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OVERVIEW

The Altera SoC combines a Hard Processing System (HPS) and an FPGA on a single device. The HPS has dual core ARM
Cortex-A9 MPUs and a host of peripherals such as DDR3 controllers, Ethernet MACs, SPI controllers and many more. The
FPGA portion of the device is tightly coupled through high performance bridges to the HPS. The designer can add peripherals
they create or third party IP to the FPGA and map it into the HPS. Thus you have a flexible and very powerful solution.

This hardware lab provides an answer to following questions that a hardware developer might have:

How do | build a complete customized HPS SoC system?

How do | create a HPS in Qsys to realize a custom ARM SoC system with bridges to the FPGA?

How do | configure the HPS in Qsys to realize a unique set of HPS peripherals for a custom SoC system?

How do | use standard Qsys components to create a customized set of FPGA peripherals for my SoC system?
How do | use System Console to verify the peripherals in my SoC system are working properly?

How do | use ModelSim to simulate and therefore validate the peripherals in my SoC system?

The HPS is configured using Qsys, Altera's SOC/FPGA IP integration tool. Configuration includes selecting DDR memory,
determining clock frequencies and selecting which HPS peripherals your design will use. As such Qsys inherently has most of
the information to satisfy the questions asked above. Qsys is also used to define the HPS peripheral pin outs and Quartus is
used to define the FPGA peripheral pin outs.

These two Altera FPGA development tools will generate the files needed for the transfer of design information from the
hardware to the software domain. A portion of the hardware modules will create a set of handoff files that are required to
build a preloader, a system register set (including FPGA registers) and the files required to create a Device Tree that will
support any operating system. For instance, the .socpinfo file will be used by the software designer to create a Device Tree
which will in turn be utilized to provide an interface for the device drivers in Linux or other operating system.

Qsys creates the files required for Hardware to Software domain transfer:

The diagram below shows three main areas of transfer from the hardware to software domains.

The files necessary to create a custom preloader

The .svd file that describes the FPGA peripherals and is used by the DS-5 register function

The sopcinfo file that describes all of the HPS devices selected in Qsys and also those custom peripherals added in the
FPGA. These are used to build a device tree. The device tree is used by the Linux kernel to determine which device
drivers to load at boot time.

SoCKit HW Lab Instructions, Version 16.0 3

VAU EAITERAY Five Years Out



OVERVIEW

Handoff
files

™

\ S N Preloader

\. W Conarator Preloader

= = T g DS-5
Debugger

——— DeviceTree _
m Generator Device Tree
For 0
SoC EDS H o
S

Hardware Module Summary

The Hardware labs are based on completing the Golden Hardware Reference Design (GHRD) that is provided with the SoCKit.
You will examine the architecture of the GHRD in Module 2.

In Module 3 you will learn how use Quartus Prime to create a Quartus Prime project.

In Module 4 you will utilize Qsys to build your HPS based SoC system complete with a set of HPS peripherals to interface to
the peripherals on the SoCKit. Next, you will create a custom set of FPGA peripherals to interface to the HPS that also
interface to peripherals on the SoCKit.

In Module 5 you will see how to complete the Quartus Prime project to include pin assignments and timing constraints for the
HPS and FPGA peripherals that were instantiated in Qsys.

In Module 6 you will see how to validate the peripherals created in the FPGA using system console.

Module 7 is a bonus lab that shows how to utilize ModelSim for Hardware validation of the FPGA peripherals that were
created in Qsys.

SoCKit HW Lab Instructions, Version 16.0 4
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Goal of this Hardware Lab

The goal of this hardware lab is to customize the SoC hard processor system (HPS) and build custom peripherals that will be
integrated with the HPS. Altera's SoC has the flexibility and customizability of adding additional peripherals to the FPGA by
using Qsys.

The SoC and the custom peripherals will in turn be used by the software lab where the peripherals will be accessible by the
Linux system.

This lab teaches you how to customize the HPS and peripherals. As the lab progresses, you will see how quick and easy it is to
build entire systems using Altera's system integration tool, Qsys, to configure and integrate pre-verified IP blocks.

Caution:
Do not continue until you have read the following:

The names that the lab document directs you to choose for files, components, and other objects in this exercise must be
spelled exactly as directed.

SoCKit HW Lab Instructions, Version 16.0 5
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Getting Started

MODULE 1. Getting Started

Module Objective

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

List of Required Items:

e Arrow Electronics SoCKit development board
e Quartus Prime v16.0 Lite Edition

e  Computer with Windows 7, 4 GB RAM, minimum of i3 core and over 10 GB free hard disk space for the Quartus
Prime install

® Lab Design Files

1.1 Acquiring Cyclone V SoCKit

To order a SoCKit please click on the link below

Order a SoCKit from Arrow Electronics

75~'L;""~!H! f
& ~ ’
hn
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Getting Started

1.2 Install the Altera Design Software

You will need to install the following design software package:

e Quartus Prime Lite Edition design software v16.0. — FPGA synthesis and compilation tool that contains Qsys and
the MegaCore IP library with the SoC processor

The following steps will guide you through the installation instructions. Quartus Prime Lite Edition can be downloaded from
the Altera web site. Please carefully follow the steps shown below.

e Go to the Altera Download web page at https://www.altera.com/downloads/download-center.html
e Select Quartus Prime Lite Edition by clicking the Download button next to the Lite Edition option.

Download Cente ( Qu a r'tusg Prime

Get the complete s

Design Software

o myAltera Account Help & Terms and Conditions

Three Quartus Prime editions to meet

Embedded Software t d . . t
your system design requirements
Which Edition of the Quartus software supports my device? &) GonEre ST Pl
Compr
“ Quartus Prime software Pro edition” & Com ModelSim-Al

; : pare ModelSim-Altera

Paid license required Download > S T T
s MgoCore P rary S
Free 30 doy il

“The QuartusPrime software Pro edition version 16.0 Al llati d L q
supports the following device families: Arria 10. nstallation and Licensing
Manual

Related Links

& What's New

& University Software

& Software Installation FAQ

Quartus Prime software Standard edition” D load
Paid license required # PowerPlay Early Power

Includes MegaCore IP Library Estimators (EPE) and Power
Free 30 day trial Analyzer

“The QuartusPrime software Standard edition version
16.0 supports the following device families: Arria I,
Arria 10, Arria V, Arria V GZ, Cyclone IV, Cyclone V,
MAX II, MAX W, MAX 10 FPG A, Stratix IV, and Stratix V.

Starting with version 16.0, Quartus Il Subscription
Edition is now Quartus Prime Standard Edition.

Quartus Prime software Lite edition”

FREE, no license file required Download >
Includes MegaCore IP Library

IP Base Suite license available for purchase

“The QuartusPrime software Lite edtion version 16.0
supports the following device families: Arria 1l, Cyclone
IV, Cyclone V, MAX 1, MAXV, and MAX 10 FPGA.

Starting with version 16.0, Quartus Il Web Edition is
now Quartus Prime Lite Edition.
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Getting Started

e Select release 16.0, Windows Operating System, and Akamai DLM3 Download Manager as shown below.
e Select the “Individual Files” Tab and check the options shown below.
e C(lick the “Download Selected Files” button to download the Quartus Prime software files onto your computer.

SoCKit HW Lab Instructions, Version 16.0 8
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Getting Started

Quartus Prime Lite Edition

Release dare: May, 2016

Latest Release: v16.0 (QuartlJS'ane
Design Suite
Select release: | 16.0 v |

A

()
Operating System 6 'ﬁ? Windows '~ =% Linux

Download Method 0 '® Akamai DLM3 Download Manager 6 '~ Direct Download

v The Quartus Prime software version 16.0 suppors the following device families: Arria I, Cyclone IV, Cyclone

W, MAX 11, MAX WV, and MAX 10 FPGA. -_Maore
Combined Files ‘ Individual Files ‘ Additional Software
Download and install instructions: -_More

Bead Altera Software ¥16.0 Installation FAQ
Quick Start Guide

[w]Select All
[»]Quartus Prime Lite Edition (Free)

[w]Quartus Prime (includes Nios |l EDS)
Size: 1.8 GB MD5: D620BOAICF43150462658BF13C7F36B5

[#]ModelSim-Altera Edition (includes Starter Edition)
Size: 1.4 GB MD5: BCBED25D6ACF152CEF2FCFEGIDBO52C5
[w]Devices
You must install device support for at least one device family to use the Quarus Prime software.

[w]Arria Il device support
Size: 499.6 MBE MD5: D58B16B7097365ABD5834332FEF84909

[¢]Cyclone IV device support
Size: 466.6 MB MD5: 2C4E5F406114F56E42CBFF25C9B9A5E2

[¢]Cyclone V device support
Size: 1.1 GB MD5: 3AB46198DEIC584D1E19EGASCEZ26D 364

[w]MAX II, MAX V device support
Size: 11.4 MB MDb5: 58DB40A7 27F99D57AF42ECZEESS3F15D

[¢]MAX 10 FPGA device support
Size: 339.9 ME MD5: 6E5A3587BFD61936F0AADZ4B2BBCCIAD

Download Selected Files

SoCKit HW Lab Instructions, Version 16.0 9
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Getting Started

e Login to your myAltera account. Use your existing login, or create your myAltera account if you do not have one.

myAltera

Welcome to myAltera

This is your personalized myAltera portal website. From
information related to your Altera.com online account in one, ¢

my. Altera Sign In @ myaltera Account Help ' Terms and Conditions

User Name
Forgot Your User Name or Password?
Password

[ZIRemember me

\

' ‘ Don't have an account?
@ Create Your myAltera Account

Your myAltera account allows you to file a service request, register for a class, download software, and more.

\ o g ) Enter your email address
L — Note: If your email address already exists in our system we will retrieve the
"y 74 associated information.
Create Account

= > ' ';\(' v
D e D 2 4
e 22

e Select a download folder (select Make New Folder for version 16.0 if necessary).

- B
Browse For Folder - u

Please select a download folder

-

o jy Q2131 &
L Q2131.M0
Q2140
. Q214 0210 K
Q2141
Q2141 beta
[ 1) Q2150 I
[ Make Mew Folder ] [ OK ] [ Cancel

SoCKit HW Lab Instructions, Version 16.0 10
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Getting Started

o The files will then be downloaded via the Download Manager

Akamai DLM3 Download Manager: 7 files in total. »®

The files yvou selected are being downloaded to the directory yvou chose. You can pause and resume the downleoad at any time. If
the download manager does not download any of the files, you can manually download the files with the direct links in the list
below.

Download In Progress. ( 1 of 7 files )

Total Download Size = 5.57GB Download Speed = 1.37MBps
Remaining Size = 5.56GB Estimated Time Remaining = 1h, 9m
Download Location = C:/Altera

Downloading bundle

Total Progress 71.49%

CuartusLiteSetup-16.0.0_211-windows.exe (6 of 7): 0.42%

| L1

e After the file is downloaded on the computer, select the *.exe file, and install the software.

(_# Installing Quartus Prime Lite Edition (Free) 16.0.0.211 =N E=E =

Setup - Quartus Prime Lite Edition (Free) 16.0.0.211

Welcome to the Quartus Prime Lite Edition (Free) 16.0.0.211 Setup Wizard.

The Quartus Prime software requires that your system have suffident physical RAM to compile designs
targeting specific devices. You can check the "Memory Recommendations”™ section in the "Quartus Prime
Software and Device Support Release Motes™ (https: ffwww.altera. comfsupportfliterature flit-rn. himl)
for detailed memory reguirements for a particular device.

For more information about Altera software, go to http:/fwww.altera.com.

= Back Mext = ] [ Cancel

SoCKit HW Lab Instructions, Version 16.0 11

NN\OW  AO[ERYA, ‘ Five Years Out



Getting Started

e Accept the license agreement, then “Next >”.

(3 Installing Quartus Prime Lite Edition (Free) 16.0.0.211 =8 EoN ==

—
License Agreement m
®

‘fou can view the full license agreement at the link below or use —install_lic option from command-line to get the license agreement
files before the installation. You must accept the terms of the agreement before continuing with the installation.

http://dl.altera.com/eula

QUARTUS(R) PRIME LICENSE AGREEMENT VERSION 16.0, ALL -
DISTRIBUTIONS (WEB DOWNLOAD, DVDS)

Copyright (C) 2016 Intel(R) Corporation. Intel, Quartus, Nios(R) II,
TalkBack(TM) and the Altera and Intel logos are trademarks of Intel
Corporation in the US and other countries.  Any other trademarks and
trade names referenced here are the property of their respective
OWNErs.

Certain files, programs, or other materials provided in connection o

L @ Iaccept the agreement
Do you accept this license?
) I do not accept the agreement

2
il
@
[=1
i3

< Back ][ MNext > ][ Cancel

e Select the default installation directory, then “Next >”
(If a different directory is selected, then the path cannot include spaces).

(" Installing Quartus Prime Lite Edition (Free) 16.0.0.211 = 2]
Installation directory mm
®
Specify the directory where Quartus Prime Lite Edition (Free) 16.0.0.211 will be installed
Installation directory | C:\altera_lite\15.0|
[ < Back ] [ Mext > ] [ Cancel ]
SoCKit HW Lab Instructions, Version 16.0 12
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Getting Started

e Select Quartus Prime Lite Edition (Free) and Cyclone V under Devices and ModelSim-Altera Starter Edition

(Free) for the installation, then “Next >”

(_@ Installing Quartus Prime Lite Edition (Free) 16.0.0.211

Select Components

Select the components you want to install

= Quartus Prime Lite Edition (Free)
Quartus Prime {indudes Mio:
= Devices
Arria 1T {536. 5ME)
Cydone IV (516, 3MB)
Cydone v {1225.4vE)
MAX IIfV (13.0MB)
MAX 10 FPGA (350.4ME)
ModelSim-Altera Starter Edition (Free) (4458, 1MB)
] ModelSim-Altera Edition {4458. 1MBE)

InstallBuilder

‘You can add additional device support to an existing
Quartus Prime software installation without having to
reinstall the entire software package. Use the Install
Devices command on the Tools menu in the Quartus Prime
software to get started.

Select a component for more information

< Back ] [ Next = ] [ Cancel ]

e At Ready to install, select “Next >”

O Installing Quartus Prime Lite Edition (Free) 16.0.0.211

Ready to Install

Summary:
Installation directory: C:\altera_lite}16.0

Required disk space: 14708 MB
Available disk space: 107050 MB

InstallBuilder

< Back ][ Mext > ][ Cancel

SoCKit HW Lab Instructions, Version 16.0
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Getting Started

e Theinstallation of Quartus Prime Lite Edition and the Cyclone V device family will begin:

(G Installing Quartus Prime Lite Edition (Free) 16.0.0.211 == =]

Wait while Setup installs Quartus Prime Lite Edition (Free) 16.0.0.211
Installing
Unpacking files

InstallBuilder

e The installation will continue with ModelSim Starter Edition.

(G Installing Quartus Prime Lite Edition (Free) 16.0.0.211 (===

Wait while Setup installs Quartus Prime Lite Edition (Free) 16.0.0.211
Installing

=T

Installing ModelSim-Altera Starter Edition (Free)...

(S Installing ModelSim-Altera Starter Edition 16.0.0.211 (== =]

Installing
Unpadking files

InstalBuilder

e Toinstall the USB Blaster Il driver, check the Launch USB Blaster Il driver installation option shown below is
selected, then click “Finish”.

SoCKit HW Lab Instructions, Version 16.0 14
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Getting Started

(U Installing Quartus Prime Lite Edition (Free) 16.0.0.211 ===

Quartus Prime Lite Edition (Free) 16.0.0.211 Installation Complete

Setup has finished installing Quartus Prime Lite Edition (Free) 16.0.0.211.
Launch USE Blaster II driver installation

Create shortcuts on Desktop

Launch Quartus Prime Lite Edition

[ Provide your feedback

< Back Cancel

e Select “Next >”

Device Driver Installation Wizan

Welcome to the Device Driver
Installation Wizard!

This wizard helps you instal the software drivers that some
computers devices need in orderto work.

To continue, click Next.

SoCKit HW Lab Instructions, Version 16.0 15
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Device Driver Installati

The drivers are now installing. ..

. B .
= =/

Please wait while the drivers install. This may take some time to complete.

e Select “Install”

Would you like to install this device software?

Name: Altera JTAG cables
=5 Publisher: Delaware Altera Corporation

[7] Always trust software from "Delaware Altera Install Don't Install

Corporation”.

@' You should only install driver software from publishers you trust. How can I decide which
device software is safe to install?

The drivers are now installing...

(2 (2

Please wait while the drivers install. This may take some time to complete.

SoCKit HW Lab Instructions, Version 16.0 16
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Getting Started

e Select “Finish”

Device Driver Installation Wizare

Completing the Device Driver

Installation Wizard

The drivers were successfully installed on this computer.

You can now connect your device to this computer. f your device

came with instructions, please read them first.

Driver Mame Status
w Altera (WinUSB) JTAG c... Readyto use

[ Finish ] |

Cancel |

o  When the Quartus Prime TalkBack window appears, check the box to enable TalkBack and click “OK”.

] Quartus Prime TalkBack

=)

Enable Advanced

QUARTUS PRIME SOFTWARE - TALKBACK FEATURE
INTRODUCTION

The TalkBack feature, induded with the Licensed Program(s), enables
ALTERA to receive limited information concerning the Licensed Program(s)
that you use and your compilation of logic designs (but not the logic
design files themselves) using the Licensed Program(s). One of the
primary purposes of the TalkBack feature is to assist ALTERA in
understanding how its customers use the Licensed Program(s) and
ALTERA'S other products, so more effort can be placed on improving the
features mostimportant to users, To disable/enable the TalkBack
feature, run th2_install.exe {or just th2_installin Linux) located in your
quartus/bin folder.

| Enable sending TalkBack data to Altera

[ oK ] | Cancel | | Help

If the splash screen above does not appear, then select: Tools -> Options. Under Category select: “TalkBack
Options”, then you can Enable TalkBack.

e To open Quartus Prime, select ﬂ -> All Programs -> Altera 16.0.0.211 Lite Edition -> Quartus Prime Lite
Edition 16.0.0.211 -> Quartus Prime 16.0

1.3

Extract the SoCKit Lab Files.

e Create the folder C:\altera_trn on your PC.

o  Click on the following link to download SoCKIT_Materials_16.0.zip

e Save it to C:\altera_trn on your PC

SoCKit HW Lab Instructions, Version 16.0
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Getting Started

e  Extract the SoCKIT_Materials_16.0.zip file to the default folder shown below.

Mame

1, SoCKit_Materials_16.0.zip

() 1. Bxtract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

Cohaltera_trmy| Browse...

Show extracted files when complete

e The C:\altera_trn directory should now look like this:

- Local Disk (C:) » altera_trn » SoCKit_Materials_16.0 » SoCKit »

library = Share with + Burn MNew folder
MName

| SoCKit_HW_Lab_16.0
SoCKit_SW_Lab_16.0

SoCKit HW Lab Instructions, Version 16.0 18
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Getting Started

1.4 Get the Cyclone V SoCKit ready for the Labs (Complete this at the Workshop)

Please connect cables to the connectors shown in the diagram below. All cables are provided in your SoCKit.

e Connect the micro or mini (Rev E) USB cable to the USB host connector on your laptop and to the USB Blaster Il
connector on the SoCKit.

e Connect the Power Supply to the Power connector on the SoCKit. Do not power on the board at this time.
USB Blaster Il UART Ethernet
an ‘

Power ——— %ggﬁ t

:lll':-

e o/NDIBRA,

FEEE T3

1 _,_vj‘

There are a few jumpers that require configuring before proceeding with the labs.

e BOOTSEL[2..0] jumpers. These should be configured as "100" to select boot from SD card 3.3V

e  CLKSEL[1..0] jumpers. These should be configured as "00" for the slowest HPS peripheral clock speed option.

SoCKit HW Lab Instructions, Version 16.0 19
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Please ensure that the jumpers are configured as indicated below.

Modify the default MSEL bit settings. The board needs to be set to configure in the FPPx32, fast, compressed mode. This will
allow u-boot to configure the FPGA.

e SWH6 is located on the bottom side of the SoCKit.
e Please change MSEL[0:4] to 01010.
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Getting Started

Verify that the JTAG chain is correctly configured. The JTAG chain switch is located to the right of the green audio connector.

e HSMC_EN should be disabled (left position) and the HPS_EN should be enabled (right position).

