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* Digitalis rendszerek tervezese FPGA aramkorokkel.
Feheér Bela

Szanto Peter, Lazanyi Janos, Raikovich Tamas
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Program - Professor workshop material
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Technologial attekintes

o Digitalis eszk0z0k tipusai

Logikai elemek

Szabvany
MSI

Egyedi Programozhato ASIC MPU
fix funkciok, logikak CPU
ASSP
I |
Egyszerli Komplex
PLD PLD
I | I I |
PLA| | PAL| | GAL CPLD || FPGA || FPOA | | RPU




Egzszerﬁ PLD eszkozok

 Egyszerl struktura, egyszerii hasznalat
e Kétszintli kombinacios logika + regiszter
Dominans elrendezeés: mintermek 0sszege
Altalanos formaban
Fk =Xm;
 P¢ldaul 4 valtozora egy egyszeri kifejezes
F4=AB +ACD + BC




Programmable logic array
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PLA tervezese

* 5 bemenete (A, B, C, D, E)
4 kKimenete Van (X, Y, W, Z)
o Példa: X fliggvény megvalositasa:

X:C+E-B+-4-§ L

Rajzoljuk fel a szlikséges kapcsolast a T
kovetkezo fuggvények megvalositasahoz: 4

Y=C-D-E+A4-C-D |
W=C-D-E+B-C-D-E+B-D 1

Z—T!.(_E)*B.E)_F(‘J{JL—'_(BL Programmable U
AND array
Mintermek!
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Programmable
OR array
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Koézds

X=C ‘|‘E'B + A E termek! ‘\._\
Y=C-D-E+A4-C-D
W-C.-D-E+B-C-D-E+B-D

Programmable
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|
m Egy programozhatoé rész - \/)

Programmable AND Logic

(PAL)

AND / mig az OR fix
Véges kombinacigja all
eld az AND / OR
kapcsolatoknak

Metszéspontokban
kevesebb kapcsold
szUkseges

m Gyorsabb, minta PLA
m Q_ kimeneteken D tarolok

(visszacsatolodhatnak a
bemenetekre)
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PAL és GAL aramkorok

A PAL - biztositek atégetese, csak A GAL (Generic Array Logic)

egyszer lehetséges, ujraprogramozhato
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Programmable Read Only Memory

(PROM)

m Egy programozhatd resz - OR /
mig az AND fix
m Veges kombinacidja all eld az :

AND / OR kapcsolatoknak

m Metszéspontokban kevesebb

kapcsold szlkséges
m Gyorsabb, mint a PLA

m Q kimeneteken D tarolok!
(visszacsatoldédhatnak a
bemenetekre)

Programmable
OR array
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Fixed -
AND array

) Q Q1 Q2 Q3
X: programozhato



Egzszerﬁ PLD eszkozok

» PAL aramkorok felepitése (részlet PAL16xX)
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Komplex Qrogramozhaté eszk6zok

 80-as evek kozepén
— Felhasznaloi igények
 nagyobb logikai és interfész kapacitas
— Technologiai lehetoségek
* Integraltsag novelhetd
o Ket megkdzelites
— Programozhat6sag — Komplexitas CPLD
— Komplexitas — Programozhatésag FPGA




Programozhatosag — Komplexitas

« CPLD/MEGAPAL
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* A meglévo struktara
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CPLD eszk6zok

 Kivalo kiegészito/illeszto logika
— Kis tokozas
— Flexibilis 1/0O kiosztas

— 1/0O labak fliggetlenitése, tobbszdrds VIO
 Sokszor 5V tolerans
» Miikodés kozbeni csatlakoztathatosag

* Kedvezo fogyasztas
— lgazi CMOS, minimalis statikus aram
— Orajel felez6/duplazé
— Bemenetek levalaszthatoak, kimenet tart



CPLD eszkozok (spec)

» Technologia

— Flash vagy EEPROM

— Aramkoron beliili programozhatdsag
» Fontosabb gyartok

— Altera

— Lattice

— Xilinx
» Megjegyzés:

— Altera MAXII

* Val§jaban nem CPLD, hanem egyszerisitett FPGA struktira
kétszintli huzalozassal

* Belso flash a konfiguraci6 tarolasahoz, SRAM logikai cellakkal



FPGA

 Field Programmable Gate Array = ,,Felhasznalo altal
programozhato kapuaramkorok ” (tetszolegesen/tobbszor)

