Section 2

Hardware Design with SOPC Builder
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Section 2 - Topics

m Create a Quartus Project

m Create a Niosll system in SOPC Builder
m Create a Niosll software project

® Run as Instruction Set Simulator (ISS)
m RTL Simulation
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Reference Designs For Dev Kits

m Several reference designs are available
m See altera\kits\nios2\examples\verilog
or altera\kits\nios2\examples\vhdl

custom_instructon_templates
niosIl_cyclone_1c12_ewval
niosIl_cyclone_1cz20

niosIl_cyclonell_2c35

IniosII_strati=_ 1510 R :

Caniosll_stratix_1s10_ES Jﬁﬁtf .

DniosI_stratix_ 1540 —] = _"eaMe

CaniosIl_stratixIl_2se0_ES sma
(standard

m Can be used as-is in final hardware platform
m Otherwise, customize system to specific needs
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Standard and Custom Peripherals

PO Alters SOPC Builder

2 Create New Companent ...

valon Modules

@ Moz Il Processor - &kera Corporation

Bridges

ommunication

Jigplay

P1C20 Hios Development Board Cyclone Edition
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P2560 Hios Development Board Stratix Il Edition
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SOPC Builder Development Tool
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Avalon Master-Slave Connections

m View => Show Master Connections
m Observe and configure Avalon connections
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Configure the Nios Il CPU

m Hardware designer selects Nios Il version
— economy, standard, or fast

" anera el - gpu

Wes Il Lare | Caltkac & Tightty Coupled Memomas | JTAG Dabag Madule | Custom Issdructions
| a5l
“ Mios e | CiNios Ilfs % Nios I
RISC REL ARG
Hjﬂﬂ I Tk bt 32-bn
Selectar Gude Instrucsn Cache Ireatruction © sz hi
Rianch Praditian Biasch Prad chos
Famity: Siraiie Haadwrare Bsliiphy Hurdemra Mulliply
1 51 Mz Hmrdware Divide Hurdsmre Dsvle
Hvie - Elarral S hifter
Dara Cachn
hln-ln:llr. Biun:t.Pni:dn
Peroeance a 50 WHz Up bz 0 Dedifs Up 1o & (8PS Up i 67 OMPE
Ligjic Usags a0 LEs 1X0-1400 LEs Il-III-'I_H:I} LEs
Memuory Lsgs Tiwar Wl for amuiv ) Twn BN & cache Thess WHKs + caths
Hardwame Mubply DSE Black w [ Hardwnre Drede
t [“ II""‘ mewuciion cache “"IIIIII DL L'|Irl'|H.||'.: P .
1T you do ned have an advanced || n:u Fﬂlﬁﬂﬂnﬁﬂhﬂli‘.
| Cancel J Mawl = l Firdsk |
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Choose JTAG Debug Core

m Select appropriate JTAG Debug level when configuring

Nios Il processor core

™ sjtera Mios 1 - cpu
Mo I Corw ! Cachas & Tighty Cougled Mem@ae| 414G Dot Madule | Cusigg) Isssniclions
SEl A S kel
1 W Dabuggar | Lot 1 | CiLuvel [EBrewsia S Drlswaid
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Select Cache and TCM Settings

m Adjust Size of Instruction and Data Cache Memory
— Can now completely disable data cache on fast core
— And also disable instruction cache as long as TCM used

m Enable Instruction / Data Tightly Coupled Memory masters

m Control Data Cache Width
— Up to 32 byte cache line width now possible for better burst support

1™ Altera Mios || -~ cow

w| Caches & Tipghtly Coupled Wamoses A% Diebayg Module| Cusiom Instructisns
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SOPC Builder — Board Settings

m Allows you to connect SOPC Builder components directly
to board components using Pin Mapper utility

o= Ths sl wcilf e s 1S s Daen, (= 1} i
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Using Pin Mapper

m Pin Editor contains three columns
— SOPC Name, PCB Component, Component Pin

E® pltera SOPC Builder - std_1c20

A=1E
File Module Swskemn Yiew Debug Tools Help

= — . SOPC Builder
| System Cortents | Board Settings | Nios IT More "cpu” Settings | System Generation |