4 ya e Cay

HSMC_ENS-: = we. L 28
HPS_EN © JTAG CHAIN SW

1.5 Install the USB Blaster Il Device Driver (Complete if you didn’t install with Quartus Prime in section
1.2)

e Turn your SoCKit on by pressing the red power button next to the power connector.

e Opena NIOS Il 16.0 Command Shell, select @ -> All Programs -> Altera 16.0.0.211 Lite Edition -> NIOS Il EDS
16.0.0.211 -> NIOS 11 16.0 Command Shell

e  Type jtagconfig at the prompt and press enter.

o o8 =]

| »

1> CU SoCKit [USB-11]
Bl 82DA26DD  SCSEBAGC. iES)/SCSEMAG/. .
4BABA477  SOCUHPS

e If the jtagconfig command fails (“No JTAG hardware available”message) , then complete the following steps:

o Press the Windows Start button. Enter devmgmt.msc. Press enter to open the Device Manager.
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Programs (1)

a4 devmgmt.msc

}-:' Search Everywhere

|devmgmt.msc| x| | shutdown | » |
==l
@ [lizall 2]l

o Navigate to Other Devices in the Device Manager. Expand it to see Unknown Device
o Right click on Unknown Device. Select Update Driver Software.

p -\l Other devices

it nknown dewic

p D Processors L4 Epdate Driver Software. .2

o BT 5D host adapters Disable
> [ Security Devices

- Uninstall
» -4 Sound, video an
> Bl Sustern devices Scan for hardware changes L
1ches the Update Driver
Properties |

o Select Browse my computer for driver software.

\:j 1 Update Driver Software - Unknown Device

How do you want to search for driver software?

2 Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software |
for your device, unless you've disabled this feature in your device installation
settings.

Browse my computer for driver software
Locate and install driver software manually.

Cancel

o Specify the driver software location. Press Next.
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o

PN
@ |l Update Driver Software - Unknown Device
Browse for driver software on your computer

Search for driver software in this location:

C:h\Altera'16.0\quartusidriversiush-blaster-ii -

[#]Include subfolders

= Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

o Click Install on the next Screen

[=7] Windows Security @
Would you like to install this device software?

Mame: Altera JTAG cables
= Publisher: Delaware Altera Corporation

[T Always trust software from "Delaware Altera [ Install ]} Don't Install |
Corporation”.

'jj' You should only install driver software from publishers you trust. How can I decide which
device software is safe to install?

o Wait for the driver to complete its installation. Press Close. Notice that device is considered to be
Unconfigured.

) Wl Update Driver Software - Altera USB-Blaster I (Unconfigured)
Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

Altera USB-Blaster I (Unconfigured)

o Open a NIOS 11 16.0 Command Shell, select ﬂ -> All Programs -> Altera 16.0.0.211 Lite Edition -> NIOS
I EDS 16.0.0.211 -> NIOS 11 16.0 Command Shell
o Type jtagconfig at the prompt and press enter.
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CONGRATULATIONS!

fAltera Embedded Command Shell

Version 16.8 [Build 2111

5 Jjtagconfig

1> CU SoCKit [USB-11
Bl 82D@28DD  SCSEBAGC. IES>/5CSEMAG/ ..

4BABA477  SOCUHPS

You have just completed all the setup and installation requirements and are now ready to examine the system-level design.

SoCKit HW Lab Instructions, Version 16.0
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MODULE 2. Examine the System Design

Module Objective

In this module you will review the architecture of the design that will be created in Qsys. You will also examine the layout of

the SoCKit. Developing software for an Altera SoC requires an understanding of the design flow of the Qsys system integration

tool. Typically, a design starts with system requirements. These system requirements become inputs to the system definition.

System definition is the first step for implementation in the design flow process.

2.1 System Architecture

There are many

components on the SoCKit
that can be used, including
the LCD, flash, Audio DACs,

and IR receiver. TMC/Trace

ARM AS

Hard Processor System

DDR

UsB OTG

Gb Ethemet
The system that we will §

ROM

SDIMMC
finish creating in Qsys is -

NAND Flash

RAM 54KB

built by using a standard
library of re-useable IP
blocks. The orange section
of this diagram is the HPS
section, while the green
section is the FPGA section.
The HPS section was
configured in the HPS FPGA fabric

component in Qsys. There

FPGA Manager

DA

UART

CAN

1

HSP2ZFPGA LWHPS2FPGA

[w] (W]

are three bridges between

Onchip RAM

the HPS and FPGA sections.
You will focus on the
LWHPS2FPGA bridge
connected peripherals for
this lab, specifically the

LED PIO. The LED PIO is
mapped through the

SysiD E

PIOLED [5]

PIO Button E

fll Tn TJI. fﬁ

PIO DIPSW E

bridge into the HPS

Interrupt Capturer

[ m ]
JT#G ViFtual JTAG

addressable map.
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2.2 Examine the System Tool Flow

=Q

Define System

HDL Files o Select IP

System Description

e Make Connections
e Generate System

"~

ARM
Software

/ Quarth ]

FPGA Design
o Edit

~

e Assign Pin-out

e Timing Constraints
e Compile

e Download

o Edit

o Build
e Debug
e Run

>

e Add Source Files

(G 1)

Software
Development

{ Target 1

Configure FPGA L Hardware J Download Application

The diagram above depicts the typical flow for an SoC design. Qsys and Quartus Prime generate the following sets of files:

A set of XML files are created that define the system description. These XML files are utilized by the ARM DS-5

software tool to create a project for the software application. You can find the files here:

‘k
A

“w

Fie name: 300kt_SW_lab_13.1\hps_isw_handoff\soc_system_hps_0

Co=)

SoCKit HW Lab Instructions, Version 16.0
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Examine the System Design

e Qsys also generates the HDL files (Verilog or VHDL) for the defined system. These HDL files are then used by
Quartus Prime to compile and generate a set of files that defines the hardware system. This set of files includes
the HDL files, Tcl (Tool Command Language) files that define dedicated pin locations for selected HPS peripherals,

Tcl files that define the Multiport Memory Controller in the HPS & FPGA, QIP files that include selected IP and
SDC (Synopsis Design Constraint files) utilized by TimeQuest to constrain the complete system design.

e Quartus Prime will then generate a simple SOF (SRAM Object File) image that is used to configure the FPGA.

2.3 Examine Arrow's Cyclone V SoCKit

Examine the components on the Cyclone V SoC board hardware:

W HPS Ethernet VGA OUT

B FPGA USB 2.0 OTG 10/100/1000 VGA DB-15 Line Mic Line

W System Port Port 24-bit DAC  Connector In In Out
JTAG USB Blaster Il USB-UART

Header Port

Port

USB-UART Cantroller

JTAG Switch

12V DC Power Supply
Connector

Altera USB Blaster I
Controller Chip

Audio Codec
FPGA DDR3 1GB

EPCQ 256Mb

Power ON/OFF Switch

USB OTG Controller
(ULPI)

s ~HSMC Connector

TSE PHY

LTC Conneclor

Altera 28-nm Cyclone V FPGA

HPS DDR3 1GB with ARM Cortex-A9

CLKSEL Jumper

128x64 Dots LCD BOOTSEL Jumper

G-Sensor Clock Circuit for
FPGA and HPS
LCD Backlight Jumper IR Receiver
FPGA Reset Key
HSMC Voltage-Level
Jumper
HPS User FPGA User FPGA User Keys
Switches Switches
HPS System HPS User KEYs HPS User FPGA User Temperature Sensor
Reset KEYs LEDs LEDs
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Examine the System Design

2.4 Block Diagram of the SoCKit

There are many components included on the SoCKit, including the LCD, flash, Audio DACs, and IR receiver.

A block diagram of the board:

ITrans:ciever Linhl

- e e
USE Micro-B

CONGRATULATIONS!!

e m—

Cyclone®='V | GSemer
SoC
. <RGNl i Ethes
5CSXFCEDEF3 o, rsey. U_U Ehenet
TW—- USB 2.0 OTG
Micron DDR3IL
EDRAM %32 1024 MB
FPGEA HFPS : _ o
|“'T" ““- Mircro-B
w4 (x4 wd (x5 W wd x4 [x2 T”E
SHARIN |
S
@ + 8 + SD Card
1112111
LED =B

EEERANAE

Slide Switch xB

o] I 2 0 61 ]

Butlan Swilch x8

You have just completed the examination of the system-level design.
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Set up the Quartus Prime project

MODULE 3. Set up the Quartus Prime project

Module Objective

In this section, you will open a Quartus Prime project that contains the Qsys system. In addition, you will specify I/0

constraints and settings for this design by executing a Tcl script.

3.1 Launch Quartus Prime Project

e Launch the Quartus Prime v16.0 software: Select E -> All Programs -> Altera 16.0.0.211 Lite Edition ->
Quartus Prime Lite Edition 16.0.0.211 -> Quartus Prime 16.0
o Asplash screen will appear, select Open Project:

Start Designing

New Project Wizard Open Project

NEOEROr

Recent Projects
&l soc_system.qpf (C:/altera_tm/SoCKIT_Materials_15.0/SoCkit/SoCKit_HW_Lab_15.0/soc_system.qpf)
& mipi_to_hdmi_terasic.qpf (C:/DECA/8_MIPI_to_HDMI_Terasic/mipi_to_hdmi_terasic.qpf)
& counter.qpf (/DAN-PC/Share/Altera Data/Training/Intro to Verilog/Exercises/lab4b/counter.qpf)
&l reg16.qpf (//DAN-PC/Share/Altera Data/Training/Intro to Verilog/Exercises/labda/reg16.qpf)

e Now browse to the directory: C:\altera_trn\SoCKIT_Materials_16.0\SoCKit\SoCKit_HW _lab_16.0 and
select soc_system.qpf and then select Open.

Open Project
%-\ |, « Local Disk (C:) » alteratrn » SoCKit Materials 160 » SoCKit » SoCKit HW Lab 160 » o \&,|| Search SoCKit HW Lab_160 O |
Organize + New folder =~ O @

P = Name : Date modified Type Size
B Desktop L ip 6/10/2016 9:58 PM  File folder
1§ Downloads | precompiled_files_for_system_console_m... 6/10/2016 958 PM  Filefolder
%l Recent Places | top 6/10/2016 9:58 PM  File folder
/3] soc_system.qpf 6/10/2016 9:48 AM  QPF File 2KB

9 Libraries
[& Documents
o' Music
[ Pictures

B Videos

8 14072
&L Local Disk (C:)
&* DVD RW Drive (D

m

= Removable Disk|

a2 shared (\wsfdcO

File name: soc_system.qpf

~ | Quartus Prime Project File (".qp +
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If you close the splash screen without opening the project:

e Select File -> Open Project and browse to the directory:
C:\altera_trn\SoCKIT_Materials_16.0\SoCKit\SoCKit_HW_lab_16.0.

e Select soc_system.qpf.

e The Quartus Prime project will open. The project already contains a top level Verilog file (..\top\ghrd_top.v) and
a Qsys project (soc_system.qgsys) that will be modified in the following modules.

e Please take a look at the top level file. To do this, double click on the ghrd_top icon in the Project navigator
Window or (select: File -> Open and browse to the ..\top directory and open ghrd_top.v)

Project Navigator [ 4\ Hierarchy v}z Me x

Entity:Instance
Cyclone V: SCSXFC6D6F31C6
[:& ghrd_top £& ]

e The ghrd_top.v contains all of the I/O for the HPS instance as well as all the FPGA 1/0. In addition, you will find
the instance for the Qsys component, soc_system at the end of the file.

CONGRATULATIONS!!

Your Quartus Prime project is set up. You are ready to start building your Qsys system.
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MODULE 4. Build the Qsys System

Module Objective

In this module you add the standard and custom components to the system, make connections where required,
assign the clocks, set arbitration priorities and generate the system.

4.1 Launch Qsys

e From the Tools menu, select "

& Qsys". There may be a slight delay while the Qsys application launches.

o Open the File named soc_system.qsys

o= Open

Look in:

<
Recent Items

Desktop

E
My Documents

@

Metwark

SoCKit HW Lab Instructions, Version 16.0
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Build the Qsys System

Qsys - soc_system.qsys (Cihaltera_trn\SoCKit_Materials_16 0\SoCKit\SoCKit_HW_Lab_16.0\soc_system.qsys)
File Edit System Generate View Tools Help

1rpz:atzlog = ==

Bk

nterface Protocols

ow Power
lemory Interfaces and Controllers
rocessors and Peripherals

sys Interconnect

Iniversity Program

+

Add

i

Hierarch &¢'| Device Famil &%

==

There will be various components that are already included in the Qsys system, while others will need to be built.

[ ———————
ke

dipsw_pio_external_connection

hps_D_f2h_cold_reset_req

0_f2h_debug_reset_req

_fzh_stm_hw_events

_fah_warm_reset_req

_ha2f reset

hps_0_hps_io

memory

reset

IF ck_o

£ dipsw_pio

0] f2sdram_only_master

0 fpga_only_master

00 hps_o

] hps_only_master

£k intr_capturer_0

Ak jtag_uart

4k mm_bridge_0

¥ onchip_memeory2_0

= [
Connections

TYTLATYYIYYY
o

12 SystemContents 2 | Address Map % | Interconnect Requirements % | - o
= | [« | |8 System: soc_system Path: sysid_asys
# |use  Connections Name Description Export Clock Base End
Y o sysid_gsys s; 1D Peripheral A
X clk Clock Input clk_o B
= reset Reset Input k]
control_slave Avalon Memory Mapped Slave [clk] @ 0x0001_p000 0x0001
= B hps_o Arria VfCydone V Hard Processor System|
-~ o f2h_cold_reset_req Reset Input hps_0_f2h_cold_reset _r...
- o f2h_debug reset req  |ResetInput hps_0_f2h_debug_reset...
> = f2h_warm_reset_reg  |ResetInput hps_0_f2h_warm_reset...
= f2h_stm_hw_events  |Conduit hps_0_f2h_stm_hw_ev...
= memory Conduit memory
= hps_io Conduit hps_0_hps_io
el h2f_reset Reset Output hps_0_h2f_reset
f2h_sdram0_clock Clock Input iclk_o
f2h_sdram0_data Avalon Memory Mapped Slave [F2h_sdram. .. 0x0000_o000 Lpes22
h2f_axi_dock Clack Input clk_o
haf_axi_master /AXT Master [h2f_axi_dlo... E
f2h_axi_dock Clack Input clk_o
f2h_axi_slave AXI Slave [f2h_axi_do... 0x0000_0000 ox£rey
h2f_lw_axi_dock Clack Input clk_o
e h2f_lw_axi_master AT Master (h2f_bw_axi...
f2h_irqD Interrupt Receiver 120 0
f2h_irq1 Interrupt Receiver 120 0
E ] hps_only_master |JTAG to Avalon Master Bridge
dkc Clock Input iclk_o
ck_reset Reset Input
—— master Avalon Memory Mapped Master k]
master_reset Reset Output
I3 fpoa_only_master |[ITAG to Avalon Master Eridge clk_o
0] f2sdram_enly_m... |JTAG to Avalon Master Bridge clk_o
mm_bridge_0 Avalon-MM Pipeline Bridge clk_o 0x0000_0000 0x000:—
jtag_uart JTAG UART iclk_0 @ o0x0002_oooo ox0002
dipsw_pio PIO (Paraliel 1/0) clk_o @ 0x0001_oos0 030003
M_onchin_memorvd & _|6n-Chin Memary (RAM or ROMY ) e 0 nxnnnn nnnn nwnnnc T
v

Message

4.2 Build the Qsys System

The first component that you will verify and change is the HPS (Hard Processor System).

Verify the Hard Processor System

The Hard Processor System (HPS) consists of the dual ARM Cortex A9 with various peripherals enabled. The following is a

block diagram of some of the entities available in the HPS.
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Build the Qsys System

Hard Processor System
ARM A9 ARM A9
s s 5 | Ds L2
L2 1
TMC/Trace asPl
USB OTG GPI0
Gb Ethemet ROM Fe
SOMMC UART
NAND Fiash RAM 54KB CAN
Timers
FPGA
DMA
| | |
HSP2FPGA LWHPS2FPGA FPGAZHPS

Configure the HPS

® Inthe Qsys window, right-click on the hps_0 component and choose Edit...

=18 hps 0 Arria VfCydone V Hard Processor System

I
.. - f2h_cold_reset_req Reset Input hps_0_f2h_cold_reset_r...
O fah_debug_reset_req ResetInput hps_0_f2h_debug_reset...
CH fah_warm_reset req  ResetInput hps_0_f2h_warm_reset...
< f2h_stm_hw_events  Conduit hps_0_f2h_stm_hw_ev...
n memory Conduit memory
o hps_io Conduit hps_0_hps_io
H h2f_reset Reset Quiput hps_0_h2f_reset
f2h_sdram0_dodk Clock Input. clk_0D
f2h_sdrami_data Avalon Memory Mapped Slave [f2h_sdram... 0x0000_0000 0x£EEE_fEEE
h2f_axi_dock Clock Input. ick_0D
h2f_axi_master AXT Master [h2f_axi_do...
f2h_axi_dock Clock Input. iclk_0
f2h_axi_slave AXI Slave [f2h_axi_do... 0x0000_0000 0x£EEE £EEE
h2f_Iw_axi_dock Clock Input iclk_0
h2f_Iw_axi_master AXI Master haf lw_axi...
f2h_irqd Interrupt Receiver IRQ O IRG 31
f2h_irgl Interrupt Receiver Q0 180 31
EQ hps_only_master |ITAG to Avalon Master Bridge clk_0D
Figure 4.2.1

e We will now configure the HPS with the correct pin multiplexing for the peripherals to accommodate the
interfaces on the SoCKit. This process will also include configuring the clocks, the Multiport Memory
Controller, the three high speed ports: HPS to the FPGA, FPGA to HPS and FPGA to Multiport Memory
Controller and various other settings. For complete details please refer to the Cyclone V Device Handbook,
Volume 3: Hard Processor System Technical Reference Manual

Please note that there are multiple tabs for: FPGA Interfaces, Peripheral Pins, HPS Clocks and under the SDRAM tab there are
sub-tabs that are used to configure the HPS, as shown in Figure 4.2.2.
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Build the Qsys System

FPGA Interfaces | peripheral Pins | HPS Clocks | sDram

|~ General
Enable MPU standby and event signals

Enable general purpose signals
Enable Debug APB interface

7] Enable System Trace Macrocell hardware events
Enable FPGA Cross Trigger Interface
Enable FPGA Trace Port Interface Unit
Enable FPGA Trace Port Alternate FPGA Interface
Enable boot from fpga signals

Enable HLGPI Interface

I' AXI Bridges
FPGA-to-HPS interface width: &4-bit -~
HPS-to-FPGA interface width: S4bit -

Lightweight HPS-to-FPGA interface width: [3a.pit  +

|~ FPGA-to-HPS SDRAM Interface

Click the '+ and '~ buttons to add and remove FPGA-to-HPS SDRAM ports.

Name Type Width J
ST — | Avrmlrr BARA Bidienrtinnal |3Ea

Figure 4.2.2

4.2.1 Configure the FPGA Interfaces for the HPS

Under the FPGA Interfaces tab, there are various options in the General, AXI Bridges, FPGA to HPS SDRAM, Resets, DMA
Peripheral Request, and Interrupts sections.

In the General section, verify that the following options are all disabled (unchecked) as shown in Figure 4.2.1.1:

o Enable MPU standby and event signals

Enable general purpose signals

Enable Debug APB interface

Enable FPGA Cross Trigger Interface

Enable FPGA Trace Port Interface Unit

o Enable FPGA Trace Port Alternate FPGA Interface
e Enable boot from fpga signals

e Enable HGPLI Interface

Verify that only the Enable System Trace Macrocell Hardware events option is enabled as shown in Figure 4.2.1.1. Refer to
the Explanation of options below.

Explanation of options:

o Enable MPU standby and event signals - Enables signals used to indicate if the microprocessor is in standby
mode to the FPGA and can wake up an MPCore processor from a Wait For Event (WFE) state.
e Enable general purpose signals - Enables a pair of 32-bit unidirectional general purpose interfaces between
the FPGA and the FPGA Manager in the HPS.
o The FPGA Manager is used to configure the FPGA, mimics passive parallel 32-bit configuration,
Partial Reconfiguration, Compressed FPGA configuration images, AES encrypted configuration
images, monitors the configuration-related signals, provides 32 general purpose inputs and outputs
to the FPGA.
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e Debug APB interface - Enables debug interface to the FPGA, allowing access to debug components in the
HPS.

e Enable System Trace Macrocell hardware events - Enables System Trace Macrocell (STM) hardware events,
allowing logic inside the FPGA to insert messages into the trace stream.

o Enable FPGA Cross Trigger Interface - Enables the cross trigger interface (CTl), which allows trigger sources
and sinks to interface with the embedded cross trigger (ECT).

o Enable FPGA Trace Port Interface Unit - Enables an interface between the trace port interface unit (TPIU)
and logic in the FPGA. The TPIU is a bridge between on-chip trace sources and a trace port.

e Enable boot from FPGA ready - Enables an input to the HPS indicating whether a preloader is available in on-
chip RAM. If the input is asserted, a preloader image is ready at memory location 0.

o Enable boot from FPGA on failure - Enables an input to the HPS indicating whether a fallback preloader is
available in on-chip RAM. If the input is asserted, a fallback preloader image is ready at memory location 0.
The fallback preloader is to be used only if the HPS boot ROM does not find a valid preloader image in the
selected flash memory device.

o Enable HLGPI Interface - This will instantiate 14 general purpose DDR inputs. If you check these signals will be
available in the HPS 10 conduit in Qsys and are at same |0 voltage as the DDR interface. Please refer to the
Pin Connection Guidelines.

