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                               PAPER ON
                                       VERY LARGE                    SCALE INTEGRATION DESIGN AND ITS APPLICATIONS
Very Large Scale Integration

Abstract

The concept of Very-large-scale integration (VLSI) into integrated circuits on a single chip first occurred in the 1980s as part of the semiconductor and communication technologies that

were being developed. The first semiconductor chips held one transistor each. Subsequent advances added more and more transistors, and as a consequence more individual functions

or systems were integrated over time. The microprocessor is a VLSI device.VLSI involves designing and implementation of circuits to provide more computational speed with less

power dissipation and less circuit board area. The electronics industry has achieved a phenomenal growth over the last two decades due to the rapid advances in integration technologies and large-scale systems design. As the need for more complex and faster processing devices on a smaller chip is increasing, there has been a steady rise and advance in the integration technology. For example, the INTEL Pentium-4 processor has more than 50 million on-chip transistors. In this paper we have covered the evolution of VLSI, design

concepts and methodologies used, fabrication process, limitations, future challenges and some applications.

Introduction

Historical perspective:

The number of applications of integrated circuits in high-performance computing, telecommunications, and consumer electronics has been rising steadily, and at a very fast pace. This trend is expected to continue, with very important implications on VLSI and systems design .Table 1 shows the evolution of logic complexity in integrated circuits over the last three decades, and marks the milestones of each era.
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 Table -1: Evolution of logic complexity in integrated circuits.

Example for ULSI chips is the INTEL Pentium-4 processor, which has more than 50 million transistors.This exponential growth pattern in the integrated circuit function was earlier envisaged in the late 1960s by Gordon Moore. These projections he made based on this pattern have become known as the Moore’s law.
Definition:

Very Large Scale Integration is term describing about semiconductor integrated circuits composed of hundreds of thousands of logic elements or memory cells. VLSI is the technique of circuit designing and implementation to provide more computational speed with

less power dissipation and less circuit board area.
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Fig. 1 - Evolution of integration density and minimum feature size, as seen in the early
1980s.

Thus the VLSI technique provides less area/volume and therefore, compactness,less power consumption,less testing requirements at system level,higher reliability, mainly due to improved on-chip interconnects,higher speed, due to significantly reduced interconnection

length,significant cost savings.

Design

VLSI Design Flow:

The design process, at various levels, is usually evolutionary in nature. It starts with a given set of requirements. Initial design is developed and tested against the requirements. When requirements are not met, the design has to be improved. If such improvement is either

not possible or too costly, then the revision of requirements and its impact analysis must be considered. The Y-chart (first introduced by D. Gajski) shown in the following figure

illustrates a design flow for most logic chips, using design activities on three different axes (domains), which resemble the letter Y. The Y-chart consists of three major domains, namely:

· behavioral domain,

· structural domain,

· geometrical layout domain.
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Fig. 2 - Typical VLSI design flow in three domains (Y-chart representation).

The design flow starts from the algorithm that describes the behavior of the target chip. The corresponding architecture of the processor is first defined. It is mapped onto the chip

surface by floor planning. The next design evolution in the behavioral domain defines Finite State Machines (FSMs), which are structurally implemented with functional modules. These modules are then geometrically placed onto the chip surface using CAD tools for automatic

module placement followed by routing, with a goal of minimizing interconnects area and signal delays. At third stage the chip is described in terms of logic gates (leaf cells), which can be placed and interconnected by using a cell placement & routing program. The last

evolution involves a detailed Boolean description of leaf cells followed by a transistor level implementation of leaf cells and mask generation. The verification of design plays a very

important role in every step during this process. The failure to properly verify a design in its early phases typically causes significant and expensive re-design at a later stage, which ultimately increases the time-to-market.

Design Hierarchy:

The use of hierarchy, technique involves dividing a module into sub- modules and

then repeating this operation on the sub-modules until the complexity of the smaller parts becomes manageable.

Concepts of Regularity, Modularity and Locality: Regularity means that the hierarchical decomposition of a large system should result in not only simple, but also similar blocks, as much as possible. A good example of regularity is the design of array structures consisting of identical cells - such as a parallel multiplication array. Regularity usually reduces the number of different modules that need to be designed and verified, at all levels of abstraction. Modularity in design means that the various functional blocks, which make up the larger system must have well-defined functions and interfaces. Modularity allows that each block or
module can be designed relatively independently from each other All of the blocks can be combined with ease at the end of the design process, to form the large system. The concept of modularity enables the parallelisation of the design processBy defining well-characterized

interfaces for each module in the system, we effectively ensure that the internals of each module become unimportant to the exterior modules. Internal details remain at the local level. The concept of locality also ensures that connections are mostly between neighboring modules, avoiding long-distance connections as much as possible.

