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H doun evac FPGA

U0 oo oo o
L L
S|l
o[/ .| .|

FillelalVitatuly]
L I L]
oll/m||mjjmj|m|
L L]
S|l[m||m||m{m|
HINEIE NN
u O

Aiapoppuoompo Aovikd Mihok Movada sicodoulebodow



Awaypoppkn dopn otolxeiov FPGA pe evowpatwpEVA UITAOK pviipnG RAM,
TOAAQITAQLGLOLOTWV KOl LoVASwV SLaxeiplong poAoyLwv
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FPGA Spartan-Il tng Xilinx
oto maketo XC4000
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O MNpoypappati{Opevog mivakac SLakontwy

Algypaupa  dlaouvdeong  oroixeiwv  CLB, RAM, kai  TOAAQTTAQOIOOTWY  UE
TTPOYPAUMATICOMEVOUC AOYIKOU DIOKOTITEG.
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O lpappég

To TTARB0C TWV YpauHWY TTOU QPEpPEl Eva FPGA dlapEpouv JETAEU TOUG WG TTPOG:

Urtov apiBuo Toug,

Utnv TaxutnTta HETAQOPAC DEOOUEVWY,

Utnv xwpnTikOTNTA KABWC KAl

Urnv améotaon diacuvdeong Twv dUo aToixeiwv CBL.

[a TTapadeiyua atmmd TNV KATaoKeuaoTpla etalpgiag Xilinx yia 10 oAokAnpwuévo XC4000X
TTaPEXOVTAI Ol TTAPAKATW TUTTOI YPAMMWV:

U8 kabeteg kal 8 opi1lovTIEC HOVEG YPAPUES (single lines)

U4 kaBeteg kal 4 op1lovTieg DITTAEC YpauuES (double lines)
L6 kKABeTeC Kal 6 0pIfOVTIEC EKTETANEVES YPAUMEG (long lines)
U8 opaipikéC ypapuES poAoiou

U1 ypauun KpaTtouuévou (carry)

U2 ypaupég atreubeiag ouvdeong



[Na TTapadeiyya  PEOCW  MIAG  MEYAANG
améoTaonc ypapun (long lines), ymropoUue

va ouvdéoouue duo CLB og amoéortaon
METACU €€ oToixeiwv CBL, evwuéow Twv
MOVWYV MTTOPOUME VO OUVOEOOUME METACU
TOoug duo CLB.
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O MNpoypappati{Opevog mivakac SLakontwy

[a T dlaocuvdeon Twv oToixeiwv CLB xpnoiyotrolouvTal TTPOYPOUMATIOTIKEG YPAUMEC
(Programmable Switch Matrix, PSM) o1 otroie¢ BpiokovTal JETAEU TwWV oToIxEiwv CLB
KAl TWV YPAUMWY dlacuvdeong
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O MNpoypappati{Opevog mivakac SLakontwy

Aidypapua TTpoypauhaTIopéVn ouvdeong peTagu LUT
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MNpoypappaticpog FPGA

H autopaTotroinon TnG uAOTToinONG €vOG KUKAWMATOC ATt Mia YAwooa TTEPIYPA®N
UAIKOU TTEPIAQUBAVEL:

1. Tn ouyypaen Tou KWOIKA PJE YAWOOoa TTEPIYPAPNS UAIKOU.

2. Tov €Aeyxo TNG AEITOUPYIOG TOU KWOIKA MECW EIDIKWY AOYIOWIKWY TTPOCONOIWaONG
(test bench). Kara tnv tmrpocouoiwaon dnuioupyeEital KwOIKAG O OTT0I0G TTapPAYEl
KAataAAnAa ofjparta — gpeBiouara oTIC £I0000UG TOU avadlaTacoOuEVOU UAIKOU.

3. Tn ouvBeon péoa atrd TV oTroia dnuioupyouvTal oI KATAAANAEC BOUIKEC HOVADEC O€
apxeio netlist.

4. Tnv uvhotroinon TTou TTepIAaPBAvel T dnuioupyia Tou TEAIKOU apxeiou bitstream yia
TNV avadIATacn Tou OToIXEiou.



Mpdtuno JTAG

O TTpoYyPAUPATIONOC eVOG oToixeiou FPGA yivete pe xprion mTpwTtokOAAou JTAG To OTT0i0
OIEKTTEPAIWVETAI ATTO EOWTEPIKO EAEKTH) (TAP) TTOU PEpEl TO oToixeio FPGA.

