Architecture for silicon nanoelectronics and beyond 

The article titled ‘Architecture for silicon nanoelectronics and beyond’ addresses the need to develop architectures and tools to develop and use nanoscale technology in the near future as the current CMOS technology is facing several problems due to miniaturization. The authors feel that nanoelectronics could address these problems but at the same time could introduce several new problems. This raises questions such as how these huge numbers of devices could be used, how could current technology and methodologies be adapted or improved to accommodate the new nanoscale technology and can reliable systems be developed from components which themselves are unreliable?
Nanoarchitecture, according to the authors, will allow superior computational models and superior capabilities in some areas. There are two ways to follow in the development of nanoarchitecture. 
Evolutionary path – the increasing performance gap between device technology and its ability to deliver performance in proportion to device density. there is a large gap between the decide density and performance. Device density is increasing constantly and the devices are not able to perform at a proportionally increasing rate. Additionally challenges also include power consumption and hear dissipation. 
Revolutionary part ​– revolutionary devices such as carbon nanotube transistors, carbon nanotube memories, molecular electronics, spintronics, quantum computing devices, magnetic memory devices and optoelectronics have been researched. The authors however fell that these devices wont be used unless necessary to replace current technology,especially when these devices have demonstrated poor reliability. They believe that devices will have more process variability. Nanoscale devices have the advantage of low power consumption but will have added complexities. Several high level issues have to be addressed by designers in nanoscale devices.  Nanoscale devices have higher levels or defect and fault rates. As such, novel design approaches must incorporate redundancies at several levels of abstraction. The appropriate level of reliability can only be achieved by having synergy between levels. Technology abstraction levels must be synergized.  Researchers must understand the requirements from the various levels of abstraction and understand expectations among different groups before developing interfaces. The authors believe that research in nanoarchitectures will lead to new ways of using the nanoscale technologies. Reliability will be a major issue in the development of nanoscale architectures and devices. Working in nanoscale devices will need a probabilistic approach and new computational paradigms need to be developed for the same. Noise assumptions need to be made and hence all research should be based on information from modelling real nanoscale devices. The question is how to combine reliable and unreliable systems and one approach that the authors suggest is to use hybrid CMOS/nanodevice circuits. For examining the need for new architectures, the applications of architectures need to be evaluated. Synchronous circuit techniques have been noted to be more cost effective. Asynchronous designs however need to be explored to get maximum speeds in nanoscale designs or the technology will not improve dye to slow signal propogation. GALS and asynchronous designs aren’t without challenges. Number of wires might get increased in such designs,thus increasing random noise.bottom up fabrication techniques have demonstrated feasibility of two terminal nanodevices. System behavious can be investigated by the reliability theory. The probability of failure of all gates, only gates fail, only stuch at faults are considered, faults aren’t state dependent are such assumptions. Realistic characterization of nature of faults at molecular levels is needed to understand how faults might manifest themselves in terms of logical and system behavious. Identification and optimization of algorithms for automating computations is needed, several issues must be considered  to build effective architectures for reliable computation. A more cost effective approach to designing could be to allow fault tolerance to operate at different levels. Fault management is very essential in nanoscale devices. Test design mechanisms are required to detect faults. It might me more economical to use coding techniques that pre exist rather then to building massive redundancy or reconfigurability. Identifying applications of nanoscale devices will be a problem in nanoarchitectures. Devices that can both process and store may be used. Hybrid architectures will allow integration of sensing and processing functions in ways analogus to biological systems. Fascinating architectures will be possible with high density silicon and nanoscale technology combined. Integration of memory and logic can provide increased local storage and array computing. intelligent ram project at Berkley is an example of this. This also allows improved shared memory based architectures. It can also be possible with hybrid logic to incorporate sensing, memory and logic. Applications needing added storage can benefit by the high density memory provided by nanoscale devices. Nanoscales mean including about a trillion transistors in a square centimetre of chip. They also promise better power consumption and low heat dissipation. Post fabrication correction is required in nanoscale devices. Low fan out may be supported and the gain will be minimal. Nano to cmos and cmos to nano wiring techniques need to be looked into. Nanoscale manufacturing is expected to be entirely different from cmos manufacturing. The precision of manufacturing is low. New techniques need to be devised for the fabrication and processing of nanoscale devices. These devices will be susceptible to noise including energy coupling,temperature variations etc. Current CAD tools need to be modified to handle devices in the nanoscale range. The feasibility of building realistic architectures needs to be addressed. In order to be able to use nanoscale devices in electronic circuits, we need to have a accurate yet efficient interface between physical device technology and circuit design process. The models currently used to model devices is not going to work with nanoscale devices and new models need to be developed and used. Nanoscale cells need to be characterized in terms of their noise margins, propogation delays, reliability etc. Arrays of nanoblocks will be needed to build nanodevices. Researchers need t o characterize and optimize the nanoblock fabrics for local anf global connectivity. Additionally, the authors believe that new tools need to be developed for locating defects at a sufficient level of granularity on a manufactured nanocircuit fabric to avoid or work around affected nanodevices or nanoblocks. Understanding of various sources of failures needs to be understood. Many existing synthesis ,physical designs and verification methods and techniques need to be redesigned to handle nanodevices. It is also useful to have a loosely integrated software design framework for various modelling and simulation tools, physical design and synthesis tools. Problems arising from various number of defects and failure mechanisms present additional problems.how can a trillion switches be handled by researchers in a question that needs to be answered. Several problems have come up in this approach and researchers are working on trying to solve this problem. 
The author feels that the computer architecture community needs to explore architectures exploiting nanotechnology’s benefits. Interdisciplinary research  into applications that can take advantage of nanoscale computing phenomen’s potential needs to be conducted. 