— - component name
|SOPC Name  pgpomponent F and port names
!'E System

e PCB Component
p g Name and Ref-Des
F =T data o[7..0)
[# C= address A[22.0] .
- read_n CE_n PCB pIn names
T wyrite_n WWE_n

C- zelect

CE_n
# ke

i LI2E (IDTT1 %4165
IF epcs_cortroler 7
] 1
S0PC Builder 5.00 Q' il cpu was generated with full capskilities and must be compiled in Guartus
EMODULE cpu: V! i| Done checking for updates.
< NE | »
[ Exit ] ’ = Prew ] [ Mext = ] [ Generate
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Assignhments get made in QSF

m During generation, all corresponding Quartus Il
pin assignments get made in the .QSF file.

el standard. gsf

X]
get_location assignment FPIN DS -to ext flash enet bus datal[0] T
et location assigmment PIN C8 -to ext flash enet bus datall]
get_location assigmment PIN F10 -to ext _flash enet bus data[Z]
et location assigmment PIN Gl0 -to ext flash enet buzs datal3]
get_location assigmnment FIN D9 -to ext flash enet bus datal4]
et location assigmment PIN C3 -to ext flash enet bus datals]
get_location assignment FPIN BS -to ext flash enet bus datal6]
et location assigmment PIN A8 -to ext flash enet bus datal7]
get_location assigmment PIN H1l -to ext _flash enet bus data[d]
set location assignment PIN H1Z -to ext flash enet buzs datal[3]
get_location assigmment FIN F11 -to ext flash enet bus data[10]
set location assigmment PIN E10 -to ext flash enet buzs datal[ll]
get_location assigmment PIN B2 -to ext flash enet bus data[lZ]
et location assignment PIN A9 -to ext flash enet bus datall3]
get_location assigmment FIN C10 -to ext flash enet bus data[14]
set location assignment PIN D10 -to ext flash enet buzs datal[l3]
get_location assigmment FIN B10 -to ext flash enet lbus data[1l6]
set location assignment PIN A10 -to ext flash enet buzs datal[l7]
get_location assigmment FIN E1Z -to ext flash enet bus data[15]
set location assignment PIN D12 -to ext flash enet buzs datal[l19]

e 1l mmimd G s menaemndt TITRT T4 2 e mare F el manmd lmaaea A~ 207
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SOPC Builder — More “cpu” Settings

m Set Reset, Exception, and Break Location addresses
— Note: Reset must be in non-volatile memory

1 S [ A ] P BT B T L W T e 1 S R
o= Ths sl wcilf e s 1S s Daen, (= 1} i
T cmo gty wamw

)74 ‘Li"

Cobovriaht © 2005 Altera Corporation LﬁEr_E_ﬁ;——é



Nios Il Exception Address

m All exceptions processed by code at
“exception location”
— Provided by HAL system library

m Supported Exception Types

e Software Exceptions
— Software Traps (currently, not implemented)
— Unimplemented instructions
— Maintains compatibility between Nios Il cores
e Hardware Interrupts
— 32 Level-sensitive interrupts are supported.

e More exceptions will be supported as features are
added
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SOPC Builder — System Generation

m Generate HDL Code/block symbol file and/or ModelSim
Simulation Project

— Note: Can also launch Nios Il IDE from here

ol ey g Ehed el it e el wry] g w Ui Dadlh B i e e
opa Tie el S L WL 6l s rEeedy Cialse oA usoel e d © e Wi 0 i i
1 [ o b i B kit i

ey | =
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Peripherals for Nios |l
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Some Important Peripherals for Nios Il

B System ID Peripheral

— Used to Ensure Hardware/
Software Version Synchronization

— Simple 2 read-only register
peripheral containing hardware ID
tags.

