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1 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.

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.

2 Objectives

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

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

— Set up an SDK workspace.

— Add an example software application.

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

3 Reference Design Requirements

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

3.1 Software
The software requirements for this reference design are:

—  Linux, Windows 7, Windows 8.1
(ug973-vivado-release-notes-install-license.pdf)

— Xilinx Vivado Design Edition 2015.2, with SDK

3.2 Hardware
The hardware setup used by this reference design includes:

— Computer with 1 GB RAM and 1 GB virtual memory (recommended)
(www.xilinx.com/design-tools/vivado/memory.htm)

— Avnet/Digilent Arty Evaluation board
— USB-A to USB-micro B cable
— Power supply (optional)
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4 Supplied Files

The following directory structure is included with this reference design:

demo: Contains the files to run receive test program:

doc:

IPI:

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.

Contains the documentation for this reference design.
7A35T_Arty_OOB_GPIO_demo_VIV2015_2.pdf: This document.

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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5 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 : :
BEEHEA BEEBEBEE
ADIGILENT P
AETAVNET
J12 : ;
12V Power SBEEE gagadi
(optional)

A,
Egag HE ©SeBgg8sg

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).
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6 PC Setup

6.1

6.2

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 |: 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/itssh2. As an alternative the Terminal applet in the Xilinx SDK may
also be used.
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7 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.
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7.1  Applications Download

1. 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.

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

demo_gpio_app.bat

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

Bl Administrator: CA\Windows\system32cmd exe l — | =) Lih]

###% Sl Build 1266856 on Fri Jun 26 16:35:25 MDT 2815 r
###% TP Byild 1264898 on Wed Jun 24 14:22:81 MDT 2815
#* Cppyright 1986-2815 ¥ilinx, Inc. 411 Rights Reserwved.

m

source C:/Xilinx/Vivados2@815.2/scripts/updatemem/main.tcl -notrace

Loading bitfile design_1_wrapper.bit

Loading data files...

Updating memory content...

Creating bitstream...

Writing bitstream download.bit...

update_mem: Time (s): cpu = 88:88:12 ; elapsed = @8:88:12 . Memory (MB): peak =
4659.137 : gain = 418.398

INFO: [Common 17-286] Exiting updatemem at Fri Aug 14 16:85:11 2815...
Configuring FPGA

#xx*£* Wilinw Microprocessor Debugger (XMD) Engine
EEFEEF WMD ¢2815.2 (6d-bit)
##%% S Bulld 1266856 on Fri Jun 26 18:35:25 MDT 2815
#* Cppyright 1986-2815 ¥ilinx, Inc. 411 Rights Reserwved.

Executing user script : download_bit.tcl
Configuring Device 1 (xc7a35t) with Bitstream -- download.bit
...18..268...36. .48, .58...608..78..808...98..1885uccessfully downloaded bit file.

1TAG chain configuration

Device ID Code IR Length Part MName
1 @362de93 B xc7a3ist
C:WProjects\DRC_Dev\7A35T_Arty\7A35T_Arty_ O00B_GPIQ demo_WIV2Z2815_2‘\demo> &
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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 ESEERTCE

File Edit Setup Contrel Window Help

FEEFFFFFE R FFFFEFFFFFEEFFFFEEEFFFFFEFFFFFEFFFFFEFFFFEEFFF
e T T T T T e T T T T T T

Ak Avynet/Digilent Arty Evaluation Board ¥

Ak LED=s and switches GPIO Demonstration ¥
EEE R i s i b e e e e e ]

R b cE ket ek ok e e e ek
% %

Choose Task:

BTM@: Print PWM wvalue.

BTN1: 'Cylon' LED display.
BTNZ: Scrolling LED display.
BTN3: Return to this menu.
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7.2 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. Pressthe 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=REER

File Edit Setup Control Window Help

FEF R FFFFF R R FFFFFFEEFFFFFFFFFFEE R FFFFFFFFEREFFFFFE
B T e O O O T T T e T T T T

hikd Avnet/Digilent Arty Evaluation Board ¥

Aikd LEDs and switches GPIO Demonstration %
e T T L T T T T L e e e e

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

Choose Task:

BTN@: Print PWM walue.

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

Switch BTHE@ pressed.

Printing PWM wvalue. Press BTH3 to exit.

Toggle DIP switches to change LED brightness.

LED PWM Value = 388808 il
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Press BTNL1 to select the pattern to display a ‘Cylon’ (walking back and forth) pattern on the
RGB LEDs (LD0-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 ~

¥ COML18:115200baud - Tera Term VT = | E |
File Edit Setup Control Window Help

e Tt st T Tt s Tttt T T Tt Tt T T T T T T T T
e Tt st T Tt s Tttt T T Tt Tt T T T T T T T T
hikd Avnet/Digilent Arty Evaluation Board ¥

Ak LEDs and switches GPIO Demonstration ¥
e Tt st T Tt s Tttt T T Tt Tt T T T T T T T T

EREE bl bl e e e bt ]
el

Choose Task:

BTN@: Print PWM value.

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

Switch BTN1 pressed.
Display 'Cylon' pattern on RGE LEDs in R,G,B sequence. Press BTN3 to exit. L_

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.

