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Abstract: Nanoelectronics and nanocomputing both play a vital role in the nanometer
regime. In this paper, a brief discussion of the semiconductor nanodevices (which are
controlled by the semiconductor technology) has been made which can be 1-Dimensional or
2-Dimensional. These nanodevices can be used in the various fiber optic applications, data
processing, sensing, imaging etc. The control of the semiconductor spin with the modern
semiconductor technology has resulted into a new branch called ‘Spintronics’. Much efforts
have also been carried out on 3-Dimensional nanocomputers to attain the superior
performance. Nanocomputers architectures have been studied which include the ALU, the
memory unit, 1/0 unit and the control unit. The novel logic and memory nanoscale integrated
circuits can be fabricated and implemented.

1. Introduction

As semiconductor technologies continue the fast progress in the nanometer regime, the
nanotechnology era has arrived. As the size of objects is scaled down to the nanometer
regime between 1 and 100 nm, superconducting or supercatalyst effects have resulted into
novel electrical & thermal properties with great potential for the most promising applications.
Quantization of nanoparticles in two-dimensional (2-D), one-dimensional (1-D) or zero-
dimensional (0-D) devices has shown interesting characteristics on ultralow threshold current
lasing, ultrasensitive sensing etc.

Similarly, the fifth generation of computers will be built using emerging nano ICs. Currently,
50 nm technology is emerged to fabricate high performance ICs with the billions of
transistors on a single 1 cm? die. High performance computer architectures, pipelining,
parallel processing, ICs hardware miniaturization and software optimization have advanced
for CMOS based computers. However, the fundamental limits are reached [1-4]. As an
alternative to current computers, quantum computers were proposed in 1970s by Richard
Feynman, Paul Benioff and Charles Bennett [1]. Quantum Computing ensures fast
computation using interactive quantum states in atoms, molecules or photons. To simulate a
state vector in a 2" dimensional Hilbert Space, classical computers manipulate vectors
containing of order 2" complex numbers whereas a quantum computer requires n qubits
reducing memory requirements.

2. Nanoelectronics

New-generation nanometer-scale semiconductor electronic devices will operate based upon
the transfer of relatively small numbers of electrons (from 1 to around 1000 electrons) over
very short distances (approximately 1 to 100 nm). Development of two broad classes of
nanoelectronic devices can be traced : devices which exploit quantum effects in solid-state
structures and molecular electronic devices. For the solid-state devices, a clear advantage is
that the fabrication can be based on accumulated experience of the semiconductor industry of
over 50 years [5].
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The most important solid-state nanostructures based on the quantum-mechanical
characteristics of the electronic properties are :- 1) quantum wells and resonant tunneling
devices [i.e., structures with two classical degrees of freedom (DOFs)]; 2) nanowires and
nanotubes (i.e., structures with one classical DOF); and 3) quantum dots (i.e., structures

with zero classical DOFs).

The composition, shape, and size of semiconductor nanostructures give a wide range of
nanoelectronic devices. Controlling these factors by means of known semiconductor
technology opens up an opportunity to employ quantum effects in different ways. For
instance, 1-D or 2-D semiconductor structures are used for resonant tunneling devices [6], O-
D quantum dots for single-electron transistors [5], quantum wells and dots for lasers [7],
electron spin operation in quantum dots, artificial molecules and rings for elements of
quantum computers [8].

Well-known applications of photonics and optoelectronics include long-distance fiber-optic
communication, short distance local-area interconnections for data processing systems,
optical sensing and imaging. To expand the number of applications, an emerging
development should be made in new classes of optical sources, guides and detectors in the
ultraviolet and infrared ranges by means of semiconductor nanostructures [7], [8].

The functionality of semiconductor nanodevices in the future will rely on the control of the
electronic charge and the spin as well. This new branch of nanoelectronics is called
spintronics as shown in Fig. 1.
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Figure 1 : Overview of Spintronics

Known industrial applications utilizing electron spin are realized in metallic structures with a
giant magnetoresistance effect, such as the hard drive reading heads and magnetic RAM
(MRAM) [6]. However, only the control of spin in semiconductors together with modern
semiconductor technology can advance the future of the spintronics and result in more
valuable industrial applications. Further development of the modern microscopic theory for
the nanostructured semiconductor devices has started to emerge [8].
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3. Nanocomputing

The critical problems in the design of nanocomputers are focused on devising, designing,
analyzing, optimizing and fully utilizing hardware and software. The current ICs are very
large scale integrated circuits (VLSI).

It has been predicted that nanotechnology will lead to three-dimensional nanocomputers with
novel computer architectures to attain the superior overall performance level. Compared with
the existing more advanced computers, in nanocomputers the execution time, switching
frequency and size will be decreased by the order of millions while the memory capacity will
be increased by the order of millions. However, many difficult problems such as novel
nanocomputer architectures, advanced organizations and topologies, high- fidelity modeling
& data intensive analysis must be addressed, researched and solved. A nanocomputer
architecture integrates the following major systems :- Input-Output, Memory, Arithmetic and
Logic & Control Unit. The input unit accepts information from electronic devices or other
computers through the cards (Electromechanical devices such as Keyboards can also be
interfaced). The information received can be stored in the memory and then, manipulated and
processed by the ALU. The results are output using the output unit. Information flow,
propagation, manipulation, processing and storage are coordinated by the control unit. The
ALU, integrated with the control unit, is called the processor or Central Processing Unit
(CPU). Input and output systems are called the Input-Output unit (I/O Unit). The memory
unit, which integrates memory systems, stores programs and data.

Nano ICs can be effectively used to implement the additional memory systems to store
programs and data forming secondary memory.

The execution of most operations is performed by the ALU. In the ALU, the logic nanogates
and nanoregisters used to perform the basic operations (addition, subtraction, multiplication
and division) of numeric operands and the comparison, shifting and alignment operations of
the general forms of numeric and nonnumeric data. The processors contain a number of high
speed registers which are used for the temporary storage of operands. Register is a key
sequential component and registers are connected. Each register contains one word of data
and its access time is at least 10 times faster than the main memory access time. A register
level system consists of a set of registers connected by combinational data processing and
data processing nano ICs.
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Figure 2 : Nanocomputer Organization
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Figure 2 illustrates the possible nanocomputer organization and in general, three dimensional
nanocomputer architectronics must be examined using the major units reported.

4. Conclusion

In the 21st century, nanoelectronics and nanoscience/nanoengineering will advance rapidly
and will have profound and long-lasting effects on the science and technology development,
affecting many aspects of our daily lives. In view of this subject’s great importance and
significance, emphasis and promotion should be done to encourage worldwide increase on
research and development investment. Much efforts have been concentrated on the theory of
nanocomputers. The novel nanocomputer architectures and organizations must be discovered
and examined to ensure the highest level of efficiency and flexibility.
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