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Overview

This document describes a simple MicroBlaze™ design implemented and tested on the Avnet/Digilent
Arty Evaluation Board. This example design integrates pushbutton and DIP switch user input with a
custom Pulse Width Modulator (PWM) peripheral to manipulate the brightness and display pattern of
LEDs on the board This example design demonstrates continuously reading the DIP switches and using
that value to manipulate the brightness of LEDs on the board via a custom PWM peripheral. The lower
the value read from the DIP switches, the dimmer the LEDs become.

In many MicroBlaze systems the software application is too large to be run from on-chip Block RAM
(BRAM), so a small bootloader application is needed that can run from BRAM and fetch the software
application from Flash memory and begin execution. This allows BRAM to be used for other important
system functions. A perfect example of this is the software required for the LEDs and switches GPIO
demo described above. In this design the Xilinx SDK SPI SREC bootloader application will be used to
fetch this GPIO demo software application from QSPI memory on the Arty board and begin execution.

This tutorial shows how to build a MicroBlaze Hardware Platform and then create, build, and run a
software application on the Avnet/Digilent Arty Evaluation Board.

Objectives

When you have completed this tutorial, you will know how to do the following:

e Build a MicroBlaze hardware platform integrating a custom IP peripheral.

e Set up an SDK workspace.

e Add an example software application.

e Run the example hardware and software design to manipulate the LED brightness.
e  Program the QSPI Flash memory.

e Use the SDK SPI SREC bootloader to boot the MicroBlaze at power-on.
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Reference Design Requirements

The following items are required for proper completion of this tutorial.

Software
The software requirements for this reference design are:
e Linux, Windows 7, Windows 8.1
(ug973-vivado-release-notes-install-license.pdf)
e Xilinx Vivado Design Edition 2015.2, with SDK

Hardware
The hardware setup used by this reference design includes:
e Computer with 1 GB RAM and 1 GB virtual memory (recommended)
(www.xilinx.com/design-tools/vivado/memory.htm)
e Avnet/Digilent Arty Evaluation board
e USB-A to USB-micro B cable
e Power supply (optional)
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Supplied Files

The following directory structure is included with this reference design:

demo: Contains the files to run receive test program:
config_fpga.bat: Batch file to configure the FPGA with the “bootloop” bitstream of the
MicroBlaze processor system.
cp_from_sdk.bat: Batch file to copy hardware bitstream and software executables from the
SDK workspace.
demo_gpio_app.bat: Batch file to run the commands to load the FPGA bitstream of the
hardware design and download the software application.
design_1_wrapper.bit: The golden FPGA bitstream of the hardware design.
design_1_wrapper.mmi: The golden BRAM map file to integrate the bootloop executable with
the FPGA bitstream.
download.bit: The golden FPGA bitstream integrated with the bootloop application.
download_bit.tcl: TCL command file for downloading the bitstream to the board.
gpio_demo.elf: The golden MicroBlaze executable for the GPIO demo application.
load_bits.tcl: TCL command file for downloading the bitstream to the board.
sleep.exe: Utility to pause execution of the batch file.
xmd.ini: Command file used by XMD to download start execution of the software application.

doc: Contains the documentation for this reference design.
7A35T_Arty_SREC_Bootloader_VIV2015_2.pdf: This document.

IPI: Batch file and Vivado TCL scripts to create new Vivado project and create MicroBlaze system block
design.

IPI_repo: Repository of files and IP needed to create the MicroBlaze hardware platform.
program_flash: Batch file and Vivado TCL scripts to program the QSPI Flash memory.
sdk_repo: Repository for the GPIO demo software application source files and BSP settings.
sdk_workspace: Empty folder to use to create new SDK workspace for this design.
IPI_solution.zip: Contains pre-built Vivado IPI project for this design.

sdk_solution.zip: Contains pre-built SDK project for this design.
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Setting Up the Arty Evaluation Board

Refer to the following figure and perform the following steps to set up the board for running the
example design.

J10
JTAG & UART
te
g AD|G|LENT
112 cio R 8888 seesie
12V Power < R22 i 58 s
(optional)

X Da j@ D@ II

1. Plug a USB cable into the PC and the combination JTAG & UART port (J10) (this will also power the
board). If the USB port on the hub or host PC cannot supply enough power you may alternatively
power the board via the 12V power barrel jack (J12).

==AVNET page 6 of 61
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PC Setup

Installing the UART Driver and Virtual COM Port

The USB UART driver is built into the device driver for the JTAG interface and is included with the Xilinx
Vivado tools installation. As long as the Vivado tools are installed, the USB UART will be recognized
when the board is plugged into the host PC. See Appendix I: Determining the Virtual COM Port for
information on identifying the COM port in use on the host PC.

Installing a Serial Console on a Windows 7 Host

Starting with Windows 7, Microsoft no longer includes the HyperTerminal terminal emulator software.
However, this example design requires use of terminal emulation software for a serial console
connection to the Arty board. A suitable free and open-source replacement for HyperTerminal is
TeraTerm. Download and install instructions for TeraTerm can be found at
http://en.sourceforge.jp/projects/ttssh2. As an alternative the Terminal applet in the Xilinx SDK may
also be used.
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Running the Demo Files

You can load the FPGA and run the software application without building the design by using the demo
scripts and the pre-built bitstream and elf files. You must have the Xilinx tools (including the SDK)
installed on your host, and have the hardware set up and connected as described in Setting Up the Arty
Evaluation Board.

Refer to the figure below when running the GPIO demo software application. Note the location of the
pushbutton switches, DIP switches, and LEDs.

ALTAVNET

EEEE egeebB

38 s

BBEHEE BBEEEE

LEDs

RGB LEDs I.)IP PB Switches
Switches
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Applications Download

1.

2.

3.

Start a serial terminal session and set the serial port parameters to 115200 baud rate, no parity, 8
bits, 1 stop bit and no flow control.

Open a command window in the <installation>\demo folder and enter:
demo_gpio_app.bat

The FPGA bitstream will be downloaded, followed by the executable file for the software
application. Do not close the command window.

-

Bl Administrator: CAWindows\system32\cmd exe I- — | = |_ihl

Connected to "mb™ target. 1d = 8 -
Starting GDE server for "mb" target (id = @) at TCP port no 1234
System reset successfully

System Reset .... DONE
Downloading Program -- gpio_demo.elf
section, .vectors.reset: @x8EREE8868-B8xPE888887
section, .vectors.sw_exception: @xe8880885-8x0008008+
section, .wvectors.interrupt: 9x98080618-8x000008817
section, .vectors.hw_exception: 8x88088828-8x08088827
section, .text: @x50AREE8E-8x30883317
section, .init: @x50883313-8x30883353
section, .fini: @x3@883354-8x30883373
section, .ctors: BuB6883374-8x3888337b
section, .dtors: @xB@Be337c-8x58883383
section, .rodata: 8x38083354-8xE8803393
section, .sdata2: @x39PE3ad4-28x38083a97
section, .data: BxE@B83a98-Bx38B83c33
section, .eh_frame: @x88883c34-8x30883c37
section, .jcr: @x30083c38-8x38883c3b
section, .sdata: @x389B3c3c-@x388@3C3T
section, .bss: BxBE883cd8-BxBE8B83d17
section, .heap: @x88883d13-8x30884117
section, .stack: @xEeER4115-08x568884517
Download Progress..18.28.38.48.58.60.72.82.98, .Done
Setting PC with Program Start Address @8xB8880888
Processor started. Type "stop™ to stop processor

m

RUNNING> C:%\Projects\DRC_Dev\7A35T_Arty\FA3S5T_Arty SREC_Bootloader_VIVZ815_2'dem

-

III:>-
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4. When the executable has finished loading and is ready to run you should see the following in your
serial terminal window:

¥ COM18:115200baud - Tera Term VT [E=NEER

File Edit Setup Control Window Help

S Y Tttt r ettt r s T rr Tttt rF ]
FEE R R R R FFF R R R R R FFFFFEEEFFFFFFFEFEEFFFFFFFFFEEEFFFFF

Ak Avnet/Digilent Arty Evaluation Board i

ik LEDs and switches GPIO Demonstration **
dEkkkdkdkdkkkdkrk bk kb d kb kb kb kb ke ko kdkdk

FEE R R R R FFF R R R R R FFFFFEEEFFFFFFFEFEEFFFFFFFFFEEEFFFFF
S

Choose Task:

BTN@: Print PWM walue.

BTN1: 'Cylon' LED display.

BTNZ: Scrolling LED display.

BTN3: Return to this menu. i

AVNET Page 10 of 61
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GPIO Demo

The GPIO demo software application allows the user to interact with the pushbutton and DIP switches
on the board to change the display on the LEDs.

1. Press the BTNO pushbutton switch to select the option to print the PWM value that controls the
brightness of the LEDs. The PWM value is a calculation of the value read from the DIP switches
(SW0-SW3). The DIP switches represent a hexadecimal value. The computed result is used as input
to the PWM that controls the brightness of other LEDs on the board (LD4-LD7). The software prints
the new PWM value each time the value read from the DIP switches changes. Notice that the LEDs
on the board get dimmer and brighter as the DIP switches are toggled. The DIP switch value is
multiplied by 20,000 and written to the PWM peripheral to modulate the brightness of the LEDs.
The greater the computed value the brighter the LEDs will be. Do not close the command window.
Press the BTN3 switch to return to the main menu.

¥ COM18:115200baud - Tera Term VT E=REERTTA

File Edit Setup Control Window Help

Rk b bt bt R Rt R S R e ok ek
Rk b bt bt R Rt R S R e ok ek

hikd Avnet/Digilent Arty Evaluation Board %

Aikd LEDs and switches GPIO Demonstration %
ik ks kdkdk sk dkk sk sk ko k bk kdkd sk ks ke kb ck ke

Rk b bt bt R Rt R S R e ok ek
EE

Choose Task:

BTN@: Print PWM walue.

BTN1: 'Cylon' LED display.
BTNZ: Scrolling LED display.
BTN3: Return to this menu.

Switch BTHN@ pressed.

Printing PWM value. Press BTHN3 to exit.

