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VLSI DESIGNING

INTEGRATED CIRCUITS:

The term integrated circuit is used to describe a wide variety of devices ranging from simple logic gates through to complex state-of- the-art microprocessors. Integrated circuits basically consist of a circuit, typically made up from a number of transistors and their interconnections, fabricated from a single semiconductor chip or die.

a) Analogue integrated circuits

Analogue integrated circuits include a wide rang of applications, many of which are highly specific. Some examples are the simple operational amplifiers and timers, and the more complex FM stereo decoders and single-chip FM radios.

There has been a trend towards fabricating the more commonly used analogue circuits into single chip form. An example of this is FM radio receiver, which is a fairly complex circuit when fabricated from discrete components. A FM radio receiver can now be constructed from a FM radio chip, an audio amplifier chip and a few discrete passive components.

b) Digital integrated circuits

Digital integrated circuits are devices, which are functionally based on logic gates (AND & OR gates). They are commercially available in families of devices which take their name from the fabrication method used to manufacture the devices from different families are not readily compatible in the same circuit. The more common types of logic integrated circuits are typically represented in each family of devices like TTL, Schottky TTL, CMOS and the new high speed CMOS.

The CMOS family devices have a very low power consumption that makes them very popular for many applications where very high speeds are not required.

c) Computer integrated circuits

Computer integrated circuits are devices, which form the active components of a computer system. They are often used in conjunction with digital integrated circuits, which provide a ‘glue logic’ function. Computer integrated circuits can be functionally divided into microprocessors, memory devices and peripheral control devices.

HISTORY OF IC’s: 

The first silicon chip or integrated circuit consisting of many transistors fabricated on the same piece of silicon, was made at Fairchild in 1959.More recent developments have been towards miniaturization-packing more and more active components or gates on to a single chip of silicon. The level of device complexity is usually referred to as a scale of integration. The evolution from scale integration (SSI), through large-scale integration (LSI), to very large scale integration (VLSI) has already occurred, and the scale is running out of adjectives. The scale of integration is based on the number of logic elements that constitute a device.

MOTIVATION FOR VLSI:

To overcome the draw backs of large scale integrated circuits (LSI) and also the need for miniaturization and more complex circuits on a single chip than LSI, motivated to develop new technology of IC fabrication called VLSI.

INTRODUCTION TO VLSI:

What is VLSI? 

VLSI stands for "Very Large Scale Integrated Circuits". It's a classification of ICs. An IC of common VLSI includes about millions active devices. Typical functions of VLSI include Memories, computers, and signal processors, etc.

A semiconductor process technology is a method by which working circuits can be manufactured from designed specifications. There are many such technologies, each of which creates a different environment or style of design. In integrated circuit design, the specification consists of polygons of conducting and semiconducting material that will be layered on top of each other to produce a working chip. When a chip is custom-designed for a specific use, it is called an application-specific integrated circuit (ASIC). Printed-circuit (PC) design also results in precise positions of conducting materials, as they will appear on a circuit board; in addition, PC design aggregates the bulk of the electronic activity into standard IC packages, the position and interconnection of which are essential to the final circuit. Printed circuitry may be easier to debug than integrated circuitry is, but it is slower, less compact, more expensive, and unable to take advantage of specialized silicon layout structures that make VLSI systems so attractive.

The design of these electronic circuits can be achieved at many different refinement levels from the most detailed layout to the most abstract architectures. Given the complexity that is demanded at all levels, computers are increasingly used to aid this design at each step. It is no longer reasonable to use manual design techniques, in which each layer is hand etched or composed by laying tape on film. Thus the term computer-aided design or CAD is a most accurate description of this modern way and seems more broad in its scope than the recently popular term computer-aided engineering (CAE)

APPLICATION AREAS OF VLSI:

PLAs:

Combinational circuit elements are an important part of any digital design. Three common methods of implementing a combinational block are random logic, read-only memory (ROM), and programmable logic array (PLA). In random-logic designs, the logic description of the circuit is directly translated into hardware structures such as AND and OR gates.

The PLA occupies less area on the silicon due to reduced interconnection wire space; however, it may be slower than purely random logic. A PLA can also be used as a compact finite state machine by feeding back part of its outputs to the inputs and clocking both sides. Normally, for high-speed applications, the PLA is not implemented as two NOR arrays. The inputs and outputs are inverted to preserve the AND-OR structure. 