In the AXI Bridge section, ensure that both the FPGA-to-HPS interface width is set to 64-bit and HPS-to-FPGA interface width
is set to 64-bit (as shown in Fig. 4.2.1.1). Both of these interfaces can be set to 32, 64, 128-bits, or Unused.

e Enabling the FPGA to HPS interface allows masters within the FPGA to access to HPS peripherals.
e Enabling the HPS to FPGA interfaces allows HPS masters to access the FPGA peripherals.

Verify that the Lightweight HPS-to-FPGA interface width is set to 32 bit. A 32 bit AXI interface optimized for low latency is
thus enabled (as shown in Fig. 4.2.1.1).

After making these changes, the HPS should now look like this:
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Arria V/Cyclone V Hard Processor System

altera_hps

FPGA Interfaces | peripheral Pins | HPS Clocks | SDRAM|

[~ General
[7] Enable MPU standby and event signals

[~] Enable general purpose signals

[~ Enable Debug APB interface

Enable System Trace Macrocell hardware events
[ Enable FPGA Cross Trigger Interface

[ Enable FPGA Trace Port Interface Unit

[] Enable boot from fpga signals
[ Enable HLGPI Interface
[* AX1 Bridges
FPGA-to-HPS interface width: j64—bit -
HPS-to-FPGA interface width: '54bit

Lightweight HPS-to-FPGA interface width: [30hit - |

Figure 4.2.1.1

Scrolling down the FPGA interface tab, there are more options. There are sections for the FPGA-to-HPS SDRAM Interface,
Resets and DMA Peripheral Request.

Verify the FPGA to HPS SDRAM Interface section has one entry: f2h_sdram0.

|' FPGA-to-HPS SDRAM Interface

Click the '+ and - buttons to add and remove FPGA-to-HPS SDRAM ports.

Mame Type Width
f2h_sdram0 |.A.va lon-MM Bidirectional (256

Figure 4.2.1.2

e This enables the FPGA to gain access to the HPS SDRAM subsystem from the FPGA fabric. This particular FPGA
to HPS interface provides up to six ports to the HPS’s multiport SDRAM controller. The bus interface provided
to the FPGA can be AXI-3 or Avalon Memory Mapped.
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Ensure that the Enable FPGA-to-HPS debug reset request, Enable FPGA-to-HPS warm reset request, and Enable FPGA-to-
HPS cold reset request options are all enabled (as shown in Fig. 4.2.1.3). There are several options and the Reset Manager is
very sophisticated. Therefore, please refer to the Cyclone V Device Handbook Volume 3: Hard Processor System Reference
Manual: Section I, Chapter 3 for details on the Reset Manager.

Explanation of reset options (Do NOT implement these changes):

o Enable HPS-to-FPGA cold reset output - Enable interface for HPS-to-FPGA cold reset output

e Enable HPS warm reset handshake signals - Enable an additional pair of reset handshake signals allowing
soft logic to notify the HPS when it is safe to initiate a warm reset in the FPGA fabric.

e Enable FPGA-to-HPS debug reset request - Enable interface for FPGA-to-HPS debug reset request

e Enable FPGA-to-HPS warm reset request - Enable interface for FPGA-to-HPS warm reset request

o Enable FPGA-to-HPS cold reset request - Enable interface for FPGA-to-HPS cold reset request

Verify the DMA peripheral request is set to the default of No for each of the eight channels (as shown in Fig. 4.2.1.3). The
designer can enable each direct memory access (DMA) controller peripheral request ID individually. Each request ID enables
an interface for FPGA soft logic to request one of eight logical DMA channels to the FPGA.

Ensure that the "Enable FPGA-to-HPS interrupts" is enabled (as shown in Fig. 4.2.1.3). This enables interrupt signals from the
FPGA to the MPU in the HPS.

|' Resets
[] Enable HPS-to-FPGA cold reset output

[] Enable HPS warm reset handshake signals
Enable FPGA-to-HPS debug reset request
Enable FPGA-to-HPS warm reset request

Enable FPGA-to-HPS cold reset request

|~ DMA Peripheral Request

Peripheral Request ID Enabled

o] No -
1 No

2 No E
3 No

4 No

5 No -

|~ Interrupts

/| Enable FPGA-to-HPS Interrupts

Figure 4.2.1.3

The HPS-to-FPGA interrupts should all be disabled as shown in Figure 4.2.1.4. An interrupt signal can be provided to the FPGA
for each one of the peripherals that are included in this section.
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4.2.2 Configure HPS Peripheral Pin Multiplexing (MAC, NAND, QSPI, SDIO, USB)

[* HPS-to-FPGA

Enable CAM interrupts

Enable dock peripheral interrupts

Enable CTI interrupts

Enable DMA interrupts

Enable EMAC interrupts (for EMACO and EMAC1)
Enable FPGA manager interrupt

Enable GPIO interrupts

Enable I2C-EMAC interrupts (for [2C2 and 12C3)
Enable 12C peripheral interrupts (for 12C0 and 12C1)
Enable L4 timer interrupts

Enable NAND interrupt

Enable OSC timer interrupts

Enable Quad SPI interrupt

Enable SD/MMC interrupt

Enable SPI master interrupts

Enable SPI slave interrupts

Enable UART interrupts

Enable USB interrupts

Enable watchdog interrupts

Figure 4.2.1.4

Under the Peripheral Pins tab, there are options to enable the HPS peripherals. The peripherals in the HPS are available to as

many as three sets of HPS I/O pins. A Peripherals Mux Table is available at the bottom of this tab to make it a simpler and

more intuitive task for the designer. Also, please note that all HPS peripherals are available for pin out via the FPGAs pins.

If you put your cursor over a particular peripheral’s mode icon: a list of the signal to pin for a particular I/O set per pin is

displayed in a pop-up box, as shown in Figure 4.2.2.1.
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FPGA Interfaces | Peripheral Pins | Hps CIod-:slSDRAM

[~ Ethernet Media Access Controller

EMACO pin: mesed -
EMACD mode: N/A - |

EMAC1 pin: HPSI1fO5etD
EMAC 1 mode: 'REGMII -

[~ NAND Flash Controller EMAC1 mode (EMACL_Mode):
MNAND pin: Unused | Signal Membership Per Mode Usage Option:
NAND mode: NA v RGMII | RGMII with 2C3

[* Quad SPI Flash Controller MDC X
QSPI pin: w510 [ Moo | x
QSPI mode: [ -

155 > pxpo | x X

|~ SD/MMC Contraller rRxp1 | x X
SDIO pin: ‘Hps 1jo

- RXD2 X X
SDIO mode: 4-hit Dat
) RXD3 X X

[~ UsSB Controllers rx ikl x X
USEO pin: Unused =
USBO PHY interface mode: [yja o || |RX.CTL] X X
1USB1 pin: HPs1jo ||| TXDO X X
USB1PHY interface mode: | spr with | TxD1 X X

[~ SPI Controllers TXD2 X X
SPIMO pin: :HPS 10| | Txp3 " ¥
SPIMO mode: (s

:Slngle sl TX.CLK X X
SPIM1 pin: HPS 1jO
SPIM1 mode: 'Single 5| Lh el [ *
Figure 4.2.2.1

To see a pin multiplexing error, change the EMACO pin multiplexing default of Unused to HPS 1/0 Set 0, as shown in Figure

4.2.2.2and 4.2.2.3.

FPGA Interfaces | Peripheral Pin Multiplexing HPscmus|SDRAM|

Hover the mouse cursor over the mode parameters for a tooltip regarding signal membership details.

[~ Ethernet Media Access Controller

SoCKit HW Lab Instructions, Version 16.0
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EWMACDO pin multiplexing:
EWACD mode:
EWMAC1 pin multiplexing:
EWMACT mode:

Unused -

NIA |

RGMIl

HPS U0 Set0 -

-

Figure 4.2.2.2
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FPGA Interfaces | Peripheral Pins | HPS Clocks | SDRAM

[~ Ethernet Media Access Controller

EMACD pin: HPS /O Set0

EMAC1 pin: HPS IO Set0

Figure 4.2.2.3
There will be errors in the Messages Window:

Type Path Message
%] 3 Errors
Q soc_system.hps_0 Refer to the Peripherals Mux Table for more details. The selected peripherals 'EMACO' and 'USE 1" are conflicting.
(%] soc_system.hps_0 Refer to the Peripherals Mux Table for more details. The selected peripheral 'EMACT' and 'GPIO00" are conflicting.
Q soc_system.hps_0 Refer to the Peripherals Mux Table for more details. The selected peripheral EMACT and 'GFIO0S are conflicting.

Figure 4.2.2.4

These errors occur since each peripheral available on the HPS go to at least one set of HPS /0. The multiplexing for each 1/0
Set is controlled by selecting the specific HPS peripheral's I/0 Set. When the EMAC pin multiplexing was selected, the pins for
several of the other peripherals had already used these I/O pins, resulting in a conflict. Please note that all pins that are not
utilized by an HPS peripheral can be enabled as a General Purpose I/0 Pin.

Conflicts (column and row are in Red/Burgundy):

[ Peripherals Mux Table

Figure 4.2.2.5

No Conflicts: (For the peripheral selected mux_select column is green):
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[ Peripherals Mux Table

RGMIIO_TX_CLK EMAGCO. TX_CLK (Set0)
RGMIIO_TXDO EMACO. TXDO (SetD)
RGMIIO_TXD4 EMACO. TXD1 (SetD)
RGMII0_TXD2 EMACO. TXD2 (SetD)
RGMIIO_TXD3 EMACO. TXD3 (SetD)
RGMII0_RXDO EMACO.RXDO (SetD)
RGMII0_MDIO 12G2.SDA (Set0) EMAGO.MDIC (SetD)
RGMII0_MDC 12C2.5CL (Set0) EMACO.MDC (SetD)
RGMIIO_RX_CTL EMACO.R¥_CTL (Set0)

RGMIIO_TX_CTL

EMACD. TX_CTL (Set0)

RGMII0_RX_CLK

EMACD. RX_CLK (Set0)

RGMIIO_RXD1

EMACO.RXD1 (Set0)

RGMIIO_RXD2

EMACO.RXD2 (Set0)

RGMII0_RXD3

EMACO.RXD3 (Set0)

Figure 4.2.2.5

Change the EMACO pin multiplexing back to Unused to remove the errors.

The selected pins need to match the Cyclone V SoC board to avoid any errors. Verify that the Qsys settings match the
following screenshots to enable the Ethernet MAC, QSPI Flash Controller, SDMMC, USB Controller, SPI Controllers, Uart
Controllers, and 12C Controllers.

FPGA Interfaces | Peripheral Pins | HPS Clocks | SDRAM

[* Ethernet Media Access Controller

EMACOQ pin: Unused -
EMACD mode: N/A -

EMAC1 pin: HPSI/05et0 v
EMAC1 mode: 'REMII -

[* NAND Flash Controller
NAND pin: Unused -

NAMND mode: NjA -

[~ Quad sPI Flash Controller
QSPI pin: HPS /O Setd v
JSPI mode: 155 -

[* sD/MMC Controller
5DIC pin: HPS1/OSetd v

SoCKit HW Lab Instructions, Version 16.0
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[~ usB Controllers
UISBO pin: Unused =
USBO PHY interface mode: [y o |

USB1 pin: HPST/OSet0 v |
USBLPHY interface mode: | SDR with PHY dock output mode

[+ sPI Controllers

SPIMO pin: HPSIfO5et0 w
SPIMO mode: :Single Slave Select
SPIM1 pin: HPSIjOSet0
SPIM1 mode: iSingIE Slave Select -
SPISO pin: Unused =
SPIS0 mode: :N,rn - '
SPIS1 pin: Unused =)
SPIS1 mode: :N,r.a. - .

[~ UART Controllers

UARTO pin: HPSIjOSet0
UARTO mode: iNo Flow Control
UART1 pin: Unused -
UART1 mode: 'N,rp, -

Figure 4.2.2.7

[* 12C Controllers

12C0 pin: :Unused -
12C0 mode: NfA -
12C1 pin: HPS IO Set0 w
12C1 mode: 120 - |
12C2 pin: iUnused -
12C2 mode: N/A |
12C3 pin: :Unused -
12C3 mode: NfA -

[~ caN Controllers

CAND pin: e -
CAND mode: :Nf.ﬁ. - .
CAN1 pin: Unused .|
CAN1 mode: :NIA | l

|" Trace Port Interface Unit

TRACE pin: jUnused -
TRACE mode: 'N,,f.ﬁ. -
Figure 4.2.2.8
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There should be no errors and the conflict setting should look as follows:

|~ Peripherals Mux Table

RGMII0_TX_CLK EMACD. TX_CLK (Set0)
RGMII0_TXDO EMACO.TXDO [Set0)
RGMII0_TXD1 EMACD.TXD1 (SetD)
RGMIID_TXD2 EMACD. TXDZ (Setd)
RGMII0_TXD3 EMACD. TXD3 (SetD)
RGMII0_RXDO EMACO.RXD0 (SetD)
RGMII0_MDIO 12C2.5DA (Setl) EMACO.MDIO (SetD)
RGMIND_MDC 12C2.5SCL (SetD) EMACO.MDC (SetD)
RGMII0_RX_CTL EMACD.RX_CTL (Setd)
RGMIID_TX_CTL EMACO. TX_CTL (Setd)
RGMII0_RX_CLK EMACD.RX_CLK (Setd)
RGMII0_RXD1 EMACOD.RXD1 (SetD)
RGMII0_RXD2 EMACD. RXD2 (SetD)
RGMII0_RXD3 EMACOD. RXD3 (SetD)
HAND_ALE MAND.ALE [Setd)
NAND_CE MNAND.CE (SetD)
NAND_CLE MNAND.CLE {SetD)
NAND_RE MNAND.RE (SetD)
NAND_RB MNAND.RE (SetD)
NAND_DQO0 NAND.DQO (Setd)
NAND_DG1 NAND.DQ1 (Setd)
NAND_DQ2 NAND.DQZ (Setd)
NAND_DQ3 NAND.DQ2 (Setd)
NAND_DQ4 NAND.DQ4 (Setd)
NAND_DQ5 NAND.DQS (Setd)
NAND_DQ6 NAND.DQE (Setd)
NAND_DQT NAND.DQ7T (Setd)
HAND_WP MAND.WP (Setd)
NAND_WE @SPISSA(Set0) | NAND.WE (Setd)

QsPl_100 usBlCLK(Sett)

QsPL_I01 UsB1.STP(Setty

QsPl_102 USB1.DR(Setty

QsPlLI03 USBINXT(Sett)

QSPI_S50

QSPI_CLK

QSPI_551

SDMMC_CMD

SDMMC_PWREN

SDMMC_Do

SDMMC_D1

SDMMC_D4

SDMMC_D5S

SDMMC_D&

SDMMC_D7

SDMMC_FB_CLK_IMN

SDMMC_CCLK_OUT

SDMMC_D2

SDMMC_D3

TRACE_CLK

TRACE_DO

TRACE_D1 TX

TRACE_D2 LSDA

TRACE_D3 LSCL

TRACE_D4 CaNiRX(Setty  |SPIS1.CLK(S=t0) TRACE.D4 (Set0)

TRACE_D5 CaNiTX(Sett)  |SPIS1.MOSI(Set0) TRACE.DS (Set0)

TRACE_DG |2C0.5DA (Setd) SP151.550 (Setl) TRACE.DE (SetD)

TRACE_D7 12C0.5CL (Setd) 'SPI1S1.MISO (SetD) TRACE.DT (SetD)
SPIMO0_CLK UARTD.CTS (Set2) (Set1) (Setd) 12C1.5DA (Setl) SPIMO.CLK | Set0)
SPIMO_MOSI UARTO.RTS (Set2) (Set1) (Setd) 12C1.5CL (Set1) SPIMO.MOSI [ Setd
SPIMO_MISO UARTI.CTS(Set0)  |cAMIRX(Setf)  [SPIMO.MISO (Setd
SPIMO_S50 UARTARTS(Set0)  [eamtaxgsety  [sPIM0.550 (Set0)
UARTO_RX SPIMD.551 (SetD) CAND.RX {Setd) UARTO.RX {Setl)
UARTO_TX |SPIM1.551 (S=tD)

12C0_SDA

12C0_SCL

CANO_RX

CANO_TX

Figure 4.2.2.9
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4.2.3 Configure HPS Clocks

Select the HPS Clocks tab. Under the Input Clocks sub-tab, there are selections to set the External Clock pins provided to the
HPS (EOSC1 & EOSC2) and the ability to enable clocks between the HPS-to-FPGA and FPGA-to-HPS. New in version 14.0 is an
Output Clock tab.

4.2.3.1 Configuring HPS Input Clocks

The ESOC1 clock frequency and ESOC2 clock frequency External Clock Sources should all be set to 25.0 Mhz and 25.0 Mhz (as
shown in Figure 4.2.3.1). Setting EOSC1 & EOSC2 is new in version 14.0.

The bullets below are descriptive. Do NOT implement these changes.

Explanation of user clock options for the Input Clocks tab:

e External Clock Sources: EOSC1 and EOSC2 are based upon the frequency at the HPS 1/0 pins: HPS_CLK1 and
HPS_CLK2, D25 and F25 for the 5CSXFC6D6F31C6

e Enable HPS-to-FPGA user 0, 1, 2 clock - Enable main PLL from HPS to FPGA
User 0, 1, 2 clock frequency - Specify the maximum expected frequency for the main PLL

o Enable FPGA-to-HPS peripheral PLL reference clock - Enables the interface for FPGA fabric to supply
reference clock to HPS peripheral PLL

e Enable FPGA-to-HPS SDRAM PLL reference clock - Enables the interface for FPGA fabric to supply reference
clock to HPS SDRAM PLL

Arria V/Cyclone V Hard Processor System

altera_hps

| FPGA Interfaces | Peripheral Pins | HPS Clocks | spRAM|

Input Clocks | Qutput Clocks

[~ External Clock Sources
ECSC1 clock frequency: 25.0 MHz

EQSC2 clock frequency: 25.0 MHz

[* FPGA-to-HPS PLL Reference Clocks
["] Enable FPGA-to-HPS SDRAM PLL reference dock

[ Enable FPGA-to-HPS peripheral PLL reference dock
FPGA-to-HPS SDRAM PLL reference dodk frequency: g MHz
FPGA-to-HPS peripheral PLL reference dock frequency: |p.o MHz

Figure 4.2.3.1

The PLL reference clocks between the HPS and FPGA are NOT enabled for this lab. Therefore, your screenshot should be as
shown below:
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[* FPGA-to-HPS PLL Reference Clocks

[ Enable FPGA-to-HPS SDR.AM PLL reference dock

[] Enable FPGA-to-HPS peripheral PLL reference dock
FPGA-to-HPS SDRAM PLL reference dodk frequency:  |g.g
FPGA-to-HPS peripheral PLL reference dock frequency: g

Figure 4.2.3.2

MHz
MHz

None of the HPS Peripherals were selected to be available in the FPGA; therefore, none of these clocks are Peripheral FPGA

Clocks:

[ peripheral FPGA Clocks

EMACD emac0_md_ck dack frequency: 100
EMACD emacl_gtx_dk dock frequency: 100
EMAC1 emacl_md_ck dock frequency: 100
EMAC1 emacl_gtx_dk dock frequency: 100
QSPI gspi_sdk_out dock frequency: 100
SPIMO spim0_sdk_out dock frequency: 100
SPIM1 spim1_sdk_out dodk frequency: 100
12C0i2c0_dk dock frequency: 100
12C1i2c1_dk dock frequency: 100
12C2i2c2_dk dock frequency: 100
12C3i2c3_dk dock frequency: 100
Figure 4.2.3.3

For example, if SPIM1 were selected to be available in the FPGA under the Peripheral Pins tab,

[~ sPI Controllers

SPIMO pin multiplexing: 'HPS U0 St |
SPIMD mode: ' Single Slave Select « |
SPIMY pin multiplexing: '
SPIM1 mode: Full -

SPIS0 pin multiplexing: :FpGA - .
SPIS0 mode: :Fu” - '
SPIS1 pin multiplexing: :Unused- .
SPIS1 mode: :Nm - '

Figure 4.2.3.4

SoCKit HW Lab Instructions, Version 16.0
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then the result in the HPS Clocks tab would be:

~ Peripheral FPGA Clocks
EMACO emacO_md_clk clock frequency: | g

1 MHz
EMACO emacO_gb<_clk clock frequency: |1nqg MHz
EMAC1 emaci_md_clk clock frequency: |gg MHz
EMAC1 emac1_gte_clk clock frequency: |qqg MHz
QSPl gspi_sclk_out clock frequency: 1 MHz
SDIO sdio_cclk clock frequency: 100 MHz
SPIMO spim0_sclk_out clock frequency. |qpp MHz
SPIM1 spim1_sclk_out clock freque
2C0 i2c0_clk clock frequency: 100 MHz
2C1 i2c1_clk clock frequency: 100 MHz
12C2 i2c2_clk clock freguency: 1 MHz
1

[2C3 i2c3_clk clock frequency: MHz

Figure 4.2.3.5

If you made the change to SPIM1 pin multiplexing change it back to UNUSED now!