Toggle DIP switches to change LED brightness.

LED PWM Value = 28088 o
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2. Press BTN1 to select the pattern to display a ‘Cylon’ (walking back and forth) pattern on the RGB
LEDs (LDO-LD3). The color will also change as the LEDs cycle back and forth. Do not close the
command window. Press the BTN3 switch to stop the display and return to the main menu.

r n

¥ COM18:115200baud - Tera Term VT = | B |t

File Edit Setup Control Window Help

EEEEEEE L E L E R E LR L L R L RS E R L RS S E LSS S S E L L T
EEEEEEE L E L E R E LR L L R L RS E R L RS S E LSS S S E L L T

Rk Avnet/Digilent Arty Evaluation Board ¥

** LEDs and switches GPIO Demonstration **
EEE T EE EE E S R P T E R E R T

EEE e e L s b 22 s L R E s L R R L
& &

Choose Task:

BETN@: Print PWM value.

BTHM1: 'Cylon' LED display.
BTHM2: Scrolling LED display.
BTN3: Return to this menu.

Switch BTM1 pressed.
Display 'Cylon' pattern on RGE LEDs in R,G,B sequence. Press BTHN3 to exit. 1

1

3. Press BTN2 to select the scrolling color LED display on the RGB LEDs (LDO-LD3). The RGB LEDs will
scroll through the combination of red, green, and blue for each LED. Press the BTN3 switch to
return to the main menu.

r n

¥ COM18:115200baud - Tera Term VT = | B S

File Edit Setup Control Window Help

EEEEEEE L E L E R E LR L L R L RS E R L RS S E LSS S S E L L T
EEEEEEE L E L E R E LR L L R L RS E R L RS S E LSS S S E L L T

Rk Avnet/Digilent Arty Evaluation Board ¥

** LEDs and switches GPIO Demonstration **
EEE T EE EE E S R P T E R E R T

EEE e e L s b 22 s L R E s L R R L
& &

Choose Task:

BETN@: Print PWM value.

BTHM1: 'Cylon' LED display.
BTHM2: Scrolling LED display.
BTN3: Return to this menu.

Switch BTM2 pressed.
Scroll through each combination of R,G,B on LEDs. Press BTH3 to exit. 1

1

AVNET Page 12 of 61
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Create the MicroBlaze System

Hardware Design Block Diagram
The following figure shows a high-level block diagram of the hardware design. The design requires:

e MicroBlaze processor

e 16KB of BRAM

e UART Port

e GPIO for LEDs and switches
Memory controller

QSPI Flash

Interrupt Controller
Custom PWM peripheral

ILMB BRAM DLMB D-Cache
Controller (16K) Controller (16K) Reset
Control

MicroBlaze Microprocessor
Processor Core Debug Module

ICIAXI4 DCIAXI4 I AXI4LITE

AXI Interconnect AXI Interconnect

CLK Clocking Memory Interrupt
@100 MHz Wizard Controller Controller

128M x 16
DDR3

Figure 1 — Reference Design Block Diagram
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electronics marketing



QSPI SREC Bootloader Example Design Arty Evaluation Board

Description of Hardware Modifications
This design was created using the Vivado IP Integrator Block Design flow with the following
modifications:

e MicroBlaze processor settings:
o Select the Typical Predefined Configuration
o Specify 16KB for instruction and data cache
o Specify 16KB for local memory size

e AXI_QSPI settings
o Enable Quad mode
o Set the slave device to Micron (Numonyx)
o Disable the STARTUP2E primitive

e Clocking Wizard settings
o Set clk_outl to 200MHz (DDR3 reference)
o Setclk_out2 to 166.667MHz (DDR3 controller)
o Disable the reset input
o Disable the locked output

e AXI_UARTLite
o Set baud rate to 115200

_—§_=_——:_:A\(NE1” Page 14 of 61
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Vivado IP Integrator

Vivado IP Integrator (IPI) provides a rich graphical environment in which to create and customize
MicroBlaze processor systems. The integrated TCL command window allows for running simple
commands. In fact, most functions and tasks in the Vivado GUI are run as TCL commands. The TCL
command window can also be used to automate complex tasks like creating a MicroBlaze system from
scratch that is capable of running the software application. Follow the steps below to import and
implement a pre-built known-good MicroBlaze system block design.

Install Board Definition Files
1. If you haven’t already done so, please follow the instructions in Appendix |l to install the board
definition XML file set for the Arty evaluation board. The board definition file identifies the

interfaces on the Arty board and allows us to target the board directly in the Vivado tools by
selecting it from a menu.

Create the Vivado IPI Block Design Project

1. Navigate to the Windows Desktop or Start menu and launch Vivado.

' Bl
4L Vivado 2015.2 = | B e

File Flow Tools Window Help search commands

4
Vl\/ADO Productivity. Multiplied. XILI NX
ALL PROGRAMMABLE.
Quick Start
N B R
Creabe. Neﬁoject Open Project Open Example Project
Tasks

z® B

Manage IP Open Hardware Manager ¥ilinx Tel Store

Information Center

i;‘i’ ii e Ej
Documentation and Tutorials Quick Take Videos Release Motes Guide
Td Console — O =
i -~

=i H

&
& .

L *

><I Type a Tel command here
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2. If you are using the Vivado Design Suite on a Windows®-7 host, there is a known issue that Vivado
file path names often exceed the maximum allowed by Windows. Please see Appendix Ill for more
details. A workaround for this is to change the temp folder that Vivado uses. Create your own
temporary directory named C:\temp, and force Vivado to use the new folder with the following TCL
command:

set_param “project.customTmpDirForArchive” C:/temp

Tdl Console a

Fu
L

E ;set_param "project.customImplirForArchive™ C:/temp

o | | 02/ temp
(=] | W=

il
&

<

X“

3. Another workaround for the 260 character path length limitation is to use the Windows subst
command to substitute a drive letter for a long file path. Substitute the drive letter V: (or any other
unused drive letter on your Windows PC) for the path where the zip archive of this example design
was extracted. This can be done in the Vivado TCL Console:

cd <installation>
exec subst V:

Td Console

= ;set_param "project.customImplirForArchive” C:/temp

" C:/temp

cd /Projecta/DRC_Dew/TA35T_Arty/T7A35T_Arty SEEC Bootloader WIV2015_2
Il | exec subst v: .

k&

=

el

E

M
»o|

X
|
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Import and Recreate the Block Design

1. At this point we can create the Vivado project and import the pre-built MicroBlaze processor system
block design. Open the TCL Console by selecting the tab at the bottom of the Vivado window and
enter the following command to import the block design:

cd ./IPI
source ./design_1l.tcl

Td Console

— 0O @ =
E /set_param "project.customImplirForArchive™ C:/temp &
pag | [£1C:/temp
[==o) ]
- i cd /Projects/DRC_Devw/7R15T_Arty/7R15T_Arty SREC Bootloader VIV2015_ 1/ =
i | exec subst Vi .
@l ecd ./IPI T
I »
X

source ./design_l.tcl

2. You will see the following window as the block design is imported and recreated. This process may
take a few minutes.

z B
f:f Tcl Command Line @

[ Running create_bd_cell... Cancel
Background

-~
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3. Open the design_1.tcl file in your favorite text editor and identify the important Vivado tasks that
the script automates for us:
e Create the new project in the project_1 folder and select the XC7A35T FPGA device
e Select the Arty as the target board
e Set the custom IP repository folder location to ../IPI_repo/ip_repo
e Build the MicroBlaze processor system block design
e Generate the top-level HDL wrapper for the block design
e Add the design_1.xdc constraints file to the design

# Create the new project in the project_ 1 folder and select the XCTA3ST FPGA device
create_project project_ 1 -force .,"FIDjECt71 -part xcTa35ticsg324-1L

# Select the Lrtix-7 XCTRIST 'Arty' as the target board

set_property board part digilentinc.com:arty:part0:1.1 [current project]

# Set the custom IP repository folder location to ../IPI repo/ip repo

set_param bd.enableIpSharedDirectory true

set repos local "./../IPI repo/ip repo"

set property ip repo paths "S{repcsﬁlucal}" [current fileset]

update_ip catalog -rebuild

# Build the MicroBlaze processor system block design
source design 1 bd.tcl
generate target {synthesis simulation implementation} [get files ./project l/project l.srcs/sources 1/bd/design 1/design 1.bd]

# Generate the top-level HDL wrapper for the block design

make wrapper -files [get_files ./project 1/project l.srcs/sources l/bd/design l/design 1.bd] -top
add files -norecurse ./project l/project l.srcs/sources 1l/bd/design 1/hdl/design 1 wrapper.v
update compile order -fileset sources 1

update compile order -fileset sim 1

# Add the design_ 1l.xdc constraints file to the design
add files -fileset constrs 1 -norecurse ./..fIPI repo/xdc/design 1l.xdc
60 import files -fileset constrs 1 ./../IPI repo/xdc/design 1.xdc
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QSPI SREC Bootloader Example Design Arty Evaluation Board

4. When the design is done building you should see a Vivado window similar to this:

'ﬁ_-, project_1 - [C:/Projects/DRC_Dev/7TA35T_Arty/7A35T_Arty SREC Bootloader VIV2015_2/IPl/project_1/project_l.xpr] - Vivado 2015.2 E@g
File Edit Flow Tools Window Layout View Help Q.- Search commands
APB@CRRX IO DX B K E G Ecmar - %N E Resdy
Flow Navigator «| | Block Design - design_1 X|
[ Ueai=] Design — O x| |E=Diagram x | [ Address Editor X Owe x

A=

F[] #design_1 »
4 Project Manager

Simulation 5 " k

#% smulation Settings
(i) Run Smulation

1Y

m

) ) _&l_, design_1 Al [l e N
ﬁ Project Settings External Interfaces B
& Add Sources = 'I)nbet;face Connections = O\
or

{,) Language Templates Nets |5 R
Q: IP Catalog 4F axi_gpio_0 (AXI GPIO:2.0) k"
4F axi_gpio_1 (AXI GPIO:2.0) .r:_p

] axi_mem_intercon .