VLSI Design Styles

Various design styles used for VLSI chip fabrication are as follows:

1.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. 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.The advantages of FPGA are very short turn around time and no physical manufacturing required for customizing it.The disadvantage is

typical price of FPGA chips are usually higher than other realization alternatives.
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Fig 4 – General architecture of Xilinx FPGAs.

2.Gate Array Design: In view of the fast prototyping capability, the gate array (GA) comes after the FPGA. While the design implementation of the FPGA chip is done with user programming, that of the gate array is done with metal mask design and processing.Gate  array 

 implementation requires a two-step manufacturing process: The first phase, which isbased on generic (standard) masks, results in an array of uncommitted transistors on each GA chip. These uncommitted chips can be stored for later customization, which is completed by defining the metal interconnects between the transistors of the array.Since the patterning

of metallic interconnects is done at the end of the chip fabrication, the turn-around time can be still short, a few days to a few weeks. The advantages of GA are better chip utilization factor,more chip speed and more customized design.
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Fig. 5 - Basic processing steps required for gate array implementation

3. Standard-Cells Based Design: The standard-cells based design is one of the most prevalent full custom design styles which require development of a full custom mask set. The standard cell is also called the polycell. In this design style, all of the commonly used logic

cells are developed, characterized, and stored in a standard cell library. The characterization of each cell is done for several different categories like delay time vs. load capacitance, circuit, timing and fault simulation models, cell data for place-and-route, mask data.
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Fig. 6 - A standard cell layout example.

To enable automated placement of the cells and routing of inter-cell connections, each cell layout is designed with a fixed height, so that a number of cells can be abutted side-byside

to form rows. The power and ground rails typically run parallel to the upper and lower boundaries of the cell, thus, neighboring cells share a common power and ground bus. The input and output pins are located on the upper and lower boundaries of the cell. The figure that follows shows the layout of a typical standard cell. Here the nMOS transistors are located closer to the ground rail while the pMOS transistors are placed closer to the power rail.

4. Full Custom Design: In a full custom design, the entire mask design is done anew without use of any library. However, the development cost of such a design style is becoming prohibitively high. Thus, the concept of design reuse is becoming popular in order to reduce

design cycle time and development cost. In real full-custom layout in which the geometry, orientation and placement of every transistor is done individually by the designer, design productivity is usually very low - typically 10 to 20 transistors per day, per designer. 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.

Limiting factors in VLSI design:

There are a certain physical factors of real VLSI designs, which limit the performance of digital VLSI circuits. The switching characteristics of digital 
integrated circuits essentially dictate the overall operating speed of digital systems. The dynamic performance requirements of a digital system are usually among the most important design specifications. Therefore, the switching speed of the circuits must be estimated and optimized very early in the design. It is observed that (1) The interconnection delay is becoming the dominating factor which determines the dynamic performance of large-scale systems, and (2) The interconnect parasitics are difficult to model and to simulate. Various parasitics that affect the design of a chip are MOSFET and interconnect capacitance and interconnect resistance

Ways and Methods for Low Power VLSI Design:

The average power consumption in conventional CMOS digital circuits can be expressed as the sum of three main components, namely, (1) the dynamic (switching) power consumption, (2) the short-circuit power consumption, and (3) the leakage power consumption. The increasing prominence of portable systems and the need to limit power consumption (and hence, heat dissipation) in very-high density ULSI chips have led to rapid and innovative developments in low-power design during the recent years. the requirements of low power consumption must be met along with equally demanding goals of high chip density and high throughput. Hence, low-power design of digital integrated circuits has emerged as a very active and rapidly developing field of CMOS design. Ways to reduce power dissipation at different levels of designing areas follows:
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Fig. 9 – Low Power Design

Applications:

VLSI has since 1970s invaded all fields and applications bringing a revolution in

Everything - from small digital watches to complex DSP applications. The fastest of microprocessor INTEL-Pentium 4, embedded systems, smart devices etc are all possible and viable today only because of VLSI and ULSI. Some of the   Applications   are discussed below: 

