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Introducing Xilinx

Leader in one of the fastest growing semiconductor segments
- Invented programmable chip in 1984
- 7,500+ customers; 50,000 design starts/year

Leader in semiconductor process technologies
— First to 180nm, 150nm, 130nm, 90nm
— First to 65nm with Virtex™-5 in 2006

Enable hardware to “change its spots”
- Fastest time-to-market
- Field upgradeability
- Real-time reconfiguration
Pioneer of fabless semiconductor model

— Focus on design, marketing, support
— Partner for everything else

A well-managed company and a {J reat place to work
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Programmability Is Mainstream

ASIC/PLD Vendor Rankings

2006 2005 2004 2003 2002 2001 2000 1999
1.  XILINX IBM IBM IBM IBM IBM IBM IBM
XILINX NEC NEC Agere Lucent Lucent

2 IBM XILINX

3. NEC Fujitsu - NEC XILINX-—— Agere LSiLogic - LSILogic  NEC

4. Altera NEC Fujitsu Fujitsu XILINX XILINX NEC LS| Logic
5 Fujitsu Altera Altera Agere Fujitsu NEC XILINX Fujitsu

6. Toshiba Toshiba Renesas Toshiba LS| Logic Altera Fujitsu XILINX

Source: Gartner Dataquest (1998-2001 rankings), iSuppli (2002-2006 rankings)
Note: Lucent spun-off their semiconductor division in 2001 creating Agere Systems
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Xilinx Revenue

l 2.0

$ Billions
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Xilinx Revenue Breakdown

Q1 Calendar Year 2007

Revenue by Geography

-

Europe Japan £

11%

_North America

Source: Xilinx, Inc.

Pacific

Revenue by End Market

—®
Data ~  Consumer Industrial
Processing & Auto & Other

16%

Communications
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World Class Process Technology
Enabled through IBM and UMC Partnerships

e . ,
“The companies that get into 90nm
180 nm 1 year FPGA production first will get a tremendous
‘@" SO 0. advantage in lower cost... Rivals who are
EXTENDED N e, late in 90nm process technology will fall
150 nm 'Q‘ behind and may not be able to catch up.”
Wex:u """""" N Dan Hutcheson, VLSI Research, Inc.
130nm NG e
\RTE)( 1l
PRO
90nm | ... admay
65 nm _—
45 nm | |SPARTAN-3

First to 300 mm ’@ ~ Firstto 90 nm
200 i wafers

1999 2000 2001 2002 2003 2004 2005
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Full xilinx Design

Density (Agates

Vo o
' PRO 4 \,5

300K - 20M

Serves

Low
<5K [ ﬁf k/ ’ IRuner L'mlliunner'—ll] l

» PAL Designs
Density, Performance, Cores & Memory
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How to select a device?

p W What's your need?

’ — Density ?

— Style ?

—1/0 7

— Performance ? x
— Power ?

— Configuration ?
— Cost ?

» Device’s architecture &
features?
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CPLD or FPGA?

W CPLD CoolRunner-II

ll:s!ép/uuu

Non-volatile

Consistent pin-to-pin timing
Simple timing model

Very low power consumption
Lowest cost point

Fast internal performance
Small packages (QF, CP)

Applications: Logic decode and
integration, state machines, or

SPA-"-3
FPGA N
_ Volatile

standard bus interfaces (SPI, 12C, or

SMBus, for example)

xcasoort

Needs a memory device to load
design at power up

Complex timing model
Larger, more complex designs
Memory resources

Applications: PCI, high-speed
serial communication, or

embedded processors
N/ R TEX

\
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BaS|c FPGA
Architecture

Slice and I/O Resources
Memory and Clocking Resources
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Outline

Overview

Slice Resources

/O Resources

Block RAM and FIFO
Clocking

Summary
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Spartan-Ill/IIE , Virtex/VirtexE

(1) Logic & Routing
Flexible logic implementation (2) SyStem Interface

Vector Based Routing Selectl/O+™ Technology
Internal 3-State bussing _(AAARAAAARARAARRAARARAARARRA Support major I/O standards

DLL |OB |OB DLL

1R ClB .« « « |[CLB R |

O| A Al O

Bl M M B

= || R R| I
(3)System Memory # 94 alofg (4) System Clock
Block Memory( 4k bit) o8 ... [CIP Management

Distributed Memory Digital Delay Lock Loops (DLLS)

Xilinx Global Services

IP Solutions
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Spartan-3 ,Virtexll FPGA

(1) Logic & Routing

Low cost CLB
Wider Input Functionality
Vector Based Routing

(3) System Memory
Block Memory ( 18Kbit)
Distributed Memory
External Memory

RRRRRARRRRRRRRRRRRRRRRRRARRR

= DCM I0B [0]=] DCM

18 18
%IRXCLB CLB| o |
OAh8 iﬂSAO
B| M| V| M| B

| |

t t
| [R|! "I R| |
rHOA'? "l Alo
&= DC 0B OB DCM

e

N

Alliance

(2) System Interface
Higher I/O at lower cost

Built in DDR Registers

(4) System Clock

Management
Digital Clock Management (DCMs)

E Digitally Controlled Impedance

(5) Embedded Multiplier

[ = _-;//—/ ' s AC 1;( E @ g E Xilinx Global Services
e mg’CQR o R Global Support & Services
Software IP Solutions
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Virtexll-Pro FPGA

(1) Logic & Routing

Low cost CLB
Wider Input Functionality &
Vector Based Routing

(3) System Memory

RRRRRARRRRRRRRRRRRRRRRRRARRR

Block Memory ( 18Kbit)
Distributed Memory
External Memory

] a4 3

pcM  10B IOB | DCM
IRlxgc:LB---CLBlfRI
OA18 18AO
BIM[M| . "M B
| - |
N -
| [R|! "I R| |
ol A} "l Alo
BIMYicig . . .Jcg”| M| B
DC I0B IOB | DCM

Software

Alllanre

(2) System Interface

Higher I/O at lower cost
Digitally Controlled Impedance
Built in DDR Registers

(4) System Clock

Management

Digital Clock Management (DCMs)

(5) Embedded Multiplier

\Embedded Processor

ngCQRE CQRE

IP Solutions

Xilinx Global Services

Global Support & Services
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Virtex-5 FPGA Platform

Feature Overview

BRAM CMT
Column Column

H cs

B sram

o 110 3
+

m CvT !

