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Outline of the Lab Course

Helmholtz Alliance

Tutorial 1: Creating an embedded system
Tutorial 2: Adding EDK IP

Tutorial 3: Adding custom IP

Tutorial 4: Embedded system simulation

* Step-by-step walk through tutorials
e All tutorials build upon another

* For every tutorial there is a pre-compiled solution found in the directory
EDK132_ Lab<X>_Solution (X standing for the number of the tutorial)

 The solutions are accumulative: EDK132_Lab<N>_Solution includes the solutions of all
tutorials M with M<N. For example, if you want to do Tutorial 4 and you haven’t done
Tutorial 3 you can start from EDK132 Lab3_Solution.

* The project output files from that directory can be used to avoid long compile times
(pre-compiled core, ask instructors)
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General Remarks
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Verilog is used as HDL option for this tutorial — with only a few exceptions (VHDL would
be supported by the tool chain as well)

Getting started (Linux):
— user: fpgaschool password: bonn2012
— To set up environment type xilinx in your shell

— Some examples need a terminal application. Use cutecom and set device to
[/dev/ttyUSBO

Location of the tutorial files
— user created project files: ~/EDK/EDK_Tutorial
— solution files (precompiled): ~/EDK/EDK132 Lab<X>_Solution/EDK_Tutorial
Start scripts for the Xilinx executables
* |ISE (Project Navigator): ise

e XPS (Xilinx Platform Studio): xps
should always be called from within ISE to load proper project settings

* SDK (Software Development Kit): xsdk
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Prerequisites

e Hardware

Spartan-6 LX9 MicroBoard (http://em.avnet.com/s6émicroboard)
Mini-USB cable
Ethernet cable

e Software

ISE WebPack (http://www.xilinx.com/tools/webpack.htm) with EDK add-on or ISE
Embedded Edition version 13.2

USB-to-UART driver (Silicon Labs CP210x)
USB-to-JTAG driver (Digilent driver)

Xilinx board support files for Spartan-6 LX9 MicroBoard XBD (for EDK 13.2) files
(available from Avnet)

* Additional reading

Support files download (registration required): http://em.avnet.com/sémicroboard
(also this lab course is based on the tutorials from AVNET) =—

==AVNET

=== technology solutions
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Spartan-6 LX9 Microboard 10 Devices

JTAG port PROG User reset
(on backside) switch switch
PMOD expansions User Power
headers (2x) LEDs LED
USB link
LED

USB port for direct
programming

(USB-to-JTAG)
USB port for

- console access
(USB-to-UART)

il

User DIP
switches
10/100
User DONEL Ethernet

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012



PHYSICS
AT THE

Spartan-6 LX9 Microboard Components

. FPGA
— Xilinx Spartan-6 XC6SLX9-2CSG324C
. Memory

— Micron 32 Mb x 16 (512 Mb) LPDDR Mobile SDRAM iJﬁS
— 128 Mb Micron Multi-1/O SPI Flash —
. w
. Communication
E.

— FS USB-to-UART bridge (Silicon Labs CP2102)

— FS USB-to- JTAG bridge (Atmel AT90USB162)

— 10/100 Ethernet (National Semiconductor DP83848J PHY)
*  Clocks

— PLL, triple output, user programmable (TI CDCE913)

S6-1X9—ASY—I e =
(SCPLCELT \viw.em.avnat.comsémicroboarale T e EX S Lo
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Spartan-6 LX9 Microboard Block Diagram
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JTAG Port

A

——————— - e g
Expansion /O | Communication Ports |

| [ 2x6PmoD «——»  Type AUSB :
' [ 2x6PmOD |
b o o s 10/100 Ethernot l
PHY |

I Clock Source :
| CDCE913 |
| Type B Micro USB |
_______ |

Miscellaneous /O

| Usor LEDs

T S )
_______ 32M x 16 LPDDR

Ir Miscellaneous /O SDRAM

| 1 Reset PB

| 128 Mb SPI Flash

| Config/User Data

| 4x DIP Switch

' _______
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Tutorial 1: Creating an Embedded System

Scope of the tutorial

Helmholtz Alliance

1.1 Generating the hardware platform

1.2 Understanding what has been created

1.3 Using the SDK to compile a software application
1.4 Testing the system on the FPGA

- AXIDDR3 Memory
J | — AXI-4 Controller 32Mx 16
T . “"*I;f“l:‘e“‘ —r LPDDR
A = MOW oo °
G ]

AXi4-Lite | USB-
axi_uartlite IC:: UART
MicroBlaze XLt ] i gpio Ic:; LED’s

AXI

Interconnect AXI—-'L-Litel S
axi_timer
Block =
AXI4-Lite -
axi_inte

‘ Proc_sys_ P— Reset

BRAM

AXlrelationship
Master ——p Slave

External Connection reset [ Switch

External
Port ‘ Clock_ o OSC@
generator 66MHz

Hardware Platform
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1.1 Creating the Hardware Platform
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Use the Base System Builder to create all project files needed for an embedded
microcontroller (MicroBlaze) based system.

1. To start the Xilinx ISE Project Navigator, type ise and create a new project: File > New
Project...

2. Set the Project Location to ~/EDK and the Project Name to EDK_Tutorial. Click Next.

™ MNew Project Wizard x|

Create New Project
specify project location and type.

—Enter a name, locations, and comment For the project

Mame: I ECK,_Tukorial

Lacation: |”/EDK/EDK_Tut0ria|

L

Warking Directary: I ~/EDK/EDK_Tutorial

Descripkion: | |
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1.1 Creating the Hardware Platform
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3. Select Spartan6, XC6SLX9, C5G324, -2. Select Verilog as the Preferred Language. Click
Next.

4. Click Finish

EE New Project Wizard x|

Project 5ettings
Specify device and project properties,

—5elect the device and design flow for the project

Family Sparkant Ll
Device HZ6ELYD |
Package C5E3E4 |
Speed -2 =
Top-Level Source Tvpe HDL Ll
Synthesis Tool #3T (WHDL Yerilog) r

’ " - =
Preferred Language Verilog i

Stare all walues
Manual Compile Crder —
YHDL Source Analysis Skandard YHOL-93 |
Ad

Mare Info | = Back | hext = I Cancel |
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1.1 Creating the Hardware Platform
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Go to Project > New Source... then select Embedded Processor. Type mb_system for
the File name. Click Next. Click Finish.

S New Source Wizard 2.4

Select Source Type
Select source type, file name and its location.

s BMM File

E‘-‘ ChipScope Definition and Connection File
[:{; Implemenitation Constraints File
4 1P (CORE Generakor & Architecture Wizard)

MEM File

Schematic s ;
#  Sysbem Generator Project
|&] User Document — ]
Yerilog Module i

k4 Merilog Test Fochure

| ~/EDK/EDK_Tutorial

L)

¥ addto project

Mext = Cancel
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1.1 Creating the Hardware Platform

Next to create a new design.

9. Inthe Board and System Selection
Window select
Avnet Spartan-6 LX9 MicroBoard.
Configure the options as shown.
Click Next.

& Base System Builder - AXI flow

PHYSICS
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6. A message will appear asking if you want to create a Base System using the BSB wizard,
click Yes.

7. Select the AXI system then click OK.
8. Inthe Welcome window click

Board and System Selection

Select a target development board and a System Template,

—Board

¥ Create a System for the Following Development Eoard (Pre-selected Device Info)

Board vendor IAvnet hd l

Board Revision IB hd l

Board Mame IAvnet Spartan-6 Lx9 MicroBoard LI

" Create a System for a Custom Board

—Board Configuration

Architecture Ispartan6 > I Device Ixc65lx9 > I

Reference Clock Frequency |66.66666? MHz

Package Icsg324 VI Speed Grade |-2 LI Reset Polarity:

IActive High LI ™ Use Stepping LI

—Select a System

I_ Single MicroBlaze Processor System |
Ual T OBIazE FTOCEsS0r Sy Stem

—System Information

This system consists of one instance of MicroBlaze with external memory and
commonly used peripherals including UART, GPIO, Flash, SPI, IIC and Ethernet.
Peripherals are connected on a shared A%I interconnect, while DDR. memary is
connected on a AXI inkerconnect configured as a crossbar, Click Mext to modify the
default system,

—Optimization Strategy

=]

" Throughput

—Related Information

| v

Yendor's Website
Yendor's Contact Information

Third Party Board Definition Files Download Website

'The Avnet Spartan-6 Lx9 MicroBoard utilizes a Xilinx Spartan-6 XC65L%9-2C5G324 device, The board is a USE-stick form Factor evaluation _—
board that includes USE JTAG circuitry, Micron S512Mb LPDDR, Micron 128Mb multi-Ij0 SPI Flash, 4 leds, 4-bit DIP switch, a TI programmable LI

More Info | Mexk = I Cancel
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1.1 Creating the Hardware Platform
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In the Processor, Cache and Peripheral Configuration window configure the following

11.
options

100 MHz Processor Frequency

— 16KB Local Memory. 21
—_ ZKB Instructlon Cache M em Ory ;;:;iﬁ:tr:nt:FcEroonci;io;gsr)ihggr:ﬁdaperipheral, drag it from the "Awailable Peripherals” ist to the Included Peripherals list. To configure a core

— 2KB Data Cache Memory B -
— Remove CDCE913_I2C core [ o o

— Remove DIP_Switch_4Bits core oy : j
— Remove Ethernet_MAC core oo =

Click Finish.

—Select and Configure Peripherals

Available Peripherals

Peripheral Mames |
- IO Devices
{ - DIP_Switches_4Bits

i - Ethernet_MAaC
L CDCE913_12C
[ Internal Peripherals
i gi_bram_ctrl
- gi_timebase_wdt
L i _imer

Add = |
< Remave |

Included Peripherals For microblaze_0

Select Al

Core

| Pararmeter

LEDs_4Eits

Core: axi_gpio
MCE3_LPDDR. (Cached)

Core: axi_s6_ddrx
SPI_FLASH

Core: axi_spi
USE_Uark

Core; axi_uartlite, Baud Rate: 9600, Data Bi...

MMDTE: Baxe Spstem Suwider always enablas MicroSiaze caches. A¥mamories connected fo the AXTH inferconnect are cached,
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Use the Xilinx Platform Studio IDE to generate the embedded hardware platform.

