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Introduction to FPGA

What's the FPGA?

- FPGA is a device that can be programmed to many
different kinds of logic functions and its structure is an
array of resources that can be configured.

VVHDL, VERILOG are the most famous programming

languages.
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LCresign
Dhesign

takes®dDL code and translates it [Imple:nmt]
otlist.

A netlistis a textual description of a
am or schematic.

circuit diag

to verify that the design specified

in the netlipt functions correctly. Drebug

The netlist is converted into a
binary fofmat

The components and connections that it

are mapped to CLBs _
gSign is placed and routed to fit

ontg‘the target FPGA

Translat=

IVl aga

Flace annd
Route

Software desicn flow

A second simulation (post place and route simulation) is performed to help establish
how well the design has been placed and routed.
A *.bit file is a configuration file that is used to Program the FPGA

D Chiigy design
~erification aracd

debugging

Hardware desicn flow
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FPGA Design flow
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CPU DSP FP?A ASIC

Software Hardware

General Use Single Use

FPGA one from hardware tools and in the same
times has the facilities of software, hence it has the
ability of reprogramming and the speed of hardware
In the other hand the hardware tools used for once.
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FPGA history

1945 41950 1955 1980 1965 1970 1975 1980 1985 1940 1995 2000
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PROM (SPLD)

a — N\ : 3 k —4— Predefined link
. & | <1 W K?a % % ¥ Programmable link
i J' L_—\ la&'b& e ™
._D.O_a ¥ Address 0 | &)
la & Ik & o
Address 1| +—» s E e e -
I 2 |
A}D_G y Address 2| +—e—» -—B adb&lc
. I 2 o
c 7 ,ﬁ.ddr":" 3 - E .-ﬂ& b & O e
. T
a b clw x v Address 4| o -—E SRy e <
e i . + I
5 o0 010 1 I[:] Address 5| 4 PR @ a&bé&c
, I
0 0 1 0O 1 1 Address 6| ¢ o -—E a i E z a= %
i — | a C
01 0|0 1 O Address 7 IR &}
o 1 1 o 1 1 alabl!bcl t,j E{;
s
1 0 00 1 0 ~ — - é 6
1 0O 1 0O 1 1 Fredefined AMD array W OX Yy
T 1 01 0 1 w=(a &b) —l \
1 1 1 1 0O 0 x = !(a & b)
v=(a&b)"c

Programmable OR array



Introduction to FPGA

PAL (SPLD)
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PLA (SPLD)
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GAL (Generic PAL)
(SPLD)
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CPLD
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FPGA structure

* Logic blocks e

— To iImplement combinational [} 1 F - -
and sequential logic

: Interconnect/ i g SENL N BN

— Wires to connect inputs and—c I . - - -
outputs to logic blo g lannl Eannd Bunnd Eus
 1/O blocks = HH B HH E

— Special logic blocks at
periphery of device for
external connections
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FPGA structure

Configurable logic block (CLE)
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FPGA structure
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FPGA structure

Single-Length Lines

\ (T

Double-Length Lines

.&I. T

. 1] 5 I HTINT
Switch 3 ﬁ Switch E *f Switch
Matrix 353 Matrix ¥ Matrix
4 D YO0l
e e e e e a'd
;#Lm Z J#LI.LI CLB CLB CLB
I n Switch Switch
FICICITQ TG g f& Matrix Miatrix
Gl y AT Gl v
Cl Cl
K OAB g ARy CLB CLB CLB
Fl Pt f i
X X
XQF2 2 G2 XOF2 2 G2
o Switch Switch
i - 3 9 o Matrix Matrix
Switch Switch ¥ Swilch
Matrix Matrix Matrix
] X le:
NN NN b 4 NI NEN] x_ IR INEN] CLB CLB CLB
i
- :
H HiH ot ¢ Nﬂﬁ




Introduction to FPGA

FPGA structure
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FPGA structure
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Programming
technologies

Antifuse technoloqgy

Logic 1
Mask-programmed
connection +— Pull-up resistor
How
(word) line 1

_I

Transistor Column
(data) line

Logic O
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Programming
technologies

Fusible technoloqgy

Logic 1

Fusible link <— Pull-up resistor
Row
(word) line
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Al

Transistor _C‘c}lu_mn
< Logic 0 : (data) line
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Programming
technologies

Erasable PROM (EPROM) technoloqgy

Sounce Zontral gate Cirain Source Zontraol gate Ciraim
terminal terminal t=rminal terminal terminal terminal

N, iy
: . ﬁ*—:ﬁ.ﬂ:ﬁz:——g " %

I =l =) | | drain | =ilic | sssss | drain
- - J :II zon ) r

{a) Standard MOS transistor () EPROM transistor

Logic 1
--— Pull-up resistor

Row
(word) line

RN | i Sotumn
Logic O (data) line

UV radiation is used to discharge the electrons
*Quartz window is uncovered inside UV container source within 20 min. (cost & time)
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Programming
technologies

Electrically EPROM (EEPROM) technology

Mormal EEFPRCM
MOS transistor transistor

NIy

*

_{ T T !

EEPROM Cell

2.5 times larger than EPROM
*The normal transistor is used to erase the charges electrically
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Programming
technologies

SRAM technology

SRAM _|[
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programmable digital
logic chips

The no. of blocks of
logic with flip-flops

Technology

input-to-output timings

Routing resources

Yes

Coarse-grain

contain relatively

few (a few 100's max)
large blocks

EEPROM based,
active at power-up

Faster

Because one block of
logic can hold a big
equation “microprocessor
decoding”

Non efficient

Yes

Fine-grain
contain a lot
(up to 100 000)
of tiny blocks

SRAM based, need
to be configured at
each power-up

Slower

Efficient
“arithmetic functions (binary
counters, adders, comparators..
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orogrammable logic In a sequential manner in a parallel fashion
elements functions
Low power
Single chip
Adv. Live at power up
Non volatile
Secure
Low unit cost
Low total system cost
Disad Long design times
isadv.

Implementation of

Incredibly expensive
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Which companies make
FPGASs?

Xilinx
Altera

iiAnem ™
1 aram L]
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What can | use FPGA for?

Many different kinds of logic functions
eIndustrial control '
Medical diagnostic
eTelecommunications
Data processing
sAutomotive
sAerospace

Gaming systems




