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Summary on Nanoelectronics and Molecular, Chemical and Organic Computing

Architectures for Silicon Nanoelectronics and Beyond

Nanoelectronics is an electronics research topic to develop the architectures, methods, and tools to maximally leverage nanoscale devices and terascale capacity. Although nanoelectronics is not going to replace the usual CMOS technology now, it is a promising technology that will demand a total system solution and push for greater collaboration at all levels: devices, circuits, architecture, and systems.
Nanoarchitecture can be defined as the organization of basic computational structures composed of nanoscale devices assembled into a system that computes something useful. The potential for large capacity of nanoarchitecture will enable radically different computational models. The two paths are to affect nanoarchitecture: evolutionary path continue investing on silicon semiconductor technology but will find it increasingly difficult to design, fabricate, and test; revolutionary path embarks on nanoelectronics research, including carbon nanotube transistors, carbon nanotube memory devices, molecular electronics, spintronics, quantum-computing devices, magnetic memory devices, and optoelectronics. 

However, the revolutionary nanoelectronics haven’t demonstrated sufficient reliability. Thus hybrid systems that integrated molecular, optical or quantum devices with CMOS-based digital logic are pursued to build reliable systems with unreliable devices. While hybrid systems are still in study, it may help reduce manufacturing-defect rates, device noise, uncertain operations and finally unacceptable yield loss, although redundancy introduced by CMOS nanoscale technology may increases design complexity, decrease energy efficiency and cause higher cost. It is necessary to ensure correct computation at low hardware and time costs for reliable hybrid architecture.
High-level issues for building reliable computers from unreliable devices include:
· Defect and fault rates, due to high defect rates and variability of nanosclae devices

· Synergy between levels between levels of technology abstraction

· Well-designed interface between various levels of abstraction during tool-development process

· Exploring potential of nanotechnology and nanoelectronics for revolutionary computing models

Reliability issues at various levels of abstraction shape design approaches.
In devices and circuits level, computation with nanoscale devices becomes probabilistic in nature. The real noise effects of nanodevices are still uncertain and tolerace of hardware faults, incorrect operations and so on is also an issue. One approach is to combine reliable elements with unreliable devices.
In architecture level the goal is to design reliable, cheaper and better-performing architectures built from hybrid nanoelectronic circuitry. Asynchronous self-timed circuits and logic have only limited use because of cost, design inertia and tools. A globally asynchronous, locally synchronous (GALS) design approach may simplify global communication and power issues although it might increase the number of wires and random noise will be disruptive. Bottom-up fabrication techiques is feasible of two-terminal nanodevices which may limit circuit architecture.
Reliability and computational theory must be built for systems built from molecular circuits. We need new fault models for both gates and wires. Fault tolerance, hierarchically error detection and correction at various levels of abstraction can be developed. It might be more economical to use both coding techniques from the communications rather than building in massive redundancy or reconfigurability.
The era of molecular-scale electronics is application-driven and 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-scale array computing with increased local storage and improved shared-memory-based architecture can possibly enable heterogeneous communication architectures based on routing data between various tiles of logic or localized shared-memory communication. Hybrid architectures might allow for integration of sensing with logic and memory that offers performance and functional advantages over conventional vision systems. Similarly, other biologically inspired applications include speech or auditory processing. Applications requiring large storage capabilities will benefit from increased local nonvolatile storage by nanodevices (nanostorage).
Systems development of nanoelectronics with trillion molecular-scale devices in a square centimeter with sufficient reliability requires sophisticated design methodologies, tools, and runtime support.
Nanodevices will operate stochastically and require postfabrication correction to identify and bypass manufacturing defects. They also need circuitry to support built-in fault detection and correction and require level restoration due to small or no gain and low fan-out. Nanowires, having a high resistance, requires wiring technologies and techniques for nano-to-CMOS and CMOS-to-nano. Key features of nanoscale circuit fabrics includes availability of abundant hardware resources for on-chip parallelism; fine-grained interleaving of memory and logic devices for improved bandwidth; categorical dominance of interconnect delays over gate delays; and record levels of variability/unreliability of basic devices. The key challenge is how to build reliable systems from imperfect devices.
Nanodevice manufacturing processes will be radically different from conventional CMOS process due to small scale and susceptibility to various kinds of noise. The key challenges in designing nanoelectronics into several domains: device characterization; simulation, design, and optimization; and system integration at the terascale. Certain types of abstractions, such as models of building blocks and reproducibility information, are required for making sure they unify treatment of all layers.
Design for nanoscale devices and circuit fabrics need accurate yet efficient interface between the physical device technology and circuit design process.

