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Overview
This guide will provide a step by step walk-through of importing a custom IP into Vivado and getting started in Xilinx SDK.
At the end of this tutorial you will have:

e Imported and implemented a custom DigiLEDs IP block into the design.

o Created .C Project in Xilinx Vivado SDK ( Software Development Kit) to interface with the Zedboard.

Prerequisites
Skills
¢ Familiarity with Vivado
¢ Block Design Experience
Hardware

¢ Digilent Zedboard Board
e Micro USB Cable

o Used for UART communication and JTAG programming
¢ Programmable RGB LEDs (WS2812, Neopixels)

o Data-in Signal wire connected to Zedboard's JB1

Software

¢ Xilinx Vivado 2016.2 with the SDK package.
o Tollow this Wiki guide (Installing Vivado (https://reference.digilentinc.com/vivado/installation) ) on how to install and activate Vivado

Board Support Files

¢ Zedboard Support Files
o These files will describe GPIO () interfaces on your board and make it easier to select your FPGA board and add GPIO () IP blocks.
o Tollow this Wiki guide (Vivado Board Files for Digilent 7-Series FPGA Boards (https:/ /reference.digilentinc.com/vivado/boardfiles) ) on how to install Board Support Files for
Vivado.

Project Files

. Dig’iLED Custom IP : ZIP (https://reference.digilentinc.com/lib/exe/fetch.php?tok=53d927 &media=https%3A%2F%2Fgithub.com%2Fmwingerson%2FDigiLED%2Farchive%2Fmaster.zip)
¢ main.c file : ZIP (https:/ /reference.digilentinc.com/_media/zybo/main.zip)

Introduction

In this tutorial, we are going to add our own custom IP block into the base system design to be used with some programmable RGB LEDs.

General Design Flow
1. Vivado

¢ Open Vivado
e Create a new block design



Generate Bit File

Launch SDK

Add the Zynq core IP and automate it

Add the DigiLLEDs custom IP to the project's IP repository
Add the DigiLEDs IP to the design and configure it.
Validate and save block design

Create HDL system wrapper

Run design Synthesis and Implementation

Export Hardware Design including the generated bit stream file to SDK tool

Now the Hardware design is exported to the SDK tool. The Vivado to SDK hand-off is done internally through Vivado. We will use SDK to create a Software application that will use
the customized board interface data and FPGA hardware configuration by importing the hardware design information from Vivado.

II. SDK

e Create new application project and select Empty Application template

e Import main.c

e Program FPGA

Tutorial

When you first run Vivado this will be the main start window where you can create a new project or open a recent one.

1.1) Click on Create New Project.
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1.2) You will be presented with the project creation wizard. Click Next.

VIVADO!

HLx Edtions

£ XILINX

Create a New Vivado Project

This wizard will guide you through the creation of a new project.

Next >

To create a Vivado project you will need to provide a name and a location for your project files. Next, you wil
specify the type of flow you'l be working with. Finally, you wil specify your project sources and choose &
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Next choose the Project Name and Location such that there are no blank spaces. This is an important naming convention to follow for project names, file names and location

paths.

Underscore in a good substitute for empty spaces.

It is good practice to have a dedicated folder for Vivado Projects, preferably with the smallest possible path length. Example: C:/Vivado_Projects.

1.3) Name your Project and select the Project location and click Next.



Project Name
Enter a name for your project and specfy a drectory where the project data files wll be stored.

|Leog |
Cafvvork

[V] Creste project subdrectory
‘Project vl be created at: C: WorkLEDS
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1.4) Select RTL Project and click Next.

2

'+ generate I, run RTL analyss, synthesis, implementation, design planning

@ RTLProject
You wil be able to add
and analysis,

["] Do not specfy sources at this time

() Bost-synthesis Project: You wil be able to add
["] Do not spedify sources at this time

Sorsg

© VO Plarning Project
D

You wil be able to

() Imported Project
Create a Vivado project from a Synpify, XST or ISE Project Fie.

() Example Project
Create a new Vivado project from a predefined template.
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1.5) This demo does not use any existing sources, existing IP or constraints. Click through the next three screens.

Add Sources

Spedfy HDL and netist files, or directories containing HDL and netist files,

to add to your project. Create a new source fie on disk
and add it to your project. You can also add and create sources later.

= | &

Use Add Fies, Add Directories or Create Fie buttons below
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1.6) Select Boards and select the Zedboard board file. Click Next and then Finish.
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Make sure to select the board file made by Digilent.

