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De ce avem nevoie de reconfigurabilitate? gﬁg\:

« Densitatea foarte mare a
tranzistoarelor in circuitele moderne Complexiate
» Costuri sporite de integrare Leoea i
Moore
700 Capacitate
300 Milioane de 20112013 201520172019 2021 2023  Pateril
tranzistoare pe
200 chip
« Limitari puternice a capabilitatilor
100 Tehnologie bateriilor
° " « Complexitat t3 a algoritmil
20112013 201520172019 2021 2023 Omp exitale crescuta a a gorl milor
Se doreste Constrangeri severe
performanta pentru consumul de

si flexibilitate energie
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Analiza algoritmilor pentru sisteme embedded ;cg RS o

« 80% din complexitatea unui algoritm este concentrata in portiuni bine definite ce constituie
o parte foarte mica din codul total

« Multi algoritmi au portiuni de cod care pot fi paralelizate
v Performanta este imbunatatita prin folosirea cailor paralele de date

- Granularitatea operanzilor este de obicei destul de diferita de 32 de biti
v Un UAL traditional este ineficient (consuma prea multa energie)

g

Se pot obtine imbunatatiri semnificative daca functionalitatea procesoarelor
embedded este extinsa cu functii specifice aplicatiei
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Tipuri de circuite integrate

Integrated Circuits

— |

Full-Custom Semi-Custom
ASIC ASIC
L
PLD
PAL PLA PML




Piata de circuite reconfigurabile

PLD Segment

FPGA Sub-Segment

QuickLogic
Lucent__ 2%
6%

Cypress

Market Share
/ 2%

Lattice
6%

Vantis
7%

Market Share

Doi producatori majori — piata ajunsa la maturitate

Sursa: Markets & Markets



https://www.marketsandmarkets.com/Market-Reports/fpga-market-194123367.html?gclid=Cj0KCQiAtICdBhCLARIsALUBFcESuC8Xf2pl5ETJX_WPaQk_R1rJuxMemGXv-Wocn1_MVcLd3Isn3vEaAjFaEALw_wcB
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ASIC A
Application Specific
Integrated Circuit y

Un design trebuie trimis pentru
fabricare intr-un fab de
semiconductoare.

Procesul dureaza timp si este
foarte costisitor.

Sunt proiectate complet, de la
descrierea comportamentala
pana la layout-ul fizic

Doua implementari concurente

4 FPGA A
Field Programmable
. Gate Array )

Reconfigurat de fiecare data de
catre proiectanti

Nu se proiecteaza un layout fizic al
componentelor.

Proiectarea are ca rezultat un
bitstream cu care se configureaza
dispozitivul.
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Programmable Logic Device (PLD)

5

* Sunt matrici simple de circuite logice
— Implementeaza functii logice pe doua niveluri (AND/OR)
— Au o structura simpla de interconectare programabila

— Sunt de mai multe tipuri
* Read Only Memory (ROM si PROM)
* Programmable Logic Array (PLA)
* Programmable Array Logic (PAL)

* Field Programmable Gate Arrays (FPGA)

— Multe copii ale aceleiasi structuri configurabile de baza

— Fiecare bloc poate fi configurat pentru a indeplini orice functie logica si include de obicei un flip-flop si un
generator de functii cu 4 intrari

— Interconectare programabila
— Blocuri de memorie SRAM
— Un FPGA mare are de obicei 100k+ circuite flip-flop, 100k generatoare de functii si 10Mb SRAM
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Implementarea unei memorii ROM e STt

" ROM poate fi implementata printr-un aranjament
ortogonal de conexiuni

= Conexiune la fiecare intersectie = 1 logic

= Decodificatorul pune 1 logic pe linia selectata iar daca
conexiunea este facuta, la iesire se poate citi un octet de date

= Unele PROM-uri sunt scrise prin eliminarea conexiunilor

= Tensiune mare aplicata pe linia si coloana pe care se vrea
marcarea unui 0 logic

decodificator
N | (@) a1 H~ W N —_ ()

= Curentul mare aplicat legaturii linie-coloana determina
“arderea” legaturii

= Alte memorii pot fi arse si reprogramate (EPROM,
EEPROM)

