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Overview

With a traditional processor, the hardware platform is pre-defined. The manufacturer
selected the processor parameters and built-in peripherals when the chip was designed.
To make use of this pre-defined processor, you need only target that specific hardware
platform in the software development tools.

The Zyng-7000 All Programmable SoC is different. Zynqg provides multiple building blocks
and leaves the definition to you as the design engineer. This adds flexibility, but it also
means that a bit of work needs to be done up front before any software development
can take place.

The first step in completing a Zyng design is to define and build the hardware platform.
The purpose of this tutorial is to show you how to quickly and easily create a base
hardware platform for MicroZed.

Objectives

When this tutorial is complete, you will be able to:
e Create a new project in Vivado, targeted at MicroZed 7010
e Create a block based design to insert an ARM processor core
e Import the MicroZed Zyng PS Preset settings
e Build and export the hardware platform
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Experiment Setup

Software
The software used to test this reference design is:
e Windows-7 64-bit
e Xilinx Vivado 2014.2
e MicroZed Board Definition Install for Vivado 2014.2
O http://www.microzed.org/documentation/1519

Hardware
The hardware setup used to test this reference design includes:

e Win-7 PC with a recommended 1.6 GB RAM available for the Xilinx tools to

complete a XC72010 design’

! Refer to www.xilinx.com/design-tools/vivado/memory.htm

www.microzed.org
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Experiment 1: Create a New Zynq Project in Vivado

The MicroZed Evaluation Kit includes a license voucher for Vivado Design Edition,
device-locked to the Z7010 device. Vivado WebPack also supports MicroZed. The Zynq
Processing System (PS) may be used without anything programmed in the
Programmable Logic (PL). This PS-only style is the simplest way to use Zynq, so that is
what we will do during this lab. However, the power of Zynq is found in using soft IP in
the PL, interconnecting PS to PL, and routing extra PS built-in peripherals through EMIO
to PL 1/Os, and then programming of the PL is required.

This tutorial will take advantage of built-in 3rd—party board definition files. The MicroZed
Board definition archive is posted at www.microzed.org = Documentation = MicroZed
- MicroZed Board Definition Install for Vivado 2014.2

1. If not previously completed, download the MicroZed Board Definition Install for
Vivado 2014.2 archive and follow the instructions to install the board definitions.

2. Launch Vivado by selecting Start = All Programs = Xilinx Design Tools =2
Vivado 2014.2 - Vivado 2014.2.

3. If you are using a User Repository without an init.tcl, use the TCL Console to set
the Repository Path, similar to the following:

set_param project.boardPartRepoPaths C:/AvnetBoards

4. Select File > New Project or click on Create New Project under Quick Start.

JL Vivado 2014.1 =NEC X

Fle Fow Took Window Hel

VIVADO? o e € XILINX

Open Example Project

(

v
Manage IP

e

Xilinx Td Store

Information Center

Documentation and Tutorials Quick Take Videos Release Notes Guide

Figure 1 — Vivado Launched
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5. Click Next >.

-

4L Mew Project N @

L]

Create a New Vivado Project

This wizard will guide you through the creation of a new project
To create a Vivado project you will need to provide a name and & location for your project files, Mext, you

will specify the type of flow you'll be working with. Finally, you will specify your project sources and choose a
default part.

VIVADO/

To continue, dick Mext.

[ i)
7]

Cancel

Figure 2 — New Vivado Project Wizard launched

6. Click the browse icon E] Browse to set the Project location to your desired
project location and click Select.

7. Set the Project name to MZ Basic_System. Also verify the Create
project subdirectory checkbox is selected. Click Next >.

-
#L. New Project M @
_ g
Project Name
Enter a name for your project and specify a directory where the project data files will be stored '

-

Project name: | MZ_Basic_System
Project location: | C:/AvnetMicroZed Projects B
Create project subdirectory

Project will be created at: C:/Avnet/MicroZed/Projects/MZ_Basic_System

Figure 3 — Set Project Name and Location
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8. The project will be RTL based, so leave the radio button for RTL Project selected.
Since this is a brand new project, check the box for Do not specify sources at this
time. Click Next >.Click Next >.