2. Creating a New Block Design

2.1) Once the process has completed, click Create Block Design in the flow navigator.
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&5 Project Settings
&% Add Sources
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&) Generate Block Design
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2.2) Click OK.

Please specify name of block design.

Design name: system|
. N (https:/ /reference.digilentinc.com/_detail/reference/programmable-logic/ zedboard-getting-started-with-
Directory: [ {5 <Local to Project>

Specify source set: | (- Design Sources

[2]
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2.3) A blank Block Design will open up.
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3. Adding Our Custom IP Repo

3.1) Find and click “Project Settings” under Project Manager on the left side of Vivado.

Flow Navigator &«

A=

4 Project Manager ‘|
{3 Project Settings
6’3 Add Sources
Q Language Templates
L F 1P Catalog

4 1P Integrator
% Create Block Design
5% Open Block Design
&% Generate Block Design
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4 Simulation
% simulation Settings
(i) Run Simulation

4 RTL Analysis
{f3 Elaboration Settings
[> Eﬂ Open Elaborated Design




3.2) Within project settings, click “IP” on the left side. Then click the “Repository Manager” tab and click the + button (Highlighted below).

() Add drectories to the list of repositories. You may then add additonal IP to a selected
repository. If an IP is disabled then a tool-tp will alert you to the reason.
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3.3) Navigate to your projects folder and select the “DigiLED-master” folder.
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3.4) Verify that the new repo is in the list and click OK to exit project settings.

; Project Settings | x |
o ‘
%D | General” Repository Manager | packager | 1P Cache |
General (D Add drectories to the list of repositories. You may then add additonal IP to a selected
repository. If an IP is disabled then a tool-tp wil alert you to the reason.
Q TP Repositories
o + h Mork/BSD/repo (Project)
®
Baboraton 1t
> | |
Synthess 1
1
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4. Adding Our Custom IP



4.1) Click the 1¥“Add IP” button. Type “DigiLED” in the search box and double click “DigiLED_v1.0”. This will add our custom IP to the block design.

Q.- DigiLED)| | (1 match)

Search:
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[ENTER to select, ESC to cancel, Ctrl+Q for IP details
4.2) Click 13 “Add IP” button again. This time type “Zynq” in the search box and double click ZYNQ?7 Processing System.

| ZYNQ7 Processing System

£F ZYNQ7 Processing System BFM

(https:/ /reference.digilentinc.com/_media/zybo/2.jpg)

ENTER to select, ESC to cancel, Ctrl4Q for IP details

This will add the Zynq processor to our block design.

processing_system7_0
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4.3) Click “Run Block Automation” and click OK to auto configure the Zynq core.
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4.4) Click run Run Connection Automation and click OK to connect the DigiLED to the Zynq core.
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5. Configuring the IP
5.1) Find the DigiLED_0 block and double click the block to customize it.

https:/ /reference.digilentinc.com/_detail/arty/block.jpg?id=learn®%3Aprogrammable-logic%3Atutorials%3Azedboard-led-demo®%3Astart)
% g1 ty. Jpg; prog g1




DigiLED_v1.0 (1.0) ‘\

I toamentaton [ % Locaton

[ Shoow disatled parts Component Neme | system_ DGLED._0_0

ttps:/ /reterence.cigllentinc.com/_detail/a custom. “1d=learn”/o rogrammable-
htps:/ /refe digilenti /_detail /arty/ jpe?id=learn’o3Aprog bl

logic%3Atutorials®3Azedboard-led-demo®o3 Astart)

6. Adding the LED Signal Pin
6.1) Right click within your block design and click “Create Port”

B FProperties... Ctrl+E

X Delete Delete

B Copy Ctrl+C

B Paste Ctrl+V

@,  Search... Ctrl+F

Rk SelectAl Ctrl+A
£ AddIP... Ctrl+|

& 1P Settings...

@ validate Design 6 (https:/ /reference.digilentine.com/_detail /arty/createport.jpg?id=learn®3Aprogrammable-logic%3Atutorials”o3Azedboard-led-demo?e3Astart)
Expand/Collapse »
Create Hierarchy...

Create Comment
| Createort... Ctri+K
Create Interface Port... Ctrl+L
@ Regenerate Layout
B Save asPDF File...

6.2) Name the port “led_pin” and set it as an Output. Click OK.