Computer Science
& Engineering
Department
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* Orice memorie RAM poate implementa functii logice reconfigurabile

— Stocheaza tabela de adevar a functiei logice in memorie

— Exemplu: folosesc RAM de 4 biti pentru a simula o poarta Sl cu doua intrari stocand O la adresele 00, 01
si10sillaadresall

— cu 2™ cuvinte de 1 bit se poate implementa orice functie de m intrari
— O memorie cu 2™ cuvinte de w biti latime poate implementa w functii logice diferite cu m intrari

* Memoriile ROM sau EEPROM pot implementa aceleasi functii logice dar cu
anumite avantaje:

— Memoria este nevolatila
— Datele sunt stocate la programare si pot fi reconfigurate printr-un update de firmware
— Densitate mai mare decat memoria RAM
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~A NN AN A Conexiune configurabili

X0'X2X3X4' X5
v

XoX1 X2X3' x4 X5
v
xo’x2x4'x5’
v
xo’xl’x2x5
v

XoX4' X5’

v

X1X2X3X4'

v

~

conexiune S
configurabila

N I D U D

2SS | | L \/ \/

Xo X1 X2 X3 X4 X5
* PLA-urile au un plan Sl si un plan SAU
* Pot sa implementeze orice circuit de doua niveluri (SAU/SI)

Zo  Z1  Zp  Z3= Xox1'XoX3'x4'xs + xg'xq x0x5

* Implementate i In CMOS.
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Programmable Array Logic (PAL)
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Conexiune

e PAL este similar cu PLA dar are un plan SAU fix.
* Mai usor de programat (si mai ieftin de produs)
e Dezavantaj: numar limitat de termeni generati la iesire

conﬁgumbil}‘
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X0

e

X1

e

X2

L

X3

L

X4

NI N I U A

e

X5

X0/ XpX3X4' X5
xoxl'x2x3'x4’x5
xo’x2x4’x5'
XO’X1IX2X5
x0x4’x5'

x1x2x3x4’

Zo = X' XoX3X4 X5 + XgX1'X2X3' X4 X5

‘\“\CA B(,c
\ _—
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Field Programmable Gate Array (FPGA) &S

* Circuitele FPGA sunt folosite pentru generarea circuitelor logice complexe.
* Un cip contine un numar foarte mare (zeci de mii) de blocuri logice

configurabile.

— Programele de tip CAD mapeaza circuitele de nivel inalt peste matricea de blocuri de
baza prin configurarea generatoarelor de functii, interconexiunilor si altor elemente
configurabile

* Blocurile logice sunt rutate folosind interconexiuni programabile
— Segmentele sunt conectate la blocurile logice si la alte segmente invecinate prin

switch-uri configurabile
— Programele CAD determina configuratia optima pentru toate switch-urile folosite.




Ce este un FPGA?

LI LTI IE LT

Blocuri

Logice

Configurabile
Blocuri
/0
Blocuri
RAM

R G s R
...
...
...
...
...

Block RAMs

05050 0 0 0




Care sunt optiunile?

ASIC

a
Performanta mare

~

N /
s N
Low power
N J
a )

Cost scazut
In volume mari

FPGA

L Off-the-shelf }

Costuri scazute
de dezvoltare

[ Time to market scurt }

Reconfigurabilitate

_F
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Alte avantaje FPGA

* Ciclul de fabricatie al unui ASIC este foarte costisitor, lung si necesita
proiectanti din mai multe domenii

— Greselile care nu sunt detectate la proiectare au un impact foarte mare
asupra asupra costurilor si a timpului de dezvoltare

 FPGA-urile sunt perfecte pentru prototiparea rapida a unui circuit
digital

* Se pot face upgrade-uri foarte usor, ca si cum ar fi in cazul unui
software

* Domenii unice de aplicatii
— Sisteme reconfigurabile
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Producatorii majori de FPGA

FPGA SRAM
e Xilinx, Inc.
* Intel

e Lattice Semiconductor
* Microsemi

} Aproape toata piata

FPGA Flash
* Microchip
* Quick Logic Corp.
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Familii de FPGA Xilinx e SR

Spartan®-6 FPGASs for I/O optimization SPARTAN' ARTlX' ZYNQ‘

Spartan-7 FPGAs for I/O optimization with the highest
performance-per-watt

Virtex® UltraScale+™ devices provide the highest performance
and integration capabilities in a 14nm/16nm FinFET node.
Kintex® UltraScale+™ devices provide the best
price/performance/watt balance in a FinFET node, delivering a
cost-effective solution for applications that require high-end
capabilities including 33Gb/s transceivers and 100G
connectivity cores.

