CMOS has so far been the most dominant technology for integrated circuits. CMOS provided vast advantages over other technologies such as BJT. Since 1975, the famous electronics pioneer Gordon Moore, which we know as the ‘Moore’s Law’, predicted that the complexity of electronic circuits would double every two years. He had also predicted that the advancements in manufacturing would allow the chips transistors and other elements to shrink further, so that signals would have to travel a less distance, and hence, faster speeds could be achieved. This has continued for nearly 35 years, but now and in the near future, it is certain that we are going to hit the wall with CMOS.  The circuit minimum feature size has been around 50nm in 2009. Some of the issues with CMOS are as follows:
· Problems with power density
· Interconnect Scaling
· Design Complexity
· Memory Bandwidth Limitations
· Speed
      Another important issue that has faces device designers is heating. With more than a billion transistors placed on a single chip, getting rid of the heat generated when the transistor is switched on and off is a major issue. In case of personal computers and laptops, chip designers have achieved some success in these areas, and a few modifications have been made regarding this. One of them is to have two processors on the same chip instead of one, with each processor carrying the same amount of load as the previous one. Since both the processors would run in parallel, more data could be processed, less amount of heat consumed and hence less power. The latest personal computers come up now have up to four processors on the same chip, called as Quad 4. However, irrespective of this, designers are going to run out of ideas with the current silicon technology, and due to higher requirements, an alternative to the CMOS technology has to be found. 
	Major research has been carried out in the area of nanotechnology and a few breakthroughs have been achieved. This seems by far the best candidate to replace CMOS technology in the future. Due to small size, high speed and less power, these devices are predicted to completely over CMOS in the next era. However, we are only in the research phase, and we don’t have a broad idea of the requirements of these devices, their limitations, performance criteria, fabrication requirements and other aspects that may come up. Though nanotechnology may help us to overcome all the limitations of CMOS technology, they might have a number of aspects to be taken care of, which are summarized as follows.
 	Nanoarchitecture can be defined as a organization of the nanodevices assembled into a system that does computing and data processing. Due to the high potential of nanodevices, it is expected that this will yield the highest performance in terms of speed and power. Because of limited knowledge in the area of nanotechnology, researchers are giving more efforts in trying to combine nanodevices with CMOS to produce hybrid systems. Research is currently going on to integrate molecular, optical or quantum devices with CMOS digital circuits to produce hybrid devices. As of today, there is no production facility capable of handling nanoscale devices. Study in this area suggests that nanodevices will operate at low power and noise margins, thus making them highly susceptible to soft error rates. Also, it is observed that these materials possess a stochastic or random behavior, which can generate uncertainties. Due to their highly non-uniform behavior, the circuits produced must be robust and must be able to prevent any yield losses. A major aspect which must be considered for system design using these hybrid devices is error detection and correction. Adding redundancy to increase the error handling capability increases the complexity, thus decreasing the overall efficiency. Due to this, we cannot maximize the advantages provided by this technology. Fault tolerance is also extremely important. Though adding redundancy may increase the error capability and improve the yield, this may increase the overall cost to a great extent, making it impractical. Study in this area has shown that nanoscale devices have an advantage of low power. For example, if we consider quantum computing, which is based on the quantum theory and uses quantum or qu bits to store 1 and 0 simultaneously, we do not need to physically move out significant amounts of charge in space, this needing low power. However, lower power devices are more error prone, since the thermal fluctuations can easily switch the states of these devices due to a low energy barrier.