® Regqister 1 contains random
number

® Register 2 contains time and date
when system was generated in
SOPC Builder

— Can be checked at runtime to
ensure that the software to be
downloaded matches the
hardware image

Cobovriaht © 2005 Altera Corporation

B Memory Interfaces
— EPCS Serial Flash

Controller
— On-Chip

® RAM, ROM

— Off-Chip
® SRAM
® CFI Flash

B LCD Display




Other Important Peripherals for Nios Il

m JTAG UART B Compact Flash Interface
— Single JTAG — Mass Storage Support

Connection For: ® True IDE Mode
® Device Configuration ® Compact Flash Mode

® Flash Programming - Software Supports

® Code Download ® Low-Level API
® Debug ® MicroC/OS-Il File System

® Target STDIO (printing) Support _
® LCLinux File System
H“‘x Support

Py Vo --H"“-K

i
1

Y AN
g \
l\":‘J 1 . . | -
' Peripheral Now Provided ,
My 1 with the Nios Il IDE and |
- | ' Supported through the |

Nios Forum
www.niosforum.com
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New Peripherals for Nios |1 5.0

@ SSRAM Controller

— Cypress CY7C1380C Sync SRAM controller
e Provided to support SSRAM component on Cyclone Il dev kit board
e Not a fully configurable general purpose controller

m Support for DDR/DDR2 in SOPC Builder GUI
— With burst adapter

e Sequential master to interleaved slave enhancement

— Separate READ/Write duplex slaves
e Automatically matches address of read/write slaves
e Arbitration logic connects read/write masters to both slaves

m Support for PCl and Bursting DMA in SOPC Builder GUI
— Higher bandwidth transfers through PCI
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Sharing Data & Peripherals

m Mailboxes For Inter-Processor (and Multi-
Threaded) Message Passing

m Hardware Mutex For Safe Resource Sharing

Mailboxes (New in 5.0)

Buffar A

E |

Butfer B

Data

Shared Mamory

Cobovriaht © 2005 Altera Corporation

Shared Memorv

CPUO /A

[ ]
[ ]
— UART
. Any Shared
. Resource

Mutex (New in 1.1)

E — Hardware




Custom Peripherals
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New Component Editor

I™ Altera SOPC Builder - nioslI
5N Systern Module iew Tools Help

Ext

Mewnr System...
Open System... —

Check Web for Updates s
Refresh Component List
Browse Project Directory...
SOPC Builder Setup...

[

EEEREEEEEE®

AHB Modules

EPM1C20 Hios Development Bo:
EP1510 Hios Development Boi
EP1540 Hios Development BDiI
EP20K200E Hios Development
EP2560 DSP Board Stratix Il Ed
EP2560 Hios Development Boi)
Ethernet

Extra Utilities

Legacy Components
Memory

Other
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Create External Component Interface

m To communicate with
off-chip peripherals

m Base interface type
on data sheet

™ Component Editor - my_cfi_flash

AMDO AMD29LVO065AD CFI Flash Chip
PIH DESCRIPTION LEGIC SYMBOL
A-A32 w2 Adireses Inpuls

DI0=007 = @ Dals inpuis'cirtpos

CE= m Chip Enable irgiil
DEs = Ouipul Enabie nput
WER = Wiril= Enabls gl
AL = Apoelemaon npul

AESETa = Harfmr= Aees) P npst
Y = Plaadafiisy sl

= 30 will-only sngls pirwer supply
i Prodect Sebecicr Gulds o
Bl Oplatiis A wolings

ave [ wMNaddress
remion_iriztle_sieve_{ Ao
_n'-'ul:l'l_ln::l.ulu_alum_lil .
[erilon_riale_shva
wreakon_iistile_shave_0
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Or Add HDL Files

m For peripheral that has been encoded for FPGA

[ m]}d

Fie  Debiig
i rosdu choe HOL Fies | Sigrais | imefaces | SW Fies | Component Wizard

B Sbnut HOL Files

HOL Filesa

| AddHDLFile

Tap Leesl Mady qualon_peen v avalon_pwm

| o Prey | | Hexl = | | Emnmh |
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Define Component Signals

. :
Componeént Editar - avalon_pwm

Fie Datiig
Intreduction | HOL Filez | Sigrals| interfaces

F Akl Signads

Flsrras. Irdarinees
_.FIH_ILFH:
Fion _girve
|amlon_sleem 0
[awdon_sieas D
[mmdon_simvvs 0

