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Introduction

1 Introduction

In this QuickStart you can find general informatioriormation on the
PHYTEC phyCORE-MPC5200B-1/0 and an overview of theTERA
Quartus® 1l V7.2SP1 Web Edition tool chain. You cafso find
instructions on how to run example programs on HRGA of the
phyCORE-MPC5200B-I/0, mounted on the PHYTEC phyCORE
Development Board MPC52008B.

Please refer to the phyCORE-MPC5200B-1/O Hardwaranhl for
specific information on such board-level featureguamper configuration,
memory mapping and pin layout.

1.1 Rapid Development Kit Documentation

This "Rapid Development Kit" includes the followinglectronic
documentation on the enclosed "PHYTEC Tools CD/DiD the
phyCORE-MPC5200B-1/0 with FPGA™:

PHYTEC phyCORE-MPC5200B-I/0 Hardware Manual and
Development Board Hardware Manual

MPC5200B-1/0O controller User's Manuals and Datacgghe

this QuickStart Instruction with general "Rapid @&pment Kit"
description, software installation advice and exi@mmrograms
enabling quick out-of-the box start-up of the phyRE

MPC5200B-I/0 in conjunction with the FPGA and theTA&ARA

Quartus® Il V7.2SP1 Web Edition tool chain.
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1.2 Professional Support Packages available

This Kit comes with free installation support. Biydo have any
guestions concerning installation and setup, yeuvwalcome to
contact our support department.

For more in-depth questions, we offer a variety colstom
tailored packages with different support optionsn@l, phone,
direct contact to the developer) and different tieacimes.

Please contact our sales team to discuss the amisopupport
option if professional support beyond installatiamd setup is
important to you.

1.3 Overview of this QuickStart Instruction

This QuickStart Instruction gives a general "Rapelelopment
Kit" description, as well as software installati@avice and
example programs enabling quick out- of-the boxtsip of the

phyCORE-MPC5200B in conjunction with the FPGA aie t
ALTERA Quartus® Il V7.2SP1 Web Edition tool chain:

1) The “Getting Started” section describes the configuration of
the host platform and the setup to install thegdamed in this
QuickStart.

2) The “Getting More Involved” section provides step-by-step
instructions on how to modify the example, creatd auild
new projects and copy output files to the phyCORE-
MPC5200B’s FPGA using the USB- or ByteBlaster ifaee.

In addition to the dedicated data for this Rapid&epment Kit,
the PHYTEC Tools CD/DVD for the phyCORE-MPC5200BI/
with FPGA contains supplemental information on eduszl
microcontroller design and development.

2 © PHYTEC Messtechnik GmbH 2007 L-702e_1
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1.4 Conventions used in this QuickStart

The following is a list of the typographical conwems used in this book:

Italic Used for file and directory names, program and canmun
names, command-line options, menu items, URLS, @hdr
terms that correspond the terms on your desktop.

Bold Used in examples to show commands or other tekstimuld be
typed literally by the user.

Pay special attention to notes set apart from éxé with the following
icons:

si% At this part you might leave the path of this Qu8tért.

This is a warning. It helps you to avoid annoyimglgems.
You can find useful supplementary information akitwet topic.

At the beginning of each chapter you can find infation of
the time to pass the following chapter.

You have successfully passed an important part ho$ t
QuickStart.

You can find information to solve problems.

© PHYTEC Messtechnik GmbH 2007 L-702e_1 3
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1.5 System Requirements

Use of this "Rapid Development Kit" requires:
- the PHYTEC phyCORE-MPC5200B-I/0,

- the PHYTEC Development Board with the included DB-9
serial cable, AC-to-DC adapter supplying 12V DGCGIimi
1.5A,

PHYTEC Distribution of IP’s for MPC5200B-1/0O

an IBM-compatible host-PC (586 or higher)
- Win 2000 or Win XP OSS (x§6
recommended free disk space: 4 GB

For more information and example updates, pleafss te the
following sources:

PN TIEG

http://www.phytec.de
support@phytec.de

ALTERAY

http://www.altera.com/
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1.6 The PHYTEC phyCORE-MPC5200B-1/O

The phyCORE-MPC5200B-1/0O represents an affordabde vy
highly functional Single Board Computer (SBC) saatin the
size 84 x 57 mm. The standard board is populateith \ai
Freescale PowerPC Microcontroller MPC520f@aturing a 32-
bit processor architecture with Double precisiotdFB96 MHz
processor speed, Peripheral component interconieci)
controller, ATA controller, BestComm DMA subsyster,
programmable serial controllers (PSC) configurabte the
following functions:

Fast Ethernet controller (FEC), Universal seriak lmontroller
(USB revision 1.1 host), Two inter-integrated citdaterfaces
(12C), Serial peripheral interface (SPI), Dual CANO A/B
controller (MSCAN), J1850 byte data link control{&DLC)

All applicable LocalPlus data/address lines and liepiple
signals extend to two high-density 400-pin Molex BMin
header connectors (pin width is 0.635 mm./25mitink the
circuit board edges. This enables the phyCORE-MPRGB2/0
to be plugged like a “big chip” into target hardear

Furthermore the phyCORE-MPC5200B-1/0 is equippethan
FPGA, with up to 5000 or 8000 logic elements (LEA).free

IOs of the FPGA which are not assigned to the mig/éen the
FPGA and the controller are available at the 400D-diolex

SMT pin header connector.

The standard memory configurations of the phyCORE-
MPC5200B-I/O features 64 MB DDR-SDRAM and 32 MB
external Flash. The external Flash supports dictoard
programming without additional programming voltages
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phyCORE-MPC5200B-1/0 Technical Highlights

phyCORE dimensions 84 x 57 mm with two high-densi§0-pin
Molex SMT pin header connectors

Processor: Freescale Embedded PowerPC MPC5200B/832&lock
FPGA ALTERA EP2C5/8F256 with up to 180 IOs

Internal Features of the MPC5200B:

e300 core
760 MIPS at 400 MHz (-40 to +85 °C)
32 k instruction cache, 32 k data cache
Double precision FPU
Instruction and data MMU

SDRAM / DDR SDRAM memory Interface
up to 132 MHz operation
SDRAM and DDR SDRAM support
256 MB addressing range per CS, two CS available

Flexible multi-function external bus interface
Peripheral component interconnect (PCI) controller
ATA controller

BestComm DMA subsystem
6 programmable serial controllers (PSC), configledbr the following
functions:
Fast Ethernet controller (FEC)
Supports 100Mbps IEEE 802.3 MIl, 10 Mbps IEEE 80I8

Universal serial bus controller (USB)
USB revision 1.1 host

Two inter-integrated circuit interfaces (12C)
Serial peripheral interface (SPI)

Dual CAN 2.0 A/B controller (MSCAN)

J1850 byte data link controller (BDLC)
Test/debug features

JTAG (IEEE 1149.1 test access port)
Common on-chip processor (COP) debug port

6 © PHYTEC Messtechnik GmbH 2007 L-702e_1
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The PHYTEC Development Board, in card dimensior® (€ 170 mm/7.5
X 6.7 in.), is fully equipped with all mechanicaldaelectrical components
necessary for the speedy and secure insertion MTEQ phyCORE-
MPC5200B-I/O Single Board Computer.

Development Board Technical Highlights

reset push button

one software programmable LED for controller MPC&R20

one software programmable LED for FPGA

LEDs for supply voltage monitoring, 3.3V, 3.3V PGIQV PCI

power supply for unregulated input voltage of +93412nd regulated
output voltages of +3.3V for the phyCORE-MPC52008;las well as
+3.3V and +5V for the PCI interface.

PCI card Interface

two DB-9 sockets for the RS-232 interface

two DB-9 plugs for two separate CAN interfaces

RJ45 socket for 10/100 Mbit Ethernet

USBA socket for Full Speed USB Host Interface

IDE Compact Flash Card holder

AC97 Sound Interface

Debug Interface socket for MPC5200B (COP-Interface)
JTAG Interface for FPGA
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1.7 ALTERA Quartus® Il V7.2SP1 Web Edition tool chain

ALTERA'’s development tools for the Cyclone Il Artdcture support
every level of developer from the professional aggpions engineer to the
student just learning about logic implementatione ALTERA Quartus®
Il V7.2SP1 Web Edition supports all ALTERA FPGA dms including

the E2C5/8 devices populated on the phyCORE-MPCB20D. For a

complete list of supported FPGA derivatives go to:

http://www.altera.com/products/software/productsitus2web/
sof-quarwebmain.html

Quartus® Il Web Edition V7.2SP1, the latest versioih ALTERA’s
popular IDE, combines project management, sourcke @witing, signal
analyzing, and FPGA programming in a single, powedgnvironment.
This QuickStart provides an overview of the moshownly used features
including:

Project management, device setup, and tool coratour
Editor facilities for creating, modifying, and ceating source code
JTAG/signal analyzing

Once installed, the foldelC:\ALTERA\72SP1\qdesigms the default
destination location for all Quartus® Il tools; ex¢ables; include, header
and example files; as well as online help and dasuation, while the
Quartus® Il executable is located @MALTERA\72SP1\quartus\binYou
can start Quartus® Il by selecting it from tReogramsmenu using the
Windows Start button. The ALTERA Quartus® Il V7.2SP1 Web Edition
icon will also be placed on your desktop for eagsgrtap of the
development tools.

The Quartus® Il Text Editor is a flexible tool fentering text-based
designs in the AHDL, VHDL, and Verilog HDL languagyend the Tcl
scripting language that are integrated into ther@s® Il system. You can
also use the Text Editor to enter, edit, and vidvepnASCI| files,

including those created for or by the Quartus®oftware.

8 © PHYTEC Messtechnik GmbH 2007 L-702e_1



Introduction

Menu-based commands, text entry, and editing feataliow you to create
Text Design Files (df) with AHDL, VHDL Design Files fvhd) with
VHDL, Verilog Design Files {) with Verilog HDL, and Tcl Script Files
(.tcl) with Tcl. You can also generate a Tcl Script Fitan an existing
project created in the Quartus® Il software and kdh the Text Editor, or
create and edit a Tcl script using the Text Editothe Quartus® Il
software, you can freely combine Text Design Fd4DL Design Files,
and Verilog Design Files with other types of dediggs in a hierarchical
project. You can also use the Text Editor to createdit Assembly Files
(.a, .asm), C/C++ Include Files k), C Source Filesg), and C++ Source
Files (cpp).

You can use any ASCII text editor to create AHDIHML, Verilog HDL
designs, and Tcl scripts. With the Quartus® Il Tiedttor, however, you
can take advantage of unique Quartus® Il featutakewou edit, compile,
and debug a project. For example, Messagesvindow automatically
locates and highlights errors in the Text Editonsaw. Additionally, you
can get context-sensitive help on all AHDL elemekéywords, and
statements, as well as on megafunctions and pvesiti

The full ALTERA Quartus® Il Development Tools care Ipurchased
through the official ALTERA distributors or pleasmntact our sales
representatives for more information.

For more information on ALTERA Quartus® Il V7.2SR¥eb Edition
tools visit their website at:

http://www.altera.com/products/software/

© PHYTEC Messtechnik GmbH 2007 L-702e_1 9
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2 Getting Started

In this chapter you will carry out the basic comfigtions to pass the steps
in this QuickStart. First you will learn how to 31 the host platform. You
will install additional software packages and cguofe your host to
connect to the targets FPGA via JTAG InterfaceeAfionnecting the host
to the target you will copy an application into thegets FPGA. At the end
of this chapter you will be able to start a firgnatb application on the
targets FPGA.

2.1 Requirements of the Host Platform

To pass the following steps in this Quick Starty weill need a host pc
with either Win 2000 or Win XP (x86) and free aaaile disk space of up
to 2GByte.

In the following configuration steps we assumet tha host pc has a free
USB or parallel Port available for connecting thegszamming hardware.
The JTAG interface of the FPGA on the target ane host will be
connected together with a cable for code downlaaggses. If your host
does not have a free port which corresponds t@edgugpment of the RDK,
you can either free the necessary port, or condmarse a RDK with
different programming hardware.

2.2 Configuring the Host Platform

In this section you will learn how to configure thest platform. You will
execute the following steps in this passage:

Installing software packages. These packages amessary to
accomplish the steps in the QuickStart Instruction.

Setup the JTAG Interface configuration to use tbst fpc with
your target.

10 © PHYTEC Messtechnik GmbH 2007 L-702e_1
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To accomplish the steps in the QuickStart Instauctyou will have to
install a few software packages.

If you don't install all of these packages, theupetay fail or
some configuration steps won’t work correctly.

2.2.1 Installing PHYTEC Tools and ALTERA Quartus® Il V7.2 SP1
Web Edition tool chain

When you insert the PHYTEC Tools CD/DVD for the QQRE-
MPC5200B-I/0 with FPGA into the CD-ROM drive of yohost PC, the
PHYTEC Tools CD/DVD should automatically launch etup program
that installs the software required for the Rapi@év&opment Kit.
Otherwise the setup prograRCM-032_phyCORE-MPC5200B-10-1.0.1-
Setup.execan be manually executed from the root directory thoé
PHYTEC Tools CD/DVD.

The following window appears:

Install PCM-032 phyCORE-MPC5200B-10 El

@ This will install PCM-032 phyCORE-MPCS200E-IC on wour compuker, Conkinue?

e Mo |

Figure 1:  First window after inserting the PHYTEC Tools CIWD

- Click Yesor pressEnter to start the Install Wizard for the
software package of the Rapid Development Kit.

TheWelcomewnindow gives some information about the Rapid
Development Kit and the version of the softwarechhwill be installed.

© PHYTEC Messtechnik GmbH 2007  L-702e_1 11
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PCM-032 phyCORE-MPC5200B-10 Setup

I_—jn ] Vrl—r- ¥elcome to the InstallJammer Wizard for
— AT R, PCM-032 phyCORE-MPC5200B-10

This will install PCM-032 phyCORE-MPCS200B-10 version
1.0.0 on wour compuker,

It is recommended that vou close all other applications
before continuing.

Click. Mext ko conkinue or Cancel ko exit Sekup,

X

Mlext = Zancel

Figure 2:  Welcomewindow of the Install Wizard

- Click Nextto continue.

In the following window you can select the destioatocation for

installation of Rapid Development Kit software af@tumentation.

The default destination location for the PHYTEC 1Boas

C:\\PHYTEC\PCM-032_phyCORE-MPC5200B-18ll path and
file statements within this QuickStart Instructiare based on
the assumption that you accept the default ingtaths and

drives. If you decide to individually choose ditet paths you
must consider this for all further file and pathtstents when

working with this QuickStart.

We strongly recommend accepting the default desbima

location.

12 © PHYTEC Messtechnik GmbH 2007
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PCM-032 phyCORE-MPC5200B-I0 Setup EI

Choose Destination Location

Whete shauld PCM-032 phyCORE-MPCS200B-I0 be installed? ‘

Setup will inskall PCM-032 phy CORE-MPCS200E-IC in the Following Folder,

Toinskall ko this Folder, click Mext, Taoinstall ko a different folder, click Browse and select another
Folder,

We strongly recommend accepting the default destination location, as all path and file statements
within the QuickStart Inskruction correspond to the default install paths and drives. IF wou decide
ko individually choose different paths wou must consider this For all furkber File and path
skatements when warking with the Quickstart for the phwCORE-MPCS200B-T0.

Destination Falder
’7 CAPHYTEC\PCM-032_phy CORE-MPCS2006-10

Installlammer

< Back | Mext = | Cancel |

Figure 3:  Choosing the default destination location for Bt¢€YTEC Tools

Click Nextto continue.

Click Next to skip the Information window and to start
copying the PHYTEC Tools.

After the PHYTEC Tools are copied to the host PG wall be asked to
proceed with the installation of the ALTERA QuaruB V7.2SP1 Web

Edition tool chain.

versions of the ALTERA Quartus® Il Web Edition tochain

Gi% As the functionality and the appearance varies diffierent
we strongly recommend to install this version.

© PHYTEC Messtechnik GmbH 2007 L-702e_1 13
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PCM-032 phyCORE-MPC5200B-10 Setup ' x|

ALTERA Quartus II ¥7.2 Web Edition Installation

This will install ALTERA Quartus IT Y72 Web Edition on
wour computer

W Launch ALTERA Quartus II ¥7.2 Web Edition Installation

< Back I Mexk = | Cancel |

Figure 4: Choose to install the ALTERA Quartus® Il Web Ealititool chain

Click Next to start the setup program for the ALTERA
Quartus® Il Web Edition tool chain.

TheWelcomewnindow of the Quartus® Il InstallShield Wizard alppear.

14 © PHYTEC Messtechnik GmbH 2007  L-702e_1
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Quartus II 7.2sp1 Web Edition Setup i x|
Setup Type

Select the setup type toinstall,
Pleaze select a setup type.

o L_Z.:u[n

3| program features will be installed. [Feguires the most disk space.]

m hich pragram features you want installed. Recommended for advanced

>

IrastealiShed l [ < Back H Mest > l \ Cancel

Figure 5:  Welcomenindow of the Quartus® Il InstallShield Wizard

Follow the steps of the Quartus® Il InstallShieldzérd to
install the ALTERA Quartus® Il V7.2SP1 Web Editidnol
chain.

~<p—, The default destination location for the ALTERA kabain is

v C:/ALTERA/72SP1/All path and file statements within this
QuickStart Instruction are based on the assumgtiah you
accept the default install paths and drives. If ylacide to
individually choose different paths you must comsithis for
all further file and path statements when workinghwthis
QuickStart.

We strongly recommend accepting the default desbima
location.

© PHYTEC Messtechnik GmbH 2007  L-702e_1 15
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After the successful installation of the ALTERA Ques® Il V7.2SP1
Web Edition tool chain two more software packagemfALTERA must
be installed to carry out the examples within fQuackStart Instructions.
This is ALTERA's MegaCore IP Library and servicelp&P1 for the
library.