& Xilink Platform Studio (EDK_0.61xd) - C:Xilinxk',Embedded" EDK_Tutorial\mb_system'mb_system.xmp - [Syste;
@ File Edit Wiew Project Hardware Debug Window Help

=10l x|
EE

Address tab shows :J
the address map

EERETER:
IP Catalog +O08 x A ALL + Bus Interfaces I Parts I Addresses :
it p:4 EMM TMarmne Bus Marne 1P Type IP Wersion
— 1 T B R :
Description ; 1 axiintercon... 1.03.a
[} € EDK Instal 1 axiintercon... 1.03.a
[#- Analag T Imb_v10 2.00.b
[+ Bus and Bridge 1 Imb_v10 2,000
[ Clock, Reset and Interrupt & micr_oblaze a.20.a
[ Communication High-Speed . vam block 1008
[+ Communication Low-Speed - “a— o
[ DM& and Timer " am_?F___ 3.00.6
[l Debug 1}{ Imi if.. 3.00.b
[#- FP&A Recanfiguration T awi_st 1.03.a
+]- General Purpose IO 1 mdm no.b
0 Modules T axi_inte
nkerprocessor Commmunication 'i:f axi_gpin
Memory and Memory Controller 'i:f axi_spi )
ct Bus Interfaces tab © o Ports tab lists
etipheral Controller 15 =
od shows peripheral Iy @i ver
il 10 dlock_g
T 5 f g
- Verification connections to the w pecsconnections

- Project Local PCores
- Project Peripheral Repositary0

processor

for the system

internal and external

nx Point To Point
[7] XIL_ER.AM
[#] “IL_ESCAN
- [¥] ¥IL_MBDEBIGS
: L [F]HIL_MBTRACEZ
E| By Interface Type
[#] Slaves
Masters
i [W]Master Slaves
lonitors
argets
titiatars

—Legeiia

1 Superseded

WPl oduction @Llcense (paid)
Discontinued

.Llcense (eval)

-dMastel @ Slave liMaster/Slave W Target {Initiator OConnected Ulnconnected Il Monitor
Local s=Pre Production ﬁ\rf?Beta EiDevelopment

<]

Project window provides

information on the project

options used, gives'access'tothe

main project files, and-log files

* MHS File, microprocessor
hardware specifcation

* UCF File, user constraints file

££)
££)
£1)
££)
££)
£1)
££)
££)

microblaze 0_i bram ctrl
axidlite O
axidlite O
axidlite O
axi4lite 0O
axidlite O

axid4lite O

LEDs_4Bits
USE_Uart
SPI_FLASH
microblaze 0O _inte
axi_timer 0
debug_module

MCE3_LPDDR  axi4 O

microklaze 0_ilmb

§ Project & p Catalogl @ Start Up Page ] = Design Summary B Syctem foocmbly View
Console
i INF 1273 - strFilename is C:VHilinx)Erbedded\EDE Tutorialinb system)datai\mb_ system.uct
Addr for Processor microblaze 0
) Ox0O003£EF) microblaze 0_d bram ctrl microblaze O _dlmb

System Assembly View

shows each peripheral used and
the connections between the
peripherals when the Bus
Interfaces tab is selected.

i

Errors I

Yy
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» Select Project = Generate Block Diagram Image to view the block diagram for the
project. The block diagram shows the connections between the different busses and
components in the system. A jpeg image of the block diagram gets saved in your project
in a folder named blockdiagram

» A datasheet of the system can also be generated. Go to Project = Generate and View
Design Report to view the design report. This is an html file that is generated in a report
subfolder.

* To view the general project options go to Project > Project Options... Click Cancel to
close the window.

 (Close XPS when finished.
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1. Return to Project Navigator and Go to Project = Add Copy of Source to add the FPGA
constraints to the project.

Select mb_system.ucf in the mb_system\data directory. Click OK.

Select mb_system in the hierarchy window.

Double-click on Generate Top HDL Source in the Processes window. This creates a HDL
instantiation template for your MicroBlaze processor subsystem and instantiates into a

new created Verilog module.

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012

E ISE Project Mavigator {0.40d) - C:hSpeedway Spring_114EDKYEDK_
File:

Edit Miew Project Source Process Tools  Window  Lawout  Help

a2 |- |l a

e @ | s R

Design

Yigw: (% ﬁi} Implementation @ Simulation

Hierarchy |

- =] EDK_Tutorial
B £ wchskk9-2esg3zd
=8 ﬂ:nﬁ mb_system (mb_systemtmb_system,xmp)
E b _system,ucf

2 Mo Processes Running

Processes: mb_swstem

L Design Summary [Reporks

G- Design Ltilities

- Manage Processor Design (XPS)

Cd Elﬁenerate Top HDOL Source

“.P)  Export Hardware Design To SOK without Bitstream
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Xilinx SDK is an Eclipse based software development environment to create and debug
software applications. Features include project management, multiple build configurations,

C/C++ code editor, error navigation, a debugging and profiling environment, and source
code version control.

1.

Select mb_system_i in the Hierarchy window. Double-click on Export Hardware To SDK
with Bitstream in the Processes window. This may take several minutes to complete.

= ISE Project Mavigator {0.40d) - C:% Speedway’, Spring_11'EDK\EDK_Tuktor

File Edit Wiew Project Source Process Tools Window Lawout Help

102 |-l e & o o | =]

Design

o

B Yigw: ¥ I:T'E:Elmplementatlun g Simulation
,L[EJ Hierarchy

A - (5] EDK_Tutorial

| B B xchslxR-Zrsgsed

ﬂ"“ﬁ = .m:t b _systerm_top (mb_systermimb_system_top,w)

— E rb_system_i - mb_system (mb_systermimb_systenm, xmp)
3

mb_syskern, ucf

?J Mo Processes Running

Processes: mb_swstem_i - mb_swskem

Design Ukilikies

: Manage Processor Design (XPS)
- PAE) Generats Top HOL Source

: d Export Hardware Design To SOK wikhout Bikstreamnm
. ‘Export Hardware Design To SOK with Bitstream
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2. Create a Workspace named WorkSpace in the EDK_Tutorial directory. Click OK.

4 Workspace Launcher x|

Select a workspace

ilinz: DK stares your projects in a Folder called a workspace.
Choose a workspace folder to use for this session,

WDrkspace:[~/EDK/EDK_TutoriaI/WorkSpace 7| erowse... |

™ Use this as the default and do not ask again

ok I Cancel

3. You can close the Welcome window on the right side of the screen.

4. Go to File > New > Xilinx C Project to create a new C project.

5. Select Peripheral Tests application from the project templates then click Next.

Project namme: | peripheral_tests_o|

IV Lse default location

LLocationg | i\ Speedway!Spring_1 1EDK\EDE_TutoriallworkSpace\peripheral_tests_0 Browse. .. |

Chanse file system: Idefault 'I

~Target Hardware

Hardware Platform: Ihwglatform_ﬂ

Processor: Imicroblaze_ﬂ

=
i

—Select Project Template

Dhiystone

Empty Application
Hello 'Wworld

IwIP Echa Server
Merory Tests

SREC Bootloader
Rilkernel POSIX Threads Demo

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012

Drescription
Simple test routines For all peripherals in the hardware, ;I
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6. Change the Board Support Package project name to Standalone_BSP.

7. Click Finish. The application will start building and create an ELF file, which is the
compiled application.

JS=TE

new Xilinx C Project )
Create a managed make application project. Choose fram one of the sample applications. .-* 7

¥ Create a new Board Support Package project

The template provided by application 'Peripheral Tests' will be used to configure the project,

Project name: | Standalone_BsP

W Use default location

Locakion: | i SpeedwayiSpring_L LEDKVEDK _TukorialorkspaceStandalone_BSP, Browse. .. |

Choose file system: Idefault "I

" Target an existing Board Support Package

Arvailable Board Support Packages:

[Stardaiore b tos:ctardabonel L

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012 19
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1.3 Compiling a Test Application Using SDK

The Project Explorer View in SDK contains 3 . = 5
. Lrn:u]eu:t Explorer &3
projects: the hardware platform, the Board

Support Package, and the C application a:

Helmholtz Alliance

.,
=1 3F mb_systemn_hw_platform o Hardware

The Board Support Package lists all the libraries 5 system . xml Platform
and include files associated with the hardware 35 peripheral_tests 0 — CApplication
project. The microblaze 0\include folder contains : E ?.:1?:?:5
all the header files applicable for the current #- (= Debug
project. & = st
The peripheral_tests_0 project contains C source % Sitanad;;'jgjfnfznmtim l E;):l:g?pport
files to test each peripheral. Expand the project #- (= microblaze_0
src folder to view the sources. The project is 5l libgen.log
. . . libgen. options
compiled automatically after being created. Makefile
Double click on the testperiph.c file to view the I, systemn.mss

main application.

To view the project properties right click on the
peripheral_tests_0 project and select Properties.
Expand C/C++ Build and select Settings to view all
the build options. Click Cancel to exit.
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13. The system contains internal BRAM memory as well as external DDR memory. We can
select where the code will be physically located through a linker script.

14. Use the drop-down list to select the internal BRAM memory,

microblaze_0_i_bram_ctrl_microblaze_0_d_bram _ctrl, for all the code sections. Click
Generate then Yes.

4P Generate a linker script
Generate linker script

Zonkrol wour application's memory map.

- Cutpuk Settings Basic | advanced I

Project:  peripheral_tests 0

Oubput Seripk: Place Code Sections in:
I ~/EDK/EDK_Tutorial/WorkSpace/peripheral_tests_Oisrcils  Browse | Place Data Sections in: | microblaze_0_i_bram_ctrl_microblaze_0_d_bram_ctrl
Madify project build settings as follows: Place Heap and Stack in: I ricroblaze_0_i_brarn_ctrl_microblaze_0_d_bram_ctrl

ISet generated script on all project build configurations j Heap Size: IIKB—
Hardware Memaory Map Stack Size: I 1 KB

Mernory | Base Address | Size |
microblaze_0_i_bram_ckrl_microblaze, ..  0x00000000 16 KB
MCE3_LPDDR_S0_AxI_BASEADDR OB 000000 &4 ME

b Fixed Section Assignments

i
'n?/' Generate I Cancel |

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012 21
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1. The LX9 MicroBoard uses two different USB interfaces for connecting to a PC for
debugging and programming the device. Connect both USB cables:

—  USB-to-UART bridge for debug output (virtual COM port). The COM port was
specified when installing the drivers for the Silicon Labs USB-to-UART Bridge
(Windows: check Device Manager for COM port number, Linux: set correct TTY)

—  USB-to-JTAG bridge for programming the board (*.bit, *.elf file download, Flash
programming)

Mini USB
connection for
virtual COM port

USB connection for
JTAG programming

4 - Universal Serial Bus controllers
¥ Digilent USE Device
§ Generic USB Hub
¥ Generic USB Hub

4 -5 Ports (COM & LPT)
'Y Communications Port (COM1)
"% Silicon Labs CP210x USB to UART Bridge (COMT)

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012 22
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At first, the hardware configuration is downloaded, and the processor reset to a state which
allows the download of an application (bootloop).

2. InSDK, click on the Program FPGA icon 22

For the Bitstream, browse to the EDK_Tutorial directory and select
mb_system_top.bit

For the BMM File, browse to the EDK _Tutorial directory and select
edkBmmFile_bd.bmm

Select bootloop as ELF file to set processor to a state to accept the download of an
application (see next step)

Click on Program MicroBlaze |
Program FPGA hardware

Specify the bitstrearn and the ELF Files that reside in BRAM mernogg nﬁgu ration

34

—Hardware Configurakion
Hardware Specification: C:hxilin:EmbeddediEDK_TutarialyWor! apaceimb_system_hw_platFormisystenm, xml

Bitstream: | Ciiwilinst Embedded\EDK_Tutorialimb_system_top, bit Browse, ,

BMM File: |C:'l,XiIinx'l,Eml:ueddeu:I'I,EDK_Tutu:uriaI'l,edkBmmFiIe_bd.I:um.. Block RAM Browse. .

i

memory map

—Software Configuration

Processaor | ELF File ko Initialize in Block FLARM |

microblaze_0 bootloop |

) Software to loaded

L e Program I Cancel
= to the BRAM

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012 23
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Now the file peripheral test _0O.elf is selected to download and launch the application.

3. Inthe SDK Project Explorer View, right-click on the peripheral_tests_0 project and

select Run As -> Run Configurations.

4. Select Xilinx C/C++ ELF and click on the New Launch Configuration icon. | %

4% Run Configurations x|

Create, manage, and run configurations

New Launch Configuration 2 )

Lo peripheral_tests_0 Deb Project:

=
S | -l 5= Mame:; ||:ueri|:uhera|_tests_tl Debug
i
]E'pe filker bext D Iain o Device Initializatiu:un\l iy STDIO Cunnection\l if’ Profile Optiu:uns\l @ Debugger Optiu:unsw = Commun\l h
E CfC++ Application CC++ Application:
- Launch Group . b Pro | |
E|£ siling CfC4++ ELF I Debug'peripheral_tests_0.elf Search Project. .. Browse, ,.

