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Getting Started

Overview

What Does It Take To Create Your Own Custom Processor-BadeEmbedded System?

This lab teaches you how to create a system implemented irmpnogible logic. You build a processor-based
hardware system and run software on it. As the lab progrgssewill see how quick and easy it is to build entire
systems using Altera’s SOPC Builderconfigure and integrate pre-verified IP blocks.

Lab Notes:

Many of the names that the lab asks you to choose for filegpaments, and other objects in this exercise must be
spelledexactly as directed.

This nomenclature is necessary because the pre-written softwicatgpincludes variables that use the names of
the hardware peripherals. Naming the components differently cae taisoftware application to fail.

There are also other similar dependencies within the projecetate you to enter the correct names.

Note: This lab guide requires an Arrow Electronics BeMicroSIKGA-based MCU Evaluation Board
(www.arrow.com/bemicroSDK).
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Getting Started

MODULE 1: Getting Started

Module Obijective

Your first objective is to ensure that you have all of tamg needed and to install the tools so that you are ready to
create and run your design.

List of required items

®  Arrow Electronics BeMicro SDK FPGA-based MCU Evaluation Board

" Design Software (Quartus® Il design software v10.0., Nios® Il EDS 10.0, Micrium uC/Probe)

Intel Pentium Il or compatible Windows PC, running at 866MHz or faster, with a minimum of 512MB of system
memory. NOTE REGARDING LAB SUPPORTED OPERATING SYSTEMS: 32 bit versions of Windows XP,
Windows Vista and Windows 7 are supported by software tools required for this lab. NO 64 bit versions are
supported

®  Lab Design Files

1.1 Acquire the BeMicro SDK Development Board

This development kit can be ordered from http://www.arrow/bemicrosdk.

i
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1.2 Install the Altera Design Software

You will need to instalALL of the following design software packages:
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Getting Started

1) Quartus Il Web Edition design software v10.0- FPGA synthesis and compilation tool that contains SOPC
Builder and the MegaCore IP library with the Nios Il prooe$B core
2) Nios Il EDS v10.0— A complete integrated development environment for softwareldpment

The Quartus Il design software and the Nios Il EDS ardadblaivia the Altera Complete Design Suite DVD or by
downloading from the web.

If you already have both Quartus I and the Nios || EDSinstalled on your machine, you may skip ahead to Section 1.3
to extract the lab files.

INSTALLING FROM THE DVD-ROM : Please skip ahead to step 4 of the installation instngctio
INSTALLING FROM THE WEB : Please follow steps 1 through 4 of the installatiorrilesions.
The Web Edition can be downloaded from the Altera webRlgase carefully follow the steps shown below

1. Go to the Altera Download web page at https://wwwaltem/download/dnl-index.jsp

Download Center

Hioe > BilpagH s Bhlnisadss - Download the Windows

Version of theAltera Installer
S

ouartus'n  ModelSim  Nios'II DSP Builder

Download your cheice of current design software:
Quartus® II v10.0 {includes MegaCore® IP Library)

» Subscription Edition (30-dzp free trial)

« Wieh Edition (free) Compare
ModelSime-Altera®

« ModelSim-altera Starter Edition (Fres)

e ModelSim-Altera Edition Compare

Download
Windows Yersion
(11 MB)

Update Subscription Edition Service Pack 1
Install Web Edition Service Pack 1

Nios® II Embedded Design Suite (frees) Read before downloading software.
DSP Builder Read Altera Software v10.0 Instsllation FAC

2. Login to myAltera account. Use your existing logingetOne-TimeAccess

myAltera Account Sign-in

Hama * Suppart = mySuppart > i

Get On+Time Acces

> Name |
. .. Forgot Your User Name or Password?
Login to existing accou possuord
LI Remember me
i
Don't have an account?
i} Create Your myAltera Account () GetOne-Time Access
Your myaltera account allaws you to file a service One-time quest access can begfed to access the
request, register for a class, download software, and download center without creging an myaltera
mare. account, However, you it complets this form on

each return visit
Eifte peariginatl qddress:
Enter your emjifaddress.
(i your email address already exists in our system L
we wil retrieve the assoctated information.) [ —
i a o and update emails from Altera,
Get One-Time Access

3. Altera Installer Setup. Run the Altera Installer and Nagitathelnstaller Setup page Select the
Download Installation Files from the Internetadio button

Altera Corporation &. BeMicro SDK Embedded System Lab
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Getting Started

Altera Software Installer

Installer Setup
Select the location of the installation files.

) Specify the Installation Files Directory |~ Select thisRadic Buttor

Select this option if you want the Altera Software Installer to retrieve installation files fr
wour hard disk or lacal netwark.

Installer Source Directary!

| / Btovise

(%) Download Installation Files From the Internet
Select this option if wou wank the Altera Software to retrieve installation files From the:
Internet,

Specify how you are connected ta the Internet:

(&) Mo prowy (recommended)

> Installer Setup ) Manual prosey configuration

Wab Prosy:

I
Ussimame: | |
|

Passwword:

[ < Back ][ Mext = ][ Cancel J

4. Select Components. Sel€uiartus Il Software Web EditiorandNios 1l Embedded Design Suite
componentgor download.

Altera Software Installer

Select components
Select the software components you want to instal,

Components Install Size | Download Size

& Quartus IT saftware (includes IP Library)

&[] Quartus I Web Edition software (Free’
ModelSim-Altera Edition (Paid) 2,306 MB 517 MB

+[¥| Mios IT Embedded Design Suite : 1B L4 SeIeCt these Compone

D3P Builder 117 MB 51 MB
Stand-alone Quartus I Programmer (Free) 494 MB 161 MB

Description

Installs the ModelSim-altera Starter Edition software. The ModelSim-Albera Skarter Edition
software supports behavioral simulation and YHOL or Yerilog HOL {not mixed-language
simulation) testbenches for all Altera devices. The ModelSim-alters Starter Edition
saftware has a 10,000 executable line limitation and is ideal far simulating smaller FPGA

designs.
Install: Download:
Space Required: TTIEME 3557ME Select/Deselect All
Space Available: 2, F06ME: 2, 706ME

[ < Back ” Mext = ][ Cancel ]
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Getting Started

1.3 Extract the BeMicro SDK Installation and Lab Files

Download the BeMicroSDK.zip ZIP archive from the http://wamow.com/bemicrosdk web page to a folder on your
PC. Make sure that there &€® SPACESn the directory path.

Note: By installing the software onto your PC you are bounith¢dicense agreement of the software. The complete
license agreement can be found in the license_agreement.txt fiteifothe “<install directory>\driver\” directory.
This license agreement, in short, allows you to use thea@t@nly in conjunction with Altera FPGA devices
purchased from Arrow Electronics or a subsidiary of Arrow.

14 Install the USB-Blaster Device Driver

i) Found New Hardware
LISE-Blaster

After the Quartus Il and Nios Il software packages are instaftedcan plug the BeMicro SDK board into your USB
port. Your Windows PC will find the new hardware andentthe “Found New Hardware Wizard” will come up and
request that the driver needs to be installed:

Select “Install from a list or specific location (Advanced)” andticare through the wizard.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:

USE-Blaster

') If your hardware came with an installation CD
“4i? or floppy disk. inzert it now.

‘wihat do you want the wizard to do?

() Install the software automatically (Fecommended)

Click Mexst to continue.

[ Mest > l[ Cancel I

In the next dialogue box point the wizard to the driverscivisan be found in your Quartus installation directory under
“<install directory>\10.0\quartus\drivers\usb-blaster’Windows presents you with a message that the drivers have
not passed Windows Logo testing, please click “Continue Agyw

Altera Corporation &. BeMicro SDK Embedded System Lab
Arrow Electronics, Inc 6 November 2010



Getting Started

Nt ewiardaie Si<ar Hardware Installation
Please choose your search and installation options.
1 The software you are installing for thiz hardware:
= e Y

() Gearch for the best driver in these locations Alkera USE-Blaster

Use the check boxes below ta limit or expand the default search, which includes local
paths and remowable media. The best diver found will be installed. : : e e
hag not pazzed Windows Loge testing to wverify itz compatibility

[ Search remevable media [floppy. CO-AOM...) with Windows %P [Tell me why this testing is important. ]

Include thiz location in the search: L 2 2 - 5 5
. o Continuing your installation of thiz software may impair

or destabilize the correct operation of your spstem
either immediately or in the future. Microgoft strongly
) Don't s=arch, | will choose the driver o install, recommends that you stop this installation now and
contact the hardware vendor for software that has
paszed Windows Logo testing.

I-E halterat] 0.0NquartusSdriversusb-blaster _v| | Bowee |

Choose this option to select the device driver from a list. 'Windows does not guarantes that
the driver pou choose will be the best match for pour hardware,

<Back [ Newt> | [ Cancel [ Continue Snyway I [ STOP Ingtallation |

If you have trouble with the USB-Blaster installation, pkeegntact your Arrow FAE.

CONGRATULATIONS!!

You have just completed all the setup and installation requirements and are now ready to

examine the system-level design.

Altera Corporation &. BeMicro SDK Embedded System Lab
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Examine the System Design

Module Obijective

Developing software for an Altera System on a Programmabije (SRPC) requires an understanding of the design
flow between the SOPC Builder system tool and the Nigsnibedded Development Suite (EDS). Typically, design
requirements begin with customer requirements and become tomytstem definition. System definition is hence the
first step in the design flow process. For this labsistem definition and design is complete and an FPGA image
derived from that has been flashed into the BeMicro SDKCkit. objective is to learn how to use the Nios Il EDS to
build software projects for this system. The objectivénis module is to examine the system architecture and

MODULE 2: Examine the System Design

development tools that you will be using today.

21

HDL Files

Examine the System Tool Flow

L |

sopc , ©

4 SOPC Builder
Define System

FPGA Design

o Edit
e Assign Pin-out

e Compile
e Download

e Timing Constraints

/

e Select IP

e Make Connections
e Generate System

I Builder

Concept to System in Minutes

System Description

dclipse

Target

Configure FPGA

The above diagram depicts the typical flow for system deSigstem definition is performed using SOPC Builder.
The results are two-fold:

= System description that the Nios Il Integrated Developmewit&@rment, the software design tool, uses to

Software
Development

e Add Source Files
o Edit

e Build

e Debug

e Run

N

Hardware

) Download Application

create a new project for the software application.

Altera Corporation &.
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Examine the System Design

= HDL files for the system that are used by the Quart&®EA design software to compile and generate
the hardware system.

The output of the Hardware Flow is an FPGA image that is teseohfigure the FPGA. This flow has been completed
for you and the FPGA image has been flashed into the Bel8RKokit. The output of the Software Flow is an
executable from which the Nios Il processor executes instructions

2.2 Examine the BeMicro SDK Kit

Examine the components on the BeMicro SDK board hardware:

Micron Mobile DDR 8 User LEDs
512 Mbit

LTC Power Supplies National 10/100
Ethernet PHY

CPU Reset

National Temperature

Sensor
USB-Blaster Altera 60nm

Cyclone IVE FPGA
with 22k LEs

A Micro—SD card connector is located on the reverse side dfoduel. An Altera serial flash device is also located on
the reverse side. This is used to configure the FPGA hardmageiand store CPU boot images.

Altera Corporation &. BeMicro SDK Embedded System Lab
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Examine the System Design

2.3 System Architecture

The BeMicro SDK kit is architected using the components shiouire sketch below:

To mobile To Ethernet To SD card To EPCS seridlo temperature
SDRAM PHY Flash sensor
Nios IT SDRAM FIR Filter Ethernet SD Card EPCS Temperature
/f controller Accelerator controller controller controller sensor
CPU SPT
< System Interconnect Fabric >
High LED Pushbutton JTAG JTAG
PLL System Resolution PIO PIO UART UART
Timer Timer
From 50 MHz To bank of 8 From user To Nios IT To uCProbe
oscillator LEDs pushbutton console via console via
JTAG JTAG

The system above can be created in SOPC Builder using a stibdaydof re-useable IP blocks. The System
Interconnect Fabric is automatically generated by SOPC Builddrindd the blocks together. The system
interconnect manages dynamic bus-width matching, interrupitfes, arbitration and address mapping. This system
is a full-featured processor system capable of running opgtstems such as uC-OSll or Linux.