4 1P Integ —mEm H
(4. itenatoy -| 4F axi_quad_spi 0 (AXT Quad SP1:3.2) SE L=
4, Create Block Design i-4F @d_uartiite_0 (AXI Uartlit=:2.0) ey
9‘?‘ Open Block Design & Souroeh [ Design L Signals | [ Board Z
\'ﬁ) Generate Block Design e I %
K

Select an object to see properties

4 RTL Analysis g T
ﬁ Elaboration Settings rnsmaaen
Tdl Consol — A X
* g% Open Elaborated Design on:soe 2
Z i # update_compile order -fileset sources_l o
4 Synthesis o # update_compile order -fileset aim 1
ﬁs e - update_compile order: Time (s): cpu = 00:00:06 ; elapsed = 00:00:06 . Memory (MB): peak = 1218.984 ; g
b g uﬂ # add files -fileset constrs_l -norecurse ./../IPI_repo/xdc/design_l.xdc
$> Run synthesis & # import_files -fileset constrs_l ./../IPI_repo/xdc/design l.xdc
> ﬁf Open Synthesized Desigr| =3 /Projects/DRC_Dev/TA35T_Arty/TA35T_Arty SREC_Bootloader WVIV2015_2/IFI/project_l/project_l.srcs/const
| | regenerate_bd layout
4 Implementation save_kd_design L]
ﬁ Implementation Settings | : Wrote : <C:/Projects/DRC_Dev/TA3ST_Arty/7A35T_Arty SREC Bootloader VIV2015_2/IPI/project_l/project_l j‘
[» Run Implementation | =
< i | 3
> @ Open Implemented Desic I
Type a Tel command here
4 Program and Debug =) 2 Tl Console L'._‘- Messages Ll:ﬁ Log lé Reports L§> Design Runs

;EAVNET’ Page 19 of 61
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5. The Block Design should look similar to this:

Diagram —Ooax
H] i design_1 »

ooss_soan

| R R

Fuch Buttors 48ks

g

BB QW G EHA D

6. Right click in the block design Diagram window and select Validate Design. There should not be any
errors or warnings. Click OK to continue.

& Ctrl+E
> Delete
By Ctrl+C
i Ctrl+V
@, Search... Ctrl+F
fr Select Al Ctrl+ A
5 AddIP... Ctrl+1
& IP Settings...
¢ Validate Design Fo
Expand /Collapse 3
Create Hierarchy...
Create Comment
Create Port. .. Ctrl+K
Create Interface Port... Ctrl+L
& Regenerate Layout
™ Save as POF File...

AVNET Page 20 of 61
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Implement the Design

1. We are now ready to build the design. Navigate to the Project Manager pane and click Generate
Bitstream. This will run all previous steps to generate the IP netlists, synthesize the design, and run

implementation. You will see a window reminding you that synthesis hasn’t been completed yet.
Click OK to continue.

4 Program and Debug
ﬁ. Bitstream Settings
I Qﬂ Generate Bitstream I

» HE" Open Hardware Manager

2. Click Save if you are prompted to save the block design.

i‘”— Save Project @

| Save project before generating bitstream?

Data to Save

Block Design - design_1

Don't Save ] [ Cancel

3. You will see a window reminding you that synthesis and implementation hasn’t been completed yet.
Click Yes to continue. This will take a few minutes.

Mo Implementation Results Available ﬁ

I-“"'_"“- There are no implementation results available, OK to launch synthesis and implementation?
L.+ 4 '‘Generate Bitstream' will automatically start when synthesis and implementation completes.

[] Don't show this dialog agair
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4. When prompted select Open Implemented Design and click OK:

Bitstream Generation Completed ﬁ

i@ Dpen Implemented Desigre

(™) View Reports

(") Open Hardware Manager

[] Don't show this dialog again

QK ] [ Cancel
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Review the Bitstream Settings

In addition to specifying the system 1/0 and timing constraints, the system constraints file, design_1.xdc,
also specifies the parameters for creating the FPGA configuration bitstream. Because the Arty
Evaluation board is configured via a Quad SPI flash memory we must be sure to create a properly
formatted bitstream for this interface. Also, the default behavior of the bitstream generation tool is to
create an internal pulldown on all unused pins. This can sometimes cause unintended consequences for
board interfaces like the DDR3 memory. Follow the steps below to review the bitstream generation
options.

1. Navigate to the Sources tab and expand the Constraints branch until the design_1.xdc constraints
file is visible. Double-click to open the file.

Sources — O =
my ol i
A= 2k R

== Design Sources (1]

i [-e e design_1_wrapper (desion_1_wra;
EI1 7 Constraints (1]

{ B constrs_1 (1]

-

-4 Simulation Sources (1]

Hierarchy | IP Sources | Libraries | Compile Order

4% Sources | F] Design Signals | [ Board
2. Scroll down to near the end of the file and locate the #bitgen settings section. These are the
constraints and parameters that instruct Vivado to create a properly formatted bitstream for the

Arty Evaluation board.

design_1.xdc — O o1 =
L C:fProjects/DRC_Dev/TA3ST_Arty/7A35T_Arty_SREC_BooHoader_VIV2015_2/IPI /project_1/jproject_1.srcsfconstrs_1fimportsfxdc/design_1.xdc

-~

set_property
set_property
set property
set property
set_property
9 set_property
30 set_property
31 set property
32 zet property
33 zet_property
34 set_property
¥ |35

Ly 36

[HEREES = S L o ]

[T S T N T I T S S ]

CONFIG_MODE S5PIxd [current desigm]

BITSTRERM.
BITSTRERM.
BEITSTRERM.
BITSTRERM.

CONFIG.
CONFIG.
CONFIG.

SPI_32BIT_ADLCR NO [current desigm]
SPI_BUSWILTH 4 [current desigm]
SPI_FALL EDGE YES [current design]

CONFIG.UNUSEDPIN FULLNONE [current designm]
BITSTRERM.CONFIG.CONFIGRATE &6 [current desigm]
CONFIG_VOLTAGE 3.3 [current desigm]

CFGEVS VCCO [current design]

BITSTREAM.CONFIG.MOPIN FULLUP [current design]
BITSTRERM.CONFIG.M1PIN FULLDOWN [current desigm]
BITSTREAM.CONFIG.MZPIN PULLDOWN [current design]

m

ot L
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3. These constraints are actually created by selecting options in the Bitstream Settings GUI. With the
implemented design open in memory, go to the Flow Navigator pane and scroll to the bottom to
find and select Bitstream Settings under Program and Debug.

4 Program and Debug
I ﬁ Bitstream Settings
Qﬂ Generate Bitstream

> ﬂa Open Hardware Manage

4. Inthe Project Settings window click on Configure additional bitstream settings.

al‘:'.'_;. Project Settings ﬁ

. | Bitstream |
@ I .:E:. Configure additional bitstream settings.

Canaral

5. Inthe Edit Device Properties window select the Configuration tab and compare the settings set in
the GUI to those specified in the system constraints file. Click OK when done:

= ~
4L Edit Device Properties 28]
Use this dialog to edit the programming and configuration properties for your current design; default values are set automatically. ‘
Configuration
General Configuration Setup =
Configuration Modes )
Startup Configuration Rate {MHz) 665 -
Encryption
Readback Enable external configuration dock and set divide value | DISABLE ~ | ' L

Configuration Voltage 3.3 > | C
Configuration Bank Voltage Selection VCCOo | C

BPI Configuration
1st Read cycle 1 - |
Page Size (bytes) | 1 - |
Synchronous Mode | DISABLE ~ | (O

SPI Configuration
Enable SPI 32-bit address style NO >
Bus width 4 - |
Enable the FPGA to use a faling edge dock for SPI data capture |YES  ~ O

MultiBoot Settings

« 0 =
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Export Vivado Hardware Design to the SDK

1. All software aspects of the design are performed inside a SDK Workspace. To generate an empty
workspace based on the hardware platform built in Vivado navigate to File — Export — Export
Hardware from the Vivado GUI. Accept the default <Local to Project> export directory location and
check the box to Include bitstream then click OK to continue.

é‘:& Export Hardware ﬁ

Export hardware platform for software development
tools,

Export to: | B0 <Local to Project= -

oK ] [ Cancel

2. Navigate to File = Launch SDK from the Vivado GUI. In the Launch SDK window click on the
Workspace drop list and select Choose Location.

J Launch SDK = 22

Launch software development toal.

g

Exported location: | B0 <Local to Project> =

Workspace: | B0 <Local to Project: -

= <Local to Project=

Choose Locato

| Mone
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3. Navigate to the <installation>\sdk_workspace folder to create a new SDK workspace. Make sure
there are NO SPACES in this path. The Xilinx SDK does not tolerate spaces in this file path. Click

Select and then click OK to continue.