> BUFGMUX

[+ ]

@ DSP4SE
>

: BUFIO & BUFR
>
>

[+ ]

SHONOHOEORONON®

[ + |




Virtex-4/5 i1s based on Columnar Architecture
Domain Optimized Logic

IC

» Revolutionary Advance in FPGA Architecture M'G DS Log
* Enables “Dial-In” Resource Allocation Mix JiE o

* |ogic

¢ DSP

* RAM

¢ |/O

¢ MGT

¢ DCM

¢ PowerPC®

/0

» Enabled by Flip-Chip Packaging Technology
¢ |/O Columns Distributed Throughout the Device
¢ Distributed 10 improves signal integrity and PWR / GND distribution

Clocking & Config BRA

http://www.xilinx.com/virtex4
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Xilinx FPGA Fabric

)

L]

IDE

I2E

)

]S
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Outline

Overview

Slice Resources
clocking

/O Resources

Block RAM and FIFO
Clocking

Summary
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Flexible Logic Building Blocks

\

4 slices per CLB

— 2 SLICEM contain Memory

— 2 SLICEL are Logic only
Wide-input functions

— 16:1 multiplexer in 1 CLB

— 32:1 multiplexer in 2 CLBs, 1 level
Fast arithmetic functions

— 2 look-ahead carry chains per CLB column
Four 16-bit addressable shift registers

— Cascadable
General routing via switch matrix

— Plus fast direct routing




Simplified Slice Structure

4 slices in each CLB

Logic Cell !

F1

——

F4

1 Slice = 2.3 Logic Cell




LLook-Up Tables

Combinatorial logic is stored in Look-Up Tables (LUTS)
— Also called Function Generators (FGS)
— Capacity is limited by number of inputs, not complexity

Delay through the LUT is constant

Combinatorial Logic
A >o-
B
C
D
b

ZE

A |B|C|D| Z
O(0l0|0| O
O(0f0|1] O
O(0l21]0| O
O(0f11] 1
O(1{010| 1
O(1{0l1] 1
11110]0f 0
11110]1f 0
1 (1{1({0 0
1 (111 1
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Real 6-Input LUT

Reduce Logic Levels and Improve Performance

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

But implements approximately 35 percent
more logic




Digital Clock Manager (DCM)

ARAAAARRARARAARARRAARARAAAARRA
S DCM s e
EERERERTTNC (10| 1

=
o=
i
q
:

=D

sw» 4 DCMs located at top and bottom
of the Block RAM columns

Clock phase de-skew
50% Duty cycle correction
DLL performance
— 25Mhz to 325Mhz
— 100ps Jitter
Phase Shift
- 0,90, 180, 270
— CLK Period/256
— m/n clock multiply & divide
- M=21t032,D=11032
Temperature compensation




Higher Precision
550MHz Clock Management

Design Challenge

* Meeting high frequency clocking requirements with lower jitter

» Differential Global Clocks and 1/0
Clocks ensure low skew and jitter

.« DCMs provide precise phase control for —
better design margins

+ PLLs provide greater than 2x jitter
filtering Clock Management
Tile (CMT)

[ LT
= [ 1]

PLL Input with > 400 ps jitter PLL Output with < 100 ps jitter
uy B \Uyvg

Example measurement with a 400MHz clock in a quiet XC5VLX30 device
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Embedded Memory

Maximizing Memory Bandwidth and Flexibility

DSP coefficients
ROM
Small FIFOs

External

4 )

\.

Megabytes
High-speed memory interface
DDR,QDR, FCRAM, ZBT

Cache tag memory
Large FIFOs

Large ROM

Video line buffers
Deep/Wide

Spartan-3
True

Dual-Port
Block RAM

Block RAM

Kilobytes
e/




Embedded Block RAM

s ~ * Synchronous Operation
* Independent port A and B configuration

« Support for data width conversion including
parity bits
« 2 ns Read Access

High Performance
N Sync Dual-Port™ RAM y

Configuration Depth | Databits | Parity bits
16K x 1 16Kb 1 0
8K x 2 8Kb 2 0
4K x 4 4Kb 4 0
2K'x 9 2Kb 8 1
1K x 18 1Kb 16 2
512 x 36 512 32 4

Configurations available on each port
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Embedded Multipliers

High Performance 18-bit x 18-bit Multipliers

- «  Flexibility
— From 12 to 104 embedded multipliers
— 18 x 18 bit Signed or 17 x 17 bit Unsigned
operation
18 Bit . .
x — 2's complement signed operation
— 4 1to 18 bit operands
— Combinational & pipelined options
« Enabling Real-time DSP Processing
_ — Build up to 104 18 x 18 MACs
t mcD) — Up to 26 complex 18 x 18 multiplies
reme—/ crLr » 1:1 association with block RAM
% High Performance DSP

- Click here to learn more on the Xilinx DSP Solution -
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High Precision
550 MHz DSP48E Slice

Design Challenge
 Need wider multipliers for higher precision floating point

applications
* Lower power consumption for high performance designs

Up to 175% bandwidth increase over Virtex-4
- Multiplier width increased to 25x18 bits
- Fully cascadable for adder chain architectures
~  Build wider filters with fewer slices, lower cost
40% power reduction over Virtex-4
- 1.38mW/100MHz at a 38% toggle rate

- 1.46W for 192 slices @ 550MHz
=>» 105 GMACCs/s bandwidth

XtremeDSP Slice
(DSP48e)

s

‘\\
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Cascadable DSP48E Slices

Design Challenge %i DSP48e
 Need to cascade DSP functions without performance loss =8 \Tj!w
* Minimize resources for complex DSP functions = d L &

Adder Chain Implementation
- 550MHz performance

- Implements high precision filters with no additional
logic

Complex functions implemented with fewer slices

Functions Virtex-4 FPGA | Virtex-5 FPGA

35x25 Bit Multiply 4 Slices 2 Slices

35x25 Complex Multiply 8 Slices 4 Slices

24x24 S. P. Floating Point | 4 Slices 2 Slices Parallel Adder (_Zhaln
Implementation
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|OB Element

