A Way to Go Beyond Silicon: 

 Carbon Nanotube Devices
According to Morre’s Law, complexity of integrated circuit chips would double every 18 month. Chip’s transistors are always shrinking. But that brings a series of problems such as power density, interconnect scaling, defects, performance. The Nano architecture is identified as solution of computation of next 20 years. Nano architecture is defined as the combination of basic computational components with nanoscale devices. Two paths can be followed to reach nanoarchitecture: Evolutionary path which is improving existing devices, and Revolutionary path which is finding a new way to start. The research activity in this field has recently increased and it remains as potential candidate for future computing.
In “the next 20 years of microchips”, the author introduced the efforts have been done to satisfy future demand of computing. 
Crossbar design has circuit features of a similar size but offers greater computing power. The crossbar approach has a set of parallel nanowires in one plane that crosses over a second set of wires at right angles to it, instead of fabricating transistors all in one plane. With the heat generated as the transistors switch on and off becomes a major challenge. Intel and Purdue University both have their researching to get rid of heat generated by one billion transistors. One of them converts temperature gradients into electricity. The other is making a none-moving parts that creates breeze by harnessing the corona wind effect. In the architecture aspect, multicore technology is more popular, because multicore worked in parallel they could process more data in a given amount of time and consumed less electricity, and producing less heat. The latest computers now have quadruple cores, such as the Intel i7 and AMD Phenom X4. Ultrathin grapheme increases the speed of processing information. Far faster than field-effect transistors made with CMOS technology, grapheme is a flat sheet of repeating hexagons, made electrons faster than any other material at room temperature. Optical computing is an alternative to silicon chips. Photons, rather than electrons, carry information, and they do so far faster at speed of light. One of the most advanced efforts aims to create an interconnection between the traditional processors on multicore chips. DNA computing is to encode information on DNA, and then perform biomolecular process to achieve targeted computing. The single element speed of this computing is slow, but the use of massively parallel elememts may provide a significantly faster overall effective speed. If researchers can find ways to program collections of biological elements to behave in desired ways, computers may end up in our bloodstream rather than on our desktop. Quantum physic brings quantum computing. It employs a totally different principle from the silicon-based technology. Atoms and electrons have traits that can exist in different states and can form a quantum bit or qubit. Each qubit in quantum computer can be 0, 1 or 0 and 1 at the same time. There are several approach to handle qubits. One is to use electrons whose magnetic moments spin in one of two directions. Therefore, qubit has different behavior than classical bit. Another approach is a string of ions, suspended between charged plates, and lasers flip each ion’s magnetic orientation. Variety of computationally difficult problems has being using such quantum computing, such as search, cryptography, and number theory. 
Carbon nanotubes features as nanometer-sized diameters, potential speeds in the pico-second range, and less electron scattering. It is a very attractive as an approach to next generation computing components.

Transistors assembled from carbon nanotubes can be much smaller. A single-walled carbon nanotube (SWNT) can be viewed as a sheet of graphite rolled into a cylinder that typically a few nanometers in diameter and many micrometers in length. A nanotube can change from a metal or semimetal to a semiconductor. As a result, on-third of SWNTs are metallic or semimetallic and two-thirds are semiconducting with a direct band gap of approximately one electron volt. There have been two main approaches for using carbon nanotubes to perform logic functions. First one to use semiconductor SWNTs to replace the silicon channel of MOSFET devices. This approach does not take advantage of their small sizes, and the channel lengths of their small sizes, and the channel lengths of the SWNT FETs are still limited by lithography. How to make large-scale fabrication of SWNT devices is the biggest challenge of this approach. Until now, only primitive logic circuits with nanotube FETs were constructed, including NOT, NOR, OR, NAND, AND gates and memory cells. The second approach is to use carbon nanotubes to build nanoelectromechanical switches to perform logic functions. Benefited from this approach, a device density of up to 1012 per square centimeter can be anticipated, and operation frequencies can be higher than 100GHz. And the small sizes are likely to give rise to small device capacitances. Nantero, Inc., implemented a simpler approach following this idea. SWNTs is used to develop memory devices. SWNTs can be switched “up” and “down” by electrostatic forces. These memory devices are termed nanotube-based/nonvolatile random access memory (NRAM). The NRAM can replace DRAM, SRAM, flash memory, and even disk storage. Arrays of 10 billion suspended nantotube junctions on a single silicon wafer have been demonstrated with switching lifetimes over 50 million cycles. Also, metallic SWNTs is considered as the replacement for the copper interconnections in integrated circuits. The nanotube is small, and the current carrying capability of a SWNT is more than three orders of magnitude larger than that of copper. Research efforts are currently very active in this field. Quantum computation solves a series of problems that cannot be addressed even by today’s fastest supercomputers. Carbon nanotubes represent one of the model solid-state system to realize an elementary quantum computer. The spin of single electron confined in a nanotube quantum dot is used as a quantum bit in quantum computer. Due to the least spin-orbit coupling in carbon system, the spin relaxation time in carbon nanotube quantum dot could be much longer. 
To move into nanoscope, scientists are facing several issues: Defect and fault rates, Synergy between levels, Well-designed interface and Exploring potential. Computation with nanoscale devices has the thermal limit. Scientists need to develop new computational paradigms. The new paradigms can take probabilistic implementation into account. 