— 1984 Xilinx megalapitasa
* Ross Freeman feltalalo
 Bernie Vonderschmitt ,,fabless company idea”

e Jim Barnett
» 1985 XC2064 _
— 64 logikai cella $7 XILINX
e LUT + DFF XC2064-~50
FCeBL

—-~501/0 A2468AB935C
-5V, 50MHz ,,toggle rate”




m Konfiguralhaté Logikai Blokk
(CLB)
O Look-up table (LUT)
O Regiszter
O Logikai aramkorok
s Osszeaddk (Adder)
m Programozhato 6sszekottetés
halozat
m Input/Output Block (10B)

m  Szorzok (Multiplier)
m  Memoriak (Memory)
m Beagyazott Microprocessor(ok)

FPGA

10B 10B 10B 10B 10B 10B 10B 10B
T T T T1 T T1 T T
[ [ [ [
10B 10B
1CcLB L JcLB L JcCLB L dcCLB L
10B 10B
] ] ] 1 ] 1 ] ]
| | 1 1 | |
10B 10B
1CLB E dCLBE dCLB E dCLB L&
10B 10B
I I I I
L | 1 1 L |
10B 10B
1CLB R HACLB K AHACLB | HCLB |
o I I I I o
- | | | | | | | | o8
1ctB L dcLlB L 4dcCcLB L 4dcCLB L
10B 10B
] ] ] 1 ] 1 ] ]
| 1] | 11 | 11 | 1]
10B 10B 10B 10B 10B 10B 10B 10B




X|I|nx FPGA csaladok

Nagy tel Jeslltmeny Alacsony koltseg

Virtex (1998) Spartan-11 (2000)

m  50K-1M gates, 0.22um s 15K-200K gates, 0.22um
Virtex-E/EM (1999) Spartan-11E (2001)

s 50K-4M gates, 0.18um s 50K-600K gates, 0.18um
Virtex-11 (1999) Spartan-3 (2003)

s 40K-8M gates, 0.15um s 50K-5M gates, 90nm
Virtex-11 Pro/X (2002) Spartan-3E (2005)

s 50K-10M gates, 0.13um = 100K-1.6M gates, 90nm
Virtex-4 (2004) [LX, FX, SX] Spartan-3AN (2006)

s 50K-10M gates, 90nm s 50K-1.4M gates, 90nm
Virtex-5 (2006) [LX, LXT, SXT] Spartan-3A - DSP (2006)

m 65nm m  1.8M-3.4M gates, 90nm
Virtex-5 FXT, TXT (2008) Spartan-6 LX, LXT (2009)

= 65nm m 45nm
Virtex-6 LXT, SXT (2009)

m 40nm

Virtex-7 Kintex-7 Artix-7 Aynarons So¢ (2012)

= 28nm = 28nm = 28nm



Xilinx FPGA csaladok

220 nm Virtex
180 nm Spartan-Il, Spartan-IIE
120/150 nm Virtex-ll, Virtex-ll Pro
90 nm Spartan-3 Virtex-4
65 nm Virtex-5
45 nm Spartan-6
40 nm Virtex-6
28 nm Artix-7 Virtex-7
20 nm Virtex UltraSCALE
16 nm Virtex UltraSCALE+
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¢BRAM memory (Kb) MLogic Cells & Multiplier

o Xilinx Virtex-7 2000T ~6.5 milliard tranzisztor (2012 — 28nm), ~2 milli¢ logikai cella.
« Xilinx Virtex-Ultrascale+ XCVU440 (2015 — 20nm->16nm) FPGA: ~20 milliard tranzisztor -

~4.4 millio logikai cella! (~ 50 millio ekvivalens kagu%




Konfiguracios lehetoségek

SRAM ShAM H
a.) SRAM O U
) 1 | ] ML
b.) MUX
c.) Antifuse — amorf Si kristaly 20-30V polarizalasnal l

megkristalyosodik és vezet6 lesz (OTP). Texas
Instruments, Actel, QuickLogic

d.) Floating Gate (lebeg6 kapu)
e.) EPROM/EEPROM/Flash

N+ Polysilicon

Contro gate

N+ DilTusion

Gate oxide Floating gate




SRAM FPGA

* A ,,hagyomanyos” FPGA megvalositasi elv
* A legaltalanosabb CMOS technologia
* Minden informéacio memoria cellakban
— Beolvasando, betoltendd
* Elony:
— Barmikor atprogramozhaté e |
— Olcso technoldgia ‘
— Mindig a legjobb felbontas
» Konfiguracio modosulhat
— Kozmikus sugarzas
Figure 3a, 3b — Middle oxide thickness Virtex-4

