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ABSTRACT

In this paper we are going to compare the adiabatic logic designs & designing aynew full addex,using ECRL &
PFAL logics after that the simulations were done using Micro wind & DSCH. Thus thefefficiency of theicircuits
is shown & compared using different Nano meter technologies. Adiabatic Logi¢ Circuits aredimportant
components in applications such as digital signal processors (DSP) architectures and micropracessors. Apart
from the basic addition adders also used in performing useful operations such as'subtraction, multiplication,
division, address calculation, etc. In most of these systems the critical path that determines the overall
performance of the system. In this paper conventional‘complementary metal oxide semiconductor (CMOS) and

adiabatic logic circuits are analyzed in terms of power and transistor count'using 0.18um UMC technology.

Keywords: Adiabatic, ECRL Logic, GFCAL Lagie, Positive Feedback Adiabatic Logic.

I INTRODUCTION

The main objective’ of this research is togprovide new low power solutions for Very Large Scale Integration
(VLSI) designers. Especially, this work focuses on the reduction of the power dissipation, which is showing an
ever-increasing growth with the scaling,down of the technologies. Various techniques at the different levels of
the design process have“been implemented to reduce the power dissipation at the circuit, architectural and
system level:

Furthermore; the,number of gates per chip area is constantly increasing, while the gate switching energy does
not decrease at'the same rate,"so the power dissipation rises and heat removal becomes more difficult and
expensive. Then, to limitithe power dissipation, alternative solutions at each level of abstraction are proposed.
The dynamic power gequirement of CMOS circuits is rapidly becoming a major concern in the design of
personal information systems and large computers. In this thesis work, a new CMOS logic family called
ADIABATIC LOGIC, based on the adiabatic switching principle is presented. The term adiabatic comes from
thermodynamics, used to describe a process in which there is no exchange of heat with the environment. The
adiabatic logic structure dramatically reduces the power dissipation. The adiabatic switching technique can
achieve very low power dissipation, but at the expense of circuit complexity. Adiabatic logic offers a way to
reuse the energy stored in the load capacitors rather than the traditional way of discharging the load capacitors to

the ground and wasting this energy.
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This research work demonstrates the low power dissipation of Adiabatic Logic by presenting the results of
designing various design/ cell units employing Adiabatic Logic circuit techniques. A family of full-custom
conventional CMOS Logic and an Adiabatic Logic units for example, an inverter, a two-input NAND gate, a
two-input NOR gate, a two-input XOR gate, a two-to-one multiplexer and a one-bit Full Adder were designed in
Mentor Graphics IC Design Architect using standard TSMC 0.35 umtechnology, laid out in Micro wind IC
Station. All the circuit simulations has been done using various schematics of the structure and post-layout
simulations are also being done after they all have been laid-out by considering all the basic design rules and by
running the LVS program. Finally, the analysis of the average dynamic power dissipation with respect to the

frequency and the load capacitance was done to show the amount of power dissipateddy. the two logic families.

I MOTIVATION

In the past few decades ago, the electronics industry has been experiencing an‘unprecedented spurt in, growth,
thanks to the use of integrated circuits in computing, telecommunieations and consumer electronics./We have
come a long way from the single transistor era in 1958 to the present day ULSI (Ultra Large, ScalefIntegration)
systems with more than 50 million transistors in a single chip.

The ever-growing number of transistors integrated on a chip and the increasing transistor’switching speed in
recent decades has enabled great performancegimprovement in computer systems by several orders of
magnitude. Unfortunately, such phenomenal performance improvements have beenfaccompanied by an increase
in power and energy dissipation of thesSystems. Higher power and energy«dissipation in high performance
systems require more expensive packaging and coeoling“technologiesy’increase cost, and decrease system
reliability. Nonetheless, the level of on-chip integration and clock frequency will continue to grow with
increasing performance demandsyyand the power and energy dissipation of high-performance systems will be a
critical design constraint. For example, high-end microprocessors in 2010 are predicted to employ billions of
transistors at clock rates over 30GHz to achieve TIPSi@era Instructions per seconds) performance [1]. With this
rate, high-end dmicroprocessor’s power dissipation is projected to reach thousands of Watts. This thesis
investigates one of the major sources af the power/energy dissipation and proposes and evaluates the techniques
to reduce the dissipation. ¥\The word VADFABATIC comes from a Greek word that is used to describe
thefmodynamic processes that exchange no energy with the environment and therefore, no energy loss in the
form of dissipated heat. In real-life computing, such ideal process cannot be achieved because of the presence of
dissipative elements, like resistances in a circuit. However, one can achieve very low energy dissipation by
slowing down the “speed40f operation and only switching transistors under certain conditions. The signal
energies stored in the gircuit capacitances are recycled instead, of being dissipated as heat. The adiabatic logic is
also known as ENERGY RECOVERY CMOS .