The following pages will guide you through the processuilding a basic embedded system. You will build up a
subset of the system shown above.

Altera Corporation &. BeMicro SDK Embedded System Lab
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Set Up the Quartus Il Project

MODULE 3: Set Up the Quartus Il Project

In this section, you create a new Quartus Il project to cotitaiSOPC Builder system. The top level is a schematic
file, which at this stage is a placeholder containing some ralni@set logic, i.e. a counter that issues a reset to the
SOPC system in response to a hard reset.

In addition you will specify I/O constraints and settifigsthis design by executing a Tcl script.

3.1 Create New Quartus Il Project

Launch theQuartus Il 10.0 software fromStart -> All Programs -> Altera.

Click onFile -> New Project Wizard. This will launch the New Project Wizard. An “Introduction”
dialogue box may appear. If so, clilkextto move to the dialogue box for the Name, Directory and Top-
Level Entity.

For the working directory for the project, click tBeowse button indicated by the.”.” symbol and
navigate to the foldebemicrosdk _embedded hw_lablocated in the unzipped lab design files. This
will be the working directory for your project.

%, Select Directory

Laook in: (23 €:\alkera_trmibemi...dk_embedded_hw_lab % & & & __3 [E] @

1:5 My Computer Mame

_J asz0es Qe
|2 software_source_files
< ¥
Files of bype! |Directorizs

Name the projectriios2_bemicrd.

For the top-level entity click on..” and select BeMicroll_schem” if you prefer to work with a top-
level schematic. You may alternatively seldgeMicroll_ver " if you prefer to work with a top-level
Verilog file.

4, New Project Wizard

Directory, Name, Top-Level Entity [page 1 of 5]

‘what is the working directary for this project?
Cifalkera_trnjbemicrosdk_embedded_bw_lab E]
‘what is the name of this praject?

nios2_bericro| E]

‘what is the name of the top-level design entity Far this project? This name is case sensitive and must exactly match
the entity name in the design file.

BeMicroll_schem E]

Click Next.

3.2 Add Files to the Project

= |n the Wizard window page 2 of 5 you will add files te thew project.

Altera Corporation &. BeMicro SDK Embedded System Lab
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Set Up the Quartus Il Project

Click theBrowse button and navigate to the project directory apdnthe folder entitled

“bemicrosdk_embedded_hw_lab’

LINeW Frojact Wi

Add Files [page 2 of 5]

Select the design files you want to include in the project. Click Add All ta add all design files in the project directory

to the project.
Mate: you can always add design Files to the project later,

Eile name: ! |E] Add
Filz Mame Type Library | Design Entry/Synthesis Tc: add all
<. Select File
Look in [ Cakkera_trrt,. mbedded_fw_lab V| (I 0 J @ i@
w’ Iy Computer Mame
| at2065 D
ujsoftware_source_ﬁles
[H schem.bdf
= Bemicron_ver.y
EI reset_counter,vhd
EI reset_logic.v
¢ |
File name: |BeMicroII_schem.bdF | | Open |
Files of bype; |Deswgr| Files (*.bdf * vhd * wvhdl * v *,vig *.verilog *,s Vi [ Cancel ]
¢

Selectand clickOpento add the appropriate top-level file that you chose iptheious step:
a. BeMicroll_schem.bdf : This is the top-level schematic effitithe Quartus Il Project.

or

b. BeMicroll_ver.v : This is an alternate top-level Verilog gntdr the Quartus Il Project.

Click Add to add the files listing chart.

After adding the file, page 2 should show the top-leveltfiat you selected as shown below. Chigkt.

4, New Project Wizard

Add Files [page 2 of 5]

Select the design files you want to include in the project. Click Add All to add all design
files in the project directory to the project.

Moke: you can always add design files to the project later,

File name: |E] Add
File Mame Type Librat Add Al
{E; Block Diagram|Schematic File
Remave
Up
< | > Dowin

Specify the path names of any non-default ibraries, Properties

< Back. ] I Mext = ] I Finish ] I Cancel

or

4 New Project Wizard

Add Files [page 2 of 5]

files in the project directory ta the project,

Mote: you can always add design files to the praject later.

Select the design files wou want to include in the project, Click Add All to add all design

File name: ‘E] Add
File Mame Type Librar: Add Al
BeMicrall_wver.v Yerilog HOL File
Remove
Up
< | > Down

Specify the path names of any non-default libraries, Properties

< Back H [Mext = ]I Einish H Cancel

Altera Corporation &.
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Set Up the Quartus Il Project

3.3 Specify Family and Device Settings

In this page you select Cycldh&/ EP4ACE22F17C7device, which is the device mounted on the BeMicro circuit

board.

»  First you will need to sele@yclone IV E from the Family pulldown.

You can then use the “Show in ‘Available devices’ list” optiofilter the list of available devices to make
selection easier. SeldeBGA for the package typ@56for the pin count and

7 for the speed grade. This will give you a shorter listenfices to choose from.

e SelectEP4CE22F17C7rom the “Available devices” list as shown below.

#. New Project Wizard

Family & Device Settings [page 3 of 5]

Select the Family and device you want to target For compilation.

|

Companion device
HardCopy:

Limik DSP 8 RAM to HardCopy device resources

Drevice Family Show in ‘Bvailable devices' list
Eamily; |Cyclone Iv £ v Package: FBGA ™|
Devices: [Al | Pincount:  |256 )
Target device Speed grade: 7 i~
() Auto device selected by the Fitter Show advanced devices
(%) Specific device selected in ‘Available devices' list HardCopy compatible only
Qkher nfa
Ayailable devices:
Name Core Yoltage LEs User I/0s Memory Bits Embedded multip ™ [
. L0 Luw [T u
|EP4CEL1OFIFIF 1.24 10320 180 1423936 46
3EP4CE15F17A7 1.2v 15408 166 1516096 112
|EP4CE1SFI7CT 1.2 15408 166 516095 112
|EP4CE1SFIFIF 1.2V 15408 166 516099 11z
|EP4CEZZF17AT (1.2Y 22320 154 605255 13
|EPacezerizey 112y £02568
|EP4CEZEF1TIF 1.2V 22320 154 605256 132 |

< Back ] [ Mext = ] [ Finish

] [ Cancel

Click Next.

3.4 Select EDA Tool Settings

Next.

= You will see 8Summary page. Clickinish.

Altera Corporation &.
Arrow Electronics, Inc
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Set Up the Quartus Il Project

3.5 Execute Setup Script

The I/O pin constraints have been programmed into a Tcl scrgpder to set up the Quartus Il project properly.

= Under theTools menu, selectTcl Scripts...”.

= IntheTcl Scripts dialog box choose thein_assignments.tcl script.

=  Click Run.

4 Tl Scripts

Libraries:

SR
= {2 simple_pwm
simple_puwm_hw. td
imple_pwm_sw, tcl

in 355 nenks, kol
= 2 c:falteraf10.0/quartus/cammanytcl/apps /qui

B (3 diw
b kel

= {3 Project ~

Presigw:

# PIN LOCATION ASSIGNMENTS
sek_location_assignment PIN_T4 -ta TEMP_SC
set_location_assignment PIR_R6 -to TEMP_CS_M
sek_location_assignment PIN_L15 -to P57
sek_location_assignment PIN_L14 -t P56

set_location_assignment PIN_M1Z -to PSS

sek_location_assignment PIN_P14 +to PS4

set_|ocation_assignment PIN_M11 -to PS3

set_location_assignment PIM_T11 -to P52
P ; Lot Tn L. nea

K. I [ Close

J

Help

Quartus Il will display a message indicating that the Tcpsericcessfully ran:

4 Quartus Il

2

Successfully lnaded and ran Tl Script File

"Cifalkera_trnfbemicrosdk_embedded_Fw_|ab)pin_assignments. kol

Click “OK” to dismiss this message.

Click “Clos¢ to exit the Tcl Script dialogue box.

CONGRATULATIONS!!

Your Quartus II project is set up. You are ready to start building your SOPC system.

Altera Corporation &.
Arrow Electronics, Inc
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Build the SOPC System

MODULE 4: Build the SOPC System
Module Obijective

In this module you add the standard and custom componehis $gstem, make connections where required,
assign the clocks, set arbitration priorities and generate stensy

4.1 Launch SOPC Builder

= From theTools menu, selectSOPC Builder’. There may be a slight delay while the SOPC Builder
application launches.

= In the "Create New Systerhdialog, selecWerilog and enter the system name a®%2_bemicro_sopt
= Click OK.

™ Create New System @

System Mame: | nios2_bemicro_sopo

Target HOL: (%) “eriog

() wHDL

4.2 Manage Clocks

There is a 50 MHz oscillator on the BeMicro SDK, and thi$ lvélthe clock source input. Other clocks are also
required for the SOPC system components as well as for aktemponents such as the SRAM. A PLL will be
used to provide these clocks. The following table reviews tukiclg scheme:

Clocking Scheme
Component Name Input Clock | Source Designation
Frequency
1. PLL 50 MHz Oscillator on ext_clk 50
BeMicro SDK
2. Nios Il processor and Mobile | 100 MHz Output ‘cO’ of PLL pll_cO0
DDR SDRAM Controller
3. Ethernet MAC and SD Card | 60 MHz Output ‘cl’ of PLL pll_c1
Host Controller
4. Slow Peripherals 40 MHz Output ‘c2’ of PLL pll_c2

Perform the following instructions to build the systénis helpful to have the rough sketch of your system hand
so you can follow along.

Altera Corporation &. BeMicro SDK Embedded System Lab
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Build the SOPC System

4.3 Build the SOPC System

1. Define the external 50.0 MHz clock source

Reason The clock coming into the FPGA is sourced by an on-bb@rslIHz crystal oscillator. This clock source

will feed our SOPC Builder system

= Click into the clk_0 field and rename it from clk_Oext_clk 5Q
= The default frequency already filled in is 50.0 MHz. Leave tbguency set at 50.0.

Target Clock Settings
Device Family:| Cyclone v E w Mame: Source MHz add
ext_clk_50 External 50.0

2. Add an Avalon ALTPLL

Reason:This peripheral instantiates a PLL which will generate the slémkthe system.

From theComponent Library pane, expanBLL and double click oAvalon ALTPLL .

System Conterts | System Gener

Component Library

Project
K ew companent..
+-BeMicro Components

Library
-;----A\-'alon Yerification Suite
J}--Bridges and Adapters
-;---DiSpla'y' Controller
;--{merface Protocols
J}--Legacy Components
J}--Memories and Memary Contr
-;---Micrutronix
+ ~Peripherals
=-PLL

- @ Mera PLL
: " valon ALTPLL
J}--Processor Additions
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= “General/Modes” tab (Page 1) of PLL MegaWizard Change the frequency of the clock inpub@MHz.
This source is provided by the oscillator on the BeMicré&SD

MegaWizard Plug-In Manager [page 1 of 11]

ALTPLL1286921851630220

inclkd
reset

Inclkd + 50,000 hiHz
Operation hode: Normal

Leo [ i a00 faoon]

Cyclone WE

Match project/defaul:

Able to implement the requested PLL

General

‘which device speed grade will vou be using?
Use military tempreature range devices only:
What is the frequency of the inclkd input?

Digka rate;

Set up PLL in LYDS mode

ot Available

FLL T¥pe

sithich PLL type will you be using?
Fast PLL
Enhanced PLL

(%) Select the PLL type automatically

Operation Mode
Haw will the PLL outputs be generated?

(%) Use the feedback path inside the PLL
(&) In normal mode
O In source-synchronous compensation Mode
() In zero delay buffer mode
Conreck the Fbmimic port (bidirectional)

() With no compensation

Create an 'fhin' input for an external feedback (External Feedback Mode)

‘which output clock will be compensated For?

Currently selected device Family: Cyclone IVE

v

e ¥

Mbps

Click Next to move to the next tab of the wizard. (You may need tl stywn to see the Next button.)

Altera Corporation &.
Arrow Electronics, Inc
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= “Inputs/Lock” tab (Page 2): Uncheck both Create an ‘areset’ input to asynchronously reset the PLL
and ‘Create ‘locked’ output” options.