4L Mew Project N @
Project Type ™
Specify the type of project to create. ‘

HTL Project
e 'ou will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design

ning and analysis.
Db not specify sources at this time

=, Post-synthesis Project
You will be able to add sources, view device resources, run design analysis, planning and implementation.

Do not spedfy sources at this time

= L0 Planning Project
Do not specify design sources. You will be able to view part/package resources.

= Imported Project
Create a Vivado project from a Synplify, X5T or ISE Project File.

3

ErY @

Figure 4 — Set Project Type

Next, the Default Part is selected. This can be done by specifying a specific part or by
selecting a board. A generic “microzed” for the 7010 would normally show up in the
Boards list, but not the 7020. If you have installed the MicroZed Board Definition archive
correctly, both the 7010 and 7020 MicroZed boards will show up.

www.microzed.org Page 5 of 20
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9. In the Specify area, select Boards.

10. Set the Board Vendor to em.avnet.com. This should leave only three boards in
the table.

11. Single-click the MicroZed 7010 Board. Note that the Rev F board may be
selected for any revision B, C, or F. Click Next >.

F ™
é;l_ New Project o ﬁ
Default Part o
Choose & default Xilinx part or board for your project. This can be changed later. ‘
Specify Filter 2
Display Name T v
Board Rev | Latest -

Reset All Filters

Search: | O,
Display Name Vendor Board Rev  Part 3 IO Pin Count  File Version I#.D\rsalslat:
| MicroZed 7010 Board maunctcom [ |\ X7 10dg R0 00 JLD I
IcroLed SUArooary i iR @.u —_ponoann o & = =
@ ZedBoard Zyng Evaluation and Development Kit em.avnet.com d % xc7z020clg484-1 434 1.0 200
4| T L[]

< Back S Mext = ) Finish

Figure 5 — Select the Target Board = MicroZed 7010
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12. A project summary is displayed.

displayed.

Click Finish. The

Vivado cockpit is now

-
4L Mew Project

(%

===

VIVADO!

New Project Summary

(i) A new RTL project named 'MZ_Basic_System' will be created.

(i) The default part and product family for the new project:
Default Board: MicroZed 7010 Board
Default Part: xc7z010cg400-1
Product: Zyng-7000

Family: Zyng-7000

Package: clg400
Speed Grade: -1

To create the project, dick Finish

Figure 6 — New Project Summary

-
41 MZ_Basic_System - [C:/Avnet/MicroZed/Projects/MZ_Basic_System/MZ_Basic_Systemuxpr] - Vivado 2014.2

File Edit Flow Tools Window Layout View Help
A ooRb X P> NG K LG [Soshiayu RN ® Ready
Flow Navigator £ ‘ Project Manager - MZ_Basic_System X ‘
Q= Sources — O % | [L Project Summary x | o x
— . q = "A“l =4 ﬁ‘ ﬁ _— -
= g i | d e : i =
| 4 Project Manager | £ || Project Setfings
R e — {1 Design Sources =
ﬁ Project Settings = Constraints Project name: MZ_Basic_System
Cﬁ Add Sources -4 Simulation Sources Product family: Zyng-7000
LF 1P Catolog S-Esim_1 Project part: MicroZed 7010 Board (xc72010dg400-1)
Top module name: Mot defined
4 1P Integrator
2. Board Part
5 Create Block Design
n’-‘ Open Black Design Display name: MicroZed 7010 Board L
Board part name: em.avnet.com:microzed_7010:part0: 1.0
@ Generate Block Design
| Repository path:  C:/AvnetBoards
- Hierarchy | Libraries | Compile Order | ] URL: htp: /A, microzed.or
43 Simulation Settings £ Sources i Board overview:  MicroZed 7010 Board
L
(i} Run Simulation Ripncglies -ou Synthesis %  Implementation
=i« S
4 QT Analysis Status: =P Notstarted Status: = Not starf
> g% Open Elaborated Design Messages: Mo errors or warnings Messages: Noerrorsort
Part: xc72010clg400-1 Part: xc72010cg4C
4 synthesis e i . . v
Strategy:  Vivado Svnthesis Defaults Strategy: Vivado Impler
ﬁ Synthesis Settings Incremental Compile: Mong
b Run Synthesis
> @ Open Synthesized Desi
LAt g DRC Violations %  Timing ,
4 Implementation Ll I | L4
#%5 Implementation Settings Design Runs _ DO ox
[ mrafr == A | Name Constraints  WNS TNS  WHS THS TPWS  FaledRoutes LUT FF BRAM DS S
p Ii! Open Implemented Desitf Z Bl synth_1 constrs_1
ey e impl_1 constrs_1
4 Program and Debug il
45 Bitstream Settings A 410 I ] =
¥ Generate Bitstream 5] 2 7d console | Messages | [ Log | % Reports-, J» Design Runs |
Figure 7 — Vivado Cockpit
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Experiment 2: Create and Edit a Block Design