OCK?2 3-State

————————— . |

Input path
— Two DDR registers
Output path

— Two DDR registers
— Two 3-state DDR
registers
Separate clocks for
In & Out

Set and reset signals
are shared

— Separated sync/async

— Separated Set/Reset
attribute per register
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Comprehensive 1/O Connectivity

« Single ended and differential
— 784 single-ended, 344 differential pairs
— 622 Mb/sec LVDS
— 23 1/0 standards, 8 flexible I/O banks
— PCI 32/33 and 64/33 support
— Eliminate costly bus transceivers
— Multiple package options
« Voltages: 3.3V, 2.5V, 1.8V, 1.5V, 1.2V
* On Chip Digitally Controlled Impedance

FiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFiFIFi :

ey

a
=N
2
B
a
=
K
3

o XoSOmw N XSO

Bank5 =~ Bank4

@l 8 |/O banks enable multiple
simultaneous standards
Chip-to-Chip Interfacing: = S/PEF LU OES - LARE
BLVDS
High-speed Memory Interfacing:

I €€ =-=L=venTSs
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Standard Output Veeo | Input Veege
LVTTL 3.3V =
LVCMOS33 3.3V
LVCMOS25 2.5V
LVCMOS18 1.8V
LVCMOS15 1.5V
LVCMOS12 1.2V
= PCI 32/64 bit 33MHz 3.3V =
8 SSTL2 Class | 25V 1.25V
s SSTL2 Class | 2.5V 1.25V
2 SSTL18 Class | 1.8V 0.9V
@ HSTL Class | 1.5V 0.75V
HSTL Class Il 1.5V 0.9V
HSTL18 Class | 1.8V 0.9V
HSTL18 Class |l 1.8V 0.9V
HSTL18 Class Il 1.8V 1.1V
GTL - 0.8V
GTL+ - 1.0V
LVDS2.5 2.5V
= Bus LVDS2.5 2.5V
= Ultra LVDS2.5 2.5V
8 LVDS_ext2.5 2.5V
a RSDS 2.5V
LDT2.5 2.5V

Select I/0O-Ultra

3.3v to 1.2v standards

More standards for system
Integration

— Chip-to-chip, chip-to-memory,

chip-to-backplane

Differential standards

— Higher 1/O performance

— Lower power and EMI

— Lower cost
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DCI Technology

Digitally Controlled Impedance

* On-Chip Termination
« Maximize /O bandwidth

Matched 1/0O low noise signals
Full clock period yields faster system performance

* Reduce total board cost

Eliminate termination resistors
Delivers small broads, easier layout and less layers

* Increase system reliability

Greatly reduced overall components
Less chance of manufacturing of field failures

 Elimination of Stub reflection Noise

No traces between termination resistor and package pins
Termination if directly connected to 1/O drives
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Impedance Mismatches

?

I. 50 Q .

Poor Signal Integrity

Poor Signal Integrity

(0] 4

Run:lU.OGSH%ET'Average
T
) T

i ks

34 '
200'\{!9 ....... MSUUHS ..... 164v
Ch3 2.00VQ

14:58:0%
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Summary

CLB: Configurable Logic Block—contains four slices
Slice: Contains four LUTS, four registers, and carry logic

LUT: 6-input LUT—the basic element for implementing
combinatorial logic

CMT: two DCM and one PLL per CMT

DCM: Digital Clock Manager—used to de-skew clock and
create other clocks

PLL: Phase-Locked Loop—reduces internal clock jitter

- Block RAM/FIFO: 36-kb block RAM or FIFO
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Lessons

—) . Overview
ISE Software
ISE Simulator
Summary
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Foundation Series ISE Software

Foundation Series™ ISE
(Integrated Software Environment)

For PC platforms:
- Windows 2000 platform
- Windows XP platform
- Linux and WINE platform
For workstation platforms:
- Solaris Operating System platform




Project Navigator

Summary]

1. File Edit Wiew Project Source Process Window Help -8 %]

e ol oD ﬁg\lwﬁirﬂ[mnl Sl o m O A

- -
=
L - FPGA Design Summary IL INTRO_LAB Project Status D e S I n
Sources for: | Syrthesis/ mplementation = | Diesign Overview Project File: intro_lauise Current State: New
- = .. —
Eintio_lzb Summay Wodule Name: | AVZ310 + Evrors:
u I - £ wolbvlu1 51251363 - [} 108 Propetties - -
o L O3 Tiing Constaints Target Device: rodvi1 51256363 + Warnings: S u m m ar
UT - STACK [stack.+) - [ Pinout Report Product Yersion: | ISE, 8.1i + Updated: Weddan 11 16:18:05 2008
- — U2 - UPC fups.v) [ Clock Fisport
ro e C U3 - REGCNT [regent.v) Errars and W amings Detailed Reports
Ua - (uv] - [ Sunthesis Messages __||| | Report Hame Status | Generated | Ewors Warnings | Infos C a n a S O
US - CONTROL [contol +] - [ Translation Messages Synthesis Report
5 P— [ Map Messages Translation Report =
Fig Sources | ey Snapshols Libraries [ Place and Fioute Messages
7 [ Timing Messages Map Report rOV I e
[ Bitgen Messages Place and Route Report
Processes: el L [ All Crirrennt s snae LI Static Timing Feport
.
Add Existing Source Floizct Properties Bitgen Report
Create New Source Enable Enhanced Design Summary a e X I O r
ro C e S S e S View Design Summary DI Enable Message Fikering
Design Utilifies O Display Incremental Messsages
User Constraints ERhanced Design Summany Contents
Synthesize - ¥5T Eis BRI
- [ Show \Warrings
ﬁ Implement Design
. e Proarammin File - - O Shaw Failing Constraints
. STEaE | D - O] Show Clock Report
2f Processes
O u rce L. Design Summan
x -
Srarted @ "Launching Design Sumrary'.

