capacitor [1,6]. The energy dissipation is directly
propotional to the resistance R but inversely propotional to
the capacitance. Hence, ifor reducing the the energy
dissipation, the resistance of PMOS pull up network will also
be reduced.

For the conversion of a conventional CMQOS logic into the
Adiabatic logic, the pull up and pull down network must be
replaced with the complementary transmission gate networks
[3]. By the implementation of the transmission logic gates, the
pull up network (PUN) is used to drive the actual output of the
adiabatic gate while the pull down network drives the
complementary output . so the main requirement is that all
inputs should be available in the complementary form. For the
adiabatic operation, the DC voltage supply of the original
circuit must be replaced by the pulsed power supply [1,3].
The current drawn from the pused power supply during 0 to 1
transition is very large because of the large drain-source
voltage. For reducing the energy dissipation , the drain current
must be reduced. It can be easily achieved by implementing
the adiabatic logic circuits.

11.CONCEPT OF ECRL

ECRL technology is that in which precharge and evaluation
simultaneously performed and by implementing this method
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energy dissipation is reduced to a large extent. ECRL
eliminates the precharge diode which dissipates less energy
than the other adiabatic methods. It can also eliminates the
need of more number of PMOS switches, in ECRL only two
PMOS switches are used and it is the matter of fact that
PMOS is the big source of power dissipation. It provides the
charge on the output with full swing and it charges the load
capacitance with the constant supply which is completely
independent of the input signal.
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Figure-3.ECRL logic circuit

The circuit has two cross coupled transistors M1 and M2 of
PMOS and two NMOS functional blocks for ECRL adiabatic
logic implementation. An AC power supply pwr is used, so as
to recover and reuse the supplied energy. Both out and /out
are drive a constant load capacitance independent of the input
signal. The cross coupled PMOS transistors helps for
obtaining full swing in both precharge and recover phases.
ECRL always provides the charge on the outputwith the full
swing . hence, the voltage on the supply clock approaches to
| Vtp | , the PMOS transistor gets turned off[11].

I11. ADIABATIC AND GATE usING ECRL

Let us consider that one input is at high level and other input is
at low level. At the initial cycle, when the power rises from
zero to Vdd, the output remains at the ground level because it
turns on the NMOS logic block. /out follows the power pwr
through M1. When pwr reaches at a level of VVdd, the output
holds a valid logic level. These values are restored during the
hold state, and they are used as the inputs for the evaluation
phase for the next stage. After the hold stage, power falls
down to the ground level, /out returns its energy to the pwr so
that the charge is recovered back. So, the clock pwr acts as
both a clock as well as the power supply.

Let us consider the AND gate having the output ,
where x and y are the two inputs
And,

Z =Xy,

fz=xy =x+¥%
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Figure-4. ECRL AND Gate circuit

So by substituting the value of y and ¥ at the positions of F
and F/ n tree positions in the Figure 3 respectively we get the
AND circuit implementation using ECRL technology.[12]

IV. DESIGN IMPLEMENTATION OF
4:1MULTIPLEXER USING ECRL

The 4*1 Multiplexer having four inputs (D0,D1,D2 and D3)

along with select lines(S1 and S2), we get the output Y,

Where y: Dom + DlﬁSZ + Dgslﬁ + DgSlSZ

And, ¥ =D05152 + D15152 + D35152 + D35152
¥ = (D0 +S1+S2)(D1+S1+32)(D2+51+

S2)(D3 + 51 + 52)
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Elements 39 46 ‘
Nodes 26 30
Input signals 13 14
Temparature in 27 27
Celcius
Total Power 4.4242N 6.2611N
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