The current project is blank. To access the ARM processing system, we will add an
embedded source to the Vivado project using IP Integrator.

1. The recommended way to add an embedded processor is through the Block
Design method via IP Integrator. Select Create Block Design.

E

é‘:'.'_;. MZ_Basic_System - [C:/Avnet/MicroZed/Projects/MZ_Basic_System/MZ_Basic_System.xpr] - Vivado 2014.1

File Edit Flow Tools Window Layout WView Help
i? ¥ ORI X 9‘ > Qﬂ % % E |75 | BS Default Layout ~| ¥ $ \1\ )
Flow Mavigator fsd Project Manager - MZ_Basic_System
Q, E % Sources . [ 7 X T, Project Summary X
M 42 E2a ol B EE =
- QAEaE=F B 2 - .
=g b L i
4 Project Manager ':" Project Settings
- - | Design Sources = Profect ) MZ Basic Svste
% Project Settings -5 Constraints roject name: _Basic_System
oﬂ’ Add Sources - Simulation Sources Product family: Zyng-7000
Ll sim_1 i : i
g: 1P Catalog I 5im_ Project part: MicroZed 7010 Board (wc7z010dg400
Top module name: Mot defined
4 IP Integrator L
& Board Part
IJ‘% Create Block DESIgnI
Displ - MicroZed 7010 Board
B Open Block Design - - spiay name crose oar
) Hierarchy |Libi 4 » B Board part name: em.avnet.com:microzed_7010:partd: 1
& Generate Block Design - =
) in Sou. | % Temp.. Repository path:  C:fAvnetBoards

Figure 8 - Create Block Design

2. Give the Block Design a name. System is commonly used. Click OK.

[ g'*:!_:. Create Block Design h ﬁ1

. | Please spedfy name of block design

Design name: | System

Directory: & <Local to Project> -

[ Ok ] [ Cancel

Figure 9 - Block Design Name
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3. Inthe Diagram window, click either the Add IP text oricon ﬁ

-
);4_ MZ_Basic_System - [C:/Avnet/MicroZed/Projects/MZ_Basic_Syster/MZ_Basic_System.xpr] - Vivado 2014.1

Fle Edit Flow Tools Window Layout View Help Q- Search comma
FEl Xl L i R e X ex| @
Flow Navigator f<e ‘ Block Design - System
Q, Z % Design Hierarchy —_ O JZ—ﬂDiagmm = |
P Ee—— = O\ZE‘” 3| & system
roject Manager
5 Project Settings s System @ | (@) This design is empty. To get sﬁr@m the catalog.
Cﬁ Add Sources &:
{F 1P catalog t\'
[
|1 1P Integrator | Enl
ﬁ".‘, Create Block Design IE
5“’ Open Block Design i
% Generate Block Design a —
& Souroeh\Ej Design Hierar.. L Signals l! Board Part Inte.. J E
......... —
4 Simulation =, Properties IV EJ 4 b
% Simulation Settings = = R i'.j:
Run Simulztion : &
@ i

Figure 10 — Add IP to the Block Design

4. The Add Sources window opens. Start typing “Zynq” in the search window. Find
the ZYNQ7 Processing System IP. Either double-click this or drag and drop to the
Diagram window.