T o Message
|| Consele | @ Enars | g warmings | (pg Find in Files
Console
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Xilinx Design Process

. Step 1: Design entry

- HDL (Verilog or VHDL) or
schematic drawings

. Step 2: Synthesis

- Translates V, VHD, and SCH files into
an industry-standard Electronic Design
Interchange Format (EDIF) file format

. Step 3: Implementation
- Translate, Map, Place & Route

. Step 4: Configuration
- Download a BIT file into the FPGA

HDL code

Schematic

Synthesize

Netlist

Implement

Simulation can occur after steps 1, 2, or 3

BIT File

e

.

}

E-ELEMENTS




Tools and Processes

Processes

Processes: -
= Add Existing Source

Step 1: Design entry

Create Mew Source

®
T Wiew Design Summary
- ¥

Dezign Utilities
|1zer Conastraintz

s

1 Syntheszize -

EO"Jiew Synthesiz Report

[ View RTL Schematic

@ Yiew Technology Schematic

~P)  Check Syntax

- ) Generate Post-Spnthesiz Simulation Model
] W
Step 3: Implementation ® A Trnsie

- P Map

B- P2 Place & Foute

ENerate Frogramming r s

&1

Step 2: Synthesis

@ Programming File Generation Fepart
T3 Generate PROM, ACE, or JTAG File
; . '-:_5@ Configure Device [MPALCT)

E Update Bitstrearn with Processor Data ul |

Step 4: Configuration

'@“ Analyze Design Using Chipscope . )
A | 21
Bf Processes
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Implementing a Design Into a
Xilinx Device

Plan & Budget Create Code/ ];l} HDL RTL
. Schematic Simulation
Implement 1
1| Functional t Synméize
%%N* Simulation to Create Netlist
Map
— =
Place & Route
—
Attain Timing Timing j Create
Closure ];2 Simulation BIT File
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After Implementation, Create a
File Called a Bitstream
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Overview
ISE Software
ISE Simulator
Summary




Project Navigator is the Graphical
Interface to the ISE Tool Suite

ES Xilinx - ISE - C:Mraining\desperfilabstwiutiwiut.ise - [Design Summary]

Ele Edit Yiew Project Source Process Window Help
FOFPES L DREX Do PELHE IR (A% B MOh: A R M R [dhedisbbboinay v]2 § QD OO R 2L
NEMCHE:- Tt
i FPGA Design Summary 5 wtut Project Status e
SEXEED f[ort: Implementation Ml = DESi%EVEWiEW Project File: wituk ise Curnent State: Placed and Routed
1] it ummary
o £ wo3e700an-4fgg154 E 108 Propslies Module Nan-le. stopwatch . EIIDIK-. Mo Errurs.
EHAVIORAL (T raining/despertlabs/n 2] Module Level Utiization Target Device: | ue3s700an-4fggda4 + Warnings: 318 wamings
= @ Timing Constraints Product Yersion: | I15E 10.1.01 - Foundation Simulator + Routing Results: All Signals Completely Routed
clk_diwder - clk_div_262k - divide [C:Atraining @ Pinout Report Design Goal: Balanced » Timing Constraints:
[’g led_eril_inst - lod_coniral - led_cantrol_arch [2] Clock Report Design Strategy: | il Default {urlocked) + Final Timing Score: | 0 [Timing Report
mode_debounce - debounce - debounce_ard || - Errors and Warnings
strtslup debounce - debounce - debounce_a @ Synthesis Messages -

- N 5 witut Partition Summars £
Iap_lnad_dehnunce - debounce - debounce_| [2] Translation Messages — _ i £
Ilmer_mst - time_ent - time_cnt_arch (C: /rainil @ Map Messages No partition information was found.
timer_state - statmach - behavior [C: Mtraining/ [2] Place and Route Messages

llmer_presst - timer_preset_a [C:Atraining/despert/ [ Timing Messages Device Utilization Summary I-1
¢ deml [T Arainings despertlabs Awatchantut_vhd?| [ Bitgen Messages Logic Utilization Used Available Utilization Mote(s)
[21) Cunent Messages Logic Distribution
< 3| || & Detaied HEDU“_S MHumber of Slices containing only ielated logic 0 1] 0%
. [Z] Snthesis Report . _— .
8 Sources I[* Files 1P Snapshots |E Libraries ) Translation Report Mumber of Slices containing unrelated logic 1} a 0%
I [ [2) Map Repart Number of bonded |0Bs " 3z 2%
Processes far: stopwatch - stopwatch_aich [2] Place and Route Report e
O Add Evisting Source Projsct Properties (FEIImERTER HIImEnp Ll
M Creats New Source Enable Enhanced Design Summary | | Final Timing Score: 1] Pinout Data: Pinout Report
E  VYiew Design Surmmary g E’_']ahle Message Fitering Routing Results: Al Signals Completely Raouted Clock Data: Clock Repart
- y Dresion Uiiss O Display Incremental Messages e
Enhanced Design Summary Contents () e DTS
BF User Constraints Show Partition Data
I E]OSyﬂlhes\za 8T [ Show Errars Detailed Reports L1
I .
E]OImplement Design L Show W..am\ngs Report Mame Status Generated Errors Warnings Infos
# P2 (Generats Programming File O Show Failing Constraints
7 F)  Configurs Targst Device O Shaow Clock Repart Sunthesiz Report Current Tue May B 17:14:05 2008 a 316 Wamings 2lnfoz
Update Bitstieam with Pracessor Data Translation Feport Current Tue May B17:14:252008 | 0 1} 0
&4 Analyze Design Using Chipscope Map Report Current Tue May 617:14:35 2008 a 2 Warnings 2lnfos
Place and Foute Report | Current Tue May B17:14:522008 | O 1] 2Infos
< ¥ Static: Timing Report Current TueMay617:14:582008 | O 1] Jlnfos @
P
E_t 1ocesses ‘what's Mew in ISE Design Suite 10.1 =
-~
-
>
Console | @Emors | g\ Wamings | (E0 TelShell | g Findin Files
LoC
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Creating a Project

ES New Project Wizard - Create New Project

° Se | eCt FI I e % N eW Eriter a name and location for the project

Project name: Project location

P rOj eCt |contro|ler| | |E:\training‘\desperf‘\labs‘\controller | E]
. New Project Wizard y