Create port and connect it to selected pins and ports

Port name: Jed_pn|
e
Tupe:

1 r (https:/ /reference.digilentinc.com/_detail/arty/led_pin.jpg?id=learn%3Aprogrammable-
[[] Create vector: from B
Frequency (MHz): |
Interrupt type: ® Level () Edge

Sensitivity: (@ ActiveHigh () Active Low

["] Connect to matching selected ports
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6.3) Connect the “led_pin” to “led_out” on the DigiLED_0 block using your cursor (It will look like a pencil).
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6.4) On the left of your block design, select the Sources tab, and right click in the window. Select Add Sources... and a window will open. Select Add or create constraints and
click Next.

/ Add Sources

Add Sources
VlVADO' This guides you Srough the process of addng and cresting sources for your project
(@) Add or greste constrants
() Add or creste desgn sources.
() Add or creste gmudston sources
() Add or creste DS sources.
() Add exsting block design sources
() Add sty P (https://reference.digilentinc.com/_media/zybo/7 jpg)

To contiue, dick Next

Create a new file, making sure the name has no spaces, and click Finish.
6.5) In the sources window, open the constraints folder to find your new .xdc file. Open it.

Sources =0 x

QX @t RE

(https:/ /reference.digilentinc.com/_media/zybo/8.jpg)

& Sources | £ Desion | & Sgnas | @ Board |
6.6) Copy the line below, and paste it within pins.xdc. This is the pin connected to Connector JB1.

Hierarchy | P Sources | Lbraries | Complle Order |

set_property -dict { PACKAGE_PIN W12 IOSTANDARD LVCMOS33 } [get_ports { led pin }];

6.7) Save pins.xdc and close it.



6.8) Right click system.bd and click Create HDL Wrapper...
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7. Generating Bit File
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7.1) In the top toolbar, click Generate Bitstream. If you haven't already saved your design, you will get a prompt to save the block design.
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7.2) After the bitstream has been generated, a message prompt will pop-up on the screen. You don't have to open the Implemented Design for this demo. Just click on Cancel.
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8. Exporting Hardware Design to SDK

| 8.1) On the top left corner of the window, from the tool bar click on File and select Export Hardware.
This will export the hardware design with system wrapper for the Software Development Tool - Vivado SDK.



Make sure the generated bitstream is included by checking the box.
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9. Launching SDK

9.1) Go to File and select Launch SDK and click OK. The SDK file created local to the Vivado design project location will be launched. The hand-off to SDK from Vivado is
complete.

(https://reference.digilentinc.com/_detail /vivado/mig_45.jpg?id=learn®%3Aprogrammable-
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10. Inside SDK for Vivado

10.1) A new window for SDK will open. The HW design specification and included IP blocks are displayed in the spstem.hdf file. SDK tool is independent of Vivado, i.e. from this
point, you can create your SW project in C/C++ on top of the exported HW design. If necessary, you can also launch SDK directly from the SDK folder created in the main Vivado
Project directory.

Now, if you need to go back to Vivado and make changes to the HW design, then it is recommended to close the SDK window and make the required HW design edits in Vivado.
After this you must follow the sequence of creating a new HDL wrapper, save design and bit file generation. This new bit file and system wrapper must then be exported to SDK.

Since we do not have any HW design edits at this point, we will proceed with creating a software application.

(https:/ /reference.digilentinc.com/_detail /vivado/mig_46.jpg?id=learn®3Aprogrammable-
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10.2) On the left corner of the main SDK window, you will find the Project Explorer panel. Notice that there is a main project folder under the name
system_wrapper_hw_platform_0.

system is the name of your block design created in Vivado. This hardware platform has all the HW design definitions, IP interfaces that have been added, external output signal
information and local memory address information.

Say if at this point, you have closed SDK, made edits to your existing hardware design, and exported your design to SDK then after launching the SDK tool, you will find a new
hardware platform called: system_wrapper_hw_platform_1 in addition to the old HW design i.c. system_wrapper_hw_platform_0.

(https:/ /reference.digilentinc.com/_detail /vivado/mig_47.jpg?id=learn®3Aprogrammable-
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11. Creating New Application Project in SDK

11.1) Go to File in the main tool bar and select New Application Project. A new project window will pop up.

Give your SDK project a name that has no empty spaces such as “DigiLEDs”. Make sure the Target Hardware is the correct hardware design. In our case, it will be
“system_wrapper_hw_platform_0". Click “Next”.