To mrpotutro JTAG (Joint Test Action Group) atroteAei To TTpwTOKoANO IEEE 1149.1 10
OTTOI0  AVATITUXONKE APXIKA YIa TNV €COQAANATWON NAEKTPOVIKWY OIATACEWV MEOW
odapwong opiwv (Boundary Scan).

To TrpoTuTTo JTAG QPEPEI TA TTAPOKATW CHUATA:

Q TDI (Test Data In) : dedopéva el06d0u
0 TDO (Test Data Out) : dedopéva e€6dou
0 TMS (Test Mode Select): emmiAoyéag

0 TCK (Test Clock) : poAol

U TRST (Test Reset) : etravekkivnon



Npotuno JTAG

Texvik) JTAG aAucidag o€ TTpoypapuaTiono povadwyv FPGA.
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Npotuno JTAG

Texvik) JTAG aAucidag o€ TTpoypapuationod FPGA 1Tou @€pel pvriun boot-PROM.

JTAG TAP FPGA
DI

TDI

TDO

Mvriun
Flash/PROM

| TDI




Mpdtuno JTAG

Texvik) JTAG aAucidag o€ TpoypapuaTiond FPGA 1Tou gépel pvriun boot-PROM.

USB Blaster Circuit

PROG/RUN

L=

IIRUHII

JTAG Config Signals

JTAGUART

Auto
Power-on Config

Quartus Il UsB
Programmer

JTAG Config Port

FPGA

EPCS4

Serial

Configuration
Device



Tutmiko dciyua FPGA

KAl TTpoypapuarioTpla NG etaipeiag Xilinx.
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MNpodiaypa@ic KUKAWParog

[

TynuomKkd Sidypopua , Kwoikag VHDL

AvaAuon kal 2uvBeon

AgIToOUpYIKN TTRpOTOUOIWON I

oXI ___..---""'i"'"---....__

[Ipodiaypupég Aettovpyiag.
Kéotog Yiomoinong.
Teyvolroyla (ASIC/ FPGA).
[Topoyeic FPGA Teyvoioyiog.
Owovyéveln tov FPGA.
Xpovog Avdamtoénc.

Emiioyn g pebodoroyiag opiopod Tov KUKAMUATOC.

Y yNUOTIKG.

m ['hoooeg [eprypaene Yoo (my Verilog, VHDL).

B Yymuotikd kot [ioooo Heprypaeng YAikov.

Awayeipion g lepapyiog Tov VTO-GYEdINGN KUKAGUATOS.

m KotoleptoUog TV ASITOVPYIOY GE VITO-KUKAMLLOTO.

m Xpnon tov PProbnkdv g TeYvoroYiog V1o LEIMGT TOV ¥pOVoOL GYE10GNC.

B Anovpyio Kot S1oyElpie] TV DTOKVKAMUATOV.
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| MNpodiaypapéc KUKAWUATOC
A TnUamKo didypappa , Kwdikag VHDL

| Avahuon kai Y0vBeon [Ipoetopacio yia EEopoimon.
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| MNpodiaypapéc KUKAWUATOC

A TnUamKo didypappa , Kwdikag VHDL

| Avadhuon kal 2uvBeon
{ Anpovpyia Alotog AloGuVOEGE®V.

I AEITOUPYIKN TIPOCOHOIWGT "EAeyyoc Tov KuKAGOIOTOS GOHPOVA e
| TOVC Kavoveg mov opilovtat amd TV
OXI TEYVOAOYLO. TOL YPTGLLOTOLELTOL.