PCM-032 phyCORE-MPC5200B-10 Setup x|

ALTERA MegaCore IP Library 7.2 Installation

This will install the ALTERA MegeCore IP Library 7.2 on
Wour computer

¥ Launch ALTERA MegaCore IP Library 7.2 Installation
¥ Launch ALTERA Megaore IP Service Pack Inskallation

< Back | Mexk = Zancel

Figure 6: Installation of additional software from ALTERA

- Click Nextto start the installation of the additional softeva
from ALTERA.
Follow the steps of the MegaCore IP Library 7.2ipednd the
InstallWizard for the Service Pack.

16 © PHYTEC Messtechnik GmbH 2007 L-702e_1
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PCM-032 phyCORE-MPC5200B-10 Setup i x|

[ | o InstallJammer Wizard Complete
I: 'H A )= B

The InstallJammer Wizard has successfully installed
PCI-032 phyCORE-MPCS200B-10,

Click. Finish bo exit the wizard,

Finish | Zancel |

Figure 7: Installation of additional software from ALTERA

- Click Finish to end the installation of the PHYTEC Tools
CD/DVD.

2.2.2 Licensing of the ALTERA Quartus® Il V7.2SP1 Web Edtion

For licensing and use of ALTERA Quartus® Il V7.2SR&b Edition, you
must acquire a license key on the ALTERA Hompaged®d this, please
follow the link below and carry out the instructggiven there.

http://www.altera.com/support/licensing/lic-indetath

phyCORE-MPC5200B with FGPA. You can find all pragsa
and source code you will need to develop your own
applications for the targets FPGA on your host syst All
necessary configurations were done by the setugraro.

@ You have successfully installed the software ferRIDK-Kit

© PHYTEC Messtechnik GmbH 2007  L-702e_1 17
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2.3 Connecting the host to the target's FPGA JTAG inteface

In order to connect the host PC to the JTAG intexfaf the
FPGA on the phyCORE-MPC5200B-1/O, please use tlmeca
corresponding to the JTAG programming adapter whigh
enclosed appropriate to the kit. If a USB-Blasseemclosed with
the kit, please use the enclosed USB cable. If @BEgster is
enclosed with the kit, please use the enclosedlplpart cable
to connect the programming adapter to the hostTP€.JTAG
interface of the FPGA on the phyCORE-MPC5200B i=eded
to connector X8 of the development board. Pleadesrmare that
the cable is connected correctly. The 1 mark onfltteribbon
cable of the programming adapter is either idesdifby a black
or white mark. Pin 1 on connector X8 of the motloard is
identified by a chamfer corner in the componenhtomg of the
board.

- Connect the appropriate programming adapter witineotor
X8 on the target's development board and the USBaoallel
cable with the free available port on your host.

Ensure to use the appropriate cable included s\RIDK.

If you have a USB-Blaster, you must install theresponding
USB driver on the host PC. You can find the driwedr
c:\altera\72SP1\quartus\drivers\usb-blasteirou can find a
description concerning installation of the USB-Bémson the
Altera Homepage at:

http://www.altera.com/literature/ug/ug_usb_blstf.pd

18
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Connect the AC adapter with the power supply cotarec
X6 (9-12V) on your development board.

The power connector should have 9-12 VDC insideaurtdide
should be ground.

polarity: -  +

+9.12 VDC center hole \ B
H/ " 2,0mm ]
GND

After connecting the board with the power supplg thrget is
ready to use with ALTERA Quartus® Il V7.2SP1 Welittoah

© PHYTEC Messtechnik GmbH 2007 L-702e_1 19
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2.4 Copying an Example to the Target

In this section you will learn how to copy an exdmmprogram to the
targets FPGA with either USB-Blaster or ByteBlaster programming
adapter. After downloading the program the exampidl execute
automatically on the targets FPGA.

Copying a program to the targets FPGA:

First double click on the icoQuartus® Il V7.2SP1 Web
Edition on the desktop to launch the program.

Quartus
Edition

The program starts and opens with a blank projaecigator, as
shown in the following picture.

JRL=TE|

File Edt Yew Project Assignments FProcessing Tools Window Help

[EECIETEE T — 02 1 2 LAk EILE )

Project Navigator

Entiy [
by Complation Hierarchy |

i i Use Zero-Power
e A ‘ | MAX®I1Z CPLDs
Get Service Pack 1 for from Attera »

QUARTUS 11
| Software Varsion 7.2

AERA

]

Q UA RT U Sﬂ I I
{yHierarchy | B Files | & Design Units Version 7.2
Status —— 4 x
Module [Fiogess % [Tme® |
*[Type [Message |

System /4 Processing g J, Extialnfo J Info , Waming J CiiicalWaming A, Enor  Suppresses d_} Flag /.
[Message 2| #] [ =] [ Loeaie

[ [EwmwHE [ e =iz

Figure 8 ALTERA Quartus® Il V7.2SP1 Web EditionRroject navigator
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Getting Started

Now click File on the menu bar and sel€ypen Project

=1l
File Edit Wiew Project Assignments Processing Tools Window Help
b = B dpcrewsle|>w=colk|e®|40]
(= Cpen... Ctrl+0
al

.x
ose Chrl4Fa —

@ Newve Project Wizard,..

Open Projeck. .. I se Zero-Power
Corrvert MAR+PLUS IT Project. . N i B MAX®1ZCPLDs
Saye Project Get Seﬁim Pack 1 fi from Altera Y
gz Hijacs QUARTUS'1 : \&Q

| = CErHS Software Version 7. - OQUARTUS 11

Save fs.,

Save Currgnt Fepnrt Seckion G5,

File Properties ., a8

Create | Update r

Exports.. @
Convert Programming Files. ..

B Fage Setup, . Version 7.2
& Print Previzg

S5 Pririt, . Chl+P

x
b
w0
bl
o
a

Recent Files L3

Recent Projects L3 © “Ien‘i"’ng::"t}:: 1}
Exit Ale+Fe
#® Documentation

Type |Hessage I

System p Processin Extralnfo A Info j Waming 4  Critical \Waming A Emor A Suppressed A Fla
i : | - = |
4 IMessage. & ¥ I Location J Locate
Opens an existing project | [FeawE | e ,—,— ,_ P

Figure 9: ALTERA Quartus® Il — Opening an existing project

Select theBlinky demo project from the path
c:\\PHYTEC\PCM-032_phyCORE-MPC5200B-IO\FPGA-
Kit\Quickstart\Demos\Blinkywhich was previously installed
during the setup.

Now Quartus® Il opens the project. After openinige topen project is
shown in the project navigator on the left sidéhaf window.
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& Quartus II - C:/PHYTEC/PCM-032_phyCORE-MPC5200B-10/FPGA-Kit /Quickstart/Demos /Blinky /Blinky - Blinky . [ 59
Elle Edit Wiew FProject Assignments Frocessing Tools Window Help
[pEuas[:me]o = omw A s 9@ © > on 0Gh &% a0
Project Navigator —————————————— = x
Entity
& Cyclone |l: EP2CBF25ECE
- B Blinky
chiz Soinn Use Zero-Power
e A 11, MAX® |IZ CPLDs
Get Service Pack 1 fo
QUARTUS'1 =
Software Version 7.2 |8 i b
ALTERA
2
QUARTUS'II
&Hjeralphyl [ Files I o Design Units Version 7.2
Status ——————————————————————.
Module: | Pogress Z [ Tme & |
© View Quartus I
Information
@ Documentation
Type | Hessag |
% System / Processing J\ Exbalnfo Ji Info )\ Waring }y Citical Warming _ Error }\ Suppiessed J, Flag /
§|Mess¢qe 4| ¥ [tocaion =] [ locate
For Help, press F1 [ el & | Idle [ v

Figure 10: ALTERA Quartus® Il — Open demo project

Quartus®

Now double click on the project name.

Quartus® Il now opens the associated VHDL-File it
project sources.

Have a look at the source code and try to undeistha
basic functionality.

ChooséProgrammerfrom theToolsmenu.

Il now opens the Programmer with the cpoading

programming file.

22
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¥, Quartus II - C;/Ph ic/pcMPC52008-10/Demos/ ALTERA/Blinky /Blinky - Blinky - [Blinky.cdf] = x|
) B Edic iew t Assignments Processing Iools Window Help _=x]

|[oEE|E|sme|senw FEsE2e o> ’7’@\’5!;6}\5|@|“!‘>\&\‘
Project Mavigator —————————————————— - % EE Blinkp.vhd | m Blinky.cdf |

Eniiy Logic Cels
iy Coclone Il: EP2CEF 25608 &, Hardware Sewp. | [No Harduare Made: [JTA5 =] Frogress: | 0%

gl Blirky 43143 ™ Enablz reaktime ISP to allow backaround prograniming [for M 11 devices) ]

Wi Start | [Fie |Dewce |Checksum |Userwde

il Giop Blinky: sof EP2C8F256 000CACA2 FFFFFFFF
gl Auio Detect
¥ Delete

s Add File...

W& Chang= File...
B 5av=Fi

G Add Device.
il

$i Govn

= ISP
== | cLame
[} [}

Frogram/ ] Blark )
Configue | ey | oocc, | Examine

O O O O

Secuily
Bit

éMessage | & [Coaton =
For Help, press F1 [ L Ide [ om |

Figure 11: ALTERA Quartus® Il — Programmer window with the ¢t
programming file

Make sure that the checkmark in the checkbox

Program/Configuras selected.

In order to configure the programming device adaptart
the hardware setup, by clicking tHardware Setugutton.

The window shown next opens and allows to perfédrenHardware Setup.
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Hardware Setup x|

Hardware 5ettingz | JTAG Settings I

Select a programming hardware setup to use when programming devices. This programming
hardware zetup applies only to the current programmer window.

Currently zelected hardware:

— Available hardware items:

Hardware | Server | Part | Add Hardware. . |
ByteBlazter Local LPT1
IJSB-Elaster Local IJSE-0 Hemove Hardware |

Cloze

Figure 12: Hardware Setupf the programming interface

Choose the buttonAdd Hardware if no hardware
components can be selected in the winddwailable
hardware item®therwise skip the next step.

Now mark the programming hardware which is enclosed
the RDK and add it to the list of available hardevaems.

Q If you have a USB-Blaster, you must install theresponding
USB driver on your desktop PC before executinghtelware
setup. Refer to secticdh3.

In order to complete the setup of the programmidgpger
choose the correct programming adapter from thp-down
list Currently Selected Hardwarand finish the setup by
clicking theClosebutton.

As shown in the following figure the configuratiaf the programming
adapter should be completed now and you can stdht twe actual
programming process.
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asic/pcMPC5200B-10/Des /i ,/Blinky,/Blinky - Blinky - [Blinky.ce =l=x|
1) Bl Edt Wiew Project Assigrments Procss: Window  Help —l=1x|
JosE|&[fEe s o an A s@ee o r 7o o n e8] xe
vt

ProjectHavigator —————1 - x| mypl | 1) Blinky.cdf
Entity [Logic Cels
By Cyclons I EP2CEF25ECE | e

G Blinky 43431 I Enable reaktime ISP to allow backaround programming (for MAX Il devices) ]

Setup. | [BveBlaster LFT] Mode:[1TaG =] Progess | 0%

W Stat | [Fie |D aaaaa |Ehecksum |Llsevcnde Emghgm; | Verty | e | Exanine
[m] [m] [m]

i iop Blinky sof EP2CEF256 oonc4caz FFFFFFFF

=] [ Locae

[ o @ %] idle [ mom |

Figure 13 ALTERA Quartus® Il — Programmer with completed Haede Setup

Executing a program on the target:

wo Start
i Stop

File Device

Blirky. sof EP2CEF256

ﬂ]ﬂ Auto Detect

|
|
|
% Delste |
|
|
|

2 Add File...

P Change File...

ml Save File...

Figure 14: Programmerwindow —Start button

Press thé&tartbutton to start the download process.
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The progress of the programming is shown in thesupight corner of the
Programmerwindow, whereas additional information on the pesgming

status is displayed in tHgystentab of the message window at the bottom
of the screen.

3/ /pcMPC52008-10/ LTERA/Blinky /Blinky - Blinky - [Blinky.cdf] =l51%]
@Fl Edit Vi ool Window  Help =l=1x]
loEm|= %ﬂ\ o m\ennw HEseee|o)»vrn|ovo|h|e(@s|e
Project Navigator — 1« x B Blnkpvhd | 15 Blinky. cdf |
Entiy Logic Cells [/OF

&y Cycione Il EF2CEFZ56C8 &, Hadware Setup..| [ BoteBlastey [LPT1] Modz: 145 =] Progess
~~iha Blinky 43143) 00| 1 Enable reabtime ISP ta slow backgraund programming fat MAX 1| devices)
Wb Stat | |Fe |Device |Ehecksum |User|:ude | E'”%’;"”’ | e lyl EL k| Exaine | 2= ‘yl EL'E‘\TAF,

W Blinky-sof EF2CEF256 000CAOCS  FFFFFFFF
o Auto Detect
X Delele
& Add File..

W& o

q | 5] $hiGown

Status ax
Module [Progress Z [Tme & |

‘& [Info: Srarted Frogrammer operation at Thu Nar 22 10:54:06 2007
&) Info: Confimuring dewice index 1

‘%) Info: Dewice 1 contains ITAG ID code 0xDZ0BZODD

% Info: Confimuration succesded —- L device[s) configured

‘) Info: Zuccessfully performed operation(s)

‘%) Info: Ended Programmer operation at Thu Mar 22 10:54:10 2007

£\ System { Processing , Exralrio J, Irfa /, Warring i Cilicd Warning_ Eral f,_Suppiessed /
§|Message Oct6 | ¥ [Cocaton = [ lscee
For Help, press F1 [ T Owe | Idie [ um |

Figure 15: Programmewindow after the successful download of the demogi@mm

The program starts automatically and you will s€eDLD18 of the
development board blinking.
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Troubleshooting:

If you do not find flashing LED, please check tb#dwing:

Make sure that both jumper J16 and J17 of the
development board are closed at position 2 + 3.

Verify the connection of the programming adaptethat
development board as well as at your host PC.

Check the information about the programming process
displayed in th&ystenwindow of Quartus® Il tool chain
and perform the setup of the programming adaptaimag

If necessary.

You have successfully copied and executed an ezampthe
targets FPGA.

m Advanced Information

With the programming tool of the Quartus® Il V7.2SKeb edition
software you have even more options:

Automatic detection of the FPGA-Devices which isaelhed to
JTAG interface.

Modification of the programming files.

Adding and deleting of the different FPGA deviceisiah e.g. can
be attached to a scan chain.

Programming of configuration devices which are clteal via the
active serial interface to the FPGA (e.g. ALTERAE(.
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3 Getting More Involved

In this section, you will learn to create, comgled simulate a new project
with ALTERA Quartus® Il V7.2SP1 Web Edition. Furtingore, you will
receive an insight into the connection between FRGA the MPC5200B
on the phyCORE-MPC5200B-I/O on the basis of anofiteject which
will give you an understanding of the bus interfalceaddition, you will
also receive information about the use of the S@wvdder available in
ALTERA Quartus® Il in conjunction with hardware sjfec interfaces of
the phyCORE-MPC5200B-1/0.And finally, the section describes the
integration of specially designed logic blocks witle SOPC Builder.

3.1 Creating and simulation of a new Quartus® Il V7.2SR Web
Edition project

3.1.1 Creating a new Quartus® Il V7.2SP1 Web Edition progct

In this section you will learn how to create andld@a new Quartus® Il
project. First you will create a new project withoject specific settings.
Then you will write your first vhdl source code fgour first own project.
After the complete configuration you will compileet new project using
the ALTERA Quartus® Il V7.2SP1 Web Edition develagm tool chain
and download it to the target's FPGA.

First open ALTERA Quartus® Il V7.2SP1 Web Edition

Quartus IT 7.2spl Web
Edition

- Double click on the icorQuartus® Il V7.2SP1 Web Edition
on your desktop.
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After starting the Quartus® Il software selddéw Project
Wizardin theFile menu to create a new project.

1ol x|
| Fle Edt view Project Assignments Frocessng Tooks Window Help
bl R Hprews(olrwreo|r|e[® a6 |
[ Open... chl+o —
Close chiliFt p—
LE Use Zero-Power
vert ¥ A MAX® {12 CPLDs
S er Get Service Pack 1 for | i

Close Project: = i
e QUARTUSII |

= B Chl+S Software Version 7
Save fs

Qu
Sz Current Report Section fs,,.

File Propertics .

Create [ Update »
Expirt,,

QUARTUS 11

R Fage Setip,. Version 7.2
5 Print Praview =
S5 Prirtt .. e

Recent Files »

Convert Programming Files, ..

- ® View Quartus Il
Recent Projects 7 Information
Exit Alt+F4
@ Documentation

Type |Message |

x

»

@ -

%\S!slem.’( Processing f,_Extralnfo A Info )\ Watning A, Critical 'waming )ﬁ Errar }\ Suppressed )\ Flag /

élMessage: 2| ¥ ILocaLIon: | Locate

Starts the New Praject Wizard iEd E2.3| il [ 4

Figure 16: Starting theNew Project Wizards

This opens thdntroduction window of the New project
Wizard. To continue and to create a new project click loa t
Nextbutton.
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Now the directory where all project-related filedlvbe saved for your
project must be specified.

MNew Project Wizard: Directory, Name, Top-Level Entity [pac 5[

What iz the warking directory for thiz project?
I C:APHYTECAPCH-032_phyeCORE - PCE2008-104FPGA-KE wick starts D emoz Counter . |

YWwhat iz the name of thiz project’?
Iu:u:uunterI |

YW hat iz the name of the top-level dezign entity for thiz project? Thiz name iz caze sensitive and must
exactly match the entity name in the desian file.

Iu:u:uunter |

Usze Exizting Project Settings ...

