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Sistemas Embarcados

Especificacéo do produto e seus Requisitos
e Especificacdo e Implementac&o do Hardware

® Grande variedade de Plataformas de Hardware

> Microprocessador (CISC, RISC, Multi-Core, SIMD, VLIW)
> Microcontrolador
> Processador DSP
> Dispositivos FPGAs e CLPDs
> SoC /SoPC - System on a (Programmable) Chip
ASIP - Application Specific Instruction Set Processors
> ASIC - Application Specific Integrated Circuit
> Circuito dedicado

Questdes: Custo, Consumo, Dimensdes, Periféricos,
Desempenho, Confiabilidade...

Importancia: Avaliacdo do HW!

3 Ferramentas de apoio ao desenvolvimento!
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Sistemas Embarcados

Implementation

Phase 4 - Detailed HW/SW
Design

PHASE 5 — HWISW Integration

PHASE 3 - Iteration and

HW Design Path activities

PHASE 1 — Product Specification
PHASE 2 — HW/SW Partition

PHASE 6 - Acceptance Testing
PHASE 7 - Maintenance and Upgrade

SW Design Path activities

Figure 1.1: Embedded design life cycle diagram.

Product Rek
Exemplos de aplicagdes:

- Robds HOAP(Fujitsu), Khepera(K-Team), E-Puck(K-gaPioneer(ActivMedia), QuadRover(Parallax), |..

4 - MP3 Players, iPods, PDAs, Cell Phones, Digital Caser.
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Sistemas Embarcados- Exemplo do ARMUS

ARMUS, an ARM Robotic Processing System for Educatinal Purposes
Site: http://www.opencircuits.com/ARMUS_Embedded_Lnux_Board

Specs - The board is made to run Linux (ran Linux 2 with no big issues).

* AT91RM9200 CPU (ARM920T core)
* On board 32MB SDRAM and 8 MB Flash.
* CompactFLash
* SD/MMC trough SPI
* 2 RS232 ports
* JTAG/ICE port
* LCD port on the memory bus, we used a graphical CD of 64x128
* 10baseT Ethernet
* USB Host and Device
* CAN port
* Audio (TLC320AIC23B: stereo out, stereo in, micrghone in, 44.1kHz 16 bits)
*48 |0s and 10 ADCs on a PIC18F8310
* 4x dsP1C30f3010 for motor control
(4 DC, 4 servo, 4 capture/compare, 4 quad encodé& more ADCs)
* Power with two switching power supplies (3.3V andV) to minimize power comsuption.
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Sistemas Embarcados- Exemplo do ARMUS

Memories Debug Ports

ARMUS Paper
http://www.opencircuits.com
/images/0/07/ArmusPaper.pdf
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Figure 1: Bloc diagram of ARMUS’ hardware design.
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Sistemas Embarcados- Exemplo do DE2-70 / DM5/ LTM

5 Mega Pixel Digital Camera !
Development Package

Altera DE2-70 Board

4.3" LCD Touch Panel Kit (LTM)
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Programmable Logic Devices (PLDs / CPLDs)

Tipo de Dispositivos Logicos Programaveis - [Simple/Coptex]PLDs

* Programmable Logic Array (PLA)

*  Programmable AND-Array Logic (PAL)

* Generic Array Logic (GAL)

* PAL, Configurable and Erasable (PALCE)

* Field Programmable Gate Array (FPGA)

*  Programmable Read-Only Memory (PROM)

8
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Programmable Logic Devices (PLDs / CPLDs)

Programmable Logic Array (PLA) - Estrutura Logica

Conexdes Programaveis Produto Conexdes Programaveis
——~ R /
AND plane | . : OR plane
(mx p) . e Dpxm)

= i—“\\. Pp—l
LT
— N

.éli ..éi .éi v

1[ 12 1m Dl 02 On
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Programmable Logic Devices (PLDs / CPLDSs)

Programmable Logic Array (PLA) - Métodos de Programacéo das Conexdes

Usando um programador de PLD (ROM wrriter)
para programar um PLA: determinar onde as conexdes serdo feitas.