" Enable auto build
' Use workspace settings

Iperipheral_tests_tl Browse, .. |
Build (if required) before launching
Build configuration: IDebug j

' Disable auto build

Configqure Workspare Settings. ..

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012
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The Run Configuration contains settings to run the application on the target board. We will
change the settings to disable STDIO inputs and outputs on the SDK console (stability
issues). Instead we will be using cutecom as a terminal application.

5. Inthe SDK Run Configurations Window, | sne: [perhersi_tests_o oebug

se I ect the STDIO con nection ta b . [5] Main | 7 Device Initislization | 4 STDIQ Connection g, Profile Options @ Debugger Options | = Comman
onnect STOIO ko Console
6. Uncheck the Connect STDIO to ©
Park: | ZOM2 hd
Console box. 3

7. Start cutecom with settings
—  Device: /dev/ttyUSBO

—_— BAU D r‘ate: 9600 Cpen device | Device: |x'c|ew'ttyUSBD j Parity: Mone -

. Close device | Baud rate: |%UU ﬂ Handshake: [~ Software [ Hardware
—_ Data bItS. 8 About | Data nits: B ~| Openfor: ¥ Reading W Writing
_ StOp bItS . 1 Quit | Stop bits: n =] WV Apply settings when opening

— no handshake
8. Click Run in the SDK window.
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9. Verify that the different peripheral print statements appear on the Console output
window and that all tests pass. Alternatively one could use any another terminal
program to connect to the COM port.

T = =
[0 Problems (fi Tasks (E Console &4 = F‘rnperties}

<kerminated> peripheral_tests_0 Debug [Filine CC++ ELF] C:hxilinxErmbedded\EDK_TukarialyworkSpaceiperipheral_tests_0hDebugiperipheral_tests_0.elf [C
———Entering main---

Bunning GpioCutputExample(] for LEDs 4Eit=...
GpioDutputExample PAZSED.

Runnning 3piSelfTestExample(] for IPI FLALSH...
Spi3elfTestExample PAISED

Bunning UartlLiteZ3elfTestExample (] for debug module...
TartLite3elfTestExample PASRED
———Exiting main---

10. Close the SDK. This is the end of tutorial 1.
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Scope of the tutorial
2.1 Adding a new peripheral (= DIP switches)
2.2 Writing code for the peripheral

2.3 Testing the system

‘ MDM &'I«tute

AXI DDR3 Memory
| AXI AXI-4 Controller 32Mx 16
nterconnect
MCB
AXI4-Lite | _ _ USB-
axi_uartlite k:,'} UART
MicroBlaze AXIALite ) mF:; LED’s

AXI AXI4-Lite . M(::c 128Mb
Interconnect =P Flash

Block
Switches

axi_intc :]

Proc_sys_ — Reset
reset | Switch

o> -c

BRAM

AXl relationship
Master =) Slave

External Connection

AXI-4-Lite

External
Port ‘

generator 66MHz

osc
‘ Clock_ ol @

Hardware Platform
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We will use Xilinx Platform Studio (XPS) to add and connect a new peripheral to the existing
system.

1. Start Project Navigator and open the EDK_Tutorial project from the first tutorial. If this
tutorial is your starting point, you can start with the project found in
EDK132_Lab1l_Solution

Double-click on the mb_system.xmp module to open the system in XPS.

Select the IP Catalog tab in the project window. The IP catalog lists all the processor
peripherals available with extended information. Expand the General Purpose 10
option. The peripherals can be sorted by column field. Right click on the peripheral to
view its datasheet or change log information.

IP Catalog [ & x
i
Descripkion IP Yersion IP Tvpe Skatus Processor Suppork IFP Classification
= £ EDK Install
+- Analog
Bus and Bridoe

Clack, Reset and Interrupk
Zommunication High-Speed
Communicakion Low-Speed
D4 and Timer

Debug

FPia4 Reconfiguration
General Purpose IO

U]

[’\\S u Axl General Purpose IO 1.01.a axi_gpio u PRODUCTION  MicroBlaze PERIPHERAL
u %P5 General Purpose IO 2.00.a *ps_gpio u PRODUCTION PowerPC,MicroBlaze  PERIPHERAL
+- I Modules
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4. Select axi_gpio version 1.01.a on the list then drag and drop it to the System Assembly
View window.

5. The peripheral configuration window will open to configure the peripheral. Select
Channel 1 and change the GPIO Data Channel Width from 32 to 4. Change Channel 1 is
Input Only from 0 to 1.

6. Click OK.

When IP is added, a pop-up window will appear asking to automatically connect your
new IP to the MicroBlaze core. Click OK.

Lser | System I Interconnect Settings For BUSIF I Buses I HOL HF | [+

Zommon

Channel 1 :

Chanrel 2 GPIO Data Channel Width E =
Channel 1 Data Out Defaulk: Yalue qunnnnnnun
Channel 1 Tri-skate Defaulk value I OcEEEEEEEE
Channel 1 is Input Cnly I 1 j
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8. Click on axi_gpio_0in the Name column of the System Assembly window. Rename the

instance to DIP_Switches.

A ALL & Bus Interfaces | Paorts I Addresses I
>T{ }T{ l:;:l EI Mame | Bus Mame | IP Type | IF Wersion
axH 2 'ﬂ' axi_intercon... 1.02.a
P T 3r axi_intercon.. 1.02.a
PO = microdfaze @ dinb 'j:[‘ Imb_w10 Z.00.a
e | MicroBlaze (7 M T Imb_v10 2.00.4
.- -- microbiaza & 7 microblaze 8.10.a
-- microiiaze @ bram ook 'j:f bram_block, 1.00.a
-- microdfare @ o bram cérf 'j:[‘ Imb_bram_if... 3.00.a
[ microbiaze_ @ f bram ctef T Imb_bram_f.. 3.00.a
o -- MCET LPRRR 1 sxi_s6_ddre  1.02.a
*7% [t} oabig mooide < mdm 2.00.b
| H-mirobbze 3 hic T awi_intc 1.01.a
T E| axi_gpia 1.01.a
v 5_Axl axidlite 0
5 [ LERs 4Bis 1 axi_gpio 1.01.a

9. Click on the Addresses tab. The addresses view shows the address space for all the
peripherals. The Lock box prevents the address for that peripheral from being changed

when generating new addresses. Altamativaly; re-ganarate
non-overlapping addresses

Change generated for all peripherals
address parameters
4 Busnterfaces | Ports  Addresses | if necessary Generate Address Button P il
Instance | Base Mame | Base Add | High Address | Size | Bus Interfacels) | Bus Mame | Lock
= microblaze_0's Address Map
- microblaze_0_d_bram_ckrl _BASEADDR 00000000 0:00003FFF 16K =1 s5LMB microblaze_0_dimb [
- microblaze_0_i_brarn_ctrl _BASEADDR 000000000 x00003FFF 16K =1 5LMBE microblaze_0_ilmb []
- LED's_4Bits _BASEADDR 040000000 0x4000FFFF B4k, i axidlite_0 O
- DIP_Switches _BASEADDR, 040020000 0x4002FFFF B4k, =1 5_anI axidlite_0 O
- RS5232_Uart_1 _BASEADDR 040600000 0x4060FFFF LT i = axidlite_0 O
- microblaze_0_jntc _BASEADDR, 041200000 0x%4120FFFF BaE, =] 5_axI axidlice_0 O
- ai_timer_0 _BASEADDR. 04100000 x4 1COFFFF BaE, w1 5_AxI axidlice_0 O
- debug_madule C_BASEADDR O 74500000 0% 7430FFFF B4 [=]s_Axl axidlite_0 O
- MCB3_LPODR C_S0_A¥I_BASE..  OxBCO00000 0xBFFFFFFF B4 =] s0_AI axi4_0 O
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10. Click on the Ports tab. The Ports view shows the internal connections between the
peripherals as well as the external ports connections

11. Expand DIP_Switches from the list. It will show the connections available for the

peripheral.

12. Expand the (10 _IF) gpio_0 selection. Look at the GPIO datasheet for a description of
each port. The datasheet can be found by right-clicking on DIP_Switches.

13. Select GPIO_IO_I since the DIP switches are only inputs. Click on No Connection drop-
down list in the Net column. Select Make External to add it the external ports list.

14. Select GPIO_IO net and set to No Connection as we are only using this port as an input.

B &P Switchar

G- (BUS_IF) 5_ANI

Connected fo BUS axidlite_ 0 =]

=~ (I0_IF) gpio_0

_onnecked to External Ports =

L GPIO_IO
- [

b GPIC_IC_C
e GPIO IO T
- LEDe A5
- axy Hmar J
- RSZEE Uart T
- ook ganarator 7
- proC_SpR resel @

-Legend
wMaster @ Slave diMaster/Sla

EFm. do.ctio— @ imaman feaid
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=_gpio_0_GPIo_ 10 i i) [{C_GPIO_WIDT...

NIP Switrhes GPTO TO T, | 1
0 [(C_GPIO_WIDT...
0 [(C_GPIO_WIDT...

Mo Connection A
Mewy Connection

Make External
DIP_Switches_GPIO_I0_I
net_wco

net_gnd

LEDs_4Bits_TRI_O

[(C_GPIO_WIDT...

R5232 Uart_1_souk I

axi_tirmer_0_Interrupk

clk_200_0000.. 80PLLO_nobuf

"9 dk_200_0000MHzPLLO_nobuf  |F

cted JUnconnected Il Monitar

Foaee P Jdoooalo o Ll (=N ;‘—‘;r\n...,-
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15. Expand the External Ports to view the new connection. The name of the new external
port is DIP_Switches_GPIO_IO0_I|_pin with a range of [3:0].

& Bus Interfaces Ports Addresses I 2] a2
Mame Mek Direckian Range Class =
- External Porks

o CLK SEMHT [CLE_EemHz =
G Switches R0 10 N R S e |
- LERS 408 TR 2 DIP_Switches _GPIO_T0 I o
- RECET | i
- R5273 Uart T min Ro2az Uart_1_sin Jica | i
- RS2 Lart | sout Rozaz Uart_1_sout |5
- axd goip @GR 2 pin laxi_gpio 0 GPIO IO | i)
- Mchx_deam_add micbex_dramn_addr I | fo]
- Mchx_dram_ha rcby_dram_ba I | (o

We need to update the design information for SDK. In Tutorial 1, we exported our design to
SDK from XPS, but since we are managing this embedded project from within Project
Navigator, it will create the XML file and export the design to SDK.

16. Close XPS.
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Since we’ve added a new port to MicroBlaze, it needs to be added to the HDL source.
Additionally, we’ll need to update the constraint file to add the pinout information for the
DIP switches.

17. In Project Navigator, Open the top-level HDL file, mb_system_top, by double-clicking it.
That will open the HDL source in editor.