P

ﬁl‘:'.‘_:. Choose Location

. = ) =t b a g
Recent: | (= C:/Projects/DRC_Dev/7A35T_Arty/7A35T_Arty_SREC_Bootoader_VIV2015_2/sdk_worksp... v ?‘ ”:h = g &M E )( J o 5
Directary: | C:'Projects\DRC_Dev\7AZST_Arty\7A35T_Arty_SREC_Bootloader_VIV2015_2'sdk_workspace

- || 7A35T_Arty SREC_Bootloader VIV2015_2 -
-\ TPI
) IPI_repo |‘:|
| demao n
J doc
| program_flash
, sdk_repo -
Wf=dk_workspace ]
l Select l ’ Cancel
4. After a few seconds the SDK will show a GUI similar to the one shown below:
m C/C++ - design_1_wrapper_hw_platform_0/system.hdf - Xilinx SDK =NNCE X
File Edit Source Refactor MNavigate Search Project Xilinx Tools Run  Window Help
- |8 -4 - CuEBDE-E-E-G- $-0-Q-N @90 e oD
Quick Access [ §>| % ks
[ Project Explorer &2 = O ||I4F system.hdf 2 = 8| gEou. B|@Ma.| = 8
S | v design_1_wrapper_hw_platform_0 Hardware Platform Specification - . .
a B design_1_wrapper_hw_platform_0 An outline is not available.
> (= drivers Design Information
=] design_1_bd.tcl -
|2/ design_1_wrapper.bit Target FPGA Device: 7a35ti
[ design_1_wrapper.mmi Created With: Vivado 2015.2
[ system.hdf Created On: Thu Aug 13 14:54:36 2015 =
Address Map for processor microblaze_0
PWM_w_Int 0 0x44200000 Ox44a0f£££
axi_gpio 0 0=40000000 Ox4000f£1f
axi_gpio 1l D=40010000 0x4001£f££¢£
axi_quad_spi 0 0=44a10000 Oxddalffif b
axi_uartlite 0 D=40600000 0=4060££££
microblaze 0_axi_intc 0x41200000 0=4120£f£££
microblaze_0_local_memory_dlimb_bram_if_cntlr 0200000000 0=00003£££
microblaze_0_local_memory_ilmb_bram_if_cntlr 0=00000000 0=00003£££
mig_7series 0 0=30000000 O=8f£ff£fE££f
mig_7series 0 0=80000000 O=8fff£fEff
IP blocks present in the design
PWM_w_Int_0 PWM_w_Int 1.0 =
Overview
-ﬁ-Ta’QEtCD””ECtiOHS 4 = O [&Pro... b Z—?‘Tasks & con... | E Pro... @Ter... = 8 SDKLog P D = 0
& Hardware Server = 15:12:18 INFO : Launching XSDB server: xsdb.bat «
> (= Linux TCF Agent 0 items 15:12:11 INFO : Processing command line option
> = QEMU TcfGdbClient - s 15:12:12 INFO 1 XSDB server has started succes:
Description Resource
4 ] v < T C

;:_A\(NET“ Page 26 of 61
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Create the Software Applications

The next steps are to create the GPIO demo and SPI SREC bootloader software applications.

Add Custom Repository

Adding a custom repository to the SDK workspace is a convenient way to integrate software libraries
and applications into your software development. We need to add a repository to the SDK workspace
for the GPIO demo software application. Including the GPIO demo application in a repository greatly
simplifies the task of adding new software sources or application projects to the SDK workspace.

1. Inthe SDK GUI navigate to Xilinx Tools — Repositories.

F

@ C/C++ - design_1_wrapper_hw_platform_0/system.hdf - Xilinx SDE

File Edit Source Refactor Mavigate Search Project [KilinxTools] Run  Window Help
O = - - 5:; F{%‘ @ ' & ) @ Repositories

i, Beard Support Package Settings
Tl Generate linker script

| L Project Explorer &2 = 8 || =% system.hdi

2. Under Local Repositories click on New to create a repository that will only be visible and usable by
this particular SDK workspace.

Bl Preferences [ Gl _‘i__"h]
type filter text Add, remove or change the order of SDK's software repositories. h v -
o £ |
Ae:era Local Repositories (available to the current workspace)
> An
L C/Cs [ New.. |
» Help
» Install/Update Remove

3. Navigate to <installation>\sdk_repo and click OK.

Browse For Folder ﬁ

Choose a repository directory. A repository directory typically contains
the 'drivers’, 'bsp’ or 'sw_services' sub-directories.

4 | TA35T_Arty_SREC_Bootloader VIV2015_2 -
. demo
, doc
) IPI
. IPLrepo
| program_flash

. sdk_repo

. sdk_workspace -

Folder: sdk_repo

-
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4. Click on Rescan Repositories, then click Apply, then click OK. The new repository is now ready to
use.

@ Preferences

[ [ ]
type filter text Add, remove or change the order of SDK's software repositories. - -
G |
g Ae:era Local Repositories (available to the current workspace)
> An
. CfCe+ CA\Projects\DRC_De\TA3ST_Arty\7A3ST_Arty SREC_Bootloader VIV2015_2\sdk_repo
> Help
> Install/Update Remove
> Java -
> Remote Systermns =E
> Run/Debug Down
> Team
Termina
Hilinx SDE
4 Alnx Global Repositories (available across workspaces)
Boot Image
BSP Preferences

Flash Programming
Hardware Specification Remowve
Log Information Level
Repositories

XMD Startup Down

5DK Installation Repositories
C/¥ilinx/50K/2015.2/ data\ embeddedsw

Rescan Repositories

Mote: Local repository settings take precedence over global repository settings.

Restore Defaults [ Apply ]

@ l 0K ] ’ Cancel

AVNET Page 28 of 61
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Create the GPIO Demo software application
1. Go to File > New — Application Project

m C/C++ - design_1_wrapper_hw_platform_0/system.hdf - Xilinx 50K

File | Edit Source Refactor Mavigate Search Project  Xilink Tools Run Window Help

New Alt=Shift+N > | @) Application Project |
COpen File... E1 SPM Project
Close Crl+W i, Board Support Package

Lx

Project...

|

Close All Ctrl+Shift+W

2. Name the project gpio_demo and accept the default location and Target Hardware settings.
Accept the default OS Platform and Language. Accept the default to let the SDK Create New board
support package named gpio_demo _bsp. Click Next to continue.

B New Project [

Application Project »
Create a managed make application project, @

Broect name:

Uze default location

C\Projects\DRC_Dev\7A35T_Arty\TA35T_Arty SREC_Bootloa Browse...

default
05 Platform: [standalone vl
Target Hardware
Hardware Platform: ’design_l_wrapper_hw_platform_[] v] [Ngwl
Processon ’ microblaze 0 - ]
Target Software
Language: @ C () C++

Board Support Package: @ Create New Igpio_demn_bsp I

Use existing

@:‘ < Back Einish I [ Cancel
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3. Select the GPIO Demo Application template and click Finish to continue. This application appears in
this list because it is in the repository we added earlier. The source code for the applications and
BSP, along with the BSP settings, will be added to the workspace and compiled.

r@ Mew Project

o

Templates

application project.

Available Templates:

Create one of the available templates to generate a fully-functioning

<

Peripheral Tests

UDhrystone

Empty Application
Hello World

IwIP Echo Server
Memory Tests

RSA Authentication App
SREC Bootloader

SREC SPI Bootloader
Xilkernel POSIX Threads Demeo
Zyng DRAM tests

Zyng FSBL

GPIO Demo Application with the push buttons to control the

This application demonstrates interacting -«

board LEDs and manipulate the
brightness of LED's via DIP switches and a
PWIM,

@

Next > Finish || Cancel

4. When compilation is complete the SDK should display a Console tab similar to this:

CDT Build Conscle [gpio_demo]
text data bss dec
15812 436 2272 17728
'Finished building: gpio_demo.elf.size’

& Problems «E,Tasks El Console 32 | Properties @Terminal SDK Log

hex filename
4538 gpio_demo.elf

4 ¢ (B & BB

=—=AVNET
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Examine the GPIO Demo Linker Script

1. Navigate the gpio_demo software application project source tree in the Project Explorer pane and

double-click on the Iscript.ld linker script:

[ Project Explorer 2 = O

BEg&|¥ ¥
s E design_1_wrapper_hw_platform_0
4 =% gpio_demo
» 3{'{; Binaries
+ [ap Includes
» = Debug
4 |[= src
. €] gpio_demo.c
- |k platform_config.h
. [€) platform.c
. [H| platform.h

- (M gpic_demo_bsp

2. Notice that the Stack Size and Heap Size are both set to ©x400 (1KB) and that all of the code
sections are mapped to be located in DDR3 (you will need to scroll the window to see all of the code
sections). Click the %3 on the file tab to close the file.

|5 system.hdf |, system.mss E Iscript.ld | &2 =

Linker Script: Iscript.ld

Alinker script is used to control where different sections of an executable are placed in memory.
In this page, you can define new memaory regicns, and change the assignment of sectionsto memory
Available Memory Regions

Mame Baze Address Size
microblaze_0_local_memeory_ilmb_bram_if_cntlr_micreblaze 0_.. 000000050 040
mig_7series_( 0xB0000000 [N

Stack and Heap Sizes

Stack Size (w400
Heap Size (400

Section to Memory Region Mapping

Section Mame Memory Region

et rnig_Jseries 0
.init rig_7series_(
fini

mig_7series_(

= - o
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Running the GPIO Demo Software Application

To prepare for running the gpio_demo software application later we will configure the FPGA now with
our hardware bitstream that includes a very small bootloop software application that holds the
MicroBlaze processor in a known-good ready-to-use state.

1. If not already done, connect the Arty Evaluation board to the host PC as described earlier in Setting
Up the Arty Evaluation Board.

2. Start a serial terminal session using your terminal software of choice and set the serial port
parameters to 115200 baud rate, no parity, 8 bits, 1 stop bit and no flow control.

3. Inthe SDK main menu, select Xilinx Tools — Program FPGA or click on the 25 on the SDK toolbar:

m C/C++ - gpic_demo_bsp/system.mss - Xilinx SDK

File Edit Source Refactor Mavigate Search  Project | Xilink Tools | Run Window  Help
1= | RS 2EE ™ Repositories
ll, Board Support Package Settings

Generate linker script
[ Project Explorer &3 = 8 || gg system.hdi E:' ;

28 Program FPGA

&Y 7
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4. Accept the defaults for the Hardware Platform and Connection and verify that the bootloop
application is selected as the ELF/MEM File to Initialize in Block RAM. Click Program to continue:

@ Program FPGA ﬁ

Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memory

Hardware Configuration

Hardware Platform: [ design_1_wrapper_hw_platform_0 - ]

Connection: [Local v] [ Mew ]

Device: Auto Detect

Bitstreamn: design_1_wrapper.bit [SEarch...] [Browse..]

[ Partial Bitstream

BMM/MMI File: design_1_wrapper.mmi | Search... | | Browse. |
Software Configuration

Processor ELF/MEM File to Initialize in Block RAM
design_1_i/microblaze 0 bootloop

4 | 1 | »
@:l Program ] [ Cancel

5. You will see the following window while the FPGA bitstream is downloaded:
m Pregress Information uﬂlﬂj

Initializing Bitstream with ELF data..

=—— AVNET Page 33 of 61
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6. The mechanism to download the GPIO demo application and run it on the board is to create a run
configuration that specifies the Xilinx System Debugger (TCF) options. Click on the gpio_demo

application in the Project Explorer pane and in the SDK main menu, select Run — Run
Configurations...