F B

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

File Edit Setup Control Window Help

EREE b bl b e bl bt
B Lt T T e e e e e e =1

hikd Avnet/Digilent Arty Evaluation Board F¥

Ak LEDs and switches GPIO Demonstration L
B T T T T E T T T T T e T T T

B T T T T E T T T T T e T T T
EEY

Choose Task:

BTN@: Print PWM value.

BTN1: 'Cylon' LED display.

BTN2: Scrolling LED display.

BTN3: Return to this menu.

Switch BTNZ pressed.
Scroll through each combination of R,G,B on LEDs. Press BTN3 to exit. L

1
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8 Create the MicroBlaze System

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

— MicroBlaze processor

— 32KB of BRAM

— UART Port

— GPIO for LEDs and switches
— QSPI Flash

— Interrupt Controller

— Custom PWM peripheral

ILMB BRAM DLMB
Controller I [32K) I Controller
MicroBlaze

AX] Interconnect

CLK Clocking
@100 MHz Wizard

usB/ RGB
HI UART LEDs
Bridge x4

Figure 1 — Reference Design Block Diagram
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8.2

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

— MicroBlaze processor settings:
— Select the Typical Predefined Configuration
—  Specify 32KB for local memory size
—  AXI_QSPI settings
— Enable Quad mode
— Set the slave device to Micron (Numonyx)
— Disable the STARTUPZ2E primitive
—  Clocking Wizard settings
— Setclk_outl to 100MHz (system clock)
— Disable the reset input
— AXI_UARTLite
— Set baud rate to 115200
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8.3 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.

8.3.1 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.

8.3.2 Create the Vivado IPI Block Design Project
1. Navigate to the Windows Desktop or Start menu and launch Vivado.

.
£ Vivedo 20152

|,_:, ';E

He Fow Toos Wrdow e

VIVADO!

Quick Start
RS

Create New Project

2%

Documntation and Tutonals

i

itHe

- =

Productivity. Multiplied.

£ S
= !

Open Project Open Example Project

Tasks
A3k = (.&
2—‘_& \,% 1=l
"z;‘ooe » Open Hordware Marager Xieox Td Store
Information Center

s @

Quack Tk Viddeon Refwase Notes Gude

XILINX

AlLL PROGRAMMADLE.

b4
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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 Il 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

Td Corsole .

o sec_parsm "project.cuscosleplirForArchive™ COtfcesp —'

- Ci/tenp
IF|
]

X

2. 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:
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8.3.3 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 Corsole:

- =at_paTAT RroOject.o

tonTrplirForArchive™ Ciftesp

2 reEp
'~ | od /Projecta/DRC_Dev/7A35T_Arcy/TAISI_Arty O0B_GEIQ_demo VIVZOLS_2
|| R e ————

. (= R -

};.

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

7 aml
)\‘, Tcl Command Line @
14 Running create_bd_cell...

Background

Page 18



3. Openthe design_1.tcl file in your favorite text editor and identify the important Vivado
tasks that the script automates for us:

— Create the new project in the project_1 folder and select the XC7A35T FPGA device
— Select the Arty as the target board

— Set the custom IP repository folder location to ../IPl_repol/ip_repo

— Build the MicroBlaze processor system block design

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

— Add the design_1.xdc constraints file to the design

cseate project project 1 -force ,/fprodtect 1 -part xeVadSticsgd2e- L

§ Seie he Artix-7 XCTALST “Arcy' as the target board

set_praperty board part digilentinc.ocamiartyipartOil,l [current_prajeot)
$ = 2 e 5 )

set param bd.enablelpSharedlirectory true

1 *./.,./1IPI_repo/ip_repo”
»o_paths  "§{repos_local)" [current fileset]

generate_target (synthesis simulation implementation) [get_files /project_1/project_l.asrcs/sources_l/bd/design_l/design_l.bd]

_1/vd/design_3/design_1.bd)

sign_l/hdl/design_1_wrapper.v

./tFZ_rer-/x1:/1291;r_:.xﬂf
I_repo/xdc/design_l.xdc
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4. When the design is done building you should see a Vivado window similar to this:

X 3P0 % @K LG S S E R
«I‘ C

FRow Navwgatar | 4
QX  Desgn — D& X | J-Dagram x| M AddesEdte X O x
) - : :\ :Ej!- i 2 fdesn 1 b I
@ Project Settings | @4 Extemal Interfaces
&9 Add Souces | ) Interface Connections X
|# A Ports \:
7 Language Terglates | G Nets .ﬁl =
 Catslog | GG e gpio 0 (AXIGRIOILO)
& || @ 4 a8 _gpio_3 (AXI GFID:2.0) O
[Mpgm—_—-_- h @:w&uoﬂﬂ:ln [w) 3
. | GG a6 _artite O (201 Lartite:2.0)
3%, Create Slock Desgn | Qg ok _wiz_D {Codeng Vizrd:S. 1) aQ
3 Open hock Cesgn || @ 9 mdm_1 DecoRae Detug Modue (M3 2) o
o | G & microblaze 0 Monsised. 5) bt ) £
1) Genarae Bock Desgn i &) mirohiae 0 asd id A7 Intrennt Coesendes-4 1) - -
& Sowrces | 1 Design | 8 Sgrels | [l Soerd &
e Propertes -De x "
R fun Sevdaton i & ‘_! NE y
i @
i | @ =1
@ Eatonation Settngs Select o obriect t see propesties e
I @Y Cpen Elaborated Design o -
¢ Synthess i ¢ (L
@ Syrthess Setsngs !
P Run Syrdess | &% | Gemeraced Hardwere Defimiticn File c:/Projects/DRC_Dev/TAIST Arty/JA3ST Arty 00S_SSI0_demo VIVZ015_2/1 ~
b D | generate targer: Time (s): cpu = 00:00:10 ; elapsed = 00:00:12 . Memory {M5): peak = 1503.263 ; gain =
’ -M { . : ¢ make_vrapper ~files [ger_files ./project_i/project_i.srca/scurces_L/bd/design_l1/design_Li.bd] ~rep
4 Irplenentation “ | # add_files -morecuree ./project l/project_i.scca/scurces_L/bd/design_1/hdl/design_L_wrapper,v
i # | ¢ update_compile crder -fileset scarces 1
@ srolementaton Setirgs ’ A | # update compile order -fileset sim 1
[ Run Inglementation I | # add_files -fileser comstra_l -norecurse ./../IPI_repo/xdc/design_l.xdc
» .mmouq { x ;0 ispore_files ~fileset conatrs_i ./../IPI_repo/xdc/design_i.xdc
ci/Projects/DRC_Dev/TAIST Arty/TASST_Arty 008 _GPIO_demo VIV2015_2/1Pl/project_L/project l.scca/constes’
4 Peogrem ed Debug | -
@ sereanses | -
3 Generate Btsxesm
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5. The Block Design should look similar to this:

g

PCBOUB P BHIDOBIZRA X

= —oax
'y 1
—
s
y J-J-n- -
iz g = A i o oy
_“d ~o o - sash {
-~ e~ v  MicroSiaze
o - el b -
e -
—— B— —
.- _‘. st o y — ]
——f8 - [t pReASE— It
i (s L
-a ) | —m L —t R
. e s 1
O rv >trr oo
e i
o e .,’:!"! L
O §- - flovim oy
P e » - - -
- T e
- - s, A
o~ | — u s o
=

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.

B Froperties... Ctrl+E
X Delete Delete
B Copy Ctrl+C
By Paste Ctrl+V
S, Search... Ctrl+F
k Selectall Ctri+A
%  AddIP... Ctrl+1
iy IP Settings...
¥ Validate Design F6
Expand,Collapse 3

Create Hierarchy...

Create Comment

Create Port... Ctrl+K

Create Interface Port... Ctrl+L
& Regenerate Layout

™ Save as PDFFile...
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8.34 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
| ¥ Generate Bitstream |

> BEF Open Hardware Manager

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

rg‘j, Save Project @‘

|0, Save project before generating bitstream?

Data to Save

[V] 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 ﬂ

I-""_"“- There are no implementation results available, OK to launch synthesis and implementation?

W 'Generate Bitstream' will automatically start when synthesis and implementation completes.

[ bon't show this dialog agaire

Yes Mo
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4. When prompted select Open Implemented Design and click OK:

Bitstream Generation Completed X

:I Bitstream Generation successfully completed.

i@ Dpen Implemented Desigre

() View Reports

(71 Open Hardware Manager

[] Don't show this dialog again

oK ] [ Cancel
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8.35 Review the Bitstream Settings

In addition to specifying the system I/O 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 — 0O 2 =

A= 2 R

[+ Design Sources (1)

; n_1_wrapper.v) {1)

-= Constraints (1]

{ B oonstrs_1(1)
L] design_1.xdc

-1 Simulation Sources (1)

Hierarchy | IF Sources | Libraries | Compile Order

4% Sources | ] 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 x
L] c:[Projects/DRC_Dev /7A3ST_Arty/TA3ST_Arty_OOB_GPIO_demo_VIV2015_2/IPI/project_1fproject_1.srcsfconstrs_1fimportsfxdc/design_1.xdc

ka
»

[#L)

set property CONFIG_MODE S5PIxd [current desigm]
set_property BITSTRERM.CONFIG.SPI_32BIT_ADDR NO [current desigm]
set property BITSTRERM.CONFIG.SPI_BUSWIDTH 4 [current design]
set_property BITSTRERM.CONFIG.SPI_FRLL EDGE YES [current desigm]
set property BITSTRERM.CONFIG.UNUSEDFIN FULLNONE [current desigm]
9 set property BITSTRERM.CONFIG.CONFIGRATE &6 [current desigm]

30 set property CONFIG_VOLTAGE 3.3 [current desigm]
"II"II 31 zet property CFGEVS VCCO [current desigm]
32 set_property BITSTREAM.CONFIG.MOPIN PULLUF [current desigm]
33 zet property BITSTREAM.CONFIG.M1PIN PULLDOWN [current desigm]
34 set_property BITSTREAM.CONFIG.M2PIN FULLDOWN [current desigm]
Va5
IL 36 s

4 I

0 -1 & A e

[ T S T R o T S T 5 R I S |

m
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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
‘I,E] Generate Bitstream

[» i% Open Hardware Manage

4. In the Project Settings window click on Configure additional bitstream settings.

'E_, Project Settings

IBilsUeam

w ‘ @ Configure additional bitstream settings. |

Conaral | !