Search: | CL- zyng (2 matches)

X

MName VLMY

Hfadlinze. com:ip...

ZYMQ7T Processing System BFM  xilinx. com:ip...

Select and press EMTER. or drag and drop, ESC to cancel

Figure 1 - Add IP Window
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The Zynq Processing system will appear in the Diagram window. Also a new tab
will appear labeled Address Editor.

| Block Design - System * X
Design Hierarchy — O @ X J:"’ Diagram X-l B Address Editor % l h O @ =
X [E]| E= #[| # System
-&_: System Q¢| (@ Designer Assistance available. Run Block Automation
@-4F processing_system7_0 (ZYMNQ7 Processing System:5.4) O\
3 o
s processing_system7_0
| = DoR: |||
o b - o
=N M_AXI_GPO_ACLK ZYNQ M_ax1_GPok |||
& Sourcekﬁ Design Hierar.. L Signials @ Board Part Inte.. ] f}t ) FCLK_CLKO
""""" - FCLK_RESETO_N
Properties — 0Oy = N
—
- _’ 3 E 3 ZYNQ7 Processing System
&
Fa ¢ K

Figure 2 — Updated Block Diagram

5. Similar to the Add IP prompt in the previous step, notice now that the
Designer Assistance has provided the hint to Run Block Automation. Click
the Run Block Automation link at the top of the window and select
/processing_system7_0 to connect all block 1/0.

J E= Diagram X ] B Address Editor ] O =

*[] | 44, System 1
O (& Designer Assistance availabl& Run Block Automation
'D; b
]
[ processing_system7_0

)| o por <={]|

= Fixep_1o4-|

; Y
Q w{M_AXI_GPO_ACLK Z\(m M_AXI_GPO<R
3 § FCLK_CLKO
*x
E 3 ZYNQ7 Processing System
M
@ -
T - L | K

Figure 3 - Run Block Automation
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6. Notice the block automation wizard has identified two sources of 1/0O that
need to be made external. One is obvious, the DDR interface. The other is
labeled FIXED_IO. FIXED_IO is basically the MIO pin connections. They are
labeled FIXED_10 because you cannot change their assignments in this
window.

The Apply Board Preset checkbox applies the Preset TCL that was included
as part of the board definition archive. Leave this checked. For details about
how to build a system manually, please see the Avnet 2013.3 Zyng
Hardware Development Speedway.

The Cross Trigger options may be left Disabled.

Click OK to connect these external signals.

gl*':-'_p Run Block Autcmation ﬁ

,0, Zyng7 block automation applies current board preset and generate external connections for FIXED_IO, Trigger
"W and DDR interfaces

MOTE: Apply Board Preset will discard existing IP configuration - please uncheck this box, if you wish to retain
previous configuration

Instance: fprocessing_system?_0

Make Interface External: FIXED_IO, DDR

Apply Board Preset:
Cross Trigger In: Disable -
Cross Trigger Out: Disable -

oK | [ Cancel

Figure 4 — Run Block Automation

7. You will now see the Zyng block with external I/O. This is much easier to
visualize than the old XPS Netlist view.

www.microzed.org Page 11 of 20
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]| &, System
& processing_system?7_0
3 DDR -
X FIXED_ 1O b || e I D boR
b USBIND_0 4 ||
L) W TTCO_WAVED OUT —{> FIXED_IO
= ZYNQ. o waver_our
Q, TTCO_WAVE2_OUT
f = FCLK_CLKD
i FCLK_RESETO_N
",
& ZYNQ7 Processing System

Figure 5 - Zynq Block Diagram with External 1/0

8. At this point, we can validate our design. Click the Validate Design icon [‘?".
A successful validation window will appear. Click OK.