— S E U , egyed | VéItOZéS transistor used in triple-oxide process and with
. highlighted portions of the transistors
(single event upset)




Fontosabb FPGA gyartok

— Xilinx http://www.xilinx.com

— Altera http://www.altera.com

— Actel http://www.actel.com

— Latice http://www.latticesemi.com/

— QuickLogic http://www.quicklogic.com/

PLD Market Share — Xilinx vs. Intel 2015 2016
FPGA | Market | FPGA | Market Growth
PLD: EY14 PLD: FY17 PLD: FY21E Vendor Total share | Total share | CY15-CYle
Xilinx $2,044 | 53% | $2,167 | 53% 6%
i % Intel (Altera) | $1,380 | 36% | 51,486 | 36% 7%
%, % 60 - 65% . Microsemi 5301 2% 5297 7% -1%
Ny Y Lattice 5124 3% 5144 3% 16%
QuicklLogic 519 0% 511 0% -A40%,
B intel L] alnx Others 52 0% $2 0% 0%

TOTAL $3,879 | 100% | $4,112 | 100% 6%



http://www.xilinx.com/
http://www.xilinx.com/
http://www.altera.com/
http://www.altera.com/
http://www.actel.com/
http://www.latticesemi.com/
http://www.quicklogic.com/

FPGA felepitese

» Egyszeru felépités (felhasznaloi oldalrol nézve)

— Altalanos céld logikai elemek = CLB (Configurable logic block)

— Programozhato huzalozas = Programmable interconnect
— Kivezetések = 10B

- DCM: Digital clock manager
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Dedikalt eroforrasok

BRAM: egy vagy keét portos memoriak: (~x100Kbyte -
~x10Mbyte), Blokk-RAM = 18K / 36 Kbites

MULT vagy DSP: dedikalt szorzok vagy DSP MAC (szorzéas ées
Osszeadas), (kivonas) logikai miveletek.

Beagyazott Microprocessor(ok):

— Soft-processzorok
e Példdk: Xilinx PicoBlaze, Xilinx MicroBlaze, Altera Nios Il, etc.
— Integralt hardware processzorok (hard-processor)

o Példdak: IBM PowerPC 405/450 (Xilinx Virtex 2 Pro, Virtex-4 FXT, Virtex-5 FXT), ARM
Cortex- A9 (Xilinx Zyngq, illetve Altera Cyclone V SoC, Arria V SoC, MicroSemi
Smartfusion-1,-2 FPGA chipjei), etc.




Logikai cella példak

o Kbzepes granularitasu SRAM LUT cellak
o LUT = Look Up Table = memoria
* 4 valtozo tetszoleges fiiggvénye, tablazat a konfiguraciobol

LOQ ic Block = .‘E’:""" .Eﬁfgrezﬂn:ﬂguration
|
ol K
INPUTS 4-LUT FF » OUTPUT
— [Lw_
%

\ A-input "lock up table”

» A LUT4 tekintheté egy MUX16-nak is, a konfiguracios
program altal rogzitett adatbemenetekke

0 1 T 1 c ¢ 1 1 1 0 1 0 0 1

0

N | A\ 0000 D001 00100011 01000101 011000111 10001001 1010 1011 1100 1101 11101111

D %455 [ 070603




Logikai cella problemak

 SRAM technologia

— Kezdetben volt a CLB Configurable Logic Block
« XC2000 1LUT+1FF

* Megjelent a LE/LC elnevezés Logic Element/Logic Cell
» Ez maradhatna a legjobb referencia 1 LUT + 1FF

e Kialakult a Slice 2 LUT + 2FF

— Mivel ma 1 CLB tartalmaz 2 db jobb és 2 db baloldali
slice-ot (ezek nem teljesen azonosak), ezért a CLB kb. 8 LE
komplexitasu, 2x2x2, plusz a beépitett

CLB Array

Equivalent (One CLB = Four Slices) Block Maximum

System | Logic Total | Total | Distributed | RAM | Dedicated Maximum | Differential

