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: integrated circyj ) i
es ecially used for 1n CUit deg iy
_El}‘_’_us_?}}d.s_?f.gates' Tgey.ferg cﬁ%;s are produced f.?r faster perfor’iﬁﬁﬁlg@:_‘)m
the Eieggn e vﬂble gate array is a S‘?_'mlconduc‘faor device ¢, .
A E]eld prograrpma tg called “logic blocks and pro ain-l
ble logic compomnel d erfor gramm v,
prog‘ramma___,\ - bl ks"é’an be programme EO p g mt’he functl()n ahh
interconnects. IﬂgchNOS XOR or more complex combinationg) funct;,, Ay,
logic ga(lies sz:hmf;s . a'tical functions. In rgosti ngGAfEls, the logic bl%l:‘auur-_h
o ldjgg ::resmory eiemenfg, which may be simple tlip-tlops or mor, Cbm};hﬁ
nc e
blocks of memﬁry- ¢ programmable interconnects allows logic block,
‘ A hlerarcd y o p;[é;dﬂg_“the-- system des:ugnet, somewhat like 5
interconnected as needaet. Logic blocks and interconnects can be Program, 1
« I

st - & ‘
programmable breadboar = after the FPGA is manufactured, to jmp),. "
by the customer or designer, renlal i Plemg.
aily logical functions hence the name “field progr e’

To configure (program) an FGPA you specify how you want the chip t, Worl
with a logic circuit diagram or source cod(? using a har-dware desmption
language (HDL). The HDL form I'mght b-e easier to work with Wh.en handhng
large structures because its possible to just specify them numerically rathe,
than having to draw every piece by hand.

FPGAs are quite different from CPLDs (Complex Programmable Logic
Device) because FPGAs do not contain ‘AND or QR planes. Instead, FPGA,
provide logic blocks for implementation of the required functions. FPGA contaiy

three main types of resources : | A -
‘(1) Logic Blocks * =~ .
(2) Input/Output—Input/output blocks for connecting to the pins of the
package. L -~
_ (3) Interconnection wires and switches.
The logic blocks are arranged in .a two-dimensional array, and the
interconnection wires are organized as horizontal and vertical routing channels
between rows and columns of logic blocksﬁlhe routing channels contain wires
and programmable switches that allows the logic blocks to be interconnected in
many ways. )
Figure 7.20 show two locations for programmable switches, the brown boxes
adjacent to logic blocks holds switches that connect the logic block input and

output terminals to the interconnection wires and the brown boxes that are

— %

One-(; b

diagonally between logic blocks connects one interonnection wire to another
(Bl}ch as a vertical wire to a horizontal wire). Programmable connections also
exist between the ]Enputhutput blocks and the interconnection wires. The actu
j (I:J}l;?f: ammable switches and wires in an FPGA varies in commercially availab

h P OAs can be used to implement logic circuits of more than a few hundred
/| . 0@‘: n}f lequlvalent gates in size. 3
¥ ch logic block in an FP . e output:
! A nimber of FPGA prog GA has a small number of 1r.1put;s.and on e
| Products are on the market, featuring different tyP®

; logic b

] coilf aill:;ck:' Theﬂ’.?“’&@ﬂ“l‘lf}ly used logic block is a look up table (LUD): Wh‘zh
Aa1ns storage cells that are uged to implement a small logic function- Eac

cell is capable of holdin

: is
g a single logic value, either 0 or 1. The stored value
| zfjrlécteg as the output of the storage cells. LUTSs of various sizes may be crea*”
‘ € 81ze 18 defined by the number of inputs.
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t has two inputs x; and X
gic function of

this LUT has

Figure 7.21 shows the structure of a small AT

and one output function f. It 1s capable of implementing any lo

two variables. Because a two-variable truth-table has four rows,

four storage cells. One cell corresponds to the output value in each row of truth
d as the select input of three

table. The input variables x; and x, are use
he valuation of x, and xo, select two content

multiplexers, which, depending on t
output of LUT. To realized a logic function

of one of the four storage cells as the
2. The function

t LUT, consider the truth-table in fig. 7.2
st input to MUX 1and 0 to

by using the two-inpu
f, from this table can be stored In LUT (as 1001 to fir ‘ :
gd MUX 1 input and SO on). The arrangement of multiplexers 1n the{[]:}J’.“_[‘
worrectly realizes the functions f when x, = %= 0 the output of the LUT 1S
X4
e
on
s | rouit for a two-input LUT. |
" Fig. 7.31. Circul Ly ki - e truth tﬁﬂe fﬁr
| jch represe? : tored in the
Ven by the top s’r,cat‘:alge1 W?;:’:;tioﬁs of x, and Xz the logi€ value 8

o
1%,=00, Similarly, for allV
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he entry in the truth table chosen by the pg,,. ™
output. Providing access to the contentg,, f‘:lcular
be used to Implement logi, fun trag{,