< Back I Mext » I Firizh Abbrechen

Figure 17: New Project Wizard - Directory, Name and Top-Ledwetity

As the working directory please ente€C:\PHYTEC\
PCM-032_phyCORE-MPC5200B-IO\FPGA-Kit\Quickstart\
Demos\Countein the appropriate fields of thidewProject
Wizardwindow as shown above.

For the project's name and the top-level desigityeplease
entercounterin the appropriate fields. Click thidextbutton

to confirm the entries.
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The working directory was previously created duritige

installation.

If the specified path name or the specified foldees not exist
on your drive you will be prompted to confirm theneation.

Please confirm the creation of the specified folah OK.

In the next window you can add all available sosrae the form of
Verilog- or VHDL-files to the newly created project

Mew Project Wizard: Add Files [page 2 of 5] ll

Select the design files you want ta include in the project. Click Add All to add all dezign files in the
project directon to the project, Mote; wou can always add design fles to the project later,

File name: || _l Sidd

File name | Type | Add Al

Bemove

Eroperties

il

Dowvery

Specify the path names of any non-default ibrares. Uszer Libraries... |

< Back I Meut > I Fikish

Figure 18: Adding Logic sources in the Project Wizard

Abbrechen |

As there are no files available yet we can skip #gtep. Generally adding
of design files is possible at any time.

Click the Next button to exit the window without adding
design files.
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Now the configuration window for selecting the FP&#nily
and for configuring the specific FPGA device sefsiopens.

New Project Wizard: Family & Device Settings [page 3 of 5] 5[

Select the family and device you want to target for compilation.

r— Show in ‘Available device' list

Eamily: IC_l,lc:Ione Il

j Package: IFBGA 'l

Target device

' Auto device selected by the Fitker

{+ Specific device selected in ‘Available devices' list

Fir count: 266 -

Speed grade: IS 'I

Available devices:

W Show advanced devices

™| HardCapy compatible only

I ame

| Core ... | LEs | Usger /... | tdemar... | Embed... | FLL -

EF2CRAFZEEAT
EP2CRAF 25618
EF2CEF256CE
EF2CEF25EI8
EP2CBAF256A7
EP2CHAF 25618
EFAUHFARELE
EF2CBF25E18

EOTARAEIREAT
A

1.2y 4608 158 113808 26 z

1.8 4608 158 119808 26 2
1.2 4603 158 113808 26 2
1.2y 4608 158 113808 26 z —
1.2 8256 182 165838 36 2
1.2 5256 182 165888 36 2
1A 182 36 2
1.2y 9256 182 z
1M 14448 1R A

165888 36 =
o ng I nd (]
| _>IJ

 Companion device

HardCopyl:

¥ | Lirnit DS P & Bt bo HardCopy || device resources

=]

< Back I E S I Finizh

| Abbrechen

Figure 19:

Family and Device configuration

Select the following settings in thélew Project Wizard:
Family & Device Settings [page 3 of &jndow:

Family: Cyclone Il

Target device: Specific device selected in
‘Available devicedist

Package: FBGA
Pincount: 256
Speed Grade: 8

In the window Available Devicesplease
choose EP2C8F256C8 or EP2C8F25618.

Please confirm the settings by clicking thextbutton.

32
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This now opens the window for configuring the EDdols
which can be used in addition to the Quartus® IL26P1
Web Edition. Unfortunately there are no other talailable
at the moment. Hence we can pass over this windibout
changes by clicking thdextbutton.

New Project Wizard: EDA Tool Settings [page 4 of 5] x|

Specify the ather EDA toals - in addition ta the Quartus | software - used with the project.

— Design Entry/Synthesiz

Tool name: TS

Format: I j

™| Fun this bool autermatically ba spnthesize the current desian

— Simulation
T ool name: |<None> ﬂ
Eormat: I ﬂ
™| Fiun aate-level simulation automatically after compilation

— Timing Analysis
T ool name: |<None> ﬂ
Eormat: I j

™ Fiur this ool autaratically after compilation

¢ Back I MNest » I Finish Abbrechen

Figure 20:  EDA Tool settings
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The last windowProject Wizards : Summary [page 5 of 5]
finally lists all project settings done in the pi@ys steps to
allow verification.

Mew Project Wizard: Summary [page 5 of 5] x|

‘When you click Finish, the project will be created with the following settings:

Praject directary:
C./PHYTEC/PCM-032_phyCORE-MPCE200B-10/FPGA-Kit/Quickstart/Demo:/Counte

Praject nane: counter
Top-level dezign entity; counter
Murnber of filez added: a

Mumber of uger ibranes added: 0

Device assignments:

Family name: Cyclane [l

Device: EP2CBFZ56C8
EDA tools:

Dezign entrydzynthesis <Moner

Sirnulation: <Mone:

Timing analyziz: <Moner

Operating conditions:
Core woltage: 1.8
Junction temperature range: 0-85 °C

Abbrechen

< Back | [dEeqt >

Figure 21: Summary of the project settings

If all project settings are done properly the sumynaf the
project settings should look the same as in theréigabove.
Click on the Finish button to finalize the project
configuration. Corrections in the configuration gressible
by using theBackbutton.
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4!, Quartus II - C:/PHYTEC/PCIM-032_phyCORE-MPC52008-10/FPGA-Kit/Quickstart/Demas [ Counter/counter - counter =1 x|
File Edit View Project Assignments Processing Tools Window Help

[oswa &) Eals o om  FRsEES(D[r o0 8|S & ke

Entty
£ Cydlone Il: EP2CBF256C8
Eer B counter

@ Get Service Pack 2 for
QUARTUS 11
Software Version 7.2 |

NEERA

QUARTUS 11

Version 7.2

®  Documentation

Ry Hierarchy [ B Files | &® Design Units

[ Type [ressage |

|\ System /{_ Processing ), Esialnfo J, Info jy Waming y_Cilical Warning _f, Eniar_,_Suppressed  Flag /
§|Message ll il |Lwa|.gn_ =l Locate
For Help, press F1 [ ToRo® | Tdie [ &

Figure 22: ALTERA Quartus® Il with completed project settings

In order to create a new source file seletvfrom theFile
menu. This opens a new window which allows to setlee
appropriate type of the file we want to add to freject
previously created.

To create a new source file please choose theéypleVHDL
File to add a new VHDL file to the project Counter and
confirm with OK.
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hew x|

Device Deszign Files | Other Files |

HDL File

Black Diagram/Schematic File
EDIF File

SOPC Builder Spztem

State Machine File

Werlog HOL File

WHOL File

k. Cancel

Figure 23: Creating a new design file

ALTERA Quartus® Il V7.2SP1 Web Edition opens a new
VHDL file. Saving the new file will add this autotnzally to the

project settings of the present project.
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!, Quartus TI - C:/PHYTEC/PCM-032_phyCORE-MPC5200B-10/FPGA-Kit/Quickstart/Demas/Counterfcounter - counter - [Vhdii.vhd] =1of x|
4 Fle Edit View Project Assignments Processing Tools Window Help 1= x|
B IR e L e e
PractNavigatr ———————— * X & yhail.vhd I
Entity —
£y Cyclone II: EP2CBF256CE o |
» nte —
counter #
T
35
U
=
A
“
*
%
0
bus
7
|E
B
ab7
I
iy
o
EyHierarchy [ B Files | 4P Design Units 1 | |
*[1ype [essage |
=it
For Help, press F1 [tn1,ca1 i T2l Idle [T [ i

Figure 24: ALTERA Quartus® Il with an open design file

Please enter the following source code for the WeilDL
file in the Editor window of ALTERA Quartus® Il (th

editor window is titled with the name of the film, this
casevhdll.vhg :
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Figure 25: Source code of the project Counter
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4! Quartus I1 - C;/PHYTEC /PCM-032_phy CORE-MPC5200B-10,/FRGAKit /Quickstart /Demos /Counter /counter - counter - [¥hdll vhd*]"

3@3 File Edit Yiew Project Assignments Processing Tools window Help

=10l x|
=18l x|

J|Dﬁﬂﬁ|§|é¢l%::g|n :‘u”cnumer

AR, @G | D|r Tnos|k|[@|® de |

Project Navigator x 455 Whdl_vhd=
3 :

Enlity
Cpclone |I: EP2CBF256C8 1 LIERARY ieee; =
T L 5 USE ieee.std logic 1164.all;
Lo B coOURtEr . e s e
i R 3 USE imes.std_logic_arith.all:
— 3
1 5 EENTITY counter IS
= 5 PORT
LR 7o
A T g clk : IN STD_LOGIC:
.;k ﬂ o elrn = I STD_LOGIC?
e 10 count : oUT STD_LOGIC_WVECTOR(7Y DOWNTO O)
@ = 11 ¥
— iz END counter;
L] 13
T 14 EARCHITECTURE rtl OF counter I3
[257 a0 5
| = 16 SIGHAL count_signal : UNSIGHED (7 DOUNTO 0);
— A5 SIGMAL pre count signal : INTEGER RANGE 0O TO 1000000
|12l Files | & Design Linits =2 18
13 EBEGIN
Status ——————————1ix 20 BEPROCESS (clk, clrn)
Moduls | Progiess 7 | Time & | 21 BEGIN o
2z ®IF clrn = '0' THEN
23 count_signal <= [OTHERS => '0');
249 pre_count_signal <= 0;
25 EELSIF (clk'EVENT AND clk = '1') THEN
26 pre_count_signal <= pre_count_signal + 1;
27 EIF pre_count_signal = 1000000 THEN -
4] | |
’: Type |Hessage |
B\ System [ Processing , Evtralnfo }, Infa }, Warming }y Cilical Warming J, Erior ,_ Suppressed }, Flag /
b
b
i

2 Message: ll il ILC-E.atIUI’n

= [ s

For Help, press F1

[tn3s, coll  [wmo | Idle

[ 7

Figure 26: ALTERA Quartus® Il with the source code implementedthe project

Counter

After entering the source code, it iIs necessary yoa
save the VHDL file by clicking the icoBaveor choosing
Save adrom theFile menu. The new VHDL file can be
saved e.g. under the name counter.vhd. If the @piate
checkbox was checked during saving the file it is
automatically added to the project settings andasv
available for the present project.

Now click on the iconSettings ﬂ to enter additional
project settings or to check newly incorporatedjguo

settings.
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Settings - counter

X

Cateqgary:
- Files
- Libraries Select the familp and device pou want to target for compilation.
- Device
(- Operating Settings and Conditions .
E----Voltage Earnily: IE_l,lclone Il j
- Temperature Device and Pin Optiarns. ..
- Compilation Process Settings
[#- EDA Toal Settings r— Target device
- Analyzis & Synthesiz S ettings " Auto device selected by the Fitter
[#- Fitter Settings

=8 T_iming Analyziz Settings

i TimeGuest Tiring Analyzer € Difier: n/a

% Specific device selected in ‘Available devices' list

Show in ‘Available devices' list——

FPackage: I FEGA - l
Fin count: 256 ~

Speed grade: m

¥ Show advanced devices

™ HardCopy compatible only

=3 Classic Timing Analyzer Settings

Clazsic Timing Analyzer Repol Ayailable devices:

Comd EACIRCTD
4

- Azzernbler Mame | Care v... | LE= | Uszer /... | emar... | Embed... | PLL &
. Design Assistant EP2C54F 25647 1.2 4603 198 119808 26 2
- SignalTap Il Logic Analyzer EP2C54F 25618 1.2 4603 158 113808 25 2
e oD n @ om gm s
- Simulator Sett :
[l Simulater Setings . EP2CEAF25EA7 1.2 8256 182 169888 36 2 |
- PowerPlay Power Analyzer Settings EPZCAAF 256! 12 @6 182 165688 36 2
EFZCAFZAECE 1.2 ol a2 tafatare a6 2
EP2CEF25EIE T2 5256 182 165808 36 ]
EP2C154F 25647 1.2 14448 182 239616 52 4
4 h 14440 AE b J Ty [ g Ll

— Migration compatibility

Migration Devices... |

0 migration devices selected

Companion device

HardCapyl: I
¥ | Limit BSP & Bk b HardCopy |l device resources

[ o

[ o 1|

Cancel |

4

Figure 27: Additional project settings

In the categoryeviceother project settings are to be carried
out. Please click on tHgevice and Pin Options.button.

Select the tab sheétnused Pinsand chooseéAs input tri-
stated with weak pull-up resistofsom the drop down list
Reserve all unused pins achieve a well-defined behavior of
the unused pins. The default option should not bedu
because pins of the FPGA, which are connected wiber
(e.g., to the bus system of the MPC5200B) coulddaatally
float against corresponding quiescent levels.
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Dewvice & Pin Options x|

Fin Placement I Error Detection CRC I Capacitive Loading I Board Trace Maodel I
General I Configuration I Programming Files  Unused Pins I Dual-Purpose Pins I Voltage
Specify device-wide options for reserving all unused pinz on the device. To rezerve

individual dual-purpoze configuration pinz, go to the Dual-Purpose Pins tab. To
rezerve other pinz individually, use the Assignment Editar.

ST e [ ER S e W st L= inpLit bri-stated with weak pull-up resisih

Description:

Feserves all unused pins on the target device in one of 5 states: as inputs that are ‘I
tri-gkated, as outputs that drive ground, as outputs that drive an unspecified signal,

as input tri-stated with bus-hold, or as input tri-stated with weak pull-up.

=1

ok | abbrechen |

Figure 28: Device and Pin Optionen — Unused Pins

Click on theOK button to confirm all settings made and to
return to the Setting window.

Now expand the categofiyming Analysis Settings

ChooseClassic Timing Analysis Settindiom this category
and click on thendividual Clocks..button.
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Settings - counter 1'

Categaory:
- General Claszic Timing Analyzer Settings
- Files
- Libraries Specify settings for the Classic Timing &nalyzer. Use the Assignment Editor for individual timing
- Device assignments. Mote: These settings affect the Classic Timing Analvzer only. To specify Timeluest

- Dperating Settings and Conditions Timing &nalyzer settings, use the TimeQuest Timing Analyzer [Timing Analysis Settings menu).

[i]
[

— Delay requirernent

(- Compilation Pr_ocess Settings =g l— m [~ Beport mirimum timing checks
(- EDA Tool Settings finimurn delay iequirements
[H- Analpsiz & Synthesis Settings teo: I InS vl
[#- Fitter Settings - F i tea: I Ins 'l
= Timing Analysiz Settings tpd: I Ins 'l .
Timeluest Timing Analyzer it tpd: I Ins j'

iming &n

! th: I I ng 'l
Clazsic Timing Analyzer B

----gssgmb:r istant — Clock 5etting:
- Design Assistan

- SignalT ap || Logic Analvzer Default required fmax: I IMHZ 'l
- Logic Analyzer Intertace =

- Simulatar Settings Individual Clocks. .. |

- PowerPlay Power Analyzer Settings
Moare Settings.. |

gs:
Epol

el
[#l

Drescription:

=
I

1| | aK I Canecel |

4

Figure 29: Classic Timing Analysis Settings

In the next window click on th&lew button to add a new
clock signal.

Individual Clocks 5'

Specify settings for each clock that iz part of the project. Assign the seftings to input clock signals.

Existing clock zettings:
Mame | Type | Frnax | Dk | Period | Offget | FPhase s| Mode[z]

Edit... |
Delete |

4| | 2

oK I Cancel

Figure 30: Individual Clocks
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Choose any name for the clock setting and enterckbek
name appropriate for the design into the figfiplies to node

New Clock Settings il

Clock settings name: ICDuntEr_chk

Applies bo node: |C|k J

— Felationship to other clock settings

% |ndependent of ather clock settings

Bequired fmanx: |33 I 'I Resulting period: 30,303 nz
Ciuty encle (] |5U

) Based o I j DerivedClockHequirements...|
0K I Cancel |

Figure 31:  New clock settings

Enter the frequency of this signal in the fi&eéquired fmax
according to the clock signal from the phyCORE-
MPC5200M-1/O (usually 33MHz) and confirm your segs
by clicking the OK button until you returned to the Main
Project Window.

For the further configuration of the project and the definition of the
different 10s of the FPGA the assignment editor tabe started. This
editor helps to define the 10-routing and provide&®rmation about the
attached 10s for the compiler or the fitter of Peartus® Il V7.2SP1 Web

Edition.

Start the Assignment Editor by selectiAgsignment Editor
in the Assignmentsmenu or by clicking theAssignment

Editor icon & .
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&' Quartus II - C:/PHYTEC/PCM-032_phyCORE-MPC5200B-10/FPGA-Kit/Quickstart/Demas/Counter/counter - counter - [Assignment Editor] =(of x|
(@ Fle Edt view Project Assgnments Processng Tools Window Help =R
”Dblilﬂ|§\%hﬂ|mm\coumer I s@e e olrenmolke@|a o]
Project Navigator ————————— - S | <& Assignment Editor I
Enmv
A Cyclone II: EP2CBF256CE H 4 category: | [ =[G a & tming| ® Logic options
- _courter ; Th Ament Editor s the interface for creating, editing, and viewing individual sssignments, Induding pin assignments, in the QUArtus 1L software, To creats project-wide assgnments, Use
the Setings ddogb Uity i e iy o e o e o B, The deo ut category, Al dsd ars \Ias@nmmts
EN created for the target device famiy; the indvidual assignment categories display only the ass: are legal for the target device. Use the Node Fike
(i ' | |assignments for specific nodes and entities. Rfemm e Quartus IT onfine H\pfnmnr dmed information on assignments and the Assignment Editor.
2
5|
livil Edit: [ I
I
E: From To Value Enabled
£ | ES € ok AT Yes
’e: 2 <<new>> <<new>>
=
&=
>
¥
©
4
“
hy | B Files | o Design Units
x[Type [ressace |
[\ Spstem [ Processin ing fy Extialnfa j Info b Warning fCiitical Waming gy Error , Suppressed f Flag /.
[Message 2| | [ocaton [
For Help, press F1 | LT T2 Idie I )

Figure 32: The Assignment Editor of the Quartus® Il tool chain

If necessary click thénformation button to minimize the
information bar and afterwards th€ategory button to
expand the category bar in order to accomplish the
assignments more easily.