=11

I
AR
=

£
Lt
3
=

A0S CUSTOMT LT

EW Files | Commpanenl Wizard

Tigrad Mo LTSS
ik 1
Canfels

levimarahls n

ot

wTie_n 1
sokbeLs I
_rl:i_n _I

=]

mdpu

Automatically populates port
table from design files

_—~ Enter port type here

Can also define ports manuall

Cobovriaoht © 2005 Altera Co

rporation

JALTIERAY



Define Interface for Each Signal Type

® Component Editor - avalon_pwm

Fe Debug
Intraduction| HOL Fies | Sagnals| Mledsces | 5w Fies | Component Wizard

b About Inturfaces Choose interface type

bl it il i bt AL Register Slave uses native
Mams= | avalon_slave () ;
Tope! |avalon §lae ¥

dynamic alignment

= Byalon Slave Sabings

Sleva addressing |Memory % Control Read and Write Timin
Can rBCeve ldensls Ragistars / - :
Add wait and hold states View
= Awslon Slave Timing waveforms
Satup: 10 A Vi 1 Held | D Uil r ""
p wWirte War: 1 z

Read Wireloms
aska

sade X
J-E'].El:'l:-_[ |
teadn | [

\Wrikn WWaveforms
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Add Software Files

m ie. Header files and drivers

™ Component Editor - avalan_pwm

Bl Db

imroductan | HOL Files | Signats | Interfacas | S Fiks | Componest Wizand

oAb SV Files

Fiby e vy Thps

Sofreara Fig

fapd 5wy Film

(< P | [t = | [Emsn |

Cobovriaht © 2005 Altera Corporation



Add Software Files

m Header file and drivers can also be added directly to

Application Project
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Create Component Wizard

m Publish and create a wizard for your component

™ component Editor - avalan_pwm

Fie Debug

immductan HOL Fiks | Signaks | Inferfacas | SW Piles || Lomponest ‘Wizand

» Bhoud L
Faldar, | Cfabera_ten_dewsTiosl_deeslopmentiMiasl 002 _deratsioen_I_|atetresl on_pwm/
Clase Mams: | awslm_pwm
Companent Nam | asslon_pwm
Companenl Vers 10

Companent Grou | User Lopc

Pasmmelers

s [ VVIZ ahd
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m Fill in fields

m Add component to
SOPC Builder portfolio

m Can add parameterizing
capability to component




Add Component to SOPC System

m Default location is the User Logic folder
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: Custom Instructions
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Custom Instructions Tab

m Enabled from the Custom Instructions tab In the
Nios Il CPU settings in SOPC Builder

™ pjtera Mios 1l - cpu

Frafian Corswrie

[ impan | iEru |

IT i sl s Bt iy b licaan T FS2, saly 86 Tasid of Wacs will b i,

Lga-:ﬂ | | = Praw | | Firish |
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Custom Instructions Tab

= Import logic for the custom instruction
m Custom Instruction module can be of following

formats:

— VHDL

— Verilog HDL

— EDIF

— Quartus Block Diagram (.bdf)

Cobovriaht © 2005 Altera Corporation

1™ nterface to User Logic - custominstruction_cpu El

Cericgr: Film
A
Daksl
Top msiubs
Pl inhrrriiae
— [ wtes | prection =
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Software Interface - C

m NIOS Il IDE generates macros automatically during build process

m Macros defined in system.h file
#define ALT_CI_<your instruction_name>(instruction arguments)

m Example of user C-code that references Bitswap custom instruction:

#include "system.h"
int main (void)
{
int a = 0x12345678;
int a_swap = 0;

a swap = ALT_Cl_ BSWAP(a);
return O;

Cobovriaht © 2005 Altera Corporation



Software Project in
Niosll IDE
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Opening the Nios Il IDE

| e

| BB ot 11 CE I"‘

FIHDL. Gonume systerm modak |eg i Veiiog,
[JSmusion Cresle simuiso peogect B

Exi | i Pagy I

o l*mWﬂmﬂl‘hﬂMhpﬂhm i,lﬂlq-mm -

s Tha st pdsmay nakds in svbdide mgrvees Eegridies ol smdpliegd

B T e =
ﬁil'ﬂi

e —

i@ w71 Fyckwimon

) Cmor Symniveg

I Expern

[ Cearea

) EH DL

0 BN Roconaes

n EM Regrizatnor

I el Line

0 Intervichen WDl
(0 LaNDk Manaen o
3 Marosof Ofics Tooks
I haotse Axiciate
ﬂ Horion Atk 2003
) Cwacks - DRAC BEL_HOME
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Launch the Nios Il IDE from
the SOPC Builder or from
the Windows Start menu