ES New Project Wizard - Device Properties

the type of top)
. f evel source bt Select the device and dezign flow for the project

guides you through PP oupayane
HOL Product Category General Purpoze L3
th e p roceSS F amily Spartan3E “
L Device WC35100E v
. Package w100 w
- PrOject Name Speed R

Top-Level Source Type HOL
Synthesziz Tool #5T WHDL A ernilog) w

and location
- Targetdevice e :

- SOftware ﬂOW E New Project Wizard - Create New Source
_ Create Or add ( [®_icate anew source

source files T e [NowSurce ] -

1 Bemove
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Files

Double-click Add Existing Source

to include an existing source file

Double-click Create New Source

and choose the type of file to create

a new source file
- HDL

- IP

- Schematic

- State diagram
- Testbench

- Constraints

Creating and Adding Source

Proceszes for: stopwatch - stopwatch_arch

&dd Exigting Source

/

Create Mew Source
= Wiew Deszign Summary
Dezign Utilities

Ilzer Constraints

- P D) Surthesize - ¥5T

+ f_}OImplementDesign
+- 2  Generate Programming File

+-#2)  Configure Target Device
Update Bitztream with Proceszor Data
£+ Analyze Design Using Chipzcope

< >
E'—t Proceszes
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Implementing a Design

Sources for: | Implementation W

f‘ﬂ kL

= £7F wcIs700an-4fogdB4

+ Implement a design
P/ desperf/labss

/ k L 2 5
- S.el.eCt the top_level S.O u rce Iccl:cntrl_inst - led_contral - led_control_arch [C: Araining/ de
fl | e I n th e SO u rces WI n d OW mode_debounce - debounce - debounce_arch [C: Araining./o

gtrtztop_debounce - debounce - debounce_arch [C:/training

. lap_load_debounce - debounce - debounce_arch [C: ftrainir
¢ H DL’ SChematIC’ Or EDI F’ timer_inzt - time_cnt - time_cht_arch [C:Araining/despertdab
d e pe n d | n g 0 n yo u r d es | g n timer_ztate - statmach - behaviar [C:Araining/desperflabz/w

timer_preset - timer_preset_a [C: /training/ desperf/labs/watchswt

flow

< Processes for stopwatch - stopwatch_arch
g So [  Add Existing Source

- Double-click Implement BT

Yiew Design Summary

. . £
Design in the Processes W Desion Uties

. ‘g‘ Idger Conztraints
window | & P @cuneize 5T
\< t}OlmplementDESiQn
i g rrogramming File

P2  Configure Target Device

#  Update Bitstream with Processor Data
€2 Analyze Design Using Chipscope

ﬂt Proceszes

L€ =-SLEVMENTS




Checking the
Implementation Status

« The ISE software will run all of the
necessary steps to implement the design

- Synthesize HDL code
- Translate

- Map

- Place & Route

v = process was completed successfully
= warnings
= afile that is out of date

X = errors

Frocesses for stopwatch - stopwatch_arch

™ Add Existing Source
[ Create Mew Source

= Wiew Design Summany
=% Design Utiliies
+ % Uzer Constraints
= 00D Surthesize - X5 T
= P ) Implemert Design
£ 0D Translate
# P 2@Man
£ P Q) Place & Foute

P2  Generate Pragramming File

#- P2  Configure Target Device
Update Bitstream with Processor Data
E2  Analyze Design Uszing Chipscope

E‘—t Proceszes
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Simulating a Design

+ Simulate a design T o
— Select Sources for. Behav'oral | Post-tap Simulation

Post-Route Simulation
T L= 1= = B = | = | LSr=r = | L L= L R =S R = Sl P e S i |

SI m U Iatl O n led_cnti_inst - lod_control - led_control_arch [C: /raining/despe

. . . mode_debounce - debounce - debounce_arch [C: Araining/des
- Expand Xl | INX |S E S IMu |at0r N stitstop_debounce - debounce - debounce_arch [C:Atrainingde
the Processes window

\ lap_load_debounce - debounce - debounce_arch [C: Arainingc

tirmer_inzt - time_cht - time_cht_arch [C:trainingd desperf labsfn

_ Dou ble_c“ck SI m u Iate tirmer_sgtate - statmach - behavior [C: raining/desperf/labsAwatc
Behavioral Model or

Simulate Post-Place & Route

timer_preset - brer_prezet_a [C:training/desperf/labz./watchdwtut_
2 demd [ ArainingddesperfdabzAmatchvtut_wvhdAstut_vhd_complet

EX Source: lh_"l Files (] Snapzhots

|D Libraries

Model

« You can also simulate after
Translate or after Map

Proceszes for stopwatch_th - testbench_arch
[ AddEwssting Source

[ Create Mew Source

B= A ilink ISE Simulatar

P2  Behavioral Check Syntax
BF  Simulate Behavioral Maodel
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Design Summary Displays

Quick view of

reports,
constraints

Project status
Device utilization — |
Design summary

options

Performance and

constraints
Reports

P etigh Summary

Design Data

- Design Overview

-+ ] Summarny
OB Froperties
iming Constraints

- ] n Messages

—’ | Map Messages
= lace and Route Meszages

FLOWLAB Project Status

Project File: FlowLab.ize / Current State: Placed and Routed
Module Name: ch_fifo » Errors: Mo Erors

Target Device: /ﬂﬁm 5-12sf363 » Warnings: 20" amings
Pmdch ISE 9.1.01i + Updated: Mon Feb 19 11:01:32 2007

FLOWLAB Partition Summary

Mo partition infarmation was found.