,,,\\%\ giode 'EL_T\ ‘J] -

floating-gate

fuse or antifuse nMOS
transistor memory cell
(a) (b {cy
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Inputs & Flip-flop feedbacks

Programmab|e Logic Devices LU

=
Programmable AND-Array Logic - PAL =
§>_E'_Oumuu
PAL- Programmable Array Logic (PAL) is a relatively Plane = |-
small FPD that has a programmable AND-plane folldwe = >’
by a fixed OR-planerL is a trademark of Advanced Micro Devies =5
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Programmable Logic Devices

Field Programmable Gate Arrays- FPGA

» A maioria dos tipos de chips complexos pode ser "progrdmado
para implementar circuitos arbitrarios;
« Diferentes fabricantes competindo entre si:
Actel, Altera, Cypress, Lattice, Xilinx, etc.
 Fatores competitivos:
- Grande nro. de portas ldgicas;
- Velocidade dos dispositivos;
- Flexibilidade e Custo;
- Reprogramabilidade;
> FPGA: um array programavel de PLDs simples

> FPGA: field programmable version of “gate array”
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Programmable Logic Devices

FPGA: Estrutura Basica de um Gate Array
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FPGA - Conceitos Béasicos e Nomenclatura

ASIC - Application Specific Integrated Circuit

ASIP - Application Specific Instruction Set Processs

CPLD - Complex Programmable Logic Devices

FPGA - Field Programmable Gate Array

FPGA CLB - FPGA Combinatorial Logic Block

FPGA LE - FPGA Logical Element

FPD - Field Programmable Device

HDL - Hardware Description Language

JTAG - Joint Test Action Group (Standard test access port and boundary-scan architéure)
IP / Cores - Intellectual Property IEEE 1149.1 Standard
PLA/PAL - Programmable Logic Array

PLD - Programmable Logic Device

SOC/SOPC - System-on-a-Chip / System-on-a-Programmabléi(®

VERILOG - Verilog HDL

14 VHDL - VHSIC ( Very High Speed Integrated Circuity Hardware Description Language
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FPGA - XC4010XL Xilinx FPGA Block Diagram

FPGA: CLB + Interconnection Logic
CLB = Combinatorial/Configurable Logic Block (Elemetisico)

Inputs
cl [ B e L] Outputs
1 o =
Lockup
c || Tate o G—
/] /] = ] i
i i ®
Switch G
Matix g
T i ¥ —1 Lookup N s a
i T = -
Flo—]
ER
fou b T W [ B G0 I3
Figure 18 - Xilinx XC4000 Configurable Logic Block (CLB).
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FPGA - XC4010XL Xilinx FPGA - CLB Block Diagram
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FPGA - Altera FPGA

Altera CLPDs => FPGA

LAB - Logic Array Blocks

FPGA LAB composto de Logic Elements (LE)
Logic Element LUTSs,

LUT inputs are mux select lines

X =AB + ABCD + ABCD

Programmed levels
(EEPROM or SRAM)
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3. FPGA - Field Programmable Gate Array

Cyclone?

19

Agosto 2008

FPGA - Altera FPGA - Cyclone EP1C** /

Table 1. Cyclone Device Overview X

P il EP i P p |
Logic Elements 2910 4,000 5.980 12,060 | 20060
(LEs)
M4E RAM Blocks 13 17 20 52 64
(4 Khit: + parity)
Total RAM Bits 55,904 78,336 92160 | | 239,616 [[294,012 |
Phase-Locked Loops (PLLs) 1 2 2 2 2 |
Mazimum User 'O Pins 104 301 185 249 301 |
Production Device Availability Apml September MHow MNow MNow

2003 2003
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=
E

£911,,:,,,,eﬂ;3‘} NIOS Il

Hardware - SCE 703:
Cyclone | - EP1C12F324C8
Firefly Board
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FPGA - Altera FPGA - Cyclone EP1C20