	The approach considered for the design of these devices must be different from the approach considered while designing CMOS VLSI devices. While the design of VLSI devices is done, defect rates, fault rates and design variability is not a major issue. However, at a nanoscale level, these may be the most critical ones. We have to consider them at the primary level itself, unlike VLSI design, where they might be acceptable to a certain extent. The amount of information that must be passed from one level to the next also might be more in case of design of nanoscale devices. This is required in achieving a higher level of reliability. Fast computation is one of the major advantages of these devices. This is done at a level which is very close to the thermal limit. The study of nanotechnology has shown that these materials and systems developed will be stochastic in nature. Hence it is necessary to develop new computational techniques that take this nature into consideration. Since this technology is at its infancy, it is still very uncertain of the kind of noise the nanoscale devices will encounter. However, the modeling of these devices must take place keeping in mind all kinds of noise they might encounter, based on their analysis. Since it is uncertain about the degree to which the application can tolerate the hardware faults or incorrect operations, making absolutely fault free devices may be very expensive. Rather, we can have devices having a small number of faults visible at a software level. Since we do not know as of now how reliable these devices will be, designers are going for a hybrid approach which involves a combination of the regular CMOS  devices and nanoscale circuits. Our ultimate goal is to produce circuits which are smaller, faster and cheaper having an edge over the existing architectures. However, while considering the hybrid nanoelectronic circuitry, it is not yet clear what will be the major constraints in achieving the final goal. Timing might be a critical constraint. So far in CMOS vlsi design, we have observed that the synchronous timing techniques have been slow but cost effective. However, this might not work with nanoscale devices. Asynchronous design techniques might prove to be more effective, a globally asynchronous locally synchronous (GALS) design might be more effective. However, this design technique might  need more number of wires, and cause random noise. Two terminal nanodevices have been explored for computing applications. Efforts are constantly being made to explore their potential and build more dense structures using them, to increase their computational capability. While designing CMOS devices, we make some basic assumptions such as failure probability of all gates might be the same, considering only stuck at faults and so on. However, making them in a nanoregime might lead to flawed devices. We need a more realistic assumption regarding the fault behavior and a very good understanding of how the faults would affect the system behavior. New fault models for both, gates and devices need to be developed. Data representation techniques used in traditional CMOS design might not work in the nanoscale, due to the vast static and dynamic noise. Fault detection is extremely important along with the development of fault tolerant based circuits.
	Due to the very high error rates due to noise, it might be more economical to borrow some of the complex coding techniques from the area of communications rather than building a completely new one. The advantages these devices have to offer are really vast in comparison with the CMOS devices. Identifying the applications required for these devices is an important issue. Some of the major areas where very fast processors are required today are communication and digital signal processing. Use of nanoscale devices in these areas will prove to be extremely beneficial. Integration of logic and memory will allow computing of large data very easy using nanodevices. A project carried out was the intelligent RAM project, where it was prove that having logic and memory close to each other allows improved shared memory based architectures, enables faster communication and data processing. Other practical applications would include audio processing and vision systems. Another important advantage of nanoscale devices is its storage capability. Study shows that nanodevices will have an improved local nonvolatile storage. In signal processing, there are many applications such as speech and voice recognition, which requires enormous amount of storage of data which is required for processing, such as storing of algorithms. The solution towards such devices can be given by nanotechnology, in which nanodevices have the advantage of vast storage capabilities.
	Nanoelectronics  can put more than a billion, up to a trillion devices on a square centimeter. They have a very high carrier mobility, suffer less scattering and have a less power dissipation. However, a new technology needs to be developed for assembling these devices, which needs to be efficient as well as cost effective. Along with the fabrication, we also need sophisticated tools, runtime support and design methodologies. As we know that nanoscale devices are random in nature, they will only work properly a given portion of time. Thus, we need to identify and bypass manufacturing defects, and provide error detection and fault control. Also, nanowires have a very high resistance, and only have a near neighbor connectivity. Thus we need to develop techniques for nano to CMOS and CMOS to nano wiring. Since these devices aer still in the research phase, it is very difficult to predict their exact behavior, the manufacturing precision is low. This results in the variances in each devices physical, chemical and electrical properties. Since these devices are very small, ranging in the nanoscale range, they will be susceptible to various kinds of noise, temperature variations and single-event upsets. A nanoscale circuit fabric is so small that it can accommodate terascale devices. However, the current CAD and photolithography tools are not yet developed enough to handle these small sizes. Using conventional methods for modeling devices for circuit simulation, such as, FET won’t work because of quantum characteristics and the physics of these devices. 
	Unlike CMOS, which uses sum of product or product of sum functions, the logic primitives used by these devices is different. We need to characterize these devices on the basis of their noise margins, propagation delays and leakage power. Design tools must be developed specially for these devices, since they have a higher level of integration than CMOS. Tools need to be developed for synthesis, simulation, physical design as well as verification. Since these devices have a bottom up approach, unlike CMOS which has a top down approach, we need new design tool and flows to optimize nanoelectronic circuits for performance and yield.
Quantum Computing:
	Quantum computing is based on quantum mechanics. Unlike silicon based technology, this employs a completely different approach. Each quantum bit or qu bit can be a 0 or 1 or a superposition of both at the same time. Thus, they exhibit a completely different characteristic than a local bits. Since the two states can co-exist simultaneously, a series of electrons can represent more information than a string of transistors that have ordinary 0 and 1 states.