Device Utilization Summary

iming Messages Logic Utilization Used Available Utilization Mote(s]
[ Bitgen Messages ) mbe: of Slice Flip Flops 24 12,288 1%
Mumber of 4 input LUTs 71 12,288 1%
El-Deta P Logic Distribution
== ] Synthesis Report Mumber of ocupied Sices ] 6144 iF3
ranslation Report
Mumber of Slices containing only related logic 41 41 1007
ap Report
lace and Foute Report Mumber of Slices containing unrelated logic 1] 4 0%
= tatic Timing R eport Total Humber of 4 input LUTs Kl 12,288 1%
- [ Bitgen Rizport MHumber of bonded 0B 20 240 az
Mumber of BUFG/BUFGCTRLs 4 32 12%
Nurnber used as BUFGs 4
Mumber used as BUFGCTALs 1}
Mumber af FIFO16/R4MB 16 1 48 2%
Nurnber used as FIFOTEs 1
Frgject Properties Mumber uged as RA4MEB16s 1}
Enable Enhanced Design Summary || | Mumbesr of ISERDESs 2 320 1%
L Enable Message Filtering Total equivalent gate count for design B6.192
O Display Incremental Messsages
Enhanced Design Summary Conterts Additional JTAG gate count for I0B 960
Show Partition Data
E Show Errars Performance Summary
bows v ainings = = = 5 - 5
T Show Famaeoe Final Timing Score: ‘ 1] Pinout Data: Pinout Report
i [0 Show Clock Fepart Houlinﬂﬁ Al Sianals Completely Routed Clock Data: Clock Repart
Timing C inks: ‘ Al Constraints Met
Detailed Reports
Report Hame Status Generated Enors W amings Infos
Sunthesiz Report Current Mon Feb 19711:00:24 2007 | 0 19 W armings Blnfos
Tranglation Report Current Mon Feb 1911:00:38 2007 | 0 ] 0
Map Report Current Mon Feb 1911:00:52 2007 | 0 1 W/ arning 3 nfos
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Programming the FPGA

+ There are two ways to

Procezzes for stopwatch - stopwatch_arch
program an FPGA M AddExisting Source
. [ Create Mew Source
- Through a PROM device § Wiew Design Summary
] + Dreszign Utilities
» You must generate a file : %Ouﬁr Conshaints
-0 20 ) 5ynthesize - 5T
that the PROM - P2 ) Implement Design
=-f3 Generate Programming File
programmer can @ Frogramming File Generation R eport
UnderStand &} Configure Target Device
) 2 Generate Target PROMACE File
- Dl reCtly fI'Om the CO m pUter —_— — f‘f& i anage Configuration Project [iMPACT)
. #  Update Bitstream with Processor Data
* USG the |M PACT 2 Analpze Design Using Chipzcope
configuration tool
E‘—t Frocesses
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Lessons

Overview

ISE Software
—) . |SE Simulator

Summary
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ISE Simulator

e First simulator created by Xilinx
e Supports VHDL and Verilog designs
* Includes a waveform editing tool for creating testbenches graphically
— No need to learn HDL syntax
— Waveforms can be converted to HDL for using in third-party simulators
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Create New Source

Proceszes for: xeds400an—4fzz400

|n the Process WIndOW, dOUbIe- [ Add Existing Source
click Create New Source P

EHE' Source Wizard — 5elect Source Type

+  Select source type
[ B File
TeSt BenCh Waveform % ChipScope Definition and Commection File

‘\:: IF (CORE Generator & hrehitecture Wizard)
[LIMEN File

Elmplementatinn Constraints File .
aSchematic Bule sama.

Q&;State Diagram |tup_tb |
aTest Bench Waveform
%User Document

V] ¥erilog Module |F:"lw-:-rlc"LISE CASEMEES_142%rup_tap \ [:]
E‘ﬂ'erilog Test Fixture
['] VHIL Module

[y ¥HIL Library

BW{DL Package

EWL Test Bench

EEmbedded Processor Add to project

< Back [ Hext > ‘ [ Cancel
I €€ =-sL=venTs

. Enter a filename

Location:




Initialize Timing

EIuilidI Tinming amnd Clock Wizard - Initialize Timimg

* Define basic timing

»  relationships for singleclock, S | i
ot e ‘ :h!l "| -
»  fully synchronous - P set
+ designs A 1) g 1
- AC'[IVG edge Clock Timivg Infomation Clock Infomaatioe
— Clock waveform s o chocked sk Dt D || e Ciok | -
- InpUt Setup tlme i+ Hising Edoe ™ FalirgEdge ™ Mulliple Clocks

i Dual Edge [DDF o DET) i~ Combonatona |orintemal clack]

— Output valid delay oo i e
— Initial offset CacklowTme [f

» Global reset support e L e L5
Oufpudvlid Delay |2 s Lirmils |3l ne Afer fous gie S
* Length of testbench b P |—ID_ besnirauts [FT 16 e g ars Crachod

—Gilabel Sigriels Irilial Length of Tesi Berch |3:|u re
™ FRLD |CRLD) ™ G5A [FP=4| |_ |
Tims Scek | nis Ll

High fer Iniat [0 w
- | [T Add Asynchrckous Sigral Support

Cambineton S Tindng Infaimaton

Ihpiiis are eesigaed, utputs A decaded e
chscked A de gy bebseenir L rid o LIS ST O
SEEnmEn A eCkIng Corricte

I - T
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Waveform Editor

Blue regions indicate setup time for inputs before a clock edge
Yellow regions indicate delay for outputs after a clock edge

Buses can be expanded to view individual signals
~ Default display radix is decimal

Click a signal to toggle the signal level

- For buses, click and type in a value
AR AR R
End Time:
1000 ns fne 26 ns 45 ns GAns 25 ne 105 ns 125 ns

il el
fll din

n
0
Ul res el I
0
n
n

f up_cin
A dout_vald
B g doufz

L€ =-sLeveNTsS




Running a Simulation

. With a testbench

— Select a source for
Behavioral Simulation

— Select a testbench (.tbw) in

the Sources window

— Expand the Xilinx ISE
Simulator process

— Double-click Simulate
Behavioral Model

— Testbench automatically
executes

Sources for: |Behawioral Simulatien
=]1ab3
= f8 xc3=400an—4 £7z400
= top_th (top_th. thwl
[ug/ T — ledfxd - Behawioral

Froceszes for: top_th

] #dd Existing Source
] Create Hew Source
@ ¥iew Generated Test Bench A= HDL
] #dd Test Bench To Project
=% Nilinx ISE Simulator
[L] Simulate Behavioral Model
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Simulation Results

« Background is gray to indicate that this window is read-only
« Toolbar buttons for adding markers, measuring delays, and zooming
* Buses can be expanded to view individual signals