Accept all other defaults.

MegaWizard Plug-In Manager [page 2 of 11]

ALTPLL1Z286921851630220

bolG inllel + A0.000 hiHz

Operation hide: Hormal

[tk [ atio] Ph caa{ O (%]
Leo ] 111 o.00 [ s0.00]

Coyclone IV E

= Pages 3-5Accept all defaults.

Altera Corporation &.
Arrow Electronics, Inc

able toimplement the requested PLL

@Iockﬁd‘ output

Optional Inpuks

Create an | Jyely enable the PLL

|| Create an‘areset! input bo asynchranously reset the PLL

[[] Create an ‘prdena mpE to selectively enable the phaseffrequency detector

I

Lack Cukput

Enable self-resat on loss lock

Advanced Parameters
Using these parameters is recommended Far advanced users only
Create output Fils(s) using the Advariced' PLL parameters

- Configurations with output clock(s) that Use cascade counters ate not supported

Ayvalon Bus connectivity

[ Use & separate clock input for &valon bus connections

18
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= “cO Core/External Output” (Page 6). Click “Enter output clock frequency’. Configure c0 as 100 MHz
output. Click on the “Enter output clock frequency” buttord ented00 MHz. This clock will be used as the
processor system clock, clocking the Nios Il processor anBBR SDRAM.
MegaWizard Plug-In Manager [page 6 of 11]

¢0 - Core/External Output Clock
Able ko implerment the requested PLL

ALTPLL1286921851630220

inclkd

inelkD freg: : 50,000 hHz
Operation hiade: Normal

[t [Raticf Pr g O 2]
Lenl 2| oo [ 000 ]

Use this clock,

Clack Tap Settings
Peguested Sethings Actual Settings

) Enter output clock Fraquency: 100 | |MHz Vl 1100,000000

D Enker outpul CTOEF param

Cyalone v E

Clock multiplication Factor |r1 | ‘ 2 |
Clock division Factor |1 ‘ 1 |
Clack phase shift 0,00 i -@ |deg :I .00 |
Clack duty cycle (%) |50.00 =] 50,00 |
| Deseription Yalue i
ol ; Primary clock YCO Frequency (MHz) 600,000
Mote: The displayed internal
settings of the PLL is recommended Hloaljiis Fe plicoopter 1z
for use by advanced users only Modulus For M counter 11
Initial YO phase cycles For M counter 1
WCO phase tap for M counter o g
Per Clack Feasibility Indicators
cd
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= “cl Core/External Output” (Page 7). Click “Enter output clock frequency’. Configure c1 as 60 MHz
output. Check the “Use this clock” button. Click on the #rutput clock frequency” button and eréér
MHz. This clock will be used to clock the Ethernet and SD campooents.

MegaWizard Plug-In Manager [page 7 of 11]

inclkd

ALTPLLT266921851630220

Altera Corporation &.
Arrow Electronics, Inc

inclkD

< 50,000 hiHz

Operation hide: Hormal

el

Clic | Ratiof Ph (d:

[

31| D00

50.00

el

65| oon

S0.00

¢1 - CorelExternal Output Clock

Able ko implement the reguested PLL

Use this clock,

Clack Tap Settings

Peguested Sethings Actual Settings

*) Enter autput clock frequency:

60 | Mz | en.oooooo

D Enter outpul CIOEE Taramm
Clack multiplication Fackar
Clock division Factor

Clack phase shift

Clack duty cycle (%)

Mote: The displayed internal
settings of the PLL is recommended
for use by advanced users only

20

= =

I [2] s |
= j
|1 |
g Sl o B oo |
[50.00 = 50,00 [

Drescription Walue bt

Primary clack ¥CO Frequency (MHz) 600,000

Modulus For M counter 1z

Modulus For N counter |1

Initial YO phase cycles For M counter |1

WO phase tap for M counter 0 v

Per Clock Feasibilicy Indicators

ol
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“c2 Core/External Output” (Page 8). Click “Enter output clock frequency’. Configure c2 as 40 MHz
output. Check the “Use this clock” button. Click on the #r@utput clock frequency” button and ertér
MHz. This clock will be used to clock various peripheraldhimgystem.

MegaWizard Plug-In Manager [page 8 of 11]

¢2 - CorelExternal Output Clock
Able ko implerment the requested PLL

ALTPLL1286921851630220

inclkd

inclki freg + 50,000 hiHz
Operation hade: Mormal Use this clock,
[cite [ Ratio] Ph cdgf O ¢ Clack Tap Settings
e0 | 21 ) 000 | 50.00 Bequested Sebtings Actual Settings
of | e | ooo | s0.00 = —
45 S0.00 2} Enter output clock frequency: 40| | |MHz | | 40.000000 >
() Enter output flock B e
Clock multiplication Factor : 1 l4
Clock division Factor |1 5
Clack phase shift |0.00 T |deq ¥ n.o0
Clock duty cycle (%) |50.00 = |50.00
| Deseription Yalue L
Primary clock WCO Freguency (MHz) 600,000
Mote: The displayed internal M
odulus For M counter 1z
settings of the PLL is recommended
for use by advanced users only Modulus For M counter 11
Initial YO phase cycles For M counter 1
WCO phase tap for M counter o] g
Per Clack Feasibility Indicators
0 £l o2

Click Finish. This will take you to the summary tab.
Click Finish again to close the ALTPLL MegaWizard.

A component entitled “altpll_05hould appear under Module NanikRenamethe Avalon ALTPLL
component from “altpll_0" topll”. (You can right click to bring up a menu with a renamgoop)

Clock Settings
Ensure that the name of the PLL is “pll”. I [ Source Wiz —
the Clock Settings window (top right), the pll =i Externa I8
clock and the source clock should appear a: pies it Bu0

pll_c2 pll.c2 0.0 b

shown here.

An error will appear in the bottom console indicating thatpll_slave port of the pll peripheral is not connected
to a master. Ignore this for now. We will address connextiothe upcoming steps.

Add a Nios Il Processor

Reason A CPU is needed to run the software applications.

From theComponent Library pane, under the Library. ExpaRdocessorsand double click oiNios |l
Processor

Altera Corporation &. BeMicro SDK Embedded System Lab
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= Ensure that the Nios II/f core is selected. There are numertioe®pn the various pages of the MegaWizard.
All the defaults should be accepted. Clikish.

£ Nios Il Processor - cpu_0

Nios 1I Processor

» Caches and Memory Interfaces
rCore Mios |l

Select a Hios Il core:

»  Advanced Features

2 MMU and MPU Settings

Selector Guide
Family: Cyclone IV E

foystem; 500 MHz
cpuid: 0

Performance &t S0.0 MHz Lpto 8 DMIPS

Logic Ussge

Memory Usags

Hardware Multiphy: | Eppedded Mutipliers

Instruction Cache
Branch Prediction
Hardware Multiply
Hardware Divide

ONios Ii/e ONios IIfs |®Nios 1
Nios Il % ot So

Instruction Cache
Branch Prediction
Harchoeare Mutiply
Hardhware Divide

Reszet Wector: Memory:

Exception “ector:  hMemory: B
[ Include: MU

Fast TLB Mizz Exception Vector:  Memory:

[ Include MPU

Barrel Shifter
Data Cache
Dynmamic I.’_-_rar_lch Prediction
Upto 32 DMIPS Upto 57 DMIPS
B00-700 LEs 1200-1400 LEs 1400-1800 LEs
Twro M3Ks (or eguiv.) Tuwva M3Ks + cache Three M3Hs + cache
v | []Hardware Divide
| Offset: (g |
L. L
v |Offset: [nyen |
Only include the MM when using an operating system that explictly supports an kil

Offset: [,

> ITAG Debug Module

> Custom Instructions

© Warning: Reset vector and Exception vector cannot be et untl memory devices are connected to the MNios Il processor

Canicel

= Renamethe componentriios2_cpd.

Occasionally save your work usiggveon theFile menu.

4. Configure clocks for the initial components

= At this point there are 2 components in the system. REnerdrop-down list in th€lock column, ensure that
thePLL is set up with thext_clk_50source, and then change the setting fontbe2_cputo be driven by

thepll_c0 source.

Since thenios2_cpuis driven by ext_clk_50, click on that field and change #lecsion topll_cO as shown

below:
Mocule MName Description
= pit Aealon ALTPLL
pll_slave Avalon Memory Mapped Slave
E nios2_cpu Mios Il Processor

instruction_master
data_master
Jtag_debug_module

Altera Corporation &.
Arrow Electronics, Inc

Avalon Memory Mapped Master
Avalon Memory Mapped Master
Avalon Memory Mapped Slave

pli_c0

ll_c1
pll_c2 ),
N—

ext_c:lk_SlJ )

22
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5. Add an on-chip RAM

Reason Altera FPGAs provide internal on-chip memory blocks tfzet be used to build up an internal RAM (or
ROM) block of memory. This provides the processor with acegsry low-latency, high-speed memory for code
or variable storage.

=  ExpandMemories and Memory Controllers. ExpandOn-Chip and double click o®©n-Chip Memory
(RAM or ROM) .

= Set the “Total memory size” @2 KBytes Click Finish.

= Right click on the Name field and chod2enamefrom the pop up menu. Name this RAM component
“onchip_ram’.
The cpu/instruction_master and cpu/data_master should alreadyniected to the

onchip_sram/avalon_slave of this interface.

= On-Chip Memory (RAM or ROM) - onchip_ram

On-Chip Memory

v (RAM or ROM)
Mermory type
(%) RAM Writable) () ROM (Read-anly)
[ Dual-ort access
Read During Write Mode:
Elock type: Auto >
Initialize memory content
Memory will be inftislized from onchip_ram b
[ Size
Data width: I =

Total memory size: |57

Read latency

Slave 511 2 Slave 52¢

6. Add an EPCS Serial Flash Controller

Reason Altera FPGAs are volatile and require an external device tadadlvem with their configuration. There
are many different configuration schemes available. On the Bel8IoK, an Altera 16 Mbit EPCS device (serial
config flash) is used. The EP4CE22 device requires 5.&Mbitonfiguration data, which means there will be
roughly 10 Mbits of serial flash remaining in the EPC8é&8ice. The EPCS Controller provide access to the serial
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config flash during run-time and the remaining space in thal senfig flash can be used as a serial flash for code

or data storage.

=  ExpandMemories and Memory Controllers. ExpandrFlash and double click oEPCS Serial Flash
Controller.

= Leave the options at the default settings and #ioksh.

™ EPCS Serial Flash Controller - epcs_flash_controller

“ EPCS Serial Flash Controller

urnentation

EPCE Serial Flash Cantraller

EPCS Setial Flash Controller
Configuration

automatically select dedicated A5 interface if supported

Description

The EPCS Serial Flash Controller core enables Mios || systems to access an Altera EPCS serial
configuration device connected to the FPGA,.

Altera provides device drivers for the Nios Il processaor wwhich allovwes you to read and wiite the
EPCS from Nios || software.

For device that support dedicated A5 interface,
user could disable dedicated AS interface to use normal pins.

For device not support dedicated AS interface or chosen to use normal pins,
signals are exported to top level design.

= Rename the component from epcs_flash_controllerepds_flash_controller

7. Add Avalon-MM Clock Crossing Bridge Peripheral for the “slow” peripherals.

Reason:A clock crossing bridge is required because the Nios Il processl the slow peripherals run in different
clock domains.

=  From theSystem Contentanenu, expan@8ridges and Adapters ExpandMemory Mapped and double
click on Avalon-MM Clock Crossing Bridge.
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= Change thé&lave-to-master FIFO depthto 32. Click Finish.
= Avalon-MM Clock Crossing Bridge - clock_crossing 0
Avalon-MM Clock Crossing Bridge :
() ozemriaon|
Parameter
Setl
“Master-to-slave FIFO
FIFO depthi g v
|:| Construct FIFC with registers instead of memory blocks
-Slave-to-master FIFQ
FIFS depthy: |
|:| Construct FIFC with registers instead of memory blocks
Cammaon options
Diata wicth [32 v
Slave domain synchronizer length: E-3 v_i
Master domain synchronizer length: |3 v
BEurst seftings
[ &llovw bursts
Maximum burst size;
[}

Right click on the Name field and chodsenamefrom the pop up menu. Name this bridge
“slow_periph_bridg€'.
The nios2_cpu’s instruction_master and data_master portklsticeady be connected to the sl slave
port of this bridge. The m1 master port will be connegtdtie upcoming steps.