To define the functions of the FPGA's |0s selent from
the category.ocationswithin the category bar.
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!, Quartus 1 - C:/PHYTEC/PCM-032_phyCORE-MPC52008-10/FPGA-Kit/Quickstart/Demos/Counter/counter - counter - [Assignment Editor] =10l =]

<& Ele Edt Vew Project Assgnments Procsssing Tools Window Help =13] x|
IEEEE TR rr— A A e

Project Mavigator

courtervhd | 5 Assignment Editor |

Entity

£ Cydlone Il: EP2CBF256C8

Eer B counter

4 i X [<<new>>

[uoBank [t/ standerd [GeneraiFuncion  [specilFuncion  [Reserved [Enabied

|8 el ve % % 2RI 0] @ s e

| B
[ Type [Message ]
.
I\ System {_Processing J\_EiaInfo_\, Info Jy Warming j,_Criical Waming_, Entor Jy_Suppressed Jy Flag /
IMessage ll il |Lwa|.gn_ =l Locate
For Help, press F1 [ TR Tdle [ i

Figure 33: Assignment Editor with expanded category bar

To start the assignment for a specific pin firstilole click on
the word new in the first column TO column) of the
spreadsheet.

Now enter the name of the clock input for this eglm
project (clk) and confirm by pressiiignter.

Next you have to specify the pin used to attach dloek
signal to the phyCORE-MPC5200B-I/O. Double click the
cell in theLocation column next to the name you have just
entered. In this example seldetN_H2 from the drop-down
list. You can also start typing the pin number detdthe
Assignment Editor automatically complete it for you

Double click on the cell in th&/O standard column and
choose 3.3-V LVCMOS from the drop-down list.
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Continue to assign all other I/Os of this exampleéhe same
manner. The following table shows a complete Iisthe pin
assignments needed.

To Location 1/0 I/O Standard General Special Reserved| Enabled
Bank Function Function
clk PIN_H2 1 3.3-V LVCMOS| Dedicated| CLKO, Yes
Clock LVDSCLKO
p, Input
clrn PIN_N9 4 3.3-VLVCMOS| Column | LVDS66p Yes
I/0
count[0] | PIN_M4 1 | 3.3-VLVCMOS Row I/O PLL1_OUT Yes
n
count[1] | PIN_N4 1 3.3-VLVCMOS Row I/O LVDSOn Yes
count[2] | PIN_N3 1 3.3-VLVCMOS Row I/O LVDSOp Yes
count[3] | PIN_N2 1 3.3-VLVCMOS Row I/O LVDS2n Yes
count[4] | PIN_N1 1 3.3-VLVCMOS Row I/O LVDS2p Yes
count[5] | PIN_P3 1 3.3-V LVCMOS Row I/O Yes
count[6] | PIN_P2 1 3.3-V LVCMOS Row I/O LVDS1n Yes
count[7] | PIN_P1 1 | 3.3-VLVCMOS Row I/O LVDS1p Yes
Table 1 Pin Assignments
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#, Quartus II - C:/PHYTEC/PCM-032_phyCORE-MPC5200B-10,/FPGA-Kit/Quickstart/Demos /Counter/counter - counter - [Assignment Editor’ ) ] 3]
< File Edt Wiew Project Assignments Processing Tools Window Help =&l x|
~ : = », %
D@ 2|t m.|o - |fome A s @89G [0 > 20289 4]0
Project Mavigator —————————1 » x a@, e | @ Assignment Editor™ |
Enritity
£y Cycloe Il: EP2COF256CE =1 il
E =T
R = Locations
o b GOLMGET o
@' PLL
e 2 Comb, cell
= Reqgister cel =
=
i 1l Information: | This cell specifies the pin name to which you want to make an assignment. - Double-click to create a new assignment.
A ﬂJ Edit: 3| [c<new==
:H@ To Lacation 1/ Bank 1j0 Standard General Function Special Function Reser
B G clk PIN_H2 1 3,34 LYCMOS Dedicated Clock CLKD, LYDSCLKOp, In...
i |z < cim FIN_NG 4 3.3 LYCMOS Column 10 LvDse6n
[Ty |E € count[0] PIN_M4 1 3.3-% LYCMOS Row /D PLL1_OUTn
= % € count[1] PIN_N4 1 3.3-% LWCMOS Row Lo LvDs0n
il | € count[2] PIN_N3 1 3,34 LWCMOS Row IO LYDS0p
AyHiererchy [ Fiee | & Davin Units |Q—l) & € count[3] PIMN_M2 1 3.3 LyCMOs Row /D LYDS2n
ZIE €6 count[4] FIN_M1 1 3.3 LYCMOS Row 1/ LYD52p
Status ax — |8 € count[5] PIN_P3 1 3,39 LYCMOS Row 10
Torie [Fogess 7 [Tme® | «w |f|a € count[£] PIN_P2 1 3.3 LYCMOS Row 1o LYDS1n
10 € count[7] PIN_P1 1 3, 3% LWCMOS Row IO LVDS1p
11 <<news>
< | i3

|Message I;l
Info: set_location assignment FPIN Md -to count[0]
Info: set_location_assignment PTH N4 —to count[1]
Info: set_location assignment FPIN N3 -to count[2]

Info: set_location_assignment PTM N2 —to count[3]
Info: set_location assignment FIN N1 -to count[4] AI

Info: set_location_assigmment PIN_P3 -to count[5]
Info: set_location assignment FIN P2 -to count[6]

ceceeeed

Info: set_location_assignment PIN P1 -to count[7]

=
% System [20) A Processing f, Estialnfo j Info f, Waming f,  Ciical Wamingh, Enor , Suppiessed A, Flag /.
EIMESS&QE fof20 2| ¥ [Cocsiion: =] oo

For Help, press F1 [ [Gwmow | Idle [ 4

Figure 34: ALTERA Quartus® Il after completing the pin assigemn

Caution: Configure the signals carefully, otherwiske
function of Avalon Slave component can not be guoised.

After successfully completing the assignment offilms the typical 10-Pin
load for the outputs must be configured.

First scroll down in the category bar and sel&otFeatures

A new spreadsheet opens in thditor window. As already
done in the previous step first double click on Wwrd new
in the second columimQ column) of the new spreadsheet.

Entercount[0] to define the constraint for the first output pin
and pres&nterto confirm.
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Table 2:

Next you have to specify the constraint. Doublelkclhn the
cell in the Assignment Nameolumn, next to the name you
have just entered. SeleCutput Pin Loadfrom the drop-
down list or type it.

To enter the correct value click on the cell in ¥alue

column. Ented and pres&nterto confirm,

Continue to configure the output pin load for alher
outputs. The following table shows a complete b$tthe
constraints needed.

To Assignment Value | Enabled
Name

count[0] | Output Pin Load 4 Yes
count[1] | Output Pin Load 4 Yes
count[2] | Output Pin Load 4 Yes
count[3] | Output Pin Load 4 Yes
count[4] | Output Pin Load 4 Yes
count[5] | Output Pin Load 4 Yes
count[6] | Output Pin Load 4 Yes
count[7] | Output Pin Load 4 Yes

Constraints for the output pin load
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Figure 35: ALTERA Quartus® Il after entering the output pirath

& Caution: Configure the constraints carefully, ottise the
function of Avalon Slave component can not be guied.

After completing the pin assignment and entering th
constraints, save the project by selectBaye projectfrom
theFile menu.

Now the project is ready for compilation.

Click on theCompiIationicon| * or chooséStart
Compilationfrom theProcessingnenu.

After successful compilation the following scredrosld show up.
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Figure 36: ALTERA Quartus® Il after successful compilationtbé project

If the process of building the project stops with exror, check
your source code and your modified settings especthe
assignments done in the assignment editor. Infoomatn errors
or warnings will be displayed in the correspondtag. Simply
click on theError or Warningtab in the message window at the
bottom of the screen.

The 3 warnings you will receive can be viewed ia Warningtab of the
message window for further evaluation. As they @oé critical we can
proceed with the download of the new project aral é¢kecuting on the
target.

Push theDK button.

Now you are ready to seleBrogrammerin the Tools menu in order to
download the program to the target.
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Ensure that the programming or configuration optgselected by turning
on the corresponding checkbox in the programmer.

Click on theStartbuttonto start the download process.

The progress of the programming is shown in thesupight corner of the
Programmer window, whereas additional informationtltoee programming
status is displayed in tHeysteniab of the message window at the bottom
of the screen.

Figure 37: Successful programming of ti@unterproject

After successfully programming the FPGA on the eangu will see LED
D18 blinking with a lower frequency than in the iy project.

You have successfully created and compiled youst fir
Quartus® Il V7.2SP1 Web Edition project as wellexgcuted
it on the target.
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In this section you have learned how to create aadhpile a new
Quartus® Il project. Now you are able to implemeatv logic features in
the targets FPGA.

3.1.2 Simulation of the Counter Project with ALTERA Quart us® Il
V7.2SP1 Web Edition

To simulate the previously created Counter projacVector Waveform
file is required. Using the menu of the Quartus@obl chain allows easy
creation of this Vector Waveform file.

Select Open Projectfrom the File menu to open the
previously created Counter project.

SelectNewfrom theFile menu to create a new file.

Choose the tab she®@ther Filesin the window that opens
now and select Vector Waveform File.

Figure 38: Choosing the right file type
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The following figure shows the window that opengeafsuccessfully
executing the step described above.

Figure 39: ALTERA Quartus® Il with the just created Vector \WaForm File

Right-click the white area undé&famein the Waveform
Editor window and choosksert and theninsert Node or
Busto open thdnsert Node or Buslialog box. You can
also open thdnsert Node or Buslialog box by double-
clicking undeMName
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Figure 40: Opening thdnsert Node or Budialog box in order to add new signals to
the Vector Wave Form file

Figure 41: Thelnsert Node or Budialog box

Now click theNode Finderbutton to add different signals
to the Vector Waveform File.
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Figure 42: The Node Findedialog box

SelectPins: all & Register: post fittindgrom the drop-
down listFilter and press theist button to confirm.

After confirming all IOs and registers available fbe simulation will be
listed and you can select which signal should leelus

Figure 43: TheNode Findedialog box with the signals available for the siatidn
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Mark the signals:
clk
clrn and
pre_count_signal

and click on the icon to add them to th8elected
Nodedlist.

After successfully adding the different signals Node Finderdialog
box should appear as shown in the following figure.

Figure 44: TheNode Findedialog box after selecting the signals for the datian

PressOK to close theNode Finderdialog box and t@eturn to
thelnsert Node or Busdialog box.

PresgOK again to return to the Waveform Editor window.
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Figure 45: Waveform Editovindow with the signals added for the simulation

To create a waveform for the clock sigmaérk the clock signal
by clicking on its name.

Click the Overwrite Clockbutton on the Waveform Editor
toolbar to generate a clock signal with the Cloigtaly box.

Enter the following values in th@ock dialog box

Start Time: 0ps
End Time: 1us
Period: 15ns
Offset: ons
Duty Cycle: 50%

Pres9OK to confirm.
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Figure 46: Using theClockdialog box to configure the clock signal

Now you can see, that the waveform of the sigfi@has changed into
a clock signal with a period of 15 ns.

To distinguish the waveforms of the signals easteis
possible to change the zoom level of Ykaveform Editor
window. Using STRG+Shift+Spacezooms in, whereas
STRG+ Spaceooms out.

Now select the signalclrn to continue the signal
configuration. This signal is low active. Therefarick on

the Forcing High (1)icon to change the quiescent level to
a high level.

To define the time where this signal is active. (has a low
level) selecia portion ofthe waveform bydragging the cursor
over the waveform while you hold down the left meusitton.

After releasing the mouse button the box you jusaied around
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the portion you want to change turns blue. Clicktbe icon
on theWaveform Editortoolbar to change the signal level of
the selected portion to a low level.

Figure 47: Configuration of theelrn signal with theWaveform Editor

To continue click on the icon or choos&ave Agrom
the Rle menu. In tle Save Adlialog box enter counter and
choose Vector Waveform File (*.vwf) as file typendtire that
the checkboxAdd file to current projeds checked.

Select Simulator Tool from the Processing menu to
proceed with the configuration of the simulator.
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Figure 48: The Simulation Tool of the Quartus®dbk chain

Verify that the Vector Waveform file counter.vwf is
selected in th&imulation inpubox.

From theSimulation optionsgdeselect all options except
Overwrite simulation input file with simulation rdss.

Press thé&tartbutton to start the simulator.

Figure 49 Successful simulation of the project
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If the simulation has been carried out successfQiartus® Il V7.2SP1
Web Edition shows the message shown in the previguee.

Confirm the successful simulation by pressing @te
button.

Click on the tab of theNaveform Editorwindow to
change to this window and to view the waveforms
generated by the simulation.

PressYesto confirm to reload the file. This way the

waveforms generated during the simulation will be
saved to the Vector Waveform file and can be viewed
Otherwise the results of the simulation will be
discarded.

Click on the plus sign in front of the pre_coungrsl
to expand this signal.
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Figure 50: Waveform Editovindow with the simulation result of the counteojerct

The results of your simulation should now correspom the results
shown in the above figure.

You can see that there _count_signaftegister is reset to 0 when the
clrn signal becomes low, and that the pre-countersstaxinting again
when the clrn signal becomes high.

You have successfully created and completed yast fi
Quartus® Il V7.2SP1 Web Edition simulation project.
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3.2 The Bus System used for addressing the FPGA on the
phyCORE-MPC5200B-1/0

3.2.1 The Local Plus Bus of the MPC5200B attached to tHePGA

A Local Plus Bus connects the FPGA of the phyCORECE200B-I/O to
the MPC5200B microprocessor.

The Local Plus Bus interface of the MPC5200B is altiplexed,
asynchronous bus interface. It is neither mastebuocst capable.

Because of the bus system used a maximum thedrééitaatransfer rate of
37 MB/s can be achieved between the FPGA and tbeoprocessor at a
bus clock of 66 MHz.

Numerous control signals are attached between tti@pnocessor and the
FPGA for the data transfer. The following signais available:

/LP_CS3
/ILP_CS4
LP_RDnWR
/ILP_OE
/LP_ACK
/ILP_ALE
/ILP_TS
ADO..AD31
/HReset

The individual bus signals of the MPC5200B have tbkowing
functions:
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The Chip Select signals /LP_CS3 and /LP_CS4

The Chip Select signals are used to select a pEapltomponent
during a bus access on the Local Plus bus. Theeasl@rea in which
the Chip Select signals can be active is configerdtom the CPU
side.

The LP_RDnWR signal

The LP_RDnWR signal serves to control the readwarig access to
peripheral components of the Local Plus bus. Ifglgmal is high a
read access to the peripheral component selectedebhip Select
signal is performed. If the signal is low during thctive phase of the
Chip Select signal, a write access from the praressthe selected
peripheral component is initiated.

The /LP_OE signal

Similar to the /LP_RDnWR signal the /LP_OE signahtols the
way peripheral components are accessed. If theakignlow, the
processor initiates a read access to a periphengbanent.

The /LP_ACK signal

The /LP_ACK signal serves to terminate the reaaviote access of
the processor. If the signal is pulled low during access, the
processor finishes the read or write access wem#xt rising edge of
the clock signal.

The /LP_ALE signal

In a multiplexed bus system the /LP_ALE signal sedito latch
the addresses during the address phase of thebessa

The /LP_TS signal

During a bus access the /LP_TS signal indicategitme where
the data transfer starts. It becomes active imnegiafter the
address phase to trigger the data phase.
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7. The data and address lines AD0O..AD31

The data and address lines serve to attach thessid during the
address phase and to transfer the data in the awwdeead phase.

8. The /HRESET signal

The signal/HReset is a bi-directional reset sigsfalhe MPC5200B
microprocessor, which allows to reset the FPGAtrimal logic

elements to a their initial state. Likewise it iespible to reset the
microprocessor with this signal.

The signal sequence during a read or write acaes$iseoLocal Plus Bus of
the MPC5200B is shown in the following figures:

Figure 51: Signal sequence during a read access on the LhsaBias of the
MPC5200B

© PHYTEC Messtechnik GmbH 2007 L-702e_1 65



phyCORE-MPC5200B-1/0 with FPGA QuickStart Instrons

Figure 52: Signal sequence during a write access on the [RiaalBus of the
MPC5200B

Please refer to the corresponding data sheet /marual for further
information on the Local Plus bus.

3.2.2 The Avalon interface

The Avalon interface is a synchronous bus systanirRGA internal data
transmission which supports burst and multimastansfer. This bus
system is bound by license to FPGAs from ALTERA.n&yonous
Operation allows for a maximum data throughput Wwhean be boosted
even more through a flexible frequency selection.

The Avalon interface has the following ports:
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3.2.2.1 The Avalon Master Port

Signal Width | Direction Required | Description

Type

Fundamental Signals

clk 1 In Yes Synchronization clock for the Avaloas#

interface. All signals are synchronous to clk.

waitrequest | 1 In Yes Forces the master port to wait ungl th
Avalon switch fabric is ready to proceed with
the transfer.

address 1-32 Out Yes Address lines from the master fuothe
Avalon switch fabric.

The address signal represents a byte address.
However, the master port must assert addres
on word boundaries only.

UJ

read 1 Out No Read request signal from master pat. N
required if master port never performs read
transfers.

If used, readdata or data must also be used.

readdata 8,16 In No Data lines from the Avalon switch fabria fo
32, read transfers. Not required if the master port
64, never performs read transfers.
128 If used, read must also be used, and data
(1) cannot be used.

write 1 Out No Write request signal from master piidt

required if the master port never performs
write transfers.

If used, writedata or data must also be used.

writedata 8,16 Out No Data lines to the Avalon switch fabric for
32, write transfers. Not required if the master
64, port never performs write transfers.
128 If used, write must also be used, and data
1)

cannot be used.

byteenable | g2, Out No Byte-enable signals to enable specifie byt
4,8, lane(s) during write transfers to memories of
16 width greater than 8 bits.