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:

£ Edit Device Properties u
Use the dalog %o edit fhe rogramming and corfiguration properes foc your arrent desgry; defaudt values ace set automadcaly ‘ l
Configuration
Gered Config.saton Setup 3
e Corfiuraton Rate (M) % -C
Encrypton
Readback Enable external configuration dock and set dvide value DISASLE ~ r
Corfiguration Voltage 33 -iC
Configuration Bank Voltage Selection Yooo - C
571 Configuraton
1ot Read cycie 1 ML
Page Sze (bytes) |1 +{C
Syndwoncus Mode DISASLE + C
SP1 Configuraton
Enable 5P1 320 address style NO v i3
Bus midh “4 - C
Enable the FPGA 1o use » faling edpe dock for Pl data captre Y25 ~ (O
MutBoot Settings
. VB
[ meo ok | [ Ceel |
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8.3.6 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.

r'k Export Hardware ﬁ-‘

Expart hardware platform for software development

tools.
include bitstream
Export to: | 50 <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.

r,&_ Launch SDK = |

Launch software development toal,

.

Exported location: | B0 <Local to Project> -

Workspace: | B0 <Local to Project= -

7 <Local to Project:
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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.

¢ Choose Location 1

B_eoent:lE)C:/Projeds/DRC_Dev/7A35|'_Arty/7A35I'_Arty_OOB_GPIO_demo_VIV2015_2/sdk_worls... v ] ZOERANMEXDZT S

Directory: i :\Projects\DRC_Dev\7A35T Arty\7A35T_Arty OOB_GPIO_demo_VIV2015_2\sdk_workspace| [

E- |, 7A35T_Arty_OOB_GPIO_demo_VIV2015_2
A. L IPI

- .. IPI_repo

[ |, demo

-~ 1. doc

(- |, program_fiash

- |, sdk_repo

]

>

[ selct ][ Concel ]

4. After a few seconds the SDK will show a GUI similar to the one shown below:

B3 C/C+ + - design_L_mrapper bw_platform Ojsystembdf - Xilina SOK By =)
File Edt Source Refactor Navigete Search Propect Xdinx Tool Run  Window Help
PSe | m~-S-AeRBIDg-&E~ -G~ LR IR R 2 ™ v E o livwt - v | oo
Quick Access | & | BFEED
25 Project Explorer 1 = 1 | [ig systemmdf 2 = 0| Eow k[@m-] = 8
= | =
BE®|YV design_1_wrapper_hw_platform_0 Hardware Platform Specification all
« [ design_t_wrapper_bw_platfcem 0 | ‘ An eutling is not available,
b & drivers Design Information
4 design_1_bd.te! e ‘
11 design_1_wrapperbe Target FPGA Devices 723561
B desln 1. meappctinend Crested With: Vivado X152
i systembek Created On: Fri Aug 14 150627 2015 |
Address Mag for processor microblaze 0 [ ‘
PWM_w bz 0 Ox44200000 Ox44a0E€£F
ea_gpio 0 0x40000000 Ox4000€01 ‘
wdi_gpio_ 0x40010000 0x4001£¢£¢
avi_qued_spi 0 Ox44210000 Oxdda1£E££ J
axi_uaetlite 0 0x40600000 0x4060E£ £
microblaze 0_xe wac Ox41200000 Ox43206€€€
mucroblaze 0_local_memory_dimb_bram_if_cntir 0x00000000 0000071 ¢
microblaze_0_local_memory_iimb_beam_if_cntlr 0x00000000 0x00007¢££
P blocks present in the design
PWM_w_int 0 P _Int 10
x_gpio 0 a_gpie 20
ae_gpio_L 20_gpic 20 -
O«Mow:
| & Tege (onm«;om‘ w] & 7..° - & Pro.. & a Tc.k—.m Con (e Prow. i.’;.fc— =" [_]“SDKLog u B bl =
(& Hardwere Server 1| 15:17:49 INFO 1 taunching XSOB server: xsdb.bat
(& Linwee TCF Agertt O items 15:17:49 INFO 1 Frocessing comsand line option
U QEMU TAGAEClient Description - w: 15:57:5@ INFO 1 XSD8 server has started succes: ‘
ol " ' . m ’
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9 Create the Software Applications

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

9.1 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.

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

File Edit Source Refactor Navigate Search Project [XilinxTools| Run Window Help
T~ ‘ SR -@REEED & {3 Repositories

. Board Support Package Settings
T&l Generate linker script

[ Project Explorer &2 | = B ||[3g 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.

r R
@ Preferences L‘M
type filter text Add, remove or change the order of SDK's software repositories. x o

General

Ak Local Repositories (available to the current workspace)
- An

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_OOB_GPIO_demo_WIV2015_2 &
. demo
. doc
> L [
> 1. IPLrepo
> . program_flash

»| 1. sdk_repo

> . sdk_workspace -

Folder: sdk_repo

o) [ome
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4. Click on Rescan Repositories, then click Apply, then click OK. The new repository is how

ready to use.