1 ) Mg

1) Mos [ Dervmiopment 5K L0

W] tior £ oooumerericn
B rcs 1 Eoare pbiss fuerioagh
B raos 1 Exmrmpies (YHOL
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Workspace Dialog Box New

m Appears when you first open Nios Il IDE
— Before main tool opens

m Can now open Multiple Nios Il IDE sessions

— Pick workspace each time Nios Il IDE opened
e Default C:\altera\kits\nios2\bin\eclipse\workspace

m Each “workspace” has its own settings

Select a workspace
Hios O [DE stores your projecs ina dinectory calied a workspace.
Salect fe workspace direchory to use for this session.
Wionspace: | moateraikisinics Hbinmeciosstworkspace w| Browsa. |

Use tis a8 the defaut and do not ask agsn

o ] coes
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Nios Il IDE Workbench

_ist of
Open
Projects

JCeE - grop] o - Mg || IGE

7

Pl Ec faagete Saych Bun Eroject Toow ncow b
=8 o BrDTy &5 =
¢ (R o - e Y | I
i =8 -] L T File Viewer
L B —— 2 9 shimgh H
= v G Brues 1fincluds <pLdic k> W WIndOW
# {2 Incistes dincluds <sCpleg. iz U parEmh
W o Costig SEineluds <atdlib_h» G afera_mwson_pan_fegen
/ & B orodic GRimcluds “aystes.h® W & opeh (for C COdE
aphcatori s Jiincluds "mlt=ca_svalon_pio_ceg=.R” U tmeh C++. and
1 ismche Bt i finsluds “mlt_types.n” W urieidh ! ‘
4 (e eroo_gwapact_glls [raced]] Ufincluds <tips,h> W eyl §mstanp b assembly*
i g arodnea_froject : - I0fEn=]luide <uniatd. s & olnmnjLE ‘
+ & aredma_propct_sydb frecell] 11finsluds <oys/alt Cimestaep . he o ¥ s st e
+ i} Hics T Do Drpeers 12 & man
13 & gaba bk begn
lduneigned short cocComputs (uneigned short "data block, w sk block_erd
15| W Sala wam oy
156 umaigned sherl® poLnTSET) 1 1
17 unalgnad short waLd] \ OUtIIne V|eW
b .
18 i (view and/or
18 word = RLT CI_CRC{UXFFFF, 1l:
20 open funcs,
21 fazr |polbtep = .|h‘.‘|_|l:. cki peintec < (data | Ik ®
22 enums, class
3 wofd = RLT CT CRCq{*posnter, 01 o

T

Frotlams | D Corecls Fropermss  pragpoare Detig Tras
Cormm s

unions, struc
typedefs, etc.

¥~ terminal

window

*Note: C++ files must have extension .cpp
In-line assembly code offset by asm();
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This Creates Two Software Projects

- Application and System Library Project

CIC4++ - helle _warld. ¢ - Nios (1 IDE

Application Project
- contains application ™

source code

ystem Library Project
contains system

eader file, etc.

Jrivers Directory

contains all device drivers
- DO NOT DELETE !

o1 r=adme=. bt
= = Pl _wiarld_0_uyall [racl(]
LV resime bt
Fysiem st
# L Mo [T Deeice Dereers

fhalo workd O

B Eit Nawvoaie Seych Bun Eroject Took  Wodow Hep
[ s s | D= Q > |84
= 1| kel realo_wiowkdo 55

Binclude <atdio.h>

int maindh

|
pEintf {"H=1lo from Hic=s IIi%n™);

gaturm 0}

2 Proheers | Corenk Froporiss

O v ores, O warnarga, O inios

I Fodder

1| g5 Outline 1

Hale =
U mEah
& man

|Locabon |
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System Library Project Properties

