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· ABSTRACT:
Digital design is engineering, and engineering means “problem solving”.

Digital system advances over the past three decades have been tremendous, increased chip complexity has driven the prices of electronic devices down and increased the system capabilities.  The key to maintaining these trends is matching the cutting-edge process technologies with innovative designing. This is done with the help of integrated circuits (ICs).  In the early days of integrated circuits, ICs were classified by size-small, medium, or large-according to how many gates they contained.

      Integration's aim is to act as a professional journal covering every aspect of the VLSI area, with an emphasis on cross-fertilization between various fields of science, and the design and verification of VLSI circuits. Several design styles can be considered for chip implementation of specified algorithms or logic functions.  This can be implemented using three different approaches, Field- Programmable Gate-Arrays (FPGAs), Application Specific Integrated Circuits (ASICs), Computer Aided Design (CAD) tools.

A design methodology is frequently called as a design flow since the flow of data through the steps in the methodology may be represented in a ‘flow diagram’. It shows a generic design flow for VLSI systems. While all design methodologies will vary from this in practice, this flow shows some basic steps that must be considered in almost any design. These are “System specification, Functional design, Logic design, Schematic design, Layout design, Packaging and testing, mainly Simulation and Synthesis”.

VLSI finds a wide range of applications in this fast changing digital era.  The sheer size and diversified nature of VLSI design call for its partitioning into various market segments such as multimedia, 3D-Technologies, wireless, networking, computer, consumer, industrial and medical.

 With consumer electronics firms needing cost-effective chip designs, outsourcing chip design-related work from countries like India is expected to grow rapidly…With systems becoming more and more digital and programmable, it is the software that shapes their key features.  As a result, the world has discovered India as the preferred destination for all types of software development, chip design and system design. Thereby, we can say that “India is an attractive destination for chip design”.

· INTRODUCTION:
Digital devices include logic gates, flip-flops, counters, registers which combinedly form an Integrated circuit.  Integrated circuits or chips have become synonymous with this digital era.  We find these chips in almost everything that touches our day-to-day lives, be it your smart card, washing machine or car.  


A collection of one or more gates fabricated on a single silicon chip is called as an integrated circuit(IC).  Each IC consists of numerous wafers containing little transistors, which are the basic building blocks of ICs.  These transistors consist of doped area and a gate.  The length of this gate is usually in microns (one micron (1*10-6metre) is 1000nm, and this is taken as a measure to determine the technology used. 

Architectures of the developed systems are usually described at a high level to ensure a correct functionality. These descriptions cannot generally take into account low level considerations such as logic design. Usually the tools used are C descriptions converted into VHDL codes. Such codes are then remodeled into more structured VHDL descriptions, known as RTL descriptions (Register Transfer Level). These new model of the given circuit or system is then coupled with standard cell CMOS libraries. Finally the layout generation is produced. In such a process, the designer is faced with successive operations where the only decisions are made at the highest level of abstraction. Even with the freedom of changing or influencing the RTL model, the lowest level of abstraction, i.e. the logic style, will not be influenced. It is contained in the use of standard library, and is rarely different from pure CMOS style of design

· IC GENERATIONS:
In the early days of integrated circuits, ICs were classified by size-small, medium, or large-according to how many gates they contained. This is clearly depicted in the following evolution table.
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 Table: Evolution of logic complexity in integrated circuits. 
Small-Scale Integration: The simplest type of commercially available ICs is called small-scale integration (SSI) and contains the equivalent of 1-20 gates.   

Medium-Scale Integration: The next larger commercially available ICs are called medium-scale integration (MSI) and contain the equivalent of about 20-200 gates. An MSI IC typically contains a functional building block such as a decoder, register or counter.

Large-Scale Integration: Large-scale integration (LSI) ICs are bigger still, containing the equivalent of 200 to 2, 00,000 gates or more. LSI parts include small memories, microprocessors, programmable logic devices (PLDs), and customized devices. 

Very Large-Scale Integration: In 1999, VLSI ICs with as many as 50 million transistors were being designed. Any IC with over 10 lakh transistors is definitely VLSI, and that includes most microprocessors and memories nowadays, as well as larger PLDs and customized devices. 


VLSI design is a subset of the electronics market place. It involves designing semiconductor ICs and PC boards for various applications. Semiconductors are used in electronic systems ranging from washing machines to spacecrafts, and blood pressure monitors to voltage transformers.