8. Add a 10 ms Interval Timer Peripheral

Reason Many software applications require periodic interrupts totaai various time bases and timing
requirements within the application.

From theSystem Contentamenu, expan@eripherals, expandvicrocontroller Peripherals and double
click onlInterval Timer .
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= Change the timer interval &) ms Click Finish.

™ |nterval Timer - timer_0:

Interval Timer

Documentation I

Tirneout petiod
Period: e v

Tirmer counter size

Courter Size: |32 | bits:

Hardhware aptions
Presets: | cystom v
Registers
‘Witable period

Readakle snapshot

Start/Stop control bits

Output signals
[ Timeout pulze (1 clock wide)

|:| System reset on timeout (Etchdoog)

= Renamethe componentsys_timer'.

= Change the connection on the sl slave port of the periphdraldonnected to the m1 master port of the
slow_periph_bridge. To do this you will need to hovaurymouse over the connections area so that the
connection options appear. Then click on the appropriate cicctiisconnect the s1 port from the
nios2_cpu data_master port and instead connect it to the €aph poridge m1 port. When you move
your mouse cursor away, the connections should look asshave figure on the right below:

Connect... Module Mame Dre=cription Connect... Module Mame Description
= pit Avalon ALTPLL = pll Avwalon ALTPLL
pl_slave Avalon Memory Mapped Slave pll_slave Avalon Memory Mapped Slave
& nios2_cpu Mios Il Processor E nios2_cpu Mioz Il Processor
— instruction_master Aezlon Memory Mapped Master instruction_master Avalon Memory Mapped Master
— data_master Aeglon Memory Mapped Master data_master Avalon Memory Mapped Master
fag_debug_madule Avalon Memory Mapped Slave ftan_debug_module Awalon Memory Mapped Slave
B onchip_ram Cn-Chip Memary (RAM or ROM) E onchip_ram COn-Chip Memory (RAM or ROM)
=1 Avalon Memory Mapped Slave =1 Arwalon Memory Mapped Slave
" E epcs_flash_controller |EPCS Serial Flash Controller E epcs_flash_controller |EPCS Serisl Flash Controller
0 epos_control_port Aezlon Memory Mapped Slave epcs_control_port Avalon Memory Mapped Slave
" E slow_periph_bridge |Avslon-Mh Clock Crossing Bricge [ slow_periph_bridge |Avalon-hh Clock Crossing Bridge
o =1 Ayalon Memory Mapped Slave =1 Avalon Memory Mapped Slave
..‘ ml Avalon Memory Mapped Master m1 Avalon Memory Mapped Master

Interval Timer
"% =1 Avalon Memory Mapped Slave

sys_timer Irterval Timer
Ayvalon Memory Mapped Slave

slow_periph_bridge.m1
Conneckion from slow_periph_bridge.m1 ta svs_timer.s1

9. Add a1 ms Interval Timer Peripheral

Reason The Nios Il HAL library provides a high resolution gnfacility that allows software applications to
measure time at the system clock rate. A second timer periphasaifig for this.

=  From theSystem Contentanenu, expan@eripherals, expandVicrocontroller Peripherals and double
click onlInterval Timer .
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= Accept the default settings. Cli€knish.
= Renamethe componenthigh_res_timer".

= Similar to what was done with the previous interval timeange the connection on the sl slave port of
the peripheral to be connected to the m1 master port ofcéve seriph_bridge.

10. Add a Performance Counter

Reason The performance counter peripheral is a block of countersyfimgt sections in your software code. With
it you can accurately measure execution-time taken by blocks of€-Qithple, efficient, minimally-intrusive
macros allow you to mark the start and end of blocks-ofasten your program.

=  From theSystem Contentanenu, expan@eripherals, expanddebug & Performanceand double click
on Performance Counter Unit

= Accept the default setting of 3. Cli€knish.
= Renamethe componentgerformance_counter.

= Similar to what was done with the previous peripherals, ah#mgconnection on the sl slave port of the
peripheral to be connected to the m1 master port of the sloywhpbridge.

11. Add PIO Peripheral for LEDs

Reason The BeMicro SDK has 8 LEDs on it. You can drive these $Rldh an output PIO peripheral. We will
drive 7 of the LEDs with a PIO peripheral. (THELED will be controlled by a custom PWM peripheral added in
the next step.)

=  From theSystem Contentanenu, expan@eripherals, expandVicrocontroller Peripherals and double
click onPIO (Parallel 1/0).

= Set the Width” to 7 bits. Ensure that théirection” is set to Output ports only”. Click Finish.

= Renamethe peripheralléd_pio’.
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™ PIO (Parallel I/0) - LED_G

PI1O (Parallel I/0)

Documentation I

Input Optians Simulation

Width
Wit (1-32 bits) - 7

Direction
() Bidirectiorsal (fristate) ports
) Input ports anly
() Bioth input and output ports

(5) Oulpout ports anly

Qutput Port Reset Value

Reset Walue: nyn

Qutput Register

[] Eneble indlividual bit settingfclearing

12. Add PWM Peripheral

Reason We will use the custom PWM component to control the sitgmof the & LED.

= From theProject section of th&Components Library, expandBeMicro Componentsand double click
on Simple PWM. NOTE: Thisisa very simple custom component developed for educational purposes
and the source code for this component is found in the ip/simple_pwnV subdirectory within the lab project.

= Renamethe peripheralléd_pwn'.

13. Add PIO Peripheral for DIP Switches

Reason The BeMicro SDK has 2 DIP switches on it. You can usapun P1O peripheral to read in the DIP
switch settings.

=  From theSystem Contentanenu, expan@eripherals, expandVicrocontroller Peripherals and double
click onPIO (Parallel 1/0).
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= Set the Width” to 2 bits. Set Direction” to “Input ports only”.

™ PO (Parallel I/0) - dipsw_pio [‘5__<|

“ PIO (Parallel I/0)

e

™ InputOptions  »  Simdlation
‘idth
e —
Direction

O Bidirectional (tristate) ports
(%) Input ports anly
() Both input and output ports

() Output ports anly

Output Port Reset Value

Cutput Register

=  Click Next

On the Input Options tab, check tBgnchronously captureandEither edge options:
™ PO (Parallel I/0) - dipsw_pio

“ PIO (Parallel I/0)

™ [Tnptoptions | S Simlation
Edge capture register
Synchronously capture
() Rizing edge
() Falling edge
(%) Either edae

|:| Enable hit-clearing for edge capture register

Interrupt

[[] Generate IRG

(Irterrupt CPU wwhen any unmasked W2 pin s logic troe)

(Irterrupt CPU when any unmasked kit in the edge-capture register
iz logic true)

= Click Next
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= On the Simulation tab, check thiardwire PIO inputs in the test benchoption and drive the inputs to
O0x3:

™ PO (Parallel I/0) - pio_0

PIO (Parallel I/0)

Crocumentation I

Testbhench wiring

Hardvire PIO inputs in test bench

Drive inputs to: |g..5

= Click Finish
= Renamethe peripheraldipsw_pio".

= Similar to what was done with the previous peripherals, ah#mgconnection on the sl slave port of the
peripheral to be connected to the m1 master port of the sloywhpbridge.

14. Add PIO Peripheral for Pushbutton Switch

Reason The BeMicro SDK has a pushbutton switch labeled “User” octiedeto one of the FPGA 1/0O pins. You

can use an input P10 peripheral to detect when this pushtiis been pressed and signal an interrupt to the
processor.

=  From theSystem Contentanenu, expan@eripherals, expandVicrocontroller Peripherals and double
click onPIO (Parallel 1/0).
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= Set the Width” to 1 bit. Set Direction” to “Input ports only”.

= PIO (Parallel 1f0) - pio. 0 @

%3 PIO (Parallel I/0) ]
- (e et

N

L

ings \/ Input Options Simulation P

AAidth

Wicth £1-32 bits) !1
Direction-

r_) Bidirectional (ristate) ports

@ npist ports oy

(3 Both input and output parts

() Qutput ports only

~Output Port Reset Value

Reset Value: | ]

-Cutput Register—

() Infa: PIO inputs are nat hardwired in test bench, Undefined values will be read from PIO inputs du

< | b

=  Click Next

= On the Input Options tab, check tBgnchronously captureandFalling edgeoptions in the Edge capture

= PIO (Parallel I/0) - pio_0

“ PIO (Parallel I/0)

(8 [coemonaten

» | Input Options \/ Sirnulation :‘

-Edge capture register—
Synchronously capture
() Rizing edge
(5} Falling edge
() Either edge

[] Enshle bit-clearing for edge capture register

Interrupt
Generate IRQ

() Level
(Irterrupt CPU wwhen any unmasked W0 pin is logic true)

(Irterrupt CPU wwhen any unmasked bit in the edge-capture register
iz logic true)

(33 Info: PIC inputs are not hardwired in test bench. Undefined values will be read from PIO inputs du

£ | b
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register section. Also check tfienerate IRQ andEdge options in the Interrupt section:
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= Click Next

= On the Simulation tab, check thiardwire P10 inputs in the test benchoption and drive the inputs to
Ox1:

™ PO (Parallel I/0) - pio_0

PIO (Parallel I/0) 5
About __roumentation

> Irput Options > [ Simulatio
Testhench wiring

Hardwire PIC inputs in test bench

Drive inputs to: |g,q

= Click Finish
=  Renamethe peripheraltser_pio_pushbtri.

= Similar to what was done with the previous peripherals, ah#rmgconnection on the sl slave port of the
peripheral to be connected to the m1 master port of the sloywhpbridge.

15. Add SPI Peripheral for accessing the On-board Temperature Sensor

Reason The BeMicro SDK has a SPI temperature sensor device. YowseahelSPI peripheral to access this
temperature sensor device.

=  From theSystem Contentanenu, expanthterface Protocols expandSerial and double click osPI (3-
wire serial).
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= The default settings are acceptable. Cheksh.

= SP| (3 Wire Serial) - spi_0

\:* SPI (3 Wire Serial)

“MasterSlave

(%) Master

() Slave

Mumber of select (S5_n) signals (one for each slave): |4 )

Pl clack (SCLK) rate: 128 ke v/

Actual clock rate: 127 6 KHz

[ Specity delay

Tatoet delay:
Actusl delay:

rDiata register

ki ~ |bits

Shift direction: (2) MSE first () LSE first
rTirming

Clock polarity: (O] (@}

Clock phase: @0 (@3

“Synchronizer Stages—

[[]Insert Synchronizers Depth -

Fualon interface

[ Disable flow contral on Svalon slave interface

=  Renameas ‘temp_sense_spi

= Similar to what was done with the previous peripherals, ahérmgconnection on the sl slave port of the
peripheral to be connected to the m1 master port of the sloywhpbridge.

16. Add JTAG UART Peripheral

Reason Many software developers like to have access to a debug setitbpothe target to leverage printf
debugging, input control commands, log status informatitc. The JTAG UART peripheral connects to the
debugger console and is useful for these purposes.

=  From theSystem Contentanenu, expanthterface Protocols expandSerial and double click odTAG
UART.

= The default settings are acceptable. Chakish.

= Renameas ‘ftag_uart”.
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= Similar to what was done with the previous peripherals, ah#mgconnection on the sl slave port of the
peripheral to be connected to the m1 master port of the sloywhpbridge.

[ [occunentr

rWirite FIFO (Diata from Avalon to JTAG) -

Butter depth thvtes): [54 P IRQ threshald: [

|:| Canstruct using registers instead of memory blocks

rRead FIFQ (Data from JTAG to Avalon):

Bufter depth (bytes): | g o IR@ threshold: |5

|:| Construct uging registers instead of memory blocks

17. Add a System ID

Reason This is a VERY IMPORTANT peripheral to have in yourtsys. It allows the Nios Il development tools
to validate that the software application is being builtlier¢orrect hardware system.

=  From theSystem Contentanenu, seledPeripherals -> Debug and Performance-> System ID Peripheral
Double click to add the component to the system.