4.2.3.2 Configuring HPS Output Clocks (Output Clocks is NEW in Version 14.0)
4.2.3.2.1 HPS Output Clocks: Clock Sources

Please leave the settings to the default:

[* Clock Sources
Peripheral PLL reference dock source: EOQSC1 dock -
SDMMC dock source: Peripheral NAND SDMMC dock -
MNAND dock source: Peripheral MAND SDMMC dock
Q5PI dock source: Main QSPI dock -
L4 MP dock source: Peripheral base dock w
L4 5P dodk source: Peripheral base dock +

Figure 4.2.3.6

The bullets below are descriptive. Do NOT implement these changes.

Explanation of user clock options for the Output tab:

o Peripheral PLL reference clock source: This selects the reference clock for the HPS peripherals and can be set
to the: EOSC1 Clock, EOSC2 Clock, FPGA-to-HPS peripheral reference clock. EOSC1 & EOSC2 are based upon
the frequency at the HPS I/O pins: HPS_CLK1 and HPS_CLK2, D25 and F25 for the Cyclone V SX
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5CSXFC6D6F31C6. The FPGA-to-HPS peripheral reference clock is set under the Input tab. Please refer to
Figure 4.2.3.7.
e SDMMIC clock source — Sets the clock source for the Secure Digital/Multimedia Card controller
FPGA-to-HPS peripheral reference clock — f2h_periph_ref_clk as defined in the input Clock tab
Main NAND SDMMC Clock — Selects the PLL output from the “Main Clock Group” MPU, L3 & L4 & Debug PLL
C4 from the HPS Clock Manager
Peripheral NAND SDMMC Clock — Selects the PLL output from the “Peripheral Clock Group” Peripheral PLL
C3 from the HPS Clock Manager
Please refer to Figure 4.2.3.8.
e NAND clock source — Sets the clock source for the NAND Flash controller
FPGA-to-HPS peripheral reference clock — f2h_periph_ref_clk as defined in the input Clock tab
Main NAND SDMMC Clock — Selects the PLL output from the “Main Clock Group” MPU, L3 & L4 & Debug PLL
C4 from the HPS Clock Manager
Peripheral NAND SDMMC Clock — Selects the PLL output from the “Peripheral Clock Group” Peripheral PLL C3
from the HPS Clock Manager
Please refer to Figure 4.2.3.9.
e QSPI clock source — Sets the clock source for the QSPI controller
FPGA-to-HPS peripheral reference clock — f2h_periph_ref_clk as defined in the input Clock tab
Main QSPI Clock — Selects the PLL output from the “Main Clock Group” MPU, L3 & L4 & Debug PLL C3 from
the HPS Clock Manager
Peripheral QSPI Clock — Selects the PLL output from the “Peripheral Clock Group” Peripheral PLL C2 from the
HPS Clock Manager
Please refer to Figure 4.2.3.10.
e L4MP clock source — L4 Master Peripheral Clock: 14_mp_clk
Main Clock — Selects the PLL output from the “Main Clock Group” main_base_clk or C1 from the Main PLL
Peripheral base clock — Selects the PLL output from the “Peripheral Clock Group” from the Peripheral PLL C4
o L4SP clock source — L4 Slave Peripheral Clock: 14_sp_clk
Main clock - Selects the PLL output from the “Main Clock Group” main_base_clk or C1 from the Main PLL
Peripheral base clock — Selects the PLL output from the “Peripheral Clock Group” from the Peripheral PLL C4

[~ Clock Sources

Peripheral PLL reference clock source: 'E0sci dock -

! |
SDMMC dodk source:
MAND dlodk source: EOSC2 dlock

FPGA-to-HPS peripheral reference dock
QSPI dock source: Main Q5P dock -
L4 MP clock source: Peripheral base dock ~
L4 5P dock source: _Peripheral base cdock - |

Figure 4.2.3.7
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[* Clock Sources

Peripheral PLL reference dock source:
SDMMC dock source:

MAMND dodk source:

QSPI dock source:

L4 MP dock source:

L4 5P dock source:

EOSC1 dock -
Peripheral NAND SDMMC clock -

FPGA-to-HPS peripheral reference dock
Main MAMND SDMMC dodk

Peripheral NAMD SDMMC dock
_Peripheral base cock -

:Peripheral basze dock -

Figure 4.2.3.8
| Clock Sources
Peripheral PLL reference dodk source: E0SC1 dock o
SDMMC dock source: Peripheral NAND SOMMC dock -
NAND dock source: Peripheral NAND SDMMC clock -

QSPI dock source:
L4 MP clock source:
L4 5P dock source:

FPGA-to-HPS peripheral reference dock
Main MAMND SDMMC dodk
Peripheral MAND SDMMC dock
Peripheral base clock

Figure 4.2.3.9

[* Clock Sources

Peripheral PLL reference dock source:

SDMMC dlock source:
MAMD dock source:
Q5SPT dock source;
L4 MP dock source:
L4 5P dock source:

EOSC1 dock v
Peripheral NAND SDMMC dock -
Peripheral MAND SDMMC dock

Main QSPI clock -

FPGA-to-HPS peripheral reference dock
Main Q5PI dock

Peripheral QSPI dodk

Figure 4.2.3.10

4.2.3.2.2 HPS Output Clocks: Main PLL Output Clocks — Desired Frequencies

The ESOC1 clock frequency and ESOC2 clock frequency External Clock Sources drive the HPS Clock manager PLLs (Main Clock
Group, Peripheral Clock Group, SDRAM Clock Group & OSC1 Clock Group PLLs).
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Please leave the settings :

The bullets below are descriptive. Do NOT implement these changes.

* Main PLL Qutput Clocks - Desired Frequencies

Default MPU dodk frequency:

| Use default MPU dock frequency

MPU dodk frequency:
L3 MP dock frequency:
L3 5P dock frequency:

Debug AT dodk frequency:

Debug dock frequency:

Debug trace dodk frequency:

L4 MP dock frequency:
L4 5P dock frequency:

925.0 MHz
800.0 MHz
185.0 - |MHz

925 = MHz

25.0 - MHz

12.5 = |MHz

250 - MHz
100.0 MHz
100.0 MHz

Configuration/HP5-to-FPGA user 0 dock frequency: |123,333333 MHz

Figure 4.2.3.11

MPU clock frequency — Sets the clock frequency for the processor

Use default MPU dock fr . .
SE deted Ok TERUENEY 1 ust be unchecked to configure with own frequency

o L3MP clock frequency — L3 Master Peripheral clock frequency: 13_mp_clk

Divides by 1 or 2 the PLL output from the main_base_clk or C1 from the Main PLL
o L3SP clock source — L3 Slave Peripheral Clock: 13_sp_clk

Can be divided by 1 or 2 the L3PM clock (I3_mp_clk)
o Debug AT clock frequency — Debug AT Clock: dgb_at_clk

Derived from the Main PLL: C2 output and can be divided by 1 or 2
e Debug Timer clock frequency — Debug Timer Clock: dgb_timer_clk

Derived from the Main PLL: C2 output
e Debug clock frequency — Debug Clock: dgb_clk

Originates from dbg_at_clk divided by 2 or 4, derived from the Main PLL: C2 output

e Debug trace clock frequency — Debug trace clock: dgb_trace_clk

Originates from dbg_base_clk divided by 1, 2, 4, 8 or 16, derived from the Main PLL: C2 output
o L4 MP clock frequency — L4 Main Peripheral clock: 14_mp_clk

Originates from dbg_base_clk or periph_base_clk divided by 1, 2, 4, 8 or 16
o L4 SP clock frequency — L4 Slave Peripheral clock: 14_sp_clk

Originates from dbg_base_clk or periph_base_clk divided by 1, 2, 4, 8 or 16
e  Configuration HPS-to-FPGA user 0 clock frequency — h2f_user0_clock

Originates from cfg_h2f userO_base_clk which is the Main PLL: C5 output

SoCKit HW Lab Instructions, Version 16.0
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mpu_periph_clk

periph_base_clk (from Peripheral PL L)

- Divid
,J—’ ‘1 208,

-
= mpu_I2_ram_dk
o mpu_base_clk
Main ] | Clock Gate - mpu_dk
PLL i base ck L
( (el p-| ClockGate I > Clock6ate }—bm,maiulk
a dhg_hase_clk =| . - - P 13_main_clk
A [ ! ™ Clock Gate }—p 13_mp_clk
main_qspi_base_clk
g [TangepLhase X ———  ToFlsh bylor2 Divide 5 o
' Controller bylor2 > 3_sp_c
@ main_nand_sdmmc_base_clk > Clocks - —
L b vide
14_mp_clk
s |2t userd_base_ck ]—»‘” 4,8,0r16J—>‘ Clock Gate }—P _mp_

or

g
1% Clock Gate

14 _sp_dk

-

Divide by Clock Gate dbg_at_clk
1,2,0r4 —
Y ClockGate dbg_clk

-

by2 or 4
p| Dvideby | 0000 )
1,2,4,8,0r16 \ﬂ‘_’ dha_tace_ck
| (lock Gate }—b dbg_timer_clk
P Clock Gate }—b dg_dk
= (lock Gate }—b h2f_user0_clock
Figure 4.2.3.12
4.2.3.2.3 HPS Output Clocks: Peripheral Output Clocks — Desired Frequencies
Please leave the settings:
|"r Peripheral PLL Output Clocks - Desired Frequencies

SOMMC dock frequency: 200.0 MHz

MAND dock frequency: 17,5 MHz

QSPI dock frequency: 370.0 MHz

EMACO dock frequency: 250.0 MHz

EMAC1 dodk frequency: 250.0 - | MHz

1SE clock frequency: 300,10 MHz

SPI dock frequency: 200.0 MHz

CANO dock frequency: 1000 MHz

CAM1 dock frequency: 100.0 MHz

GPIO debounce dodk frequency: 32000 Hz

Figure 4.2.3.13

SoCKit HW Lab Instructions, Version 16.0
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Originates from the Peripheral PLL, CO output: emacl_base clk
o EMAC Iclock frequency — emacl_base_clk

Originates from the Peripheral PLL, C1 output: emacl_base clk

e USB clock frequency — usb_mp_clk

Originates from the Peripheral PLL, C4 output: periph_base_clk
Can be divided by 1,2,4,6, or 16
e  SPI clock frequency — spi_m_clk

Originates from the Peripheral PLL, C4 output: periph_base_clk
Can be divided by 1,2,4,6, or 16

e CANQO clock frequency — canQ_clk

Originates from the Peripheral PLL, C4 output: periph_base_clk
Can be divided by 1,2,4,6, or 16

e CANI1 clock frequency — canl_clk

Originates from the Peripheral PLL, C4 output: periph_base_clk
Can be divided by 1,2,4,6, or 16
e GPIO clock frequency — Originates from the Peripheral PLL, C4 output: periph_base_clk

SDMMIC clock frequency — Originates from the Peripheral PLL: C3 output: periph_nand_sdmmc_base_clk
NAND clock frequency — Originates from the Peripheral PLL: C3 output: periph_nand_sdmmc_base_clk
QSPI clock frequency — Originates from the Peripheral PLL: C3 output: periph_qspi_base_clk

EMACO clock frequency — emacO_base_clk

Divided by 24
Peripheral (o | Mac0_base_dk p| ClockGate |—» emaco_clk
PLL
1b lk
( (oA e e p| CockGate  |— emaci_dlk
periph_gspi_base_dlk
Q P To Flash Controller Clocks
periph_nand_sdmmc_base_clk
G = To Flash Controller Clocks
periph_base_dlk TomainPL L group
4 P 14 _mp_clk&I4_sp_clk
h2f user1_base clk = multiplexer
I —_— = n | Divide by -
> 12480016 P (lockGate [ usb_mp_clk
> Divide by Clock G ) Ik
1.2.4.8.0016 P CodkGate P spim ¢
| OMEDY | lodkGate |- can0_clk
1,.2,4,80r16 -
o | Divide by
> 248006 —» ClockGate —» canl_clk
24-Bit .
—» - — ClockGate  —® gpio_db_clk
Divider
P ClockGate | h2f userl clock

SoCKit HW Lab Instructions, Version 16.0
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4.2.3.2.4 HPS Output Clocks: HPS-to-FPGA user clocks

Please leave the default settings:

|~ HPS-to-FPGA User Clocks
Enable HPS-to-FPGA user 0 dodk

Enable HPS-to-FPGA user 1 dock
HPS-to-FPGA user 0 dock freguency: 123.333333 MHz
HPS-to-FPGA user 1 dock frequency: 100.0 MHz

Figure 4.2.3.15

o  Enable HPS-to-FPGA user 0 clock — h2f _user0_clock
Originates from cfg_h2f_user0_base_clk which is the Main PLL: C5 output
Refer to Figure 4.2.3.12

e Enable HPS-to-FPGA user 1 clock
Originates from h2f_userl_base_clk which is the Peripheral PLL: C5 output
Refer to Figure 4.2.3.14

e Enable HPS-to-FPGA user 2 clock
Originates from h2f_user0_base_clk which is the SDRAM PLL: C5 output
Refer to Figure 4.2.4.2

4.2.4 Configure SDRAM (The HPS External Memory Interface)

Please note that Altera has an 8 hour class available for Implementing, Simulating, and Debugging External Memory Interfaces
and this resource should be utilized for an in depth understanding of EMIFs.

Under the SDRAM tab, there are options to set the SDRAM parameters for the HPS External Memory Interface. The SoCKit has
two Micron 1.35V DDR3L SDRAM devices connected to the HPS (256Mb x 16 x 2 = 1GB at 1.5V vs. 1.35v).

There are four tabs for the SDRAM configuration: PHY Settings, Memory Parameters, Memory Timing, and Board Settings.
Select the PHY Settings tab. The Clocks and Advanced PHY Settings are required.

Change the memory clock frequency to 400.0 MHz (as shown in Figure 4.2.4.1). This is the rate for the Micron memory
devices.

Verify that the supply voltage is set to be 1.5V V DDR3. The 1.35 V variation of this Micron device is used; but the Vdd/Vddq
are connected to 1.5v in order to reduce the system power supply complexity for SoCKit.

SoCKit HW Lab Instructions, Version 16.0 52
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The settings should now look like:

System: soc_system  Path: hps_0

Arria V/Cyclone V Hard Processor System

altera_hps

| FPGA Interfaces | Peripheral Pins | HPS Clocks| SDRAM

SDRAM Protocol: [ppR3 o |

PHY Settings | Memory Parameters | Memory Timing | Board Settingsl

[~ Clocks
Memory dock frequency: 400.0 MHz

[] Use specified frequency instead of calculated frequency
Achieved memory dock frequency: |400.0 MHz
PLL reference dock frequency: 75.0 MHz

[~ Advanced PHY Settings

supply Voltage: 1.5VDDR3 -
1/0 standard: S5TL-15
Figure 4.2.4.1

SD[I)T.T © ddr_dqs_base_dk > Clock Gate - ddr_dqs_dk
(q | -dr2x das_base clk > ClockGate > ddr_2x_dgs_clk
ddr_dq_base clk
o |[ATe »| CockGate [ ddr dq_dk
G —» Unused
(4 —» Unused
G h2f_user2_base_dk > CockGate | h2f user2 dlock
Figure 4.2.4.2
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Select the Memory Parameters tab (as shown in Figure 4.2.4.4). The settings are needed to match the DDR3 device. A table
from the Micron datasheet shows the row address, bank address and column address. The Micron memory used on this
board has the parameters in the last column (256 Meg x 16).

4Gb: x4, x8, x16 DDR3L SDRAM

Acron

Description

Table 2: Addressing

Parameter 1Gigx4 512 Meg x 8 256 Meg x 16

Configuration 128 Meg x 4 x 8 banks 64 Meg x 8 x 8 banks 32 Meg x 16 x 8 banks

Refresh count 8K 8K 8K

Row address 64K (A[15:0]) 64K (A[15:0]) 32K (A[14:0])

Bank address 8 (BA[2:0]) 8 (BA[2:0]) 8 (BA[2:0])

Column address 2K (A[11, 9:0]) 1K (A[9:0]) 1K (A[9:0])

Page size 1KB 1KB 2KB

Figure 4.2.4.3

The datasheet also shows that the DM and DQS# pins are enabled.
SoCKit HW Lab Instructions, Version 16.0 54
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Verify the parameters that are selected as shown below:

| FPGA Interfaces | Peripheral Pins | HPS Clocks | SDRAM

SDRAM Protocol: [ppR3 o |

Memaory vendor:

Memory format:

Memaory device speed grade:
Total interface width:
Mumber of DQS groups:

Mumber of dodks:

PHY Settings | Memory Parameters | Memery Timing | Board Settings |

Apply memory parameters from the manufacturer data sheet
Apply device presets from the preset list on the right.

JEDEC v

Discrete Device
800.0 v MHz
32

Mumber of chip select/depth expansion: [ . |

Row address width: 15
Column address width: 10
Bank-address width: 3
Enable DM pins
DQS# Enable

Figure 4.2.4.4

The Memory Initialization Options are at the bottom of this page, where the values are again taken from the Micron

datasheet.

SoCKit HW Lab Instructions, Version 16.0
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|~ Memory Initialization Options

Mirror Addressing: 1 per chip select:
Address and command parity

Mode Register 0

Burst Length:

Read Burst Type:

DLL precharge power down:

Memory CAS latency setting:

Mode Register 1

Cutput drive strength setting:
COT Rtt nominal value:

Mode Register 2

Auto selfrefresh method:
Selfrefresh temperature:

Memory write CAS latency setting:
Diynamic OOT (Rtt_WR) value:

/O[S RYA),

0

:Burst chop 4or &8 (on the fly) -
:Sequential -

DLLoff v

7

RZQfE v
RZO/f6 -

:Manual -
:Normal -

o

:Dynamic OCT off -
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Under the Memory Timing tab, timing parameters need to be verified:

Figure 4.2.4.4

PHY Settings | Memary Parameters | Memory Timing | Board Settings

s (base):
tIH (base):
DS (base):
tDH (base):
tDQSQ:
toH:
DOSCK:
tDOSs:
t05H:
tDSH:
t055:
tINIT:
tMRD:
tRAS:
tRCD:

tRP:
tREFI:
tRFC:
tWR.:
tWTR.:
HEAW:
tRRD:
tRTP:

130
140
30
65
125
0.38
235
0.25
0.4
0.2
0.2
500

35.0
13.75
13.75
7.8
260.0
15.0

30.0
10.0
10.0

Apply timing parameters from the manufacturer data sheet
Apply device presets from the preset list on the right.

ps
ps
ps
ps
ps
cycles
ps
cydes
cydes
cycles
cycles
us
cydes
ns
ns
ns
us
ns
ns
cycles
ns
ns

ns

Figure 4.2.4.5

The memory timings listed above match those in the datasheet.
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Under the Board Settings tab:

Verify that in the Setup and Hold Derating section, the option is set to Use Altera's default settings.

Verify that in the Channel Signal Integrity section, the option is set to Use Altera's default settings.

[* setup and Hold Derating

The slew rate of the output signals affects the setup and hold times of the memaory device,

You can spedify the slew rate of the output signals to refer to their effect on the setup and hald times of
both the address and command signals and the DQ signals, or specify the setup and hold times directly.