· VLSI DESIGN STYLES:

Several design styles can be considered for chip implementation of specified algorithms or logic functions. Each design style has its own merits and shortcomings, and thus a proper choice has to be made by designers in order to provide the functionality at low cost.

Field Programmable Gate Array (FPGA)

Fully fabricated FPGA chips containing thousands of logic gates or even more, with programmable interconnects, are available to users for their custom hardware programming to realize desired functionality. This design style provides a means for fast prototyping and also for cost-effective chip design, especially for low-volume applications. A typical field programmable gate array (FPGA) chip consists of I/O buffers, an array of configurable logic blocks (CLBs), and programmable interconnect structures. The programming of the interconnects is implemented by programming of RAM cells whose output terminals are connected to the gates of MOS pass transistors. A general architecture of FPGA from XILINX is shown in Fig.(a).
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                          a).General architecture of Xilinx FPGAs.                                                    

The typical design flow of an FPGA chip starts with the behavioral description of its functionality, using a hardware description language such as VHDL. The synthesized architecture is then technology-mapped (or partitioned) into circuits or logic cells. At this stage, the chip design is completely described in terms of available logic cells. The largest advantage of FPGA-based design is the very short turn-around time, i.e., the time required from the start of the design process until a functional chip is available.

  Full Custom Design

In digital CMOS VLSI, full-custom design is rarely used due to the high labor cost. Exceptions to this include the design of high-volume products such as memory chips, high- performance microprocessors and FPGA masters. Figure 1.25 shows the full layout of the Intel 486 microprocessor chip, which is a good example of a hybrid full-custom design. Here, one can identify four different design styles on one chip: Memory banks (RAM cache), data-path units consisting of bit-slice cells, control circuitry mainly consisting of standard cells and PLA blocks.
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b). Mask layout of the Intel 486 microprocessor chip, as an example of full-custom design.

VLSI Circuit Design (CAD tools)
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              c).    Overview of VLSI design styles.


     The following graphic is an image map that outlines the major steps of a typical VLSI design flow.  
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A design methodology is frequently called as a design flow since the flow of data through the steps in the methodology may be represented in above diagram. It shows a generic design flow for VLSI systems. While all design methodologies will vary from this in practice, this flow shows some basic steps that must be considered in almost any design.


The blocks are explained as follows…

· Design entry: Designs are entered in a hardware description language such as VHDL or Verilog. Schematic entry is also supported.
· Logic synthesis: Logic synthesis tools are used to map the design into a gate level design in the cell library. Logic synthesis also ensures that the design is appropriate for LSSD.
· Simulation: The design can be supported either at the functional or gate level. Gate level net lists can be back-annotated with timing information for delay simulation. 
· Top level verification: This step ensures that the design satisfies a set of predefined rules,  that ensure the design-including RAM, etc.-is in compliance with the requirements for LSSD.
· Layout: Detailed layout is performed by automatic tools guided by professional designers. Layout can be performed either on a flat or hierarchical design. 
· Formal verification: The design is checked for equivalence with a Boolean                                                                                                                                                    specification using efficient algorithms for solving the Boolean equivalence problem.
· CMOS checks: This step checks fan-out, I/O, boundary scan, and other low-level circuit checks.
· Design hand-off: When the design is ready for physical design, a net list, timing assertion data, pad placement, and floor planning information are given to the design center. 

· DESTINATION INDIA FOR CHIP DESIGN:

With consumer electronics firms needing cost-effective chip designs, outsourcing chip design-related work from countries like India is expected to grow rapidly…

· IC designing, intellectual property (IP) and electronic design automation (EDA) services today constitute a big chunk of the Indian semiconductor industry. Almost all major international semiconductor companies have a presence in India-either via wholly owned subsidiaries or through offshore development centres.
· In design services space, there are currently around 100 chip designs and 150 embedded system players and more and more companies are eyeing this potential market.

· Increasingly, top semiconductor companies along with some niche design vendors are working in the telecom and consumer electronics sectors. With an increasing number of consumer electronics applications and with form factors of some devices reaching incredibly small levels, extreme system-on-chip (SoC) integration provides the opportunity to keep up with industry trends.

· For a long time innovation in Indian industry was driven by what was happening in the personal computer market. The center of innovation today is shifting to the phones, cars, home servers and many other things that are using more and more of the same components. Increasingly, other devices like cell phones and multimedia players will drive innovation.

