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SOPC Builder

From Concept to System
in Minutes!
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Lure of System-on-a-Chip

m Smaller, Faster, Cheaper, Better

m Integration
— Lower Device Count
— Lower Board Cost

m Performance Faster
— High Speed
— Low Power

m Exact-Fit Solution
for Custom System

=\, Better
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Realities of ASIC Development

= High Barrier to Entry
— Time: 12 to 18 Months
— Money: >$1,000,000
— Tools: >$100,000

— EXxperience
e Co-Simulation
e Co-Verification
e Prototype

_ High Risk
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Alternatives?
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Traditional Alternative to SOC

m Board-Level Integration
m Use Off-the-Shelf Parts

— Processor

— Memory

— Peripherals
— Glue Logic

Ethernet

CPU

USB

PCI Glue Glue
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OPC Builder Development Tool

Altera SOPC Builde 0 = nglil

File System Module

Avalon Modules System Clock Frequency: [33.333 MHz
@ Altera Mios 2.0 CPU

System Conterts | CPU "ni y: -

User-Defined Irterface nios_cpu / instruction_master (avalon)
() ab’e-Chl
UART -232!
© Mm185505 EnhancETUAR | fuse| | | | | | | | | Madule Name Description Bus Type Base End
O CAN 20N Cortrol . @mios_cpu Al‘tera Mios 2 Geaell j avalon i I
= Ethernet P b ot _ro e - j 1008 O13FF |
i A —|—stem ra [ 4 OOFFF |
= | - a_co ' 0141F | 16
v dram_co .... |SD CorftroNer o ' 00 OX07FFFFF
v —¢ <> "% ethernet_bridge |Avalon Tri-State Bridge | avalon | avalo... | | |
@ Flash Memory V= & ethernet_interfa... |Ethernet Interface (C50...| avalon_tristate | 0x00801420 | 0x0060143F | 17
i @ SRAM (one or two IDT7 v = & uartd \UART (RS-232 setial p... |  avalon | 0x00801440| 0x0080145F | 18
=l Other v —¢ ) - _El uart1 _-UART (RS-232 serial p... | avalon | 0x00801460 _UXUDBU‘I 4T-'F__ 19
@ FIO (Parallel 11O)
@ Interval timer
=2-prCl
O Altera PCI3
4
Add.., Impart... I Move Up Move Down
Exit = B Mext = Generate

Screen Capture from SOPC Builder Version 2.5
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SOPC Builder Design Tool

m System Customization

m Component Integration

m Software Generation

m System Verification IP Testbench

User Logic
Software i :i
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SOPC Builder Demo
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Customization - Just What You Need

Ap Altera SOPC Builder - nios_system - 0| x|

File System Module View Help

Avalon Modules _a| fgpration | [ | Poo I Of L So P C i
----- & Afters Mios 2.0 CPU -
----- @ Uszer-Defined Interface i B u I I d e r Ready,,
[+-Bridges nios_cpu f instruction_master (avalon)
: — nios_cpu [ data_master (aval
E"'C_ummunicﬂtiun nloi gr?::_cor:rnr;:r !zaad‘i:'noager C o m p o n e n ts
ool SPI 3 Wire Serial) — dma_controller / write_rm . .
@ UART [RS-232 serial port [ ee brge (o) — Communications
----- > WM16550% Enhanced UAR I Module hlame
. 0 CAR 2.0 Metwork Control nios_cpu - DS P
[=-Fthernet = = [ boot_rom
: e
S @ Ethernet Interface (G380 = j’,’:;“;’;;,;:g;,q — Bus Interfaces
[=l-Memory I sdram_contro] =
----- @ On-Chip Memory (RAM o [ ethernet_brid{ — Brldges
----- @ SDRAM Contraller [l ethernet_inteq
..... ® Fiash hemory P — Processors
----- & SRAM (one of two IDTTT : .
5 Other = Multiple Processors
----- @ PIO (Parallzl 10) B m Web-Based IP
----- @ Interval timer

= pal Deployment

e Aftera F'CISE Mios Targillj 1 |
Rl 1

Add... Import...

Exit = frey Next = Generate
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Customization - The Way You Want It

@p Altera SOPC Builder - nios_system
File System __r»godule View Help

System Cortents | CPU "nios_cpu“] System Generation]
|

m Table of Active
Components

m Configure Each
Component

— Interrupt
Request (IRQ)

— Base Address

instruction_master (avalon)
pu / data_master (avalon)

System Clock Frequency: 53_333 MHz |

ma_controller f read_master (avalon)
— dma_controller § write_master (avalon)

Baud Rate

flodule Flame

Description

= =
nios_cpu

Biaud Rate (bps) [115200 |

Alera Mios 2.0 CPU

boot_rom

2n-Chip Memory (RAM | Input Clock Freguency (MHZ): 33.333

gystem_ram

D

on-Chip Memaory (RAM | Baud errar: 0.1 2%

—
dma_controller

Coh 2,

—
sdram_controlle...