Models shold characterize nanodevice output as a function of the applied input signal and a corresponding simulation engine, which captures relevant quantum physical and electrochemical processes in a nanodevice, is required.

Logic primitives for nanodevices are different from CMOS devices. This This means that we need a new suite of logicsynthesis techniques and tools to map arbitrary logic expressions into a netlist of nanotechnology logic primitives.
Circuit fabric for nanodevices use regular array of nanoblocks, each consisting of many locally connected nanodevices.

Defects must be located at a sufficient level of granularity on a manufactured nanocircuit fabric to avoid or work around affected nanodevices or nanoblocks. An understanding of the various sources of defects and failures in the manufacturing process and accurate fault models must be developed as well as on-chip test-pattern-generation and response-evaluation hardware.

Design tools are necessary to handle the sheer complexity of nanoscale designs. New design flows and tools to optimize nanoelectronic circuits for performance and yield is needed. 

Terascale integration of huge number of switch are critical for realizing a level of parallelism, integration of memory and logic modules at a low level of granularity, new architectures for heterogeneous integration. Programming nanoblocks will also be challenging.
Design flow and methodologies must change to handle nanodevices with a trillion switches. On-chip hardware reconfiguration might support defect tolerance.

Memory in nanoscale requires system-level synthesis and architecture exploration and optimization methodologies and tools.
BEYOND SILICON: NEW COMPUTING PARADIGMS
The new bottom-up approach opposite to top-down approach that the current silicon-based technology uses is discussed by using atoms and molecules of nanoscale. The technique assembles a large number of computing elements and a hybrid system using this technique and the traditional silicon-based technology will further extend Moore’s Law.
The new nanoscale techniques includes

· DNA computing, or bio-DNA computing. The single element speed is slow but massively parallel elements may provide a significantly faster overall effective speed. Some of the specific features of this computing scheme are the scalability and the autonomous self-assembly processes of the nano-scale DNA molecules.
· Quantum computing. Based on quantum physics, a quantum bit or qubit, exhibiting quantum effects, can be 0, 1, or a superposition of states being both 0 and 1. Such quantum computing has been applied to a variety of computationally difficult problems.

· Optical computing, has a revolutionary potential for increased computing speed. This scheme has some technical difficulties and requires a major breakthrough.

· Micro/nanofluidics, has advantages: shorter processing time, thousands of channels in a small planar surface for parallel operation; molecular size. The disadvantage is slow speed.
MOLECULAR, CHEMICAL, AND ORGANIC COMPUTING
Introduced in 1974 by Aviram and Ratner, the molecular electronics uses organic molecules or materials for information processing or storage, including three distinguished fields: chemical computing (CC), single organic molecular computing (SOMC), and organic electronics (OE). 
CC: Chemical computing interpret the photoabsorption or emission spectra in (bio)chemical reactions as logic gates. CC translates input/output pattern of chemical phenomena into the truth table of a logic circuit. The future is to scale down the systems into the level of single molecules.
SOMC: Electron transport through single organic molecules. The technique is still theoretically and experimentally though demanding. Increased accuracy may come at the cost of increased computational expense. It relies in the controlled and reproducible fabrication of nanojunction.

SOMC: Possible applications of single organic molecules as various components in electrical circuits. Proposed though not developed for wires, diodes, transistors, memory cells, or logic gates, work may be controversial and unclear because atomic details of the electrode/molecule/electrode nanojunction can rarely be observed and much less so controlled. The classical network theory cannot be realized in such a downscaling of nanoscale circuits due to quantum effects on the molecular scale. Two examples are controlling the interference pattern of electron transport through aromatic molecules by modifying their chemical side groups , and cascading carbon monoxide (CO) molecules.
