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2.2 4Field-programmable gate areay
x L ——— e T—
A field-programmable gate avvay (FPOA) b8 0 semiennductar devi ]
stiiconductor device

that can be configured by the customer or designer ¢

hence the name "ﬁ-:'ld-rrmgmnun::r:: “I Sl St AR
e". To program an FPGA you specify

how you want the chip to work with a logic circuit diagram or a source

code in a hardware description language (HDL). FPGAs can be used 1o

implement any logical function that an application-specific integrated

circuit (ASIC) could perform, but the ability to update the functionality

after shipping offers advantages for many applications.

FPGAs contain programmable logic components called "logic bloc

and a hierarchy of reconfigurable interconnects that allow the blocks 10

be "wired together '—somewhat  like @ one-chip  programmable

¢ can be conligued o perform complex

breadboard. Logic block
logic gates ke AND and

combinational functions, Of merely simple

¥OR. In most FPGAs, the Togie blocks als inelude memory elements,

W'h.:nl:h may bE Eimp]f.'- ”i]’]‘rﬂllp-‘" oF e .'_H."ml“ﬂ,u Woe ks of memory.

gelor Procest HETRERI: usually slower than

alaty draw T Peweh
[ vl complexity. But

For any given semicond

their fixed ASIC counterparls. They

achieve less functionality using # pivelt AMOII Y

and generally

: b
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their advanta i
ges include :
e a shorter time to market, ability to re-program in
A bugs, and ‘- :
i ] lonwer non-recurring, engineering costs, Vendo
50 lake o middle ¢ oS R
¢ rond by dey i
‘ 3 cloping their h 1
B L their hardware on ardinary
5. nulacture their {; .
" hinal versio |
SN 80 1 can o longe
. er be

modific st e .
wdilied after the design has been committed

e For all b T ,
ut the largest devices, routing constraing most logic
hIﬂl.:"k'\i . =!
5 1o have input and output signals connected 1o external
ins (i : :
I (little opportunity for internal state storage or deeply

layered logic).
1.7 Features in common with FPGAs:

Large number of gates available. CPLDs typically have the equivalent
of thousands to tens of thousands of logic gates, allowing

implementation of moderately complicated data processing devices.
PALs typically have a few hundred gate equivalents at most, while

FPGAs typically range from tens of thousands to several milhon.

than sum-of-product

Some provisions for logic more flexible
expressions, including complicated feedback paths between mMacro

cells, and specialized logic for implementing various commonly-used

functions (such as integer arithmetic).

e difference between a large CPLD and a small

The most noticeab!
q-volatile memory in the CPLD.

FPGA is the presence of on-chip no
proach become mOre apparent

The differences In architectural ap

farther from this intermediate region.
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This characteristic ut'nnn-\ruh.m'"}. means that CPLDs are often used

in modern digital desipgn 1o perform "boot loades functions belore

handing over control 1o other devices nol having this capability. A

good example is where a CPLD is used 1o load contiguration data for

an FPGA from non-volatile memory.

CPLDs were an evolutionary step from even smaller devices that

preceded them, PLAs (first shipped by Signetics). and PALSs.

As FPGA's become more advanced the differences between the two
device types become blurred this trend will continue until the two

types are essentially indistinguishable.
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2.2.3Complex programman)e logic deviee

A T:tnn:rllf'&f lrrf'-ﬂrnmmnh'lq logic device (CPLD) 'a rrogrammsble
|{‘I-‘I_1:IIZ-: device :ﬂ'l.th complexity between that of p ALs and FPGAs. and
-"“"'-‘I"“-'-"":'-lf"ﬂl features of both, The building block of a CPLD is the macro
cell, which  containg logic mplementing, disjunctive normal  form

expressions and more specialized logic operations

Features in common with PA| s:

an
external configuration ROM isn't required, and the CPLD can

00 Non-volatile configuration memory. Unlike many FPGAs.

function immediately on system start-up.

For many legacy CPLD devices, routing constrains most logic

blocks to have input and output signals connected to external pins.
reducing opportunities for internal state storage and deeply layered
logic. This is usually not a factor for larger CPLDs and newer

CPLD product families,
Features in common with FPGAs:

] Large number of gates available. CPLDs typically have the
equivalent of thousands to tens of thousands of logic gaies,
allowing implementation of moderately complicated ~daia
processing devices. PALs typically have a few hundred gate

equivalents at most, while FPGAs typically range from tens of
thousands to several million.

[ -oli- 1Cct
0 Some provisions for logic more flexible than sum-of-prodt

' )een macro
expressions, including complicated feedback paths between
‘ i ] nmonly-
cells, and specialized logic for implementing various Col y
used functions, such as integer arithmetic.
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The most noticeable difference between a large CPLD and a small FPGA
is the presence of on-chip non

-volatile memory in .the CPLD. This
distinction is

rapidly becoming less relevant, as several of the lawest
FPGA products also offer models with embedded configurz

TEOn MEemery.

——

Ihe characteristic of non- volatility makes the CPLD ths device of dnsine

e Y

in modern digital designs to perform boot loader.
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