Derating method: @) Use Altera's default settings
~ Specify slew rates to calculate setup and hold times

"1 Spedfy setup and hold times directly

CKfCK# slew rate (Differential): 2.0 Vjns
Address and command slew rate: 1.0 V/ns
DQS5/D0Ss# slew rate (Differential): 2.0 Vjns
DQ slew rate: 1.0 Vjns
5 0.33 ns
tH: 0.24 ns
D5 0.13 ns
S 0.165 ns

|' Channel Signal Integrity

Channel Signal Integrity is a measure of the distortion of the eye due to intersymbol interference
ar crosstalk or other effects, Typically when going from a singlerank configuration to a multi-rank
configuration there is an increase in the channel loss as there are multiple stubs causing
reflections. Please perform your channel signal integrity simulations and enter the extra channel

uncertainty.
Derating Method: @) Use Altera's default settings
1 Spedify channel uncertainty values

Address and command eye reduction (setup): 0.0 ns

Address and command eye reduction (hold): 0.0 ns

Write DQ eve reduction: 0.0 ne

Write Delta DQS arrival time: 0.0 na

Read DQ eye reduction: 0.0 ne

Read Delta DQS arrival ime: 0.0 s

Figure 4.2.4.6
SoCKit HW Lab Instructions, Version 16.0 57

NN\OW  AO[ERYA, Five Years Out



Build the Qsys System

Since the board design is complete, the board skews (which are linked to timing differences between traces) are known.

These settings should be set to:

[~ Board Skews

PCE traces can have skews between them that can cause timing margins to be reduced. Furthermare
skews between different ranks can further reduce the timing marain in multi-rank topologies.

[ Restore default values ]
Maximum CK delay to DIMM/device:
Maximum DQS delay to DIMM/device:

Minimum delay difference between CK and DQS:
Maximum delay difference between CK and DQS:

Maximum skew within DQS group:
Maximum skew between DQS groups:

Average delay difference between DQ and DQ5:

Maximum skew within address and command bus:

0.03
0.02
0.09
0,16
0.01
0.08
0.0

0.03

Average delay difference between address and command and CK: (g,

Figure 4.2.4.7

ns

ns

ns

ns

ns

ns

ns

ns

ns

At the top of the Arria V/Cyclone V Hard Processor System Parameters Window, close the window by selecting the X or by

clicking the Finish button, as the settings for the Hard Processor System are now configured.

J@ Parameters‘ 53,

soc_system > hps_0

Arria V/Cyclone V Hard Processor System

alkera_hps

|~ Board skews

Restore default values

Maximum CK delay to DIMM/device:

Maximum delay difference between

Maximum skew within DQS group:

SoCKit HW Lab Instructions, Version 16.0
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Maximum DQS delay to DIMM/device:
Minimum delay difference between CK and DQS:

CK and DQS:

Maximum skew between DQS groups:
Average delay difference between DQ and DQS:

Maximum skew within address and command bus:

Figure 4.2.4.8

0.03
0.0z
0.09
0,156
0.01
0.08
0.0

0.03

Average delay difference between address and command and CK: g p

ns

ns

ns

ns

ns

ns

ns

ns

ns

PCB traces can have skews between them that can cause timing margins to be reduced. Furthermare
skews between different ranks can further reduce the timing margin in multi-rank topologies.
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In the export column associated with the HPS_0, there are five signals that need to be exported to the top level of the project.

This is the reason why there are five signals already associated as shown in Figure 4.2.4.9 below.

e

Use

<0 K 4> M ElXE

Add and configure FPGA Peripherals

Connections

_ AddressMap 2% | Interconnect Requirements 33| Device Family 33|

ReooRoy

[

Mame Description

= hps_0 Arria V/Cydone V Hard Processor System
f2h_cold_reset_req Reset Input
f2h_debug_reset_req Reset Input
f2h_warm_reset_req Reset Input
f2h_stm_hw_events Conduit
memory Conduit
hps_io Conduit
h2f_reset Reset Output
f2h_sdram0_clock Clock Input
f2h_sdram0_data Avalon Memory Mapped Slave
h2f_axi_clock Clock Input
h2f_axi_master AXI Master
f2h_axi_dock Clock Input
f2h_axi_slave AXI Slave
h2f_lw_axi_dock Clock Input
h2f_lw_axi_master AXI Master
f2h_irqD Interrupt Receiver
f2h_irgl Interrupt Receiver

Figure 4.2.4.9

The next step is to add and configure the FPGA peripherals in Qsys.

4.2.5 Configure LED PIO

Expart

hps_0_f2zh_cold_reset_req
hps_0_f2h_debug_reset_req
hps_0_f2h_warm_reset_|
hps_0_f2h_stm_hw_events
memory

hps_0_hps_io
hps_0_h2f_reset

Clock

clk_0
[f2h_sdram0_clock]
clk_0
[h2f_axi_dock]
clk_0
[f2h_axi_cock]
clk_0
[h2f_lw_axi_clock]

The SoCKit board has four LEDs connected to the FPGAs 1/0O pins. These LEDs are driven with an output PIO component.

To add this component

SoCKit HW Lab Instructions, Version 16.0

e Type PIO in the Search Window.
e Double click on the PIO (Parallel I/O) to add to your system.

N\ROW
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x|

[I-Processors and Peripherals

E}--Pgripherals
e @ PIO (Parallel 1/0)

Figure 4.2.5.1

< K 4 H-J'fmqpﬂ
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e Set the Width to be 4, which is the number of LEDs on the board connected to the FPGA 1/0O pins.
e Ensure that the direction is set to Output.
e Select Finish (as shown in Figure 4.2.5.2)

PIO (Parallel I/O)

altera_avalon_pio

[~ Basic Settings

Width (1-32 bits): a
Direction: 1 Bidir
1 Input
() InQut
i@ Output

Output Port Reset Value: |gwooonoo0000000000

|~ Output Register
|| Enable individual bit setting/cearing

|' Edge capture register

Synchronously capture

Edge Type: RISING

Enable bit-clearing for edge capture register

|' Interrupt
Generate IRQ
IRQ Type: LEVEL

Lewvel: Interrupt CPU when any unmasked 10 pin is logic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
register is logic true. Available when synchronous capture is enabled

|~ Test bench wiring
Hardwire PIO inputs in test benich

Drive inputs to: 0x0000000000000000

Figure 4.2.5.2

Change the default name of the PIO component to be led_pio.

e To change the name, select the component (click to highlight), right click, and select Rename.

Since the LED connections will be driven by the FPGA 1/0, the LED signals will need to be exported to the top level of the
project. To do so:

e Double click in the export column associated with the external connection of the led_pio and the following
should automatically show up: led_pio_external_connection. If not, then type: led_pio_external_connection

The component should now look like:

SoCKit HW Lab Instructions, Version 16.0 60
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B led_pio
clk
reset
51

external_connection

P10 (Parallel 1j0)

Clodk Input
Reset Input

Avalon Memary Mapped Slave

Conduit

4.2.6 Configure Button PIO

led_pio_external_connection

Figure 4.2.5.3

wnconnected
[clk]
[clk]

The SoCKit has four push buttons that are connected to the FPGA. The PIO peripheral will be configured as an Input and will
be used to read in the push buttons connected to the FPGAs 1/0.

To add the 4-input component:

e type PIO in the Search Window
e double click on the PIO (Parallel I/0O) to add to your system:

A& Qsys - soc_system.gsys* (C:\altera\13.1\embedde:

oois Help

File Edt System View

Component Library

e o
, PIO D X

Project
X3 New Component.
Library
-J-Peripherals
=}-Microcontroller Peripherals
@ PIO (Paraliel VO)

Figure 4.2.6.1

System Conte
W | Use

X
33

4
=

<

o Set the width to be 4. Ensure that the direction is set to Input.

e Set the Edge capture register to Synchronously capture on the FALLING edge.

o Enable Generate IRQ. Set the IRQ Type to EDGE.
e Refer to Figure 4.2.6.2 before proceeding to check your settings
e Select Finish

SoCKit HW Lab Instructions, Version 16.0
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4 PIO (Parallel Q) - pio_0

==

%&  PIO (Parallel 1/O)

. altera_avalon_pio
Megatore ¢ _p

[~ Block Diagram

[ show signals

pio_0

B ek intermupt]

eset

1

xternal_connection
sonduit
altera_aval

4 . | +

[* Basic Settings \
Width (1-32 bits): 4
Direction: @ Bidir
@ Input
() InOut
() Qutput

Output Port Reset Value: | 0xn0o0000000000000

~ Output Register

Enable individual bit setting/dearing

|~ Edge capture register

Synchronously capture
Edge Type: FALLING ~
[] Enable bit-dearing for edge capture register

|~ Interrupt

Generate [RQ
RQ Type: EDGE +

Level: Interrupt CPU when any unmasked I/O pin is logic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
register is logic true. Available when synchronous capture is enabled

|~ Test bench wiring

[ Hardwire PIO inputs in test bench
Drive inputs to: 0x0000000000000000

(@ Info: pio_0: PIO inputs are not hardwired in test bench. Undefined values will be read from PIO inputs during simulation.

Figure 4.2.6.2

Change the default name of the PIO component to be button_pio. To change the name, select the component (click to

highlight), right click, and select Rename.

Since the Button PIO connections will be inputs to the FPGA 1/0, the Button signals will need to be exported to the top level of

the project.

e Todo so, double click within the export column associated with the external connection of this component.
e The following should automatically show up: button_pio_external_connection. If not, then type:
button_pio_external_connection

The settings for the component should now look like:

E button_pio P10 (Parallel 1j0)
dk Clock Input
reset Reset Input
sl Avalon Memory Mapped Slave

external_connection Conduit

irg Interrupt Sender

SoCKit HW Lab Instructions, Version 16.0
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button_pio_external_connection

unconnected
[ick]
[ick]

[ck]
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Save the Qsys system, select: File -> Save. After saving the file, there will be errors which will be resolved in the next step.
Review other Qsys components

There are many other components in the Qsys system that have already been configured for the SoCKit embedded system.
Therefore, these components do not need to be configured.

A summary of these components:

The FPGA array provides on chip memory blocks that can be used to build up internal RAM (or ROM) blocks of memory that is
available for any master in the Qsys system. This provides the HPS Cortex-A9 MPU access to very low-latency, high speed
memory for code or variable storage. This is the onchip_memory2_0 component.

The JTAG to Avalon Master accepts encoded streams of bytes of transaction data on the JTAG interface and initiates Avalon-
MM (Memory-Mapped) transactions on the Avalon-MM interface. The JTAG-to-Avalon Master is also used for debugging, with
tools such as System Console and SignalTap. Both System Console and SignalTap will be used later in this workshop.

The System ID peripheral is a very important peripheral to include in your system. It allows the software development tools
to validate that the software application is being built for the correct hardware system. Basically, it will not allow software to
be executed on an incompatible hardware configuration.

The SoCKit has four DIP switches on it that are connected to the FPGA I/0 pins. The dipsw_pio is an input PIO peripheral that
is used to read in the DIP Switch settings in a fashion similar to the button_pio peripheral.

Software developers need to have access to a debug serial port from the target to leverage printf debugging, input control
commands, log status information, etc. The jtag_uart peripheral connects to the debugger console and provides an interface
to the developer’s console for that and other purposes.

Interrupts are signals that need immediate attention. Interrupts have higher priority than other processes. The
interrupt_capturer component is an Avalon Memory Mapped module (written in Verilog) to capture system interrupts and
pass them on to the HPS Cortex-A9 MPU.

4.3 System Configuration

4.3.1 Connect HPS interfaces to FPGA Peripherals

The Qsys components that were just created (led_pio and button_pio) have not been connected; therefore, there are errors.

These errors will be removed in the next steps.
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Type Path Message
=[] 4 Errors
(3 | soc_system.led_pio led_pio.clk must be connected to a dock output
g soc_system.button_pio|button_pio.clk must be connected to a dock output
a soc_system.led_pio led_pio.reset must be connected to 5 reset source
a soc_system.button_pio|button_pio.reset must be connected to & reset source

Figure 4.3.1.1

The following steps will connect the components to the system. These include the Avalon Memory Mapped signals as well as
the clock and reset signals. There are two methods that can be utilized to connect your new system components: visually by
using the patch panel to connect the nodes or busses (dots), or by right clicking on the menu (as described below).

To connect the led_pio to the system via the menu method: right click on the clk signal of the led_pio. The available
connections are connected as shown:

— dk_reset

- i i
reset Connections: led_pio.clk
s1 _ clk_0.clk [ck]
s external_connection (? Filter oo Cnccr s wonnoction
E button_pio
dk 0 Edit. Ctrl+E unconnected
reset de Add.. [clk]
sl /7 k]
CH external_connection Rename Ctrl+R button_pio_external_connection
irq Duplicate Ctrl+D [dk]
X Remove L
Details L4
Set Design Environment L
®E
Show Arbitration Shares
wolk must be connected to & dock output v | Allow Connection Editing

Figure 4.3.1.2

e Select clk_0.clk

The clock of the PIO is now connected to the 100 MHz clock from the FPGA’s dedicated clock input pin AF14.

The following connections will be made with the same process of right clicking on the signal and then selecting the signal to
be connected. The following table describes what signals are to be connected together.
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Name of Component Name of Signal What component that What signal of the
the signal is to be component that is to be
connected to connected to

led_pio clk clk 0 clk

led_pio reset clk 0 clk_reset

led_pio sl fpga_only_master master

led_pio sl mm_bridge_0 mO0

button_pio clk clk 0 clk

button_pio reset clk 0 clk_reset

button_pio sl fpga_only_master master

button_pio sl mm_bridge_0 mO
Table 4.3.1.1

As the connections are made, the errors at the bottom of the Qsys window will be removed. Since the IRQs have yet to be set,
there will still be errors and they will be removed in the next section.

4.3.2 SetIRQs

Components with interrupts can be set to have higher priority than other system components; therefore, the interrupts in our
Qsys system need to be assigned.

The DIP switch, button and JTAG all have interrupts that will be captured by the interrupt capture module. These interrupts
will be connected to the HPS component. The dipsw_pio and jtag_uart components already have their interrupts assigned.

The pio_button component also needs to have an IRQ assigned to it.
To assign IRQ, first the push button needs to be connected to the IRQs and then the interrupts level needs to be assigned.

e Right click on the irg of the button_pio so that the button_pio irq can be selected, as seen in the following
screenshot.
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s1 Avalon Memory Mapped Slave - . T
o T ETrIEET Conduit Connections: button_pio.irg Export as: butten_pio_irg
B button_pio PIC (Parallel I0) ? - hps_0.£2h_irg0
ilter
ok Clock Input hps_0.82h_irgl
reset Reset Input i
—_— 51 Avalon Memory Mapped Slave @ Edit... Ctrl+E intr_capturer_D.interrupt_receiver
external_connection Conduit 40 Add..
# Rename Ctrl+R
Duplicate Ctrl+D
K Remove
Message =| Details 4
Set Design Environment L4
_axi_master |led_pio.s1 (0x0..0xf) overlaps button_pio.s1 (0x0..0xf) Show Arbitration Shares
aster.master|led_pio.s1 (0x0..0xf) overlaps onchip_memory2_0.s1 {0x0.. 0xfff)
P R S o
Figure 4.3.2.1

e Select the hps0.f2h_irq0 so that this interrupt is selected.
e Repeat this step again, but now select the intr_capturer_0.interrupt_receiver.
The interrupts should now look like this:

l = button _|;'|n FIO (P
* dk Clock
reset Reset

51
external_connection

Message

_axi_master

led_pio.s1 {0x0..0xf) overlaps button_pio.s

1ster.master

led_pio.s1 (0x0..0xf) overlaps onchip_mem

ister.master

button_pio.s1 {0x0..0xf) overlaps led_pio.s/

System ID is not assigned automatically. Edit th

Time stamp will be automatically updated when

Nl <

i1 ¥

Export as: button_pio_irg

Cennections: button_pio.irg
hps_0.f2h_irgd

Filter )
hps_0.f2h_irql 0x0000_0000

Edit... Ctrl+E intr_capturer_0.interrupt_receiver
Add...
Rename Ctrl+R
Duplicate Ctrl+D
Remaowve
Details L4
Set Design Environment L4
Show Arbitration Shares
Allow Connection Editing
Lock Base Address

Figure 4.3.2.2

Next, verify the interrupt level for the push button.

e Scroll to the right to view the IRQ column in Qsys, where the level of the IRQ will be assigned.
e Clickin the boxes and type in the number 1.

— AL LS uun
l E button_pio
* dk
reset
—_— sl
- external_connection

Avalon Memory Mapped Slave
Conduit

FOU_pn_ CALCE I _ LU i T LI

0x0000_0000 0x0000_000£

button_pio_external_connection

Interrupt Sender

LI

Double-click to export
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Errors still remain at the bottom of the Qsys screen and these will be removed in the following steps.

4.3.3 Set Base Addresses

The system has a memory map. A system’s memory map consists of addresses that are assigned to a component and these
address ranges cannot overlap. The addresses can be assigned automatically or manually. For this workshop, the addresses
are assigned manually since the software portion of this workshop will use these specific addresses.

System Contents uu! IEq Address Map 3% II Interconnect Requirements &3 =]
System: soc_system _Path: button_pio.rg
f2sdram_only_master.master fpga_only_master.master hps_0.h2f_axi_master hps_0.h2f_hw_axi_master hps_only_master.master mm_bridge_0.m0
dipsw_pio.s1 0x0001_0080 - 0x0001_008f 0x0001_0080 - 0x0001_00Bf
hps_0.f2h_sdram0_data 0x0000_0000 - Ox£fff_ffff
hos_0.f2h_axi_slave | 0x0000_0000 - Ox£fEf_£££f |
intr_capturer_0.avalon_slave_0 0%0003_0000 - 0x0003_0007
tag_uart.avalon_jtag_slave | 0x0002_0000 - 0x0002_0007 |ox0002_oooo - oxo00z_ooo?
mm_bridge_0.50 0x0000_0000 - 0x0003_£ffs
onchip_memory2_0.51 € 0x0000_0000 - 0x0000_g££2 | 0x0000_o000 - oxoo00_sz£2
sysid_gsys.control_slave | 0x0001_0000 - 0x0001_0007 [ox0001_0000 - 0x0001_0007
Jed_pio.s1 € 0x0000_0000 - 0x0000_000£
button_pio.s 1 | ) 0x0000_0000 - 0x0000_000£ |9 0x0000_o000 - 0x0000_o00£
)_memory2_0.s1 via mm_bridge_0 0x0000_0000 - 0x0000_ffff
via 0x0001_0080 - 0x0001_008%
.51 viamm_bridge_0 0x0000_0000 - 0x0000_000£
via mm_bridg... 0x0001_0000 - 0x0001_0007
| viamm_b... 0x0002_0000 - 0x0002_0007
Figure 4.3.3.1

To assign base addresses:

o Select the Address Map tab in Qsys, as shown above in Figure 4.3.3.1. This is a table that includes all of the
memory -mapped slaves in the design and the address range that each connected memory-mapped master
uses to address that slave. The blank cells indicate that there is no connection between that master and
slave. To change the address range, double-click on the current range in the cell.

e Change the led_pio.s1 to 0x0001_0040 for both fpga_only_master and mm_bridge_0

e Change the button_pio.s1 to 0x0001_00c0 for both fpga_only_master and mm_bridge_0

Now, the "Address Map" tab is seen as:

|System: soc_system  Path: button_pio.irg
f2sdram_only_master.master fpga_only_master.master hps_0.h2f_axi_master hps_0.h2f_lw_axi_master hps_only_master.master mm_bridge_0.m0

dipsw_pio.s1 0x0001_0080 - 0x0001_008F 0x0001_0080 - 0x0001_008£
hps_0.f2h_sdram0_data 0x0000_0000 - Oxffff £££F
hps_0.f2h_axi_slave 0x0000_0000 - Oxffff f££s
intr_capturer_0,avalon_slave_0 0x0003_0000 - 0x0003_0007
tag_uart.avalon_jtag_slave 0x0002_0000 - 0x000Z_0007 0x0002_0000 — 0x0002_0007
mm_bridge_0.s0 0x0000_0000 - 0x0003_££££
nchip_memory2_0.s1 0x0000_0000 - 0x0000_f£E£F 0x20000_0000
sysid_gsys.control_slave 0x0001_0000 0x0001_0007 0x0001_0000
led_pio.s1 0x0001_0040 - 0x0001_004% 0x0001_0040
button_pio.s1 0x0001_00c0 - 0x0001_00cE 0x0001_00e0
onchip_memory2_0.51 via mm_bridae_0 0x0000_0000 0x0000_££££
jtag_uart.avalon_jtag_slave via mm_b... 0x0002_0000 0x0002_0007
dipsw_pio.s1 via mm_bridge_0 0x0001_0080 0x0001_008%
buttan_pio.s1 via mm_bridge_0 0x0001_00cO 0x0001_00cE
led_pio.s1 via mm_bridge_0 0x0001_0040 0x0001_004fF
sysid_gsys.control_slave via mm_bridg... 0x0001_0000 0x0001_0007

0x0000_££EF
0x0001_0007
0x0001_004f
0x0001_00ct

Figure 4.3.3.2
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Now all of the errors in your Qsys system should be eliminated!