Ctigy,

storage cell corresponding to t
valuation appears on the LUT ¢
cells is only way in which multiplexers can

fhi iy
R X x2 yf
: i 1 RS W——
fl': -,_l-: 0 1
Pl 0
fiiti 0 1 0
i 1 0 o
Hih 1 1 3
i | L ——
Fig. 7.32. f, = X;+ Xz * %1 %2
X4
1 o
0 /r_ f
0 P
1 L1
X5

Fig. 7.33. Storage cell contents in the LUT Two-input LUT.

The three input LUT is shown in fig. 7.23. It has eight storage cells because
a three-variable truth-table has eight rows.

X4

x2 s
on
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o/ )

0/1
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0/1

0/1

0/1

R

Fig. 7.34. A 3-input LUT
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he StOT2€ s in an FPGA —
r stored conte 1A are volatile, wh
i nts whenever the power supply for th;c:hzr;ei:r;irzzg

' ey loice FPGA has to programmed e ;
e very time power is applied.

llfnri.vatrltages pETCA
MY ) Ttis used to design large logic circuits

. used to implement R
(2) It. 18 us : p 10810 c .
thousand equivalent gates in s.lz‘ercmts of more than a few hundred

merits Of FPGA

The storage cells in the LUTSs in an FPGA are volati -
s to be prf)grammed every time power is applierd. 00}_‘::;‘: Sgli?lt;;}rzz FI;EA
it holds o data permanently, called a programmable read onl mr:molp
tPRQND’ is included on the circuit board that houses the FPGA. TI):;e st,ora;i,
gllsinthe FPGA are loaded automatically from the PROM when power is applied

| wthe chips.
AL ;OM‘PLEX PROGRAMMABLE LOGIC DEVICES (CPLDs)

PLAS and PALs are useful for im?lementing a wide variety of small digital
arcuits. Each device can be used to implement circuits that do not require more
than the number of inputs, product terms, and outputs that are provided in the

| particular _chip. These chips are limited to modern sizes, supporting a combined
‘- number of'mputs pll}s outputs of not more than 32. For implementation of circuits
that require more inputs and outputs, either multiple PLAs or PALs can be

e NS A

employed or else a more sophisticated type of chip, called a complex

programmable logic device (CPLD) can be used.
le chip, with internal

[A_CPLD comprises multiple circuit blocks an a sing
wiring resources to connect the circuit blocks. Each circuit block is similar to a

PLA or a PLA. The structure for CPLD is shown as follows :

SIP reai|

PAL-Like
Block

A

I/0 Block

------

|
f e

i 5
L PAL-Like PAL:ikB g
B 1 : Bl
= Block -
Q |-

| el

Fig. 7.35:
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Structure of CPLD