It should be noted that the fully adiabatic operation of the circuit is an ideal condition which may only be
approached asymptotically as the switching process is slowed down. In most practical cases, the energy
dissipation associated with a charge transfer event is usually composed of an adiabatic component and a non-
adiabatic component. Therefore, reducing all the energy loss to zero may not possible, regardless of the
switching speed. With the adiabatic switching approach, the circuit energies are conserved rather than dissipated
as heat. Depending on the application and the system requirements, this approach can sometimes be used to

reduce the power dissipation of the digital systems.
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Here, the load capacitance is charged by a constant-current source (instead of the constant-voltage source as in
the conventional CMOS circuits).
Here, R is the resistance of the PMOS network. A constant charging current corresponds to a linear voltage

ramp. Assume, the capacitor voltage VC is zero initially.

111 ADIABATIC PRINCIPLE

The operation of adiabatic logic gate is divided into two distinct stages: one stage is used for logic evaluation;
the other stage is used to reset the gate output logic value. Both the stages utilize adiabatic switching principle.

In the following section conventional switching and adiabatic switching analyzed in detail®

3.1 Conventional Switching

There are three major sources of power dissipation in digital CMOS circuits those-arexdynamic, short circuit and
leakage power dissipation. The dominant component is dynamiic power, dissipation and is due tofcharging,
discharging of load capacitance . The equivalent circuits of CMOS logic for charging and‘diseharging is shown

in Fig.1.

)

Figure 1 (A) Adiabatic Charging (B)Adiabétic Discharging
The expression for total power dissipatiomis given by,

Ptot =a.C L AY/ -VDD . fCIk + 1 SC -VDD + 1 le -VDD @

Equation (1), thefirst, term represents the dynamic power, where C_ is the loading capacitance, f is the
clock frequency, and<a is, the switching activity. In most cases, the voltage swing V is the same as the
supply woltage Vq4q. however, in some logic circuits, the voltage swing on some internal nodes may be
slightly lessyThe second,term is due to the direct- path short circuit current I, which arises when both the
NMOS and PMOS transistors are simultaneously active, conducting current directly from supply to ground.
Finally, leakage “eurrent I, which can arise from substrate injection and sub threshold effects is primarily

determined by falrication technology considerations.

3.2 Adiabatic Switching
Adiabatic switching can be achieved by ensuring that the potential across the switching devices is kept
arbitrarily small. This can be achieved by charging the capacitor from a time-varying voltage source or
constant current source , as shown in Fig. 2. Here, R represents the on-resistance of the pMOS network.

Also note that a constant charging current corresponds to a linear voltage ramp.
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Ve

Figure 2 Schematic for adiabatic charging process

Assuming that the capacitance voltage V¢ is zero initially, the variation of the voltage as a function of time
can be found as

Ve(t)=1lst/C

Hence the charging current can be expressed as a function of V¢ and i

ls :C.Vc(t)/t ___________

The amount of energy dissipated in the resistor R from t

Combining (3) and (4), the dissipated energ ition can also be expressed as

RC 2
Egiss = ?-CVC (1)

®)

ller than for the conventional case if the charging time
T >>2R increasing4he charging time. A portion of the energy thus stored in the

by reversing the current source direction, allowing the charge to be

like chip integration, accuracy, efficiency etc.

An alternative to using pure voltage ramps is to use stepwise supply voltage waveforms, where the output
voltage of the power supply is increased and decreased in small increments during charging and
discharging. Since the energy dissipation depends on average voltage drop across resistor by using smaller
voltage steps the dissipation can be reduced considerably . The total dissipation using step wise charging is
given by (6)
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1 2
Eiiss = CVpp / 2

n

(6)

Where n is number of steps used to charge up capacitance to Vpp.
IV ADIABATIC LOGIC TYPES

Adiabatic logic circuits classified into two types :
(a) Quasi/Partial Adiabatic Logic Circuits
(b) Full Adiabatic Logic Circuits

(a) Quasi/Partial Adiabatic Logic Circuits :- Quasi-adiabatic circuits have si

and power clock

frequency of the power-clock.