Once these values are entered, go back to the System Contents tab and go the led_pio and select the row associated with the

base addresses, as shown below.

In the Base address column, select the lock icon by the Base Address, so that the Base Address is locked, as seen below.

Locking an address prevents a base address from being changed.

B led_pio
dk
reset
51
external_connection
E button_pio
dk
reset
sl
external_connection
irg

Lo lll ol]

Repeat the same step for button_pio so that its address range is also locked.

PIO (Parallel I/0)

Clock Input

Reset Input

Avalon Memory Mapped Slave
Conduit

PIO (Parallel I/0)

Clock Input

Reset Input

Avalon Memory Mapped Slave
Conduit

Interrupt Sender

4.3.4 Set AXI Bridge to Secure

led_pio_external_connection

button_pio_external_connection

Figure 4.3.3.3

clk_0
[dk]
[ck]

clk_0
[ck]
[dk]

[chk]

7

] rxﬂﬂﬂl_ﬂﬂ‘lﬂ

( ] Fxﬂﬂﬂl_ﬂﬂcﬂ

0x0001_004f

0x0001_00ef

The system has three JTAG to Avalon Master bridges and in Module 5 we want to allow System Console the ability to write to
the HPS memory space from the FPGA. Specifically, to the HPS GPIO’s (GPI0O53, GPIO54, GPIO55 & GPIO56) associated with
the LEDs on pins A24, G21, C24 and E23. In order for the system to allow this capability, the hps_only_master.master port

must be set to secure.

In Qsys, select and right mouse click on the Connections column and a drop down dialog box will appear as shown in Figure

4341
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Check “Show Security Column”.

| Name
B sysid_gsys

dk
reset

control_slave

B hps_0
f2h_cold_reset_reqg
f2h_debug_reset_req
f2h_warm_reset_req
f2h_stm_hw_events
memory
hps_io
h2f_reset

ROeORYY

f2h_sdram0_clock

f2h_sdram0_data

h2f_axi_cock

h2f_axi_master

f2h_axi_dock

f2h_axi_slave

h2f_lw_axi_clock

h2f_lw_axi_master

f2h_irq0
f2h_irgl
E hps_only_master

dk
clk_reset

1= SystemContents 3%

4 K4P N EOX+

AddressMap 53 | Interconnect Requrements % | Devie Famdy %

The “Security” column will now be visible in Qsys:

Use | Connections Name. Description Export Clock
7] v Show Use Column Isys System ID Peripheral
v | Show Connections Column [Clock Input M
Reset Input [ck]
v Show Description Column |_slave |Avalon Memory Mapped Slave (k)
v v Show Clock Column /Armia V/Cydone V Hard Processor System,
#d_reset_ry Reset Input hps_0_f2h_cold_reset _r...
|| cee lo rest e frset oot hps_0_t2h_debug_reset
v Show End Column arm_reset_req  Reset Input hps_0_f2h_warm_reset...
v Show Export Column m_hw_events  [Conduit hps_0_f2h_stm_hw_ev...
Show Auto Export Column v m: m’:‘:jp‘_b
v Show Tags Column set Reset Output hps_0_h2f_reset
I Show Security Column I fram0_dock  |Clock Input cdk_0
Iram0_data \Avalon Memory Mapped Slave [f2h_sd
Show Default Slave Column 4_dock Clock Input dk_0
v Show Opcode Name Column  4_master AXI Master [h2f_ax
|V ShowIRQ Column B ::j:“;e 3‘;’":‘ f:;—_: :
haf Iw_axi_dock (Clock Input dk_0
h2f_Iw_axi_master |AXI Master h2f_w
f2h_irqd Interrupt Receiver
f2h_irq1 Interrupt Receiver
v B hps_only_master JTAG to Avalon Master Bridge
dk {Clock Input dk_0
= ck_reset Reset Input
Avalon Memory Mapped Master Double-click to export [}
| master_reset Reset Output
v | B fpga_only_master  |JTAG to Avalon Master Bridge
Figure 4.3.4.1
Description Export Clock Base End IRQ T... Opcode Nam< Security >
System ID Peripheral
Clock Input clk_0
Reset Input [clk]
Avalon Memory Mapped Slave [ck] @ 0x0001_0000 0x0001_0007 INon-secure
Arria VfCydone V Hard Processor System
Reset Input hps_0_f2h_cold_reset_r...
Reset Input hps_0_f2h_debug_reset...
Reset Input hps_0_f2h_warm_reset...
Conduit hps_0_f2h_stm_hw_ev...
Conduit memory
Conduit hps_0_hps_io
Reset Output hps_0_h2f_reset
Clock Input clk_0
‘Avalon Memory Mapped Slave [f2h_sdram... 0x0000_0000 Ox£EEE_EEEE INon-secure
Clock Input clk_o
AXI Master [h2f_axi_do... TrustZone-aware
Clack Input clk_0
AXI Slave [f2h_axi_do... 0x0000_0000 OxfEEE FEEE INon-secure
Clock Input clk_o
AXT Master [h2f_lw_axi... [TrustZone-gware
Interrupt Receiver IRQ O IRG 31
Interrupt Receiver IR O IRO 31
JTAG to Avalon Master Bridge
Clock Input clk_o
Reset Input

Double-dlick to export [dk]

Avalon Memory Mapped Master

Figure 4.3.4.2

Select the master under “hps_only_master” and click on “Non-secure” and change to “Secure”:
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ren_rgL INTETUPT Kecelver

B hps_only_master JTAG to Avalon Master Bridge
dk
dk_reset
master
master_reset

B fpga_only_master
dk
dk_reset

Figure 4.3.4.3
E hps_only_master JTAG to Avalon Master Bridge
dk Clock Input clk_0
dk_reset Reset Input

Avalon Memory Mapped Master Double-dlick to export  [dk]

master_reset Reset Qutput

Figure 4.3.4.4

e Save the Qsys system, with File -> Save.
4.3.5 Block Diagram of the Golden Hardware Reference Design

The Golden Hardware Reference Design (GHRD) is an important part of the Golden Software Reference Design (GSRD) and
consists of the following components:

e ARM Cortex™-A9 MPCore HPS

e Four user push-button inputs

e Four user DIP switch inputs

e Fouruser|/O for LED outputs

e 64KB of on-chip memory

e JTAG-to-Avalon master bridges

e Interrupt capturer for use with System Console
e SystemID
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Hard Processor

ARM Cortex-A% MPCore

PIO DIP Switch

JTAG UART

System cPUO CPUT
FCache |D-Cache| |-Cache |D-Cache
L2 Cache DODR
Trace Memory Controller QSPI
USB OTG GPIO
Gbps Ethernet — ROM PG
SDMMC UART
+— RAME4 KB CAN
Ti
r—| FPGA Manager mers
| DMA
I 1 |
HPS-to-FPGA Lightweight FPGA-to-HPS
HPS-o-FPGA
FPGA Fabric
On-Chip RAM E—< s
ecure
FIOLED JTAG Master
PIO Button (HPS Only)

Non-Secure
JTAG Master
(FPGA Only)

E Interrupt Capturer

4.3.5.1 MPU Address Map

Figure 4.3.5.1

This section presents the address maps as seen from the MPU (Cortex-A9) side.

HPS-to-FPGA Address Map

The memory map of soft IP peripherals, as viewed by the microprocessor unit (MPU), starts at HPS-to-FPGA address
offset 0xC000_0000. The following table lists the offset of each peripheral in the FPGA portion of the SoC.
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Peripheral Address Offset Size (bytes) | Attribute
onchip_memory2_ 0 | 0x0 64K On-chip RAM as scratch pad
Table 4.3.5.1

Lightweight HPS-to-FPGA Address Map

The memory map of system peripherals in the FPGA portion of the SoC as viewed by the MPU, which starts at the
lightweight HPS-to-FPGA base address OxFF20_0000, is listed in the following table.

Peripheral Address Offset | Size (bytes) | Attribute
sysid_qsys 0x1_0000 8 Unique System ID
led_pio 0x1_0040 8 LED output display
dipsw_pio 0x1_0080 8 DIP Switch Input
button_pio 0x1_00c0 8 Push button Input
jtag_uart 0x2_0000 8 JTAG UART console

Table 4.3.5.2

4.3.5.2 JTAG Master Address Map

There are two JTAG master interfaces in the design, one for accessing non-secure peripherals in the FPGA fabric, and another
for accessing secure peripherals in the HPS through the FPGA-to-HPS Interface. The following table lists the address of each

peripheral in the FPGA portion of the SoC, as seen through the non-secure JTAG master interface.

Peripheral Address Offset | Size (bytes) | Attribute
sysid_qsys 0x0001_0000 8 Unique System ID
led_pio 0x0001_0040 8 4 LED outputs
dipsw_pio 0x0001_0080 8 4 DIP Switch inputs
button_pio 0x0001_00c0 8 4 push button inputs
jtag_uart 0x0001_0000 8 JTAG UART console
onchip_memory2_0 | 0x0000_0000 64K On-chip RAM

Table 4.3.5.3

4.3.5.3 Interrupt Routing

The HPS exposes 64 interrupt inputs for the FPGA logic. The following table lists the interrupts from soft IP peripherals to the
HPS interrupt input interface.
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Peripheral

Interrupt Number

Attribute

dipsw_pio

f2h_irq0[0]

4 DIP Switch Inputs

button_pio

f2h_irq0[1]

4 Push Button Inputs

jtag_uart

f2h_irq0[2]

JTAG UART

Table 4.3.5.4

The interrupt sources are also connected to an interrupt capturer module in the system, which enables System Console to be
aware of the interrupt status of each peripheral in the FPGA portion of the SoC.

4.4 Generate the System

Please Double-check to make sure that all the component names, clocks and base addresses in your Qsys system match the

names below.

First half of the Qsys Window:

Addhessen i | Incercomect Requrenents 54

» | M System: soc_system  Path: onchip_memory2_0.s1

Use  Connections
B sysid_asys

dk

—— reset
control_slave

E 1L hps_o
Fah_cold_reset_req

MName

f2h_debug_reset_req

M4 b N X+

Fah_warm_reset_req
Fah_stm_bhw_events
memary

hps_io

haf reset
F2h_sdram0_clock
F2h_sdram0_data
haf_axi_dock
h2f_axi_master
Fah_axi_dock
Fah_axi_slave
haf_lw_axi_dock
haf_lw_axi_master
ah_irqD

fah_irqL

[ 3 hps_only_master
=3

dk_reset

master

master_reset

[ 1 fpga_only_master
=3

dk_reset

master

master_reset

[ 13 f2sdram_only_master
=3

dk_reset

master

master_reset

E mm_bridge_0

ck

—— reset

s0

e md

PooeQPy
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Description

System ID Peripheral

Clock Input.

Reset Input

Avalon Memory Mapped Slave

Arria V/Cyclone ¥ Hard Processor System

Reset Input

Reset Input

Reset Input

Conduit

Conduit

Conduit

Reset Output

Clock Input

Avalon Memory Mapped Slave
Clock Input

AXT Master

Clock Input

AXI Slave

Clock Input

AXT Master

Interrupt Receiver

Interrupt Receiver

JTAG to Avalon Master Bridge
Clack Input

Reset Input

Avalon Memory Mapped Master
Reset Output

JTAG to Avalon Master Bridge
Clack Input

Reset Input

Avalon Memory Mapped Master
Reset Output

JTAG to Avalon Master Bridge
Clack Input

Reset Input

Avalon Memory Mapped Master
Reset Output

/Avalon-MM Pipeline Bridge
Clock Input

Reset Input

/Avalon Memory Mapped Slave
/Avalon Memory Mapped Master

Figure 4.4.1

Export

hps_0_f2h_cold_reset_req
hps_0_f2h_debug_reset_req
hps_0_f2h_warm_reset_req
hps_0_f2h_stm_hw_events
memory

hps_0_hps_io
hps_0_h2f_reset

clk_o

[f2h_sdram...

clk_o

[h2f_axi_clo...

clk_o

[f2h_axi_clo...

clk_o

[h2f w_axi...

clk_0

(k]

clk_0

(k]

clk_0

(k]

clk_0
(k]
(k]
(k]

Base

@& 0x0001_0000

0x0000_0000

0x0000_0000

0x0000_0000

IRG 0
IR 0

Five Years Out
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0x0001_0007

OnEEE

0x0003_££££

IRG 31
IRG 31
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Second half of the Qsys window:

E mm_bridge_0 \Avalon-MM Pipeline Bridge
dk (Clock Input clk_o
> reset Reset Input [clk]
. s0 \Avalon Memory Mapped Slave [clk] 0x0000_0000 0x0003_£££E
mo \Avalon Memory Mapped Master [ck]
B jtag_uart ITAG UART
dk (Clock Input dk_o
> reset Reset Input [clk]
avalon_jtag_slave \Avalon Memory Mapped Slave [ck] @ 0x000Z_0000 0x0002_0007
irg Interrupt Sender [ck] >—f‘]—ﬂ
B dipsw_pio PIO (Parallel 1/0)
ke (Clock Input clk_o
> reset Reset Input [ck]
s1 \Avalon Memory Mapped Slave [ck] @ 0x0001_0080 0x0001_008%
o external_connection (Conduit dipsw_pio_external_connect...
irg Interrupt Sender [clk]
El onchip_memory2_0 IOn-Chip Memory (RAM or ROM)
dkl (Clock Input. clk_0o
Avalon Memory Mapped Slave Double-click to export i Dx0000_0000 0x0000_fEFf
T reset1 Reset Input [ck1]
B intr_capturer_0 Interrupt Capture Module
cock (Clock Input iclk_o
——— reset_sink Reset Input [dock]
avalon_slave_0 \Avalon Memory Mapped Slave [clock] @ 0x0003_0000 0x0003_0007
interrupt_receiver Interrupt Receiver [dock] IRQ 0 IRD 31
B dk o (Clock Source
(=2 ck_in (Clock Input clk exported
- dk_in_reset Reset Input reset
< ck (Clock Cutput ck_o
- ck_reset Reset Output
B led_pio PIO (Parallel 1/0)
—— dk (Clack Input clk_0o
> reset Reset Input [clk]
s1 \Avalon Memory Mapped Slave [ck] # 0x0001_0040 0x0001_004£
= external_connection (Conduit led_pio_external_connection
E button_pio PIO (Paraliel 1/0)
dk (Clock Input. clk_o
—— reset Reset Input [ck]
s1 \Avalon Memory Mapped Slave [ck] # 0x0001_00cO 0x0001_00cE
o external_connection \Conduit button_pio_external_connec....
irq [Interrupt Sender [ck] —fi—]

Figure 4.4.2

e From the menu bar, select Generate and then select Generate HDL... from the drop down menu.
e From the Generation window that pops up, accept the defaults and click the Generate button.
o Ifit asks you to save, select Yes.

5 Generation ==

= \

Synthesis files are used to compile the system in a Quartus Prime project.

Create HDL design files for synthesis: |yeriog
[ create timing and resource estimates for third-party EDA synthesis tools.
Create block symbol file (.bsf)

The simulation model contains generated HOL files for the simulator, and may incdude simulation-only features.

Simulation scripts for this compenent will be generated in a vendor-specific sub-directory in the specified output directory.

Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the jp=efup-sinuts fon and
[p-makesimscript command-ine utiities to compile all of the files needed for simulating all of the IP in your design

Create simulation model None  ~

[~ Output Directory ]
Path: C:Jaltera_trn/SoCKit_Materials_16,0/S0CKit/SoCKit_HW_Lab_16.0/soc_system ™

Figure 4.4.3
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Build the Qsys System

The Generate process will take several minutes. You will receive the following warnings, but they can be disregarded. Click
Close.

[ s« Generate Completed @
a| Do

. Warning: hps_0.f2h_irq0: Cannot connect dock for irq_mapper.sender
. Warning: hps_0.f2h_irq0: Cannot connect reset for irg_mapper.sender
. Warning: hps_0.f2h_irqg1: Cannot connect dock for irg_mapper_001.sender

. Warning: hps_0.f2h_irg1: Cannot connect reset for irg_mapper_001.sender

, Generate: completed with warnings.

Figure 4.4.4

Exit Qsys by clicking File then Exit and then Save when it asks if you would like to save the system.

A simulation model for the System wasn’t created; therefore, you will not find the */simulation/soc_system.sip file.

Qsys will generate the HDL files (Verilog or VHDL) for the defined system. These HDL files are then used by Quartus Prime to
compile and generate a set of files that defines the hardware system. This set of files includes the HDL files, Tcl (Tool
Command Language) files that define dedicated pin locations for selected HPS peripherals, Tcl files that define the Multiport
Memory Controller in the HPS & FPGA, QIP files that include selected IP and SDC (Synopsis Design Constraint) files utilized by
TimeQuest to constrain the complete system design, and SIP files that include the Simulation IP files required to complete a
simulation. Both the QIP and SIP files use Tcl syntax.

In Quartus Prime, you can find these files by selecting File -> Open, then go to the soc_system/synthesis directory (select All
Files(*.*)) for all of the files to be displayed.
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Build the Qsys System

Open File @
Look in: I | mynthesis j = = Bl
= Name ’ Date modified Type Size
re B .
. submodules 2/5/2015 2:04 PM File folder
Recent Flaces . .
|| sec_system.debuginfo 2/5/2015 2:04 PM DEBUGIMNFO File 2,253 KB
wr [ soc_system.qip 252015200 PM  QIP File 1,856 KB
Desktop || soc_system.regmap 2/5/2015 2:02 PM REGMAP File 9,017 KB
|| soc_system.v 2/5/2015 2:03 PM V File 111 KB
=h || soc_systemn_hps_0_hps.svd 2/5/2015 2:02 PM SVD File 9,016 KB
Libraries
Eb!q-
LF4714
-
“w
Network
File: name: Isubmodules.' j Open I
Files of type: All Files (") hal —ICancel
[~ Add file to cument project
Open as: I,ﬂq_r[o ;I
v
Figure 4.4.5
CONGRATULATIONS!

You have just built your first Qsys system!
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Complete the Quartus Prime Project

Module Objective

MODULE 5. Complete the Quartus Prime Project

In this module you complete the Quartus Prime project by adding the generated Qsys system to the top level entity. Use the

Quartus Prime tool to perform analysis, synthesis, fitting, and place and route, as well as static timing analysis. At the end of

the compilation, an SRAM object file (.sof) will be generated for the FPGA. This .sof file will then be downloaded to the

Cyclone V SoC device via the USB Blaster and the Quartus Prime programmer.

5.1 Set up the Quartus Prime project to point to the correct files

When the generate button in Qsys in the previous step was selected, Qsys generated numerous HDL (Verilog) files that will be

utilized by the Quartus Prime Integrated Synthesis (QIS) tool. These files need to be added to the Quartus Prime project so

that they can be compiled in the next step. However, rather than adding all of the files separately, there is a single file,

soc_system.qip, that will contains the paths for all of the IP cores.

e To add this file in Quartus Prime, select: Assignments -> Settings -> Files and select using the "..." Browse button
[~ Settings - soc_system L=l E)
Category Device
s |
@ Select the design files you want to include in the project. Cick Add All to add all design files in the project directory to the
project.
4 IP Settings
1P Catalog Search Locations
Design Templates D D
4 Operating Settings and Conditions - x e
Voltage =
Temperature File Name Type Library Design Entry/Synthesis Tool  HDL
4 Compiation Process Settings top/config_soc.v Verilog HDL File <None> Defa
incremental Complation cti_tapping.stp  SignalTap Il Logic Analyzer File <None>
@ EDA Tool Settings top/ghrd_top.v  Verilog HDL File <None> Defal
Design Entry/Synthesis
Simulation
Formal Verification
Board-Level
4 Compiler Settings.
VHOL Input
Verilog HOL Input
Default Parameters
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignafTap I Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSN Analyzer
i B
W Buy Software oK Cancel [ Hep
L
Figure 5.1.1

e Next, browse to the \soc_system\synthesis directory and then select the system_soc.qip file.
e Then, select Open.
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Complete the Quartus Prime Project

Select File
@7\ | <« SoCKit_Materials 16.0 » SoCKit » SoCKit HW Lab 160 » soc_system » synthesis » - ‘ 3 | | Search synthesis
Organize v New folder d== [l @
¢ Favorites * Name Date modified Type Size
Bl Desktop .. submodules 6/10/2016 11:36 PM  File folder
& Downloads || soc_systemn.debuginfo 6/10/2016 11:36 PM  DEBUGINFOQ File 2,264 KB
| Recent Places || soc_system.qgip 6/10/2016 11:36 PM  QIP File 1,866 KB
|| soc_systern.regmap 6/10/2016 11:34 PM  REGMAP File 9,020 KB
7 Libraries |5 soc_systermn.v 6/10/2016 11:35 PM W File 112 KB
@ Documents || soc_system_hps_0_hps.svd 6/10/2016 11:34 PM  SVD File 9,019 KE
J’ Music 3
[&=] Pictures
B videos
M 14072
&, Local Disk (C3)
&% DVD RW Drive (D
e Removable Disk i
¢ shared (\wsfdc
Filename: soc_system.qip - IA” Files (*.%) ']
[ Open |v] l Cancel ]

Figure 5.1.2

e Add the file to the project by selecting the Add button

o Select Apply.