18. Since the port goes externally to the FPGA it needs ”E“d“"* mb_system_top

to be added to the entity/module declaration, add =a.

the following line as shown (add the highlighted, bold lines):

SFl_FLASH HOLDn,

RESET,

LEDs_4Bits TRI_0O,

CLK 66MHZ,

D IF_ISwitc hes GPIO _10 | pin

inout rzg;

19. The same line needs to be added to the
component/signal declaration of the mb_system. _
output SPI_FLASH HOLDn;

Add the following line as shown: input RESET:

output [3:0] LEDs_4Bits TRI O;

input CLK_G66MHZ;

input [3:0] DIP_Switches GPIO_10 | pin;
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20. Finally, the instantiation of the mb_system needs to be n%ﬁgﬁﬁ;ﬂm B
updated as well. Add the following line as shown: () E

RESET ( RESET ),

I3

21. Save and close mb_system_top.

mcbx_dram_we n{ mcbx_dram we n),

SPI_FLASH_HOLDn ( SPI_FLASH_HOLDn ),

LEDs _4Bits_TRI_O ( LEDs_4Bits TRI_O},

CLK 66MHZ ( CLK BEMHZ ),

DIP_Switches GPIO_10 | pin
DIP_Switches GPIO 1D | pin)

22. Select the mb_system.ucf file, expand User Constraints in the Processes window and double-

click on Edit Constraints (Text). In the UCF file add the lines:

NET DIP_Switches GPIO IO I pin[@] LOC = "B3" | IOSTANDARD = "LVCMOS33"
NET DIP Switches GPIO IO I pin[1] LOC = "A3" | IOSTANDARD = "LVCMOS33"
NET DIP_Switches GPIO IO I pin[2] LOC = "B4" | IOSTANDARD = "LVCMOS33"
NET DIP Switches GPIO IO I pin[3] LOC = "A4" | IOSTANDARD = "LVCMOS33"

23. Save and close the UCEF file.

PULLDOWN;
PULLDOWN;
PULLDOWN;
PULLDOWN;

24. Expand the mb_system_top module in the Hierarchy window. Then select the embedded

processor, mb_system_i — mb_system(mb_system.xmp).

25. Double-Click on Export Hardware Design to SDK with Bitstream to update the bit file with the

new peripheral. This will take several minutes.
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To test the new peripheral we will create a new software application in Platform Studio SDK
and use the GPIO device drivers.

1. When SDK opens select the Workspace from EDK_Tutorial.

2. The peripheral datasheets and address map can be found under the hardware platform.
Expand the mb_system_hw_platform project and double-click on the system.xml file.

3. Open the axi_gpio datasheet to view the GPIO register map. The GPIO_Data Register is
located at the base address of the peripheral, which is 0x40020000 for the DIP Switches.
NOTE: You can open the datasheet by clicking on the hyperlink for the axi_gpio
peripheral, however if no hyperlink is available, you can open the open the datasheet by
expanding Standalone_BSP, then expanding BSP_Documentation and double-clicking on
gpio_v3_00_a.

Table 4: Registers

Base Address + Offset Reqgister AcCcess Drefault o
(hex) Name Type Value (hex) Description
C_BASEADDR + 0x00 GPIO_DATA Read/Write 0x0 Channel 1 AXl GPIO Data Register.
C_BASEADDR +0x04  |GPIO_TRI | Read/Write mo | Shannel TAXIGRIO Three-state
Reqister.
C_BASEADDR + Ox08 GPIOZ_DATA | Read/Write 00 Channel 2 AX] GPIO Data Register.
C_BASEADDR +0x0C  |GPIO2_TRI | Read/Write 00 | Goantel 2 AXI GRIO Three-state
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Go to File > New > Xilinx C Project.

5. Name the project Tutorial_Test and select Empty Application from the project templates.
Click Next.

6. Select Target an Existing Board Support Package then click Finish.
=k

New Xilinx C Project )
Create a managed make application project. Choose from one of the sample applications. i 7

Project name: I Tutorial_Test

[V Use default location

Location: | C\Embedded)\Tutorial_01\\WerkSpace!Tutorial_Test

[~ Target Hardware

Hardware Platfarm: Irnb_::';-'stem_l'nl."-ﬂ _platform

-
Processar: Irmc roblaze 0 M |

[ Select Project Template

Description
A blank C project. d

IwIP Echo Server

Memoary Tesks

Peripheral Tests

SREC Bootloader

¥ilkernel POSIX Threads Demo

'/?j,' < Bark I Mext = I Fimish Cancel

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012 36



PHYSICS
AT THE

2.2 Writing Code for the New Peripheral

Helmholtz Alliance

7. We need to add a source file for the new empty C project. Select the Tutorial_Test\src
folder and go to File > New > Source File. Enter main.c for the file name. Click Finish.

_iBix
Create a new source file, C
= |
. . Source Folder: |Tut0riaI_Test,l'src Browse, ., |
8. Inside main.c, after the comments, add: cowcerie: [
Template: IDeFauItCsource template j Configure... |
#include "xparameters.h"
#include "stdio.h" —
. . l\?jl Finish I Cancel
#include "xbasic types.h" - |

int main (void) {
print ("-- Entering main () --\r\n");
return O;

}

9. Save the main.c file. The application will be compiled when saved. The Project menu
gives options to change the behavior for building the application.
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il Generate a linker script x|

Generate linker script

Contral wour application's memary map.

Oukpuk Setkings
Project: Tutorial_Test
COukpuk Scripk:

ILXQ'!,EDK13_1'I,EDK_TutDria|'I,'l.-'l.-'l:nrkS|:|ace'I,TutDriaI_Test'l,src'l,Iscript.Id Browse |

Modify project build settings as Follows:

ISet generated script on all project build configurations j

—Hardware Memaory Map

Memory | Base Address Size |
microblaze_0_i_bram_ctrl_microblaze...  0x00000000 16 KB
MCES_LPDDR_S0_ARI_BASEADDR Ox=EC000000 &4 MEB

b Fixed Section Assianments

|',ak'|
W
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10. Create a Linker Script for the new application. Right-click on the Tutorial_Test project
and select Generate Linker Script. Select
microbalze_0_i_bram_ctlr_microblaze_0_d_bram_ctlr for all the code sections to place
them in the internal BRAMs. Click on Generate. Click Yes to overwrite the existing linker
script.

i

Place Code Sections in: | microblaze_0_i_bram_ctrl_microblaze_0_d_bram_ctrl

Basic | Advanced |

Place Diaka Sections in: I microblaze_0_j_brarn_ckel_microblaze_0_d_bram_ctrl

Place Heap and Stack in: I microblaze_0_i_bram_ctrl_microblaze_0_d_bram_ctrl

Heap Size: | 1 kB

Stack Size: [1kE

Generate I Cancel
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We will add code after the print statement to turn-on the LEDs when the DIP switches are
asserted.

11.

On the left side expand the Standalone_BSP project. The BSP Documentation section
contains the documentation for the device drivers. The microblaze_0 folder contains the
header files, compiled libraries, and sources for the Board Support Package.

Expand microblaze_0 then expand the include directory. Double click on the
xparameters.h file to view the hardware parameters for the system. Using the macros
will isolate the software from the actual hardware.

Inside the expanded include directory for microblaze_0 are all the driver header files for
the different peripherals. The _l.h denotes a low level driver. Double-click on xgpio_l.h to
view the GPIO low level functions.

Click on XGpio_ReadReg in the Outline window to view the format to read the GPIO
registers. We will also use the function XGpio_WriteReg to write to the LEDs. The Base
Address for the device can be found in the xparameters.h file. The Data Register has an
offset of 0x0O0.
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peripheral_test_0
code from tutorial 1

File

Edit Source Refactor MNavigate Search Run  Project  Xilinx Tools Window Help

[3~ | G B @ d-e-d-@r 88 $-0-Q- = [Eoce)
= 5 - - - L= -
L[ Project Explorer &2 = O ||z systemxml Iy, system.mss [g] main.c 22 =8
. =
Standalone_BSP ST (IR * | e
. & (& mb_systern_hw_platform e —
Board support package H GE perpheral fests 0 :

documentation o 2 [Hi Standalone BSP . =
4 1 BSP Documentation .
= bram_v3_00_a
. = gpio_v3_00_a #inclnde "xparameters.h"
mICFOblaZE_O =/ s6_ddr v1 00 a #inclnde "stdioc.h"

header files, Compiled =l spiv3 02 a #:ulclude "xba;ic_t}:‘pes.'ﬂ"
|= standalone_v3 01 _a #include "xgpio_1.h"
libraries, BSP sources B vartlite v2 00_a /=== -
1 4 (= microblaze_0 E
= code u32 DIP_Read;
> = include int main (woid) {
b = lib
microblaze_0 -> include | > & libsrc prant(fos Enremiag main() —miman
| libgen.log )
* xparameters.h: macros for libgen.options while (1) {
. DIP ERead = XGpio ReadReg (XPAR DIF SWITCHES BASERDDR, 0):
g g Makefile — - — - -
HW / SW isolation 2 system.mss XGpio WriteReg (XPAR LEDS 4BITS BASEADDR, 0, DIF Read):
* xgpio_lh: low level 4 5 Tutorial Test '
. . . > 3, Binaries .
functions (driver files * _|.h) ¢ & Includes retarn 0
> (= Debug o2
> (&= src s 5
| L] main.c [2 Problems | 42| Tasks | B Console 2 El Properties| <L 4f | A BH G| =2 >~ - =0

C-Build [Tutorial_Test]
Invoking: X1linx ELF ChReck

elfcheck Tutorial Test.elf -hw ../../mb_system hw platform/system.xml -pe
microblaze 0 |tee "Tutorial Test.elf.elfcheck"”

Tutorial_Test
code from this tutorial

elfcheck
Xilinx EDK 13.3 Build EDK C.76xd
Copyright (c) 19%95-2011 ¥Xilinx, Inc. All rights reserved.

Command Line: elfcheck -hw ../../mb system hw platform/system.xml -pe
microblaze_ 0 Tutorial Test.elf

@ /Tuterial_Test/main.c
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15. Add code to main.c to read DIP switches and write the settings to the LED output

I system.xml Hh system.mss l£] main.c &1 =B
=
-~ O—
main.c o=
preaced on: sep 22, 2014
#include "xparameters.h" .
#include "sztdioc.h" mCIUde GPIO IOW
finclude "xbasic types.h’ level driver xgpio_I.h
#inclode "xgpio 1.h"
_____________________ declare global ! -
u32 DIP Read; variable DIP_Read
int main (void) { add code to read
DIP switches and
print {("-— Entering main{() —--\r\n"): set LED accordingly

while (1) {
DIF ERead = XGpic_ ReadReg(XPAR DIF SWITCHES BASEADDE, O0):
¥Gpio WriteReg (XPAR LEDS 4BITS EBASEADDR, O, DIP Read);

retarn 0;

16. Save and close the file. The application will be compiled automatically.

17. To view the changes made to main.c, right-click on main.c in the Project Explorer
window and select Compare > With Local History... Click OK when finished.
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At first, the hardware configuration is downloaded, and the processor is reset to a state
which allows the download of an application (bootloop).

1. In SDK, click on the Program FPGA icon 2=
. For the Bitstream, browse to the EDK_Tutorial directory and select
mb_system_top.bit
. For the BMM File, browse to the EDK _Tutorial directory and select
edkBmmFile_bd.bmm

 Select bootloop as ELF file to set processor to a state to accept the download of an
application (see next step)

*  Click on Program MicroBlaze |
Program FPGA hardware

Specify the bitstrearn and the ELF Files that reside in BRAM mernogg nﬁgu ration

34

—Hardware Configurakion
Hardware Specification: C:hxilin:EmbeddediEDK_TutarialyWor! apaceimb_system_hw_platFormisystenm, xml

Bitstream: | Ciiwilinst Embedded\EDK_Tutorialimb_system_top, bit Browse, ,

BMM File: |C:'l,XiIinx'l,Eml:ueddeu:I'I,EDK_Tutu:uriaI'l,edkBmmFiIe_bd.I:um.. Block RAM Browse. .

i

memory map

—Software Configuration

Processaor | ELF File ko Initialize in Block FLARM |

microblaze_0 bootloop |

) software to loaded

L e Program I Cancel
= to the BRAM
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As > Run Configurations...

N o opw

Create, manage. and run configurations

& [ -+, .
= *| - 5 Mame: Tutorial_Test.elf

type filter text [£] Main .. Device Initializatio | % STDIO Connection !