Device | Gates | Cells |Rows [Columns | CLBs | Slices | RAMbits!') | bits!!) | Multipliers | DCMs | User /O | 1O Pairs
"XCISTOOE | TOOK | 2060 | 22 il 20 | 980 15K T2K 1 2 108 10
XC3S250E | 250K 5508 34 26 612 | 2448 38K 216K 12 4 172 68
XC3SE00E | 500K [ 10,476 46 a4 1164 | 4,656 73K 360K 20 4 232 g2
XC3S1200E | 1200K [ 19512 60 46 2,168 | BET2 136K 504K 28 8 04 124
XC351600E | 1600K 33,192 76 b8 3.688 | 14752 231K BdBK 36 B 378 156




FPGA belso felepites

« SRAM FPGA mindig LUT alapu
« ALUT egy 1 bit széles memoria
» Melysége (cimvonalak szama ) valtozo
— Korai elemzések alapjan a 4 bit tint optimalisnak
e Kompromisszum a huzalozas és granularitas kozott
— Egy logikai egység 2 — 4 LUT ,,kGzelsegere” epit
 Lokalis belso kapcsolatok a késleltetést csokkentik

— Legujabb iranyzat a dragabb termekvonalban
o alapelem mérete x4, azaz LUT6




Pelda eszk6z: Xilinx Spartan3E

« Altalanos felépités egyszerii

« Homogeén logikai strukturq;

10Bs

— Egyenletes CLB réteg =
— Funkcionalis blokkok =
« BRAM o =
« MULT ==l E
* DCM = =
_ 1O gytir |2 HﬂwH 1R
Ul AT
7\

Block RAM Multiplier




A logikal elemek

* Enyhe aszimmetria a CLB felépitéesben
1 CLB =2 x2 Szelet

e Bal és jobb szelet eltéro
— Extra LUT modok

e Fuggetlen fiiggoleges

kapcsolatok

— specialis logika _ s

— aritmetika

/ L] L] L] -
P IR SR L
4 L Il |
// 1 1] X0Y3 [| X1¥3 [l X2¥3 [| X3¥3 || swe
1 Il |
7 — | Il |
4 L] I XOY2 || XAY2 [l X2Y2 || X3Y2 || ++ ¢
e [ | B ) S | W
/’ s U T T | |
Spa’rlan-BE — I X0Y1 || X1Y1 ” X2¥1 || X3 l LR
s FPGA | | |
f/ 1 I XOYO || X1Y0 fj| X2YO |[ X3YO0 || ew =
— L I I
/r’ I___\r______l_________
7 [TRTTTTo8S[TIITL *e+
[\
| Sl
CLB o DE342-2_34 (24205
CcLB CLE cLe LUTe s Equintalant RAINME ! Dietributed
Rowrs | Columns  Total Slises  FlipFlops | Logie Cella ERL1E FAM Bita
ACIF100E 22 16 240 el 1920 2160 =] 15,240
HOIF2LOE 3 26 a2 2448 4,896 Lo0g 2448 39,168
¥OaSs00E 4 HES 1,164 d 556G 12 10,476 d,6a0 T 5
XCIE1200E 1] 46 2,168 3672 17,244 19,512 2672 132 752
XCa51aE L ai 3 14,752 28,504 e R 14,752 2,032




A CLB struktura

Laft-Hand SLICEM Right-Hand SLICEL
[Logic or Distribubed AAM (Log Only)
or Zhill Registar)

CLE

Watrix

« Megosztott elrendezés <
e ,Fuggetlen” belso blokkok mf;

e Szempontok nem ismertek | [ li‘nﬁff
— 4 bit szamlalo/aritmetika L1538 k=
— Kedvezdbb huzalozas? TTIT
e Az extra memoria funkciok hasznosak |l WD
- Ve - s 7 - =
— A konfiguracios memoria wD
7 - . s w_ FiMUX e Fagister
részletei felhasznaldi e ] D Qo
memoriakeént 1s elérhetok [ .. g
| Imrlsu Ig—wl




A CLB eroforrasa

» Az eredeti koncepcio nem valtozott

* Az alap eroforras az Logic Cell LC=1LUT+1FF
e LUT4
— tetszoleges 4 valtozos fgv. =
— 1 valtozora hazardmentes et s ) e
— Miukodési 1d0 bemenet és - s
logikai komplexitas invarians o X