Besides, an understanding of the applications the architecture will execute is required to find the need for new architectures. Synchronous circuit technique is more effective and have tools to support. But asynchronous designs, which has big chanllenges, can be faster in the nanoscale era. To implement asynchronous designs, three theory is followed: Reliability theory, Computational theory, and Fault/defect management. The reliability theory investigated behaviors on simplified assumptions. We need more realistic characterization of the nature of faults at the scales, and an understanding of how faults might manifest themselves in terms of logical and system behavior. Computational theory is to find new model of computation and data representation. Current representation of data is no longer be viable when a system has widespread static and dynamic faults and noise. Allowing fault tolerance to operate at different levels of abstraction might facilitate a more cost-effective design. Reliability concerns an entire system, with contributions from all levels. The reconfiguration or sparing process can be part of defect testing. Given the high error rates, it might be more economical to borrow coding technique from the communication community rather than building in massive redundancy or configurability. 
Today’s architectures of integrated circuits architecture structures is application driven. They are most in the multimedia, communication, and pattern-recognition domains. In addition, hybrid architectures will allow integration of sensing and processing functions in ways analogous to biological systems. Nonsilicon nanotechnologies provide opportunities to radically change the architectures employed in next-generation integrated circuits. Integration of logic and memory will allow large-schale array computing with increased local storage. Having logic and memory in close proximity allows developing shared-memory-based architectures, thus possibly enabling heterogeneous communication architectures based on routing data between various tiles of logic or localized shared memory communication. In addition to logic and memory, hybrid architectures might allow for integration of sensing with logic and memory. This merging of sensing and processing offers performance and functional advantages over conventional vision systems, where the functions of sensing and processing are primarily accomplished on separate chips. Similarly, other biologically inspired applications include speech or auditory processing.
Nanoelectronics put a trillion molecular-scale devices in a square centimeter. Projected nanodevice manufacturing processes will be radically different from conventional CMOS processes. Because of their very small scale, these devices will be susceptible to various kinds of noise. We need more studies to address the feasibility of building realistic architectures from nanoscale building blocks and device-specific architectures. 

Design tools is the interface between the physical device technology, and the circuit design process. Design tools has several concerns: Model: Models should characterize nanodevice output as a function of the applied input signal. Logic primitives: Nanodevices tend to use different logic primitives which generally rely on sum-of-product or product-of-sums functions. Circuit fabrics: Nanodevices will likely be built in regular arrays of nanoblocks, each consisting of many locally connected nanodevices. It’s required to develop a comprehensive, modular, and flexible evaluation platform to compare and contrast the competing nanocircuit or hybrid CMOS-nanofabric and architectures in terms of the key performance metrics: density, latency, power dissipation.
Researchers are studing new design paradigms, methods, and tools that can deal with the complexities of faulty components and fault-tolerant circuitry. Nanosystems built by these researches will encompass multiple levels. It is difficult to predict when will the techniques that are currently under development be employed. But many of technologies going to be important parts of computing in the next 20 years.