S0 New Project = Lzl
Application Project 3
Create a managed make application project. @

Project name: | DigiLEDy

¥ Use default location

C:\Work\BSD\proj\bsd.sdk\DigiLEDs Browse
te default
OS Platform: | standalone v
Target Hardware
Hardware Platform: | system_wrapper_hw_platform_0 v | New... R . - o
(https://reference.digilentinc.com/_detail/arty/digileds.jpg?id=learn%3Aprogrammable-
Processor: microblaze_0 v
Target Software
Language: ®©C OC++
32-bit

Board Support Package: ®) Create New | DigilLEDs_bsp

Use existing

® < Back Net> || Fnish Cancel
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11.2) Select Empty Application under Available Templates on the left panel and click Finish.

B0 New Project = 5

Templates

Create one of the available templates to generate a fully-functioning &
application project.

Available Templates:

Zyng MP FSBL A blank C project.
OpenAMP echo-test

Zynq DRAM tests

. |ZynqFSBL

| Xilkernel POSIX Threads Demo

SREC SPI Bootloader

Peripheral Tests

« |FreeRTOS Hello World

. |SREC Bootloader

OpenAMP matrix multiplication Demo
IwlP Echo Server

Hello World

Memory Tests (https:/ /reference.digilentinc.com/_detail/arty/empty,jpg?id=learn%3Aprogrammable-
¢ |ZyngMP PMU Firmware

OpenAMP RPC Demo
Dhrystone

RSA Authentication App

® | Net> Cancel
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11.3) After completing the previous step, you will see two new folders in the Project Explorer panel.

**DigiLEDs** which contains all the binaries, .C and .H (Header) files
**DigiLEDs_bsp** which is the board support folder

DigiLEDs is our main working source folder. This also contains an important file shown here which is the “Iscript.ld”. This is a Xilinx auto generated linker script file.

[25 Project Explorer 53 “ B¢l Y= 0O
4 =5 DigilEDs
> )Y Includes
.
) Iscript.d
[E) README.bt
> (M DigiLEDs_bsp
4 B system_wrapper_hw_platform_C
. (& drivers
| system_bd.tcl
|5] system_wrapper.bit
[7] system_wrapper.mmi
[\; system.hdf

(https:/ /reference.digilentinc.com/_detail/arty/projectexp.jpg?id=learn®%3Aprogrammable-
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12. Adding the Main Source File

12.1) Navigate to the “main.c” file.



12.2) Click and drag this main.c file into the DigiLEDs/ src folder within Xilinx SDK. Choose to copy these source files into the project and click OK.
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13. Programming FPGA with Bit File

13.1) Make sure that the Zedboard is turned on and connected to the host PC with the provided micro USB cable.

In the quick selection tool bar, you will find a symbol with a red arrow and three green square boxes. 22 (https:/ /reference.digilentinc.com/_detail /arty/programfpga.jpg?

id=learn®%3Aprogrammable-logic®3 Atutorials®o3 Azedboard-led-demo®3Astart)

Click on this symbol to open the Program FPGA window.

Make sure that the Hardware Platform is selected as system_wrapper_hw_platform_0.

In the software configuration box, under ELF File to Initialize in Block RAM () column, the row option must read beotloop. If not, click on the row and select bootloop.

Now click on Program.

logic%3Atutorials%03Azedboard-led-demo®o3 Astart)

14. Program the Zynq Processor

ttps: reference.digilentinc.com/_detail/vivado/mig_0J5. rid=learn’o. rogrammable-
https:/ /ref digilenti /_detail /vivado/mig_53 jpg?id=learn%3Aprog bl




14.1) After the FPGA has been successfully programmed with the bit file, from the Project Explorer panel, right click on the “DigiLEDs” project folder. Go to “Run As” and select
“Launch on Hardware (System Debugger)*

(5 Project Explorer & v - O || g systemhdf B system.mss b
4 5 DigiLEDs
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#define g 3@
B Import... #define num_patterns 3
L S
4 bport.. int color_index = 0;
hort rot_index = ©;
1d P - s
e short case_ID = 0;
Clean Project char initialized = @;
Refresh 33 char prev_btn_st = @;
int fader =
Close Project char count_up;
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Make Targets »
Index »

running_digi[15] =
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Your Zedboard will then start the DigiLEDs Demo. Pressing Button 0 will cycle through three patterns on the RGB LED () strip.
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