-/ Settings - soc_system

Category

General
Files
Libraries
IP Settings
1P Catalog Search Locations
Design Templates
Operating Settings and Conditions
Voltage
Temperature
Compilation Process Settings
Incremental Compilation
EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal Verification
Board-Level
Compiler Settings
VHOL Input
Veriog HOL Input
Defauk Parameters
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap I Logic Analyzer
Logic Analyzer interface
PowerPlay Power Analyzer Seftings
SSN Analyzer

oS}

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

FEde name: soc_systemsynthesis/soc_system.qip

.

File Name Type

top/config_soc.v Veriog HOL Fie

cti_tapping stp  SignalTap Il Logic Analyzer Fiie
top/ghrd_top.v  Verilog HDL File

Library  Design Entry/Synthesis Tool
<None>

<None> L.
<None>

« (T »

[ Buysonware | [ ok ][ cancel Apply Help
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Complete the Quartus Prime Project

e Using the same window and process in the two previous steps, add the soc_system_timing.sdc file. Browse
back up to the project directory \SoCKit_HW_Lab_16.0 to locate the .sdc file. (Select All Files (*.*) from the

drop down file type selector to see the file.)

Select File
Vi —
{_J\_J [} « Local Disk (C) » ateratm » SoCKit Materias 160 » SoCKit b SoCKit HW_Lab 160 » 4] 5=
Organize v New folder
J Favorites * Name ’ Date modified Type Size i
M Desktop || boot.script 6/10/2016 3:47 AM  SCRIPT File 1KB
1 Downloads '@ cti_tapping.stp 6/10/2016 9:48 AM  STP File 92 KB
] Recent Places \Z| ghrd_resettcl 6/10/20169:48 AM  TCLFile 4KB
|2 ghrd_sc_script.tcl 6/10/2016 9:48 AM  TCLFile 19KB
=5 Libraries (2] hps_commen_board_infoxml 6/10/2016 9:48 AM XML Document 12 KB
% Documents || Makefile 6/10/2016 3:48 AM  File 20KB
,—J“- Music = \2| Script_to_run.tcl 6/10/2016 9:48 AM  TCL File 1KB
&) Pictures 7| soc_system.ipregen.rpt 6/10/201610:57 PM  RPT File 4KB
E Videos soc_system.qpf 6/10/2016 9:48 AM  QPF File 2KB
|| soc_system.qsf 6/10/2016 10:57 PM  QSF File 115KB =
1 (14072 || soc_system.qsys 6/10/201611:33 PM  QSYSFile 61 KB 1
A-,-:' Local Disk (C) || soc_system.sopcinfo 6/10/201611:34 PM  SOPCINFO File 2,745 KB
4 DVD RW Drive (D || soc_system_assignment_defaults.qdf 6/10/2016 9:43 AM  QDF File 54 KB
o Removable Disk| =] soc_system_board_info.xml 6/10/2016 9:48 AM XML Document 2KB
& shared (\wsfdcd || soc_systemn_timing.sdc 6/10/2016 9:48 AM  SDC File TKB i
-« 2] test_onetd 6/10/2016 9:48 AM  TCLFile 4KB -
File name: soc_system_timing.sdc A [AII Files (*.%) V]

Figure 5.1.4

e Using the same window and process in the two previous steps, add the following files to the project:
/ip/edge_detect/altera_edge_detector.v
[ip/altsource_probe/hps_reset.v
/ip/altsource_probe/hps_reset.qip
/ip/debounce/debounce.v

e The window should look like:

” Settings - soc_system
—
IP Catalog Search Locations Ele name; (sl

- % ([Cadaar )

e Ve il Default e

Default oW
[ suysotware | [ ox ) [ cance ] [ apey | [ rem ]

Figure 5.1.5
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Complete the Quartus Prime Project

e Select Apply, then select OK.
e The next step is to add the synthesis directories to the project if they are not already added. Quartus Prime
uses the files in these directories to compile the design.

e Todo this, select Assignments -> Settings -> Libraries and select in the Project Library section, with the “...”
(Browse) button, the three HPS libraries.

soc_system/synthesis/
soc_system/synthesis/submodules/
soc_system/synthesis/submodules/sequencer/

e Select Add after adding each library.

The end result should look like:

" Settings - sec_system O | B )
Files.
T Specify both project and global libraries. List the library names in the order you want to search them. Both project and global libraries
can contain user-defined or vendor-supplied megafunctions, Block Symbol Files, and AHDL Include Files.
4 [P Settings
IP Catalog Search Locations Global fibraries (all projects)
Design Templates
4 (QOperating Settings and Conditions Global library name: D Add
Voltage
Temperature Libraries: Remove
4 Compilation Process Settings
Incremental Compilation e
4 EDA Tool Settings o
Design Entry/Synthesis Down
Simulation
Formal Verification
Board-Level
4 Compiker Settings.
WHOL Input
Werilog HOL Input
Default Parameters
TimeQuest Timing Analyzer .
Assembler
Design Assistant Project library name: ) Add
SignalTap Il Logic Analyzer
Logic Analyzer Interface Libraries: Remove
PowerPlay Power Analyzer Settings soc_systemisynthesis/
SSN Analyzer soc_system/synthesis/submodules/ Up
50C_! q er/ .
Down
w BuySoftware | [ ok | [ Cancel Apply
Figure 5.1.6

e Select Apply, then select OK to finish.

5.2 Analysis and Synthesis

Before the pin-outs can be added to Quartus Prime, Analysis and Synthesis needs to be completed. Analysis and Synthesis is
the stage that analyzes and synthesizes design files and creates a netlist within a project database. These nets can then be
assigned to actual device pins.
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Complete the Quartus Prime Project

e Select the icon with the checkmark (blue arrow with green checkmark and logic gate) at the top of the
Quartus Prime window, as seen below.

Start Analysis & Synthesis - Ctri+K

Figure 5.2.1

e Analysis and Synthesis will now run. Once it is complete, select OK.

e There should be no errors.

o If there are errors, there will be error messages at the bottom of the page that will describe the errors. These
errors will need to be resolved before continuing.

5.3 Adding Pin assighments

Since an HPS was instantiated in the Qsys system, pin assignments other than memory pins do not need to be specified in
Quartus Prime. The HPS pin assignments are automatically assigned when the HPS was instantiated and this information is
contained in the XML files, which the software development tools will utilize. However, the HPS memory pins will need to be
assigned, since there are External Memory Interface variations that can occur. This task is completed by running a Tcl script
that was created by Qsys for this purpose.

e Torun the TCL script, select Tools -> TCL scripts... and select the hps_sdram_p0_pin_assignments.tcl as seen
below.

& Tl Seripts [

Libraries:

4 soc_system & Edit
4 synthesis =
Add to Project...
4 submodules

hps_sdram_p0_parameters.tcl

[om ]

hps_sdram_p0_pin_assignments.tcl
hps_sdram_p0_pin_map.tcl

Preview:

#(C) 2001-2015 Altera Corporation. All rights reserved. -~
#our use of Alkera Corporation's design teols, logic functions and other |
# software and tools, and itz AMPP partner logic functions, and any output

# files any of the foregoing (including device programming or simulation

# files), and any associated documentation or information are expressly subject

#to the terms and conditions of the Altera Program License Subscription

# Agreement, Altera MegaCore Function License Agreement, or other applicable

# license agreement, including, without limitation, that your use is for the

# snle nurnnse of neosramming Inoic devices manufactured b Altera and sold by

Bun ] [ Close ] [ Help

Figure 5.3.1
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Complete the Quartus Prime Project

e Select Run, then select OK after the TCL script has executed, then select Close to close the TCL Scripts
window.

(W Quartus Prime &J

Tcl Script File

“C:lattera_trn/SoCKIT_Materials_15.1/SoCkit'SeCKit_HW_Lab_15.1/s0c_system/synthesis/submodules/hps_sdram_p0_pin_assignments.tcl”
executed.

Figure 5.3.2

5.4 Compile (Optional step for this lab)

At this point the design is ready for compilation.

Since a full compilation can take a while, depending on the computer being used, there are precompiled files available which
will be used in Module 6.

The generated file is soc_system.sof.

To complete a full compilation, select Processing -> Start Compilation. There should be no errors in the compile, and you
should see the successful completion dialog when it is finished. You will see some warnings related to the files from the
automatically generated system, missing assignments or features and incomplete pin assignments, but these will not affect

the functionality of the system.

The output of the compilation is a .sof file named soc_system.sof which you can find in the output_files directory.

)?l » LL4072 » Local Disk (C:) » altera trn » SoCKit_Materials 16.0 » SoCKit » SoCKit HW_Lab 16.0 » output files
nize v __| Open Burn New folder
. Date mo... Name ’ Type Size
| Desktop |7 6/11...  sec_system.asm.rpt RPT File 6 KB
. Downloads L&A1 soc_system.done DONE File 1KB
| Recent Places [Eif: soc_system.eda.rpt RPT File TKB
[Eif soc_system.fit.rpt RPT File 1,817 KB
_ibraries ) soc_system.fit.smsg SMSG File 1kB
| Documents i1 soc_system.fit.summary SUMMARY File 1KB
Music = soc_system.flow.rpt RPT File 35KB
| Pictures & soc_system jdi DI File 44 KB
| Videos [= soc_system.map.rpt RPT File 2,655 KB
i1 soc_system.map.smsg SMSG File 7KB
14072 [ soc_system.map.summary SUMMARY File 1KB
) Lecal Disk (C:) [ soc_system.pin PIN File
DVD RW Drive (D) D | soc_system.sld SLD File
, Removable Disk (E:) L soc_system.sof SOF File
i shared (\wsfdc001p 3] ¢ soc_system.sta.rpt RPT File
| 16/11... soc_system.sta.summary SUMMARY File 11 KB
Network
Figure 5.4.1
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Hardware Debug Flow (System Console)

MODULE 6. Hardware Debug Flow (System Console)
Module Objective

In this module, you will debug the Qsys system by utilizing System Console. We will execute a Tcl script in the System Console
tool to write data to the LED_PIO port. The Tcl script sets up the JTAG Master port in the Qsys system and then provides
stimulus to write successive bytes of data to the LED_PIO port.

6.1 Downloading and Programming FPGA

In a previous Module, the USB Blaster driver was enabled, the SoCKit power was plugged in, the programming dip switch was
set, and the USB cable was connected. Ensure that the cables are still connected and the SoCKit is powered on.

e  Within Quartus Prime, select Tools -> Programmer, or launch the Quartus Prime v16.0 programmer: Select
ﬂ -> All Programs -> Altera 16.0.0.211 Lite Edition -> Quartus Prime 16.0 Programmer.

® Select (top left side of the Programmer window) and ensure that the Currently selected

hardware is CV SoCKit [USB-1]. It should be selected by default. If not currently selected, double click on
CV SoCKit in the Available hardware items list.

» Hardware Setup &j‘
Hardware Settings JTAG Settings .
Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window
Currently selected hardware: [CV SoCKit [USB-1] n }I
Available hardware tems
Hardware Server Port Add Hardware...
CV SoCKit Local uss-1 S—
Close
Figure 6.1.1
e Select Close.
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Hardware Debug Flow (System Console)

e Select "Auto Detect"

r
» Quartus Prime Programmer Lite Edition - [Chainl.cdf] ==,

Fle Edt View Processing Tools Window Hep @ Search alra.con )

; Hardware Setup...| CV SoCKit [USB-1] Mode: Progress: ]

| Enable real-time ISP to allow background programming when available

File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP
»5 Start Configure Check Bit CLAMP

2 "rype D Message
-]
@
| .
§ System | Process'nq |
Figure 6.1.2
e Select the correct device: "5CSXFC6D6" and then OK
& Select Device ﬂ
Found devices with shared JTAG ID for device 1. Pleaze select your device.

) SCSEBAG

) SCSEBABES

() SCSEMAB

©) SCSTFDEDS

() 5CSXFCBCE

() SCSXFCBCBES

@ SCSXFCEDS

) 5CSKFCBDSES

|
Figure 6.1.3
SoCKit HW Lab Instructions, Version 16.0 84

NN\OW  AO[ERYA, Five Years Out



Hardware Debug Flow (System Console)

o |f the following appears, select Yes.

il Quartus Prime ﬁw

Y The aute-detected device chain does not match the Programmer's device ligt. Do you
i l b, want to update the Programmer's device list, overwriting any existing settings?

r

[ Yes ] [ No

P'

Figure 6.1.4

e The Programming window should now appear as shown in Figure 6.1.5 below:

e
» Quartus Prime Programmer Lite Edition - [Chainl.cdf]* E@g
File Edit Wew Processing Tools Window Help @ Search attera.com ®
; Hardware Setup...| CV SoCKit [USB-1] Mode: |JTAG A Progress: ]
D Enable real-time ISP to allow background programming when available
0 File Device Checksum Usercode Program/ Werify Blank- Examine Security Erase ISP
Start Configure Check Bit CLAMP
i Stap “nones SCSXFCED6 oooooooo <nones
<none= SOCVHPS 00000000 <none=

M Auto Detect

Delete

,
W Change File...
b save File

DI

— —
W yp
5CSXFCBDE SOCVHPS

'l Down TOO

4 4
Type ID Message

Fl

Messages Il @ h x

System Processing

Figure 6.1.5

e Select the file row for the 5CSXFC6D6
e Select, Change File

¢ If you compiled the design, select the soc_system.sof, as shown in the .\output_files directory
OR

Select the soc_system.sof, as shown in the .\ precompiled_files_for_system_console_module
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Hardware Debug Flow (System Console)

» Select Mew Programming File .
Look in: [ | Chattera_trmSoCKKit_Materiale_16.... \SoCKi_HW_Lab_16.0output_files v] [« >+ 2
.‘& My C ||| soc_system.sof|
B, =18

File name: soc_system.sof

Cancel ]

Files of type: | Programming Files (*.sof *. pof *.jam * jbc *.ekp *.jic) - ] [

Figure 6.1.5
e Select Open
e Select the checkbox in the Program/Configure column and a check will appear.
e The window should now look as shown below. If not, delete any extra 5CSXFCD6 device.

r» Quartus Prime Programmer Lite Edition - [Chainl.cdf]*
Fle Edt View Processing Tools Window Hep @ Seerch serd 6on [5)

& Hardware Setup..| CV SoCKt [uS8-1] Mode: Progress: :]

| Enable real-time ISP to allow background programming when avaiable

!

oY File Device Checksum Usercode Program/  Verify Blank-  Examine  Securty Erase ISP

Coatayre Cneck ot cLaue
% Stop |C#aleu_|mlSoCKﬂ_Mlt SCSXFCED6F31 029A2B2E 0294282¢
<none> SOCVHPS 00000000 <none>

m

Type ID Message

1 ,

| system [Processng |

Figure 6.1.6
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Hardware Debug Flow (System Console)

Press the Start button as shown in Figure 6.1.6 to program the FPGA.

r» Quartus Prime Programmer Lite Edition - [Chainl.cdf]*

(=@ |

Fle Edt View Processing Tools Wndow Hep @

a, Hardware CV SoCK# [USB-1]

!

Enable real-time ISP to allow background programming when avaiable

Fie Device Checksum Usercode Program/
[_hsw | Confure
N | Cakera_tr/SoCKIT_Mat... SCSXFCEDEF31 029A2B2E  029A2B2E
<none> SOCVHPS 00000000  <none>

Verify

Blank-
Check

Examine

Security
Bt

Erase

CLAMP
o

S —

SOCVHPS

Type ID 'Message

«

m

Messages Ill 5 & x |

I System { Processing

Figure 6.1.6

After programming the FPGA, the progress indicator should indicate 100% (Successful) as shown in Figure 6.1.7. There should

be no error messages.

-
& Quartus Prime Programmer Lite Edition - [Chainl.cdf]* ==
Fie Edt Wew Pocessng Iooks MWindow Hep @ Search attera.com [
&, Hardware Setup...| CV SoCKit [USB-1] Mode: Progress: 100% (Successfu) |

[] Enable real-time ISP to allow background programming when avaiable
m Fie Device Checksum  Usercode Program/  Verify  Blank-  Examine  Securty Erase ISP
i Start Configure Check Bit CLAMP
b Si0p Cifattera_tr/SoCKIT_Mat... SCSXFCEDEF31 029A2B2E  029A2B2E
<nones SOCVHPS. 00000000  <none>
8 Auto Detect
P Add Fike.. .
1= Change File...
B save File PALTERA
F* Add Device. * E
thup
SOCVHPS
% || Type ip Message -
] @ 209007 configuration succeeded -- 1 device(s) configured
@ @ 209011 Successfully performed operation(s) B
f @ 209061 Ended Programmer operation at Thu Dec 31 11:58:56 2015 o
2.
@
2| system(e) | Processing

Figure 6.1.7
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Hardware Debug Flow (System Console)

Select File -> Exit to close the Programmer window.

Select the “No” button as shown in Figure 6.1.8 to complete closing the Programmer window without saving.

rl.:i Quartus Prime &JW

'‘Chain1.cdf has been modified. Do you want to =ave your changes?

I'x

Figure 6.1.8

6.2 Executing System Console Scripts

There are different ways to debug a design. Qsys was utilized to build the system and a JTAG-to-Avalon Master Bridge was
added to the design. As a result, debug can be completed by using System Console. System Console is a low level hardware
debug tool that is built with Tcl and runs Tcl scripts and commands.

Hardware Debug Flow (System Console)

System Console is used for low-level system debug over JTAG on any Qsys based system.

e Tcl-based
o Familiar development tool language
e Interactive
o Opens as a separate window
e Opensin Qsys orinthe Nios® Il Command Shell
e Scriptable
o Tclfiles can be “sourced”
o Supports command line arguments

e Supports standard input/output
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Hardware Debug Flow (System Console)

Examples of Use:

e Low-level Debug
o Board bring-up and interface testing
o System clock, reset, and JTAG chain validity testing
o Qsys component functionality testing
e System-level Debug
o Provide test vectors, return response

o No processor required

For more detailed information, please download and read the System Console User Guide.

A functional test of the components instantiated in the FPGA will be realized with System Console. The software lab will also
utilize System Console and the ARM DS-5 tool to cross-trigger from DS-5 to the FPGA and from the FPGA to DS-5.

When creating and debugging SoC based systems, the hardware Engineer will want to validate the peripherals and any Qsys IP

that has been created on the FPGA side. This IP validation will be completed in the following steps utilizing System Console.

Basic System Console Test

This diagram shows an overview of the interface from System Console to the Qsys design that includes the PIO registers

(button_pio & led_pio). A set of Tcl commands will be executed from the System Console to read from the system registers
associated with the address of the push buttons (KEY3-KEYO) and then write to the system register associated the LEDs.

Depending upon the KEYs read, this write will then illuminate the associated LED by bit position.

FPGA
Console
Interrupt
Capture RV

CsSR
PIO

Int

HPS

Cortex-A9

g

Figure 6.2.1
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Hardware Debug Flow (System Console)

e To run System Console in Quartus Prime, select Tools -> Qsys. This will open the Qsys window.
e Select the soc_system. gsys file so that your Qsys design will open.

e In Qsys, select Tools -> System Console.

® A new window will now appear as shown in Figure 6.2.2.

M System Console - Toolkits [ 4 ]
Ble Toos Help

System Explorer o Tookts O X

g ADC Toolkit (Beta)

comnections

The ADC Toalkt sons for the evalustion of ADC signs path performance.
fxvo

Bus Analyzer (Beta)

The Bus Analyzer provides resl-time performance analysis of bus traffc in the system

saunch

" LoadDesgn... Refresh Connectors

Messages o|| Td Console Z 2 2 4

Figure 6.2.2

Although the Tcl commands can be executed from the Tcl Console command line, a script was created to automate the
process.