BeAtictonmoinon tov Aoyikav [Ividv,
NAI
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[Npodlaypapic KUKAWPATOZ |

A TynuamKd didypappo , Kwdikag VHDL

Avdhluon ko 2uvBean |

Y
AgITOUPYIK TTpOCOUOIWON I

Avdivon tov XpoviGILov.
* m EEEtaon tov ypovikov meplopioioy.
Xl 0 5 Epodvion aveluTikig AeTog TOV-YPOVIGHMY OAGV TOV HOVOTUTIOV.
5 [Ipocdiopiopdg To mo KPIGIOY HOVOTUTION.
- NAI KaBoptallog T LEYIGTNG GLYVOTNTOC KOANG ASITOVPYIOG TOV KUKAMUOTOC.
Y Ecopoimon tov Xpovicpov.
duaoikr dpopoAdynarn = [Tiotomoinon 1060 g ¥poviKng 0G0 Kut TG AEITOVPYIKNG CUUTEPIPOPUS TOV

KUKAGUOTOS GUUQMVC, LIE TIS TPOAYPUOES.
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Graphic Editor (Fpa@ikdg ETre§epyaocTig)
‘Evag oxnUATIKOG ETTECEPYAOTNG TTOU ETTITPETTEI OTITIKA AVATIAPACTACH TOU OXEDIA-
OMOU €VOG AOYIKOU KUKAWMATOG.

Compiler (ZupyBoAoOpETAPPACTAG)

H kapdia tou Quartus Il. Meta@pddlel apxeia Aoyikou oxediaouou (design files)
O€ TTPOYPANMATIOTIKA apXEia TTOU JTTOPOUV VA TTPOCOMOIWO0UV Kal va UAOTTOIN-
Bouv otnv TAakéTa TNG Altera DE1 1ToU TTapéxETal.

Message Processor (Ere§epyaoctiic MnvupdaTwy)

[MapaBETel AGBN, warnings kail TTANPO@oPIaKa unvUPaTa TToU a@opouyv To project
oag. Emiong, TpooEépel ypriyopn TTpdoacn oTo onueio atr otrou TNYAdel TO JUNi-
vUuua, aAAG kal o€ BonrBeia TTou agopd To Urvuua.

Waveform Editor (Etre§epyaotiic Kupatopoppwv)

‘Eva gpyaAeio yia dnuioupyia KUPATOPOPPWYV €I00D0U, KAl VIO OTTTIKA ATTEIKOVION
TNG CUUTTEPIPOPAC TOU OXEDIATOU TTOU TTPOCOUOIWVETAI, OTAV EQapPOleTal OU-
YKEKPIUEVN €i00D0C.

Simulator (MpoocouoIWTAG)
EmTpETTEl TNV TTPOCOUOIWAN TNG AEITOUPYIAG KOl TOU XPOVIOHOU £VOG Yyn@Iakou
AoyiIkoU oxedlaouou.



Mapadsiyua douwv FPGA tn¢ ALTERA

Cyclone Il EP2C20

PLL |IOEs PLL
Embedded N
Multipliers
Logic Logic Logic Logic
IOEs Array Array Array Array OEs
M4K Blocks > > M4K Blocks

PLL |IOEs PLL




Logic Elements

A four-input look-up table (LUT), which is a function generator that can implement any
function of four variables

m A programmable register
m A carry chain connection
m A register chain connection

m The ability to drive all types of interconnects: local, row, column, register chain, and
direct link interconnects

m Support for register packing

m Support for register feedback



Logic Elements

Register Chain
Routing From
Previous LE
LAB-Wide Register Bypass
LAB Carry-In Synchronous
Load i Programmable
LAB-Wide Packed Register
Synchronous Register Select
Clear
iy :
data1 [ ; » - Row, Column,
data? P Look-Up Carr Synchronous 5 And Direct Link
data3 —e——— Table i Yy Load and a "> Routing
i Chain .
(LUT) i Clear Logic
data4 _a 17 >
—|ENA
CL(FJiN N Row, ('_Jolumr_m,
And Direct Link
* > Routing
labclri —Pp]
labclr2 —» Asynchronous .
Chip-Wide Clear Logic o> Local Routing
Reset —p»
(DEV_CLRn)
T Register Chain
Clock & Register — > Output
Clock Enable Feedback
Select
labclk1 —|
labclk2 —
,.f"
labclkenat [
labclkena2 —»>

——P LAB Carry-Out



1/O Structure & Features

m Differential and single-ended I/O standards
m 3.3-V, 64- and 32-bit, 66- and 33-MHz PCI compliance

m Joint Test Action Group (JTAG) boundary-scan test (BST) support
m Output drive strength control

m Weak pull-up resistors during configuration

m Tri-state buffers o -

. . OE Register —
m Bus-hold circuitry el :] .
m Programmable pull-up resistors in user mode D> ]
m Programmable input and output delays
m Open-drain outputs Output Register |
m DQ and DQS 1/O pins Output |— —D
m VREF pins ’

i Input Register [==-' ]