[E] C/C++ Application

C/C++ Application:
= Launch Group

4 X Kilinx CfC++ ELF Debug/Tutorial_Test.elf Search Project...] ’ Browse...

X peripheral_tests 0 Debug Project:

X peripheral_tests_0.elf -
Y Tutorial_Test.elf Tutorial Test =
Build (if required) before launching
Build configuration: | Debug
_) Enable auto build _) Disable auto build
@) Use workspace settings Configure Workspace Settings...
' . Apply
Filter matched 6 of & items
P
@ [ Run
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In the SDK Project Explorer View, right-click on the Tutorial_Test project and select Run

Select Xilinx C/C++ ELF and click on the New Launch Configuration icon |7

In the SDK Run Configurations window, select the STDIO Connection tab.

Uncheck Connect STDIO to Console. Start cutecom to open a terminal (see p. 25)
Click Run in SDK. Ensure that "-- Entering main() --"is displayed on the terminal.
. Carefully modify the DIP switches positions to turn the LEDs on and off.

DIP
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8. When finished Stop/Terminate the application by pressing the red Stop/Terminate
button in the Console window

9. Close SDK. This is the end of Tutorial 2.

C/C++ - Tutorial_Test/main.c - Xilinx SDK " =RNTN X
File Edit Source Refactor Mavigate Search Bun  Project  Xilink Tools Window Help
[~ | o HE Ea-E-Er KRB [ e~
~P~-Q- &S 5~ - ¥ oo -
L5 Project Explore &% =08 Ik, system.mss xparameters.h e main.c &2 xgpio_l.h ! =8

=

= <'===€> = = i 2011 - o=

= o=

- [3F mb_system_hw_platform .

3 i§ peripheral_tests 0 B
=

\ Standal BSP ’
{5 Standalone_ #include "xparameters.h"

#include "stdic.h"
#include "xbasic types.h"
#include "xgpio 1.h"

: i§ Tutorial_Test

m

u32 DIP_Read;
int main (void) {

| Click to stop
prne(fo £ gpplication
[ while (1) { u
[ Problems | ¥ Tasks | &l Console &2 = Pro ;_ties =8

Tutorial_Test.elf [Xilinx C/C++ ELF] D:\Users\Hans\worl \HHA\FPGA_Tutorial_LXSEDK132_Lab2_Solution\E

| ] |G BE[EE ¢ B~ 15~

—— Entering main() -- -

B

4= Tutorial_Test
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Tutorial 3: Adding Custom IP

Scope of the tutorial

3.1 Creating a custom core (CIP wizard)

3.2 Customizing the peripheral

3.3 Adding the IP
3.4 Writing code
3.5 Testing the system

J - AXI AX]-4
T Interconnect P
A » MDM A}{Ii-Lite - Block

G

AXI DDR3 Memory
Controller

Spartan-6
MCB

AXI
BRAM

AXl-4-Lite
MicroBlaze AXI4, m

Interconnect | ~x4-ite ..
Block 2x aplo

AXlrelationship
Master =——p Slave

Axl-4-Lite | .
axi_timer ]

External Connection

Port

‘ generator

Hardware Platform
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We will use the Create/Import Peripheral (CIP) wizard in XPS to create a new custom IP for

the existing system. The custom IP will consist of a Pulse Width Modulator (PWM) controlled
using a software mapped register.

If this tutorial is your starting point, you can use the EDK132_Lab2_Solution to start with
Start ISE Project Navigator and open the EDK_Tutorial project.

Double-click on the mb_system.xmp module to open the system in XPS.

Go to Hardware > Create or Import Peripheral... Click on Next.

w N

4. Make sure that Create templates for a new peripheral is selected then click Next.
4 Create Peripheral 2lxl
Peripheral Flow e
Indicate if wou want to create a new peripheral or import an existing peripheral, \

This tool will help wou create templates For a new EDE IF, or help vou import an existing EDK IP into an %P5 project aor EDE repository, The interface Files
and directory structures required by EDE will be generated.

—Select flow

=
Create Templates % ¥ (Create templates for a new peripheral
l " Impork existing peripheral

—Flow description

l This tool will create HOL templates that have the EDK compliant portfparameter inkerface. You
will need to implement the body of the peripheral.
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5. Select To an XPS project. 1]

Repository or Project ,./}
Indicate where you want to store the new peripheral, '\\/2

Click on Next.

A news peripheral can be stored in an EDK repasitory, or in an ¥PS praject, \When stored in an EDK repository, the peripheral can be accessed by multiple
%P3 projects.,

' To an EDK user repository {Any directory outside of your EDK installation path)
Repositary: ;' Browse,.. |

' To an XPS project

Project: | CiiSpesdwayiSpring_1 1EDKIEDE_Tukarialimb_systemi, j Browse. ., |

FPeripheral will be placed under:
’7 |\ Speedway|Spring_11\EDK\EDK_Tutorialimb_systemipeores

More Info < Back | Mext = I Cancel

o Create Peripheral

Name and ¥ersion

6 . E n te r t h e n a m e fo r t h e n e W Indicate the name and version of your peripheral.
p e r.i p h e ra I , axi_pwm , a n d t h e n C I i C k Enter the name of the peripheral (upper case characters are not allowed). This name will be used as the top HOL design entity.

Marne: | axi_pwm

N ext . Version: 1.00.3

Wajor revision: Minor revision: HardwarejSoftware compatibility revision:

= for = [« =

3
Ix

&

Description:

Logical library name: axi_pwm_w1_00_a

All HOL files (either created by you or generated by this tool) that are used ta implement this peripheral must be compiled into the logical library
name above. Any other referred logical libraries in wour HOL are assumed to be available in the %P5 project where this peripheral is used, or in EDK
repositories indicated in the ¥PS project settings.

Maore Info | < Back | Mext = I Cancel |
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7. Select AXI4-Lite: Simpler, non-burst ,
CO n t rO I regi Ste r Styl e i nte rfa Ce . C I i C k o i:tﬁtlf‘;[:(tﬁe bus interface supported by your peripheral, (:\:?
N ext . To which bus will this peripheral be attached?

@KH-L\tE: Simpler, non-burst control register style interface

€~ A¥I4: Burst Capable, high-throughput memory mapped interface

£~ Processor Lacal Bus [PLE v4.6)

The IPIF is a module isolating the user S ——"
interface from the bus. In addition to

Refer to the following dacuments to get a better understanding of how user peripherals connect ta the AX1 bus interconnect t.

facilitating bus attachment, the IPIF
provides additional optional services. The F

services include software registers, user S
address ranges, FIFOs, software reset, comt [[Twoas | cmca |
interrupt support and bus-master access. - e

1PIF (IP Interface) Services R

You can click on the More Info button, then )
select AXI Bus Interface > IPIF Features for o e

to implement the interface between the AXI4interconnect and the d d oding provided by the
lave IPIF module, the wizard tool also offers other commonly use d d ﬁg uon to simplify m |mp| tah of the design.

AXI to see a description of each feature. s o

AXl Interconnect Tvn "v required by complex peripherals li
com dgd ata transfers between regions
E E Indudes AXT4LITE master i face and AXI4LITE slave interface.

User logic master support

8. We will be using software registers to
control the peripheral. Select User logic
software register. We'll choose how
many registers in the next screen.
Unselect all other choices. Click Next.

Slave service and configuration

Typical Ily required by most peripherals for operation: Ik&\ g trol,
status report, d tah ffeerin g multiple memory/addre: e access,
and etc. (AXI slave interface wil always be i ddd)

Software eset ®5Er logic software register

Indude data phase timer

IPIC Master
Read LocalLink
Write LocalLink

ﬁ User Logic Master Cntir

|More1nfc < Back H Mext > ]l Cancel
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9. We will use one 32-bit wide register to communicate with the PWM hardware. Though

only twelve bits will be used to select the pulse duty cycle. Select 1 for the number of
registers. Click on Next.

“ Create Peripheral x|

User 5/% Reqgister
Configure the software accessible reqgiskers in yvour peripheral.

The user specific software accessible registers will be implemented in the user-logic module of wour peripheral, Such registers are bvpically provided For
software programs to control and to monitor the skatus of your user logic, These regiskers are addressable on the byte, half-word, word, double word

or quad ward boundaries depending on wour design, An example logic For register readwrite will be included in the user-logic module generated by the
wizard tool For wour reference,

User logic software reqgisters may take full advantage of the slave IPIF address-
decoding service ko generate CE decodes For all of the individual register of
inkerest, The diagram on the left shows the simplest set of IPIC slave signals to
readjwrite the registers,

BisZIP_RdReq
e

BLs2IP_WrReg
Bus2IP_RACE

Reg 1

Reg 2 Mumber of software accessible registers: I 1 3: (1to32)
Reg 3

BusZIP_Data

F2Bus_Data =3
IP2Bus_Rd.C\d<
P2Bus_ S Ak,

IPEBus_Error

User Logic

More Infao | < Back, | Mext = I Cancel
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10. The IP Interconnect (IPIC) uses a set of signals between the user logic and the AXI bus.
We will use the default signals already selected. Click on Next.

[ 4% Create Peripheral . - &Iér
S

1P Interconnect (IPIC)
Select the interface between the logic to be implemented in your peripheral and the IPIF

Your peripheral is connected to the bus through a suitable IPIF module. Your peripheral interfaces to the IPIF through a set of signals called the TP
interconnect (IPIC) interface. Some of the ports are always present. You can choose to indude the others based on the functionality required by your
peripheral.

Mote: &ll IPIC ports are active high. Port description

V| Bus2IP_Clk
Peripheral V| Bus2IP Resetn
Bus2IP_Addr
AXl Other AZl Bus2IP_C5
Slave Blodks Master Bus2IP_RMW
Bus2IP_Data

Bus2IP_RdCE
Bus2IP_WrCE
IP2Bus_Data
1P2Bus_RdAck
IP2Bus_WrAck
IP2Bus_Error

=
E

=
2
i
=
&
=

IPIC for slave
IPIC for master
TR EEEEEE

User Logic

More Info < Back |[ Mext = ]| Cancel
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11. Bus Functional Models can be generated to accelerate the IP verification. This tutorial
does not cover the BFM simulation of the peripheral. Click on Next.

12. The wizard can also generate custom drivers for the peripheral and an ISE project. We
will be using XPS and writing our own code to test the peripheral. This is also where
you can select a Verilog template versus the default, VHDL. Leave it as VHDL for this

tutorial. Click on Next. 4 Create peripheral e )
13. Click on Finish to create

(OPTIONAL) Peripheral Implementation Support (/\‘
t h e p e rl p h e ra I . Upon completion, this tool will create synthesizable HOL files that implement the IPIF services you requested. A stub 'user_logic’ module will be created.

Generate optional files for hardware software implementation
‘fou will need to complete the implementation of this module using standard HOL design flaws, The tool will also generate EDK interface files {mpd/pao)
for the synthesizable templates, so that you can hook up the generated peripheral to a processor system.

MNote

Peripheral (YHDL) Should the peripheral interface {ports/parameters) or file list change, you will need to
regenerate the EDK interface files using the import functionality of this tool.

IPIF (¥HDL) Generate stub 'user_logic' template in Verilog instead of VHOL

8&nerah& ISE and XST project files to help you implement the peripheral using XST flow

enerate template driver files to help you implement software interface
User Logic
(YHDL)

More Info < Back | [ Mext = ] | Cancel |
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The new peripheral has been created in /mb_system/pcores/axi_pwm_V1_00 a. In the

folder /hdl/vhdl two files have been generated:
e axi_pwm.vhd|

e user_logic.vhdl

AXI-4 Bus2IP

MicroBlaze JX&H AXI Lite AXILITE | connections
Interconnect IPIC

Block (IP Interface)

FF N

<IP_name>.vhd

Both files will be edited now to implement the PWM functionality. The top level entity
axi_pwm.vhd| instantiates the user logic (USER_LOGIC) and the proxy to the AXI interface
(AXI_LITE_IPIF) which has been created according to the CIP wizard dialog.