Beyond silicon : new computing paradigms 

In this paper, the author has presented various new trends in computing. He has several new domains in computing based on nanoscale technology such as nanowires, carbon nanotubes, organic molecules, bio- dna and quantum physics. He has also included a section on special forms of computing such as optical, micro/nanofludic and naneoba based technology.
Atomic ,molecular and quantum computing has been described by the author in this section . it is described  that this technique takes the bottoms up approach and molecules of nanoscale. Computers are said to be built on this approach. Robinett,snider, kuekes and Williams discuss promising aspect of atomic and moleculer computing where each element is on the order of 10 nanometers on a side. Arrays of switches at a local density of 10 ^ 12 nanometers can be designed. Elements are connected by wires andserve as memory or logic circuits.  The issue of how to perform tolerant computing crummy elements that not reliable. A strength of this technique is that scaling problem of assembling a large number or computing elements has been achieved. Hybrid systems have been suggested by the author to extend moore’s law. Carbon nanotubes with such positive fewtures as nanometer sized diameters potential speeds in the pico second range and less electron scattering  is very attractive as an approach to full scale computing. Commercial application of carbon nanotubes for logic design is expected to come sooner than thought. Techniques based on bulk materials such as polymers have been commercaialized. Major advantages of this field are described by the author as being miniarurization provided by a single molecule technology, lower costs and higher bio- compatibility as compared to silicon.

Dna computing described by leonard adleman is a method in which dna which is used to perform biomolecular process to achieve targeted computing. Significant research has been carried out in this field. Computing speeds of 10^2 to 10^3 seconds are observed which are slow but when used in parallel,this system promises faster speeds.  Easy and efficient operation have been implemented in a growing number of labs . 

Quantum computing based on quantum physics employs a different principle from silicon based technology. Each quantum bit or qubit can be 0 and 1 at the same time. Qubit can behave differently than classical bits by exhibiting quantum effects such as interference or quantum effects such as interference and quantum nonlocality. Quantum Computing has been applied to a variety of computationally difficult problems including search, cryptography and number theory.  Development of this cquantum computing algorithm is of interest to many computer scientists and commercial products have already neen in the market and this field promises to complement silicon based computing.

Optical computing has been described as a revolutioinary means to achieve increased speeds. Speeds upto 10^5 times faster than current silicon technology have been observed. This technology has massive potential for high speeds.difficulties such as cascading have been observed in this technology.logic gates have been built using this technique but more complex logics have not been researched into.micro/nanofludics has many advantages such as processing times due to small sizes. Thousands of channels can be placed on planar surfaces allowing parallel  operations.  Applications can be seen in biomedical and bio engineering fields. The problem with this is slow speeds. Due to this problem, the technology cant replace current silicon technology but will be expected to compliment silicon technology. Several logic gates and devices have been constructed using this method. Amoeba computing has been described by aono,hara and aihara. Slow speeds of amoeba result in lesser practical applications of this approach. It is the first actual non silicon based implememtation of chaotic neuron model. It exhibits interesting problem solving capability in which the speed may not be an issue. Some chaotic phenomena in nature are very fast and this can surpass current silicon based technology in terms of speeds. 

The author ends by stating that some of these techniques are in development and some are in implementation phase. Intelligent agents and smart computing have been described as very common in many applications. The author believes that some of these technologies may become significant in the nect 5 to 15 years.
The next 20 years of microchips

The authors intend to address the question of moores law in this paper. It is stated that the moores law might fail to be applicable  in a few years . due to this, new approaches need to be made. This is because further reduction in transistor size would mean that transistors would become only tens of atoms thick. Basic laws of physics would fail to exist at this stage. It is noted that it will be difficult to handle transistor sizes so small. Heat generated in this has also been identified as a problem. The authors have described a range of advances in technology that currently are in development or research stages and could keep computing products smaller faster and cheaper.

With a increasing number of transistors being put in a chip these days.with this increasing numbers of transistors, head dissipation is becoming a major problem in chips. Novel techniques are required to solve this problem. Thermally conductive aluminium has been used by apple in their air notebook as a heat sink. Liquid running through microchannels machined under the processor has been used as another approach to cooling by apple in the mac G5. The mixture of fluids and electronics has been increasingly used by researchers and manufacturers alike to address the problem of heating. Solid state fans with no moving parts are being researched to harness the corona wind effect. This fan is capable of producing more airflow than a typical mechanical fan and is much smaller and power efficient. 