= The sysid dialog box appears. Cliekish.

= Rename assysid’. The component must be named “sysid” to be compatible wih Nsoftware drivers
and build tools.

= Once again, change the connection on the sl slave port of iplegpalto be connected to the m1 master port
of the slow_periph_bridge.

™ System ID Peripheral - sysid_0

“ System ID Peripheral
Mogotors’
Parameter

o]

System ID: 2108387566
Time stamp: 1286942659
A unigue D is azsigned every time the system is generated

Watning: The Syatem ID componert must be named "sysid" to be compatible with the Moz | drivers

£ | ?
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18. Add a Remote Update Controller

Reason Cyclone IV FPGAs have a Remote Update feature which allowtoystore an updated FPGA image in
the config flash and then have the FPGA reconfigure itsetf avitupdated image.

=  From theSystem Contentanenu, seledPeripherals -> FPGA Peripherals-> Remote Update Controller.
Double click to add the component to the system.

™ Remote Update Controller (Cyclone I11) - remote_update_cycloneiii_0 @

“ Remote Update Controller (Cyclone ll)
Megators” altera_svalon_remote_updste_cyclonei

|~ Block Diagram |

remote_update_cycloneiii_0
clock M=global_signals_clock

reset M=global_signals_clock_reset
avalon s

[+ Parameters |
Clock Frequency: |snoo0oo0

@ Error: remote_update_cycloneiii_0: Clock frequency for Cyclone Il Remote Update Cortrollg

< ¥

You will notice an error indicating the the Remote Update @dat cannot be clocked any higher than 40
MHz. We have not yet configured the clock sources in ouesysWWe will clear up this error a bit later when
we set the clock sources for our components.

= Rename the componenemote_update_blK.

= Once again, change the connection on the s1 slave port of iplegpalto be connected to the m1 master port
of the slow_periph_bridge.

At this point all the components to the SOPC system haeea added. Now you need to resolve the lingering
system validation errors that have arisen during the design.

4.4 System Configuration

1. Clock source for each component

We need to change the clock source for each of the componentsauchly the PLLhasext clk_50selected in
the Clock” column and that the nios2_cpu, onchip_ram, epch_flastroller and the s1 port of the
slow_periph_bridge haval_cO selected for their clock sources. The m1 port of the slowplpdsridge and all
remaining componenisill havepll_c2 selected for their clock sources.
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Ensure that your clock sources are configured as shown below.
Also, confirm that your connections are as shown in theaxiioms column. You may have missed the previous
steps to modify these connections as you were adding the nentpo

Target Clock Settings
Device Family:| Cyclone v E v Mairme Source tHz add
ext_clk_50 External 50.0 e
pli_c0 pll.c0 1000
pll_c1 pll.c1 60.0
pll_c2 pll.c2 40.0 el
Use onnect...\ Module Name Description EBaze End Tags | IRG
= pll Avalon ALTPLL
— pll_slave Aoealon Memory Mapped Slave 000000000 |0x0000000£
nios?_cpu Mios Il Proces=sar
— instruction_master Ayalon Memory Mapped Master
— data_master Aesalon Memory Mapped haster IpQ O IRQ 21 e
jtag_debug_module Aeealon Memory Mapped Slave 000001000 |0x000017ff
E onchip_ram On-Chip Memory (RARK ar ROM)
=1 Aoealon Memory Mapped Slave pll_c0 000003000 |0x00004£ff
E Ellepes_flash_controller [EPCS Serial Flash Controller
epcs_cortrol_port Aoalon Memory Mapped Slave pll_c0 0x00001800 |0x0000LEff >—ﬂ
E] Bl slow_periph_bridge |Avalon-hd Clock Crossing Bricge
=1 Avalon Memory Mapped Slave pll_co 002000000 |0x0Z000Lff
— il Aeealon Memory Mapped haster pll_c2
Ll E pys_timer Interval Timer
[-— =1 Aealon Memory Mapped Slave pll_c2 a 000000020 |0x0000003 £
[El B high_res_timer Irteryval Timer
[— =1 Aoealon Memory Mapped Slave pll_c2 a 000000020 |0x0000003 £
L d B performance_counter [Performance Courter Unit
— cantrol_slave Avalon Memory Mapped Slave pll_c2 & 0x00000040 |0x0000007 £
¥ E |ed_pio FIC cParallel 110}
[— =1 Avalon Memory Mapped Slave pll_c2 a 0300000010 |0x0000001fF
B jed_pwm Simple P
[-— avalon_slave Aealon Memory Mapped Slave pll_c2 a 000000020 |0x000000232
[ |dipsw_pio Pl (Parallel 100
[— =1 Aoealon Memory Mapped Slave pll_c2 a 000000030 |0x0000003 £
EJuser_pio_pushbtn PIO (Parallel 110
[— =1 Aoalon Memory Mapped Slave pll_c2 a 000000010 |0x0000001£
temp_sense_spi =PI (3 Wire Serial)
[— =pi_contral_port Avalon Memory Mapped Slave pll_c2 2 0300000020 |[0x0000003f£
jtag_uart JTAG UART
[-— avalon_tag_slave Aealon Memory Mapped Slave pll_c2 a 000000010 |0x00000017
sysid System D Peripheral
[— control_slave Aoealon Memory Mapped Slave pll_c2 a 0x00000018 |0x0000001£
B remote_update_blk Femaote Update Contraller (Cyclone )
=1 Aoalon Memory Mapped Slave ‘\Il_cz 0300000100 |[0x00000LEE

=Y 4 L [ Address MWap... ] [ Fitters... et Default

2. Set Base Addresses and Interrupt Priorities

SOPC Builder provides two easy menu items that help cleaddness map issues and interrupt priority issues.

=  From theSystemmenu, choos@uto-Assign Base AddressesThe tool will assign appropriate base addresses

for the components by taking their widths into considenatio
File Edit Module

View Tools Niosll Help

System Conterts

- Auto-Azsign RGs —
G LY Insett Avalon-ST Adapters

I
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=  From theSystemmenu, choos@uto-Assign IRQs. The tool will update the IRQ mapping accordingly.

File Edit Mocule Yieww Toolz Mozl Help

System Conterts | ¢ Auto-Azsion BEase Addresses

rmmEmart | ilke s

At this point you should only be left with a couple mfidrmation messages and reminders that you have yet to
specify the CPU reset and exception address configuration.

3. Nios Il Boot Configuration

In the event of a reset, the software must begin executingaffan@defined memory location. This is set by setting
the reset vector. Similarly when a software exception event otteusdftware must jump to a pre-defined
location where the exception handling software resides. Ttasidm is set by setting the exception vector.

= Double click on thepu peripheral to launch the “Nios Il Processor Parameter Settiags”

= Set theReset Vectorto point to theepcs_flash_controllerwith an offset of 0x0. When the Nios Il processor
comes out of reset, it will begin executing software atrti@mory location.

= Set theException Vectorto point to theonchip_ram memory with an offset of 0x20. When the Nios Il
processor experiences software exceptions or interrupts, jumit to this location in memory.

*= Mios Il Processor - nios2_cpu

Nios II Processor

D5 Caches and Memory Interfaces Advanced Features MMU and MPLI Settings  »  JTAG Debug Module
rCore Mioz |l

Select a Hios Il core:

ONios Iife ONios IIfs |®Nios

- RISC RISC RISC
Nios Il 32.bit 325t I2:hit
Selector Guide Instruction Cache Instruction Cache
Faily: Cyclone v E Branch Prediction Branch Prediction
Hardware Multiphy Harilweare Multiply
fSyﬂgm' 1000 MHz Hardware Divide Hardware Divide
. Barrel Shifter
idd: 0
i Data Cache
Dynamic Branch Prediction
Performance at 100.0'MHz Lo to 15 DMIPS Up-to B4 DMIPS Upto 113 DMIPS
Looic: Usage 600-700 LEs 1200-1400 LE= 1400-1800 LE=
Memory Usage Towo M3 (0F eguiv.) Twwo MOKs + cache Three M3ks + cache
Hardware MUIENY. | Embedded Mutipliers v [[]Hardware Divide
Reset Vector: Mot \Offset | pun 002005800

" epcs_flazh_controller

Exception ector: Memorapchip_ram Attset (20 | 0x0z002020

[ Include: b

Cnly include the MMU when using an operating system that explictly supports an MU
Fast TLE Mizs Exception Yector:  Memory, Offzet | g

[ Includs ppU

Click Finish.
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This concludes the system configuration. At this pomnt ghould have addressed all the system validation issues and
can now generate the SOPC Builder System.

THE RESULTING SOPC SYSTEM

Target Clock Settings
Dievice Family:| Cyclone v E w Name Source
ext_clk_50 External
pll_c0 pll.cO
pll_e pll.el
pll_c2 pll.c2
Usze | Connect...  Module Mame Description
E pl Avalon ALTPLL
pll_slave Ayalon Memory Mapped Slave
nios2_cpu Mios Il Pro r
instruction_master Avalon Memory Mapped Master
data_master Ayalon Memory Mapped Master
—f— ftag_debug_module Avalon Memory Mapped Slave
[E onchip_ram On-Chip Memary (RAM or ROM)
—— =1 Avalon Memory Mapped Slave
[E epes_flash_controller |EPCS Serial Flash Contraller
—— epcs_control_port Avalon Memory Mapped Slave
= slow_periph_bridge [&valon-Mh Clock Crossing Bridge
—— =1 Avalon Memory Mapped Slave
— m1 Avalon Memoary Mapped Master
El sys_timer Interval Timer
— =1 Avalon Memory Mapped Slave
E high_res_timer Iriterval Timer
[ =1 Avalon Memory Mapped Slave
E performance_counter |Performance Courter Uni
— cortrol_slave Avalon Memory Mapped Slave
= led_pio Pl (Parallel W00
[ =1 Avalon Memory Mapped Slave
E led_pwm Simple P
[— avalon_slave Avalon Memory Mapped Slave
= dipsw_pio Pl (Parallel 1)
- =1 Ayalon Memory Mapped Slave
H user_pio_pushbtn PIC (Parallel 112
- =1 Ayalon Memory Mapped Slave
E temp_sense_spi SPI(3 Wire Serial)
-— spi_control_port Ayvalon Memory Mapped Slave
B jtag_uart JTAG UART
— avalon_jtag_slave Syvalon Memory Mapped Slave
B sysid System 1D Peripheral
[-— cortrol_slave Ayalon Memory Mapped Slave
E remote_update_blk Retnote Update Controller (Cyclone Il
— =1 Ayalon Memory Mapped Slave
4.5 Generate the System

Clack

ext_clk_50

pll_c0

pll_cD

pli_c0

pli_c0
pli_c2

pll_c2?

pll_c2

pll_c2

pll_c2

pli_c2

pli_c2

pli_c2

pli_c2

pli_c2

pli_c2

pli_c2

MHz

50.0
100.0
60.0
40.0

Base

002006000

IRQ O

002005000

0x02002000

0x02005200

0x01000000

a 000000140

« 000000160

a 000000100

a 000000120

a 000000120

& 0x000001L0

& 0x000001c0

& 000000180

& 000000148

& 0200000140

a 0200000000

Ald

Enci Tags  IRQ

Ox0Z00&00£

IRD =1

Ox0Z0057£f

Ox0Z003££f

OxDZ005£££

Ox0lO0001ff

0x0000015£

0x0000017£

Ox0000012f

Ox000001af

Ox000001e3

0x000001b£

0x000001ct

00000012 £

Q0x000001dE

0x000001d7

Ox000000f £

Please Double-check to make sure that all theomponent names your SOPC system match the
component names shown aboveDo not worry if the base and end addresses do not matchyexact

Click theGeneratebutton. SOPC Builder will now create:
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¢ The HDL for the various components in your system
e System interconnect to connect the components together

System description file used by the software developmert (e Nios Il SBT) to build the
software project

Once your system has been successfully generated you will satotheessage “Info: System generation was

successful”. Exit SOPC Builder by clicking tB&it button and clickKSavewhen it asks if you'd like to save
the system.