Artix”-7 FPGAs for transceiver optimization and highest DSP
bandwidth

Zynq°-7000 adaptive SoCs for system optimization with
scalable processor integration

Artix UltraScale+™ FPGAs for high 1/0 bandwidth and DSP
compute

https://www.Xilinx.com/products/silicon-devices/cost-optimized-portfolio.html

Computer Science
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7-Series, Familii FPGA Xilinx e e
MX7” KINTEX”  VIRTEX” ZYNQ™

Lowest Power Industry’s Best Industry’s Highest Extensible
and Cost Price/Performance ISystem Performance | Processing Platform

Maximum Capability

Logic Cells 20K — 355K 30K — 350K
Block RAM 12 Mb | 3amb |  esmb | 240kB-2180KB
DSP Slices 40— 700 80— 900
Peak DSP Perf. 504 GMACS 1080 GMACS

Transceiver 3 75Gbbs 6.6Gbps and 12.5Gbps, 6.6Gbps and
Performance i P 12.5Gbps 13.1Gbps and 28Gbps 12.5Gbps
Memory

I 1066Mbps 1866Mbps 1866Mbps 1333Mbps

I/0O Pins 450 372

3.3V and below 3.3V and below 3.3V and below 3.3V and below
1.8V and below 1.8V and below 1.8V and below

I/0O Voltages

Computer Science
& Engineering
Department
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Elemente comune — 7-series 2 Sl

= Common elements enable easy IP reuse for quick
design portability across all 7-series families

o Design scalability from low-cost to high-performance
o Expanded eco-system support

o Quickest time to market

Logic Fabric Precise, Low Jitter Clocking
LUT-6 CLB MMCMs

36Kbit/18Kbit Block RAM PCle® Interface Blocks

. On-Chip Memory l Enhanced Connectivity

DSP Engines D Hi-perf. Parallel /O Connectivity

DSP48E1 Slices SelectlO™ Technology

W e e Y e W M W W) e TR WM TR W W e
P em T WY M M WM YR TR %R M M WM e em Ty W
LA B B B B R B B A A A B L A R R I
M TWEE WS ... .-
. 4

Hi-performance Serial I//O Connectivity
Transceiver Technology
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Resurse Logice

" Primary resource for design Ff:utgjj; COUT  COUT

o Combinatorial functions
o Flip-flops

= CLB contains two slices

"= Connected to switch matrix for &
routing to other FPGA resources

o Carry chain runs vertically in a column
from one slice to the one above

Fabric
Routing CIN CIN
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* Wide range of voltages = Digitally controlled impedance

o 1.2V to 3.3V operation
= Many different I/O standards

o Single ended and differential
o Referenced inputs
o 3-state support

= Very high performance
o Up to 1600 Mbps LVDS
o Up to 1866 Mbps single-ended for DDR3

= Easy interfacing to standard
memories

o Hardware support for QDRI+ and DDR3

= Low power




O Tras
IO Types L aboratory

= Two different types of I/O in 7-series FPGAs
o High Range (HR)
o Supports /O standards with Vcco voltages up to 3.3V
o High Performance (HP)
o Supports /O standards with Vcco voltages up to 1.8V only

o Designed for the highest performance
o Has ODELAY and DCI capability

High Range Most Some

High Performance Some Most All
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Block RAM & FIFO

All members of the 7-series families have the
same Block RAM/FIFO

= Fully synchronous operation
o All operations are synchronous; all outputs are latched

= Optional internal pipeline register for higher
frequency operation

= Two independent ports access common data
o Individual address, clock, write enable, clock enable
o Independent data widths for each port

= Multiple configuration options
o True dual-port, simple dual-port, single-port

" Integrated control for fast and efficient FIFOs

Computer Science
o & Engineering
_ Department
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7-Series DSP Slice
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XADC & AMS IO T