>




Embedded Multipliers

m One 18-bit multiplier
m Up to two independent 9-bit multipliers

signa (1)
signb (1)
aclr

clock
ena ‘
l Y

Data A ——L D Q
— ENA
N - Data Out
D Q
CLRN —ENA
K
—
I CLBN
Data B e D Q { T
—ENA Output
—> Input Register
CLRN Register

Y Embedded Multiplier Block




Direct Link Interconnect 18 Direct Link Outputs  Direct Link Interconnect
¢4 Interconnects from Adjacent LAB R4 Interconnects fo Adjacent LABs from Adjacent LAB

Embedded Multiplier
LAB LAB
¢

= | Control

36

— = [35..0] [35..0] h

18 T 18
Row Interface
Block
LAB Block Embedded Multiplier 36 Inputs per Row 36 Outputs per Row LAB Block
Interconect Region to LAB Row Interface Interconect Region

Block Interconnect Region
g C4 Interconnects



Embedded Memory

The M4K blocks:

m 4,608 RAM bits

m 250-MHz performance
m True dual-port memory
m Simple dual-port memory
m Single-port memory

m Byte enable

m Parity bits

m Shift register

m FIFO buffer

m ROM

m Various clock modes

m Address clock enable

G4 Interconnects

Direct link
interconnect
to adjacent LAB

Direct link
interconnect
from adjacent LAB

\

>

dataout

M4K RAM
Block

Byte enable

Control
Signals
Clocks

address datain

:

A

+ 14

- :

-
16

M4K RAM Block Local LAB Row Clocks
Interconnect Region

__— R4 Interconnects

Direct link
interconnect
to adjacent LAB

Direct link
interconnect
from adjacent LAB



Global Clock Network & Phase-Locked Loops

m Up to 16 global clock networks
m Up to four PLLs
m Global clock network dynamic clock source selection

m Global clock network dynamic enable and disable



m Clock multiplication and division

m Phase shifting

m Programmable duty cycle

m Up to three internal clock outputs

m One dedicated external clock output

m Clock outputs for differential I/0O support
m Manual clock switchover

m Gated lock signal

m Three different clock feedback modes

m Control signals



Cyclone Il PLL

VCO Phase Selection
Selectable at Each
PLL Output Port
Post-Scale
Counters

Manual Clock g
Switchover Reference .0 > Global
Select Signal Input Clock ) = Clock

frer = fin/n ‘
VGO

CLKO (1) E]—L _— up :
CLK1 D [T _nc fin > Charge Loop ﬁ Global
| n PFD pump [P Fie ¥ VCO fH <k B s > Clock

CLK2 (1) (- —L— inclki > q
[le own (3)
CLK3

8
fra [ [e2 Global
1@ Clock

m |
LQ PLL<#>_OUT
P Lock Detect To /O or
g & Filter > general routing




EP2C5 & EP2CS8

DPCLK10 DPCLK8
PLL 2
Clock Control
Block (1) A
GCLK][7..0] 4
DPCLKO = —<_] DPCLK7
\ 8 \ 4
8 8
CLK[3..0] :&f—-— — = = >— --74&<: CLK[7..4]
A 8 \
DPCLK1 [—— —<_1 DPCLK6&
GCLK[7..0]
4
\ 4 Clock Control
Block (1)
PLL 1

A (

DPCLK2 DPCLK4



EP2C15

DPCLK[9..8]

DPCLK[11..10]
CDPCLK7 CLK[11..8] CDPCLK®6
4 /’
=7
PLL 3 4 v PLL 2
y
73 > .
CDPCLKO C=— <_1 CDPCLK5
(2 l @)
Clock Control 4
GCLKJ[15..0] Block (1) .
DPCLKO [—=— —<_1 DPCLK7?7
16 // v
16 16
CLK[3..0] [ > — > 4--—-4&: CLK[7..4]
A 16
DPCLK1 =— —<1 DPCLK®6
Clock Control
9 GCLK]15..0
14 1 Block (1) [1.0]
2) 2)
CDPCLK1 = v I« CDPCLK4
3
-t
PLL 1 PLL 4
A 4, >
= 4
) 0 ° i
CDPCLK2 CLK[15..12] CDPCLK3
DPCLK[5..4]
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