The master port must assert all byteenable
lines during read transfers.
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Pipeline Signals

readdatavalid | 1 In No Used for pipelined read transfers with
latency.

Indicates that valid data from the Avalon
switch fabric is present on the readdata
lines. Required if the master is pipelined.

flush 1 Out No Used for pipelined read transfers. The
master port asserts flush to clear any
pending transfers in the pipeline.

Burst Signals

burstcount 2- Out No Used for burst transfers. Indicates the
32 number of transfers in a burst.

Flow Control Signals

endofpacket | 1 In No Used for transfers with flow control.
Indicates an end-of-packet condition from
the Avalon switch fabric. Implementation
is peripheral specific.

Tristate Signals

data 8,16 Bidirectional read and write data for tristate neagtorts.
,6342’ If used, readdata and writedata cannot be used.
128
Other Signals
irq 1, In No Indicates when one or more slave ports
32 have requested an interrupt. If irq is a 32-
bit vector, each line corresponds directly
to the irg signal on a slave port, with no
inherent assumption of priority. If irq is
one bit wide, it is the logical OR of all
slave irq signals, and the interrupt priority
is encoded on irgnumber.
irgnumber 6 In No Indicates the interrupt priority of g
port asserting its interrupt request. Lower
value means higher priority. Used only
when the irq signal is one bit wide.
reset 1 In No Global reset signal. Implementation is
peripheral specific.
resetrequest | 1 Out No Allows the peripheral to reset the renti
Avalon system. The result is immediate.
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The following figures show the signal timing of Amalon master port
during read or write access:

Figure 53: Avalon master port read access with Wait-States

Figure 54: Avalon master port write access with Wait-States

© PHYTEC Messtechnik GmbH 2007  L-702e 1 69



phyCORE-MPC5200B-1/0 with FPGA

QuickStart Instrans

3.2.2.2 The Avalon Slave Port

Signal Type | width | Direction | Required | Description |
Fundamental Signals
clk 1 In No Synchronization clock for the Avalonwsa
interface. All signals are synchronous to
clk. Asynchronous slave ports can omit clk.
chipselect 1 In No Chip Select signal to the slave porte Th
slave port ignores all other Avalon signal
inputs unless chip select is asserted.
address 1-32 In No Address lines from the Avalon switch
fabric to the slave port. Specifies a word
offset into the slave address space.
read 1 In No Read-request signal to the slave past. N
required if the slave port never outputs
data.
If used, readdata or data must also be used
readdata 1- Out No Data lines to the Avalon switch fabric for
128 read transfers. Not required if the slave port
Q) never outputs data.
(2) If used, data cannot be used.
write 1 In No Write-request signal to the slave phit
required if the slave port never receives
data from a master.
If used, writedata or data must also be used,
and writebyteenable cannot be used.
writedata 1- In No Data lines from the Avalon switch fabric
128 for write transfers. Not required if the slave
(1) port never receives data.
) If used, write or writebyteenable must also
be used, and data cannot be used.
byteenable 0,2, In No Byte-enable signals to enable specific byte
4,8, lane(s) during write transfers to memories
16 of width greater than 8 bits.
If used, writedata must also be used, and
writebyteenable cannot be used.
writebyteenable | g2, In No Equivalent to the logical AND of the
4,8, byteenable and write signals.
16 If used, writedata must also be used. write
and byteenable cannot be used.
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begintransfer 1 In No Asserted during the first cycle of every
transfer. Usage is peripheral-specific.

Wait-State Signals

waitrequest 1 Out No Used to stall the Avalon switch fabsicen
the slave port is not able to respond
immediately.

Pipeline Signals

readdatavalid 1 Out No Used for pipelined read transfers with
variable latency. Marks the rising clock
edge when the slave asserts valid readdata

Burst Signals

burstcount 2-32 In No Used for burst transfers. Indicates t
number of transfers in a burst.

When used, waitrequest must also be used.,

beginbursttransfer 1 In No Asserted for the first cycle of a bust
indicate when a burst transfer is starting.
Usage is peripheral-specific.

Flow Control Signals

readyfordata 1 Out No Used for transfers with flow control.
Indicates that the peripheral is ready for a
write transfer.

dataavailable 1 Out No Used for transfers with flow control.
Indicates that the peripheral is ready for a
read transfer.

endofpacket 1 Out No Used for transfers with flow control.
Indicates an end-of-packet condition to the
Avalon switch fabric. Implementation is
peripheral specific.

Tristate Signals

data 1- Bi- No Bidirectional read and write data for tristate
128 directio slave ports.
@ nal If used, readdata and writedata cannot be
used.
outputenable 1 In No Output-enable signal for the data lines.

When deasserted, tristate slave port must
not drive its data lines.

If used, data must also be used.
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Other Signals

irq 1 Out No Interrupt request. A slave port asseqts
when it needs to be serviced by a master.

reset 1 In No Peripheral reset signal. When asserted,
slave peripheral must enter a deterministic
reset state.

resetrequest 1 Out No Allows the peripheral to reset the renti
Avalon system. The result is immediate.

The following figures show the signal timing of #&valon slave port
during read or write access:

Figure 55: Avalon slave port read access with Wait-States

Figure 56: Avalon slave port write access with Wait-States

Please refer to the latest specification for mar®rimation on the
Avalon interface. To download it go to :

http://www.altera.com/literature/manual/mnl_avalspec.pdf
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3.2.3 Signal Conversion from the MPC5200B's Local Plus Bsito the
FPGA's Avalon interface

A number of FPGA internal processes are neceseargrivert the signals
from the MPC5200B's Local Plus Bus to the FPGA'além interface and
to ensure correct data transmission for readingvanighg. This section
describes the processes for data conversion ankiexpsome details
about the signal processing.

Caution: The Quartus® Il V7.2SP1 Web Edition Projec
introduced in this section is not intended for pesgming to the
FPGA. It merely serves to illustrate the functiatyabf the data
transfer between the MPC5200B's LP bus system &aed t
FPGA's Avalon interface.

If you accepted the default destination locatiomirty the installation of
the Development Kit CD you can find the source ussed in this section
in the following file:

c:\\PHYTEC\PCM-032_phyCORE-MPC5200B-IO\FPGA-Kit\Qstart
\Demos\Avalon_Counter\\lpb_to_avalon.qgpf

3.2.3.1The Entity Declaration

The entity declaration specifies the name and Ktereal interface of an
VHDL entity. If the VDHL entity is the top level &ty in a hierarchical
design, the ports of the interface represent thgsipal ports of the
component described.

The following screenshot displays the entity deatian for the signal
conversion from the MPC5200B's Local Plus Bus ® FPGA's Avalon
interface.
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Figure 57: Entity Declaration

As only part of the signals described in the speaiion must be used for
the basic communication with the Avalon interfaget all signals of the

Avalon master port are described in the entity aletion, as you can see
in the screenshot. The rest of the signals carooally be used for the

communication whereas the use depends heavilyeaghlication.

3.2.3.2Signal Declaration

For the processing of process-internal signals seanebles which store
different logical states must be declared. In a YHiZzsign this is done
after the keyword ARCHITECTUR. The following figuskhows the signal
declarations which are necessary for the preseqgr
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Figure 58: Signal declaration of thePB_MPC5200B_TO_AVALOptoject

The signals declared have the following functions:

Ipb_adr_qg: Register to store the address duringaa or write
access of the MPC5200B

Ipb_data q: Register to store the data during @#ewaccess of the
MPC5200B to the FPGA

Ipb_tsize_q: Register to store the type of bus sscom the
MPC5200B to the FPGA

Ipb_data_en: Data Enable signal to read the data fhe MPC5200B
into the FPGA

Ipb_start: Start signal for the FGPA internal StMachine to
process the Avalon bus access

lpb_rd: LP bus access signal during a read cycle
Ipb_wr: LP bus access signal during a write cycle
Ipb_ack_i: internal acknowledge signal to genethgtermination

of the LP bus access
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lpb_start_en: start enable signal for locking/eklog the
Ipb_start signal at a 33MHz bus access
readdata_q: register for latching the Avalon reath

The signals described have been declared withuhab$e data types for
the processing. Signals which are solely used withe processes are not
described as this would be beyond the scope of @isckStart
Instructions.

76 © PHYTEC Messtechnik GmbH 2007 L-702e_1



Getting More Involved

3.2.3.3The address latching process of the LocalPlus bus

As a result of connecting the MPC5200B with the AP/ use of a
multiplexed interface to save 1/O pins of the FP@Arocess to read and
store the address value is necessary. This pranassload the address
value into the FPGA during the address phase aadd® it for further
processing. In the present project this is accahpll by the process
Ipb_address_latching

The process reads the address value from the ddtaess bus as well as
the access type of the current access (byte, wordbuoble word access)
while the address latch enable (ALE) is active aades this information
in appropriate registers for further processinge Tollowing screenshot
shows the listing of that process.

Figure 59: Listing of the proceskpb_address_latching
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3.2.3.4The process for latching data from the LocalPlus bsi

Reading the data transferred from the MPC5200B e EPGA is
accomplished by the procelb write data_latchingThe process is not
only responsible for reading the data from the /dalidress bus but also for
starting the State Machine to access the Avalonitdespendently of the
access method (read or write) of the LP bus. Thiewong screenshot
shows the listing of thipb_write_data_latchingprocess.

Figure 60: Listing of the proceskpb_write_data_latching

The following part of the listing is important totice:

if Ipb_ts_n ="0"and Ipb_rdwr_n ="0" then
Ipb_data_en <="1"; -- wait 1 clock cycle for degady
end if;

if Ipb_data_en ="'1" then
Ipb_data_g <= Ipb_ad;
Ipb_data_en <="0;
end if;
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As already stated in the listing assigning a "1'thelpb_data_ensignal
and a parallel query of this signal results in t@rlay time of one clock
cycle before the data of the data bus is trangfete the register
Ipb_data g This is necessary because of the MPC5200Bisg when
writing the data to the Local Plus Bus. If this tn@icle is not inserted, the
data in the registdpb_data_gmight be inconsistent.

3.2.3.5The process for writing data to the LocalPlus bus

The procesdpb_read data_switchingransfers data from the FPGA's
Avalon bus to the LP bus of the MPC5200B. The pseaearranges the
data read from the Avalon bus to adapt it to thedldlus bus of the
processor. At the same time it controls the writriglata to the Local Plus
bus with Tristate buffers, which are necessary isuperior instance to
connect the two data budpd _ad oandlpb_ad.

The  following screenshot  shows  the listing of  the
Ipb_read_data_switchingrocess.

Figure 61: Listing of the proceskpb_read_data_switching
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The process Ipb_read data switching has the following special
implementations:

case lpb_tsize qis
when "001" => Ipb_ad o <= ( readdata_q(7 downt& 0)
readdata_q(15 downto 8) &
readdata_q(23 downto 16) &
readdata_q(31 downto 24));

when "010" => Ipb_ad_o <= ( readdata_q(15 downt& 0)
readdata_q(31 downto 16));

when others => Ipb_ad o <=readdata qQ;
end case;

The listing shows a case command which is used ralyze the

Ipb_tsize_gsignal. This signal contains the access type @fctirrent read
or write access (byte, word or double word accems)l provides

information on how the data must be written to tbleé bus of the

MPC5200B for correct data translation. The reasahe internal structure
of the MPC5200B which actually performs a Big Emdiaccess to
peripheral components, meaning that data is appdigtie peripheral bus
In reverse order. Since the structure of many Ifesavailable for FPGAs
or ASICs is based on a Little Edian system a ralafthe bus structure is
inevitable.

3.2.3.6The process for generating an acknowledge signal

The MPC5200B provides tHpb_ack nsignal, which allows to generate
an acknowledge and therefore to shorten the bu®saccThis is
accomplished by the procestpb_ack generation Activating the
Ipb_ack_nsignal ensures the termination of the accessad Ehbus even
If previously configured Wait States are not exgire
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Figure 62: Listing of the process Ipb_ack_genematio

if avalonstate = act then

Ipb_ack i <= (not waitrequest and not Ipb_ack_i);
else

lpb_ack i<="0"
end if;

As you can see in the above listing, the bus acokeg®e MPC5200B
is only terminated when a wait signal is no longegsent from the
Avalon bus system. The corresponding combinationhadjic
guarantees that the acknowledge signal is only iegpto the
processor if the data is valid and can be imported.
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3.2.3.7The Avalon State machine

Thelpb_to_avalonprocess embodies the state machine for read aitel wr
access to the Avalon bus. The state machine ifutidamental process for
access to the Avalon bus, and thus accommodatdmthe functionality of
the complete system. Although theb to avalonprocess consist of only
little code, the complete control of the accesstite Avalon bus is
implemented therein. The status of the state machilso affects the
execution of tasks within other processes.

Figure 63: Listing of the proceskpb_to_avalon — Main State Machine

The source code of the state machine has beerniaortalty kept very clear
so that it is very easy to comprehend the basictionality.
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The state machine has the following states:

1st state: State machine is idle. The state mac$tarts only if the
Ipb_startsignal becomes active (e.g. logical 1).

2nd state: State machine is active. The state imacktops only
when thewaitrequestsignal of the Avalon bus system is
set to a logical 0.

3rd state: State machine is returned to origirtates The state
machine returns to its original state 1.

Figure 64: lllustration of the state machine embodied inlgte to_avalon process

3.2.3.8The process for controlling the Avalon bus signals

Theavalon_busprocess serves to control all Avalon bus signdlekvare
necessary for data transfer between the LP bulseoMiPC5200B and the
Avalon bus. It handles both directions, reading amiting. Similar to the
Ipb_read_data_switchingrocess, theavalon_busprocess evaluates the
bus access type of the MPC5200B with a case commvaed writing and
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arranges the bytes as required. In addition, th&robsignals for the
Avalon bus are generated from the control signate@MPC5200B.

The following screenshot shows the listing of éivalon_bugrocess

Figure 65: Listing of the procesavalon_bus

The following listing again explicitly shows theareangement of the bytes
which is necessary to adapt the MPC5200B's LP dtiset Avalon bus as
described above.
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case Ipb_tsize_q is -- swap bytes for little endiacess
when "100" => byteenable <="1111";
writedata <= Ipb_data_q;
when "010"=> case Ipb_adr_q(1 downto 0) is
when "00" => byteenable <="0011";
writedata(15 downto 0) <= Ipb_data_q(31 dowriy 1
when "10" => byteenable <= "1100";
writedata <= Ipb_data_q;
when others=> byteenable <="1111";
writedata <= Ipb_data_q;
end case;
when "001" => case Ipb_adr_qg(1 downto 0) is
when "00" => byteenable <="0001";
writedata(7 downto 0) <= Ipb_data_q(31 downty 24
when "01" => byteenable <="0010";
writedata(15 downto 8) <= Ipb_data_q(31 dowrty 2
when "10" => byteenable <="0100";
writedata(23 downto 16) <= Ipb_data_q(31 dow2#y
when "11" => byteenable <= "1000";
writedata <= Ipb_data_q;
end case;
when others => byteenable <="1111";
writedata <= Ipb_data_q;
end case;

3.2.4 Adding an Avalon slave interface to the counter prect

In this section an Avalon interface will be addedthe counter project

created in section 3.1.1 to provide an examplehefdevelopment of an
Avalon slave interface. The counter will be expahdeith several

processes which implement the functionality of Avalon slave interface.
Following creation, it will be possible to startetrcounter from the
MPC5200B microcontroller, to write and read variquefetch registers
for loading the counter registers, and to read dbenter registers. An
output to control an LED is additionally incorpagdtinto the project in
order to verify the counter functionality.

To allow easy use of this example, preliminary wbids already been
carried out in the VHDL files to be added to theojpct. These files
contain the logic required to include the Avalomucter VHDL file in its
modified version and to compile the project in araitable logic design.
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The VHDL files contain the following functions:

mpc5200b_Ipb_to_avalon.vhd: Conversion of the UBked bus interface of the
MPC5200B to an Avalon master interface

Ipb_avalon_counter.vhd: Top level design to contieetwo files
mpc5200b_Ipb_to_avalon.vhd and counter.vhd

pll.vhd: VHDL file provided by ALTERA for creating PLL
to supply a logic design with a clock signal

The VHDL files are already present in the specifgdject folder, and
need only be added when creating the project.

3.2.4.1Creating the Avalon-Counter project

In order to add the Avalon interface to twunterproject it is advisable to
create a new project rather than changing the eoyrbject discussed in
section 3.1.1.

First copy the VHDL filecounter.vhdrom the counter
project discussed in section 3.1.1 into the worldirgctory
of the new project. The new working directory
C:\PHYTEC\PCM-032_phyCORE-MPC5200B-IO\FPGA-KIit\
Quickstart\Demos\Avalon_Countieas been created on your
hard disk by the installation process and alreaxhains
some files

Now use théNew Project Wizards described in section 3.1.1
to create a new project.

As the working directory please enter
C:\PHYTEC\PCM-032_phyCORE-MPC5200B-IO\FPGA-
Kit\Quickstart\Demos\Avalon_Counter
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For the project's name and the top-level desigityeplease
enter Ipb_avalon_counternn the appropriate fields of the
NewProject Wizardvindow as shown below. Click tHéext
button to confirm the entries.

Figure 66: Working directory and project name of tAgalon-Counteproject

Add all four VHDL-files which are in the working mhictory
to the new project.

Figure 67: The VHDL-files which belong to thAvalon-Counteproject
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Continue to configure the project settings as deedrin
section 3.1.1.

If all project settings are done properly the sumynat the
project settings should look the same as in therédoelow.
Click on the Finish button to finalize the project
configuration.

Figure 68: Summary of the project settings

Now click on the icorSettings to enter additional project
settings or to check newly incorporated projedirsgs.