.FPGA - Field Programmable Gate Array

Cyclone Architecture

EP1C20

Logic Array
Blocks (LABS}

Agosto 2008

EP1C20 Device Floorplan

Abundant logic and memory resources, clock managenieuitry, and advanced I/O capabilitig
are all available in Cyclone devices. The Cyclorehidecture consists of vertically arranged
Logic Elements (LEs), embedded memory blocks, drase-locked loops (PLLs) that are

surrounded by I/O elements (IOEs). A highly effitienterconnect and low-skew clock network]
provide connectivity between each of these strestdior clock and data signal

M4K RAM
" Blocks

| li0 Elements
(I0Es)

CycloneLE
Logic Element

Dedicated Clock Inputs —g

Cyclone Device Clock Network
Cyclone Device
PLL Outputs —p,

DDR or PCI Input —p

Internal Logic — V
Global Clock
Network

%]
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FPGA - Altera FPGA - Cyclone EP1C20
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FPGA - Altera FPGA - Cyclone EP1C12 Kit - Firefly

| 16MB SDRAM

| Off-chip
i memory

IP
Nios Il

Cyclone Processor
EP1C12

@
=
@
L
o

7]

>

Custom IP /
EMAC IP Instruction

Firefly Configurable Processing |
Modules add FPGA flexibility and
32-bit RISC processing power to ) )

Firefly modules can be designed fo fit any number
your nex t embedded pri oduct. of embedded device requirements.
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Ferramentas de Desenvolvimento

Ferramentas de Software

Quartus Il 6.0-8.0

ModelSim-Altera Edition

SOPC Builder and IP Solutions

Nios Il Integrated Development Environment (IDE) - Cydone Edition

Player/Stage (Robot Simulation - Pioneer 3 DX/AT)

Ferramentas de Hardware

Altera FPGA EP1C12F324C98
Cyclone / Firefly Board
NIOS Il Evaluation Board Kit

Pionner 3 DX/AT Robots

23
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Ferramentas de Desenvolvimento

Typical PLD Design Flow

Design Entry i ' Timing Analysis

- Native schematic entry - Verifies timing performance
- Native HDL entry - Reports timing violations

- EDA design entry - Guides Fitter

4

Timing Si

- Verifies logic timing

- Uses timing netlist

- Requires input vectors
- Supports EDA tools

Program/Debug
=~ Hardware options
~SignalTap Il debugging

o RTL Simulation
- Verifies logic model

LML L | -Notiming delays
- EDA tool support

LE = Synthesis (Mapping)
- Logic minimization
mMAaK - Logic optimization

- < =>| -Maps logic to primitives
P 3 - EDA tool support

Ine

Place & Route
- Maps primitives to device
- Accounts for constraints
= Assigns routing
24 . - Requires Quartus |l Compiler

Agosto 2008
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EDA Tool Design Flow

Source design files

B, inciuding VHDL Design
é Files {.vid) & Verilog

Design Files {.v)

' !

Quartus Il
|a—p-| Analysis &

Quartus I EDA Synthesis

Tool

' |

4

rtus 1l E I
]—lmcil:; Ansalysis |=—~| Quartus Il Fitter [ E & EDA Physical
—=| Synthesis Tool
EDIF netiist
files (edf) or Verilog
Quartus Mapping Files ( vam)
EDA Simulation
» Tools
Quartus II E- "
1 EDA Netlist Writer B
Ferramentas de Desenvolvimento E-é
EDA
Owtput files for EDA tools || Timing Analysis
~ incluging Verilog Output Files Tools
Quartus Il Verséo 8.0 {'va), VADL Qurput Fles ( vha),
VOM Files, Standard Delay Format
Cutput Files (.sdo), testbench
files, symbol files, Tl script files
(.tel), i8IS Output Files (.ibs), EDA
HSFICE Simulation Deck Files || Formal Verification
(5p), and STAMP model files Tools
tdata, or .mod)
r
Qu i Quartus Il o
artus artus Board Level
Assembler Bl Programmer ™ Design Toals
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Quartus Il Versao 8.0

Quartus If Software Basic Design Flow

Create New
Project

Make
Assignments

Compile|
Design

Analyze
Results

Modify Settings
to Improve
Results

Assign Ping
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Ferramentas de Desenvolvimento

