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Field-programmable gate arrays (FPGAs) are on the verge of revolutionizing
digital signal processing in the manner that programmable digital signal pro-
cessors (PDSPs) did nearly two decades ago. Many front-end digital signal
processing (DSP) algorithms, such as FFTs, FIR or IIR filters, to name just
a few, previously built with ASICs or PDSPs, are now most often replaced
by FPGAs. Modern FPGA families provide DSP arithmetic support with
fast-carry chains (Xilinx Virtex, Altera FLEX) that are used to implement
multiply-accumulates (MACs) at high speed, with low overhead and low costs
[1]. Previous FPGA families have most often targeted TTL “glue logic” and
did not have the high gate count needed for DSP functions. The efficient
implementation of these front-end algorithms is the main goal of this book.

At the beginning of the twenty-first century we find that the two pro-
grammable logic device (PLD) market leaders (Altera and Xilinx) both re-
port revenues greater than US$1 billion. FPGAs have enjoyed steady growth
of more than 20% in the last decade, outperforming ASICs and PDSPs by
10%. This comes from the fact that FPGAs have many features in com-
mon with ASICs, such as reduction in size, weight, and power dissipation,
higher throughput, better security against unauthorized copies, reduced de-
vice and inventory cost, and reduced board test costs, and claim advantages
over ASICs, such as a reduction in development time (rapid prototyping),
in-circuit reprogrammability, lower NRE costs, resulting in more econom-
ical designs for solutions requiring less than 1000 units. Compared with
PDSPs, FPGA design typically exploits parallelism, e.g., implementing multi-
ple multiply-accumulate calls efficiency, e.g., zero product-terms are removed,
and pipelining, i.e., each LE has a register, therefore pipelining requires no
additional resources.

Another trend in the DSP hardware design world is the migration from
graphical design entries to hardware description language (HDL). Although
many DSP algorithms can be described with “signal flow graphs,” it has been
found that “code reuse” is much higher with HDL-based entries than with
graphical design entries. There is a high demand for HDL design engineers
and we already find undergraduate classes about logic design with HDLs [2].
Unfortunately two HDL languages are popular today. The US west coast and
Asia area prefer Verilog, while US east coast and Europe more frequently
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use VHDL. For DSP with FPGAs both languages seem to be well suited,
although some VHDL examples are a little easier to read because of the sup-
ported signed arithmetic and multiply/divide operations in the IEEE VHDL
1076-1987 and 1076-1993 standards. The gap is expected to disappear after
approval of the Verilog IEEE standard 1364-1999, as it also includes signed
arithmetic. Other constraints may include personal preferences, EDA library
and tool availability, data types, readability, capability, and language exten-
sions using PLIs, as well as commercial, business, and marketing issues, to
name just a few [3]. Tool providers acknowledge today that both languages
have to be supported and this book covers examples in both design languages.

We are now also in the fortunate situation that “baseline” HDL compilers
are available from different sources at essentially no cost for educational use.
We take advantage of this fact in this book. It includes a CD-ROM with
Altera’s newest MaxPlusII software, which provides a complete set of design
tools, from a content-sensitive editor, compiler, and simulator, to a bitstream
generator. All examples presented are written in VHDL and Verilog and
should be easily adapted to other propriety design-entry systems. Xilinx’s
“Foundation Series,” ModelTech’s ModelSim compiler, and Synopsys FC2 or
FPGA Compiler should work without any changes in the VHDL or Verilog
code.

The book is structured as follows. The first chapter starts with a snapshot
of today’s FPGA technology, and the devices and tools used to design state-
of-the-art DSP systems. It also includes a detailed case study of a frequency
synthesizer, including compilation steps, simulation, performance evaluation,
power estimation, and floor planning. This case study is the basis for more
than 30 other design examples in subsequent chapters. The second chapter
focuses on the computer arithmetic aspects, which include possible number
representations for DSP FPGA algorithms as well as implementation of basic
building blocks, such as adders, multipliers, or sum-of-product computations.
At the end of the chapter we discuss two very useful computer arithmetic con-
cepts for FPGAs: distributed arithmetic (DA) and the CORDIC algorithm.
Chapters 3 and 4 deal with theory and implementation of FIR and IIR fil-
ters. We will review how to determine filter coefficients and discuss possible
implementations optimized for size or speed. Chapter 5 covers many concepts
used in multirate digital signal processing systems, such as decimation, inter-
polation, and filter banks. At the end of Chap. 5 we discuss the various pos-
sibilities for implementing wavelet processors with two-channel filter banks.
In Chap. 6, implementation of the most important DFT and FFT algorithms
is discussed. These include Rader, chirp-z, and Goertzel DFT algorithms, as
well as Cooley–Tuckey, Good–Thomas, and Winograd FFT algorithms. In
Chap. 7 we discuss more specialized algorithms, which seem to have great
potential for improved FPGA implementation when compared with PDSPs.
These algorithms include number theoretic transforms, algorithms for cryp-
tography and errorcorrection, and communication system implementations.
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The appendix includes an overview of the VHDL and Verilog languages, the
examples in Verilog HDL, and a short introduction to the utility programs
included on the CD-ROM.
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