JE—E Diagram X I H] Address Editor ]

i

i System

LRR

<

processing_system7_0

DDR -
FIXED IO <=
USBIND_0 <&

W TTCO WAVED_OUT

ZY N . TTCO_WAVEL OUT =

TTCO_WAVE2_OUT b=
FCLK_CLKO =
FCLK_RESETO_N =

ZYNQY Processing System

-

e

www.microzed.org

_I%B

FIXED_IO

Figure 6 - Validate Zynq Block Design
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-
g Validate Design

2]

N

Validation successful, There are no errors or critical warnings in this design.

Figure 7 — Validation Successful

9. The next three steps are not intuitive, but must be done. We must generate

output products of our Zynqg block design. To do this, we need to switch
back to the Sources tab.

| Block Design - System *

Sources

o= weh R
== Design Sources (1)
i Bl System (System.bd) (1)
= Constraints
== Simulation Sources (1)
Fe-=sim_1 (1)

I

O
M
P

‘nurces | Libraries | Compile Order |

& Sources LEj Design Hierarchy L Signals LII Board Part Inte..

www.microzed.org

Page 13 of 20


http://www.microzed.org/

_ e
MicroZed: Creating a Zynq Hardware Platform in Vivado =——r{1 A""E’
v2014 2.01 11 June 2014 == electronics marketing

10. Click Save Block Design icon, = , to save the project.

-
ﬁ-,‘ MZ_Basic_System - [C/Avnet/Microled/Projects/MZ_Basic_System/MZ_Basic_System.xpr] - Vivado 2014.1

File Edit Flow Tools Window Layout View Help

pf@Elﬂiﬂthl@&[}*ﬁ|%%|EL{} 2 Default Layout P & B

Flow Mavigator o | Block Design - System *
E % Sources — O @ =

Az = wet BE

‘ | [ Design Sources (1)

il #h Cuokam (Cuckam kAt £13

4 Project Manager
ﬁ,’ﬁ Project Settings

Figure 8 - Sources Tab

11.In the Sources Window, right-click on System.bd and select Generate
Output Products...

' Block Design - System

Sources — O 2 = &= Diag
A= 2 B Right Click 30| & s
=-{= Design Sources (1) | Qy
LB )
- Constraints & Source Mode Properties... Ctrl+E
EIL':",' Simulation Sources (1) | (* Open File Alt+ 0
FH-I sim_1 (1)
- Create HDL Wrapper...
View Instantiation Template
| Generate Output Products... -
Reset Output Products. .. .l
Export Hardware for SDK. ..
LD | =2 Package Block Design...
2. Sources | E Design - -
rEeplace rie.
Source File Properties @ Copy File Into Projec
= = @‘ [\%7 Copy All Files Into Project Alt+1
&, Svstem.bd # Remove File from Proiect... Nelete

Figure 9 - Generate Output Products
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In the Generate Output Products window, you can see what output products will be
generated. It does not actually run through synthesis or implementation; it just
creates the necessary files for Synthesis and Implementation, similar to the Create
Netlist function from the old ISE-based XPS flow.

12.Click Generate

www.microzed.org

4. Generate Output Products ﬁ

=,

, The following output products wil be generated.

Preview
Q, |=- %, System.bd
- “[11 Synthesis
L il Implementation
% L[l Simulation

[ Qut-of-Context Settings... ]

[ Generate H Cancel ]

Figure 10 — Manage Output Products
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13.0Once completed right-click on System.bd again and select Create HDL
wrapper.

Block Design - System

Sources ht Click — O = E=D

= Right Clic

QT 268 8 5[5
J-{= Design Sources (1) £~ | Q
R NS s tem (Syste i

(-7 Constraints &+ Source Mode Properties... Ctrl+E

=1+ Simulation Sources | (% Open File Alt+0

- sim_1 (1)
Create HDL Wrapper...

View Instantiation Templa%

Generate Qutput Products. ..