Quartus Il Versao 8.0

Quartus If Software Basic Design Flow

Create New
Project

Assignments

Modify Settings
to Improve
Results

Assign Ping
The New Project ject and pesliminay proisct selfings. inchiding
followng
- Froject name and diectory
. Name of the tog-evel dessgn entty
. ard s
. Targel device landy and device
. ED tool sefings
You can change the settings for an ared specily ' seltngs with
. the Sellmgs coremand [hsnornents trenul Ve ean use the vatieus pages of the Setings dialog b
>> New Project Wizard fs keckroly e bl
27
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mpmcessing Tools  Windo

. o
Ferramentas de Desenvolvimento éf
L imlr\g Analysis Settings...

Qual’tus i VeI’SéO 8.0 22 EDA Tool Settings...

&7 Settings... Chrl+Shift+E

Quartus If Software Basic Design Flow

Create New
Project

2 Device...

& pns

";4 Timing Analysis Setkings...
22 EDA Tool Settings. ..

Make
Assignments

Compile]
Design

Analyze
Results

Crl+-Shift+E

Modify Settings

‘ by
X

to Improve [
Results [
e
Assign Bi mpiton Frosess Settngs Device &Fin Options.._| s |
ssign Pins T "
Dson ot @ Specifc devics ssected in Avaiable devices'ist Core voltage: 15V
>> Assignments Menu:
. Ealer ] 200
Settings, Timing
e
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Ferramentas de Desenvolvimento

Quartus Il Versao 8.0

Quartus If Software Basic Design Flow

Create New i ]
Ass\gnments i ATER,

Modify Settings
to Improve
Results

BEEX
Assign Pins =L

Flow Stetus Successt - i ug 25 11:51:28 2008
Quatts | Version 61 Intemal Buld 142 08/21/2008 51 FullVersion

ToplevelEntiy Name el
Fanily

>> Compile Design and R
Analyze Results e o
Total PLLs 0/2(0%)
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Quartus Il Versao 8.0 Barias ¥ Sahare BB e
o - i X
1. Create New Project el el

New Project Wizard
> Add Files (vhd, v)
> Create Block Diagram Schematic File
Block Editor (bdf)
MegaFunctions (MegaWizard)
> Add Pins
2. Make Assignments
Settings (clock speed)
Timing Wizard
> Assignment Editor
> Timing Analysis
3. Compile Design

JAITERAY

QUARTU

T K e DR R e S e

4. Analyze Results =T

5. Modify Settings to Improve Results (Timing Analysis)
6. Assign Pins (Assignment Editor)

30
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Ouartus ” VerSéO 80 Quarius il Software Basic Design Flow
e -
1. Create New Project Project

New Project Wizard

> Add Files (vhd, v)

> Create Block Diagram Schematic File
Block Editor (bdf)

MegaFunctions (MegaWizard) M 3
> Add Pins —
2. Make Assignments 2% C:fﬂ;":ﬁ:f*‘i"w _
. 3ySIS ESI5
Settings (clock speed) - b fiter (Place & Foute)
o H [l # Azzembler (Gensrate progra
Tlmlng Wizard _ e TimeQuest Timing Analyss
> Assignment Editor G EDA Nellst Wrier
> T|m|ng Analysls @ Progmm Device (Open Programr
3. Compile Design 0 i) >

4. Analyze Results
5. Modify Settings to Improve Results (Timing Analysis)
6. Assign Pins (Assignment Editor)
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Quartus Il Versao 8.0 - TUTORIAL

Tutorial Modules

Select one of the following tutorial modules:

[ WMaodule 1: Quartus Il Infroduction ]
(5 minutes)

[ Module 2. Create a Design ]
(30 minutes

[ Madule 3; Compile a Design l

(40 minutes)

[ Module 4. Run Timing Analysis J

(40 minutes )

[ Module 5. Run Timing Simulation ]

(30 minutes)

[ Iodule 6: Configure a Device l

{20 minutes)

o @ B C @« 4 L

[ Module 7 Advanced Topics I
(20 minutes)
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