1. Within ISE open /mb_system/pcores/axi_pwm_V1_00 _a/hdl/vhdl/axi_ pwm.vhdl and
add the code lines as described on the next slide. Alternatively you can browse to
EDK132_Lab3_Solution and copy the VHDL file to the appropriate path in your
EDK_Tutorial tree.
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2. Add the external port to the ports declaration of axi_pwm.vhdl:
-~ ADD USER PORTS BELOW THIS LINE ---------======"--
PWM_Out : out std_logic;
-~ ADD USER PORTS ABOVE THIS LINE ------------------

3. Add the port to the USER_LOGIC_| component instantiation

-~ MAP USER PORTS BELOW THIS LINE ------------------
PWM_Out => PWM_Out,
-~ MAP USER PORTS ABOVE THIS LINE ------------------

4. Save and close the file

5. Open the user_logic.vhdl file and implement the PWM output which will be controlled by
the software register.

6. Add the ports declaration

-- ADD USER PORTS BELOW THIS LINE ------------------
PWM_Out : out std_logic;
-- ADD USER PORTS ABOVE THIS LINE ------------------

7. Add user signals declaration

-- USER signal declarations added here, as needed for user 1logic
signal duty_cycle : std_logic_vector (11 downto 9);
signal fcount : std_logic_vector (11 downto 9);
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8. Add the user HDL code after the begin statement. The user_logic template already
contains code to read and write the register.

-- USER logic implementation added here
-- Duty cycle is controlled by the software controlled register
duty_cycle <= slv_rego(11 downto 9);
-- 12-bit rollover counter
counter : process (Bus2IP_Clk)
begin
if (Bus2IP_Clk'event and Bus2IP_Clk = '1') then
if Bus2IP_Resetn = '@' then
fcount <= (others => '0');
else fcount <= fcount + 1;
end if;
end if;
end process counter;
-- Enable the output for the duty cycle selected
PWM Out <= '1' when (fcount < duty _cycle) else '9';

9. Save and close the file
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The new external port needs to be added to the definition file for the peripheral in order to
be used in XPS.

10. Open the axi_pwm_v1_00 a\data directory and open the file axi pwm v2 1 0.mpd.
11. Add the PWM_Out port

## Ports
PORT PWM_Out = "", DIR = O

12. Save and close the file.

13. In XPS, rescan the user IP directories. Project > Rescan User Repositories.
14. The new core will now be available.
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We will add and connect the new custom IP to the existing system following the same
instructions as in the previous lab. We will remove the GPIO peripheral for the LEDs and
connect the PWM peripheral to the LEDs.

1. In XPS, click on the IP Catalog tab in the Project Information Area.

2. Expand the Project Local Pcores/USER list to view the custom IP.

IP Cakalog =+ 7 X
r2 &

Description IP Yersion
= £ EDK Instal

- Analog
- Bus and Bridge
- Clock, Reset and Interrupt
- Communication High-Speed
- Communication Low-3peed
- DMA and Timer
- Debug
- FPizA Reconfiguration
- zeneral Purpose 10
- 10 Modules
- Interprocessar Communication
- Memory and Memory Controller
-PCI
- Peripheral Contraller
- Processor
- Ukility
- erification
[=]- Project Local PCares
[+ USER
N S ART_PYM i1.00.a

a | i
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3. Select AXI_PWM then drag and drop it to the System Assembly View window. Click OK.

¥ Platform Studio (EDK_D.40d) - i . _ mb_system.xmp - [System Assembly Yiew]

@Flle Edit ‘iew Project Hardware Debug Window Help

|o R &l = =

IF Catalog +08F X A ALL Bus Interfaces | Ports | Addresses |
T }T{ }T{ I;' I;' Marme |Bus Marme |IP Type IP Yersion
Description IP Yersion - axid 0 T axi_ntercon.. 1.02.3
- £ EDK Instal - axidlite_d j:r axi_intercon... 1.02.a
Analog - microbiaze_ 0. Tt Imb_vid 2.00.a
Bus and Bridge - microbiaze_ 0. Tt Imb_vid 2.00.a
ot (Mot e Il - microbiaze o0 r microblaze 8.10.a
Communication High-Speed - microbi _0 ﬁ b block 1.00
Communication Low-Speed i m"_mj aze L. ram_ oc. H.a
DM& and Timer i microblaze_d.. j:r Imb_bram_if... 3.00.a
Debug - microbiaze_d.. T Imb_bram_if.. 3.00.a
FPGA Reconfiguration H- MICET LPDOR j:r axi_s6_ddrx  1.02.a
General Purpose IO - debug mocte T mdm 2.00.b
10 Modules o i microbiaze 0. T axi_inte 1.01.a
Interprocesdsor Communlcatlin o IR Switches * axi_gpio 1.01.a
;ﬂg}mry and Memory Conkroller . LEDy 45t ﬁ axi_gpio 1.0La
Peripheral Controller Ho SPLALASH ﬁ L] 1.0L.a
Processor k- axi imer_ T axi_timer 1.01.a
Lkt - T avi_uartlite 101 ]
Werification - clock_genera... T clock_gerer..  4.01.a LI
[=- Project Local PCores ————— L) oo
[} LISER,
L WiMaster @ 5lave diMaster/Slave BTarget <Initiator @ Connected WUnconnected I Monitor
‘ICProduction [ZlLicense (paid) License (eval) SiLocal awPre Production ByBeta E4Development
4| | _’I ! Superseded Discontinued
@ Project @ 1P Catalog | @ Start Up Page = Diesign Summary ] @ Block Diagram | @ System Assembly View [ I
4. Click OK to connect this IP to MicroBlaze
5. Click on the Addresses tab to view the address range for the new IP
& BusInterfaces I Parts Addresses |
Instance | Base Mame | Base Address | High Address | Size | Bus Interface(s) Bus Mame | Lock
[ microblaze_0's Address Map
microblaze_0_d_bram_ctrl C_BASEADDR 0300000000 0x00003FFF 16K = | SLME microblaze_0_dimb 7]
microblaze_0_i_bram_ctrl C_BASEADDR 000000000 0x00003FFF 16K | SLME microblaze_0_iimb ]
LEDs_4Bits C_BASEADDR. 040000000 Ox4000FFFF ELS | 5_ARD axi4lite_0 O
C_BASEADDR. 040020000 Ox4002FFFF ELS | 5_ARI axidlite_0 O
C_BASEADDR. 040600000 Ox4060FFFF ELS | 5_ARD axi4lite_0 O
C_BASEADDR. Ox40A00000 Ox40A0FFFF ELS | 5_ARI axidlite_0 O
C_BASEADDR. 041200000 Ox41 20FFFF ELS | 5_ARD axi4lite_0 O
C_BASEADDR. 04100000 Ox41 COFFFF GRS s axidlite_0 O
C_BASEADDR 074300000 0x7480FFFF GRS axi 0 [ ]
0 OFFFF
| 00000000 OxC3FFFFFF O
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6. Delete the GPIO peripheral instance for the LEDs.  « ssmefaces | pots | dresses |

o . . Marne | Bus MName | IP Type IP Yersion
In the System Assemble View, right-click on the oo & wirtocn. 123
- anidite_ 1 axi_intercan.. 1.02.a
LEDS_4Bit instance and select Delete Instance. Lo L S —
. [ microblaze_0 T microblaze 8.10.3
In the pop-up select Delete instance but do not 5 problze_0.. i brom Bock 1,005
[ microbiare_o.. 30 Imb_bram_if.. 3.00.a
remove the nets. Click OK. > icos oot o
- gabug modtuie 57 mdm 2.00,b
Bl microbiaze_o... T awinke 1.01.a
[ BIP_Switches T awi_gpio 1.01.a
That is very important! If o i p——
Yeu delete the nets ek g i:r_;jn’:%; Show Ports for selected IPs
cannot connect your new - R5272 Lt 1 P

periphera| block. " \iew IP Modffications (Change Log)

ave B Target {Initiator

1) @License {eval) _
= Wiews PDF Datashest

_J = Design Summ  Browse HOL Sources...

Wiew Helper IP Madifications (Change Log)  #

7. Click on the Ports tab. Expand axi_pwm_0 from
the list. It will show the connections available for
the peripheral.

Delete Instance

s

.,. Bus Interfaces Parts | Addresses I

Mame Met Direcl

[#]- External Ports

+- axrd o

axrdita &

microbfare & dimb
microbfarae @ dmb
microblaze O

e mitrobfare O bram black
microblaze O o bram o
microbfare @ ¢ bram_cif
MEGE LPROR
debug_moatiie
microblaze O it

2P Switches

S POt
[ (BUS_IF) 5_AXI |Connected ko BUS axidlite_0 =
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8. For PWM_Out click on the Net column and
select New Connection from the drop-down
list. The new net name will be
axi_pwm_0_PWM_Out. If it does not
appear, select it from the pull down.
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+ Bus Intetfares Parts | Addresses I

Marne | Met Direckion
[ MCET LFOOR

[ clabrg moctds

[ microbiaze_ & intc

ew Connec
Make Extern
axi_pwrn_0_PWH_Out

[ ST ALASH
lﬂ' axi Fmar 3

9. Expand the External Ports connections. For the LEDs_4Bits_TRI_O, replace the current
Net entry with axi_pwm_0_PWM_Out & axi_pwm_0_PWM_Out & axi_pwm_0_PWM_Out &
axi_pwm_0_PWM_Out. This concatenation will drive all 4 LED’s with the same brightness.

10 Close XPS i+ BusInterfaces Parks | Addresses & | Fia
¢ * hame het |Directi0n |Range 1=
E—-;_E_xternal Ports
[CLF_ 6oz =t ©
[CIF_switches_&PT = 3
axi_prm_0_PW i_prarn_0_PYWAR_Cub S axi_prarn_0_PSAM_Cub S axi_peern_0_PW_Cut 3
RESET =i "
- RSZ%2 Lt 1 =R R5z32_Uart_1_sin =T r]
- RIS Liart 1 sout FSeaz_Uart_1_sodt =l[o =
- mchx_dram_ ada b _dram_addr 3| ] =\ fizap
- mchy_dram_ba mche_dram_ba 3| = frar
- mchx_dram_cag n mchx_dram_cas_n jra |[s] =
- mchy_dram_cke rnchy_dram_cke =l[o =
- mchy dram ol mch_dram_clk. =l = 1.
- mchx_dram_ o n mcb:_dram_clk_n | [s] =
- mchx_dram_dg mchx_dram_dq = = fizay
- mchx_dram_dgs mche_dram_dgs pca | i) [l
- mchy_dram_fdm rncb_dram_[dm =l =
- Mchy_dram_raz n mchy_dram_ras_n =l =
- mchx_dram_wdm mcb:_dram_udm =i =
- mchy_dram_udge mche_dram_udgs = [l
- mchx_dram_we n b _dram_we_n 3| Jia |
e K2 G 20 | iis] =l
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11. In Project Navigator, expand the mb_system_top module in the Hierarchy window. Then
select the embedded processor, mb_system_i — mb_system(mb_system.xmp).