To run the script, select File -> Execute Script. If a pop-up window appears asking if a missing directory should be created,
choose Don’t create.

Missing user script folder @

l’gl Folder C:\Users\al5742\system_consele\scripts does not exist. Do you want to create it?

e The next pop-up window that appears should look like the one shown in Figure 6.2.3
e If necessary, browse to the correct path where you un-archived the lab files, and select test_one.tcl.
e Do not select Open yet.
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Hardware Debug Flow (System Console)

|£:| Execute Script ==
Lookin: | | SoCKit_Hw_Lab_16.0 - o EA-
n =] ghrd_sc_script.tcl
= at :
":'}}’ =] hps_common_boan.j_mfo.xml
Recent Ttems mp | hps_sdram_p0_all_pins.tt
andoff EL] hps_sdram_p0_summary.csv
tal_db | Makefile
! =] Script_to_run.tcl
Desktop es || soc_system.ipregen.rpt
Ied_fiIes_for_s}rstem_console_module soc_systern.qpf
= n || soc_systermn.qgsf
L gl || soc_system.qgsys
My Documents || soc_system.sopcinfo
t || soc_system_assignment_defaults.qdf
. . cdel_durmp.td =] soc_systemn_board_info.oml
= g.stp || soc_system_timing.sdc
LL4072 il =] test_one.tcl
Fl [ I 3
p=
L' File name: test_one. tcl Open
Network Files of type: [ all Files -

Figure 6.2.3

o Before selecting Open, there are various push button combinations to try. The FPGA push buttons are the
buttons on the bottom right hand side of the board.

Figure 6.2.4

o Hold down push button KEYO and then select Open. As an alternate method to launch the .tcl script, you can
type source test_one.tcl at the Tcl Console command prompt, then press Enter.

e You should see the following hex numbers in the System Console Messages window pane: 0x0e 0x00.

o Alsoin the Messages window, “System Console test done” will appear.

e Release the KEYO button.
e LEDO will not illuminate

e Other combinations are possible when executing the test_one.tcl script:

Press KEY(s) then run test_one.tcl

Result for LEDs and System Console

Hold down KEY1 and run the test_one.tcl script.
Release the buttons when the words System

1101 = Ox0d
(LED1 will not illuminate)
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Hardware Debug Flow (System Console)

Console test done in the Window show up

Hold down KEY1 and KEYO at the same time and
then run test_one.tcl.

1100 = 0x0c
(LEDO & LED1 will not illuminate)

Do not select any of the KEYs and then run
test_one.tcl.

1111 = OxoOf
(All' LEDs are illuminated)

Table 6.2.1

e Close the System Console window, select: File -> Exit

If the design was compiled in Quartus and the System Console scripts were not run successfully, precompiled files can
be extracted from the "precompiled_files_for_system_console_module" directory. Copy the .jdi and .sof files to the
output_directory. Copy the .sopcinfo file to the "SoCkit_HW _lab_16.0" directory. Redo sections 6.1 and 6.2.

CONGRATULATIONS!

You have just run the System Console debugging window.

6.3 Experiments with the System Console Window (Optional)

e Open the test_one.tcl file with an editor and take a look at the code.

e To perform any commands in the Tcl Console you will have to type in the following commands:

% set AvailableServices [get_service_types]

% set jtag_master [lindex [get_service_paths master] 1]

% open_service master Sjtag_master

e master_write_8 Sjtag_master 0x10040 $CurSwitch

You can change the value of $CurSwitch to be a value of 4, for example so that it now looks for

% master_write_8 Sjtag_master 0x10040 4

e  This command writes a 4 (0100) to the address of the FPGAs LEDs (0x0001_0040). Therefore, only LED2 will
be illuminated. The KEY(s) are active low; therefore, the reason for the difference when reading from the

KEY(s) address and writing to the LED(s) address.
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Hardware Debug Flow (System Console)

e  When you have finished, close the service with the following command:
% close_service master Sjtag_master

e When you have finished close system console:
Select File -> Exit

System Console is an extremely valuable troubleshooting and debug tool that allows you to create graphical user interfaces
called dashboards. These dashboards can interact with the Qsys IP on the device. Examples of dashboards that have been
created for debugging include the Transceiver Tool Kit, the External Memory Interface Toolkit and the ADC Toolkit for MAX10.

CONGRATULATIONS!

You have just completed using System Console.
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Hardware Validation with Simulation (Do at home Exercise)

MODULE 7. Hardware Validation with Simulation (Do at home Exercise)
Module Objective
In this module you will simulate the LED_PIO hardware in the FPGA you created in Qsys.

Simulation allows the design to be verified before it is programmed into the device. Quartus Prime allows both RTL and gate
level simulation. RTL simulation is a cycle-accurate simulation and will be covered in the Module.

The RTL simulation can consist of the entire design or sub-components of the design. In this module, the RTL simulation will
only include the LED PIO (Parallel Input Output) component in the system.

FPGA

R/W

P1O

l LEDs

Figure 7.1.1

The LED PIO uses Avalon signals to toggle on/off the LEDs.
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Hardware Validation with Simulation (Do at home Exercise)

7.1 Installing ModelSim-Altera (Complete 7.1 only if you didn’t install ModelSim in Module 1)
1. ModelSim-Altera (simulator software) is needed to be installed before this Module can be completed. ModelSim-
Altera can be downloaded from the following URL:
https://www.altera.com/downloads/download-center.html
2. Choose the Select by Software tab under the Software Selector section near the bottom of the webpage.
3. Select ModelSim-Altera Starter Edition
4. Select 10.4d for Quartus Prime v16.0 under Select Version or Product.
5. Click Download.
Model y Altera’° SDIK
Altera Edition for OpenCL
ModelSim-Altera software The FPGA industry's first Software
Altera's version of ModelSim software. Development Kit (SDK) for OpenCL.
SoC EDS DSP Builder
Embedded Design Suite Design Tool
Powerful software suite for your ARM-based Helps to shorten digital signal processing
SoC FPGA embedded design. (DSP) design cycles.
Software Selector
slect by Ve = by De Select by Software
1. Select Altera Software Products 2. Select Version or Product 3. Download Selected File
Guartus Prime Pro Ediion
(Quartus Prime Standard Edition 10.4b for Quartus Prime w151
(Cuartus Prime Lite Edition 10.3d for Quartus Il v15.0
(Cuartus Il Subscription Edition 10.3c for Quartus lvid 1
(Cuartus Il Web Edition 10.1e for Quartus I1v14.0
Mode ISim-Altera Edition 10.1d for Quartus Il vi3.1
Mode lSim-Altera Starter Edition 10.1d for Quartus Il v13.05P1
MEye 10.1d for Quartus Il v13.0
Mics Il Embedded Dresign Suite 10.1bfor Quartus Il v12.1 5P1
DSP Builder 10.1b for Quartus 11 vi2.1
Licensing Software 10.0d for Quartus Il vi2 . 05P2
|ale ra SDK for OpenCL et 10.0d for Quartus Il v12.05P1 -
Figure 7.1.2
6. Select Individual Files.
7. Select Download Selected Files to download ModelSim-Altera Edition (includes Starter Edition).
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Hardware Validation with Simulation (Do at home Exercise)

— L
Combined Files ‘ Individual Files ‘ Additional Software

Download and install instructions: -_More
Read Altera Software v16.0 Installation FAQ
Quick Start Guide

[w]Select All
[l Quartus Prime Standard Edition

[]Quartus Prime (includes Nios Il EDS)
Size: 2.4 GB MD5: 5CSEECBF74650C4056F938DBEE3B47 BF

[v]ModelSim-Altera Edition (includes Starter Edition)
Size: 1.4 GB MD5: 8CBED25D6ACF152CEF2FCFE63DBO52C5

[]Devices
[JArria Il device support

[JArria 10 device support )

Arria 10 device support Part 1
Size: 3.0 GB MD5: BE378243AD7CAID7278662ECB5E466C6

Arria 10 device support Part 2
Size: 3.3 GB MD5: 9D72F9CEEBD2052889BODIEOBCSAFATT

Arria 10 device support Part 3
Size: 3.0 GB MD5: E4357519C3EAACSESSFB7ABI1235FF98

[JArria V device support

[JArria W GZ device support
Size: 2.0 GB MD5: EF7172EE822BFCDESEBEC6322B79A9CS

[]Cyclone IV device support
Size: 466.6 MB MD5: 2C4E5F406114F56E42CB7F25C989A5E2

[]Cyclone V device support
Size: 1.1 GBE MD5: 3AB46198DBIC5B4DI1E19E6ASCE26D364

[CMAX I, MAX V device support
Size: 11.4 MB MD5: 5BDB40A7 27F99D57AF42EC2EES53F19D

[JMAX 10 FPGA device support

[ Stratix IV device support
Size: 544.5 MB MD5: C7555251A23B287 2F75BDEAGAS113543

[]Stratix V device support
Size: 2.9 GBE MD5: 38FD57052920E96190ECD6BF13799887

Download Selected Files

Figure 7.1.3

You must install device support for at least one device family 10 use the Quarus Prime sofiware.

Size: 669.7 MBE MD5: 6ED508DS5F582BEIFAIBCOAFATSFB35A

Size: 339.9 MB MD5: 6E5A3587BFD61936FOAADZ24B2BBCCIAQ

0,

Updates Available

8. Go to the download directory and run the executable ModelSimSetup-16.0.0.211-windows.exe.

9. Select Next as shown in Figure 7.1.4.
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Hardware Validation with Simulation (Do at home Exercise)

(T Installing ModelSim-Altera Edition or Starter Edition 10.4b (Quartus Prime 15.1.0.185) (32-bit) (=] 5 ]

Setup - ModelSim-Altera Edition or Starter Edition 10.4b (Quartus Prime 15.1.0.185) (32-
bit)

Welcome to the ModelSim-Altera Edition or Starter Edition 10.4b {Quartus Prime 15.1.0.185) (32-bit)
Setup Wizard.

For more information about Altera software, go to http:/fwww.altera.com.

< Back Next > ] [ Cancel
Figure 7.1.4
10. Select ModelSim-Altera Starter Edition, then Next.
rG Installing ModelSim-Altera Edition or Starter Edition 10.4b (Quartus Prime 15.1.0.185) (32-bit) E@éf

Select the ModelSim edition you like to install Alm
e

@ ModelSim-Altera Starter Edition
- License is not required.

7! ModelSim-Altera Edition
- License is required.

InstallBuilder

[ < Back ][ MNext = ][ Cancel

Figure 7.1.5
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Hardware Validation with Simulation (Do at home Exercise)

11. Select I accept the agreement, then Next.

-
(i Installing ModelSim-Altera Edition or Starter Edition 10.4b (Quartus Prime 15.1.0.185) (32-bit) =RAC X

=
License Agreement m
®

You can view the full license agreement at the link below. You must accept the terms of the agreement before continuing with the
installation,

httpe/idl. altera. comfeula

QUARTUS(R) PRIME LICENSE AGREEMENT VERSION 15.1, ALL
DISTRIBUTIONS (WEB DOWNLOAD, DVDS)

Copyright (C) 1991-2015 Altera(R) Corporation. All rights

reserved. "Quartus" is a registered trademark of Altera Corporation

in the U.S. and other countries. Any other trademarks and trade names
referenced here are the property of their respective owners. Certain
files, programs, or other materials provided in connection with the
Licensed Software may originate or contain components from Third Party
Licensors and are licensed to You pursuant to the terms of the

. @) I accept the agreement
Do you accept this license?

() I do not accept the agreement

InstallBuilder

[ < Back ][ Next > ][ Cancel

Figure 7.1.6

12. Navigate to the installation directory and select Next.

r 5
(O Installing ModelSim-Altera Edition or Starter Edition 10.4b (Quartus Prime 15.1.0.185) (32-bit) SRAC X
Installation Directory Alm
®
Spedify the directory where ModelSim-Altera Starter Edition 15. 1.0. 185 will be installed
Installation Directory | C:\altera15.1
InstallBuider
[ < Back ] [ Mext = ] [ Cancel

Figure 7.1.7
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Hardware Validation with Simulation (Do at home Exercise)

You will only need to install ModelSim-Altera Starter, since Quartus Prime was installed in a previous step.

7.2 Set EDA Tool Settings in Quartus Prime

Open Quartus Prime, Select ﬂ -> All Programs -> Altera 16.0.0.211 Lite Edition -> Quartus Prime Lite Edition 16.0.0.211 ->
Quartus Prime 16.0

1. If your design is not already opened, then select File -> Open Project and select
C:\altera_trn\SoCKit\SoCKit_HW lab_16.0\soc_system.qpf

2. Setup NativelLink for ModelSim-Altera in Quartus Prime. Select Tools -> Options.

3. Under the Category of General, select EDA Tool Options.

4. Next, select the browse button E]| and browse to your ModelSim installation directory and select the path to
win32aloem

C:\altera_lite\16.0\modelsim_ase\win32aloem

r .
Uk Options
Category:
4 General EDA Tool Options
EDA Tool Options
Fonts Specify the directory that contains the tool executable for each third-party EDA took
Headers & Footers Settings EDA Tool Directory Containing Tool Executable
4 Internet Connectivity
Notifications Precision Synthe. E]
Libraries Synpiify [I]
4 [P Settings Synplify Pro [7]
IP Catalog Search Locations
Design Templates Active-HDL B
License Setup Riviera-PRO [:]
Preferred Text Editor ModelSim [_J
Processing
Tooltip Settings QuestaSim

4 Messages
Colors
Fonts

ModelSim-Altera [C.\a‘nera_lnews I\.mdelswn_ase\wm?,hloem]

Use NativeLink with a Synplify/Synplify Pro node-locked license

oK | [ cancel |[ Hep

Figure 7.2.1
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5. Select OK.

6. In Quartus Prime, select Assignments -> Settings.

7. On the left hand side of the window, select the EDA Tool Settings -> Simulation to the following:

-
= Settings - soc_system

=5

Category:

General
Files
Libraries
IP Settings
IP Catalog Search Locations
Design Templates
Operating Settings and Conditions
Voltage
Temperature
Compilation Process Settings
Incremental Compilation
EDA Tool Settings

Formal Verification

Board-Level
Compiler Settings

VHDL Input

Verilog HOL Input

Default Parameters
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap Il Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSN Analyzer

[N

N

N

N

Specify options for generating output files for use with other EDA tools.

Device...

Tool name: [[ModelSm-Alera ]

| Rup gate-level simulati ically after

EDA Netlist Writer settings

Format for output netiist [Verlog HDL v ] Time scale: |1ps

Output directory:  simulation/modelsim
Map illegal HOL characters Enable gitch fitering
Options for Power Estimation
Generate Value Change Dump (VCD) file script | Script Settings

Design instance name

[More EDA Netlist Writer Setmgs“.]

NativeLink settings
© None
Compile test bench:
Use script to set up simulation

Script to compile test bench:

More NativeLink Settings...

i W Buy Software ] [ OK 1 [ Cancel

9. Select OK.

7.3 Run RTL Simulation

1. In Quartus Prime, select Processing -> Start -> Analysis and Synthesis.

2. Torun the RTL simulation, in Quartus Prime, select Tools -> Run Simulation Tool -> RTL Simulation.
This step will automate the set up of ModelSim-Altera and compile code within ModelSim-Altera.

Please disregard any errors in Modelsim.

3. Once the compilation in the Transcript Window is finished, the next step is to run the simulation.
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Hardware Validation with Simulation (Do at home Exercise)

Simulate code

The signals and waveforms can be added manually or via script. A script was created, and it can be executed to automate the
simulation.

1. To run the script in ModelSim select Tools -> Tcl -> Execute Macro.

[ ¥ ModeiSim ALTERA STARTER EDITION 10.4b
File Edit View Compile Simulate Add Wave | Tools) Luyom Bookmarks Window Help

[B-E2@| tR@D2 |- enowe g ta |t
|2-3-2a-3]

J Layout Simulate !j H ColumnLayo

JQ;Eﬂi AN “ Se- o - 9 | Seard

armai_ver Lbrary | _,]
armiaigz Library

arriaigz_hssi Lbrary — s H A X
arriaigz_hssi_ver Library Type (fitered)

arriaigz_pce_hip Lbrary
arriaigz_pde_hip_v... Library
armaigz_ver Library
arriav Lbrary
B ariav_hssi_ver (e... Lbrary
M arriav_pde_hip_ver...Lbrary
A arriav_ver (empty) Lbrary
- amavgz Library
+-M arriavaz hssi Library

2. Select C:\altera_trn\SoCKIT_Materials_16.0\SoCkit\SoCKit_HW_Lab_16.0\Script_to_run.tcl.
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3. The simulation results should now be displayed as:

M Wave - Default

1111 J0101
1111 J0101

4. Drag cursorl in the Wave window so that the signal names can be shown completely:

M Wave - Default

B jsoc_system_led_piofout_port
B-“. fsoc_system_led_piojreaddata
£ [soc_system_led_piofaddress
4 fsoc_system_led_pio/chipselect
£ fsoc_system_led_pio/dk
4 fsoc_system_led_piojreset_n
4 fsoc_system_led_pio jwrite_n

B£ (soc_system_led_piofwritedata
4 fsoc_system_led_pio/dk_en

-4 fsoc_system_led_pio/data_out {0101 0.
' 00 |:|1E|1 0...

5. Select View -> Zoom -> Zoom Full to see the entire simulation

7.4 Validate simulation

Validation of simulation is important to ensure that the results in the designs are correct. For the PIO component, there are
input and output signals. The input signals are chipselect, clk, reset_n, write_n, address[1..0], and writedata[31..0]. The

output signals are out_port[3..0] and readdata[31..0] as seen below.
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hps_top_led_pio:led_pio

- -
———={ chipsalect
—] &k
———] remstn out_port[3 o]
——=T] wnits_n reaiEsta[31 0] [ Se—
———t address[1.0]
——  writediata]310]
\

Compare the simulation waveform results to the following comments.

Inputs:

e wnN

Chipselect (soc_system_led_pio/chipselect) is set to high for the entire simulation; therefore, the led_pio component
is enabled.

Clock (soc_system_led_pio/clk) is set to toggle, since is a clock signal.

Reset_n (soc_system_led_pio/reset_n) is first initialized as 0 and then high (1) to ensure the reset is correct.

Write_n (soc_system_led_pio/write_n) is set to O since it is an inverted write signal.

Address (soc_system_led_pio/address_n) is set first to 11 (to show that there is no output when the address is 11),
and then 00 (to show there is output with this address)

Writedata (soc_system_led_pio/writedata) is a 32 bit Avalon number that is written to the PIO.

Outputs:

out_port (soc_system _led_pio/out_port) is the 4 bits to the LED. The 1111 signal, which comes for the writedata,
occurs one clock cycle after the address is set to 00. The 1111 signal then changes to 0101, after one clock cycle of
the writedata. This shows that LED does toggle as expected.

Readdata (soc_system _led pio/readdata) is the read data. This PIO does not use this signal, because the PIO is set to
be an output.

CONGRATULATIONS!!

You have just run a simulation.
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MODULE 8. Taking the next Step

Altera has a number of resources available to assist you in further product development at www.altera.com/embedded.
Some of the resources available are:

Get more information about Qsys and SOC with online training:
https://www.altera.com/support/training/curricula.html#tembeddedhardware
https://www.altera.com/support/training/curricula.html#softwaredevelopment

Get more information about Qsys:

System Design with Qsys Reference Manual
https://www.altera.com/content/dam/altera-www/global/en_US/pdfs/literature/hb/qts/qsys_intro.pdf

Creating custom Qsys Components
https://www.altera.com/content/dam/altera-www/global/en_US/pdfs/literature/hb/qts/qsys_components.pdf

Visit the rocketboards.org community web site
http://www.rocketboards.org/

Arrow SoCKit Evaluation Board support site
http://www.rocketboards.org/foswiki/Documentation/ArrowSoCKitEvaluationBoard

Altera SoC Development Board support site
http://www.rocketboards.org/foswiki/Documentation/AlteraSoCDevelopmentBoard

Get more information about the SoC HPS

Hard Processor System Technical Reference Manual
https://www.altera.com/content/dam/altera-www/global/en_US/pdfs/literature/hb/cyclone-v/cv_5v4.pdf

Get more information about the SoC Embedded Design Tools

Embedded Software for the Cortex-A9 MPCore Processor
https://www.altera.com/products/design-software/embedded-software-developers/soc-eds/overview.html
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Taking the next Step

Get additional SoC training

Designing with an ARM based SoC
http://wl.altera.com/education/training/courses/ISOC101

Developing Software for an ARM based SoC
http://wl.altera.com/education/training/courses/ISOC102

For all resources visit http://www.altera.com/embedded.
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