Specify stdio devices

s o T
i o y
<® Sani LB s D
RO =

o s i

™ Wit iy, s by ] [ Erwbhi o Pl ! fheichi PiLCEOm
[~ P W= Fiao chwiang

S b CE L |

ikl | it | R L g ] e R

L Im?'—'l Froghar feway | Rn]] o g
i [Fg.iim =] | itk it swewary | el i
Etem ik T fran_sa_mes =] || s ety megry reiai) e
Tarwstn s frone #] | b ey =T
Vane R eeprar |= Bt Py

b e =i (e it [ s BN, ™ Lism m b i oo pli,

[ ool Claay I Lk e pociing By

LR Byl
=TT TR e

Errapion tact rerory
Ve evcepdon ciad e il P

bp | mewrapehim | aaw |

I
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Nios |l Instruction Set Simulator

m Instruction Set Simulators are software
models of an Instruction Set Architecture

— Generally used to debug code if a target board
IS unavailable

— Provides limited models of a few hardware
peripherals
e Timer
e UART
e Memory (flash, SDRAM, on-chip, etc...)
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Nios Il Instruction Set Simulator

= LaunCh a.n ISS Debug CfC#+ - pwm.c - Mios I IDE

B Ede Hawgate Segch  Froject Tools Bun Window  Hep

session fromthe Run |- c-o-u- o0 - 0 o
Menu

Fincluds <stdla.bh>

finclude "=l teca avalon_ - P

. : il L‘f |'|-:ll:|_#.:.r1-]_5-l-'sﬂ:||_|1_'r§,||] Mncluds “=yatem.h”
m Targets .elf fileto ISS | —
- Doty So Tt —
and opens debugger e otin

— Application can then be |, o Drement L AL

| i = ’
| = & rios_psem_pror Db dx P e [ s

debugged as normal |+ e etiomer i T

Oy

M etz
PeliC#ss, .
Ramama

poy Import
ey Expit

Y Refre=h
s Progect
Tam
Compara Wi
Pestore ffom Locs Helory...

Propseriies

Syshem Library Properbes
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' RTL Simulation
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RTL Simulation

m Nios || SOPC Builder Automatically Creates

Simulation Models Plus:
— ModelSim Project

— Testbench

— Simulation Scripts

Be Sure to Set /

Simulation Option

T™ & |pger g SOPE Budlder - sid_1c20
M= Modie Sysiem YWew Toox [Hep

Spilim CEnlins Esaid Sslimy s Wi 0 Ik 1 Sagi
Mo 1] Pebass “opal Gebings Mg [ Wiowe “cpal Sating s M
Dptoag
I i ki 1 EDE |
| HAL [=maeime pysiem mankide g n Yetiog

o] Biwdulen Cowalw sorialalin Pripee] i

i et ws gl it Ll copatidtess @l sant e corpeed i uatis §with b care Losnes
s I for lag i b e consecled o apid

7] Ceme chaschorag Brugielee

L7 Yo ot inal vorsian .30 progact Nie e beon saved au st 1030 i .20

| Ega | | <P |
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Simulation TestBench

SRA|!. FLA!!
A A A A

A A

= v v v v -
=Nios Il Processor o :
- : : ompact .
: Address (32) Tri Ste Tri Ste Fla':h SDRAM | :
S| 32-Bit —— 5 :
: Nios II ALCN = :
: | Processor |,DPaaln(@2) | o :
Data Out (32) _ i On Chip On Chip Custom
: 2 4 4 1S ROM) RAM Instruction :
: n UART [+
[ m [
: IRQ = :
e User User
: IRQ #(6) Defined Defined :
Peripheral Interface

Clock Reset
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User Additions to Nios Il TestBench

A <ALTERA_NOTE> CODE INJERTED BETWEEMN HEERE
Sdinclude additional files here
S¢ AWND HERE WILL EE PREZIERWVED {HALTERA_NOTE}

m SOPC Builder creates
testbench embedded In
top level file (eg. niosll.v)

wire [ 11: 0] in port to_the button pio:

reg clk:

wire [ 1: 0] bidir port to_and from the led pio;

wire [ 3: 0] he n; . . . . .
wire write n to the ext flash: S t th th f I
wite [ 15: 0] sddrese; B oecltons witnin tnis tie

wire selectd n to the ext ram;

wire uartl_si_zeaagrfDzdatg_frum_sa; a_'re reserved to add user
wire [ 19: 0] off chip bus address:

Tl files and code

wire [ 3: 0] off chip bus byteenablen;
reg reset _n:
wire [ 31: 0] off chip bus data;

Trer s o) oot o one s e pie;, M TNESE SECHIONS are
- 2 enin bus_resn: preserved if the SOPC

wire read n; - -

wire txd_Eru:um_the_uartl; bUIIder IS used to re'
wire rxd to_the uartl; -

wire select n to the ext flash; generate the NIOS II
wire uartl =1 datsavailskhle from =sa;

wire [ 31: 0] data; System

wire selectl n;

wire write n to_the ext ram:

/¢ <ALTERL NOTEx CODE INIERTED BETWEEN HERE
A4 add your signals and additional architecture here
/¢ MID HERE WILL BE PREIERVED </ALTERL NOTE>




Running an RTL Simulation

= Modify Nios Il IDE System Library
For Simulation:

— Specify Program Memory
— Set Up As Simulation Only

Fidasi N

+ e Foll_wioried
4+ fy Pl _worid oyl [reos ]
+ = rios_pwm_piodect

T
&0 i
(et i st WA

il Prifject

o

X =
Moye
Famyms

) Rawijsrts s reareary | recista )

=1 g ey

il maworr wrrt_ra
1l e S RN R

Ercaprlion vieh. swrory I

TP L ey
o Evnort

LR inify
e Prajact 1 e E LT P S )

Team ] L e [

Comogre Wih

L]
Fassiore from Locs Hisory, | = | e
Fropernes. '

. . A = VA
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Running an RTL Simulation

Iv Clean exit (Flush buffers) | Reduced device drivers
[ Small C library [ Link with profiling library
VMDdeISim only, no hardware support

Software Components. .. |

m Checking the “ModelSim only, no hardware
support” button:

— Leaves caches uninitialized
— Does not initialize the .bss section

m As a result simulation speeds are increased

® You can still simulate with this button
unchecked but simulation time will be much
longer
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Running an RTL Simulation

m Launch ModelSim from Nios Il IDE:

— Highlight Software Project In C/C++ Projects panel
— Right click

— Run As Nios Il ModelSim

+ g blio wiorkd

+ i o workd st (el ]

* ol P

¥ g RS _pee e P n
kg -

¥ e Do o oy

£ I e T

RLIr a5
Cebug &
Buid Project

B Mo 11 Hardwars
* [T Mdees 11 Tretrueciion Set Simedstor
) e [ Modecam

P

K Caits
Mirya
F=1me
R TRDRCAT
o Ervpt.
i FEreh
Tons Projact
Team
COTEFE Wi
Festore Tos Loco Helory

Froperties

Sxemtem Library Propesrthes
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Running an RTL Simulation

MiodelSim ALTERA & 0c - Custom Altera Wersian

Fie Bt Veew Format Compde Samedsbe  add Took  Window HeEn
R IEEY il | [ 7 || Favk o || <ot G 105 |
‘Wnrspecs 4+
* Fdame [Stmhid Type | Orce| odied

1 P
]ﬁﬁmuilum| [

! (S

1= (B3 g il oo — dhspl By | DESHRCTRVE i prud v rad i PO T P _ ot
¥ [E

¥ (A5 b= prnk this message

P (5

| =

¥ CparFie “rosl_sm mpl’

¥ Loadng project rapsl_samn

bl O S

¥ 9D wind ow comlsining el sech sgrals +|

Project - reosli_sim [<Mo Design Loaded> Mo Conlest=
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Simulation Scripts

m When ModelSim is started from the Nios Il IDE a set-up
script is run automatically which creates aliases for
simulation scripts

m The set up script can also be run independently as follows:
— do setup_sim.do

= Simulation Scripts
— sJ  Compiles HDL source code and loads design

— cd  Rebuilds memory contents based on software code
o Includes changes since Nios Il generation

— wd  Opens Wave window with “useful” signals
— |4 Opens List window with “useful” signals
— hd  Displays help message describing scripts
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Memory Device Simulation Models

m Applies To The Following Nios Il Memories
— On Chip Memory (ROM or RAM)
— SRAM
— Flash Memory and now SDRAM