Carry out the configuration for the unused pinglascribed in
section 3.1.1.

In the following sections the changes which havdéomade within the
file counter.vhdwill be explained step-by-step.

ChooseOpenfrom theFile menu to edit the fileounter.vhd
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3.2.4.2The newly designed entity of theounter.vhdfile

Because of the new bus structure which must be cadlliehe counter
project for reading and writing the various newtidad registers, the port
structure of the entity must be changed first. hdeo to be able to
implement an Avalon slave interface, the followisggnals must be
inserted into the port structure:

s_address

s_chipselect

s_read

s_readdata

S_write
s_writedatas_byteenables_waitrequest
Ss_irq

s_out

Please refer to section 3.2.2 for a detailed deson of these signals.
Change the name of the entity counter enalon_counter.
Now change the port declaration according to thevong

listing:
ENTITY avalon_counter IS

PORT

(
clk: IN STD_LOGIC;
clrn: IN STD_LOGIC,;
--Avalon slave interface signals
s_address: IN STD_LOGIC_VECTOR(3 DOWNTO 0);
s_chipselect: IN STD_LOGIC;
S_read: IN STD_LOGIC;
S_readdata: OUT STD_LOGIC VECTOR (31 DOWNTO 0);
S_write: IN STD_LOGIC;
S_writedata: IN STD_LOGIC_VECTOR (31 DOWNTO 0);

s_byteenable: IN STD_LOGIC_VECTOR (3 DOWNTO 0);
s_waitrequest: OUT STD_LOGIC;
s_irQ: OUT STD_LOGIC;
S_out: OUT STD_LOGIC
)i

END avalon_counter;
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3.2.4.3 The newly defined signals and constants of theunter.vhdfile

In order to be able to implement the desired fumality of the Avalon-

Counter project, several signals and constants meistewly declared in
the counter.vhdfile. These are necessary in order to generateeingred

registers and the internal control signals durhmgdynthesis.

The following constants must be declared:

CONSTANT PRE_COUNTER_OVERROLL :UNSIGNED:= x"FFFFHFE
CONSTANT COUNTER_OVERROLL {UNSIGNED := x"FF";

The two constants are used for the overflow deiaotif the two counter
registerscount_signaknd precount_signal

To create the desired counter, control and loadsterg, they must be
added as internal signals. This is achieved ushm following signal
declarations:

SIGNAL count_regO: STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL count_regl: STD_LOGIC_VECTOR(31 DOWNTO 0);
SIGNAL count_ctl: STD_LOGIC_VECTOR(31 DOWNTO 0);
SIGNAL load_regO: STD_LOGIC_VECTOR(31 DOWNTO 0);
SIGNAL load_regl: STD_LOGIC_VECTOR(31 DOWNTO 0);
SIGNAL waitrequest_n: STD_LOGIC;

SIGNAL count_ctl_q: STD_LOGIC;

SIGNAL count_signal: UNSIGNED(7 DOWNTO 0);

SIGNAL pre_count_signal: UNSIGNED(31 DOWNTO 0);

In order to implement an interrupt output and tsuallize the function of
the counter with the LED the internal signkdsal_irq andled_statemust

be added. This signals allow reading and storinghef irg- and led-
output's actual state:

SIGNAL led_state: STD_LOGIC;
SIGNAL led_state: STD_LOGIC;

For the generation and recognition of the statenmnacby the Quartus® Il
tool chain a special type declaration must be implated. This is carried
out using the following declaration:

type state is (init, act_wait, act, rst);
signal avalonstate : state;
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To proceed with the modifications in tleunter.vhdfile
change the name of the entity in the architectudydrom
countinto avalon_counter

Now add the constant, signal and type declara@mesrding
to the following listing:

ARCHITECTURE rtl OF avalon_counter IS

CONSTANT PRE_COUNTER_OVERROLL:UNSIGNED := x"FFFFFF FF",
CONSTANT COUNTER_OVERROLL: UNSIGNED := x"FF",

-- counter register for reading register count_sigal

SIGNAL count_reg0:  STD_LOGIC_VECTOR(7 DOWNTO 0);
-- counter register for reading register pre_countsignal

SIGNAL count_regl: STD_LOGIC_VECTOR(31 DOWNTO 0);
-- counter control regiter

SIGNAL count_ctl: STD_LOGIC_VECTOR(31 DOWNTO 0);
-- load register for counter register

SIGNAL load_reg0: STD_LOGIC_VECTOR(31 DOWNTO 0);
-- load register for pre counter register

SIGNAL load_reg1: STD_LOGIC_VECTOR(31 DOWNTO 0);
-- wait signal for waitrequest generation

SIGNAL waitrequest_n: STD_LOGIC;

-- counter start signal

SIGNAL count_ctl_ g: STD_LOGIC,;

-- main counter register

SIGNAL count_signal: ~ UNSIGNED(7 DOWNTO 0);

-- pre counter register
SIGNAL pre_count_signal:  UNSIGNED(31 DOWNTO 0);

SIGNAL local_irqg: STD_LOGIC,;

-- led status signal
SIGNAL led_state: STD_LOGIC,;

-- state machine variable
type state is (init, act_wait, act, rst);
signal avalonstate: state;

BEGIN
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However, before the implementation of the processesbe started, it is
still necessary to carry out fundamental signaigassents.

First a signal assignment of theunt_signalor pre_count_signategister

to the registersgount_regOor count_reglwith a type conversion into a
STD_LOGIC_VECTORSs necessary in order to ensure correct reading of
the counter registers.

Second, a signal assignment to shevaitrequessignal is used in order to
simply generate the_waitrequestsignal, required for the Avalon slave
interface, as soon as an active chip select sigmaksent together with the
corresponding read or write signal.

And finally the internal variable which stores thtate of the interrupt
output must be assigned to the actual interruptasig

The following additional assignments must be cdraat.

-- readable counter registers
count_reg0 <= STD_LOGIC_VECTOR(count_signal);
count_regl <= STD_LOGIC_VECTOR(pre_count_signal);

-- wait request signal generation
s_waitrequest <= ((s_chipselect AND ( s_write ORread)) AND
waitrequest_n);

-- interrupt signal generation
s_irg <= local_irq;

-- led signal generation
S_out <=led_state;

Add the signal assignments between BEGIN statement
and the start of the actual process as shown inliskieg
below.
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BEGIN

-- readable counter registers

count_reg0 <= STD_LOGIC_VECTOR(count_signal);
count_regl <= STD_LOGIC_VECTOR(pre_count_signal);

-- wait request signal generation
s_waitrequest <= ((s_chipselect AND ( s_write OR gad)) AND waitrequest_n);

-- interrupt signal generation
s_irg <= local _irq;

-- led signal generation
s_out <= led_state;

count: PROCESS (clk, clrn)

3.2.4.4The count process

In order to guarantee a correct function of the l8naslave the following
functions are added to the count process:

1. A new feature added to the count process is themopd load the
count registers with a predefined value in ordechange the time
interval between the interrupt signals. This featis accomplished
with two load registerdoad regOandload_reglwhose content is
loaded into the corresponding counter registerghm event of a
register overflow.

2. An additional count_ctl_gsignal is added to the load registers to
control the loading of the counter registers. Téignal equals the
start signal of the counter delayed by one cloclkclecy The
count_ctl_gsignal has also been introduced to allow easyrgéoa
of an interrupt signal in case of a counter ovevflo

3. The interrupt function is the last new function eddo the count
process. If the interrupt is enabled (e.g. bitXha&f control register is
set) a short interrupt signal is generated wherowerflow of the
counter occurs. This signal can be used to visaidhe functioning of
the counter. In this project the LED is attachedhis signal and the
variation in the flash rate visualizes the coumnteming with different
load values.
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Add the new functions to the count process as showhe
listing below to implement the functionality dessd above.
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The new features of the expanded process functidoliaws:

At the beginning a logical 1 must be written toObuf the count ctl
register to enable the start of the counter. Ormkclcycle later the
count_ctl_gsignal is automatically set, and the conditiorst@rt counting
becomes true (i.e. the counter starts). This intelrate step is necessary to
allow loading a start value into the two countegiseers. The start value
defines the number of clock cycles between stattauerflow, and allows
to vary the period of the counter. With each owsvflof a counter register,
the start value is also loaded again from the spoading load register
load_regOor load_regl Changing the load registers before the overflow
allows to alter the period. The interrupt functiadded as an additional
function can trigger a short interrupt at an owexflof both counter
registers. In this case thecal_irg signal is set to 1 for one clock cycle and
returns to its initial value afterwards. To enatble interrupt function bit 1
of thecount_ctlregister must be set.

3.2.4.5The led process

Theled process implements an LED output in toainter.vhdile in order
to visualize counting of the Avalon counter. ThellLButput is connected
to the interrupt signal of the Avalon counter amyerted with each
interrupt signal. In order to activate the intetrapthe Avalon counter and
thus the LED output, bit 1 of theount ctl register must be set. The
following listing shows the implementation of th&D output control in
thecounter.vhdile:

led: PROCESS(clk, clrn)

BEGIN
IF clrn ='0"' THEN
led_state <="1Y
ELSIF (clk'event AND clk ='1") THEN
IF local_irg = '1' THEN --toggle LED on interrupt
led_state <= NOT led_state;
END IF;
END IF,;

END PROCESS led,;
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3.2.4.6The avalon_state_machine process

The avalon_state_machin@rocess has been newly integrated into the
counter VHDL file to implement the access contmthie Avalon bus. For
better clarity theavalon_state _machingrocess is kept simple and
provides only the basic functions to access thelgxvdus. All further
functions required are implemented in other proegssutside the state
machine process.

Add theavalon_state_machingrocess to theounter.vhdile
as shown in the listing below to implement theestagchine.

avalon_state_machine: PROCESS(clk, clrn)
BEGIN
IF clrn ='0' THEN
avalonstate <= init;
waitrequest_ n <='0;
ELSIF (clk'event AND clk ='1") THEN
CASE avalonstate 1S
WHEN init => IF s_chipselect ='1' THEN --start avalon slave state
machine

avalonstate <= act_wait; --change avalon state roline
--State
END IF;
waitrequest_n <="1";
WHEN act_wait => avalonstate <= act; --wait onelock cycle for
--propper read/write data
WHEN act => avalonstate <= rst; --one clockcyclevait for
--applying/reading data
--on data bus
WHEN rst => IF s_chipselect = '0' THEN
avalonstate <= init; --restoring intial state ofstate
--machine
END IF;
waitrequest_n <="'0"; --terminating bus access
WHEN OTHERS => avalonstate <= init;
END CASE;
END IF;

END PROCESS avalon_state_machine;
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As the name of thavalon_state _machingrocess already indicates, the
fundamental state machine function for the Avalas Access is provided in
this process and works as follows:

As described in the listing, the state machinegiggered by means of an
actives_chipselecsignal. Then, while setting tiveaitrequest_rsignal to a
high level the process changes to #w¢ wait status in order to wait for
valid read/write data. If valid data is present fitocess enters the active
stateact where data is then exchanged between the masteéharslave of
the Avalon system. As already mentioned, the fmstifor data exchange
are implemented in other processes for bettertgldfollowing the active
state the process switches to teestate. In this state theaitrequest_n
signal is set to low-level to indicate either tingopbrting of the write data
from the processor, or to request importing of tkad data into the
processor. In case of a reset, the state machidettanwaitrequest_n
signal are reset to their initial value.

3.2.4.7The avalon_wrprocess

Theavalon_wrprocess writes to the registers newly added imptbgct.

To allow writing to the registers insert thgalon_wrprocess
into thecounter.vhdile according to the listing below.

avalon_wr: PROCESS(clk, clrn)

BEGIN

IF clrn ='0' THEN
load_reg0 <= (OTHERS =>"'0";
load_regl <= (OTHERS =>"'0";
count_ctl <= (OTHERS =>"'0";

ELSIF (clk'event AND clk ='1") THEN
IF (avalonstate = act) AND (s_write = '1") THEN
CASE s_address IS

WHEN x"0" => count_ctl <= s_writedata;
--case s_byteenable is
--when "0001" => count_ctl(7 downto 0) <=

s_writedata(7 downto 0);
--when "0010" => count_ctl(15 downto 8) <=

s_writedata(15 downto 8);

--end case;
WHEN x"1" => load_reg0 <= s_writedata;
WHEN x"2" => load_regl <= s_writedata;
WHEN OTHERS => -- do nothing
END CASE;
END IF;
END IF;
END PROCESS avalon_wr;
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The avalon_wr process writes the available registers dependmghe
state of the Avalon state machine. If the statelmmecis in the activact
state, the data available on the data bus is stordue register which has
been selected by the address buaddressThe data is only loaded into
the corresponding register in thetivestate if thes_writesignal is at high
level. If the address bus addresshas a state other than the explicitly
evaluated states, no data is stored. If a low aateset is applied to the
clrn signal, the content of all registers is deletea #he registers are
initialized with 0. Following the implementation st¥ibed above, 32-bit
writing of the registers is carried out during eamtcess. This 32-bit
writing could additionally be broken up into 16-tmt 8-bit writing by
evaluating thes_byteenablesignal (see comment in thavalon_wr
process), but has not been implemented here besagbewriting to the
counter registers would not be useful.

3.2.4.8The avalon_rdprocess

Theavalon_rdprocess reads the registers newly added in thjeqtr

To allow reading the registers insert thealon_rd process
into thecounter.vhdile according to the listing below.

avalon_rd: PROCESS(clk, clrn)
BEGIN
IF clrn ='0' THEN
-- no additional reset condition for this process
ELSIF (clk'event AND clk ='1") THEN
IF (s_read ='1") THEN
CASE s_address IS
WHEN x"0" => s_readdata <= count_ctl;
WHEN x"1" => s readdata <= load_reg0;
WHEN x'"2" => s readdata <= load_reg1;
WHEN x"3" => s_readdata(7 DOWNTO 0) <= count_rey0;
s_readdata(31 DOWNTO 8) <= (OTHERS =>'0");
WHEN x"4" => s_readdata <= count_reg1;
WHEN OTHERS =>s_readdata <= (OTHERS =>'0");
end case;
END IF;
END IF;

END PROCESS avalon_rd;

Depending on the signal readand the addresses addresghe process
avalon_rdcarries out the reading of the registers in thar@er project. A
dependency of the reading process on other sigsalgell as the control

98 © PHYTEC Messtechnik GmbH 2007  L-702e 1



Getting More Involved

of additional signals is not necessary, as all rosignal states are handled
from the Avalon state machine.

To complete editing theounter.vhddelete the second last
line:

count <= STD_LOGIC_VECTOR(count_signal);
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3.2.5 Compiling and testing the Avalon counter project

3.2.5.1 Compiling

Before we proceed with the final configuration tketproject, we can
check if all processes of the Avalon counter projé@ave been
implemented and adapted as described above.

Click on the Start Analysis & Synthesison to start the
analysis and to test the implementation of the cetle.

Please re-examine the implementation if the analgses not
result in the message shown in the following figure

Figure 69: Result of the analysis and synthesis process dhvhin-Counteproject

When carrying out the synthesis, the Quartus®dl thain generates two
warnings resulting from the fact that all signalsneected from the
MPC5200B to the FPGA have been taken into condiderawhen

instancing the top design file. However, this ig agoroblem for further

100 © PHYTEC Messtechnik GmbH 2007  L-702e_1



Getting More Involved

execution of the project. The two warnings are ldyggd in the window as
follows:

Figure 70: Messages in thé&/arningtab

If all settings of the Counter project were takemm still the assignments
for the bus interface between FPGA and MPC52008 meigarried out.

Start the Assignment Editor by selectiAgsignment Editor
in the Assignmentsenu.

Enter the assignments for the bus interface acocgrth the
following table (refer to section 3.1.1. for a distd step-by-
step description).

Continue to configure the output pin load for afjrals. A
usable value for this constraint is 4 as descrilpedection
3.1.1.
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TO Location I/OBank I/O Standard
Ipb_ad[0] PIN K11 4 3.3-V LVCMOS
Ipb_ad[1] PIN K10 4 3.3-V LVCMOS
Ipb_ad[?] PIN P12 4 3.3-V LVCMOS
Ipb_ad[3] PIN P13 4 3.3-V LVCMOS
Ipb_ad[4] PIN T12 4 3.3-V LVCMOS
Ipb_ad[5] PIN R12 4 3.3-V LVCMOS
Ipb_ad[6] PIN T13 4 3.3-V LVCMOS
Ipb_ad[7] PIN R13 4 3.3-V LVCMOS
Ipb_ad[8] PIN T14 4 3.3-V LVCMOS
Ipb_ad[9] PIN R14 4 3.3-V LVCMOS
Ipb_ad[10] PIN M11 4 3.3-V LVCMOS
Ipb_ad[11] PIN L11 4 3.3-V LVCMOS
Ipb_ad[12] PIN N11 4 3.3-V LVCMOS
Ipb_ad[13] PIN P11 4 3.3-V LVCMOS
Ipb_ad[14] PIN T3 4 3.3-V LVCMOS
Ipb_ad[15] PIN_R3 4 3.3-V LVCMOS
Ipb_ad[16] PIN_P5 4 3.3-V LVCMOS
Ipb_ad[17] PIN P4 4 3.3-V LVCMOS
Ipb_ad[18] PIN T4 4 3.3-V LVCMOS
Ipb_ad[19] PIN R4 4 3.3-V LVCMOS
Ipb_ad[20] PIN_T5 4 3.3-V LVCMOS
Ipb_ad[21] PIN_R5 4 3.3-V LVCMOS
Ipb_ad[22] PIN T7 4 3.3-V LVCMOS
Ipb_ad[23] PIN_R7 4 3.3-V LVCMOS
Ipb_ad[24] PIN L7 4 3.3-V LVCMOS
Ipb_ad[25] PIN L8 4 3.3-V LVCMOS
Ipb_ad[26] PIN T8 4 3.3-V LVCMOS
Ipb_ad[27] PIN_RS8 4 3.3-V LVCMOS
Ipb_ad[28] PIN_T9 4 3.3-V LVCMOS
Ipb_ad[29] PIN_R9 4 3.3-V LVCMOS
Ipb_ad[30] PIN_N8 4 3.3-V LVCMOS
Ipb_ad[31] PIN_T6 4 3.3-V LVCMOS
Ipb_cs_n[0] PIN_N10 4 3.3-V LVCMOS
Ipb_cs_n[1] PIN T11 4 3.3-V LVCMOS
Ipb_oe n PIN_L9 4 3.3-V LVCMOS
Ipb_ack n PIN_R10 4 3.3-V LVCMOS
Ipb_ale n PIN R11 4 3.3-V LVCMOS
Ipb_rdwr_n PIN _L10 4 3.3-V LVCMOS
Ipb_ts n PIN _T10 4 3.3-V LVCMOS
Ipb_rst_ n PIN_N9 4 3.3-V LVCMOS
Ipb_int PIN_R6 4 3.3-V LVCMOS
Ipb_clk PIN H2 1 3.3-V LVCMOS
led_out PIN_P1 1 3.3-V LVCMOS
Table 3:  Assignment of the bus interface of ihealon-Counteproject
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The following two images show the pin assignmeritthe MPC5200B -
FPGA bus interfaces in the categdrgcations / Pinof the Assignment
Editor andLogic Options / I/0O Features

Figure 71 Assignment of the pins of the MPC5200B bus irstest
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Now after successful setting of the Assignments calhditions for a
successful compilation of the project are given.