ISE Project Navigator (0.61xd) - Di\Users\Hz vork\HHANFPGA _Tut MEDK_TutoriahEDK_Tuto 'd.:ls..
File Edit VYiew Project Source Process Tools Window Layout Help = |[ ][ %
D‘?,,\l db L= --'-:|‘7‘“|” il = ﬁ'E:T_- FRIPELY
Iz #+08 X E[ 167 slv_reg_read sel <= Bus2IP RACE (0 downto 0): -
wf View: @) I:l\:_i} Implementation () Simulaticn 5 168 slv_write ack <= Bus2IP_WrCE(0):
H h —| 1le8 3lv_read ack <= Bus2IP_RdCE (0):
E ierarchy . B
HEJ téj EDK_Tutorial o 171 —— implement slave model software accessible regis
—| =2 xc6ebg-2csq324 172 SLAVE_REG_WRITE_PROC : process( Bus2IP_Clk ) is
,{"g =] ﬁ mb_systerm_top (mb_systern_top.v) 173 begin
£|T mb_system_i - mb_system (mb_systemsmp) |« 174
=l e mb_system.ucf —| 115 if Bus2IP_Clk'event and Bus2IP_Clk = 'l' then
A 176 if Bus2IF_Resetn = '0' then
) % 177 glv_regl <= (others => '0');
9 178 else
- c) Mo Processes Running » 179 case slv_reg write sel is
i “* 180 when "1" =>
'?t Processes: mb_systern_i - mb_system —| 181 for byte_index in 0 to (C_SLV_DWIDTH/&)-
{: Design Utilities O 182 if ( Bus2IP BE (byte_index) = '"1' ) the
- Manage Processor Design (XP5) ) 183 slv_reg0 (byte_index*8+7 downto byte_|_
%rt P2  Generate Top HDL Source —| 1es end if;
— P2E) Export Hardware Design To SDK without Bitstre... 185 ) end loop;
- "+/@ Export Hardware Design To SDK with Bitstream 186 when others => null;
187 end case; o
«m s *
|’ Start ‘ g Design ‘lu_"] Files | |E Libraries | user_logic.vhd B ‘ axi_pwm.vhd
Console +0&F X
o
Started : "XP5 to edit mb system.xmp". (l
Xilinx Platform Studio e
owm T T T 3
[E] console |° Errors | A\ Warnings | {6 Find in Files Results |
Ln76 Col 27 VHDL

12. Double-Click on Export Hardware Design to SDK with Bitstream to update the bit file
with the new peripheral. This may take several minutes.
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To test the new peripheral we will add code to the Tutorial_Test project created with
Platform Studio SDK. We will make use of the DIP switches to control the pulse duty cycle.
The 4 DIP switches will be used to select the 4 most significant bits of the duty cycle. We will
lose some precision but still be able to test the peripheral.

1. Start Xilinx SDK and select the Workspace from EDK_Tutorial.
NOTE: The applications will not compile since we removed the GPIO peripheral which
was used for the LEDs. The duty cycle is controlled with a software register. From the
address map defined in the user_logic code, the register is located at BaseAddress + 0x0.

2. Expand the Standalone_BSP project then microblaze_0 L Project Explrer 3 =0
in the Project Explorer window. Expand the include S
. . . . E hwa_platForm_0 =
directory. Double click on the xparameters.h file to view 555 peripheral_tests_0
. . . =78 Standalone_RsP
the driver parameters for the custom peripheral: * 1 B Doamentatin
3. Scroll down to view the address for custom peripheral. T e
e e . Elc;- include
/* Definitions for peripheral AXI_PWM_0© */ [ _profie_timer_hw.h
#define XPAR_AXI_PWM_© BASEADDR ©x7EE00000 - &[0 bspeonfigh
#define XPAR_AXI_PWM_© HIGHADDR OX7EE@FFFF i

— £ |h| xparameters.h
P -] xspi_|Lh

- [] xspih
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4. Double click on the main.c file in the Tutorial_Test project. We will modify the code to
use the custom peripheral instead of the GPIO.

- \
€ C/C++ - Tutorial_Test/main.c - Xilinx SDK =RRC X

File Edit 5ource Refactor MNavigate Search Run  Project  Xilinx Tools Window Help

Add new global pointer
u32 *Duty Cycle

IF system.xml i system.mss |t main.c &3 Lc| xparameters.h =8

#include "xparameters.h"
#include "stdioc.nh"
#include "xbasic types.h"
#include "xgpio 1.h"

Define base address for the

. u32 DIP Read;
register (see xparameters.h) u32 *Duty_Cycle;
nt main (void) {

print ("-- Entering main() -—--‘rn"):
Replace the GPIO write with
code to shift the DIP switch

reading to the MSB of 12-bit
duty cycle register.

Duty Cycle = (u32 *)KPAR AXI PWM 0_BASEADDR;

m

while (1) {
DIP Read = XGpio_ ReadReg (XPRR _DIP SWITCHES BASEADDR, 0):
//Use the DIP Switches wvalue for the duty cycle

% {Duty_Cvcle) = DIP Read << &;

return 0;

o~ Writable Smart Insert

sEags

5. Save and close the file. Verify that the code compiled without errors.
6. The system is ready to be downloaded to the board.
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At first, the hardware configuration is downloaded, and the processor is reset to a state
which allows the download of an application (bootloop).

1. In SDK, click on the Program FPGA icon 2=
. For the Bitstream, browse to the EDK_Tutorial directory and select
mb_system_top.bit
. For the BMM File, browse to the EDK _Tutorial directory and select
edkBmmFile_bd.bmm
 Select bootloop as ELF file to set processor to a state to accept the download of an

application (see next step) —

x|
. Click on Program Program FPGA hardware
Specify the bitstrearn and the ELF files that reside in BRAM memogo nﬁgu ration

—Hardware Configuration
Hardware Specification: C:YxilinxiEmbedded|EDK_TutorialWar spaceimb_swskem_bw_platForm'syskenm. xml

Bitstrean: | ChilinxdEmbeddediEDK_Tutorialimb_swstern_kop., bit Browse,, |
BMM File: |C:'l,XiIinx'l,ErnI:uedded'l,EDK_Tutu:urial'l,edkBmmFiIe_I:ud.I:urn.. Block RAM

memory map

—Software Configuration

Processar | ELF File ko Initialize in Block RARM |

microblaze_0 bootloop |

) software to loaded

| 7) Program I Cance|
- to the BRAM

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012 63



3.5 Testing the Generated System

PHYSICS
AT THE

Helmholtz Alliance

2. In the SDK Project Explorer View, right-click on the Tutorial_Test project and select Run
As > Run Configurations...

N o opw

TEX| B
type filter text
[E] C/C++ Application
= Launch Group
4 §7 Xiline C/C++ ELF
x peripheral_tests_0 Debug
f: peripheral_tests_0.elf
x Tutorial_Test.elf

Filter matched 6 of 6 items

@

Create. manage. and run configurations

MName:  Tutorial_Test.elf

[E] Main ._#. Device Initializatio | *,y STDIO Connection | >3

C/C++ Application:
Debug/Tutorial_Test.elf

Project:
Tutorial_Test
Build (if required) before launching

3

-

Search Project... ] [ Browse... ]

Browse...

Build configuration: | Debug

)

() Enable auto build

@) Use workspace settings

(71 Disable auto build

Configure Workspace Settings...

Revert

] [ Close

)
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Select Xilinx C/C++ ELF and click on the New Launch Configuration icon |7

In the SDK Run Configurations window, select the STDIO Connection tab.

Uncheck Connect STDIO to Console. Start cutecom to open a terminal (see p. 25)
Click Run in SDK. Ensure that "-- Entering main() --"is displayed on the terminal.
. Carefully modify the DIP switches positions to turn the LEDs on and off.

DIP switches

O s R
D= Ooﬂ":‘;‘fn

.8
1 ']
<
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8. When finished Stop/Terminate the application by pressing the red Stop/Terminate
button in the Console window

9. Close SDK. This is the end of Tutorial 3.

C/C++ - Tutorial_Test/main.c - Xilinx SDK " =RNTN X
File Edit Source Refactor Mavigate Search Bun  Project  Xilink Tools Window Help
[~ | o HE Ea-E-Er KRB [ e~
~P~-Q- &S 5~ - ¥ oo -
L5 Project Explore &% =08 Ik, system.mss xparameters.h e main.c &2 xgpio_l.h ! =8

=

= <'===€> = = i 2011 - o=

= o=

- [3F mb_system_hw_platform .

3 i§ peripheral_tests 0 B
=

\ Standal BSP ’
{5 Standalone_ #include "xparameters.h"

#include "stdic.h"
#include "xbasic types.h"
#include "xgpio 1.h"

: i§ Tutorial_Test

m

u32 DIP_Read;
int main (void) {

| Click to stop
prne(fo £ gpplication
[ while (1) { u
[ Problems | ¥ Tasks | &l Console &2 = Pro ;_ties =8

Tutorial_Test.elf [Xilinx C/C++ ELF] D:\Users\Hans\worl \HHA\FPGA_Tutorial_LXSEDK132_Lab2_Solution\E

| ] |G BE[EE ¢ B~ 15~

—— Entering main() -- -

B

4= Tutorial_Test
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Tutorial 4: Embedded System Simulation
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Scope of the tutorial

3.1 Setting up the simulation environment
3.2 Adding a testbench file

3.3 Using Isim to simulate the system

AXI DDR3 Memory
! AXI A4 Controller 32Mx 16
nterconnect

MCB
.»'3\)(|-«‘1--Liteh : e USB-
axi_ua k:: UART

MicroBlaze ‘ ( B %: ,
axia-fe axi_pwm . LED’s
AXI

Interconnect Axm-ute_;F:;. DIP
Block axi_gpio Switches
AXI-4-Lite L |
» axi_timer
AXI-4-Lite - |::|
» axi_inte

External Proc_sys_ — Reset
Port ‘ reset | Switch

» MDM

Or 4

BRAM

AXlrelationship
Master ——— Slave

External Connection

Clock_ osC@
‘ generator | G6MHz

Hardware Platform
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Very little setup is required to simulate an embedded design from ISE. We just need to verify
that ISim is selected as the main hardware simulator and add the Tutorial_Test ELF file
created in SDK.

NOTE: If this tutorial is your starting point, you can use the EDK132_Lab03_Solution to start

from.

1. Start ISE Project Navigator and open the EDK_Tutorial project.

2. Go to Project > Design Properties and verify that ISim is selected for simulation. Click
OK. Choose Verilog as Preferred Language (VHDL would work as well).

Synthesis Tool

%ST (YHDL/verilog)

Sirnulator

1Sim {WHDLMerilog)

Preferred Language
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3. Go to Project > Add Source. Browse to the |

The following allows wou ko see the status of the source files being added to the project. It

\ EDK_ Tu tO rial\ Wo rkSpace \ Tu to ria/_ Test\ Deb ug \ also allows you to specify the Design Wiew association, and for YHOL sources the library, for

sources which are successfully added to the project.

directory and open Tutorial_Test.elf. M oy
. . . Mone
4. Set the associations to All and click OK. inplenetaion

5. Check the box Use With box to associate
the ELF file to the MicroBlaze processor

for simulation and implementation. Click OK. padnafiestoprorec: [NNNNNNNRRRRRNRRRRRRRRRRRRR : o fies 0 orer)
0K I Cancel | Help |

|
™ EIf /¥mp File Associations x|
Use this dialog to change the xmp processor associations Far this ELF source,
Source File: ITutu:uriaI_Test.eIF
Llse iith %mp Source (processor) (ackion)
¥ C: ilinErnbedded /EDK_Tukarialfrmb_swstemfmb_system, xmp (microblaze_0) {sirmulation)
rd C: filin Embedded fEDK_Tuborialfmb_swstemfmb_system, xmp {microblaze_0) {implementation)
Ok I Cancel Apply Help
&

Embedded System Design Lab Course, H. Kriiger, Bonn University, 2012 68



4.2 Adding a Test Bench File

PHYSICS
AT THE

Helmholtz Alliance

To simulate our design we will need to add a HDL test bench. The testbench will instantiate
our top level module and provide stimulis for the input ports.