SORAM Contr

I_ Baud rate can he changed by softvware

», ethernet_bridge

[divizar register iz writeable)

ethernet_interfa...

erface [(CSi

— Hardware L& vartd RT (R5-232 serial p Fam\"“ Fata o rmp o _‘
Parameters uart1 UART (R5-232 serial p JMene -] e =l [ =
— Flowy Cantral
- SOftwa re |_ Include CTERTS pins and contraol register bits
Parameters
— Streaming Data (DA control
m Wizard-Based Mave Up Move Down || Enable streaming data
Configuration —
= R E hext » Generate Cancel | = Erey | heot = | Finizh
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Integration

“p Altera SOPC Builder - nios_system

File System Module View Help m Bus Connection Patch

System Corterts ] CPU *nios_cpu” | System Generation | Pa ne I
U seencet| gy Multi-Master Bus
@ User-Defined Interface nios_cpu /instruction_master (avalon) . - .
| ros.gpurte-maser cavor — Slave-Side Arbitration
= Communication — dma_controller .fread__m?sier (avalon| . .
@ SPI (3 Wire Serial) r ’r;:;?é::f;: t(f' — Optl mized for
- @ UART (RS-232 serial port -
O M16550S Enhanced UAR | [I{] A Throu g h P ut
i * O CAN 2.0 Metwork Control ‘|—' o o T pu Al . .
= Ethernet 1 1 ey
. @ Ethernet Interface (CS89( :’i 1 e 3 — B us B ri d g In g
: M_-é“:]gn-(:hip hemory (RAM ot '|_¢ + i ' f:]:.::.l:;em g - AM BA ™ Ad Va n ced
B I S stbrius High-Performance Bus
- @ Flash Memory et_interfa... |Et|
@ SRAM (one or two IDT71" m (AH B)
- Inm e e °
@ PIO (Parallel 1/0) Ul - Avalon ™ BUS
b — Atlantic™ Interface
¢ O Altera PCIS2 Mios Target |
i | 1 I_I — PCI
| [ | i ~ More to Follow . . .
|
Exit = Brey Mext = Generate

2002

SOus /NTTERA,



Automatic Software Generation

m Software Matches Target A
Hardware

Custom Library
(Peripheral
Routines)

m Promotes Design Coherency (Hardware & Software)

— Hardware Changes Do Not “Break” the Software

Hardware '. -0 Software

Team )W Team
S95S 5 /NOTERA
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System Verification

m Automated Testbench Generation

— Complete System Simulation Model
— Testbench

®m Immediate Simulation of Hardware & Software

==+t wave - default

(ol x|
File Edit Cursor Zoom Bookmark Formatb  indow
EES 4BB | MK € QQIQ® | FF | ElEES |

N [ = T,
30225400 ps to 30423800 ps
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Rapid Prototype in PLD

Incremental Embedded System Design

P
U

SDRAM
Control

SOPC
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Rapid Prototype in PLD

m Incremental Embedded System Design

m Rapid Prototype in PLD
— At Full Speed, In Real Hardware
— Real World Stimulus

SOPC
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Board-Level Strategy

m Processor Performs
— Data Processing / Data Flow (Heavy Lifting)
— Control (Housekeeping)




SOPC Strategy

m Performance-Optimized Systems &
— IP Handles Data Flow (Heavy Lifting) =1 {Q)x

— Processor Provides Control (Housekeeping)

Data »EEEE} Data

Altera Device ’
A L networ
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SOPC Strategy

m Performance-Optimized Systems
— Extensible Design

> {urer]

—E
e
>cPy cpu

4

A

Altera Device




SOPC Builder Ready Components

'.v ‘.‘ SOPC Builder Ready

ARM922T™ “ DMA USB 1.1 SDRAM

Processor ARM:

Nios™ Embedded PCI USB 2.0 SSRAM

Processor Nios’

ARM®-to-Nios Bridge | GPIO SPI SRAM

(AMBA AHB-to-Avalon)

Interface to User Timer CAN 2.0 FLASH

Logic

10/100 Ethernet Watchdog 16550S UART On-Chip ROM
On-Chip RAM

The List Keeps Growing . . .
WoRLS /NOERYA,
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Excalibur Embedded Processor
Cores