(b) Full Adiabatic Logic Circuits :- Full-adiabatic circuits have
complex than quasi-adiabatic circuits. all the charge on the lo i i er supply.
Fully adiabatic circuits face a lot of problems with respect to t inputs power clock

synchronization. Example:-

transistors. It has the structure similar to Cascod 3 (CVSL) with differential signaling.lt

0 NMOS transistors, in the AC power supply pwris

pwr
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Figure3: The Basic Structure of the Adiabatic ECRL Logic.

So the recovery path to the supply clock to the supply clock is disconnected, thus, resulting in incomplete

recovery. Vtpis the threshold voltage of PMOS transistor. The amount of loss is given as
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EECRL =C|Vip|212 @)

Thus, from Equation ,it can be inferred that the non-adiabatic energy loss is dependent on the load capacitance

and independent of the frequency of operation.

‘ pwr
pwr
in | F Mﬂ b_ _d Eﬂ E - , J
1 - free 1 - tree /1 .
| | m out
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Figure 4: The Basic Str : he Adiabatic ECRL ic.

the latch is by two PMOSFETs and two

d that the functional blocks are in

The two major differences with respec
NMOSFETS, rather than by only two PMO
parallel with the transmission PMOSFETS. Thus th
to be charged. The energy dissi

ivalent resistance is smaller when the capacitance needs
amily and Adiabatic PFAL Logic family can be
seen.

Tablel: »

Comparison of power, delay and PDP with load capacitance at f = 80 MHzand f, = 40 MHz in 10 cycles of charging/discharging.

Inverters 10fF 30fF 50fF 80fF 100fF 200fF

Power dissipation (W)

CMOSs 144 393 642 101 12.7 24.8
Proposed 0.463 136 2.35 4 5.18 10.8

Delay (ns)

CMOS 0.152 0.376 0.601 0534 1166 2.275
Proposed 0.187 0376 051 0691 0.808 142

PDP ({])

CMOSs 0219 148 386 943 14.8 56.4
Proposed 0.087 0.511 119 277 419 15.34

Energy saving %

60.2 654 691 706 716 72.8

Adiabatic gain

251 2.89 324 340 353 3.67
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V POSITIVE FEEDBACK ADIABATIC LOGIC

The partial energy recovery circuit structure named Positive Feedback Adiabatic Logic (PFAL) has been used,
since it shows the lowest energy consumption if compared to other similar families, and a good robustness
against technological parameter variations. It is a dual-rail circuit with partial energy recovery. The general
schematic of the PFAL gate is shown in Figure 4.3. The core of all the PFAL gates is an adiabatic amplifier, a
latch made by the two PMOS M1-M2 and two NMOS M3-M4, that avoids a logic level degradation on the
output nodes out and /out. The two n-trees realize the logic functions. This logic family also generates both
positive and negative outputs. The functional blocks are in parallel with the PMOSFETSs of the adiabatic
amplifier and form a transmission gate. The two n-trees realize the logic functions.%This logic family also

generates both positive and negative outputs.

VI GFCAL INVERTER AND COMPARISON TO OTHER CIRCUITS

GFCAL means glitch free and cascadable adiabatic logic cifeuits.This circuit cansists of one#P-channel
MOSFET and a diode in parallel with one N-channel MOSEET and a diode, which in“turmyar€ connected in

series with the loadcapacitance C.

Vbbb
INPUT J-—l 5 = =

ji c (OQUTPUT)

Figure 5:GFCAL Inverter
The supply voltage VDDis a slowly arying triangular voltage. The P-channel MOSFET (T,) and diode (D,)
provide a,charging path, and the N-channel MOSFET (T,) and diode (D,) provide a discharging path for the
load current.
6.1 Operation of the circuit

When the input is “0” (logic,'0”), T1 is on and T, is off. Path T,, D, allows the current flow from the supply and
the capacitor becomes\charged close to the peak value of Vpp, producing logic ‘1°. The diode D; does not allow
discharge into the supply when VDD is less than the output voltage. When the input is logic‘1’, T, is on and T,
is off. The path D,, T, starts conducting. The diode, D, prevents charging of the capacitor since it is reverse
biased when Vpp >V and allows only discharging of the capacitor or pumping of energy back into the supply
when Vpp < Vc. Thus, the capacitor voltage is brought down to a low value when the input is high irrespective
of the previous output. Hence, the output is the complement of the input.