T AR
Maow:
1010 ns Ons A0 101 ns 151 201 ns 241
S T T e ey N T N O
M raset i |
Mlup_dn 1 |
Mldin 1 |
+ B a0 1] 4z 41z ihZ FA5 Y 1hZ
Mlaotuens 1 4 | L]
i plal ]+l | A
I— E€ =-sLevenTs



Lessons

Overview
ISE Software

ISE Simulator
w— s SUMMary
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Summary

+ Implementation means more than place & route

«  Xilinx provides a simple pushbutton tool to guide you through the design
process

. The waveform editor helps you create a test bench without requiring
knowledge of HDL syntax

ISE Simulator supports VHDL and Verilog designs
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Objectives

After completing this module, you will be able to:

Describe the differences between LogiCORE™ and
AllianceCORE™ solutions

Identify two benefits of using cores in your designs

Create customized cores by using the CORE Generator™
software system GUI

Instantiate cores into your schematic or HDL design
Run behavioral simulation on a design that contains cores
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Outline

—) « |Ntroduction

Using the CORE Generator System
CORE Generator Design Flows
Summary
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What are Cores?

» A coreis aready-made function that you can instantiate
Into your design as a black box

e Cores can range in complexity

— Simple arithmetic operators, such as adders, accumulators, and multipliers
— System-level building blocks, such as filters, transforms, and memories

— Specialized functions, such as bus interfaces, controllers, and
microprocessors

 Some cores can be customized
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Benefits of Using Cores

e Save design time

— Cores are created by expert designers who have in-depth knowledge of
Xilinx FPGA architecture

— Guaranteed functionality saves time during simulation

 Increase design performance

— Cores that contain mapping and placement information have predictable
performance that is constant over device size and utilization

— The data sheet for each core provides performance expectations
* Use timing constraints to achieve maximum performance
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Types of Cores

« LogiCORE™ solutions ~ JogiC/RE

: : Alliance .
»  AllianceCORE™ solutions ** 22 2
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LogIiCORE Solutions

Typically customizable
Fully tested, documented, and supported by Xilinx
Many are pre-placed for predictable timing

Many are unlicensed and provided for free with Xilinx software
— More complex LogiCORE™ solution products are licensed

VHDL and Verilog flow support for several EDA tools
Schematic flow support for most cores
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AlllanceCORE Solutions

Point-solution cores
— Typically not customizable (some HDL versions are customizable)

Sold and supported by Xilinx AllianceCORE™ solution partners
— Partners can be contacted directly to provide customized cores

All cores are optimized for Xilinx; some are pre-placed

Typically supplied as an Electronic Design Interchange Format
(EDIF) netlist

VHDL and Verilog flow support; some schematic support
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Sample Functions

LogiCORE™ solu*
— DSP functions

* Time skew buffers, Finite
Impulse Response (FIR)
filters, and correlators

— Math functions

o Accumulators, adders,
multipliers, integrators, and
square root

— Memories
* Pipelined delay
elements, single- and
dual-port RAM
* Synchronous FIFOs

— PCI master and slave
interfaces, PCI bridge

JogiC\RE

AlllanceCORE™ solutions

— Peripherals Alliance
* DMA controllers %

* Programmable interrupt
controllers

* UARTS

— Communications and

networking
« ATM

* Reed-Solomon encoders
and decoders

o T1 framers

— Standard bus interfaces

+ PCMCIA, USB
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Outline

Introduction

Using the CORE Generator System
CORE Generator Design Flows
Summary
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Invoking CORE Generator

Can access from within ISE using the New Source Wizard

Y F ro m th e P roj eCt N avi g a‘to r, EE New Source Wizard - Select Source Type M= B3
. ABEL Test Vectors
select Project — New wre
Source T |
e Select IP (CoreGen & h\ "
Architecture Wizard) and | Select IP (Coregen & | [isreotininsion e =]
enter a filename Architecture Wizard)
. | P|WHDL Package
e Click Next and then select Ppa—
the type of core ok | o> | o
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Core Customize Window

Core Overview tab provides version
iInformation and a brief functional description

Parameters |ﬁ Core Overviewl i Contactl ek Linksl
mg,CQRf: Port Block Memory ‘
Comppnent Name | \
ory Size

Parameters |poen ~ Web Links

_ direct access
CuStom IZe DINE RFDE Coffiguration & Read And Write  Wyrite Only " Read Only

tab al |OWS EJEJ: EEE:,Q WilthA |16 valid Range: 1.256 Depth A |15 valid Range: 2
you to SEQA — PdtA Options
[ISE RS Wirfe Mode  Read Afleririte (" Read BefareWrite ¢ NoRead @ to re | ated
EME
the Core SINITE Pt B Options
. Web pages

ENA widthB [16 -] DepthB 16 tab prOV|deS
ADDRE DOLITE m—
MDE

Before Witite " Mo Read On Wirite |

Cl B frll=) WA £ wirita Oply " Read Only

Contact tab provides
Information about the |
| vendor F—

[~ Display Core Foatprint

Page

__| Data sheet
access
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CORE Data Sheets

e Performance
expectations (not
shown

Features

JogiCRHRE

Dual Port Block Memory for
Virtex™-IV2.0

July 5, 2000

Produst Specification

$OmiNG

it I

2100 Logie Drive
San Josa, Ch B5124
Phane:

Fax  +1 4085587114
URL: wwwnnlire comiipesster
Suppart, support din corm

@ reatures

« Fully synchronous, odules for the Virtex™. Il
el sk Virlesc ™11 Bk rerniory for perarmance
and

+ Suppoets all three Uirtex ™.l write mode options: read
arfler wrile, fead bejone wrils, and no read on wiite.
~ Suppeets dati widhs fram 1 o 256 bils and mermory

depihs from 512 fo 14 words.
« Supperts RAM lunclions enabiing simullansais: wrils