@ C/C++ - design_1_wrapper_hw_platform_0/system.hdf - Xilinx SDK
File Edit Scurce Refactor Mavigate Search Project  Xilinx Tools Window Help

il  Br{ - 2HEH@EED G| Run Ctrl+F11
%, Debug F11
I’y Project Explorer &2 = B ||lgg system.hdf 2 | [, systs Run History b
= <}==='}| F - Run As »

design_1_wrapper _I

per_hw_platform_Q Run Configurations...

> 15 gpio_demo Design Information

Dichin Hicknne b

ar

7. Click on the $ Xilinx C/C++ application (System Debugger) option in the left panel and press the
New to create a new Debug run configuration for the gpio_demo software application.

a |IE|::=::>T

type filter text

[ Performance Analysis

Fﬁ Target Communication Framework

£ Xilinx C/C++ application (GDB)

£ Xilinx C/C++ application (System Debugger on QEMU)
1i-|::|- Kilinx C/C++ application (System Debugger) I
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8. Select the new gpio_demo Debug run configuration. Accept the default settings and click the Run

button to continue.

.
@ Run Configurations

Create, manage, and run configurations

type filter text

A Performance Analysis

Fﬁ Target Communication Fran
£ Xilinx C/C++ application (G
- Xilinx C/C++ application (Sy

4| i

Filter matched 6 of 13 items

@

Run or Debug a program using System Debugger.

MName: gpio_demo Debug

@Target Setup . [C] Application | ©9= Arguments| B§ Environment| 53 Symbol Files| B2 Source| & Path Map | = Commen

Debug Type: ’StandaloneApplication Debug v]

| [New]

Connection: ’Local

Hardware platform: ’design_l_wra pper_hw_platform_0

Bitstream file: download.bit

FPGA Device: Auto Detect

Auto Detect

Summary of operations to be performed
[T] Reset entire system Fellowing operations will be performed before launching the debugger. -
1. The following processors will be reset and suspended.

1) microblaze 0

Program FPGA

Initialize PS 2. All processors in the systern will be suspended, and Applications will be downloaded to
the following processors as specified in the Applications tab.

Run ps7_post_config 1) microblaze 0

Enable Cross-Triggering

Revert

Close

==AVNET

etin
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9. You should see the following on the serial console:

-

. COM18:115200baud - Tera Term VT = | 5 S

File Edit Setup Control Window Help

Bt L L L L]
EEEEEE L R R bbb bbb e b e e e e e

Aikd Avnet/Digilent Arty Evaluation Board ¥

hikd LEDs and switches GPIQ Demonstration ¥
EE SRR LS 2222222 R R R

EEEEEE L R R bbb bbb e b e e e e e
& &

Choose Task:

BTN@: Print PWM walue.

BTN1: 'Cwylon' LED displav.

BTNZ: Scrolling LED display.

BTN3: Return to this menu. .

10. You are now ready to run the GPIO demo software application. The steps to run the application are
the same as running the demo you probably used earlier, except the steps of downloading the
bitstream and application executable are already completed.
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Create the SPI SREC Bootloader Software Application

Quite often in MicroBlaze embedded systems the software application is too large to fit in local BRAM.
A small bootloader is needed to fetch the application from non-volatile memory (QSPI Flash) and copy it
to system memory (DDR3) for execution. We want the gpio_demo software application to run at
power-on, but it is too large to fit in to BRAM. Therefore, we need a simple and small bootloader that
can run in BRAM and fetch the gpio_demo software application.

1. Go to File - New — Application Project

@ C/C++ - design_1_wrapper_hw_platform_0/system.hdf - Xilinx SDK

File | Edit Source Refactor Mavigate Search Project Xilink Tools Run  Window  Help

Mew Alt+5Shift+M » L@ Application Project
Open File... Ed sPM Project
Close Chrl+W i}, Board Support Package

.

H

Project...

I

Close All Ctrl+Shift+W | &

2. Name the project gspi_srec_bootloader and accept the default location and Target Hardware
settings. Accept the default OS Platform and Language. Accept the default to let the SDK Create
New board support package named qspi_srec_bootloader_bsp. Click Next to continue.

m New Project l B ||

Application Project »
Create a managed make application project. &

Project name| qspi_srec_bootloader

Use default location

C\Projects\DRC_De\TA3ST_Ary\TA35T_Arty_SREC Bootloa Browse...

default
05 Platform: [standalone VI
Target Hardware
Hardware Platform: ldesign_l_wrapper_hw_platform_ﬂ Y] [Ngw]
Processor: ’ microblaze 0 - ]
Target Software
Language: @ C @ C+r

Beard Support Package: (@) Create New I gspi_srec_bootloader_bsp I

7) Use existing | gpio_demo_bsp

f‘ih'l < Back

S, <. bac

Einish ] ’ Cancel
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3. Select the SREC SPI Bootloader Application template and click Finish to continue. The source code

for the applications and BSP, along with the BSP settings, will be added to the workspace and

compiled.

[ @ MNew Project

ERE)=)

Templates

Create one of the available templates to generate a fully-functicning

application project.

Available Templates:

Peripheral Tests

GPIC Demo Application
Dhrystone

Empty Application

Hello World

wIP Echo Server

Memuory Tests

RS54 Authentication App

SREC Bootloader

[SREC SPIBootloader |
ailkernel POSIE Threads Demo
Zyng DRAM tests

Zyng FSBL

@

Mext =

-

Simple bootloader for loading SREC -
images from non volatile memory (5P,
This program assumes that you have an
SREC image programmed into SPIflash
already. The program also assumes that
the target SREC image is an application
for this processor that does not overlap
the bootloader and resides in separate
physical memary in the hardware,
Typically this application is initialized into
BRAM so that it bootloads the SREC
image when the FPGA is powered up.

Update the serial_flash_family &
serial_flash_interface in xilisf library in B5P
settings!

Don't forget to modify blconfig.h to
reflect the offset where your SREC image
resides in non-volatile memory!

Finish ] [ Cancel

4. You may notice the SPI SREC Bootloader compiles, but fails to link. This is because the .BSS portion
of the executable is too large to fit in the BRAM:

5'._,, Problems ETasks El Console 22 | E Properties| & Terminal SDK Log

CDT Build Console [gspi_srec_bootloader]
mb-gcc -Wl,-T -Wl,../src/lscript.ld -L../../qspi_srec_bootloader_bsp/microblaze_@/1ib -mlittle-endian -m .
c:/xilinx/sdk/2815.2/gnu/microblaze/nt/bin/../1lib/gcc/microblaze-xilinx-elf/4.9.2/../.. /.. /. . /microblaze

c:/xilinx/sdk/20815.2/gnu/microblaze/nt/bin/../1lib/gcc/microblaze-xilinx-elf/4.9.2/../.. /.. /. . /microblaze _

collect2.exe:

error: ld returned 1 exit status

make: *** [qspi_srec_bootloader.elf] Error 1

=—=AVNET
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Change Compiler Settings

With the default SDK settings the SPI SREC Bootloader application is too large to fit in, and thus execute
from, the MicroBlaze processor system BRAM. A possible fix to this problem is to change the MicroBlaze
processor system to add more BRAM, but that would be wasteful and would take extra time to rebuild
the system in Vivado. A quicker and simpler fix is to simply change the compiler settings to optimize the

compiled code for size.

1. Navigate to and right-click on the qspi_srec_bootloader application in the Project Explorer pane
and select the C/C++ Build Settings

4 [~ SIC

- € gpio_demo.c
- |n] platform_com

- g platform.c C/C++ Build Settings
- [ platform.h %}' Run C/C++ Code Analysis

el Iscript.id

- [ gpio_demo_bsp Properties
» {3§ gspi_srec_bootloader I

i, Change Referenced BSP

Generate Linker Script

Alt+Enter

2. Navigate the C/C++ Build — Settings and on the Tool Settings tab select Optimization. Select the
Optimize for size (-Os) optimization level. Click OK to continue.

@ Properties for qspi_srec_bootloader

(B

Build Variables
Environment

Settings

Logging ¥ Tool Settings | & Build Steps |

v

vy v

type filter text Settings
Resource
Builders
4 C/C++ Build Configuration: [Debug [ Active ]

'] l Manage Configurations...

Build Artifact ] @ Binary Parsers ] 3 Error Parsers‘

Tool Chain Editor
C/C++ General
Project References
Run/Debug Settings

4 ) MicroBlaze gcc assembler | Optimization Level

4 %) MicroBlaze gcc compiler

23 General D
Other optimization flags
(2 Symbols
22 Warnings
(23 Optimization

[None (-00)

None (-00)
Optimize (-01)
Optimize more (-02)

Optimize most (-03)
Optimize for size (-Os) |

the 16KB of system BRAM:

Ef._\, Problems | ¥ Tasks | & Console &2 | E Properties | 3& Terminal SDK Log

CDT Build Console [gspi_srec_bootloader]
"Invoking: MicroBlaze Print S5ize’

4 o (Bl LB &8

mb-size qspi_srec_bootloader.elf |tee "gspi_srec_bootloader.elf.size”

text data bss

13672 388 1924 159684

dec

3e20 gspi srec bootloader.elf I

'Finished building: gspi_srec_bootloader.elf.size’

4 I

oty
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Examine the QSPI SREC Bootloader Linker Script

1. Navigate the gspi_srec_bootloader software application project source tree in the Project Explorer
pane and double-click on the Iscript.ld linker script:

[T Project Explorer &2 = 8
==Y
s B design_1_wrapper_hw_platform_0
. == gpio_demo
- [l gpio_demo_bsp
a '_:'3- qspi_srec_bootloader
> g:;—,? Binaries
> it Includes
» [= Debug
4 G5 srC
> _'E blconfig.h
+ i€l bootloader.c
) errors.h
> platferm_cenfig.h
- [ platform.c
> portab.h
» g srece

. srec.h

E Iscript.ld

2. Notice that the Stack Size is set to @x400 (1KB) and that all of the code sections are mapped to be

located in BRAM (you will need to scroll the window to see all of the code sections). Click the &5 on
the file tab to close the file.

|4 system.hdf I, system.mss | h, system.mss &l Iscript.ld| &2 =i

Linker Script: Iscript.ld

Alinker script is used to control where different sections of an executable are placed in memory.
In this page, you can define new mermaory regions, and change the assignment of sectionsto memory 1

Available Memory Regions

Mame Base Address Size
microblaze_0_local_memery_ilmb_bram_if_cntlr_microblaze 0_... 000000050 OaD
rnig_7series_( 0p¢B0000000 (3l

Stack and Heap Sizes

Stack Size (w400
Heap Size 0x0

Section to Memory Region Mapping

Section Mame Memory Regicn

i text microblaze 0 local_memory_ilmb_bram_if_cntlr_microbl
.init microblaze_0_local_memory_ilmb_bram_if_cntlr_microbl
fini micreblaze_0_local_memory_ilmb_bram_if_cntlr_microbl
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Examine the BSP Settings

1. Navigate to and right-click on the qspi_srec_bootloader_bsp board support package in the Project

Explorer pane and select the Board Support Package Settings.