It includes four P,A
interconnection wires. Eac
labeled Input/Output block W

output pins.
"The PAL like
OR gate (real CP1

I, — like blocks that are connected ¢,
h PAL — like block is also connected tq 4 u:} ot o
hich is attached to a number of chipg in ’ﬁlrr_.h”
Ang
block includes 3 macro cells, L'il_t‘h consisting of 4 four_
.Ds I)mvides between b and 20 mput:lto each OR Bate) oy
s t is connected to another type of logic gate thyy .
Tlitagtfsog}:l?tgu;l):q called an Exclusive-OR (XOR)‘gate. The behy
i s the same as per an OR gate except that if both of the ip,
1. the XOR gate produces a 0. One input to the XOR gate can be pmgrammam
c(;nnect.ed to 1 or 0, if 1, then the XOR gate complements the ORjgﬂte outp:,
and if 0, then the XOR gate has no effect. In some cases XOR-gate i8 connectgy
to macrocell. The macrocell also includes a flip-flop, a multiplexer anq atr,
state buffer. The flip-flop 1s used to store the c_)utput value produced by the OR
gate. Each tri-state buffer is connected to a pin on the CPLD package. The ty;.
ctate buffer acts as a switch that allows each pin to be used either as an Outpy
from the CPLD or as an input. To use a pin as an output, the corresponding ty;.
state buffer is enabled, acting as a switch that is turned on. If the pin is tq p,
used as an input, then the tri-state buffer is disabled, acting as a switch that js
turned off. In this case an external source can drive a signal on to the pip
which can be connected to other macrocells using the interconnection wiring
The interconnection wiring contains programmable switches that are used to
connect the PAL-like blocks. Each of the horizontal wires can be connected to
some of the vertical wires that is crosses, but not to all of them. The number of
switches (for connection b/w wires) is chosen to provide sufficient flexibility for
typical circuits without wasting many switches.

no

an XOR gate 1 Puts 4y,

| PAL - Like block |

I T

hali
-

PAL - Like block

oaH |

S
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Fig. 7.36. Internal Structure of CPLD.

—_ : w Logi
Digital Logic ang ' rﬂﬂ‘“'"‘abI
D%

T‘-D_m—«-—ﬂ

R —————

jal

" gommere
1.00P efmanem
gwteown as non
18 kIE;PLDS are !
The examp]

6~
follOwManufac‘l

Atmel
Cypers
Altera
The mostl
mscrmel].s’ to t
Compar

/’

/
(1) Gate capa

2) No.of Inp
Qutputs
(3) Process
Technoloj
(4) Performa

(5) Power co
ption

(6) Speed

(7) Intercon
(8) Architec
(9) Density
(10) Area of:

(11) Type of

com pon

12) Flexibil




Ate Outpu.t
COnneC

and a tn.
€. The tri.
an Outpm
)nding tri.
N 1s to be
.ch that is
0 the pin_
)N Wiring.
e used to
nected to
yumber of

ibility for

REERM

fal‘lf'“'sﬁ
Man ufacture

Atmel

Cypers
Altera

n;mmab‘e Logic Devices

co mercial CPLDs range is size

A},like blocks. Once a CPLD ig
If’{ic ermanently. even when the po
RH n.oW“ as non-volatile programming

—a 409

from only 2 PAL-like blocks to more that
Programmed, it retains the programmed
wer supply for the chip is turned off. This

o » used for the imple :
CPLDs are us e implementation of
: ¢ ; of many types of digital circuits.
The example of certain CPLD product company and its ::'oduct are as

CPLD Product

ATF, ATV

FLASH 370, Ultra 37000
MAX 5000, 7000, 9000

The mostly used CPLD is MAX 7000 which il
macmcellsv ¢o the 7512 has 512 macrocells, ch range is size from 7032, has 32

Comparison between FPGA and CPLD

——

CPLD FPGA
| (1) Gate capacity In CPLD gate capacity | In FPGA gate capacity is 800 —
: 1s 300 — 6,000 1,00,000 gates
i @ No. of Input/ In CPLD it is 30— 200 In FPGA it is 100 — 5,500 Input/
Il Qutputs Input/Outputs.
| (3) Process FROM, EFROM and SRAM, Antifuse, EEPROM
Technology Flash.

| (4) Performance

(5) Power consum-
ption

| (6) Speed
' (7) Interconnect
| (8) Architecture
(9) Density

(10) Area of use

11) Type of inbuild
component

12) Flexibility
’.!1‘13} When power

|

l cupply is ON

!

;[:;’ Complexibility
"9 Applications

|

Application dependent upto 100
MHz today.

Very low static Dynamic consum-
ption dependent typical (0.1 — 2W

Predictable timing
upto 200 MHz today
0.5 — 2.0 W static 0.5

— 4.0 W dynamic

(high) medium value).

Fast and predicatable Application dependent.

Crossbar Routing.

PAL - like Gate array like.

Low to medium Medium to high.

Used for small Used for big project because of
rojects Jarge number of large element.

I}ON-chip RAM, ROM RAM, ROM, counters, shift

register is present inbuild.

is not present. Itis
not generally present.
Lesser as compared to

FPGA

More flexibility

Takes few micro second to
start working.

More complex.
Simple state machine,

controllers.

L///—.

complex