Figurs 1: Core Schamatie Symbol

Ouring awrie cperaion (WEA o WER asseric), e ok

is
Iosalies smwlmwsm

Im -u
three “write mode”™ oplicns supported by the Viree™.Il
architecturs. Each of hese opticns deterines he betay-

ior
operstions from the same location. 0
. . + The ports are completsly of eachather atlon oz
=+ Arailisbie i the: Xlirx CORE Generalor™ Systern3.0i  OUANG & rmad oparation te mermory contents af Be loca-
o selecied by the addness will appear o the moduk's
unCtIona It . D ouput. When Syndhronous Intialization (SINITA or SIN-.
Aok ITH) is ackives hes e’ registered pulpuds are Synchio-

o it Virlex-1l 18K blecks enabiig i desper andior

nousty iesel fo @ user defined vahe: Synchionous

wider mamory implemnentations. The SelectRAMS memery ' o ok "'d'fl’ [ —
i True DusPort™ RAM, oifering st dscrets, andlamge 10 L e Lo g SRS B PRt | g = s ]|
- Eiacke of metmiory i the Virtes. | device. bty L o — - ——
A Memory medue has twe indeprdent parts that enatle
I n 0 u : . Pinout fert Memary Biock Disgeam
biated on LSt defined o Pt farmes o the oo modide are Shown in Figure 1 and ey
idertical, with each por prodding read snd oG Table 1. The incusian af same parts on the med- o
arites 300855 4o e memory Simaneous mads fom the | =5 o of bt
s "“yhm"""'::y “‘.“"“‘;“m SMULE g o the module. The opticral parls ane marked in Tatts 1 Tule 2= Firsmater Pl Inknmptcn
fecusly reading: ‘wiing-io the sames mescry T
Incation will result in comect data being writhen o the et b L | Porameter Mome | Type Notes
enernery, bul el dala being road. [omommrd s - By _ O 108 e
f dege [Flanges
e i e it ok Enb - CLGAR Rt e
user i | * 1512
perts ENA Each port is fully synchionous with independnl clok pins. I SR T | an incroménts o
e - B T e e Y 38 poxt . pns have sk e refewenoest ks e fisiog = Svrg |Detoull Fisod sher Wite
utpud ports remah - frtens i i Ve aatal s s oot Miocta Waretarm topmons are

pert is nabled (ENA o ENB assariad) 3 memory opera.  209¢ of their eomesponding CLK pin. Th u a riah
. " - . CLK pin I, Fiea afer Whte

—— tora Fimad balorn Wets, and

he clockto-ciock sefu window. Conficts Sis Fload o Wt
iy D ¥ 7 3 Teima=an
E 1 d | .

Ay 5. |Lon contt mecheon. 1o 1 the :

[Gatauat=inng
Defour=l

0= axtdtional G
sl

Core Resource Utilization

Tha rurmises of Bisck FAM primithes requined i
Gependent on Ine veiues of The Gepth Bnd dots width heids

- [Reciean [Dataamina

irieger |(Getmat=0
ex)

i S0 mamery B40ITS Salf et i feduved 10 Sscde
the acdress and muSpiex the ouPUls Fom wIroUs. rim
iress. Virig-1| GLE wices ons waed 10 provids ihig hncion-
sty Tha mumber of §ices rquind Gipends on B way
Ihat e deceh i conSirLCIB FOM S prmives, T Gatn
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Outline

e Introduction

e Using the CORE Generator System
) ¢ (CORE Generator Design Flows

e Summary
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HDL Design Flow

Generate and integrate cores

Generate a core
— Netlist file (EDN, NGO)
— Instantiation template files (VHO or VEO)
— Behavioral simulation wrapper files (VHD or V)

Instantiate the core
— Cut and paste from the templates provided in the VEO or VHO file

o Perform a behavioral simulation

— The ISE™ software automatically uses wrapper files when cores are
present in the design

— VHDL: Analyze the wrapper file for each core before analyzing the file that
instantiates the core

Synthesize and implement the design

I L€ =-SLEVENTS



Generate Core

Parameterize the core using the GUI and generate the project files

M Block Memory Generator

%]

Ly
mgfc_-,,;ﬂf Block Memory Generator .
Component Mame ||:|r|:|gram |
ADDRAE0] DOUTA[N7:0] Meman: Fope
e () Single Port Rékd
EMA —— () Simple Cual Port Rabd
SRR BHEHR () True Dual Port Ra . .
MBS e— = ORITERF -
0 o craermrm — | Configure a single
cLka O Dual Port ROM port ROM
Algornthm
OORE 1] m— :Il_ll_lieli.-l:ll
(17107 s D efines the algarithm used to concatenate the block BAM primitives. See the datazhest for maore
e infarmatian.
SRR == (&) Minimum Area
ITE.i.:! 1] m—
i ) Fived Primitives
e Primitive [Write Part 4] : | Sh2
Actual Primitive(z] Used Bk




Instantiate Core

Access HDL instantiation templates (VHO and VEO) from the ISE Language Templates

Go to Edit — Language Templates

(ZIABEL
=5 CORE Generator

=-E3VERILOG Componert Instantiation
4 The following must be inserted into your Verilog £

£ prn:-grarn o 4 core to bhe instantiated. Change the instance name &
YHDL Component Instantiation A4 in parentheses) to your own Signal names.
[3Tel
(EucF program Your Instancelame |
[I¥erilog clkaiclka) ,
- [C3VHDL vaddra (addra) , // Bus [9 : 0]
douta (douta) ) S Bua [17 @ 0]

\

Copy into the design
and connect
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Perform Behavioral Simulation

XilinxCoreLib simulation library available for performing behavioral simulation on netlist cores

 Before your first behavioral simulation, you must run compxlib.exe
to compile the XilinxCoreLib simulation library
— Located in the $XILINX\bin\<platform> directory

* |f you download new or updated cores, additional simulation
models will be automatically extracted during installation
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Synthesize and Implement

The core netlist will merge with the design during the translate phase of Implementation

.XCO .
.VHO,
VEO

.EDN j

Gen

erate

Core

Insta

ntiate

Simulate

Synthesize

Implement

.VHD,
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Using the CORE Generator System
CORE Generator Design Flows

—) ¢ SUMMary

b e L€ =-sLeVeNTsS



Summary

A core is a ready-made function that you can insert into your design
LogiCORE™ solution products are sold and supported by Xilinx

AllianceCORE™ solution products are sold and supported by
AllianceCORE solution partners

Using cores can save design time and provide increased performance
Cores can be used in schematic or HDL design flows
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