CONGRATULATIONS!! You have just built your first SOPC system!
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MODULE 5: Complete the Quartus Il Project

Module Obijective

In this module you complete the Quartus Il project by adtliegyenerated SOPC system to the top-level entity.
Compile in the Quartus Il software to perform analysisttagis, fitting, place and route as well as timing analysis.
At the end of the compilation, an FPGA image or SRAM objec(f.SOF) will be generated. The FPGA image
can be downloaded to the BeMicro SDK, at which point thbaard FPGA will function as a processor custom-
made for your application.

5.1 Complete the Quartus Il Project

Note: The following step is only required if you chosegbleematic as your top level file at the beginning of
the lab.

= |n theProject Navigator window pane in the Quartus Il software, selectRihes tab and open the
BeMicro _schem.bdfby double clicking it.

Project Mavigator T X

‘2 Files
bt BeMicroll sdc
e reset_counter.vhd
29 reset_logic.v
5 B I

Higrarchy! Files o Design Units

Examine the BeMicroll_schem.bdf shown below:

PCLE_FRGAGOM [ IMEUT

L rest Jagic

AR R - The RLL oltputs ave ot used outside of the SORC Buildsr systerm
- - 50 wewil leavethese unconmected, - . .

e s st dalor LT
© ping willhe sutomatically. | | L
D bérinested by Dusls Biring 0
© bermpilation . e willeava | -
U hess pins unconneted | .
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The pins required by the design as well as some reset logicesment, but the main block of logic
representing the SOPC Builder system is missing. Ad&@RC Builder system instance to this top level.

= From theEdit Menu, click onlnsert Symbol.
= InthelLibraries pane expand theroject folder and choose th@os2_bemicro_sopsymbol. Then click
OK.

& Symbol
- e A|
Libraries: Sl i =
= & Proj - inios2_bemicro_sopc
o RF reset_logic Do etk 50 pll_cd_out p— - - -
3 cifaleeraf 10,0/ quartus/libraries) oo —resetn pl_ct_out. p— - - -
st pll_c2_out P— - - -
o st i11_port_to_the_dipswe_pio[1..0]

——datal_to_the_spos_flash_cortroller dolk_from_the_epcs_flash_cortroller —
sce_from_the_epcs_flash_controller +— - - -
sdo_from_the_epes_flash_controller +— - - -

out_port_from_the_led_pio[7 0] et - - -

ST By s

[ : F locked_from_the_pll - —

| nios2_by

ol E] phazedone_from_the_pll — - - -

[ Repeat-insert mode

D Insert symbal as biack it MISO_to_the_temp_sense_spi MOS|_from_the_temp_sense_spi — e
- e SCLK_from_the temp_sense_spl — - - -
Launch Megalwizard Plug-In s S5_n_from_the_temp_sense_spi  {— - - -

[ MegaWizard Plug-In Manager... ||

1 5|

= Align the symbol within the schematic and place the instanodtietschematic. You may need to move
the connector pins to align them with the pins of the symbo

L PRI L LT gt
Tzt ogin o
Tesetin | DL .
|AWMHZCK RESELN i——— |- niosd bemicra_sope ©1T The BLL nldpits sk riat sed alitsite b the SORC Builder sisten
—‘ Co L et ok 50 dl_ol_out {— o, Lo se il lesvetfese bhconmected, 010D I DIDIDTNT
) SRR Aot o | A
= o2 ot —
PO R - U X
L Cdipiwgy L ME——inport d0_the_dips_gio(1.0]
L URECONFTS_ 1113 i i SO DD
= dpai]

- - | RECONFIG_Swi2 oML ..o oo datal to_the_spos_flash_cortroller  dolk_from_the_epcs_flash_cortroller — Sl

. - sce_from_the_epes_flash_contraller +— JUTPRIT _——— F_LEOO

B sdo_from_the_spcs_flash_cortraller — WUTENT [ F_LEDT

.. These spes._flash, controller . QE, DUTBIT LG

- - pinz wil be automatically. - - . aLt_part_from_the_led_pio[5..0) DUTEIT ¢ FLED®

7 connected by Qustls during Pl e N S Ui

LU compiation . Wi il leave : pemn_out_from_the_led_pwm S R LUTRNT — F_LEDS

110 theze pins unconnected.. oo Lo . A | NV LUTRIT LG

P lacked_from_the_pll  — GUTHIT = FLEGT

phasedone_from_the_pll - +—
MISC_to_the_temp_sense_spi MOSI_from_the_temp_sense_spi N L T e N 1= F P
SCLK_from_the_temp_sense_spi OUTPUT [ THWPSC
S5_n_from_the_temp_sense_spi SR 1 1) M e L=
in_port_to_the_user_pio_pushbtn
*inst
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5.2

Set up the Quartus Il Project to point to the proper timing constraint files

Reason Similar to ASIC design, FPGAs require timing analgéie routing within the FPGA device will
vary based on where the Quartus Il Fitter places the logiterikg timing constraints will provide the
Quartus Il Fitter with design goals to make intelligent cesiabout where to place the logic and other
elements in the design and then will provide the Quartusié@Quest Timing Analyzer with information so
that it can report whether we have met our timing goals. cdhstraints are coded in an industry standard
language called SDC (Synopsis Design Constraints).

SOPC Builder automatically generated SDC files for compondrnithvprovide timing information. In our

system, only the Nios Il CPU has generated SDC filesdtiition, an SDC file called bemicro_lab.sdc is

included with the lab files and instructs TimeQuest to detexraur clock rates by analyzing the PLL. We
must set up our Quartus project to point to these SBE. fil

= From theAssignmentsmenu in the Quartus Il software, sel8ettings

=  ExpandTiming Analysis Settingsand selecTimeQuest Timing Analyzer

= In the “SDC files to include in the project” click on the.” and select th&eMicroll.sdc file found in
the project directory. Click on thé\tld” button to add it to the list of SDC files.

< Settings - BeMicroll_schem

Category:
E’Tneral TimeQuest Timing Analyzer
les
R Libraries Specify TimeQuest Timing Analyzer aptions.
= Operating Settings and Conditions
Yolkage SOC files ko include in the project
- Tempetature

(= Compilation Process Settings

Early Timing Estimate File name:; I E] add
- Incremental Compilation R = = E =
- Physical Synthesis Optimizations File Mame Tvpe Remove

[ EDA Taal Settings
- Diesign EnkryfSynthesis
Simulation Up

{BeMicrallsde .| Synopsys Design Constraints File

Timing Analysis
- Formal Yerification Down
Board-Level
= Analysis & Synthesis Settings
+ MHDL Input
~erilog HOL Input
Default Parameters
Fitter Setkings
= Timing Analysis Settings
TimeGuest Timing Anakyzer
[=) Classic Timing Analyzer Settings
- Classic Timing Analyzer Reporting
Assembler
Dresign Assistant

Enable advanced /O Timing Enable multicorner timing analysis during compilation
Enable comman clock path pessimism removal [ ] Report worst-case paths during compilation

signalTap II Logic Analyzer Tel Seript File For custamizing reparts during cormpilation

Logic Analyzer Interface i r -
PowerPlay Power Analyzer Settings Td Script File name: sz
S50 Analvzer
Metastability analysis
Svnchronizer identification; §bFF v
Description:
| Assaciates a Synapsys Design Constraint Fils {.sdc) with this project,
¢ > o

At this point the design is ready for compilation.

= Click theStart Compilation button on the Quartus Il tool bar.
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Mr@ee | o®% o k(&8 2 e

The Quartus Il software will take a few minutes to compiledgsign. There should be no errors in the
compile, and you should see the successful completion diddeg ivis finished. You will see some warnings
that relate to the files from the automatically generated syste&sinign assigments/features and incomplete pin
assignments but these will not affect the functionality efgystem.

The output of the compilation is a SOF file entitled “BeMitsof” if you have a Nios Il license or
“BeMicroll_time_limited.sof” if you do not have a license.

5.3 Download the FPGA configuration

Ensure that your BeMicro kit is plugged into your PC Uit and launch the Quartus Il Programmer to
configure the FPGA.

= Click on theProgrammer icon on the Quartus Il desktop, or alternatively operPiogrammer from the
Tools menu.

Keewe|orwrnlss (k| o@®dle

= |n Quartus Il Programmer clidkardware Setup. In theCurrently selected hardwaredrop box select
Arrow-USB-Blaster. Click Close.Click onAuto Detect

= After clicking theAuto Detectbutton you should find that the programmer detectEfP¥CE22device
on your BeMicro SDK.

= Double click on thecnone>in theFile field, or selecknone>and click on th&Change Filebutton.

= Select bemicro_lab_***.sof. ClicOpen.

%l Quartus Il - C:/altera_trn/BeMicro/91/bemicro_sopc_builder_lab/bemicro_lab - bemicro_lab_schem - [bemicro_lab_schem.cdf] g@gl
File Edt Processing Tools Window

&, Hardware Setup..| | NoHardware Mode: [JTAG | Progess 0%

[ Enable realtime ISP to allow backaiound programming [for M2 1| devices]

Blank-
Check
[m]

Proaram/
Configure

bemicro_lab_schemsof  EF3CTEF256 O03BEC3E  FFFFFFFF
@ 4dd File...
B 4dd Device...

For Help, press F1 UM

Usercode Examine: Erase

Security
Bit

| File Device | Checksum

Werify E\lilpﬂ P
] [m]
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Select New Programming File
Laak it |15 bemicra_sopc_bulder_lab R I £ B~
‘} ;.'::]‘sopc_buwlder
\_.J IES)bemicro_system_sim
My Recent db
Documerls 7o o ines workspace
B ICDincremental_db
Sip
Desktop Isoftware
[)software_source_files
] bemicro_lab. schem,sof
My Documents
2
58
LagE12
3
ERACWNET  File name |bemicro_lsh_sshem sof | Open
Files: of tupe: [ Programrming Files [*.sof.* pot.* jsm:* e skp:* | Cancel

= After selecting your SOF file, click on tiRrogram/Configure checkbox.
= Press thé&tart button to program the FPGA.

After programming the FPGA the progress indicator shawditate 100% complete, and there should be no

error messages displayed.

NOTE: If you do not have a license for the Nios Il processor yloem system would have generated the Nios
Il in OpenCore Plus evaluation mode and your sof progragifiie will be time-limited. If you are running
with a time-limited SOF file, then this window popsapthe Quartus Il Programmer.

OpenCore Plus Status

Click Cancel to stop using OpenCare Flus P,

Time remaining:

unlirmited

Just leave this up amtb not press “Cancel’until you are finished using the hardware design thatysiu |
downloaded. Closing this dialog will halt the Nios PQ inside the FPGA.

CONGRATULATIONSI!

You have just compiled and downloaded the FPGA image onto the target. The processor is ready
to run, so all you need to do now is develop the software application and download it to the

target.
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MODULE 6: Build the Software Application

Module Obijective

In this module you use the Nios Il Software Build TQ@BT) for Eclipse to develop the software application th#t wi
run on your system. You will create a new software applicgtioject, add the software source files to the project,
configure the project and build it. The result of the bisildn executable (ELF). The application will be downloaded
into memory from where it will be executed.

6.1 Launch the Nios Il Software Build Tools for Eclipse

Launch the Nios Il SBT from thgtart -> All Programs -> Altera -> Nios Il EDS 10.0 -> Nos 11 10.0
Software Build Tools for Eclipseor alternatively it can be launched from 8®PC Builder -> Nios Il menu.

1. Initialize Eclipse workspace

When Eclipse first launches, a dialogue box appears asking isetbdy it should use for its workspace. It is
useful to have a separate Eclipse workspace associated with eachrbgthject that is created in SOPC
Builder.

=  Browseto the directory that you created the Quartus Il project incackiMake New Folderto create a
folder for your software project. Name the folder “eclipse_\spéce”.

& Workspace Launcher, P§| Select Workspace Directory

Select a workspace Select the workspace directory bo use,

Eclipse stores your projects in a folder called a workspace.,
Choose & workspace Folder to use For this session.

= I bemicrosdk_embedded_tw_lab

wiorkspace: |C:\altera_trn'l,bemicrusdk_embedded_hw_lab'l,eclipsa_wurkspace *(|| Browse. .. | ' I3 +sopc_builder
Cdb
(] i A0E
) incremental_db
[CUse this as the default and do not ask again D
@ nios2_bemicra_sopc_sim
I3 software_source_files -
< b
Folder: Tew Folder |
[ Make Mew Folder ] [ OK I [ Cancel ]
—

After selecting the workspace directory, clidBK” and Eclipse will launctand the workbench will appear in the Nios
Il perspective.