Gate-Arrays:

The gate-array is a popular technique used to design IC chips. Like the PLA, it contains a fixed mesh of unfinished layout that must be customized to yield the final circuit. Gate-arrays are more powerful, however, because the contents of the mesh are less structured so the interconnection options are more flexible. Gate-arrays exist in many forms with many names, eg: uncommitted logic arrays and master-slice. The disadvantage of gate-arrays is that they are not optimal for any task. 

Gate Matrices:

The gate matrix is the next step in the evolution of automatically generated layout from high-level specification. Like the PLA, this layout has no fixed size; a gate matrix grows according to its complexity. Like all regular forms of layout, this one has its fixed aspects and its customizable aspects. In gate matrix layout the fixed design consists of vertical columns of polysilicon gating material. The customizable part is the metal and diffusion wires that run horizontally to interconnect and form gates with the columns. 

TECHNOLOGY USED FOR DESINING VLSI:

One of the best technology used for manufacturing VLSI is "computer -aided circuit designing". 

COMPUTER -AIDs FOR VLSI DESIGN:

 Why CAD?

The design of these electronic circuits can be achieved at many different refinement levels from the most detailed layout to the most abstract architectures. Given the complexity that is demanded at all levels, computers are increasingly used to aid this design at each step. It is no longer reasonable to use manual design techniques, in which each layer is hand etched or composed by laying tape on film. Thus the term computer-aided design or CAD is a most accurate description of this modern way and seems broader in its scope than the recently popular term computer-aided engineering (CAE).

INTRODUCTION TO CAD:

 Special synthesis programs convert among the different refinement levels of a design, and analysis programs help to check circuit correctness. A final step converts the design to a manufacturing specification so that the circuit can be fabricated. Thus computer programming is used throughout the circuit design process both as an aid to, and as a metaphor of, the design activity. In fact, the parallels between programming and VLSI design are very compelling.

VLSI SYSTEM DESIGNING:

A fundamental assumption about VLSI circuits is that they are designed by humans and built by machines. Thus all CAD systems act as translators between the two. On one end of a CAD system is the human interface that must be intelligent enough to communicate in a manner that is intuitive to the designer. On the other end is a generator of specifications that can be used to manufacture a circuit. In between are the many programming and design tools that are necessary in the production of a VLSI system. 

The front end of a CAD system is the human interface and there are two basic ways that it can operate: graphically or textually. Graphic design allows the display of a circuit to be manipulated interactively, usually with a pointing device. Textual design allows a textual description, written in a hardware-description language, to be manipulated with a keyboard and a text editor. For example, suppose a designer wants to specify the layout of a transistor that is coupled to a terminal. This can be done graphically by first pointing on the display to the desired location for the transistor and issuing a "create" command. A similar operation will create the terminal. Finally, tracing its intended path on the display can place the connecting wire. To do this same operation textually, the following might be typed: 

 Transistor at (53,100).

 Terminal below transistor by 30, left by 3 or more.

 Wire from transistor left then down to terminal.

Notice that the textual description need not be completely specific ("left by 3 or more"). This is one of the advantages of textual descriptions: the ability to underspecify and let the computer fill in the detail. Additional advantages of text are the ease of verbal documentation, ease of parameterization, ease of moving the CAD system between computers, and a somewhat lower cost of a design workstation because of the reduced need for graphics display. 

The disadvantage of text, however, is immediately clear: It is not as good a representation of the final circuit, because it does not visually capture the spatial organization. Text is one-dimensional and graphics is two-dimensional. Also, graphics provides faster and clearer feedback during design, so it is easier to learn and to use, which results in more productivity. Although graphics cannot handle verbal documentation as well, it does provide instant visual documentation, which can be more valuable. 

At the back end of a design system is a facility for writing manufacturing specifications. Complex circuits cannot be built by hand, so these specifications are generally used as input to other programs in machines that control the fabrication process. There are many manufacturing devices (photoplotters, wafer etchers, and so on) and each has its own format. 

Today's VLSI designers guide their circuit through the many different phases of the process outlined here. They must correctly control the initial creation of a design, the synthesis of additional detail, the analysis of the entire circuit, and the circuit's preparation for manufacturing. As synthesis tools become more reliable and complete, the need for analysis tools will lessen. Ultimately, the entire process will be automated, so that a system can translate directly from behavioral requirements to manufacturing specifications. This is the goal of silicon compilers, which can currently do such translation only in limited contexts by automatically invoking the necessary tools.