° DFF Fl4:1] . Al41] p mx X
— Elvezérelt, 1|, orajel eng. i a

— Szink/Aszink. SET/RESET
 Fliggetlen kombinacios és regiszteres kimenet

D3a122_34 111108




Dedikalt CLB eroforrasok

» Az egységes alapkoncepcio finomitasa
— A LUT4 termeészetesen mindenre jo, de

* A sokvaltozos logikai fiiggvények, a legegyszeriibbek 1s
tul sok szintet 1igényelnek — lassu

» Az aritmetikai miiveletekben kell atvitel jel. Ez egy fontos,
de csak beliil sziikseges, idokritikus jel. LUT4 alapon
100% redundancia lép fel (3 bemeneti jel 2 fliggvenye)

« Hagyomanyos tombszorzéonal egy-egy szinten kell lokalis
bitszorzat (AND2) és 0sszeadas a részszorzatokhoz




Logika cella felépitése

 Osszegzés
— A cella felépites alapjaiban egyszerti
— Tartalmaz persze sok kiegeszitést

— Belso kapuk, erdforrasok
o Lokalis kapcsolatokhoz
 Fliggetlen LUT / FF hasznalathoz
» Specialis logikakhoz
— Sok bemenet6 dekodder

— Sok bemeneté multplexer
— Aritmetikai kiegéeszités



Logikai cella felépitése

o Xilinx XC3S250E SliceM felsé Logikai Cella

SHIFTIN CouT
ri

CYSELG YBMUX
j]iiiiﬁ =
01 _J
~ Firuxi2)

EXINA > .
FXING > » { L=>Fi
¥ORG GYMUX
1
4 —}D | | ——
Gl4:1) “ A1 D
E b G-LUT DVMUX
 : e,
Foceaq | WEIET] WCHS :D— D al———T=>va
i “1™ _ FFY
. i DIEH‘MU){ wWs ol CE
P i oK
ALTDIG LZomeped feaeeeet -
\ - ]
GAND | .
: 0 [ DG
= £Y08 "% BYOUT
: Top Portion
| i




Milyen eréforrasok vannak egy Slice-ban

SRL16 FiIMUX
RAM16 C
arr
LUT4 (G) d Register
F5MUX D
SRL16
RAM16 Carry Register
LUT4 (F) D

Arithmetic Logic

SLICEM

M: Slice can be condifuger for
Memory (Logic, Distributed RAM,
Shift Register)

FiIMUX
Carr
LUT4 (©) 4 Register
FSMUX D
Carry Register
LUT4 (F) D
Arithmetic Logic
SLICEL DS312-2_13_020905

L: Slice only for
Logic




C")sszefoglalés

 Komplex rendszerek tervezéséhez Kiillonb6zo eszkozeink
vannak, ezek egyike az FPGA

o Kbzepes, vagy Kis sorozatoknal nem gazdasagos egyedi
ASIC fejlesztése (ido, pénz, munka)

» FPGA-k rugalmasan alkalmazhatok, gyors tervezes,
megvalositas, moédosithatosag,

e Egyedi elonyok, alkalmazasfiiggo specialitasok
— Nagy komplexitas

— Nagy sebesseg NEM EGYSZERRE!
— Kis fogyasztas




Virtex-ll Architecture

First FPGA Device to include embedded multipliers

(L P E R L L] ——
Block SelectRAM™ g |HEEEYEE " BEynEENyEEE /O Blocks (I0Bs)
resource ERE{(mEEnlinr EEljEEEE|REC
ERE{imEEElinE EElEEEE|REE
Epnlimpmnline mElimEEEliEEE
e el
ERD|mEEElimE mm llnllnn Programmable

[ [ e T ] interconnect

Dedicated EEN

multipliers Enn|mEnnline on|onEn)ons
snnlimEnnline oellEnEEliEss |
EESHEEEE)ER EojjEEEE)S6s Configurable
BOE) AEGH)SS GO) SeEElASs Loaic Blocks
SOE| BEEA|IEE B6)Coa)EES g

-lll lllll [0 lll lllll HEE

ENENEEELEE ll llll EEE (CLBs)
) ) 4 O O N D D

. Virtex™-|| architecture’s

core voltage 5 Clock Management
operates at 1.5V (DCMs, BUFGMUXes)