& Hios Il - Eclipse Platform

File Edit Mavigate Search Project Run NiosII Window Help

CRE M ACAE AR A0 AU R = ARG A 5 (@ | i

lrj Project Explorer 22 7| (m| =] EE Cutline &5 =] @Welc_ome s = (=

= | =

&

Bl

A outling is not avalable,
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6.2 Create a new software project in the SBT

SelectFile -> New-> Nios Il Application and BSP from Template

Edit Mavigate Search Project Rum MiosII Window Help

Al+Shift+h  * |38 Mios 11 Application and BSP from Template

Open File. .. [&] Mios 1T Application

@ Mios II Board Suppart Package
@ Mios IT Library

= Project...

To set the SOPC Information File, click tBeowse button to locate thbemicro_system.sopcinfdile

located in the Quartus Il project directory.

Set the name of the Application project teefnicro_led_control'.

Select theBlank Project template undelProject Template.
Click theFinish button.

& Hios Il Application and BSP from Template

Nios II Software Examples

Create a new application and board support package based on a software example template

Target hardware information

SOPC Information File name: | Cihaltera_trn\bemicrasdlk_embedded_hw_labinios2_bemicro_sopc.sopeinfo

CPU name: | niosz_cpu v.}

Application project

Project name: | hemicro_led_control

[#]Use default lacation

Project location: - tera

Project kemplate

with vour installation at:
<installation_directory =fnios2eds/documentsfindesx. htm,

Templates Template description .

Elal et | | Blank Project creates an empty project to which you can add your code.
Board Diagnastics

Count Binary For details, click Finish to create the project and refer to the readme.kxt
Hello Freestanding file in the project directary.

Hella MicroCj0s-1T

Hello Wworld The BSF for this template is based on the Altera HAL operating system. To
Hello torld Small use a BSP based on a different

Memory Test operating system, click Next and select the BSP From the BSP projects list,
Memary Test Small

Simple Socket Server

Simple Socket Server (RGMII) For information about how this software example relates to Mios I0

Web Server hardware design examples,

Weh Server (RGMIT) refer to the Diesign Examples page of the Mios I documentation available

& [ Mext > _H Finish H Cancel

The

Each Nios Il application has 2 project directories in the Eehpsrkspace.

a. The application software project itself - this where the apptiodives.

Altera Corporation &.
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b. The second is thBoard Support Package (BSPproject associated with the main application
software project. This project will build the systemdityr drivers for the specific SOPC system. This
project inherits the name from the main software project and dpgebsp” to that.

L™ Project Explarer 23 =0

=

=

1= bemicra_led_contral
o bemicro_led_control_bsp

Initial content of the project

Since you chose the “blank” project template, there are no sowsérfithe application project directory at
this time. The BSP contains a directory of software drigergell as a system.h header file, system
initialization source code and other software infrastructure.

6.3  Add source code to the project

In Windows Explorer locate the project directory which contaidéectory calledsoftware_source_file$
which contains a directory callebémicro_led_control_sr¢. This directory contains arirfic” directory,
“src” directory and fnain.c” file. You will copy these files and directories from WingoExplorer into the
Eclipse software project directory, “bemicro_led_control”.

= Selectthe 3 files andirag them over the “bemicro_led_control” directory in the SBT wincanddrop
the files onto the project folder.

Fan Frojet Explorer X =
(BERES bericro Jed_cartrol = File Edit Wiew Favorites Tools Help
_I :;:Itt:his-app G Back ([ ! Search I|:_.Z: Falders I '
= ch ‘;fm?zra:ﬁ:l; control_bsp Address _;l _I_be 75_o_-pc_fbu|\de_rf_!ta-b_1_softwar5750urcgf_f\les'gl_:emlcrnflequontro_l_fsrc
&g} udes: h Folders Size | Type
1= I5) bemicro_sopc_buider_lab File Folder
150 .sopc_builder File Folder
1) bemicro_swstem_sim 4KB  CFile
Sdb
i |5 create-this-bsp =
[ linker.x a |
& Makefile & B sortwiare L Praject Explarer 23 = b
"L mem_init.mk =[5 software_source_files = =
) mem.ory.gdb & 3 bemicra_led_contra = =
L@ public.mk [# 17 desians ===
H- il Inchides
= This should cause the source files to be physically copiedtie (= inc
. . . . . + = srC
file system location of the software project directory andstegi 5-[8) main.c
these source files within the Eclipse workspace so that thpsaap £l create-this-app
. . . .. Makefile
in the Project Explorer file listing. 5125 bemicra_Jed_control_bsp
Altera Corporation &. BeMicro SDK Embedded System Lab
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6.4 Configure Board Support Package

= Configure the board support pakcage to specify the propeftthis software system by using the BSP Editor tool.
These properties include what interface should be used forastdistderr messages, which memory should stack
and heap be allocated in and whether an operating system orlstaeck should be included with this BSP.

= Right click on thebemicro_led_control_bspproject and seled{ios Il -> BSP Editor... from the right-click

menu.
S i S
Makefile
==
F- il Includes Mew
B0 dri
? rvers Cpen in Mew Window
+-[= HAL
e alk_sys_if [12) Copy
- [ frker.h
£ system.h
Delete
create-th X
1= linker
Makefile
mern_inik Rename. ..
memary. .
Import...
public,mk = e

A
settings, | 2 Export...
D summary g project

Clean Project
£ | Refresh
Clase Project

Clase Unrelated Projects

Build Configurations
IMake targets
Index

Convert To...

Run &s

Debug As

Team

Compare With

Restore from Local History...
Mios IT

Properties

A 7L hamiren led cankenl han

Chrl4+C

Delete

Fz

FS

Al+Enter

L3

Console 532 E Froperties
bsp]

1ild of configuration

Mios IT Command Shell..,
Generate B3P
BSP Editar...

Flash Programmer ... r

The software project provided in this lab does not make fuse operating system. All stdout, stdin and stderr
messages will be directed to titey_uart. The auto-generated linker script will be used and the \alioker sub-
sections (Program memory, Read-only data memory, Readhatdertemory) will be stored intinchip_ram. We
will point the linker to place the heap and stacksrinhip_ram memory.

In the “Common” settings view, change the following settings

= Select thesys_timerperipheral as the hardware for 8ys_clk_timer.

= Select théhigh_res_timer peripheral as the hardware for tireestamp_timer.

= Ensure thabnchip_ram is selected as the linker target for bothdkeeption_stack_memory_region_namand
theinterrupt_stack_memory_region_name
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Arrow Electronics, Inc

BeMicro SDK Embedded System Lab
43 November 2010



Build the Software Application

= Nios I BSP. Editor - settings. hsp

File Edit Tools Help
Settings E_Software Packages | Drivers || Linker Script | Target Generation Files
SOPC Information file: .\, \bemicro_svstem.sopcinfo
CPU name:  cpu
Operating system:  Altera HAL
ESP karget directory:  (Cialkera_ten|BeMicrol 9 1ibemicro_sopc_buider_labisoftwareibemicro_led_control_bspi, | E]
hal o] |
enable_gprof D
enable_gprof ) )
~enable_reduced._ device_drivers enahle_teduced_device_drivers F
-anable_sim_optimize
-gnable_small_c_library enahle_sim_optimize Pl
~stderr
—stdin enable_small_c_library IFl
e . stderr
-sys_clk_timer
: - timestamp_timer striin [jtag_uart v
=rlinker e —
---enable_gxcept\an_stack stdout | jtag_uart V!
enable_interrupt_stack o —
~exception_stack_rmemary_region_na..|| sys_clk_timer
exception_stack_size : __—=
~interrupt_stack_mernory _region_na... timestamp_timer | hires_timer |
~interrupt_stack_size —
=make hal.linker
~hsp_cflags_debug !
i ~hsp_cflags_optimization enable_exception_stack O
#-Advanced )
enable_interrupt_stack Fl
exception_stack_memory region_name< |onchip_sram )
exception_stack_size 1024 |
imerrupt_slack_memunr_regmn_nam@am D
interript_stack_size 1 024 Il
< > i - L | ol
Information | Problems | Processing
@ Setting "hal. inker exception_stack_memory _region_name” set ta “onchip_sram’”, Py ‘
\i@ Setting "hal.linker interrupt_skack_memory_region_name" set to "onchip_sram", ]
@5 Setting "hal.sys_clk_timer" set to "sys_timer",
w Setting "hal.sys_clk_timer" sek to "sys_bmer",
@ Setting "hal.timestamp_timer" set ta "hires_timer",
\;J:@ Setting "hal.timestamp_timer" set to "hires_timer", v:

You may wish to click on thBrivers tab to observe how the BSP Editor gives you control et drivers will be
built into your Board Support Package. Similarly, yoayrwish to look over theinker Script tab to observe how the
BSP Editor provides you with a mechanism to adjust whatong regions the linker will utilize. In the case of this
lab, we have only one volatile memory in the system, budyfstems with multiple memories, this is a handy tool.

= SelectFile -> Saveto save the board support package configuration teettimgs.bspfile.
= Click theGeneratebutton to update the BSP.

= When the generate has completed, sélget-> Exit to close the BSP Editor.

6.5  Configure BSP Project Build Properties

In addition to the board support package settings configisied the BSP Editor, there are other compilation settings
managed by the Eclipse environment such as compiler flags &mizagion level.
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= Right click on thebemicro_led_control_bspsoftware project and seleetoperties from the right-click menu.
= On the left-hand menu, select thas || BSP Propertiestab

= During compilation, the code may have various levels @fropation which is a tradeoff between code size and
performance. Change tiiptimization level setting toLevel 2

= To keep the software footprint compact, cho@eeuced device drivers

= Since our software does not make use of @eheck”Support C++".

& Properties for bemicro_led. control_bsp |-_|@
Nios II BSP Properties b
- Resource
- Builders Flags =
- T+ Build Defined symbols: | none

- T+ General

- ios T1 BSP Properties Undefined symbaols: | mane

- Project References Assermbler flags: ”-Wa,-gdwarf2
- RunfDebug Settings y -
[ Task Fepositary et Eas) :.—Wall
- WikiText User flags: none
Ciebug level: On v|

Optimization level: éLeveI Z ™

Reduced device drivers

[ Modelsim anly, no hardware support
|:| Suppork C++

|:| GPROF support

[ small < library

BSP Editar...
Apply

'?t) QK ” Cancel ]

= Click Apply. Click OK.

6.6 Configure Application Project Build Properties

Just as you configured the optimization level for the B®iept, you should set the optimization level for the
application software project “bemicro_led_control” as well.

= Right click on thebemicro_led_controlsoftware project and seldetoperties from the right-click menu.
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e Properties for bemicro_led control

= On the left-hand menu, o - select
. . . type Filker text i i l l -
theNios Il Appllcatlon WP Nios II Application Properties -
i Resource
Properties tab o Flags
CJC++ Build ELF name: bemicro_led_control.elf
= Change th®ptimization C/C++ Generdl Defined symbols: level
: Mios IT Application Properties
Settlng toLevel 2 Project References Undefined symbals:
Refactoring History
. . . Assembler Flags:
= Click Apply. Click OK. RunDebug Settings
Task Repository Warning flags: -ihtall
User flags:
Debug level: on w
Optimization lesel: | N5 R
Create object dump
Enable source management
ESF project location: | .. fbemicro_led_control_bsp E
@ a4 ] [ Cancel ]

6.7 Build the software project

= Right click thebemicro_led_control_bspsoftware project and chooBeild Project to build the board support
package.

= When that build completegght click thebemicro_led_controlapplication software project and cho@séld
Project to build the Nios Il application.

These 2 steps will compile and build the associated boarddygekage, then the actual application software project
itself. The result of the compilation process will be an Exaglatand Linked Format file for the application, the (*.elf)

file.