Four Characteristics of Digital Electronic Design:

To understand VLSI CAD properly it is first necessary to discuss the characteristics of design in general and those of digital electronic design in particular. Two characteristics are universal to all design: the use of structural hierarchy to control detail and the use of differing views to abstract a design usefully. Two other characteristics are more specific to electronics: the emphasis on connectivity and the use of "flat" geometry in circuit layout. 

Structural hierarchy views an object as parts composed of subparts in a recursive manner. For example, a radio may have hundreds of parts in it, but they are more easily viewed when divided into groups such as the tuner, amplifier, power supply, and speaker. Each group can then be viewed in subgroups; for example, by dividing the amplifier into its first stage and its second stage. The bottom of the structural hierarchy is reached when all the parts are basic physical components such as transistors, resistors, and capacitors. This hierarchical composition enables a designer to visualize an entire related aspect of some object without the confusing detail of subparts and without the unrelated generality of superparts.

Another common technique is the use of multiple views to provide differing perspectives. Each view contains an abstraction of the essential artifact, which is useful in aggregating only the information relevant to a particular facet of the design. A VLSI circuit can be viewed physically as a collection of polygons on different layers of a chip, structurally as a collection of logic gates, or behaviorally as a set of operational restrictions in a hardware-description language. It is useful to be able to flip among these views when building a circuit because each has its own merit in aiding design.

More specifics to VLSI design are the notion of connectivity. All electronic components have wires coming out of them to connect to other components. Every component is therefore interconnected with all other components through some path. The collection of paths through a circuit is its topology. This use of connectivity is not always present in mechanical artifacts such as planes or houses, which have optional connectivity and often contain unrelated components. However, there are other design disciplines that do use connectivity, in particular those that relate to flow between components.

Given that design can be viewed as constraint optimization, one might expect that a circuit could be specified as a set of constraint rules that a computer could automatically solve. The result would be the best possible design, given the constraints. Although this can be done for very simple circuits, modern VLSI systems have so many constraints that no existing automatic technique can optimize them all. Simple design constraints that can be managed automatically have been the primary function of CAD tools. These simple checks are very useful, because humans constantly lose track of the details and make flagrant design-constraint violations. 

GEOMETRICAL REPRESENTATION:

The last aspect of VLSI design to be represented is its spatial dimensionality. There must be convenient ways to describe flat polygonal objects that are aggregated in parallel planes. In addition, the objects must be organized for efficient manipulation and search. 

ORIENTATION RESTRICTION:

One limitation that is often found in VLSI design is a restriction on the possible orientations that an object may have. Since arbitrary rotation requires transcendental mathematics, systems that allow them are usually more complex than those that allow only a fixed set of orientations. A limit to the possible orientations will make the representation more compact and faster.

In some VLSI layout, all geometry must be Manhattan, which means that the edges are parallel to the x and y-axes. Every polygon is a rectangle and can be oriented in only one of eight ways. If the rectangle is uniform in its contents, no transformation is necessary since all orientations are merely variations on the shape. It is only when transforming a detailed component or a cell instance that these eight orientations are used.   

 SYNTHESIS TOOLS:

VLSI design has reached the point at which most circuits are too complex to be specified completely by hand. Although computers can be used to record layout, thus making design easier, they can also be programmed to take an active role by doing synthesis or analysis. Synthesis tools generate circuitry automatically and analysis tools attempt to verify existing circuitry that has been designed by hand.

There is nothing magical about synthesis tools; in fact many of them are simple applications of machine iteration. When design is done manually, it is easy to see areas of high repetition and regularity that lend themselves to automation. It is the combination of many of these techniques that begins to make computers appear intelligent in circuit design. Ultimately, it would be valuable to have a single synthesis tool that produces a complete layout from a high-level description of a circuit. This is the goal of today's silicon compilers, which are collections of simpler tools. 

Given that design can be viewed as constraint optimization, one might expect that a circuit could be specified as a set of constraint rules that a computer could automatically solve. The result would be the best possible design, given the constraints. Although this can be done for very simple circuits, modern VLSI systems have so many constraints that no existing automatic technique can optimize them all. Also, many of these constraints are difficult for a computer to represent and for a human to specify. Simple design constraints that can be managed automatically have been the primary function of CAD tools.

