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Abstract; Nanomechanical computational systems proposed by
K.Drexler is one of the approaches to molecular scale electronic
circuits for memory and logic applications. The nanomechanical
rod logic proposed is distinguished by its small size and very low
energy dissipation, compared to transistors. it has been found
from the sources availableto us, that presently the idea was highly
unexplored and till remains in its nascent stages This paper
presents the use of nanorods as variant to the existing silicon
technology for the design of a full adder circuit along with the
speed, power and energy dissipation characteristics. The full
adder circuit isthen extended to an n-bit adder (which forms the
basis of an ALU circuit). The paper also addresses the use of
parallel architectures to overcome the limitations of switching
speeds.
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I.INTRODUCTION

Today the driving force for microelectronics is information
technology. With the exponential growth of data and
knowledge, the future will demand sophisticated
microelectronics, probably nanoelectronic[8]. Evolutionary
changes in CMOS have inspired research on severa
important topics including wire dominated designs, power
dissipation and fault tolerance. A revolutionary technology
change such as replacing a CMOS device, is a potentially
disruptive event in the design of computing systems.
Emerging technologies for further miniaturization have
capabilities and limitations that can significantly influence
computer architecture and require rebuilding abstractions
originaly tailored for CMOS. Even though such aternative
technologies to silicon based technologies do not show any
economic or computational importance as of now, they are
still interesting research areag8]. The paper discusses one
such specific nanotechnology of ‘“Nanomechanical
computational systems”

Digital systems in nanomechanical computers are
represented by displacements of solid rods and logic gatesin
combinational circuits can be built by using interlocks in
nanomechanical systems.
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These interlocks can resemble CMOS transistors, in that
interlocks can make the mobility of the rod dependent on the
displacement applied to gate knob, either permitting motion
when the gate knob is at alarge displacement and blocking it
at low displacements, or vice versa[1,2,3,4].

In this paper we build upon the logic suggested by
K.Drexler and propose an approach for realizing a classica
full adder circuit and its implementation using logic rods. In
section 2 we present the architecture of an classical full adder
circuit and then its extension to n-bit adders (multi-bit adder).
This is followed by speed, packaging density and energy
dissipation considerations based upon bounded continuum
models, in section 3. Some of the problems arising from the
use of these methods are al so briefed. The concluding remarks
are provided in section 4.

1. ADDER ARCHITECTURE

One of the challenges for nanoelectronics is the devel opment
of integrated circuits on the basis of emerging alternative
technologies. For this purpose, we propose a full adder
implementation using nanomechanical rods. There are severa
different waysto implement asuch acircuit. Inthis section we
consider the design of a basic full adder circuit using the
equations (1) and (2) given in the references [9,10].The
equation for the Sum S of traditional 1-bit full adder is:

S=ABC, +ABC,+ABC +ABC, (1)
Where A and B arethe inputsand C, isthe carry input.

The equation for output carry is.
C,=AB+BC +AC,
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Fig. 1. Design of basic Full Adder using Nanomechanical Rods

The implementation of Eqg.(1) and Eq.(2)
nanomechanical rod logic is presented in the figl.
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Fig. 2: N-bit Ripple Carry Adder
The proposed circuit is non optimized logic
implementation of a full adder using logic rods. The circuit
uses 14 vertical rods and 17 horizonta rods with each rod
forming interlocks. The implementation forms a total of 39
interlocks for obtaining the sum and carry. The
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circuit in fig 1can be extended to form a n-bit ripple carry
adder circuit as shown in the fig. 2

A second approach for realizing full addersis shown in
the fig.4. The truth table of the adder can be analyzed by the
following equations Eqg.(3) and Eqg.(4) given in the
referenceq 9]:

if A=Bthen S=C eseS=C (3)

(4)

if A=BthenC,=AeseC,=C,

Fig. 3: Manchester Carry Adder
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Fig.4 Design of a Manchester Carry Adder using Nanomechanical Rods

The logic implementation of the Eq.(3) and Eq.(4) involves
the use of 13 vertica rods, 16 horizontal rods and 35
interlocks. The implementation of the above equations using
pass logic is being studied. The above circuit can aso be
extended to form an n-bit adder circuit.

I11. ADDER CHARACTERISTICS

To investigate the various performance parameters such as
gate density, device size, speed and energy

dissipation the following geometries are chosen for exemplar
calculations][1] .These are given by the Eq.(5) :

lknob = Wob = Wiog = dknob/2:1nm

hmob = hrod = 05nm (5)

Using the geometric considerations defined in Eq.(5)
the total volume of the adder including the housing structure
was found to be 3588nm?®. The volume of individual interlock
was found to be 16 nm®. Hence the total volume of the
interlocks present in the adder circuits approximately 640
nm®. For assembling of these systems self replicating or self
assembling architectures can be used [7].

The energy dissipation of the adder was thoroughly
investigated. Theenergy dissipationin an adder (logic) circuit
can mainly be attributed to: energy loss in interlocks,
Vibrational energy loss, and energy loss due to dliding
interface drag in the cam surfaces of the driver mechanism
and thermo elastic losses. The overall energy dissipation as a
cumulative effect of al these losses amounts to 71.062 x
10-21 J(or) 71.062 maJ.

A detailed account of individual energy lossesis provided:

W

r

Energy loss per interlock:

Total energy loss per interlock per switching cycle= 0.013
maJ.

Tota energy loss due to all the interlocks present in the
adder circuit=0.52 maJ.
Vibrational energy loss:

Energy loss due to vibration in one rod = 0.56 maJ.