· India is emerging as a major design centre for integrated circuits (ICs), field programmable gate arrays (FPGAs) and SoCs.  With capabilities in very large scale integration (VLSI) design and software development, it could potentially capture a larger share of the market by focusing on VLSI design and embedded software.

· Another advantage in favour of India is the fact that the region has local IC design service firms that are creators of selective IP where the development of smart chips with embedded software is ongoing.  

· VLSI Society of India (VSI), this industry will require 10,000 VLSI trained engineers per annum from year 2010. We are probably at around 20% of that figure currently.

With systems becoming more and more digital and programmable, it is the software that shapes their key features.  As a result, the world has discovered India as the preferred destination for all types of software development, chip design and system design.

Thereby, we can say that India is an attractive destination for chip design.  

· EMERGING TRENDS & FUTURE PROSPECTS:

· With the design nodes traversing down the Moore’s law curve from 90nm to 65nm to 45nm and beyond, EDA players have to provide specific solutions targeted towards customer applications in low power, high frequency and high gate count.  
· Another remarkable trend is the growing integration needs using mixed-signal logic on chips, the chip design industry is aiming at reduction of the chip size to nano-scale dimensions to improve the performance and minimize development costs. This has led to the development of flexible and low-cost design solutions called ‘structured application-specific integrated circuits’ (ASICs).  This design platform combines the cost advantage of ASICs and low-risk nature of field-programmable gate arrays (FPGAs).
· This combination supports rapid innovation in microelectronics and meets the growing demand for shrinking, high-performance, electronics-feature-rich products. ASICs also reduce the non-recurring engineering expenses and hence are ideal for deep sub-micron designs. 

How soon…? 


With the spurt in new technologies, deep sub-micron transistors will see a boom in demand.  While sub-micron technology has been widely commercialized, with many chips being designed on it, deep sub-micron technologies have just started to enter the market.  


The table below shows the technology road map predicted by Silicon Industries Asssociation:

	Evolution of Chip Technology

Over the Years

	Year
                 Technology

	1997
                    0.25 µm

	1999
              0.18 µm

	2001                     0.15 µm

	2003
              0.13 µm

	     2006
                   0.1 µm

	2009
              0.07 µm

	2012
              0.05 µm




After 90nm, the next industrial standard will be 65nm, which shows a lot of promise.  The production of 65nm chips was expected to begin in 2007, but with latest fabrication machines and efforts of design engineers, these chips are already being tested and tried on the field.


45nm and 32nm will soon take over, and 22nm chips are predicted to be in use by 2016.  


So we can say that the world beyond sub-micron technology is ahead of us!

· APPLICATIONS

· Significance of VLSI for Digital TV Systems The video functions are mainly the video signal processing and some additional features like for example deflection. Today, the intensive use of VLSI chips does not need a particular justification, the main reasons being increased reliability mainly because of the long-term stability of the color reproduction brought about by digital systems, and medium and long-term cost advantages in manufacturing which are essential for ensuring international competitiveness.
· 3D Technologies-VLSI CMOS Sensors The VLSI-CMOS sensor project develops new digital 3D imaging technology for measuring the position of a laser beam in the process of capturing a 3D surface map. Prototypes developed for this project combine:

· A widely used type of semiconductor technology, CMOS.

· Very Large-Scale Integration (VLSI), the process where hundreds of thousands of electronic components are placed on a single chip. 

The miniaturization made possible by VLSI technology allows for systems with increased performance, accessibility, and, lower maintenance, size and cost.

· The ‘Communications sector’ is poised to become the largest user of structured ASIC products, with the wireless and wired communications and mobile base station segments using the lion’s share of these applications.

· The ‘Industrial sector’ is the other major end-user category, with major applications being in the automotive, medical, industrial automation, military and instrumentation spaces.

· CONCLUSION:



 Semiconductor advances over the past three decades have been tremendous. The number of transistors per IC has increased from a few in the 1950s to 55 million on today’s Intel P4 chip. As geometries shrink year by year, the problems encountered are also moving from electronic-level to quantum level, making design, test and fabrication much more complex. Increased chip complexity has driven the prices of electronic devices down and increased the system capabilities. The key to maintaining these trends is matching the cutting-edge process technologies with innovative designing.




India will be ready to answer the world wide need for engineers with knowledge of VLSI systems. So we can say that technology is an ever ending process and many new innovations arise by the very next minute either overlapping or modifying the older versions that tend to suit the luxuries of human life-style. 
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