@ Preferences Elﬂlg
type filter text Add, remove or change the order of SDK's software repositories. =T v
G |
E A::era Local Repositaries (available to the current workspace)
b C/Ce+ C:\Projects\DRC_Dev\TA3ST_Arhy\7A3ST_Arty OOB_GPIO_demc_VIV2015_2\sdk_repo
> Help
" Tnstall/Update
[» Java
Up
[» Remote Systems
> Run/Debug Down
[» Team
Terminal
Kilinx SDK
@ A Global Repositories (available across workspaces)
Boot Image

BSP Preferences
Flash Programming

Hardware Specification Remove
Log Information Level U
| Repositories| P
AMD Startup Down
SDK Installation Repositories
C/Xilinx/5DK/2015.2/ data\embeddedsw
Rescan Repositories
Mote: Local repository settings take precedence over global repository settings.
Restore Defa.ul.ts] Apply
@ oK [ Cancel
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9.2 Create the GPIO Demo software application
1. Goto File » New = Application Project

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

[File| Edit Source Refactor Navigate Search Project XilinxTools Run Window Help
New Alt+Shift+N » @ Application Project
Open File... EA SPM Project
Close CtrlsW i}, Board Support Package
Close Al CtrsShiftew | (5 Project-.

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.

-
New Project u_lg':' =
Application Project .
Create a managed make application project. @
Projec name

Use default location
Location: | C\Projects\DRC_Dev\7A3ST_Ary\TA35ST_Arty OOB_GPIO_de Browse...

Choose file systerm: | default

05 Platform: ’standalone V]
Target Hardware
Hardware Platform: Idesign_l_wrapper_hw_platform_ﬂ v] IN;W]
Proceszon ’ microblaze_0 - ]
Target Software
Language: @C () Ce+
Board Support Package: @ Create New | gpio_demo_bsp

Use existing

® < Back

Finish l [ 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.

New Project SR

Templates ~
Create one of the available templates to generate a fully-functicning
application project,

Available Templates:

Peripheral Tests This application demonstrates interacting »
‘ GPIO Demo Alication with the push buttons to control the

Dhrystone board LEDs and manipulate the

Empty Application brightness of LEDs via DIP switches and a

Hello World P,

wIP Echo Server

Memory Tests

R5A Authentication App

SREC Bootloader

SREC 5PI Bootloader

Kilkernel POSIX Threads Demo
Zyng DRAM tests

Zyng FSBL

@ Med> | [ Finish | [ Cancel

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

(2 Problems : 2 Tasks | & Console &2 ‘ £ Properties| & Terminal | [-] SDK Log | S
s @ Em -2 E-3-
CDT Build Console [gpio_demo]
'Invoking: MicroBlaze Print Size' ~
mb-size gpio_demo.elf |tee "gpio_demo.elf.size"
text data bss dec hex filename 3

15004 436 2272 17712 4530 gpio_demo.elf =
'Finished building: gpio_demo.elf.size'
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9.21

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
S-S S
s E design_1_wrapper_hw_platform_0
4 == gpio_demo
5 :j-.ff' Binaries
> il Includes
> = Debug
4 |[= SrC
» € gpio_demo.c
- |k platform_config.h
- g platform.c
. [n] platform.h

> (M gpio_demo_bsp

2. Notice that the Stack Size and Heap Size are both set to 0x400 (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.

5 system.hdf I H, system.mss Tl Iscript.ld E = I
Linker Script: Iscript.ld

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

Available Memory Regions
Mame Base Address Size
microblaze_0_local_memory_ilmb_bram_if_cntlr_microblaze_0_... 000000050 (0wC

Stack and Heap Sizes

Stack Size 0400
Heap Size 0400

Section to Memory Region Mapping

Section Name Memeory Region

et micreblaze_0_local_memory_ilmb_bram_if_cntlr_microb
Jinit microblaze_0_local_memory_ilmb_bram_if_cntlr_microb
fimi microblaze_0_local_memory_ilmb_bram_if_cntlr_microb
.ctors microblaze_0_local_memory_ilmb_bram_if_cntlr_microb
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9.2.2 Running the GPIO Demo Software Application
Because the MicroBlaze processor system is configured with 32KB of BRAM, this is enough to
hold the gpio_demo software application. The FPGA can be configured with the hardware
bitstream merged with this software application, and immediately begin software execution. No
need for an intermediate bootloader. We will configure the FPGA now with our hardware
bitstream that includes the gpio_demo software application.

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:

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

File Edit Source Refactor Navigate Search Project | Xilinx Tools| Run Window Help
i~ [ DR vy & 22 ¢ BN @ Repositories
lif, Board Support Package Settings

[( Project Explorer 52 | = 0 ||z system.hdij
BE&|Y ¥ |22 Program FPGA

Tl Generate linker script
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4. Accept the defaults for the Hardware Platform and Connection and verify that the
gpio_demo application is selected as the ELF/MEM File to Initialize in Block RAM.
Click Program to continue:

m Program FPGA u

Program FPGA
Specify the bitstrearn and the ELF files that reside in BRAM mermory

Hardware Configuration

Hardware Platform: [design_l_wrapper_hw_platform_ﬂ 'I

Connection: [Local v” Mew ]

Device: Auto Detect

Bitstream: design_1_wrapper.bit [Search...] [Erowse..]