= XADC is a high quality and flexible analog interface new to the 7-series

oDual 12-bit 1Msps ADCs, on-chip sensors, 17 flexible analog inputs, and track & holds
with programmable signal conditioning

o1V input range (unipolar, bipolar and differential)
012-bit resolution conversion

oBuilt in digital gain and offset calibration
oOn-chip thermal and Voltage sensors

oSample rate of 1 MSPS

* Analog Mixed Signal (AMS)

oUsing the FPGA programmable logic to customize the XADC and replace other
external analog functions; for example, linearization, calibration, filtering, and DC
balancing to improve data conversion resolution
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7-Series Price & Performance e e

The different families in the 7-series provide solutions to address the
different price/performance/power requirements of the FPGA market
o Artix™-7 family: Lowest price and power for high volume and consumer applications

o Battery powered devices, automotive, commercial digital cameras
o Kintex™-7 family: Best price/performance

o Wireless and wired communication, medical, broadcast
o Virtex-7 family: Highest performance and capacity

o High-end wired communication, test and measurement, advanced RADAR, high-
performance computing

PERFORMANCE

XILINX UNIFIED FPGA SERIES
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Structura generala a unui FPGA

L ﬂ <L ﬂ <L

AL
i
it

i
if' if' if':>\ Programmable

: I, N I, N I, N I, N interconnect

~_ Programmable
— | — logic blocks

- = s
T i T

The Design Warrior’s Guide to FPGAs
Devices, Tools, and Flows. ISBN 0750676043
Copyright © 2004 Mentor Graphics Corp. (www.mentor.com)
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Xilinx FPGA Block Diagram
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Xilinx CLB

!
3

Configurable logic block (CLB)

oL ﬂ L Slice Slice
CLB |l CLB }3:«

Logic cell Logic cell

AL

Logic cell

Logic cell

Slice

Slice

s

Logic cell

Logic cell

Logic cell

Logic cell

The Design Warrior’s Guide to FPGAs
Devices, Tools, and Flows. ISBN 0750676043
Copyright © 2004 Mentor Graphics Corp. (www.mentor.com)
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Configurable Logic Block CLB

Left-Hand SLICEM

Switch
Matrix

Right-Hand SLICEL

(Logic or Distributed RAM (Logic Only)
or Shift Register)
couT
———————————— 4—-——at
I CLB I
l SLICE
= A v [
| y |
| |
| |
. SLICE
< | > X1Y0 <:|>
| CcCouT 1
I 1 CIN

| SHIFTOUT

| SHIFTIN _v

5
39
A\

e e c— ———— — —

=X Systems
% 4

._JJUJKLL\ Laboratory

Interconnect
to Neighbors

DS098-2_05_082104

C
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CLB
i c2 c3 c4
HI DIN S/R EC
|
G4 — =
| 1 CONTROL |—
Gy — LOGIC gm o
FUNCTION ‘ b o l—xo
OF G
a — G1-G4 — 9
Gl — ' \
LOGIC EC
| FuNcTION o 5 /l RD
OF
e T | —
AND
HI X
F4 — —
| \I CONTROL |
F3 — LOGIC g“" pos
mxg;lon - » D Qb yo
o — F1-F4 H‘/
4
Fl — 4
EC
K RD
(CLOCK) 1 T
- Y

X4913
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Structura unui slice CLB = Sl
COouT
* Fiecare slice contine urmatoarele: -
— LUT cu patru intrari s “ oot - I -
e Orice functie logica cu 4 intrari, 63 8 e Gary o
* sau RAM 16bit x 1 e i ey e
* sau Registru Shift pe 16 biti : i
— Carry & Control FoiN
* Logicd aritmetica rapid3 BY . ’
* Logica pentru inmultire SH
* Logicd de multiplexare |_:B
— Elemente de stocare s
e Latch sau flip-flop s o Tade cary ° X
* Set /reset F2 e CE’E;;" ! »Z
* lesiri normale sau inversate i "
e Control pentru functionare
sincron/asincron o
CLK
CE

DS001_04_060100
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Functiile Logice