Total energy dueto vibrations of rodsin the adder circuit=
17.36 mal.
Energy dissipation due to diding interface drag in cam
surface:

Energy dissipation per rod per 0.1ns = 0.012 maJl

Total energy dissipation in adder circuit = 0.372 mal
Thermo elastic losses:

Thethermoelastic losses for a probe segment are expected
to be <0.41 mal. Calculating the thermoelastic losses for the
full adder circuit is expected to be around 15.17 mal.

The delay of transmission of a signal in a rod of length
100nm was found to be 60ps and the switching time for an
interlock was found to be 100 ps. Using the above exemplary
calculations the time delay for an adder circuit was found to
be approximately 0.66 ns.

The simulation results above are obtained at helium
temperatures (0-4K). The results obtained in this section are
an extension of the calculations and results obtained by
Drexler [1] for a single gate. With regard to integration
nanomechanicd CPU scale systems containing 106
transistors like interlocks can fit within 400 nm3. In
nanomechanica systems of sufficiently large sale, the
~1012W/m3 power dissipation density of ~1GHz
nanomechanical logic systems exceeds any possible means of
cooling [1,2].
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To overcome the above limitations and speed constraintsdue 4  Drexler, K.E., 1989,”Molecular Manipulation and Molecular
to mechanical design, parallel architectures are one possible Computation”, NANOCON 1989, Regiond  Nanotechnology
. Conference, 1989.
solution [9] 5. Hal, JS, 1994, "Nanocomputers and Reversible Logic",
Reversible computer logic also present an appropriate Nanotechnology, Vol. 5, pp. 157-167, 1994.
solution to the above problem of energy dissi pation and 6. Merkle, R., 1993, “Twotypes of mechanical reversible logic”,
thermal noise [5,6]. The consideration of reversible rod logic Nanotechnology , Vol. 4, pp. 114-131, 1993. .
. L 7. Patwardhan, J.P., Dwyer, C., Lebeck, A.R., Sorin, D.J., 2004, “Circuit
is also one of our future research objectives. and System  Architecture for DNA guided Sef-Assembly of
Nanoelectronics” Proceedings of the 1st Conference on the
1V. RESULTS Foundations of Nanoscience: Self-Assembled Architectures and
Devices, pp.344-358, April 2004.
This paper investigated the performance of full adder 8. Goser, K., Glosekotter, P., Dienstuhl, J., 2004, “Nanoelectronics and
structure using carbon nanorods, on various parameters like Nenosystems : From Transistors to Molecular and Quantum
speed , power or energy dissipation and size. these results are ?ch;fé Szpégégf;\r/i;‘t'ag Berlin Heideberg, New Dalhi, India, Chap.
summarized below in tabular format. 9. Neil Weste, H.E., Eshaghian , K. ,1994,” Principles Of CMOS VLS
Design” ,Pearson Education, New Delhi, India, pp 513-536.
Table-l: Adder volume 10. Hogg ,T., Snider, .G ,2004, “Defect Tolerant Logic with Nanoscale

Table-l11-Overall Results of Adder structureusing
Carbon Nanorods

Gate Density 640nm*
Delay 0.66ns
Total Energy Dissipation 71.062mal

V. CONCLUSIONS AND FUTURE RESEARCH

A Classica Full adder circuit was designed using
nanomechanical logic rods and this circuitry was used to
extend its operation to n-bit adder. Then the adder
characteristics like packing density, energy dissipation and
speed characteristics were presented. Another adder circuit
design was al so presented which makes use of pass-logic. The
circuit delay ishigh when compared to CM OS as expected for
nanomechanical rods. To overcome the fundamenta
limitations of speed, error tolerant architectures and energy
dissipation considerations parallel architectures can be used
for implementation. Such implementation would be one of
our future research objectives. Our future research objectives
would aso include the detailed calculation of probabilistic
error rates and optimization implementation design for
effective implementation.

REFERENCES

1. Drexler, K.E, 1992, Nanosystems- Molecular Machinery,
Manufacturing and Computation, A Wiley Inter Science Publication,
New Y ork: John Wiley and Sons, chap.12, pp.342-355, 1992.

2. Drexler, K.E., 1988, “Rod Logic and Thermal Noise in the Mechanical
Computer”, Proceedings of the Third International Symposium on
Molecular Electronic Devices, Amsterdam: North-Holland, 1988.

3. Drexler, K.E., 1989, “The challenge of Nanotechnology”, Nano-Scale
Mechanical Computers, NANOCON 1989, Regional Nanotechnology
Conference, 1989.

— i 3 Crossbar Circuits”, HP Labs, Pal Alto, CA, May 25,2004, 28 pages.
Volume of individual interlock 16nm
) 640nm? AUTHORSPROFILE
Tota volume of interlocks
(Approx) A. Krishna Kumar working as a assistant professor
; : at Chaitanya Bharathi Institute of
Total vol ume of adder includi ng 3588nm° Technology-Hyderabad. He has morethan 15 years of
housing structure teaching experience and two years industry
experience.  His research includes VLS,
. . . Nanotechnology.
Table'_l I : Energy Disspation Email:a krishnakumar@yahoo.co.in
Energy lossin interlocks 0.52maJ
Vibrational Energy Loss 17.36maJ D. Deepika working as assistant professor at
C Mahatma Gandhi Institute of
Energy LossduetoShdmg Interface 0.372mal Technology-Hyderabad. She has more than 17 years
Thermo Elastic Losses 15.17mal of teaching experience. She published more than 10

research papersin various peer reviewed journals.
Email:deepikadeshmukh@gmail.com

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Retrieval Number: G4839059720/20200BEIESP
DOI: 10.35940/ijitee.G4839.059720

Journal Website: www.ijitee.org 21