[7] Partial Bitstream

B/ MMI Files design_1_wrapper.mmi [ Search... ] [ Browse.. ]
Software Configuration
Processor ELF/MEM File to Initialize in Block RAM

design_1_i/microblaze 0

@ [ Program ][ Cancel l

5. You will see the following window while the FPGA bitstream is downloaded:

r X
@ Progress Information [ﬂﬂ]ﬁ

Initializing Bitstream with ELF data..
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6. You should see the following on the serial console:

¥ COM18:115200baud - Tera Term VT o]

File Edit Setup Control Window Help

FEFEEFFFE R Rk Rk Rk kR Rk Rk k ko ke kR kR Rk kR R
FEFEEFFFE R Rk Rk Rk kR Rk Rk k ko ke kR kR Rk kR R

hikd Avnet/Digilent Arty Evaluation Board **

Aikd LEDs and switches GPIQ Demonstration ki
e S E T T T T T T L o e o e

FEFEEFFFE R Rk Rk Rk kR Rk Rk k ko ke kR kR Rk kR R
% %

Choose Task:

BTN@: Print PWM wvalue.

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

7. 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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10 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.

10.1 Program the QSPI Flash Using the Vivado Hardware Manager

10.1.1  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. If you closed
that command window you can open another from the SDK. In the SDK GUI navigate to

e

Xilinx Tools = Launch Shell or click the icon on the toolbar.

@ C/C++ - gspi_srec_bootloader/src/blconfig.h - Xilinx SDK
File Edit Source Refactor Navigate Search Project Xilinx Tools| Run Window Help
i ‘ B~ Q AT @ 22 @ . = @ Repositories
i}, Board Support Package Settings
= T ‘ Generate link: ipt
L Project Explorer &2 =) {m [ Rakeetng
= & | g v ,%’ Program FPGA
(3F design_1_wrapper_hw_platform_0 a Program Flash
=5 gpio_demo Dump/Restore Data File
{5 gpio_demo_bsp
4 =5 qspi_srec_bootloader (3 XMD Console
. 3% Binaries B XSDB Console
> (@) Includes |57 Launch Shell |

2. Change directories to the program_flash folder:
cd ..\program flash

Bl Administrator: CAWindows\system32\cmd exe Elﬂl&]

Microsoft Windows [Version 6.1.7681] "
Copyright (c) 2809 Microsoft Corporaticn. All rights reserved. B

C:%WProjects\DRC_Dev\7ALST_ArtyW7A15T_Arty SREC_Bootloader VIVZ815_1\sdk_workspac
excd ..hprogram_flash

C:\Projects\DRC_Dev\7A1ST_Arty\7415T_Arty SREC_Bootloader WIV2815 1%program_flas
h

Page 36



3. Runthe 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

Bl Administrator: CAWindows\system32ycmd exe EIEI&J

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

-

C:WProjects\DRC_Dev\7ASST_Artyi\7A3ST Arty O0B_GPIO_demo_WIVZB1S5_2\sdk_workspaces
cd ..Wwprogram_tlash

C:“Projects\DRC_Dev\7A3ST_Arty \7A3S5T _Arty O0B_GPIO_demo_WIVZ815_2\program_flash>
cp_Trom_sdk.bat

C:\Projects\DRC_Dev\7A3ST_Arty \7A3S5T _Arty O0B_GPIO_demo_WIV2Z815_2\program_flash>
et SDK_PATH=..%SDK_Workspace

C:'Projects\DRC_Devh7ASST_Arty \7ASS5T_Arty O0E_GPIO _demo_WIV281S5 2\program flash>
copy /Y ..A\SDK_Workspacetdesign_1_wrapper_hw_platform_@\design_1_wrapper.bit|.

1 file(s) copied.

C:\Projects\DRC_Dev\7A3ST_Arty\7A3ST_Arty_O00B_GPIO_demo_WIV2815_2%program_flash:
copy JY ..XSDK_NDPRSpace\design_l_wrapper_hw_platfnrm_E}design_l_wrapper.mmi .|
1 file(s) copied.

C:\Projects\DRC_Dev\7A3ST_Arty \7A3S5T _Arty O0B_GPIO demo_WIV2Z815_2\program_flash>
copy /Y ..\SDK_Workspacegpio_demo'\Debug gpin_demu.elfl.

1 filei{s) copied.
C:'Projects\DRC_Devi7A3S5T_Arty \7A35T_Arty_ O0BE_GPIO _demo_VWIV2ZB1S_2'\program_flash>
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4. Runthe 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:

— Merge the gpio_demao.elf with the FPGA bitstream of the MicroBlaze system:
cmd /C updatemem -force -meminfo design 1 wrapper.mmi -bit

design 1 wrapper.bit -data gpio_demo.elf -proc
design 1 i/microblaze_ 0 -out bootload.bit

— 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

— The make_mcs.tcl file:

write cfgmem -force -format MCS -size 16 -interface SPIx4 -
loadbit " up 0 ./bootload.bit" boot.mcs

-
BX Administrator: CA\Windows\system32\cmd.exe l = | =] |_i:h
INFO: [Common 17-286] Ewiting updatemem at Fri Aug 14 15:58:38 2815... -

#FFF+F Viyado v2815.2 (64-bit)
#*¥%% G4 Build 1266856 on Fri Jun 26 16:35:25 MDT 2815
#+%* TP Build 1264898 on Wed Jun 24 14:2Z:81 MDT 2815
#* Coppyright 1986-2815 ¥ilinx, Inc. All Rights Reserwved.

source make_mcs.tecl

# write_cfgmem -force -format MCS -size 16 -interface SPIxd -loadbit ™ up @ ./bo
otload.bit™ boot.mcs

Creating config memory files...