Optical Computing:
	In optical computing, the information is carried by photons, and not electrons in case of regular computing using CMOS devices. This information is carried at the speed of light. However, controlling this speed is extremely difficult. It is predicted that the speed of devices could reach the order of femto seconds, which is a million times faster than the devices we have today. Recently AND and OR gates have been constructed, along with an all optical half adder.
Molecular and DNA computing:
	In molecular computing, molecules represent 1 and 0 instead of transistors. In regular transistors, when gate voltage is applied, the current flows from drain to source. In the same way, molecules with such branchlike shapes could cause a current to flow in the same way. The main advantage is that molecules are very tiny, thus circuits much smaller than those with silicon can be built.
	In DNA computing, the transistors are replaced with living organisms. Chips can be built of the size of a fingernail, containing a billion transistors. Also, a processor could contain a billion transistors of the same size, and could have trillions of DNA strands. Though a single element might be slow, parallel elements could provide high speed.   
Carbon Nanotubes:
	A single walled carbon nanotube(SWCNT) is a sheet of graphite that is rolled into a cylinder. It is typically a few nanometers in diameter, and is many micrometers in length. SWCNT are materials with unique properties. They have diameters which are typically about             1-3 nm in length, and the length can go to several millimeters. SWCNT’s are close to an ideal one dimensional system. SWCNT’s come in two flavors, depending upon their roll up direction and their geometric configuration. Each geometric structure can be described by a circumferential vector of two integer components(n,m). Depending on the values of n and m, a nanotube can change from a metal or semimetal to a semiconductor when n or m changes only by 1. The tubes are metallic for n=m, semimetallic for n-m=3j and semiconducting for n-m=3j+1 or n-m=3j-1. Thus, one-third of SWCNT’s are metallic or semimetallic, whereas two thirds are semiconducting with a direct bandgap of 1 V.[image: ]
The existence of both electrical types of SWCNT’s, metallic and conducting has given hope of for the future development of an all carbon based nanoelectronic technology where the active devices are made of semiconducting SWCNT’s and the electrical wiring(interconnects) consists of metallic SWCNT’s. Single wall carbon nanotubes(SWCNT’s) offer several advantages over the silicon based CMOS devices. SWCNT’s are one dimensional systems, thus, they do not allow small angel scattering of electrons or phonons like in three dimensional systems, since carriers in them have only two directions of propagation, forward and backward. Because of the reduced phase space for scattering, SWCNT’s exhibit a lower resistivity than the conventional three dimensional structures. Electrical transport in nanotubes is ballistic, that is, they do not suffer from scattering over a few micrometers in room temperature and over a length scale of a few hundred nanometers. Hence, the energy dissipation in the channel is minimum, and, there is less power dissipation in the channel. Also, there is no electro migration, and hence, the metallic nanotubes can carry current with densities of about 2-3 magnitudes higher than metals such as aluminum and copper.
As compared to FET’s, they do not have surface dangling bonds, and, there is no need to use silicon dioxide as the gate insulator. Thus, other crystalline or amorphous insulators with higher dielectric can be used. SWCNT’s have a higher thermal conductivity, are more robust and chemically inert structures. One of the biggest challenge lies in fabricating the SWCNT’s on a very large scale. This requires having identical SWNT’s at desired locations and having determined orientations. As of now, only logic gates such as AND and Or have been constructed using nanotubes. Recently, however, a ring oscillator, having five stages was fabricated on a single nanotube and demonstrated. A frequency response of around 70 MHz was achieved, which is about five times more than with the regular CMOS technology. Also, it is possible to build switches using nanotubes to perform logic functions. 	An extremely high device density can be achieved and very high switching speeds, frequencies higher than 100Ghz can be achieved. Semiconductor memories can be made using nanotubes. Ambipolar behavior in one dimensional schottky barrier SWCNT’s. In this, decreasing the length of the gate insulator, the device becomes ambipolar. Such a device conducts electrons when a positive bias is applied to the gate, and holes when a negative bias is applied to the gate. Under certain bias conditions, electrons and holes can be simultaneously injected from opposite ends of CNT channel. This property has valuable optoelectronic applications. Unlike led’s which involve doping of pn junctions, the SWCNT light source is a three terminal device that involves no doping and also allows control of the emission intensity and position of the light spot. This single CNT device can function as an electrical switch, a light emitter or a light detector depending on the biasing. The major challenge now is to find effective techniques to implement this device.
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