Figure 11 - Create Top Level HDL Wrapper

14. For now, leave the option selected to Let Vivado manage wrapper and auto-
update. Click OK.

i g':'_ Create HDL Wrapper ﬁ’

|| ‘fou can either add or copy the HOL wrapper file to the project. Use copy option if you would
" like to modify this file.

Options

(7 Copy generated wrapper to allow user edits

i@ Let Vivado manage wrapper and auto-update

oK ] [ Cancel

Figure 12 — Let Vivado Manage Wrapper
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15. Once the top-level wrapper is created, you can see the design hieararchy in
the Sources tab. Notice that System_wrapper.v is the top-level HDL wrapper
that was created. System.bd is the Block Design.

Block Design - System

Sources

N ER
A== wat R
[=-{= Design Sources (1]
{ E-Wedy System_wrapper (System_wrapper.y) (1)
(=S System_i - System ",_m bd) (1)
= 'fe System (System.v) (1)
[ ﬂprncessmg sy'stem? 0 - System_processing_system7_0_0 (System_processing_system7_0_0,xd)
EI A Constraints
i Siconstrs_1
-1 Simulation Sources (1)

Figure 13 — System_wrapper.v Generated

16. Click Generate Bitstream in the Flow Navigator window. Click Yes to start

Synthesis and Implementation flows. Check the upper right-hand corner of
the tool for a status bar.

=]

Running synth_desian | - |

4

|_||J"><|

Figure 14 — Progress Status Bar

17.When bitstream generation is completed, click OK to Open Implemented
Design.

www.microzed.org Page 17 of 20
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Experiment 3: Export Hardware Platform to SDK

Now that we’ve created an embedded system, we must make this platform available to
the Software Development Kit (SDK). This is done by exporting the hardware platform.

1. Inthe Vivado tool, select File 2 Export = Export Hardware. Click OK. You could
specify a different directory, but for now, leave it as Local to Project.

é‘:‘_:. Export Hardware I&

"', Expart hardware platform for
" software development tools

Indude bitstream

Export to: | B0 <Local to Project> =

[ oK |[ Cancel ]

L

Figure 15 — Export Zynq Hardware Platform

2. We will now explore what you have created. In Windows Explorer, browse to
your project directory.

~

Mame Date modified Type Size
. MZ_Basic_Systern.cache 6/2/2014 2:20 PM File folder
, MZ_Basic_Systern.runs 6/2/2014 2:19 PM File folder
; MZ_Basic_System.sdk 622014 2:23 PM File folder
, MZ_Basic_Systermn.srecs 6/2/2014 2:13 PM File folder
jo. MZ_Basic_System.xpr 6/2/2014 2:19 PM Vivado Project File 4 KB

Figure 16 — Project Directory Contents after Export to SDK

You will notice four directories and one file here. The .xpr file is your Vivado Project File
and can be used to re-launch your project when you come back to work on it some
more.

The .cache, .runs, and .srcs directories contain everything related to the hardware
design, including the block design source, wrapper HDL, and synthesis/implementation
results.

The .sdk folder is the result of the Export Hardware operation. Everything required for
SDK to import the hardware platform is contained inside one file inside this directory. A

www.microzed.org Page 18 of 20
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hardware engineer looking to share the design with the software team could provide

this one file. This provides a very compact and portable method to send a Zynq
Hardware Platform to a colleague.

;v Computer » O5(C) » Avnet » Microfed » Projects » MZ Basic_Systern » MZ_Basic_System.sdk

Tools  Help
_| Open Burn Mew folder
‘i Projects i Mame : Date modified Type Size
=0 MZ_Basic_System . . P
: || Systermn_wrapper.hdf 6/11/2014 1:23 PM HDF File 268 KB

- [0 MZ_Basic_System.cache
, MZ_Basic_System.runs

- @l MZ_Basic_System.sdk

- MZ_Basic_Systern.srcs

Figure 17 — Zynq Hardware Platform Export for SDK
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Date Version

Revision

23 Aug 2013 | 2013_2.01

Initial Avnet release for Vivado 2013.2
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