Click on the Start Compilationicon or chooseStart
Compilation from the Processingmenu to the start the
compilation. During compilation the following modgl will
be executed:

Analysis and Synthesis
Fitter

Assembler

Classic Timing Analysis

After successful compilation of the project thedualing screen should be
displayed:

Figure 72  Result of the full compilation process
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The 6 warnings you will receive can be viewed ia Warningtab of the
message window for further evaluation. As they @aoé critical we can
proceed with the download of the new project arel ékecuting on the
target.

Push theDK button.

3.2.5.2Programming the FPGA

Following the successful compilation, the generggemjramming file can
now be prepared for downloading to the FPGA.

First open the programmer by choosiRgpgrammerfrom
the Tools menu. When opening the programmer, the
associated programming file is automatically loadkgdthe
Quartus® Il tool chain and configured for programgi

Figure 73  Quartus® Il tool chain the opdProgrammemwindow
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Before finally programming the project to the FP@#e programming
hardware needs to be connected and the hardware setst be carried

out.

Connect the host to the target's FPGA JTAG interfas
described in section 2.3.

Now perform the hardware setup to configure the
programming device adapter as described in se2tbn

Press the Start button to initiate the
programming process.

The progress of the programming is shown in thesupight corner of the
Programmer window, whereas additional informationtloe programming
status is displayed in tHgystentab of the message window at the bottom
of the screen.

The following figure shows the Programmer windowthathe information
described above:

Figure 74: Programmewindow with information on the progress and on the

programming status
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3.2.5.3Testing of the Avalon_Counter project on the hardwae

Once programming has been completed the Avalon_t€oproject can be
tested. In order to test the project the followiregiuirements must be
fulfilled:

A Terminal program with support of transmissioresatip to
115.2 Kbps must be installed on the host PC. Tist RE
must have a serial port.

You must have the phyCORE-MPC5200B-10 with insthlle
U-Boot loader plugged on to the development board.

A Serial interface cable must connect COMO (lower
connector of P3) of the development board to aak@ort
available on the host PC.

If the above listed requirements are fulfilled yoan proceed with testing
the project.

Start the terminal program on the host PC. Conégtne

terminal program with the following parameters tmoect to

the U-Boot loader on the phyCORE-MPC5200B-10:
115200 bps, 8, n, 1.

Since the U-Boot loader has already been execotkving
power up, reset the board again using Resetbutton to
check the boot process of the U-Boot loader.

During the boot process, prelSater on the keyboard of the
host PC to send a CR and LF to the U-Boot loaderdier to
interrupt any further boot processes. This shoesdilt in an
U-Boot loader prompt appearing as the last outputhe
terminal window.

Now you can start testing the project by enterunghler commands.
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Figure 75: Output of the U-Boot loader via the serial integac

As the FPGA is mapped to the memory area of the B#PCB it is
possible to access the FPGA's memory by meanseaigdprommands of
the U-boot loader. This allows easy testing of BR&SA application. The
U-boot loader commands to access the MPC5200B'sonyeand hence
also the FPGA's memory, are “md” (memory dump) and” (memory
write).

In the basic configuration of the MPC5200B's U-Blwatder any access to
the memory area frorAxE2000000to OXE3FFFFFF enables chip select
signal /CS3 which selects the FPGA in the Avalons@er project. In
other words, any read or write access to this mgramga allows access to
the application programmed in the FPGA.

Now enter the U-boot loader commamal OXxE2000000in
the terminal window to perform a memory dump steytat
addressOxE2000000in order to view the registers of the
Avalon-Counter project.

The implemented register set recurs completely meanory
dump with an offset of 0x40, because the higherldwva
addresses of the slave interface are not usecefmrding.
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Figure 76: FPGA memory dump of the U-boot loader

As can be seen in the memory dump all the registettse Avalon-Counter
project are initialized with logical ‘O’ which casponds to the
assignments made in theunter.vhdile.

Next entermw OxE2000000 0x01o set bitO of the counter
control registecount_ctlin order to start the counter.

Figure 77: Starting theAvalon counter
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Type md OxE2000000to perform a new memory dump
starting at addres8xE2000000in order to get the actual
contents of the registers. Now you can verify theect start
of the counter.

Figure 78:  Actual count of theAvalon Counter

As you can see in the above illustration, the valuthe count_ctlregister

at addres®xE2000000s 0x01 which means that the counter is activated.
As can be seen further, the two registers at adds€xE200000Cand
OxE2000010have a random value. These are the two countesteeg
count_regOand count_reglwhich have been automatically assigned the
contents of the actual counter registrant_signabndpre_count_signal
The two registers at addressedE2000004and 0XxE2000008&are the two
load registerdoad regOandload_reglwhich have been implemented for
loading the count registers with a predefined vatuerder to change the
time interval between the interrupt signals.

In order to get a specific period of the counteteerthe
commandsmw 0xE2000004 OxAOand mw 0OxE2000008
OxFFFFO000Q
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Typemd 0xE200000Q0 perform a new memory dump.

As you can see in the screenshot below the twoegaduwe written to the
load registers at addressed&=2000004nd0xE2000008.

Figure 79: Avalon Countewith configured load registers

Now carry out a memory dump with thred OXxE2000000
command several times in succession and watchoinetiog
noticeable through the changes in the registersthat
addresse8xe200000@and0xe2000010

You can recognize that the two counter registetsalvays have values
equal or higher than the contents of the two laagisters. This indicates
that the two counter registers are always reload#d the contents of the
corresponding load registers following an overfloviou can force the
reloading of the counter registers by restarting tounter using the
mw 0xe2000000 OxO@isable counter) anchw 0xe2000000 OxOtestart
counter) commands.
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Figure 80: Repeated memory dump of tAgalon countersegisters following an
overflow

Besides observing the function of the counter wwitte terminal window
we can visualize the counter overflow and the tesglinterrupt with the
LED.

In order to activate the interrupt of the Avalorunter set
bit1 of the count _ctl register to 1 by entering
mw OxE2000000 0x03 Writing 0x03 to the count_ctl
register not only activates the interrupt, but alsstarts the
counter. Now the LED on the development board shoul
flash at a frequency of approx. 2.5 Hz.

The flash rate results of the valu€&xA0 and OxFFFFO00O0) previously
written to the two load registelsad _regOandload regl Varying the two
registers' contents will change the flash ratedomg so values between
0x00 and OxFFare allowed fotoad regOand values between 0x00000000
and OxFFFFFFFF fdoad_regl

In this section you have learned to add an Avallanéinterface
to a logic project in order to make the corresporglidesign
available to an external bus.
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3.3 Use of the SOPC Builder

In this section you will learn how to add new Auwaloomponents using
the SOPC builder and how to use them in the SOR@dsyproject.

The SOPC Builder is a powerful system development for creating
systems including processors, peripherals, and mesoThe SOPC
Builder enables to define and generate a complstster®-on-a-
programmable-chip (SOPC) in much less time thamgudraditional,
manual integration methods. The SOPC Builder isluged in the
Quartus® Il software. For detailed information abthue SOPC Builder
see Quartus® Il Handbook, Volume 4.

In order to learn how to use the SOPC builder ihdsisable to create a
new project rather than changing the counter ptajescussed in section
3.1.1.

First copy the VHDL filecounter.vhdrom the counter

project discussed in section 3.2.4 into the worldirgctory

of the new project. The new working directory
C:\PHYTEC\PCM-032_phyCORE-MPC5200B-IO\FPGA-Kit\
Quickstart\Demos\Avalon_Counter_SOR&s been created
on your hard disk by the installation process dnehdy
contains some files

Now use théNew Project Wizara@s described in section 3.1.1
to create a new project.

As the working directory please enter
C:\\PHYTEC\PCM-032_phyCORE-MPC5200B-IO\FPGA-
Kit\Quickstart\Demos\Avalon_Counter_SOPC

For the project's name and the top-level desigityguiease
enterAvalon_Counter_SOP{ the appropriate fields of the
NewProject Wizaravindow as shown below. Click thidext
button to confirm the entries.
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Figure 81: Working directory and project name of tAgalon_Counter_SOPf@roject

At this point no files will be added to the proje@ick the
Nextbutton to skip théew Project Wizard: Add Files [page
2 of 5] window.

Continue to configure the project settings as deedrin
section 3.1.1.

If all project settings are done properly the sumynaf the
project settings should look the same as in thd hgure.
Click on the Finish button to finalize the project
configuration.
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Figure 82: Summary of the project settings

Start the SOPC Builder by clicking the SOPC Builder
icon or choosingOPC Buildefrom theToolsmenu.
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The dialog window of the SOPC builder appears asvshin the next
figure.

Figure 83: SOPC Buildemain window

In theCreate New Systemindow which opens automatically
after starting the SOPC Builder enter Avalon_CourB©PC
in the fieldSystem Namand check VHDL.

Figure 84: Entering the System Name
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Click OK to return to the main window of ti8OPC Builder

A system build with the SOPC Builder consists ahponents which can
be created, configured and connected with eachr.ofhest of the
components already available can be found irSystem Contentab on
the left side of the SOPC Builder main window.

Look for the component group PHYTEC within tBgstem
Contentgab. Click on thelusicon to expand the group. You
can see that this group contains the component
Ipb_mpc5200b_to _avalon The Ipb_mpc5200b to avalon
component is preinstalled and embodies the MPC5200B
Local Plus Bus interface which is needed for thisnaple.

3.3.1 Creating a new component with the SOPC Builder

Besides the MPC5200B's Local Plus Bus interface alg® need the
counter function. The counter will be implementschanew component.

Double click onCreate New Componentithin the System
Contentstab of the SOPC Builder to open the Component
Editor.

Figure 85: SOPC Component Editor
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Click Next to proceed to thedDL Files tab sheet which
allows adding of HDL files to the new component.

Press thédd HDL File...button to open thEile Open
window. Select theounter.vhdile which you copied in a
previous step into the working directory
C:\PHYTEC\PCM-032_phyCORE-MPC5200B-IO\FPGA-
Kit\Quickstart\Demos\Avalon_Counter_SORB®d click
Open.

Figure 86: Adding thecounter.vhdile

After you selected theounter.vhdile the Component Editor
immediately runs Quartus® Il Analysis & Elaborationthe
background to analyze the HDL file to determinepbets and
parameters of the file, and if the syntax of the i§ correct. The
following window indicates the analysis.

Figure 87: Analysis & Elaboratioof the HDL-Files
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The result of the analysis will be shown in thddaling window

Figure 88: Result of the analysis of the HDL file

Click Closeto continue with editing the new component. If
you received any errors or warnings verify the aynf the
counter.vhd file.

TheHDL Filestap of the Component Editor should appear as shoire
next figure.
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Figure 89: HDL Files tab after adding the countérdfile

Click Nextto proceed to th&ignalstab sheet which allows
you to assign the signals found in the top-levetinte of the
component to one or more interfaces.

To configure the signals left click on the cell yaant to edit
and choose the correct entry from the drop-down. lis
Configure the signals according to the next figara the
following table.
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Figure 90: Component Editor — Signals Tab

Name Interface Signal Type Width  Direction
clk clock clk 1 input
clrn clock reset n 1 input
s_address avalon_slave 0 address A input
s_chipselect avalon_slave 0 chipselect 1 input
s_read avalon_slave 0 read 1 input
S_readdata avalon_slave 0 readdata 32 output
S_write avalon_slave 0] write 1 input
S_writedata avalon_slave 0 writedata 32 input
s _byteenable avalon_slave 0 byteenable A input
S _waitrequest | avalon_slave 0  waitrequest L output
s irq conduit start export 1 output
S _out conduit start 1 export 1 output

Table 4: Signal configuration
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Caution: Configure the signals carefully, otherwtise function
of Avalon Slave component can not be guaranteed.

Click Nextto go to thdnterfacestab sheet.

Figure 91: Component Editor —Interfaces tab

Remove any unused interfaces by clicking tRemove
Interfaces with No Signalsutton. This removes the default
interfaces which where generated automatically he t
component editor when you added the HDL file andctvh
are not necessary, as you created your own inesfath the
automatic type and interface recognition feature.

Ensure that thénterfacestab looks the same as in the next
figure, before you cliciNextto proceed to thEomponent
Wizard Tab.
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Figure 92: Interfacesab after removindnterfaces with No Signals

For the Component Group select PHYTEC from the drop
down list.

Figure 93: Component Editor — Component Wizard
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- Click Finish to close the Component Editor and confirm
saving the changes by pressigs, Save.

At this point, the new component is ready to inséaa in an SOPC
Builder system.

Expand the component group PHYTEC in the Component
Group list by clicking the icon. The new component
avalon_counter should be the first component of the
PHYTEC group.

Figure 94: New componenavalon_countem the System Contentab

Now we can create the Avalon_Counter SOPC profdcthe necessary
components for the creation with the SOPC Buildermow available.

In this section, you learned to add a new Avaloavél
component to the SOPC Builder and with this makirayailable
to other projects.
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3.3.2 Creating a project with the SOPC Builder

To create a system with the SOPC Builder the comptsnhave to be
specified, i.e.. added to the project, configurad aonnected together. If

necessary clock domains must be created and mugrdwded to the
components.

First we will add the components to the Avalon_CGeunSOPC project.

The first component will bépb_mpc5200b_to_avalofthe MPC5200B's
Local Plus Bus interface).

Selectlpb_mpc5200b_to_avalofrom the Component Group
list and click Add to add it to the Avalon_Counter_ SOPC
project or double click on this component.

Figure 95: Adding Ipb_mpc5200b_to _avalon to theldwaCounter  SOPC project
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Before the component will be added to the projecbmfiguration wizard
specific for each component will be started. Thizand (so called
component namklegaWizard) allows to configure the component.

Figure 96: MegaWizardor thelpb_mpc5200b_to avala@omponent
- Click Finishto close the wizard without any changes.

Figure 97: System Contents tab with [pb_mpc5200kavalon component
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The Ipb_mpc5200b_to_avalon component is now adalduktlist of active
components.
Now add theavalon_countecomponent.

In the avalon_conutetMegaWizard no further configurations
are available for this component. Simply cli€lish to close

the window.

Figure 98: MegaWizardor theavalon_countecomponent

Before we add a clock domain as the last compadioethie project we have
to configure the external clock source.

Figure 99: Configuring the external clock source
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Double click on the cell in the MHz column of thdoCk
Settings table and ent&3 for the clock frequency of the
MPC5200B's Local Plus Bus.

Now expand the PLL group in the Component Graspby
clicking the icon.

Select the PLL and click on thedd button or double click on
PLL.

Now theAltera PLL Configuration Wizaravindow opens.

Figure 100: Altera PLL ConfigurationWizard

Click on the Launch Altera’s
ALTPLL MegaWizardbutton.

The first window of Altera’s ALTPLL MegaWizard opgpnas shown in the
next figure.
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Figure 101: Parameter Settings window of AlterAlsTPLL MegaWizard
Ensure that the clock frequency is 33 MHz.

There is no configuration necessary for the PLleaBé
click the Nextbutton seven times to reach the last window
of the configuration wizard.

Use of theALTPLL MegaWizards mandatory to generate the files needed
for the PLL. These files are listed in the last dow of the configuration
wizard, as shown in the next figure

Complete the configuration of the PLL by clickingh o
Finish.
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Figure 102:  List of files to be generated by th¢. TPLL MegaWizard

Click on Finish again to close the PLL Configuration
Wizard and to return to the System Contents tabhef

SOPC Builder.

In the next figure you can see that the PLL compoimeadded to the list
of active components and the new clock don@lincO appears in the
Clock Settings table. This clock will be used gsuinclock for the avalon
components, whereas the previously existing claghad clk represents an
external clock signal which will supply the PLL.

The PLL is added to show how to implement multipleck
domains in the SOPC Builder, but is not essenbal the
functioning of the Avalon_Counter_SOPC project. @ving
the Avalon components only by the external cloghalclk is
also possible.
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Figure 103: Clock Settingsble with the newly generated clock domgih cO

The last step regarding the clock domains is taigperhich clock drives
which component.

Figure 104: Assigning the clock domains to different components
Go to the list of active components and click oa tfock
setting forlpb_mpc5200b_to_avalon.
Selectpll_cOfrom the drop-down list.

Proceed the same way for the other componenthdillist
of active components appears as shown in the above
figure.
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Now we are ready to connect the three componenthdanist of active
components.

Move the cursor to theonnections paneih the System
Contents tab.

As shown in the figure below connections between cbmponents will
appear.