Creating bitstream load up from address exeapaee88

Loading bitfile ./ /bootload.bit

Writing file ./boot.mcs

Writing log file ./boot.prm

=

File Format MCS

Interface SPIX4

Size 16M

Start Address 8xBaa26800

End Address Bx88FFFFFF

Addrl Addr2 Date Fileis)
BxE8808600 Bx8a21728B Aug 14 15:58:38 2815 ./bootload.bit

INFO: [Common 17-286] Exiting Viwvado at Fri fAug 14 15:58:43 2815...

C:\Projects\DRC_Dev\7A3ST_Arty\7A3ST_Arty_00B_GPIO_demo_VIVZ@15_2\program_flash>

-
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10.1.2  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. Runthe program_qgspi.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:

— 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 gspi.tcl

Bl Administrator: CAWindows\system32\cmd exe I. = | = |ﬁl

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 = 88:88:81 ; elapsed = 88:88:55 . Memory (ME):
peak = 273.738 ; gain = 3.625
# endgroup
# boot_hw_device [lindex [get_hw_devices] @]
INFO: [Labtools 27-32] Done pin status: HIGH
# disconnect_hw_server
#EFEEF Wahtalk v2815.2 (64-bit)

#*#%% Syl 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. All Rights Reserwved.

source C:/Projects/DRC_Dew/7A3ST_Arty/7A3S5T_Arty_O0B_GPIO_demo_VIV2815_2/program

| Flash/.Xil/Vivado-14848-avnet-wks2 /webtalk/labtool_webtalk.tcl -notrace

INFO: [Common 17-186] 'C:/Projects/DRC_Dew/7A3ST_Arty/7A3S5T_Arty_00B_GPIO _demo_V
IV2915_2/program_flashs/.Xil/Vivado-14848-avnet-wks2 /webtalk/usage_statistics_ext

| labtool.xml' has been successfully sent to Xilinx on Fri Aug 14 15:52:36 2815,
For additional details about this file, please refer to the WebTalk help file at
Ci/Xilinx/Vivado/2815.2/doc/webtalk_introduction.html.

INFO: [Common 17-286] Exiting Webtalk at Fri Aug 14 15:52:36 2815...
disconnect_hw_server: Time (s): cpu = 88:88:88 ; elapsed = 82:88:856 . Memory (MB
1: peak = 273.738 ; gain = @.808

# close_hw

INFO: [Common 17-286] Exiting Vivado at Fri Aug 14 15:52:36 2815...

m

C:\Projects\DRC_Dev\7A3ST_Arty:\7A3ST Arty O0B_GPIO_demo_WIVZ815_2\program_flash>
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4. When the QSPI Flash programming has completed you should see the Arty board
reconfigure and launch 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). 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 GP10O Demo. This concludes this design tutorial.

-
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10.2 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 23 on the SDK toolbar:

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

File Edit Source Refactor Navigate Search Project [ Xilinx Tools | Run Window Help

T~ | By -a G 2HEED (& Repositories
i}, Board Support Package Settings

Generate linker script

LI_“; Project Explorer &% | SUEA ‘.{g system.hdi

B
=R-AB 4 - || 22 Program FPGA
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4. Accept the defaults for the Hardware Platform and Connection and verify that the
gpio_demo application is selected as the ELF/MEM File to Initialize in Block RAM.

Click Program to continue:

e

B Program FPGA

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

Hardware Configuration

design_1_i/microblaze_0

Hardware Platform: [ design_1_wrapper_hw_platforrm_0 - ]
Connection: [Local v] ’ Mew ]
Device: Auto Detect
Bitstream: design_1_wrapper.bit lSearch...] [Erowse..]
[ Partial Bitstream
BMM/MMI File: design_1_wrapper.mmi ISearch...] [Bmwse..]
Software Cenfiguration
Processor ELF/MEM File to Initialize in Block RAM

sdk_workspacelgpio_demo'\Debug\gpio_demo.elif kg

i | »

Cancel ]

@ Program I [

5. You will see the following window while the FPGA bitstream is downloaded:

M B
B Progress Information —e
Initializing Bitstream with ELF data..
—
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6. Inthe SDK GUI navigate to Xilinx Tools = Program Flash.

