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Chapter 1

INTRODUCTION

Integrated Circuit (IC) technology has dominated the electronic world since their introduction in 1960s.  There were gradual advancements to this technology through Small Scale Integration (SSI), Medium Scale Integration (MSI), Large Scale Integration (LSI), Very Large Scale Integration (VLSI) technology that evolved in the 1970s and the most recent is Ultra Large Scale Integration (ULSI) technology. ULSI has made it possible to implement powerful and compact digital circuits at low cost, as now it is possible to build chips with millions of transistors [15]. New Computer Aided Design (CAD) tools are being used. Example, Simulation Program for Integrated Circuit Emphasis (SPICE) is used at the circuit level, and there are Hardware Description Languages (HDLs) that are used to describe and specify electronic systems at different levels of abstraction – ranging from behavioral down to structural level. 

Application Specific Integrated Circuits (ASICs) [11] are specialized type that has evolved from the VLSI technology in 1976. ASIC evolved from a simple array of a few hundred logic gates into a complete family of full custom and semi custom ICs using more than 1 million logic gates. The main reasons for the popularity of ASICs are reduced board space requirements, reduced development cost, increased reliability, maximized performance, and security for new designs. 

Full-custom ASICs are designed without using any precompiled or preprocessed silicon. The designer works at transistor level to optimize each cell for area and performance. They generally require standard 13 steps for fabrication process. Whereas, semi-custom ASICs are preprocessed chips to which the designer only needs to add the final metallization connection steps. The different types of semi-custom ASICs are Standard cell and Gate arrays.
Standard cells are pre-designed circuit functions at the LSI /VLSI level of complexity that can be joined by interconnecting cells. These are cheaper, when manufacturing more than 10,000 chips, as the Non-Recurring Engineering (NRE) costs are high. The NRE cost includes the cost of work done by the ASIC vendor and the cost of the masks. Gate arrays are preprocessed wafers of logic elements. These require only between one to three masking steps of metal interconnects to complete the fabrication process. These have columns of transistor arrays surrounded by inputs and outputs. The drawback of this type is the lack of flexibility to add complex functions; this is due to the difficulties in creating the signal routing channels.



Programmable devices are a type of semi-custom ASICs, which can have anyone of the architecture discussed above. These are general-purpose chips that can be configured for a wide variety of applications. The first of these kinds were the Programmable Read Only Memories (PROMs)[3], which were one-time programmable devices. The more recent versions are Programmable Logic Devices (PLDs), which have high speed and high performance logic gates. Step ahead in complexity to PLDs are the Field Programmable Gate Arrays (FPGAs) [15]. There is very little difference between an FPGA and a PLD; an FPGA is usually larger and more complex than a PLD. A FPGA typically consists of a two-dimensional array of logic blocks that can be connected by general interconnection resources. There are a lot of FPGA companies in the market. The major competitors are ALTERA and Xilinx. Table 1.1 shows the comparison between the architecture, the technology and the main products of these companies.

Table 1.1 Comparison of the ALTERA and XILINX architecture and products. [8]

	
	ALTERA
	Xilinx

	Architecture
	Deterministic Complex PLDs
	Non-deterministic coarse grain FPGAs

	Programming elements
	EEPROM
	Static RAM

	High density family
	APEX 20KE series
	Virtex series

	Low cost family
	ACEX series
	SPARTAN – II series

	Memory elements
	Embedded Array Blocks (EABs)
	Block SelectRAM

	Logic blocks
	Logic array blocks (product – term – based programming logic devices)
	Configurable logic blocks

(Look- up table approach)

	Maximum number of gates available
	1,520,640
	1,000,000

	Maximum RAM bits
	442,368
	131,072

	System gates
	2,392,000
	1,124,022

	Logic cells
	51,840
	27,648

	Maximum I/O bits
	808
	512

	Voltage Levels
	1.8V, 2.5V, 3.3V
	2.5V, 3.3V

	Dual–port memory
	Two ports are used, one for reading and one for writing, so need two-memory blocks (minimum).
	Same port is used to read and write.

	Special features
	1. Content Addressable Memory (CAM).

2. Mega-functions to model memory.


	1. On chip Digital Delay-Locked Loops (DLLs).

2. Block RAM can be supplemented for external memory.


The number of devices handled is very large; the popularity of HDLs has thus grown tremendously with the growing demands of ASICs in the electronic industry. Very High Speed Integrated Circuit (VHSIC) Hardware Description Language (VHDL)[6] has been the result of this high demand. 


         VHDL evolved in the US Department of Defense (DoD) in 1983. It was intended for documenting and modeling digital systems ranging from small chip to large systems. DoD made it public in 1985, and IEEE immediately adopted it. It was it as a standard in 1987, under 1076- 1987. It was further upgraded in 1993, the IEEE 1076-1993 standard [1]. There are a lot of synthesis tools too that help the designer to check his design. The designer creates a behavioral or structural model of his design, which can be synthesized by the synthesis tool. Thus the design verification and testing process is made a lot easier and faster. The important aspect of VHDL is that the behavior of the circuit is described and not the gates to be used, this makes the VHDL code independent of the technology [6]. Thus code written for one technology can be easily implemented into some other technology, example- the synthesis tool SYNOPSIS supports both Altera and Xilinx technology.

Some of the important applications of Field Programmable Logic Devices (FPLDs) are –image enhancement filters, signal processing for digital modulation and demodulation, direct digital signal synthesis, fuzzy logic embedded controllers and reconfigurable computing [16]. Reconfigurable computing technology is one of the upcoming applications. It is the ability to modify a computer system’s hardware architecture in real time. Instead of having ASIC, reconfigurable computing is an effort to build ICs that can be used for a set of applications after some minor reconfigurations [14]. Thus, part of the algorithms are hardwired into the device and they are implemented on a function-by-function basis. Since these are implementations aimed at few applications, they offer tremendous acceleration over traditional programming solutions. 



With such a wide variety of applications, FPLDs are easily available in market and this approach is found to be very economical too. The work presented in this thesis is one such application of FPLDs. The electronics design for D-zero detector at the Fermi National Acceleration Laboratory is to be used to trace the path of the particles emitted from the collision of a proton and anti-proton. This experiment has a large amount of data to be processed and the available processing time is just few microseconds. It was been proven that hardware based algorithms outperform software implementations, even though the processors executing the software are much faster than the hardware [17]. Thus hardware implementation is chosen for this project. The hardware design is developed using VHDL as the description language and implemented in ALTERA’s FLEX 10KE FPLDs. The synthesis tool used is ALTERA’s MAXPLUS II. This approach gives us the flexibility of software and speed of hardware.



In the thesis, Chapter 2 has a brief description about Fermi National Acceleration Laboratory, their activities and details about the D-zero (D0) project. There is also a summary of the implementation of the main data path. Chapter 3 describes the design and implementation of the main data path in detail. The Chapter 4 includes the simulation results of the VHDL model and the comparison of the results with a MATLAB model of the design. Chapter 5 describes the different design approaches studied for some of the modules of the main data path. The concluding remarks about the work are in Chapter 6. 
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