A

= mmmm: Hard Core Advantages
(‘:‘) « Higher Performance
o FN:1Y® - Optimal Die Area / Function
= 200 - - Time-to-Market
o * Lots of On-Chip Memory
5 - Leverage Large Existing Code
- Base
¢ 100 -
£
Q o 5
p Nlos Soft Core Advantages
) 50 - * Flexibility
% * Low Cost
£ - Portable Design
.g « Scalability
o 20 - - Obsolescence Proof
o * Fits Broad Range of Altera PLD Families

0---Soft Core----- Hard Core - ---------- >

= sorc /NTTERA,
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Nios Embedded Processor

m Configurable Soft Core
Embedded Processor

= Optimized for Altera®
Programmable Logic
Device (PLD) Architecture

m 32-Bit RISC Architecture

m License & Royalty Free
m Over 3,300 Kits Sold

SOPC
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Nios Processor Supports All Device Families

Stratix™

Mercury™

ARM®-Based Excalibur

APEX™ Il

APEX 20KE
APEX 20KC

FLEX® 10K

ACEX® 1K

SOPC
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Highest Speed (0.13-um, All-Layer Copper)
DSP Blocks

Very High Speed I/O

Very High Density

Very High-Speed I/O with Clock-Data Recovery (CDR)
Medium Density

High Speed

Multi-Processor Systems (ARM + Nios)
Medium-to-High Density

High-Speed Differential I/O

Very High Density

High-Speed Differential I/0

Low-to-High Density

Low Cost

Low-to-Medium Density

Low Cost
Low Density



ARM-Based Excalibur Device

Processor Debugging
Support Logic Logic

m ARM922T Stripe

. Dual-Port Single-Port ARM922T
— H ard LOg IC RAM RAM Processor
Core

m Programmable Logic
— 100K Gates to 1M Gates

m Three Devices in

amil
y All
Available
Today
: 7
SOPC

WORLD -
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The Altera Excalibur Approach

Industry’s First Embedded Processor PLD Solutions

\
32 Kbytes] 128 Kbytes 256 Kbytes
Processor Subsystem SRAM SRAM SRAM
Interf 3 Deb Loai > Processor
ntertaces ebug Logic 16 Kbytes| 64 Kbytes 128 Kbytes Stripe

DPRAM DPRAM DPRAM

EPXA1

4,160 LEs (100,000 Gates)
53 Kbits RAM

EPXA4

16,640 LEs (400,000 Gates)
212 Kbits RAM

EPXA10

38,400 LEs (1,000,000 Gates)
327 Kbits RAM

WokLS /AVOTS RYA),
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Excalibur Processor Subsystem

Embedded ARM Core m m
[} 4 t
- ;

ARM922T Interrupt Watchdog SDRAM Bus
+Cache . Expansion UART
+MMU Controller Timer Controller (EBI)
+Trace A A A
! wsr | R
; Configuration
Logic Master
AHB 1-2
Bridge
¥ AHB2

| v ¢ |

l

l

l

PLD - Stripe Dual-Port Single-Port PLL
Bridge SRAM . SRAM

Reset
Module

Timer

Stripe - PLD
Bﬁdge

e -i

SOPC
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Excalibur Flexibility & Scalability

Low-Cost High-Performance Network Processor
Embedded Processor Custom DSP System

' +
% @ DSP Excalibur ARM922T + Memory

75K Gates

Available 150K Gates
Available
ACEX™ EP1K100
Device
APEX EP20K200E
Device
500K Gates
Available

Excalibur EPXA10 Device

SO E-veroy  /NAERA
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Migration Path for High Volume
PLD =) " =P ASIC

HARDCOPY "

Production Volume

SOPC Time
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Combines Altera Strengths

HARDCOPY ™
= High-Density, High-
Al Performance Devices
iT — Stratix
— APEXII
— Mercury
— ARM-Based Excalib

EXCALIBUR™

SOPRC

Builder

m Software
A Development

Tools
> _ — - . .
Suciersy g°:“°"er
. — = ebugger

ZWindRver — RTOS

GM%H%’ QUARTUS"

Synplicity
Hardware Y P )
Development Tools

— Quartus® I
— LeonardoSpectrum™
— ModelSim®
— Development Boards

Robust IP Offerings

— Processor

~ DSP Ni
— Communication
Bus Interface



SOPC Builder Benefits

m Custom-Fit SOC Solution

m Huge Reduction in Time-to-Market

m Low-Risk, Low-Cost Development

m Complete Solution

m Powerful & Flexible Processor Solutions
m Makes SOC Available to Everyone

SOPC Builder Accelerates Design
from Concept to System in Minutes
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SOPC Builder Design Flow

A 4
Software
hiandware Header File
si H?I; Custom Library
imtation OS Kernel
—>
Application ! TM Application
Hardware SlgnaITap : Debug/Profile < Software
Logic Analysis
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