™~

connections panel

Figure 105: Possible connections shown in tennection panel

As you can recognize the circles at the junctioesn@t checked yet.

Left click on the first junction to connect the two
components Ipb_mpc5200b_to avalon_inst and
avalon_counter_inst.

Continue with connectingavalon_counter_inswith the
pll.

The list of available components should now lookniical to the next
figure.

Figure 106: Connection panelith connections between the components
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Please note that two of the three errors showhenmessage window of
the SOPC Builder disappeared after the componemserconnected.

The final step before we can generate the top-leamdity of the
Avalon_Counter_SOPC project with the SOPC Buildetoi configure the
address decoding.

As you can see the base addresses ad\habn_counter_insihstance and
the pll instance are the same, which means thatdiierlap. This is also
indicated by the remaining error message in thesaggswindow. The size
of theavalon_counter_ings Ox3F so the pll instance should start at 0x40.

Double click on the Base settings for the pll amiee
0x00000040

The System Contents tab should now contain nodustrors.

Figure 107: System Contents taith complete system configuration for the
Avalon_Counter_SOPg@roject
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Open theSystem Generationab by clicking theNext
button, or by clicking the appropriate tab.

Figure 108: System Generation tab

Click Generateo start the generation.
Confirm saving of the system.
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Figure 109:  System Generatitebafter successful generation

During the generation of the system the SOP buildirgive you lots of
information about the single steps of the procaséien the system
generation is finished the System Generation talthef SOPC Builder
should indicate 0 errors and 0 warnings and shapfzear as shown in the
above figure. All VHDL files which are necessary r fothe
Avalon_Counter_SOPC project are available now.

Click on Exit to close the SOPC Builder and to return to the
main window of the Quartus® Il tool chain.

After all VHDL files are generated from the SOPCilBer we have to
configure the Avalon_Counter_SOPC project the samngas we did with
the Avalon_Counter project.

First we will add all necessary files to the projec
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Figure 110:

Now click on the icorBettings to enter additional project
settings.

SelectFiles from the Category list to add the files necessary
for the project.

Click the Browse button to open theSelect Filedialog
box.

Enter*.vhd in the fieldFile Nameand press <Enter>

Select Filelialog box with all available VHDL files

Now go to the working directory of the project amark all
visible VHDL-files exceptcounter.vhdand clickOpento add
them to the project.

The counter.vhdfile will be added to the project by means of apdile
which was generated by the SOPC Builder. Howeveidaatal adding the
counter.vhdile together with the other files wouldn't be joicicial.
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Again click the Browse button to open theSelect File
dialog box.

Enter*.qip in the fieldFile Nameand press <Enter> or select
Script Files (*tcl,*.sdc,*.qip)from the File Type drop-down
list.

Select the fillAvalon_Counter_SOPC.qip

Click Openand then clickAdd to add the selected file to the
project.

Figure 111: Files list with all necessary files fort Wevalon_Counter SOPf@roject

- Click OK to close thesettingsdialog box.
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Click on the Start Analysis & Synthesison to start the
analysis and to test the implementation of the ocede.

Please re-examine the implementation if the amalyses not
result in the message shown in the following figure

Figure 112: Result of the analysis and synthesis process oivaéon_Counter_ SOPC
project

When carrying out the synthesis, the Quartus® dl tthain generates 27
warnings. However, this is not a problem for furtlexecution of the
project. You can examine the warnings inWMarningtab.
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Figure 113: Messages in thé&/arningtab

In a final step we have to configure the assignsiefdr the
Avalon_Counter_SOPC project. As the pin names edeaty the SOPC
Builder are very long and difficult to enter youlwearn two alternative
ways for entering the signal names without typing.

Start the Assignment Editor by selectiAgsignment Editor
in the Assignmentsnenu or clicking théAssignment Editor

icon

To define the functions of the FPGA's 10s selert from
the category.ocationswithin the category bar.

As you already performed an analysis all signal emm@re known to the
Assignment Editor.

Double click on the wordnew in the first column TO
column) of the spreadsheet.

Now select the signal you want to enter from a etown
list.

Next you have to specify the location for the sigy@u just
entered. Double click on the cell in thecationcolumn next
to the name you have just entered. From the droynddcst
select the correct pin accordingTable 5 You can also start
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typing the pin number and let the Assignment Editor
automatically complete it for you.

Continue until all you entered all pins as listad able 5.

When you are finished entering all signals for fhreject
move the cursor to thEO standardcolumn. Press the left
mouse button and select the whole column.

Click on the Edit bar on top of the spreadsheet and select
3.3-V LVCMOS from the drop-down list.

In the following you will learn a second way to enthe Assigments.

Click on theCompilationicon or chooséstart
Compilationfrom theProcessingnenu.

After successful compilation seldgack-Annotate
Assignments from theAssignmentsnenu which opens the
Back-Annotate Assignments dialog box.

Figure 114: Back-Annotate Assignments dialog box
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Click OK without making any changes in thBack-
Annotate Assignmentslialog box, to start the back
annotation.

Return to the Assignment Editor, or Start the Assignt
Editor by selectingAssignment Editom the Assignments

menu or clicking theAssignment Editoiicon if not
already open.

Figure 115: Assignment Editor after back annotation

It is advisable to sort the signals in alphabetideo to
make it easier to compare the spreadsheet Waible 5.
Click on the title of the first columnTé column). Now the
signals should appear in alphabetic order mearnagdlk
is the first signal of the spreadsheet.

Next you have to correct the location for the signa
Double click on the cell in thieocationcolumn next to the
name you have just entered. From the drop-dowrsdistct

the correct pin according tbable 5 You can also start
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typing the pin number and let the Assignment Editor
automatically complete it for you.

Continue until all you corrected the locations d&irpins as
listed inTable 5.

Use of the Back-Annotate function results in thneere signals
(starting with a tilde). This signals are of no mnfance and you
don't have to change anything in the correspondgsignments.

When you are finished entering all signals for fineject
move the cursor to theO standardcolumn. Press the left
mouse button and select the whole column.

Click on theEdit bar on top of the spreadsheet and select
3.3-V LVCMOS from the drop-down list.

After you finished all assignments the Assignmeditdt
should look as shown in the following figures.

Figure 116: Assignment Editevith completed pin assignments
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Figure 117: Assignment Editevith completed pin assignments
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TO Location I/O I/O Standard
Bank

clk PIN_H2 1 3.3-V LVCMOS
Ipb_ack _n_from_the Ipb_mpc5200b_to_avalon_inst RN | 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon Ghst] PIN_K11 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon lihst] PIN_K10 4 3.3-V LVCMOS
Ipb_ad to_and_from_the Ipb_mpc5200b_to_avalon Zhst] PIN_P12 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 3hst] PIN_P13 4 3.3-V LVCMOS
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 4hst]| PIN_T12 4 3.3-V LVCMOS|
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon Shst]| PIN_R12 4 3.3-V LVCMOS
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon @hst]| PIN_T13 4 3.3-V LVCMOS|
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 7#hst]| PIN_R13 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 8hst]| PIN_T14 4 3.3-V LVCMOS|
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 9hst]| PIN_R14 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 1@kt] PIN_M11 | 4 3.3-V LVCMOS|
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon lit] PIN L11 4 3.3-V LVCMOS|
Ipb_ad to_and_from_the Ipb_mpc5200b_to_avalon 1kt PIN_N11 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 18kt PIN_ P11 4 3.3-V LVCMOS
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon liakt]| PIN_T3 4 3.3-V LVCMOS|
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 16kt PIN_R3 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 1ikt] PIN_P5 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon lidist] PIN_P4 4 3.3-V LVCMOS
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 1i8kt] PIN_T4 4 3.3-V LVCMOS|
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 1ifkt] PIN_R4 4 3.3-V LVCMOS
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 28kt] PIN_T5 4 3.3-V LVCMOS|
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 2akt] PIN_R5 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 28§t PIN_T7 4 3.3-V LVCMOS|
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 28kt PIN_R7 4 3.3-V LVCMOS
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 2dkt] PIN_L7 4 3.3-V LVCMOS
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 26kt] PIN_L8 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 26kt PIN_T8 4 3.3-V LVCMOS|
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 2kt PIN_R8 4 3.3-V LVCMOS
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 28kt PIN_T9 4 3.3-V LVCMOS|
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 28t PIN_R9 4 3.3-V LVCMOS
Ipb_ad_to_and_from_the Ipb_mpc5200b_to_avalon 38kt PIN_N8 4 3.3-V LVCMOS|
Ipb_ad _to_and_from_the Ipb_mpc5200b_to_avalon 3mkt]| PIN_T6 4 3.3-V LVCMOS|
Ipb_ale n_to the Ipb_mpc5200b_to avalon_inst PINL R1 4 3.3-V LVCMOS
Ipb_cs_n_to_the Ipb_mpc5200b_to_avalon_inst[0] NN | 4 3.3-V LVCMOS
Ipb_cs_n_to_the Ipb_mpc5200b_to_avalon_inst[1] AINL | 4 3.3-V LVCMOS
Ipb_int_from_the Ipb_mpc5200b_to_avalon_inst PIN R§ 4 3.3-V LVCMOS
Ipb_oe n_to_the Ipb_mpc5200b_to avalon_inst PIN L9 4 3.3-V LVCMOS
Ipb_rdwr_n_to_the Ipb_mpc5200b_to_avalon_inst PIDL | 4 3.3-V LVCMOS
Ipb_ts n_to the Ipb_mpc5200b_to avalon_inst PIN T104 3.3-V LVCMOS
pll_cO_out PIN_A3 2 3.3-V LVCMOS
reset n PIN_N9 4 3.3-V LVCMOS
s_irq_from_the _avalon_counter_inst PIN P2 1 3.3\CMOS
s_out from the avalon counter inst PIN P1 1] 3.3-VLVCMOS
Table 5: Pin assignments fort he Avalon_Counter_ S@Pject
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As you already learned in section 3.1.1 we finhlye to configure the
typical 10-Pin load for the outputs.

Move the cursor to the first cell of tA® column. Press the
left mouse button and select the whole column, ale.
signal names, except the ones starting with tde.til

Copy the column to the clipboard.

Now scroll down in the category bar of the Assignine
Editor and seledfO Features

A new spreadsheet opens in tbditor window. First click
on the wordnewin the second columiTQ column) of the
new spreadsheet.

Paste the signal names into this column.

Now move the cursor to thAssignment Nameolumn.
Press the left mouse button and select the whdlszo

Click on theEdit bar on top of the spreadsheet and select
Output Pin Loadrom the drop-down list.

Proceed and move the cursor to Yedue column. Again
press the left mouse button and select the whdlaroo

Click on theEdit bar on top of the spreadsheet and efter

The Avalon_Counter SOPC project is now completewwadan start the
compilation.

Click on theCompilationicon or chooséstart
Compilationfrom theProcessingnenu.
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After successful compilation of the project thedualing screen should be
displayed:

Figure 118 Result of the full compilation process

The 35 warnings you will receive can be viewedheWarningtab of the
message window for further evaluation. As they @oé critical we can
proceed with the download of the new project aral ékecuting on the
target.

Push theOK button.

Following the successful compilation, the generggemjramming file can
now be downloaded to the FPGA and tested.
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Open the programmer by choosifyogrammerfrom the
Toolsmenu.

Download the program to the FPGA as described aticgse
3.25.2

Once programming has been completed the Avalon_©€oUusOPC
project can be tested as described in se&i2rb.3

You have successfully created your first own ptoyath the
SOPC Builder IDE. You have configured the projectiteate
an executable program for the FPGA on your tardatfprm.
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4  FPGA support under Linux

The phyCORE-MPC5200B is shipped with an Altera FPGAtype
Cyclone Il EP2C8F256C8N. This FPGA is a generappse device with
no special dedication when shipped. Its up to yoblow life in it with
your own firmware, for example to do some high spsgnal processing.
The OSELAS.BSP-phyCORE-MPC5200B provides a mechands load
the FPGA firmware while the whole system is alreagyning.

4.1 Genera

The source archive of the OSELAS.BSP-phyCORE-MPOB26ontains
the files fpga.c and Makefile During the build process of the toolset, a
module namedpga.kois created. Here’'s how to achieve this: We locate
the makefile after unpacking and change the KDIRiakde in this
makefile to the location of our own kernel soureectory and then start
compiling. We make sure to include the path to theary of the
crosscompiler in our searchpath. Putting the mdshato work is as easy
as loading the module with parameter firmware=«xBlme.rbf>. The
firmware must be in RBF (Altera raw binary formad stored in the
place where the firmware agent of our embeddedsysitill expect it. (It
depends on the configuration of our udev daemomallis it should be
/lib/firmware/) In practice, the module is loadaKel in this example: “#
insmod fpga.ko firmware=my_own_firmware.rbf. The dote assumes
specific hardware connections between processorFH@EA which are
shown in the following table. The user does notdneetake care about
these when using the standard hardware. See phy@HRES200B’s
datasheet for FPGA'’s pin assignment.

4.2 Acessing Peripherals

FPGA Pin MPC5200B Pin Pin Loc. Pin Name PimfCo
nCONFIG UART6 CTS TTL PSC6 1 GPIO WKUP 5 out
CONFIG DONE UART6 RXD TTL PSC6 0 GPIO WKUP 4 ni

nSTATUS GPIO7 GPIO WKUP 7 in

DCLK UART6 RTS TTL PSC6 3 GPIO IRDA 1 out

DATAO UART6 TXD TTL PSC6 2 GPIO IRDA O out

Table 6 FPGA pin connections
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4.3 Demo

The BSP is shipped with a simple demo. To downlbadto the FPGA
you should enter:
“# insmod /home/fpga.ko firmware=MPC_to_WBSlave.rbf

It supports five 32 bit registers at the base askl@S1 (chip select) is
using.

* Register 0 at CS1 baseaddress + 0x00

» Register 1 at CS1 baseaddress + 0x04

* Register 2 at CS1 baseaddress + 0x08

* Register 3 at CS1 baseaddress + 0x0C

* Register 4 at CS1 baseaddress + 0x10 (mirroretb upe end of CS1
address space).

In the first step to access the FPGA registers wenat need a device
driver. Due to PowerPC architecture maps devicesamory we can use a
small tool called memedit for testing. The mostamgpnt part is, where the
physical baseaddress of processor's CS1 is locatsdally we can skip

this part, the setup is always the same: Physichlress starts at
0xe0000000 and ends at Oxelff0000. But in caseonibte, it could be

helpful to check if the CS1 is on its right locatioTo gain access to
processor’s control registers we use the memedit da the target: “#

memedit /dev/imem This tool works interactive, se tiext step is to map
some physical memory space into the memory of thmedlit process.

-> map 0xfO000000 0x1000

0xfO000000 is the base address of the MBAR arearavall processor and
its chipset internal control registers are mappéeixt we read back the
CS1 configuration register (see processor’'s mafaudlrther descriptions
about location and meaning of these type of rexgste

-> md 0xOc 0x10 0000000c: 0000e000 0000elff 00GDfAO00fde7
0xOc is an offset to the MBAR (=0xf0000000) andhs start address of
CS1. We read back values 0x0000e000 (=start) a@@dDelff (=end).
The values have to be shifted by 16 to get thepkwgsical address. In this
case it starts at 0xe0000000 and ends at OxelffQ0fMap the MBAR
area first, to do the next step (do not leave métned
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-> unmap.

After ensuring the physical address area of CSheve can map this area
to gain access to the FPGA itself. When our mapphgS1 differs we
have to enter other values here. The default shoerld

-> map 0xe0000000 0x1ff0000

Now we can read and write into this area and hé& FPGA is ready to
work - we can access its registers.

-> md 0x0 0x20

00000000: 00000000 00000000 00000000 000000QNQ........
00000010: 00000000 00000000 00000000 000000AQQ........

After system reset everything should be zero. Wesdme writings to
check the registers:

-> mm 0x0 0x10

new values:

0x00000000: 00000010

-> mm 0x4 0x20

new values:

0x00000004: 00000020

-> mm 0x8 0x30

new values:

0x00000008: 00000030

-> mm 0xC 0x40

new values:

0x0000000c: 00000040

-> mm 0x10 0x50

new values:

0x00000010: 00000050

And try to read back the written values:

-> md 0x0 0x20

00000000: 00000010 00000020 00000030 00000040...Q0...@
00000010: 00000050 00000050 00000050 0O00005QR..R...P

We see the described behavior of FPGA'’s defauttviiare. Four single
registers at offset 0x0,0x4,0x8 and 0xC, and aared register until the
end of FPGA'’s area starting at offset 0x10.
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5 Further Information

For more information about the V7.2SP1 Quartus®WEeb Edition
software you can download the associated manuaia the website of
ALTERA at:

http://www.altera.com/support/software/q_a/sof-gtral

Further information with regard to newer versiofghe Quartus® Il web
edition software can be found at:

http://www.altera.com/download
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6 Summary

This QuickStart Instruction gave a general "Rapidv&opment Kit"
description, as well as software installation advand example programs
enabling  quick out-of-the box start-up of the
phyCORE-MPC5200B-1/O in conjunction with the Quartus® IF\2SP1
Web Edition software tools.

In the Getting started section you learned to gumé your host to provide
a basis for working with the FPGA of your targeatfbirm. You installed
the Rapid Development Kit software and you learteedopy and run an
FPGA program on the targets FPGA.

In the Getting More Involved section you got a sbgpstep instruction on
how to configure and build a new project, modifg #xample, create and
build new projects and copy output files to the QORRE-MPC5200B-
I/Os FPGA using Quartus® Il V7.2SP1 Web Edition.

The SOPC Builder part of this QuickStart gave yaf@rimation on setting
up and using the SOPC Builder of the Quartus® 1126P1 Web Edition.
You learned how to setup new Avalon Components, boveonfigure

components which come together with the Quartus®&112SP1 Web
Edition Software an how to instantiate and geneeateomplete SOPC
Builder design.
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