[l platform.
lé_i z:rt:l;r: & 1) | Board Support Package Settingsl
) l£l Lo i), Re-generate BSP Sources
. |n) srec.h %"  Run C/C++ Code Analysis
L] v Y
T Iscript.d : -
|7l qspi_srec_bootloader_bsp| Sipeie gt

2. The QSPI SREC Bootloader uses the Xilinx In-system and Serial Flash software library. This version
of the software application requires that version 5.2 of this library be used. This version of the xilisf
library appears in this list because it is in the repository we added earlier. Verify that this version of

the xilisf library is selected in the BSP settings:

bwIP TCP/IP Stack library: bwIP w141
Generic Fat File System Library
Hilinx Flash library for Intel /AMD CFI compliant paral...

Mame Yersion Description
[ hwipldl 11
[ xilffs 3.0
[ xilflash 4.0
| xilisf

= Kilinx In-systemn and Serial Flash Library

3. Inthe left panel, select xilisf for the standalone OS to see the detailed parameters available for the
xilisf library. Change the serial_flash_family value to 5 for the Micron QSPI Flash on the Arty board.

Click OK to continue. The software application will be rebuilt.

@ Board Support Package Settings

ese]

Board Support Package Settings
Control various settings of your Board Support Package.

a4 Overview
4 standalone Configuration for library: xilisf

Mame Value

18

! Default Type Description
a drivers . . . . . .
microblaze 0 I serial_flash_family 5 1 integer Indicates the Serial Flash family t
- serial_flash_interface 1 1 integer Indicates the Serial Flash Interfac
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Description of QSPI SREC Bootloader Source Code Edits

The Xilinx source code for the SPI SREC Bootloader application does not match the hardware on the
Avnet Arty Evaluation board. A simple edit is required to set the correct offset into the QSPI flash for
where the GPIO Demo software application is stored.

1. Navigate the gspi_srec_bootloader software application project source tree in the Project Explorer
pane and double-click to open the blconfig.h software source code file:

[ Project Explorer &3 = O
=R=-S I S
. [g design_1_wrapper_hw_platform_0
. =% gpio_demo

- (M gpio_demo_bsp
4 = qgspi_srec_bootloader
: 3{:,-? Binaries
+ [ap) Includes
- = Debug
4 7= SrC

|_'E hlcnnfig.hl

2. Navigate to line 34 and change the FLASH_IMAGE_BASEADDR to 9x00600000. This is the address
(offset from the axi_quad_spi_0 base address) where the GPIO Demo software application will be

stored.

3 systern.hdf Hh, system.mss Hh, system.mss ih| *blconfigh &2 = O

3@ * Copyright (C) 2884 - 2815 Xilinx, Inc. All rights reserved.[] -

32 thwarning "Please provide the correct address wvalue for the definition

33

34 #define FLASH_IMAGE_BASEADDR | exeeceseos

33

36

3. Save and close the blconfig.h file. The QSPI SREC Bootloader application will be rebuilt.
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Program the GPIO Demo Application in QSPI Flash

Starting in version 2015.1, the Xilinx SDK now has the capability to program the QSPI flash from the SDK
GUI. Previously the Vivado Hardware Manager had to be used for Flash memory programming tasks.
Both methods are described here for reference.

Program the QSPI Flash Using the Vivado Hardware Manager

Prepare the QSPI Programming File

All the components have been assembled at this point, and the last step is to create a FPGA boot image.
We will use the Vivado tools to create a boot image for the Artix-7 FPGA combining the FPGA bitstream
(with integrated SPI SREC bootloader executable in BRAM) and GPIO demo executable into a single
boot.mcs Flash programming file.

1. Go back to the command window you opened earlier for Running the Demo Files. If you closed that
command window you can open another from the SDK. In the SDK GUI navigate to Xilinx Tools —»

Launch Shell or click the x| icon on the toolbar.

>
N C/C++ - gspi_srec_bootloader/src/blconfig.h - Xilinx SDK

File Edit Source Refactor Navigate Search Project [XilinxTooIs ] Run  Window Help
@ I B-R-aE2HE 1 (& Repositories
i), Board Support Package Settings

Generate linker script

[t Project Explorer &2 = 0O || 4g system
=R-3 At 3% * (@2 Program FPGA
(3 design_1_wrapper_hw_platform_0 32 B Program Flash
=5 gpio_demo 4 #de 2 Dump/Restore Data File
(s gpio_demo_bsp :
4 =5 qgspi_srec_bootloader 36 (3 XMD Console
- 3% Binaries B XSDB Console
i Includes I Launch Shell I‘

~ 1

2. Change directories to the program_flash folder:

cd ..\program flash

=

ER Administrator: CA\Windows\system32cmd exe I. = | = |_i‘3-]

Microsoft Windows [Version 6.1.7681] o~
Copyright (c) 2889 Microsoft Corporation. 411 rights reserved.

-

C:\Projects\DRC_Dev\7ASST_Artyi\7A3ST_Arty_SREC_Bootloader VIVZE15_2%sdk_workspac
excd ..h\program_flash

C:\Projects\DRC_Dev\7A3ST_Arty\7A3ST_Arty_SREC_Bootloader VIVZE15_2%program_flas
h>
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3. Run the cp_from_sdk.bat batch file to copy the needed files from their locations in the folders of
the SDK workspace:

cp_from sdk.bat

-

BEA Administrator: CAWindows\system32\cmd.exe = | S
hxset VIVADD_VER=2815.2 -

C:\Projects\DRC_Devh 7AIST_Arty \7A3ST_Arty_SREC_Bootloader VIVZB15_2%program_flas[
h>set SDK_PATH=. .\ 5DK_Workspace

C:“Projects"\DRC_Devh 7A3ST_Arty\7A35T_Arty_ SREC_Bootloader as
hxcopy /Y .. WSDK_Workspace'\design_1_wrapper_hw_platform_@Ydesign_1_wrapper.bit|.

1 file(s) copied.

-

C:\Projects\DRC_Devh 7AIST_Arty \7A3ST_Arty_SREC_Bootloader VIVZB1S 2hprogram_flas
h>copy [Y ..\SDK_WnrkspacEXdesign_l_wrapper_hw_platfurm_@]design_l_wrapper.mmi|.

1 file(s) copied.

C:\Projects\DRC_Devh 7AIST_Arty \7A3ST_Arty_SREC_Bootloader VIVZB1S 2hprogram_flas
hxcopy /Y ..\SDK_wnrkspacEqupi_srec_bnutlnaderxDehugiqspi_srec_huntluader.E1F|.

1 file(s) copied.

C:\Projects\DRC_Devh 7AIST_Arty \7A3ST_Arty_SREC_Bootloader VIVZE81S5 2%program flas
hxcopy /Y CiAXilinxhSDKY,2815. 2 data\embeddedswi 1ib'\microblazeimb_bootloop_le.elf

1 file(s) copied.

C:“Projects"DRC_Devh7AIST_Arty\7A3S5T_Arty SREC Bootloader WIVZ815_2%program_flas
hxcopy [fY ..\SDK_wnrkspaceigpin_demn\ﬂehug1gpin_demn.ElF|.

1 file(s) copied.
C:\Projects\DRC_Devh 7AIST_Arty \7A3ST_Arty_SREC_Bootloader VIVZ@15_2%program_flas

he &
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4. Run the make_mcs.bat batch file to create the boot.mcs file needed to program into QSPI Flash.
This batch file assumes the Vivado tools have been installed in their default locations and checks to
see if the required system environment variables have been set. You will need to edit the batch file
if your installation of the Vivado tools is in a different folder. The batch file will run the following
commands:

e Convert the gpio_demo.elf file to SREC format:
cmd /c mb-objcopy -O srec gpio_demo.elf gpio_demo.srec

e Merge the gspi_srec_bootloader.elf with the FPGA bitstream of the MicroBlaze system:
cmd /C updatemem -force -meminfo design 1 wrapper.mmi -bit
design_1 wrapper.bit -data gspi_srec bootloader.elf -proc
design_1 i/microblaze 0 -out bootload.bit

e Start Vivado in batch mode to run the TCL script to create the boot.mcs QSPI programming file:
call C:\\Xilinx\\Vivado\\$VIVADO VER%\\.\\bin\\vivado.bat -mode batch -
source make mcs.tcl

e The make_mcs.tcl file:
write cfgmem -force -format MCS -size 16 -interface SPIx4 -loadbit " up
0 ./bootload.bit" -loaddata " up 0x00600000 gpio_demo.srec " boot.mcs

Note that the address ©x00600000 highlighted above matches the QSPI offset we specified in
Description of SPI SREC Bootloader Source Code Edits.

F N

EX Administrator: CA\Windows\system32icmd.exe o | B i

##%% S Build 1266856 on Fri Jun 26 16:35:25 MDT 2815 "
##%% TP Build 1264898 on Wed Jun 24 14:22:81 MDT 2815
## Copyright 1986-2815 Xilinx, Inc. 411 Rights Reserved.

source make_mcs.tecl

# write_cfgmem -force -format MCS -size 16 -interface 5PIxd -loadbit "™ up @ ./bo
otload.bit"™ -loaddata " up 8x82688888 gpio_demo.srec " boot.mcs

Creating config memory files...