1.Multimedia:Today there is a race to design interoperable video systems for basic digital computer functions, involving multimedia applications in areas such as media information, education, medicine and entertainment, to name but a few are

Digitization of “TV Functions”: In today’s state-of-the-art solution one can recognize all the basic functions of the analog TV set with, however, a modularity in the concept, permitting additional features becomes possible, some special digital possibilities areexploited, e.g. storage and filtering techniques to improve signal reproduction (adaptive filtering, 100 Hz technology), to integrate special functions (picture-in-picture, zoom, still picture) or to receive digital broadcasting standards (MAC, NICAM).
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Fig. 10 - The DIGIT2000 TV receiver block diagram

Towards standardization, namely, the integration of 16 identical high-speed processors with communication and programmability concepts comprised  in the architecture. The hotograph of which is shown below
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Fig. 11 – Chip Photograph

2. VLSI in Communication
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Fig. 12 - The Nordic VLSI nRF0433

The features of The Nordic VLSI nRF0433 are it is a true single chip FSK transceiver ,on chip UHF synthesiser, 4MHz crystal reference,433MHz ISM band operation,few external components required, up to 10mW transmit power and no setup/configuration. The applications of Nordic VLSI nRF0433 are Alarm and Security Systems, Home Automation, Remote Control, Surveillance, Automotive, Telemetry, Toys and Wireless Communication.

Future challenges for further integration: As was predicted by Moore in 1965, the number of devices on a chip doubled every 12 months till in1970’s. This slowed down in 1980’s and number of devices on a chip doubled every 24 months. This trend is expected to

Continue  for another couple of decades without any major problems. But after that further integration may pose several problems. Some of these further challenges are as follows:

1. Transistor scaling: Device physics poses several challenges to further scaling of the bulk MOSFET structure. One major problem is the controlling of short channel effects manifested as VT roll-off and Drain Induced Barrier Lowering effects. To minimize these short channel effects, the transistor lateral-to-vertical aspect ratio must be preserved from one technology generation to the next. For this, gate oxide thickness, the junction depth, and the depletion depth all need to scale down by 30% per generation. Leakage through the gate oxide by direct band-to-band tunneling limits physical oxide thickness scaling. Reducing the source/ drain junction extensions is limited by the increase in the parasitic resistances. Reducing junction depths below 30nm degrades drive current, even though short channel effect is improved.

2. Subthreshold leakage: Supply voltages will continue to reduce with each technology generation and continue to contribute to lower the power dissipation. However transistor threshold voltage (VT) must reduce at the same rate to maintain enough gate overdrive and enable circuit performance to improve 30 % each generation. Lower VT causes the transistor subthreshold leakage current to increase exponentially.

3. Interconnect scaling: Chip performance is increasingly limited by the inter connect RC delay as the transistor delays decrease progressively, while the narrower metal lines and space actually increase the delay associated with the interconnects. Hence, interconnect scaling coupled with higher operating frequencies requires careful capacitive and inductive noise modeling.

4. Power dissipation: Power dissipation is increasing due to higher operating frequencies and transistor counts. Supply voltages will continue, but its contribution to power reduction is definitely not enough. Hence power efficient micro-architectures are required and the die size and the frequency growth may need to be contained.

5. Platform integration: At the platform level, external bus frequencies have not kept pace with processor frequencies. Also, the gap between I/O voltages of advanced microprocessors and other motherboard components is increasing. This requires new high-voltage tolerant circuits or process options. Inspite of these challenges, there is no fundamental barrier for Moore’s law to extend for another couple of decades.

Conclusion:

· VLSI provides circuit designs with more computational speed with less power dissipation and less circuit board area along with higher speeds and higher reliability at lower costs.

· There are very strong links between the fabrication process, the circuit design process and the performance of the resulting chip. Hence, circuit designers must have a working knowledge of chip fabrication to create effective designs and in order to optimize the circuits with respect to various manufacturing parameters.

· VLSI has revolutionized the electronic industry and has a wide range of applications like microprocessors, memory devices, DSP chips, in communication, multimedia, sensors, embedded systems etc.

· There are certain factors that pose as future challenges for further integration. Though the trend in integration may continue for another couple of decades, but maybe after that there may be a need to invent new materials for further integration; as of today no such other material is known.
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