-
@ C/C++ - gspi_srec_bootloader/src/lscript.ld - Xilinx SDK

File Edit Source

@t | & ~

v & 32 S

Refactor Navigate Search Project | Xilinx Tools | Run  Window Help

[ Project Explorer 52 ‘ =zm| \ \@ Iscript.id

Repositories
Board Support Package Settings

Generate linker script

Program FPGA

Program Flash

oNE 2=

= ~
55|V Linker Sc
4 L,_g design_1_wrapper_hw_platform_0
(= cache A linker script
S P In this paae. 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>\sdk_workspace\design_1 wrapper_hw_platform_0
folder and select the download.bit bitstream file. Click Open to continue:

r 7 Al
Bl Select Flash Image File =5
—

(I [}. « 7A35T_Arty_OOB_GPIO_demo_VIV2015.2 » sdk workspace » design_1_wrapper_hw._platform 0 » ~ [ 49 || Search design 1 wrapper hw_... P |
Organize ¥ New folder =y 0 @
Xil 2 Name : Size Date modified Type
| 2014 ] -
. .. drivers 8/14/2015 3:17 PM File folder
+ e || design_1_wrapper.bit 2141 KB 8/14/20153:17PM  BIT File
= D:{E 'Des |£] | L] download.bit | 2141KB 8/14/20153:37PM  BIT File
K _Dev
| TAI5T Arty
|| TA35T Arty
| TA35T_Arty_Ethernetlite_LwIP_VIV2015_1
| TA35T_Arty_Ethernetlite_LwIP_VIV2015_2
|, TA35T_Arty_OOB_GPIO_demo_VIV2015_2
. demo
lu doc -
File name: download.bit v [*.mcs;".bin;“.bit;".elf v‘
[ Open lv] [ Cancel l
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8. Select the following settings and click Program to continue:
— Set the Offset to 0x00000000
— Setthe Flash Type to n25q128-3.3v-spi-x1_x2_x4
— Enable Verify after flash

= ]

Program Flash Memory

Program Flash Memory via In-systern Programmer.

7

Hardware Platform: ’ design_1_wrapper_hw_platform_0

Connection: ’Local V] ’ Mew ]
Device: Auto Detect
Image File: C\Projects\DRC_De\TA3ST_Ary\TA35T_Arty_OOB_GPIO_demo_VIV2015_2\sdk_workspace\design_1_wrapper_hw_platform_0\download. bit
Offset: 00

Flash Type n25ql28-3.3v-spi-xd _x2 xd V]
FSBEL File: 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:

il N
m Progress Information E@ﬂ

Performing programming flash...

Performing Erase Operation

Cancel Details ==
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10. 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. 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 GP1O Demo.
This concludes this design tutorial.
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11 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 COMXx port assigned
to the USB-to-UART bridge:

1. Open the Device Manager by right-clicking on S8l select Properties, then click on the
Device Manager.

[T =5c=

L\ 18 » Control Panel » System and Secusity D:Syfw'n - by 0
File Edet View Tools Help

L

Control Panel Home 8
§ View basic information about your computer

% Device Manager Windows editon
% Remote settings Windows 7 Professional
% System protection Copyright © 2008 Microsoft Corporation. Al rights reserved
% Advanced system settings Serace Packl
3 re features with a new edition of Windows 7

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.

&4 Device Manager l =R éj

File Action View Help
e | FI0HE 8| E %S

» 1M Computer -

> Disk drives o
> B Display adapters

> -c4) DVD/CD-ROM drives

: !:L:t‘, Human Interface Devices

g IDE ATASATAPI controllers

% Imaging devices

¥ Jungo

& Keyboards

--,B Mice and other pointing devices

B Monitors

5 F Network adapters

b K Pertable Devices

475 Ports (COM & LPT)

Intel(R) Active Management Technolegy - SOL (COM3)
157 USE Serial Port (COML4)

W W W W
m

w7

B
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12 Appendix Il: 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:

E=ST
@g_ DA o boads » A7 » TAIST Anty » Board XML » Arty boardfies » Yiado 20015 oc later » Board fies » v |4 ¢ P
Fle Edt Yiew Tooks Help
Crganize Iaclude in litrary Shave with » Bum Mow lchéer - i ®
toarcs
Ay
anty 1
TALST Arty
TAIST Asty
Board XML
Arty_boardfiles
Oldder versons of vwado
Vivado 2013 o later
boded el
J oty boardfimanp
images
Master XX
J 1 tem Stae R Shared
1 ten A& Covguter
SCT X
@ DA » Computer » OS{C) » Xiew » Yieado » 2152 » data » boards » Doxwd files » e P
Fle Ednt View Tooks Hep
Crganize » 4 Open leciude in litvaty » Share with = Bum New feide: - o
- ams2
tn
ackll
. dm
boasd ey
4 ot
—— k5
# |, board fim
kculds
il
ve 0T
arty
v 309
s
2702
keulds
7105
ved07
o3
weliR
oy M
] arty Dat Mied: 81172005 206 PM
1 e selected A& Computer
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13 Appendix IlI: 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:

Page 48


http://www.xilinx.com/support/answers/52787.html
http://www.xilinx.com/support/answers/52787.html

14 Appendix IV: Getting Help and Support

14.1

14.2

14.3

Avnet Website

Evaluation Kit home page with Documentation and Reference Designs
http://fem.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:
— Artix-7 Family Overview (DS180)

— Artix-7 FPGA Data Sheet (DS181)

— 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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