L7 Project Explorer 3 =0 L Project Explorer &2 =g
=
B T BEE |6
1% bemicro_led _control EM‘
'_-§ bemicro_led_control_bs f_§ bemicro_led_conl New L4
3
Open in New Window
Open in Mew Window
= Copy Chrl+C
=) Copy Chr+C
¥ Delete Delete
3 Delete Delete
Rename... Fz
Rename. .. F2
£y Import...
£y Import, .. 25 Expott...
A Export...
= Build Project
Biild Project Clean Project
Clean Project #'| Refresh FS
&' Refresh F5 Clase Project

BeMicro SDK Embedded System Lab
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6.8 Run the software application on the target

To run any application on the target hardware, two images arecheede

e The FPGA hardware image SRAM Object File <.SOF>.

* The software executable the <.ELF>.

In the previous module you already downloaded the .SORgsBRGA is primed and ready to run the software
application. Keeping the BeMicro kit still plugged int@ tdSB port, you will download the application via the USB-
JTAG link. To run the software project on the Nios llgassor:

* Right click on the software project directory and choBsm As andNios Il Hardware.

This will re-build the software project to create an up—te-@xecutable and then download the code into memory on
our BeMicro hardware. The debugger resets the Nios Il pro¢cesmbit executes the downloaded code.

[B Problems | 4] Tasks | B Console &3 = properties | [ % @h| & = B-rg- =0
<terminated = bemicro_led_control Mios IT Hardware configuration [Mios I Hardwate] nios2-download (11724/09 1:01 PM)
Uszing cable "Arrow-USE-Elaster [U3E]", dewvice 1, instance 0Ox00 A

Pausing target processor: CK

Feading Jvstem ID at address 0x00109090: wverified
Initializing CPU cache (if present)

[w):4

Downloading 00080020 ( 0%)
Downloading 00090000 (53%)
Downloading 00104000 (99%)
Downloaded 77EE in 1.5z (51.3KE/=s)

Verifving 000800Z0 { O%)

Verifying 00090000 (83%)

Verifying 00104000 (99%)

Verified OK

Jtarting processor at address 0x000301C4

You may receive a message that your target connection could netieleitded, and a “Run Configuration” dialogue

window will be presented to you. If the “USB-Blaster” does appear in the Connections lists, then scroll to the rig
and click on “Refresh Connections” and then select “USB-Blastérfiore than one JTAG cable is shown in the list

then be sure to select the “USB-Blaster” connection. Then tekgply button and then thieun button.
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& Run Configurations

Mios 1T Hardware Tab Group

=] E:H Mios II Hardware

2| Mios 1T ModelSim

4

| Filter matched 5 of 5 items

€] C/C++ Local Application

: m bernicra_count Mias IT Hak
ﬁ bericro_led_contral Mias I

Create, manage, and run configurations

Mame: | bemicro_led_control Mios II Hardware configuration

D Project ﬂ Target Connection :t& Debugger | El// Source | =] Comman |

Connections
Processors: ) ~ N
i Cable Device Device... | Instan... Mame Archit ! [ Refresh Connections ]
rron-MSE-Blaster. .. ED3C1E Y ic ' [ Resolve Names ]
[ System ID Properties, .. ]
! Cahble Device Device.,.  Instam... Mame Yersion :
' |
|
IT4G Debugaing Infarmation File nameC'l,DOCUME~1'l,a42t|65'|,LOCP.LS~l'l,Temp'l,bemlﬁ
System ID checks
[ tanore mismatched system 1D
[ 1grwre mismatched syskem timestamp
Download
[] Reset system on download
[ Apply ] [ Reverk ]

Can I

Close ]

6.9 Software Application Output

Once the application starts executing, it will relay the messhgck to the Nios SBT via the JTAG UART interface
and the messages from this interface will be placed into aN@s Tl Consol€’ pane within the Eclipse GUI. Eclipse
places this console in a somewhat inconvenient location orgtiteofithe window which is too narrow for viewing

our console output properly. You will need to move ffdae to another portion of the Eclipse GUI, resize the pane or
maximize the pane in order to see the full console outpuexample of how to move the pane is shown below.
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& Nios Il - bemicro_led_control/main.c - Eclipse Platform

File Edit Refactor Mavigate Search Project Run MiosII ‘Window Help

mi ErE--@ $-0-Q% OO S AN R S ET B |[@mos 1 | BF Cree+
| Project Expla. &2 = O|| [ main.c 52 = O|| B2 outline 22 | @W mnlip 3 i !
4 = !/.f include the o and hal files that we need ing _ s laz W \63 @ v. B
::!.nciu:e <st:ci:.|:|.h1>1 81 edio.h
include <string.h> - :
5 string.h bemicro count
i " " i program
#include "alt types.h L 80 gk typesh
oo Bl system,
// these includes allow us to perform & quick LM ey validation b tONGRETULATION! Your.
; = i ; i ' VALIDATION MESSAGE: |
::!.nciu:e "S.ysjem.h it o L -8l jp€imain_includes.h i
incliude inc/system wvalidation. /]
£ = ! FAx J=GLIAT YOUR UNIQUE ID:
[ bermicro_led_contral.¢ /@ mainivoid) : int 7
i 5 X /7 all helper routine includes are condensed i TR ANE TP RO IR
- |=| bermicra_led_contral.r
i #include "inc/main includes.h™
bemicro_led_control.c — Press 'u' to count up
5 create-this-a |
L makefi PR #define MAX COUNT Ox7F //use = 7-bit meximum Eress fdliaroxecimesdong
e Makefile T Press '3' to count by
[ 1=% bemicra_led_cantral_bsp
/7 the main() application routine
int main(void)
i
f# declare the local variables need infmaing
alt_us binary count;
< |
|3; Problems Tasks | B Consale 52 _E Properties L S"‘ [_Elilﬁll ua ==

<terminated: bemicro_led_control Nios IT Hardware configuratign [Mios IT Hardware] nios2-download (11/24/09 1:29 PM)
'Using cable "Arrow-TUSE-Blaster [USEB]"™J dewice 1, instance 0x00

Pausing target processor: OK

Reading System ID at address 0x00108090: wverified

Initializing CPU cache (if present)

[e]74

Downloading 00030020 ( 0%)
Downloading 00090000 (83%)
|Downloading 00104000 (99%)
Downloaded 77KEE in 1.5s (51.3KEE/s)

Werifying 00080020 [ 0%)

Werifying 00090000 (83%)

|[Verifying 00104000 [99%)

[Verified OK

Starting processor at address 0x000801C4
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File Edt Source Refactor Navigate Search Project Run MiosIT Window Help

el ™ Big-E8-ErEGr i H- 0 ™D - Al e e 75| [0 mos 11 | B cicer
[t Project Explorer 52 = O|([& mainc 2 = 0| 5= outline 52 ] (@ welcome 52 © progress | =0
BSle T /¢ include the o and hal files that we need in maini) 2 iR e X T
S5 bemicro_led_contral B [melutecssrrimghe . E| 8 string.h
& % Binaries :?"”i“:e "351’:’ :l‘—S‘S:D'h U sysfalt_stdio.h
& ) Inchudes Selecl il ol s B sl typesh
B inc ol system.h
& [ alarm_utilh /‘{‘ these :nclunes fllmﬂ us to perform & guick Sanity check that the system was prope [y
[ delay_wait.h JHnelude; "syaren b U incimain_includes.h
- sirov Joepin #include "ine/system validation.h” & e cotr
[ event_handlers.h @ manfyoid) ;int Tutorials
& ‘ﬂ)]tag wart ubilh // all helper routine includes are condensed into this one file for neatness Gttt
5 [ lec urih #include "inc/main_includes.h 2
[ main_jncludes.h < i) |
& [ sysid_utlh — S = P
- [ system_validation.h 2 Problems | 2 Tasks | Bl cansole 3% [ Properties| X s = el T
B G2 obj < I Hardh nifiguration [ios 11 Hardware] nios2-download {10/27/10 11349 PH) Try out the samples
B s Using ceble "USE-Blaster [USE-01", device 1, instance Ox00
- [ alarm_util.c Processor is already paused
- F delay_wait.c _ ||Reading System ID at address 0x010001D0: verified
- & error_oop.c || Initislizing CPU cache (if present) What's New
i [ jtag_uart_ubi.c OK Find out whs
& [ led_util.c
@[ manc Downloading 02010020 [ O%)
| & 3% bemicro_led_rontrol.eff - [shersnio. | ||Downloaded 19KE in 0.3s (63.3KB/s5)
ermicro_led_control.map
ernicra_led_control,objdump Verifying 02010020 ( 0%)
reate-this-app Verified OK
| & Makefile o 53 SIS
1= 5% bemicro_led_control_bsp [nins2_bemicr z
i B2 archives L OEE S
&jul Includes emicro_led_control Mios I Hardware configuration - cable: USE-Blaster on localhost [LISE-0] device ID: 1 instance 10: 0 name: Jiag_uart -
E 5= drivers
& inc bemicro_led_control program starting. ..
= e
=iz HAL CONGEATULATIONS! Vou have successfully compiled a Nios TT project!
(= inc
- sre Press 'u' to count up Press 'i' to set PUM led intensity
G5 obj Press 'd' to count down
@'% alk_sys_init.c Fress '3' to count by threes
& (1] finker.h
& [B] system.h %
0 libhal_bsp.a Tou selected:s 'u'
< oo - counting up by L
e

If the application is executing successfully, the console ostpuild appear as shown below:
E_(, Problems (El Tasks (E Console (ﬁ Properties (m Mios II Console &3

bemicro_led_control Mios IT Hardware configuration - cable: USE-Blaster on localhosk [USE-0] device ID: 1 instance ID: 0 name: jtag_uark

bemicro_led control program starting...
CONGEATULATIONS! ¥ou hawve successfully compiled a Nios IT project!
Presz 'u' to count up Press 'i' to zet PWM led intensity

Press 'd' to count dowm
Press '3' Lo count by threes
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6.8 Interact with the Software Application

Once you have the bemicro_led_control application runningeiits Il processor, you can interact with the demo
by using your keyboard to control the program flow.

6.9 Edit the Application
You can optionally modify the led_util.c source file to chatige software such that the counting LEDs are inverted.

= Open the file led_util.c and locate the following subroutine:
update_ledg()

= In the beginning of the subroutine add the followinglin
display_value = ~ display_value;

Once this is rebuilt, the application can be rerun to see #rgelin LEDs.

CONGRATULATIONS!!

You have just built the software application, downloaded it to the target and run the application
on the target.
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Taking the Next Step

After you have sufficiently familiarized yourself with the embed system development flow, you may want to add a
SOPC Builder system to your design.

If you are starting from scratch, a good idea is to purchibesall development kit, which comes with pre-generated
Nios Il processor systems to accelerate your development floxglbas the Nios Il IP license.

If you already have a working project then you can add the Soider system to your top level as a stub or even add
your design to the SOPC Builder system as a custom conmponen

Either way you will find plenty of resources to get youls pfone on Altera’s embedded resources at
www.altera.com/embedded

Purchase an evaluation or development kit

Embedded Development Kit Resources
http://www.altera.com/products/ip/processors/nios2/kigsttev_kits.html

Get more information about the Nios Il Processor

The Nios Il Processor Reference Handbook
http://www.altera.com/literature/hb/nios2/n2cpu_niis5v1.pdf

Get more information about the Nios Il Software Development Tools

The Nios Il Software Developers Handbook
http://www.altera.com/literature/hb/nios2/n2cpu_nii5v1.pdf

Get more information about Embedded System Design

Embedded Design Guide
http://www.altera.com/literature/hb/nios2/edh_ed_handipatfk.

Get more information about SOPC Builder and Embedded IP Peripherals

SOPC Builder (Quartus Il) Handbook
http://www.altera.com/literature/lit-sop.jsp
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Get Ready made Nios Il Processor System Design Examples and Software Applications

Nios Il Design Examples page
http://www.altera.com/support/examples/nios2/exm-nios2.htm

Get Free Online Tutorials or take an In person training course

Embedded Training Resources
http://www.altera.com/technology/embedded/training/emb-mgihiml

Get support for your development by joining the Nios Il User Community

Nios Il User Community
http://www.altera.com/technology/embedded/community/emb-canitynbatml

Get Technical Support from Altera

Embedded Technical Support
http://www.altera.com/technology/embedded/support/emb-stuppul

For all resources visit www.altera.com/embedded
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