Basic Architecture

2 XILINX®

ForAcademic Use Only

2005 Xilinx, Inc. All Rights Reserved



Basic Building Block

Configurable Logic block
. Slices contain logic resources

and are arranged in two T (Rl
colums [ o
. A switch matrix provides —
access to general routing —
resources VRGN SHIFT
. Local routing provides A |
connection between slices -
in the same CLB, and it N I
provides routing to
neighboring CLBs o

Virtex-11 CLB contains four slices

Basic Architecture

22 XILINX®

ForAcademic Use Only

2005 Xilinx, Inc. All Rights Reserved



Basic Building Blocks

Simplified Slice Structure
. Each slice has four outputs

- Two registered outputs, é
two non-registered outputs
_ Two BUFTSs associated Slice 0 N
with each CLB, accessible 1 JPREL
by all 16 CLB outputs - T e —c= )
N LR
. Carry logic runs vertically, 1l =
up only mundEEEE—
- Two independent 1 J : FLE
carry chains per CLB windl I o= =Y .
y CLR ;:

|
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The Slice

Detailed Structure

. The next few slides discuss

the slice features
_ LUTs

- MUXF5, MUXF®,
MUXF7, MUXF8
(only the F5 and
F6 MUX are shown
In this diagram)

- Carry Logic

- MULT_ANDs
- Sequential Elements

Basic Architecture
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inx, Inc. All Rights Reserved
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Combinatorial logic

Boolean logic is stored in Look-Up Tables (LUTS)

. Also called Function Generators (FGS)

. Capacity is limited by the number of inputs, not by

the complexity
. Delay through the LUT is constant

Combinatorial Logic

A
B
C
D

Basic Architecture

2005 Xilinx, Inc. All Rights Reserved
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Storage Elements

Can be implemented as either flip-flops or latches

. Two In each slice; eight in each CLB

. Inputs come from LUTSs or from an
Independent CLB input

. Separate set and reset controls
~ Can be synchronous or asynchronous

. All controls are shared within a slice

~ Control signals can be inverted locally
within a slice

Basic Architecture

2005 Xilinx, Inc. All Rights Reserved
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Dedicated Logic

FPGAs contain built-in logic for speeding up logic operations and

saving resources
. Multiplexer Logic
- Connect Slices and LUTSs
. Carry Chains
~ Speed up arithmetic operations
. Multiplier AND gate
- Speed up LUT-based multiplication
. Shift Register LUT
- LUT-based shift register

. Embedded Multiplier
- 18x18 Multiplier

ForAcademic Use Only

22 XILINX®



The Spartan-3 Family

Built for high volume, low-cost applications

|}
18 )

)
18 Bit

18x18 bit Embedded
Pipelined Multipliers
for efficient DSP

Configurable 18K Block
RAMs + Distributed RAM

(mru
[, My _
; 4 1/0 Banks,
od
: . Support for
Up to eight on-chip all /0 Standards
Digital Clock Managers including
to support multiple PCI, DDR333,
system clocks

RSDS, mini-LVDS

Basic Architecture
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SLICEM and SLICEL

. Each Spartan™-3 CLB
contains four slices
_ Similar to the Virtex™-||

. Slices are grouped in pairs

- Left-hand SLICEM (Memory)

. LUTs can be configured as
memory or SRL16 Switch | SHIFTIN

Left Hand SLICEI\RIght Hand SLICEL

- Right-hand SLICEL (Logic) MAC Al
. LUT can be used as logic only <—=>Slice X0Y1*
<:§:%Iice XOYO: »| Fast Connects
SHIFTOUT CIN CIN
Basic Architecture 8 xu_lNX‘
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Spartan-6 FPGA
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NTRUNTTTRE IMemoryComroner
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Spartan-6 Lowest Total Power

. 45 nm technology

. Static power reductions

- Process & architectural innovations

. Dynamic power reduction

- Lower node capacitance & architectural innovations
. More hard IP functionality

~ Integrated transceivers & other logic reduces power
- Hard IP uses less current & power than soft IP

. Lower 10 power

. Low power option -1L reduces power even further
. Fewer supply rails reduces power

. Two families: LX and LXT

Basic Architecture 51

22 XILINX®

ForAcademic Use Only |

22011 Xilinx, Inc. All Rights Reserved




Spartan-6 LX / LXT FPGAS

Part Number

Logic Cells

CLB Flip-Flops

Maximum Distributed RAM (Kbits)
Block RAM (18K bits each)

Total Block RAM (Kbits)