Creating bitstream load up from address @xee880000

Loading bitfile ./bootload.bit

Creating bitstream load up from address @x@ec2e208

Loading datafile gpic_demo.srec

Writing file ./boot.mcs

Writing log file ./boot.prm

m

File Format MCS

Interface SPIX4

Size 16M

Start Address axeaepaaae

End Address BxBBFFFFFF

Addrl Addrz Date File(s)

Bx 88882000 Bx8821728E6 Aug 14 16:24:32 2815 .fbootload.bit

Bx 28600868 BxeBeBBE597 Aug 14 16:24:28 2815 gpio_dema.srec
INFO: [Common 17-286] Exiting Vivado at Fri Aug 14 16:24:38 2815...

C:\Projects\DRC_Dev\7A35T_Arty\7A35T_Arty_ SREC_Bootloader_WIV2815_2%program_flas
h i
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Program the QSPI Flash Using a TCL Script

1. If not already done, connect the Arty Evaluation board to the host PC as described earlier in Setting
Up the Arty Evaluation Board.

2. Start a serial terminal session using your terminal software of choice and set the serial port
parameters to 115200 baud rate, no parity, 8 bits, 1 stop bit and no flow control

3. Run the program_gqgspi.bat batch file to program the QSPI Flash. This batch file assumes the Vivado
tools have been installed in their default locations and checks to see if the required system
environment variables have been set. You will need to edit the batch file if your installation of the
Vivado tools is in a different folder. The batch file will run the following command:

e Start Vivado in batch mode to run the TCL script to program the boot.mcs file to QSPI Flash:
call C:\\Xilinx\\Vivado\\%VIVADO VER%\\.\\bin\\vivado.bat -mode batch -
source program dgspi.tcl

i B
Bl Administrator: CAWindows\system32\cmd exe I- = | = |_ﬂh]
get_hw_devices] @ ]] -

set_property PROGRAM.VERIFY 1 [ get_property PROGRAM.HW_CFGMEM [lindex [get_h
wW_devices] @ 1]

# startgroup

# 1f {![string equal [get_property PROGRAM.HW_CFGMEM_TYPE [lindex [get_hw_devic

es] @8]] [get_property MEM_TYPE [get_property CFGMEM_PART [get_property PROGRAM.H

W_CFGMEM [lindex [get_hw_devices] @ 11111 } 4 create_hw_bhitstream -hw_device [1

index [get_hw_dewvices] @] [get_property PROGRAM.HW_CFGMEM_BITFILE [ lindex [get_

hw_devices] ©]]; program_hw_devices [lindex [get_hw_devices] @]; };

INFO: [Labtools 27-3164] End of startup status: HIGH

# program_hw_cfgmem -hw_cfgmem [get_property PROGRAM.HW_CFGMEM [lindex [get_hw_d
evices] @ ]]

Mfg ID : 28 Memory Type : ba Memory Capacity : 18 Device ID 1 : @ Device
I 2 : @

Performing Erase Operation...

Erase Operation successful,

Performing Program and Verify Operations...

Program/Verify Operation successful.

INFO: [Labtoolstcl 44-377] Flash programming completed successfully
program_hw_cfgmem: Time (s): cpu = 88:88:88 ; elapsed = 88:83:15 . Memory (MB):
peak = 275.199 ; gain = 13.273

# endgroup

# boot_hw_device [lindex [get_hw_devices] @]

INFO: [Labtools 27-32] Done pin status: HIGH

# disconnect_hw_server localhost

ERROR: [Labtoolstcl 44-139] Invalid aption value, specified for 'hw_server'.
INFO: [Common 17-286] Exiting Vivado at Tue Jun @2 22:41:22 2815...

m

C:%Projects'\DRC_Dev\7A15T_Arty \7A15T_Arty SREC_Bootloader VIV2815_1%program_flas
b &
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4. When the QSPI Flash programming has completed you should see the Arty board reconfigure,
launch the SREC bootloader, and boot the GPIO Demo application. This can also be tested by
pressing the PROG switch on the Arty board (near LD8 and the USB JTAG/UART port).

-

¥ COM18:115200baud - Tera Term VT = | E |
File Edit Setup Control Window Help

SREC SPI Bootloader
Loading SREC image from flash @ address: 28688088
Enutlnader: Processed (8x)8ee888llf S-records
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5. You are now ready to run the GPIO Demo software application. The steps to run the application are
the same as running the demo you probably used earlier, except the steps of downloading the
bitstream and application executable are already completed. Open a command window in the
<installation>\demo folder and run the cp_from_sdk.bat batch file script to copy the new bitstream
and software ELF files to the demo folder. Go back and rerun the GPIO Demo. This concludes this

design tutorial.

¥ COM18:115200baud - Tera Term VT =

=

S |-

File Edit Setup Control Window Help

EEEEEE L PR b bt R RSt et e e e ]
EEE Rt R L el ik ]

hikd Avnet/Digilent Arty Evaluation Board ki

Ak LEDs and switches GPIO Demonstration *%
EEEEEEEE LR R L LR LR LR R L LR R PR R R LR e ]

Rk bbbt ke e B e Rt ke e ek
% %

Choose Task:

BTN@: Print PWM walue.

BTN1: 'Cylon' LED display.
BTNZ: Scrolling LED display.
BTN3: Return to this menu.
1

1
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Program the QSPI Flash Using the SDK

1. If not already done, connect the Arty Evaluation board to the host PC as described earlier in Setting
Up the Arty Evaluation Board.

2. Start a serial terminal session using your terminal software of choice and set the serial port
parameters to 115200 baud rate, no parity, 8 bits, 1 stop bit and no flow control.

3. We must first create a bitstream with the QSPI SREC bootloader application merged with the FPGA

bitstream. In the SDK main menu, select Xilinx Tools — Program FPGA or click on the 22 on the
SDK toolbar:

@ C/C++ - gpio_demo_bsp/system.mss - Xilink SDK

File Edit Source Refactor Mavigate Search Project | Xilinx Tools | Run Window Help
CI~ | MRS RESE (& Repositories
i}, Board Support Package Settings

. = Generate linker script
[ Project Explorer &3 8 || g system.hd B FI

22 Program FPGA

&Y ¥
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4. Accept the defaults for the Hardware Platform and Connection and verify that the
gspi_srec_bootloader application is selected as the ELF/MEM File to Initialize in Block RAM. Click

Program to continue:
F ™
Program FPGA ﬁ

Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memory

Hardware Configuration

Hardware Platform: [ design_1_wrapper_hw_platfarm_0 v]

Connection: [Local v] [ Mew I

Device: Auto Detect

Bitstream: design_1_wrapper.bit [SEErch...l [Browse..]

[] Partial Bitstream

EMM/MMI File: design_1_wrapper.mmi | Search... | | Browse. |

Software Configuration
Processor ELF/PEM File to Initialize in Block RAM

i_srec_bootloader\Debughgspi_srec_bootloader.elf| e

design_1_i/microblaze 0

1| 1 | »

® [ Program J[ Cancel

5. You will see the following window while the FPGA bitstream is downloaded:
i ™~
Progress Information E@ﬂ

Initializing Bitstrearn with ELF data..
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6. Inthe SDK GUI navigate to Xilinx Tools — Program Flash.

m C/C++ - gspi_srec_bootloader/src/lscript.ld - Xilink SDK

=k

File Edit Source Refactor Mavigate

C = |*>v o @R EEE @

[T Project Explorer &3

= cache

= O E Iscript./d
SRS 4
4 E design_1_wrapper_hw_platform_(

Linker Scﬁf

W
i

Repositories

Search  Project | Xilinx Tools | Run Window Help

Board Support Package Settings

Generate linker script

Program FPGA

Program Flash

A linker script

In this page. v

Dump,/Restore Data File

7. Programming the QSPI using the SDK requires two steps. The first step is to program the bitstream
with the integrated QSPI SREC bootloader application to the QSPI Flash. Click Browse and navigate
to the <installation>\program_flash folder and select the download.bit bitstream file. Click Open

to continue:

@ Select Flash Image File ﬁ
@'\:/'" . €« TA35T_Arty SREC_Bootloader VIV2015_2 » sdk_workspace » design_1_wrapper_hw_platform_ 0 » - | ¢,| | Search design_1 wrapper hw_... 0 [
Organize » Mew folder =~ 0 E@'

J TA35T_Arty SREC Bootloader VIV20152 Mame : Size Date modified Type

. demo . . .
. J drivers 8/13/2015 3:12 PM File folder
) IPDIC || design_1_wrapper.bit 2141 KB 8/13/2015 3:45 PM BIT File
) || download.bit 2141 KB 8/13/2015 3:37 PM BIT File
. IPLrepo

. program_flash

J sdk_repo

J sdk_workspace
| .metadata
. design_1_wrapper_hw_platform_0
| gpio_demo

. Debug

File name: download.bit

m

- [*.mcs;*.bin;*.bit;*.elf

’]

[ Open

o

Cancel

l

S
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8. Select the following settings and click Program to continue:

e Set the Offset to 0x00000000
o Set the Flash Type to n25q128-3.3v-spi-x1_x2_x4
e Enable Verify after flash

-

Program Flash Memory

Program Flash Memory via In-systern Programmer.,

Hardware Platform: [ design_1_wrapper_hw_platform_0

Connection: ’ Local
Device: Auto Detect
Image File: C\Projects\DRC_De\7A35T_Arty\TA3ST_Arty SREC_Bootloader VIV2015_2\sdk_workspace\design_1_wrapper_hw_platform_0\download.bit
Offset: 0
Flash Type n25q128-3 3v-spi-xl_x2_x4 v]
Browse
Convert ELF to bootloadable SREC format and program
[ Blank check after erase
Verify after flash
@) ’ Program ] ’ Cancel

9. You will see a status window while the bitstream is programmed to Flash:

- ™
Progress Information Elﬂlgj

Performing programming flash...