Features

The output voltage level is almost independent of the time at which the input voltage is applied with respect to

the supply voltage as long as it is applied at a time before Vpp reaches the peak value.
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6.1.1  Energy dissipation in the inverter during charging

VYoo

the diode in the charging path. The voltage reaches a peak value Vo in a tim d T4and its valuetVpp(t) at
any time ‘t’ is
Voo (D) t when 0 <t <T

_E-m, when T <t <2T

V oo (t) Vol1

The voltage VDD (t) reaches a value VB in a perio

Assuming that Tth > CRch, En ipated over the d 0 — T in the diode and the transistor is

gh the diode in the discharge path till t1, that is, till VC is higher than
the period when VDD increases from 0 to Vo. The capacitor then stops
es discharging from 2T-t1 until VC = VB. Let Rdis be the total resistance in
ing CRdis < t1, the energy Edc dissipated during discharging is the sum of energy
and (2T-t1) to 2T which can be shown to be

the discharging pal
dissipated during O to
2 v B2
Ec=t:1(2 Y9 ¢2Ra)-2C — > BCR a + VsBC + = C
T T 2
where

B=Vco—VB+RaisC%

The total energy Ep, dissipated during one cycle of charging and discharging is given by
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Eo= Ea~ Bt = VoORaC1% + Va1 - T2)+ 2 T ¢*Ra) - 2¢ T2 BCRu= VaBC - B C

Vo

Where t, is given by l

C
Veo-Ve+(VoRa =) .
o TETeRe T Equation (8)
C
VoRmT

From equation (8)the energy dissipated decreases as T increases. T indicates the rate at which the supply voltage

t1= RauClni

varies and, hence, the energy dissipated decreases with slowly varying the supply voltages. The power
dissipation generally changes with parameters like Vo, the value of the capacitance, the equivalent series
resistance because of the diode and the MOSFET.

The energy dissipated by different inverters at an input frequency of 25 MHz and a frequency of 25 MHz

during one cycle of charging and discharging of the load capacitor

Table2: Energy Dissipation in various configurations(25MHz freq)

CMOS 9.12%10714
GFCAL 4.04x10'4
ADL 3.41x10714
2N-2N2D 6.64x1014
QSERL 5.11%10°14
2N-2P 5.21%10°14
2N-2N2P 5.26%10'4
CAL 5.19%10'4

The energy dissipated by different inv
125 MHz during one cycle of chargi

frequency o and a supply frequency of

Table3: Energy Dissipation in various config

Type of inverter Energy dissipated, J
CMOS 9.15x10°14
GFCAL 3.84x1014
ADL 3.64x10°1¢
2N-2ND 6.51x1014

sed on the design of low power CMOS cell structures, which is the main
ign of low power CMOS cell structures uses fully complementary CMOS
logic style an iabati logic style. The basic principle behind implementing various design units in
the two logic styles pare them with reference to the average power dissipated by all of them.
A family of full-custam conventional CMOS Logic and an Adiabatic Logic units were designed in Mentor
Graphics 1C Design Architect using standard TSMC 0.35 umtechnology, layout them in Micro wind & Digital
Schematic and the analysis of the average dynamic power dissipation with respect to the frequency and the load
capacitance was done. It was found that the adiabatic PFAL logic style is advantageous in applications where
power reduction is of prime importance as in high performance battery-portable digital systems running on
batteries such as note-book computers, cellular phones and personal digital assistants.

With the adiabatic switching approach, the circuit energies are conserved rather than dissipated as heat.
Depending on the application and the system requirements, this approach can be used to reduce the power

dissipation of the digital systems. With the help of adiabatic logic, the energy savings of up to 76 % to 90 % can
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be reached.Circuit simulations show that the adiabatic design units can save energy by a factor of 10 at 50 MHz

and about 2 at 250 MHz, as compared to logically equivalent conventional CMOS implementation.

VIl FUTURE WORK

8.1 Adiamems: To perform digital logic in CMOS in a truly adiabatic (asymptotically thermodynamically
reversible) fashion requires that the logic transitions be driven by a quasi-trapezoidal (flat-topped) power-
clock voltage waveform, which must be generated by a resonant element with very high Q (quality factor).

Recently, MEMS resonators have attained very high frequencies and Q factorsq@and are becoming widely

junction discontinuities.

8.3 Spacecraft: The high cost-per-weight of launching co
cooling systems into orbit imposes a demand acecraft in which these

components weigh a significant fraction o
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