Implementate folosind Look-up Table (LUT)
Un LUT cu k intrari corespunde unei memorii de 2 “x 1 bit

Un LUT cu k intrari poate implenta orice functie logica cu k

intrari si o singura iesire
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Lookup Table (LUT)

N input M output

m Adrese: N biti; Iesire: M biti
m Memoria contine 2 " cuvinte a cate M biti

m Valorile intrarilor decid cuvantul care va fi disponibil la iesire la un moment dat

Computer Sci SN ey
omputer Science &
& Engineering § i 5
Department
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Diagrama logica a unui LUT 8x3

Programmable OR array

3 X 8 Decoder

SN OO N Lo =0

vV VY

Suma de mintermeni

38
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Implementarea unei functii logice folosind LUT
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Implementarea unei functii logice cu 5 intrari folosind 2 LUT

mbedded
ystems
L aboratory

Un slice CLB poate sa implementeze si functii cu mai mult de 4 intrari logice

Functia este partitionata intre cele doua LUT-uri
Multiplexorul final selecteaza iesirea corecta

F4
F3
F2
F1

BX

nBX
BX

Yy VvV VvV Y

C

Compu fe Sce nce
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5 intrari folosind 2 LUT

logice cu

| funct

Implementarea une
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Exemplu Virtex TS Sor,

Real 6-Input LUT

[

Approximately 10 percent bigger CLB (than if == wmimaii:
the Virtex-4 FPGA were in 65 nm) 2

But implements approximately 35 percent
more logic

\WICA By,
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RAM Distribuit IS Tbersiory
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* CLB LUT configurabil ca RAM I I
— Un LUT egal 16x1 RAM — |k
— Memoria poate fi Single sau Dual-Port a2
— Cascadarea LUT-urilor mareste Itimea R
memoriei —{ hs
e Scriere Sincrona Tl saudE
 Citire Sincrona/Asincrona =  Je o _Rawexip
— Circuitele flip-flop pot fi folosite pentru = “puwec |
wr H- b
implmentarea citirii sincrone say 1
_ o |




Registru Shift

mbedded
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* Fiecare LUT poate fi

configurat ca un registru
shift

— Serial in, serial out

* Intarziere dinamic3 de pana
la 16 cicli

* Cascadarea mareste
numarul ciclilor de
Intarziere

IN
CE

CLK

LUT —

DEPTH[3:0]

LUT

OouT
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12 Cicli
/Operatia A Operatia B
A 4 Cicli 8 Cicli L 6

Operatia C o

3 Cicli

3 Cicli

Dezechilibru de 9 cicli

* FPGA bogat in registre

— Permite adaugarea de etaje pipeline pentru a mari productivitatea

e Caile de date trebuie sa fie echilibrate pentru a pastra functionalitatea
sistemului




Fast Carry Logic
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o Fiecare CLB contine logica separata
pentru rutarea si generarea rapida a
semnalelor de suma si carry
— Mareste eficienta si performantele

sumatoarelor , multiplicatoarelor,

acumulatoarelor, comparatoarelor si
numaratoarelor

o Logica de carry este independenta de
logica normala si poate lucra in
conjunctie cu LUT

MSB —»

Carry Logic
Routing

LSB

,\@‘\“‘CA By, o(/‘p
Computer Science N WY
& Engineering - %" -
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Accesarea Carry Logic

Toate tool-urile majore de siteza pot invoca carry logic
pentru functiile aritmetice

— Adunare (SUM <= A + B)

— Scadere (DIFF <= A - B)

— Comparatii (if A < B then...)

— Numaratoare(count <= count +1)
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Abordarea clasica: Half Adder

A B Sum Carry Out
(A XOR B) (A AND B)
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
|Half Adder | [HalfAdder |

\ |
) : Sum
7 |

| |

|

| |
L — | Carry Out

Dezavantaje:

- Propagare lenta a carry Carry In
- Utilizeaza 2 LUT-uri
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Carry Look-Ahead

A B Propagate Generate

0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1

CcouT
Avantaje:
1. Foloseste un singur LUT (trei intrari) Propagate/Half Sum
2. Carry se propaga rapid — un singur MUX S
Generate
CIN