Clock Manager Tiles (CMT)
DSP48A1 Slices

PCI Express® Endpoint Block
Memory Controller Blocks

GTP Low-Power Transceivers

TQG144

Area (Pitch)

20 x 20 mm (0.5 mm)
C5G225 13x 13 mm (0.8 mm)
12 x17 mm (1.0 mm)
CSG324 15x 15 mm (0.8 mm)
FGG484 28x 23 mm (1.0 mm)

FGGB76

27 x27 mm (1.0 mm)

3.4K gK 15K 24K 43K

4.2K
32

11K
90

32

576

18K 30K 54K

136 228 401
32 52 116

5786 9386 2,088
2 2 4

264 319

370

24K 43K

101K 147K 101K
126K 184K 28K 54K 126K
975 1,358 228 401 975
268 268 52 116 268
4,824 4824 936 2088 4,824
6 3 2 4 6

Maximum User 1/O: Select |O" Interface Pins (GTP transceivers)

190 (2)

341 341 250 (4)

498 498

* Preliminary product information, subject to change. Please contact your Xilinx representative for the latest information.

*% Al maAarmAans anntrallar ciinnart V18 intarfana Avannt in MCIIE nanliana uidhara O Anhisic clinnArkAad

2 2011 Xilinz, Inc. All Rights Reserved

ForAcademic Use Only

190 (4)

296 (4)
370 (4)
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296 (4)
396 (8)
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LX100T | LX150T

147K
184K
1,385

268

4824
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Spartan-6 FPGA CLB

. CLB contains two slices “%

. Connected to switch me "~
for routing to other
FPGA resources

. Carry chain runs
vertically through
Slice0 only

CIN

2 XILINXT

2 2011 Xilinz, Inc. All Rights Reserved ForAcademic Use 0"'1" |
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Three Types of Slices In
Spartan-6 FPGAS

. SLICEM: Full slice

- LUT can be used for logic and
memory/SRL

- Has wide multiplexers and carry chain

. SLICEL: Logic and arithmetic only

- LUT can only be used for logic (not
memory)

- Has wide multiplexers and carry chain

. SLICEX: Logic only

- LUT can only be used for logic (not
memory)

- No wide multiplexers or carry chain

Basic Architecture 51

22011 Xilinx, Inc. All Rights Reserved
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Spartan-6 CLB Logic Slices

SliceM (Z?@J@ SlicelL (25%) SliceX (50%)

é =Ealiii
rt

CEREIE

|

" LUT6 » LUT6 = LUT6
= 8 Registers = 8 Registers = Optimized for Logic
= Carry Logic = Carry Logic = 8 Registers
= Wide Function Muxes = Wide Function Muxes
= Distributed RAM / SRL logic

Slice mix chosen for the optimal balance of Cost, Power & Performance
SXILINX

ForAcademic Use Only |
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The Xilinx 7 Series FPGAS

Industry’s First Unified Architecture

. Industry’s Lowest Power and First Unified Architecture
- Spanning Low-Cost to Ultra High-End applications
. Three new device families with breakthrough innovations in power efficiency,

performance-capacity and price-perfo['mance ,
ARTIX KINTEX VIRTEX”

Lowest Power Industry’'s Best Industry’'s Highest
& Cost Price/Performance | System Performance
Logic Cells 20K - 355K 285K — 2,000K
DSP Slices

 120-1540 |  700-3,960
Max. Transceivers “

. 10.3Gbps
Transceiver 6.6Gbps
3.75Gbps 13.1Gbps
Performance 10.3Gbps 28Gbps

Memory
SelectiO™ 3.3V and below 3.3V and below 3.3V and below
Voltages 1.8V and below 1.8V and below

Basic Architecture 51 8 XIUNX'
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Virtex-7 Sub-Families

. The Virtex-7 family has several sub-families

- Virtex-7: General logic
- Virtex-7XT:  Rich DSP and block RAM
- Virtex-7HT: Highest serial bandwidth

Virtex-7 FPGA Virtex-7 XT FPGA Virtex-7 HT FPGA

Logic I
Block RAM
~ I
Parallel 1/0
Serial I/0O —
I
AR DA AT R A VAR AT
* High Logic Density * High Logic Density  High Logic Density
 High-Speed Serial  High-Speed Serial  Ultra High-Speed Serial
Connectivity Connectivity Connectivity

* Enhanced DSP

Basic Architecture 51
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