1. In Project Navigator, go to Project > New Source.

2. Select Verilog Test Fixture (or VHDL Test Bench),

Next.

select Testbench for the file name. Click

3. Select mb_system_top and click Next. Click Finish.

Click on the Simulation View radio button. The type of simulation can be changed by
using the drop-down list. We will do a Behavioral simulation.

Design ‘F +0F X
[ Yiew: Iﬂ:ﬁlmplementatinn O 0 Simulation

LEJ Behavioral ll
H' | H.iEr-aru:h\)f

— | - '."é’.j EDk_Tutarial

,,,,,, B £ wchsled-Zosgizd

o B Testhench - behavior (Testbench.vhd)

- = g wut - mb_system_top - STRUCTURE {mb_system_
& - ] mb_system_i - mb_system (mb_system. xmp)
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6. Add stimulus for the reset, and DIP switches. Reset_in is active high on the MicroBoard.

Save the test bench file.

& ISE Project Navigator (0.61xd) - D:\Users\Hans\work\HHA\FPGA_TutoriaI_LXQ\Iectures\EDKlEE_LabZ_SoI'utl'on\EDI(_Tutor...l =Has _Zh

Add clock
stimulus

& Start =

Start with active

Eile Edit View Project Source Process TJools Window Layout Help
™ =

db Lo )

. L =
4 | 5 @ | » /1‘ 2 /X o~ A —-

g

x

- 1]

5
w
[}

high RESET (change @7

from active low)

o4,

|I|E"’" 100
=

) 101

Wait for another 102
100ns for RESET ~ o.

to finish

Set DIP switch
settings (PWM
duty Cycle)

I

Change duty
cycle after some
delay

parameter PERIOD = 15;

always begin
CLE_6&6MHZ = 1'b0;
# (FERICD/2) CLE 66MHZ = 1'bl;
# (PERICD/2) ;

initial begin

f/ Imitialize Inputs
USE_Uart_s=in = 0;

RESET = 1;

CLE &EMHZ = O;

DIP_ Switchez GPIO IC I pin = O;

f/ Wait 100 n= for global reset to finish

il #100;
106 #100;

I| 107 RESET <= 0;

& DIP Switches GPIO IC I pin <= 4'b1000;

109
110
111 ¥f BAdd stimmlus here
11z $70000;
113 DIP Switches GPIC IO I pin <= 4'b000L;
115 -
116 end
117
118 endmodule
119 il
170

'

user_logic.vhd ‘ axi_pwm,vhd Testbench.v 8 |

Console @ Errors ¥ Warnings g Find in Files Results
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8. Click on Testbench — behavior (Testbench.v) in the Hierarchy Window. Then in the
Processes expand ISim Simulator and double-click Behavioral Check Syntax. This will

check to see if you have any errors in your testbench.

Yiew: I!':&Implementatiun [y @Simulatinn
=1 |Behavioral ;I

HEJ H.ierarn:hy

—| =] EDK_Tutorial

v | B £ wchsled-Posgizd

= = Testbench (Testbench.v)

Q; =- uuk - mb_svstemn_top {mb_swstem_top.w)

- E rab_syskem_i - mb_swstem (mb_swstem. xmp;
v

d | o]

p | T2 MoProcesses Running

% Processes: Testhench
- ']: - % I5im Simulakar
0 S iBehavioral Check Synkax

Er:t e Simulate Behavioral Model
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The simulation can take advantage of code running from BRAMs, providing a cycle accurate
MicroBlaze simulation. We will be able to see and trace MicroBlaze execution. ISim will use
the software application selected to initialize in BRAMSs in XPS.

We will select the Tutorial_Test (ELF) application from the last tutorial (or the
EDK132_Lab3_Solution in case you start from here).

At first we need to modify the application in SDK since writing to the UART would take too
long in a simulation environment. We will need to comment out the print statement.
Additionally, we need to make sure the application Tutorial_Test is checked to initialize the
BRAMs (should have been done on p.68 already).

Start SDK and select the Workspace from EDK_Tutorial.

Open the Tutorial_Test main.c source file and comment out the print statement by
adding // at the beginning of the line.

3. Save the main.c file. This will automatically compile the new ELF file.
Minimize SDK. Do not close it.
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5. In Project Navigator, select Testbench in the hierarchy view.

6. In the Processes window, double-click on Simulate Behavioral Model. The tools will load
and compile all the necessary files.

7. Wait for ISim to open. This could take several minutes as it is running Simgen.

Design

[ | Views [ I!':.E}Implementatiun [y @Simulatinn
E Beharvioral

\[EEJ H_ieraru:hy

— | =] EDK_Tutorial

wis | B £ wchsled-Posgizd

= = Testbench (Testbench.w)

% - uuk - mb_svystem_top {mb_swstemimb_system_top.w)

2 Mo Processes Running

"
I?I: Processes; Testhench

¢ = 3F  1Sim Simulator
Sl - P Behavioral Check Syntax
=y B T Simulate Behavioral Maode
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We will add some internal signals to the waveform. Select the Instances and Processes
window on the left side.

Expand testbench, then UUT, then mb_system_i to view the embedded system

components. (see below.)

Select axi_pwm_0, then immediately below, expand the axi_pwm_0 and scroll down to
view the USER_LOGIC_lI signals. From the Objects window, drag pwm_out, fcount[11:0]
and duty_cycle[11:0] to the waveform window.

ISim {0.61xd) - [Default. wcfg*]

:lFiIe Edit  View Simulation Window Layout  Help

1oa

ESIE

-“‘| ) 4|{’H‘],m JJ_I_::__-'

=

Instances and Processes

+ [0 & X Objects +O8 X o+

FiEEREE

0

Sirulation Cbjects For IWSER_LO. .. r

Instance and Process Name

— EEERRG e @

ER Chject Mamne \-'alug___,_.:-

1 mb_system | df— | b out = 6
1} DIP_Switches I buszip_clk o

1} MCEZ_LPODR t bus?ip_resetn 0 @

1} Rs232_Uart_1
L} sPI_FLASH
iF axi4_n

1 axidlice_0

L} axi_pwm_0 lf——
1} axi_pwm_0 A —

i

g 315
1318
1317
1318
1320
321

ot g

wl]
1} AXI_LITE_IPIF_I

B USER_LOGIC I et o ipobic do  oooon:
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% busZip_data[3.. oooom 4=
% busZip_be[3:0] 1111 -
% busZip_rdee[0... o 4

% buszip_wrcel0... O +
ipZbus_data[3... 0o000g L
M ip2bus_rdack u} [

F ipZbus_wrack i

ol

[N ] = (]
5 duty_cycle[11.. ] nooom
2% Frount{11:0 oooom m
W sk reqd[31:0] oooom

:E shy_reg_write... 0
B slv_req read_.. 0
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11. Select microblaze_0 to view all the MicroBlaze objects. There are a lot valuable signals
which can be observed during simulation. An example would be the program counter. In
the Object window, scroll-down to the trace_pc[0:31] signal. Select the signal and drag it
over to the Waveform Window.

12. To simplify the simulation waveform window, you can delete any of the mcbx and
SPI_FLASH signals since we are not utilizing the LPDDR or FLASH in this tutorial. You can
also rearrange the signals and change radix as show below.

13. Restart the simulation, click &

Lo [5im (D.40d) - [Default.wcfg™]
Q File Edit Wiew Simulation  Window Layout  Help

D2l DEx®|o |z Q

JJ-—:

Instances and Processes

++ [ & X objects

«+ 08 x

FiEEErEERE

]
o

Instance and Process Mame

Simulation Objects far micro...

6/l 15]18/18 »

1 Testbench
ﬂ Lk

ﬂ mb_swstem_i
1} axi4 0
1} axidlite_0
l microblaze_0
ﬂ microblaze_0_ilmb
ﬂ microblaze_0_dimb
1} microblaze_0_i_bramn_ctrl

ﬂ microblaze_0_d_bram_ctrl
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Obiject Mame £

=

L[ Trace_MEM_Pi...
& Trace_MsR_R...
o) Trace_Mew R..
[ Trace_OF_Pip...

% Trace_PID_Re...

Trace_Reg_ad...
Trace_Reg_W..
Trace_Malid_In...

Trace PC[0:31]
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14. Run the simulation for 140 us. In the console window, type: run 140us. Or type 140us
into the window as shown below and click Run for Specified Time,. This may take a few

minutes to load.

15. Look at the cycles on the AXI bus and observe the pwm_out signal. You can see it goes
valid twice during this period. In the simulation testbench, we’ve set to duty cycle widths
and they are shown here. For the first and second PWM cycles, the duty cycle is set to
2048, and pwm_out is valid until fcount exceeds that value. In the third and forth PWM
pulses, the duty cycle is set to 256.

16. You can also correlate the program counter (trace_pc) to the C application.

17. In SDK, expand the Tutorial_Test/Debug project. Double-click on the Tutorial_Test.elf
executable file.
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18. Scroll down to view the disassembly of the C code.

int wain (woid) |

1b0: I0Z1fffE addik rl, rl, -8
1kbd: faclOO0og =wi rl1l9, rl, 4
1b8: 1Z2a10000 addk ril9, rl, r0O
Aiprint ("—— Entering mwaini) —--hrhn™):
Duty Cycle = {u32 *) XPAR PLE PYM O BASELDDE;
1bec: bOoooczSc0 imm -135885
1e0: I0e00000 addik r3, ra, 0O
1cg: f3e005494 swi r3, ro, 2116 £ 844 <Duty Cyolex

while {1} {
DIP Read = XGpio ReadReq(XPAR DIF SWITCHES BASEADDR, O);

1cS: booos14:a imm —-32446

loo: 30600000 addik r3i, rad, 0

1do: ede3iooon lwi 3, r3, 0O

1d4: f£ae00540 gwi r3i, r0, 2112 £/ 840 <DIP_ PRead:

//EGpio WriteReg(¥PAR LEDS 4BITS BASEADDR, 0, DIP Read);

f#Uze the DIFP Switches walus for the duty cyocle

*(Duty Cycle] = DIP Read << 8;
145: eds00s44 lwi r4, r0, 2116 £ 844 <Dhuty Cyclesr
1dc: edol00s40 lwi r3, r0, 211z /7 840 <DIP Read:
led: 61630408 bh=11li ri, r3, 8
led: f2e40000 =wi r3, rd4, 0O
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19. In the ISim simulation window, look at the trace_pc bus (change the radius to HEX). The
PC goes between 0x1C8 and Ox1E4 which are the instructions contained in the while

loo P ERFloat (M.81d) - [Default.wcfg*] =01 x|
jFiIe Edit Wiew Simdlation  Window  Layout  Help ;Iilﬂ
JJD ¥H|-“_| = @lh'-') |m o “J_':‘:__L“Jf'"? Pl /_;L:c'/-|£J|J_|E?J”
+ 80,707,600 ns =
&
’~ 50, 700 NS 50,720 ns 50,740 ns
=
-
&
o
=
=r
N
']
]
> nﬁ |pddr_addr[
I - B lpddr_bal1:§ oo
’T[ '|FE prar_ouk; 0
“E

clk

20. There are many more MicroBlaze signals which can be observed.
21. Close ISim when finished. Close SDK.

22. In Project Navigator, switch back to the Implementation view by clicking the
Implementation radio button.

That concludes this tutorial.
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