,—)D— Sum
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Structura unui slice cu logica adaugata
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* Implementare eficienta a memoriei intre CLB si porturile IO
— Blocuri dedicate

* Toata logica de control este implementata in celula de RAM

Spartan-Il

True Dual-Port
Block RAM

- <

— De la 4 la 104 blocuri de memorie

* 18 kbiti pe bloc

— Blocurile se pot cascada pentru implementarea unei memorii mai mari

e Poate functiona ca single sau dual-port RAM




Block RAM Port Aspect Ratios
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XC3S200/A/AN
XC3S400/A/AN
XC3S700A/AN
XC3S1400A/AN
XC3S250E
XC3S500E
XC3S1200E
XC3S1600E
XC3S1000
XC3S1500
XC3S2000

-

Total RAM bits, including
parity

18,432 (16K data + 2K parity)

Memory Organizations

16Kx1

8Kx2

4Kx4

2Kx8 (no parity)

2Kx9 (x8 + parity)

1Kx16 (no parity)

1Kx18 (x16 + 2 parity)
512x32 (no parity)
512x36 (x32 + 4 parity)
256x72 (single-port only)

Block RAM Columns
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Embedded Multipliers 2 CLBs

WEA RAM16_Wa_Wg
ENA
SSRA
XC3S50/A/AN L
XC3S100E ckA_| DOPA[PA-1.0]
_— ADDRA([;—1:0] DOA[W,—10]
— o=
DIAW.—1.0]
DIPA[3.0]
————————-
XC3S4000 :l L
XC3S5000 WEB
XC3SD1800A ENB
iy DOPB([pg—1:0]
CLKB '
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—————
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(a) Dual-Port
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(b) Single-Port
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2,047
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1,023
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18 x 18 Embedded Multiplier

- Intareste functionalitatea de DSP a
circuitului

Optimizat pentru viteza si performanta
maxima. Implementeaza module tip
multiply/accumulate

Sunt organizate in coloane adiacente
coloanelor de blocuri RAM

Fiecare multiplicator are doi operanzi de
18 biti latime si este implementat in
logica pur  combinationala. Se
conecteaza prin magistrala la blocul
RAM adiacent

DIA[#:0]

DIB[#:0]

DOA[#:0]

PortA I\~ DOA[17:0]
A[17:0]
RAMB16BWE
DOB[#0]
DOB[17:0]
FortB B[17:16]
DIB[31:16] “BA50] \ B[17:0]

5]
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Data A
(18 bits)

Data B
(18 bits)
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Output
(36 bits)
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Structura de baza a unui bloc I/0 TS e
Three-State * l— D Q :D
FF Enable * EC Three-State
Clock * 4 >SR Control

Set/Reset * ®
Output * l— D Q :D_>
FF Enable”® EC
® Output Path
@
Direct Input« G
FF Enable”® T

Input Path

Registered«{]Q D
Input EC

sR <
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Functionalitatea unui bloc 1/O

* Blocurile I/0O (IOB) permit interconectarea pinilor circuitului la
structura interna de blocuri CLB

* Fiecare IOB poate sa functioneze ca un port uni sau
oidirectional

* |esirile pot fi fortate in starea de impedanta marita
* Intrarile si iesirile pot fi trecute printr-un buffer de tip registru

* |ntrarile pot fi amanate
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PSM PSM

Programmable
Switch
Matrix

PSM PSM
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Flip-flops

ENENENENENENEN NN NN NN NN

ERENENEEEEEE N\ AN NN

Y
N

Special clock
pin and pad

ENENENEN RN RN RN R R RN NN

Clock signal from

outside world The Design Warrior’s Guide to FPGAs
Devices, Tools, and Flows. ISBN 0750676043
Copyright © 2004 Mentor Graphics Corp. (www.mentor.com)
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Digital Clock Manager (DCM) s Sl
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Clock signal from | -
outside world Daughter clocks
i _ Clock - - used to drive

g | > internal clock trees
Manager

or output pins
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Special clock
pin and pad ] .
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The Design Warrior’s Guide to FPGAs
Devices, Tools, and Flows. ISBN 0750676043
Copyright © 2004 Mentor Graphics Corp. (www.mentor.com)
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