Another approach that is being increasingly used to address the problem of overheating is to use multiple cores on the same chip. With proper synchronization between the multiple processors, more data can be processed in the given amount of time and this also consumes less energy. Supercomputers are known to have thousands of cores. the challenge is also to create languages and tools that can ensure proper software development for these multiple core machines.
Research is increasingly being conducted on carbon nanotubes. Carbon nanotube substrates have been used in CMOS devices by Microsoft. With this small nanotube base, smaller transistors than are presently available will be feasible.memories with nanoscale widths are being researched and developed currently by IBM using polymers tied by chemical bonds. 
Fast and small transistors can be made by graphene due to its inherent structure. Graphene conducts electrons faster than any other materials. Charge carriers also don’t loose energy in graphene. After being isolated in 2004, graphene is being increasingly used by researchers to work on small transistors 10 nanometers wide and one atom high. Researchers are also working on the possiblilty of using photons as information carriers rather than using electrons. Photons travel at the speed of light and as such,data can be expected to travel at faster rates using this approach. Controlling light has been known to be more difficult  but progress in making switches that lie along the fiber optic cables in telecom lines has helped optical computing. Photonic interconnects are known to  improve information flow and allow multiple cores to work better. Research has also been carried out on using optical interconnects in place of copper interconnects inside processors. Data pipes using indium phosphate and silicon are being researched at the univ. Of California. 
Molecular computing which means use of molecules in place of transistors,is being researched on a large scale. Biological molecules such as RNA and DNA are being researched on a wide scale too. Molecules with branchlike shapes may be used to replicate a transistor and cause signals to flow. Since molecules are tiny, smaller devices can be made using such transistors using molecular components. Finding ways to fabricate these components could be a problem though. Circuit elements made of atoms, electrons or photons can be the smallest possible. Quantum effects that may arise by the use of this method have been recognized as being a big problem in researching these devices. A series of electrons may be used to represent more information than a string of transistors. A number of different logic gates have been created by tapping electrons in cavities etched into diamonds. A string of ions suspended between charged plates and laser flip each ions magnetic orientation. An option may also be to detect different kinds of photons an ion emits, depending on which orientation it takes.
 Biological computing can also be used to replace transistors. DNA and RNA have been thought to reduce sizes of chips . strands of DNA could process different parts of computing task at the same time. A biological chip is expected to provide massively parallel processing. Genetic computer programs are expected to be able to live and replicate inside a cell. Researchers in Israel have crafted a simple processor from DNA and are trying to make components that are trying to make components work inside a living cell and communicate with the environment around that cell.
High K dielectric materials

In this article, the authors have described the way they used high K dielectric materials to construct their new Penryn chips to make them better than pre existing chips.the breakthrough is mentioned to have been possible with the new way in constructing the gate stack.the initial problem identified by the authors in improving current devices was that silicon dioxide layer insulating the gate from the channel couldn’t be scaled down any further. This layer had become five atoms thick and at this stage, problems such as wastage in power by the leakage of electrons and massive heat generation were being observed. A solution was identified as thickening the insulator with more atoms of a different type.Problems in this approach were that the silicon gate wouldn’t work well with the new insulator and hence another material was needed to be added in this and to swap the silicon gate with a metallic one.
One of the main problems in this approach was that at five aroms, the sio2 insulation was thin enough to start loosing its insulation properties. Electrons were leaking through the insulation layer leading to unwanted head and power losses. The gate oxide couldn’t be shrunk any further due to this problem. Quantum physics started to be applicable at this stage, and hence electrons started to behave as a wave rather than an ball, and tunnelling started being observed. Researchers started exploring the possibility of a dielectric material to replace silicon dioxide. A material that was physically thick and electrically thin was required.high k dielectric materials having the ability to concentrate electric field were being researched. The k value relates to how much a material can be polarized. Research was being carried on simple capacitor structures using high k dielectrics.  Gaps in the surface due to current process technologies created problems such as leaving gaps in which charges could get stuck. Atomic layer deposition was used to overcome this problem. In this process, a gas is introduced which  reacts with the silicon wafer surface thus leaving the whole substrate coated in a single later of atoms.  Thus the total thickness of layered materials produced using this method is as small as one atom.
Hafnium and zirconium based dielectrics were studied and observed to show stability and nmos and pmos transistors were made from them. Turning these devices on took more voltage due to Fermi level spinning. Interaction between the polysilicon gate electrode and the new high k dielectrics was a problem. Using a metal gate could solve this problem. Finding a metal that could be used for the gate electrode  was a problem. Two metals were needed, one for nmos and the other for pmos. The metals used have not been disclosed but 2 metals were finally identified as being the solution to all problems. Chips made using the newly  found approach worked wonders and the gate stack introduced little or no leakage.  Another problem however was that of subthreshold  leakage. This problem still needs to be fully handled.

 Researchers at intel , by using high k dielectric materials,  made the first working 45 nm microprocessor. The penryn dual core and quad core were two such processors. Teh invention of high k and metal gate transistors will continue to shrink transistors  further and new transistors using this technology can be made using a 32nm technology in coming days.  