1™ sDRAM Controller - sdram_0 El

Preseis crwge Micron MTAELCARESS2-T chp

Memarg Profile | Timing
[l AR Archdechas
?-E‘_'I Bilz Chip Salecl= |1_' Banks: 4_'|
B Pl
Row [12 Coknn B
Shirs Fird v Trishebs B ks

" Conroller shares dg/dgmdaddr WD pins.

erar Marsory WModsl [ Tidsbon Only)

W Include & funciional memn pdel i the eyeiam 1asibanch
Blamory sips: 16 Mbvins

ST x T2

it ——— Include SDRAM Model
for Simulation

Cancal | Max] = Einigh
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Memory Device Simulation Models

®m You can no longer initialize memories in the
SOPC Builder

— Memory init file are created by the Nios |l IDE

™ SRAM (two IDT71V416 chips) - ext_ram X]

____________________________ — ext_ram will be initialized for simulation
e with the ext_ram.dat file

Static RAM
The Nios Development Eoarcs(Stratix 1510, 1540 and Cyclone 1€20 — YOou must com pl le your software in the
editionz] |, have twa IDTY1V41E SREAM chips arranged as 256k . . .
32-hit words (1MByte total address span). Nios |l IDE to generate this file
Memry Size: | mefe = | — Onchip memories are initialized with
18 Word &ligned Address Bits <com pOnent_n ame>. hex

Generic Memary Model (Simulation Cnly) . . . .

[+ Include & functional memary model in the system testhench. o O n Ch I p m e m O ry I n It fl IeS Can be Created

by an editor or by the Nios Il IDE
Cancel | Finizh |
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UART Simulation

OEEE— . Text IS transmitted to
- Simulsted RXD-input character stream // U ART durlng SlmU|at|0n

P m Creates and saves txt file
' containing UART tx
_ stream

— Prepare Interactive Windows /

[ Creste Modelsim Alias to open streaming output window

1 crse o e oo e simai i< 1— M- Cr@@tE€S Window to input
text at simulation run time

% accelerated (use divisor = 2)
" actual true baud divi \
actual [uze true bau Mscurj\ i

Cancel | = Prew | et = | Finizh \

Note: ModelSim Options are mutually exclusive
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UART Simulation

m [nput is interactive or predefined

m Output is shown and saved independently for multiple
UARTS

= gl _coome_in.bog
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JTAG UART Simulation

U™ JTAG UART - jtag_uart . m Textis transmitted to the
o —  new JTAG_UART
peripheral during
simulation

= Creates and saves txt file
containing UART tx
I Do nod generate ModelSim aliases for inderactive windows Stre am

™ Create ModelSim alias 10 opan s window showing ouput as ASCH 1aet /

[+ Creale ModelSim alias 1o open & mberaciive stirulusfesponss windo = Cre ateS WI ndOW to In pUt
text at simulation run time

-

Cancel < Pray Finish

Note: ModelSim Options are mutually exclusive
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Wave Window

m Adds UART and CPU signals by default

=i wawe - default

File Edit “iew Insert Format  Tools  Window

EHE S RRAI N KT  Noi® S @B EFELEIEE 3
— jtag_uart

0

0

L0ALE2DOEN Q0402000

1]
readyfordata

— cpu

d_irg
d_readdata FEFEEFER| FEFFFFFF
d_waitrequest 1
d_add 00FCED = (OOFFET ) (OOFFET ) (OOFFET )
d_byteenable 1
Mo 40410 nz
Curzar 1 0 nz
< o] D[S > |
| 3956 ns to 4103 ns | 4
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SignalTap™ |l Logic Analyzer

Up to 200 MHz

Multi-Analyzer Support

1,024 Channels

128K Samples g |

10 Trigger Levels i g EEA | s

No Probes! R w

Can be used 3 = Download Cable to
simultaneously with the : BT ] cuarus 1 softvare &
Nios Il IDE debugger and g 53 QUARTUS

the FS2 console! B ‘hadds

Capture the state of internal nodes
In-system, at full system speeds

= YA
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SignalTap™ Il Logic Analyzer

15
="

sl

C—
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E =l & i

F| [ F HE cals [T Hisshatra: Ih Edsinai [LUEE = e |

Dwven  [@1 EF1E2E iz =] u:-_m-i-.'
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