Performing Erase Operation

Cancel Details > »
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10. In the SDK GUI navigate to Xilinx Tools — Program Flash. Click Browse and navigate to the
<installation>\sdk_workspace\gpio_demo\Debug folder and select the gpio_demo.elf application

executable:

M Select Flash Image File ﬁ
I\‘:/ll\.;/l | € TA35T_Arty SREC Bootloader VIV2015_2 » sdk_workspace » gpio_demo » Debug » v|¢,|| Search Debug p'
Organize Mew folder = v I II@I
. TA3ST_Arty_SREC Bootloader VIV20152 *  Mame Size Date modified Type

| demo
: | SrC 8/13/2015 3:28 PM File folder
J doc
- || gpio_demo.elf 131 KB 8/13/2015 3:28 PM ELF File
. IPLrepo
J program_flash g
J sdk_repo
. sdk_workspace
| .metadata
, design_1_wrapper_hw_platform_0
| gpio_demo
. Debug -
File name: gpio_demo.elf - ’*.mcs;*.bin;*.bit;*.elf v]
[ Open |vl ’ Cancel ]

11. Select the following settings and click Program to continue:

e Set the Offset to 0x00600000

e Set the Flash Type to n25q128-3.3v-spi-x1_x2_x4

e Enable Convert ELF to bootloadable SREC format and program
e Enable Verify after flash

Note that the address ©x00600000 highlighted above matches the QSPI offset we specified in
Description of SPI SREC Bootloader Source Code Edits.

e S
Pragram Flash Memory -'/
Program Flash Memory via In-system Programmer., ‘
Hardware Platform: ’design_l_wrapper_hw_platform_ﬂ v]
Connection: ’Local v] ’ New ]
Device: Auto Detect
Image File: C:\Projects\DRC_De\7A35T_Arh\TA3ST_Arty_SREC_Bootloader VIV2015_2\sdk_workspace\gpio_demo'\Debuggpio_demo.elf
Offset: 0:00600000
Flash Type n25ql28-3.3v-spi-xl_x2 x4 v]
Browse

Convert ELF to bootloadable SREC format and program
[ Blank check after erase
[¥] Verify after flash

@j Program l ’ Cancel
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12. You will see a status window while the application is programmed to Flash:

-

m Progress Information | (S —

Performing programming flash...

Performing Erase Operation

Details ==

13. Test that the QSPI Flash programming was successful by pressing the PROG switch on the Arty board
(near LD8 and the USB JTAG/UART port). You should see the Arty board reconfigure, launch the
SREC bootloader, and boot the GPIO Demo application.

4 COM18:115200baud - Tera Term VT EEREER

File Edit Setup Control Window Help

-

SREC 5PI Bootloader i
Loading SREC image from flash @ address: 88688008 b
Bootloader: Processed (ExﬂEEEEEEdE S-records
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14. You are now ready to run the GPIO Demo software application. The steps to run the application are
the same as running the demo you probably used earlier, except the steps of downloading the
bitstream and application executable are already completed. Open a command window in the
<installation>\demo folder and run the cp_from_sdk.bat batch file script to copy the new bitstream
and software ELF files to the demo folder. Go back and rerun the GPIO Demo. This concludes this
design tutorial.

¥ COM14:115200baud - Tera Term VT = | E |

File Edit Setup Control Window Help

EEEEEE L PR b bt R RSt et e e e ]
EEE Rt R L el ik ]

hikd Avnet/Digilent Arty Evaluation Board ki

Ak LEDs and switches GPIO Demonstration *%
EEEEEEEE LR R L LR LR LR R L LR R PR R R LR e ]

Rk bbbt ke e B e Rt ke e ek
% %

Choose Task:

BTN@: Print PWM walue.

BTN1: 'Cylon' LED display.
BTNZ: Scrolling LED display.
BTN3: Return to this menu.

1
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Appendix I: Determining the Virtual COM Port

Now you can connect the evaluation board’s USB-to-UART port to one of the USB ports on your PC. The
new hardware detection will pop up and enumeration of the driver will be started. Once finished a
virtual COMx port is created and you are ready to setup a connection using Windows HyperTerminal or
comparable serial terminal emulation utility. Follow these instructions to determine the COMx port

assigned to the USB-to-UART bridge:

1. Open the Device Manager by right-clicking on
Device Manager.

, select Properties, then click on the

Search C

\../II\:/I |:5.i + Control Panel » System and Security » |System| - |¢¢|

=]

File Edit View Tools Help

Control Panel H . L. .
R View basic information about your computer

[ Device Manager Windows edition

%) Remote settings Windows 7 Professional

%) System protection Copyright © 2009 Microsoft Corporation. All rights reserved.
'f‘:,f' Advanced system settings Service Pack 1

Get more features with a new editicn of Windows 7
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2. Inthe Device Manager, scroll down to Ports and expand the list. You will see the USB Serial Port and
its assigned COM port. In the example below, it is COM14. Make note of this COM port number for
use with the serial terminal you will use elsewhere in this design tutorial. This concludes these USB
UART driver and virtual COM port installation instructions.

= Device Manager =NNCINL X
File Action View Help
&= | FE BE 8 E&RS
> Computer -

b Disk drives |
- Display adapters

> L) DVD/CD-ROM drives

EF,_;‘ Human Interface Devices
g IDE ATASATAPI controllers
%5 Imaging devices

-2¥ Jungo

m

2 Keyboards

E!, Mice and other pointing devices
. B Monitors

:> ¥ Metwork adapters il
. | Portable Devices

4 73" Ports (COM & LPT)

"? Intel(R) Active Management Technology - SOL (COM3)

["Z7 USE Serial Port (COML4) =
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Appendix ll: Installation of Board XML Files

Many Avnet evaluation boards can now be targeted directly in the Xilinx Vivado tools. This greatly
simplifies the task of building the MicroBlaze processor system and integrating system peripherals and
board interfaces into your own custom designs. Follow the instructions below to install the board XML
files for the Arty board into your Vivado installation folders:

1. Using your favorite web browser, download the zip archive of board XML files from the Digilent wiki
site for the Arty Evaluation Board:
https://reference.digilentinc.com/ media/arty boardfiles.zip

2. Extract the zip file in the download folder and in Windows Explorer, copy the arty folder from the
<installation>\Arty_boardfiles\Vivado 2015 or later\board_files folder to
<Vivado_install>\Xilinx\Vivado\2015.2\data\boards\board_files:

= | B S
@Qq <« boards » A7 » 7A35T Arty » Board XML » Arty_boardfiles » Vivado 2015 or later » board files » = [ #4 ||[ Search board.fites )
File Edit View Tools Help
Organize » Include in library + Share with = Burn Mew folder == | ._9.
| boards * Mame ° Size Date modified Type
AT .
TALST Ary . arty 8/13/2015 5:48 PM File fold
| 7A35T Arty
Board_XML

Arty_boardfiles
Older versions of vivada
Vivado 2015 or later
board_files
Z1) arty_boardfiles.zip
Images
Master_XDC - 4

1 item State: 38 Shared

1 item M Computer

=)
@u-?‘ » Computer » OS(C) » Xilinx » Vivado » 20152 » data » boards » board_files » - |¢,H Search board _files el
File Edit View Tools Help
Organize = 4 Open Include in library = Share with » Burn New folder =« [l .é‘.
4 [ 20152 “  MName Size Date modified Type
bin
. acTil 7/8/2015 4:22 PM File folder
4 data = = =
. arty 8/11/2015 2:06 PM  File folder
4 boards = 5
. kcT05 7/8/2015 4:24 PM File folder
- board_files
- . keul05 7/8/2015 4:22 PM File folder
ac70l - .
. w07 7/8/2015 4:24 PM File folder
a
5 L wcT09 7/8/2015 4:24 PM File folder
. kc705 - .
7c702 015 4:29 PM File folder
. keulOS ~ )
7c706 7 0 PM File folder
> ved07 N .
zed 7/8/2015 4:29 PM File folder
> s vel09
v zcl02 -
arty Date modified: 8/11/2015 2:06 PM
[ File folder
1item selected B Computer
L
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Appendix lll: Windows 260 Character Path Limit

If you are using the Vivado Design Suite on a Windows-7 host, you may run into issues resulting from
Vivado pathnames exceeding the maximum allowed. Vivado projects create a very deep file hierarchy,
and it becomes very easy to violate the Windows limit if the project is not extracted near the root of the
drive. This can even happen when the archive is decompressed, depending on where you choose to
place the project in your existing file hierarchy.

It is not always convenient to place every Vivado project at the root of a drive. To work around this
limitation, the recommended procedure is to place the Vivado archive in a shared folder on your host
machine, then use Windows Explorer to map a network drive to the directory where the archive will be
decompressed. This allows the Vivado project to be mapped to the root of the virtual (mapped)
directory, eliminating any path issues.

Vivado also makes use of the Windows temp folder, which may be located several folders deep from the

root drive, and this can also cause problems. You can create your own temporary directory in C:\temp,
and force Vivado to use the new folder with the following TCL:

set_param “project.customTmpDirForArchive” C:/temp
For further information, see the Xilinx answer record at:

http://www.xilinx.com/support/answers/52787.html.
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Appendix IV: Getting Help and Support
Avnet Website

Evaluation Kit home page with Documentation and Reference Designs
http://em.avnet.com/arty

Avnet support forums
http://community.em.avnet.com/

Xilinx Website

Details on the Artix-7 FPGA family are included in the following Xilinx documents:
o Artix-7 Family Overview (DS5180)

o Artix-7 FPGA Data Sheet (DS181)

o Artix-7 FPGA Configuration User Guide (UG470)

For more detailed information about xilisf, please refer to the Xilinx OS and Libraries Document
Collection located here:
www.xilinx.com/support/documentation/sw _manuals/xilinx2015 2/oslib_rm.pdf

For more detailed information about SDK, please refer to the SDK Help HTML:
www.xilinx.com/support/documentation/sw_manuals/xilinx2015 2/SDK Doc/index.html

Xilinx support forums
http://www.xilinx.com/support.html

Digilent Website

Arty home page
http://www.artyboard.com

Arty Wiki
https://reference.digilentinc.com/arty
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