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Chapter 1

Programming and Debugging
Embedded Processors

Introduction

This tutorial shows how to build a basic Zynq®-7000 SoC processor and a MicroBlaze™
processor design using the Vivado® Integrated Development Environment (IDE).

In this tutorial, you use the Vivado IP integrator to build a processor design, and then debug the
design with the Vitis™ unified software platform and the Vivado Integrated Logic Analyzer.

IMPORTANT! The Vivado IP integrator is the replacement for Xilinx Platform Studio (XPS) for embedded
processor designs, including designs targeting Zynq-7000 SoC devices and MicroBlaze processors. XPS only
supports designs targeting MicroBlaze processors, not Zynq-7000 SoC devices.

Hardware and Software Requirements

This tutorial requires that Vivado Design Suite (System Edition) release is installed. See the Vivado
Design Suite User Guide: Release Notes, Installation, and Licensing (UG973) for a complete list and
description of the system and software requirements.

The following platform boards and cables are also needed:

e Xilinx Zyng-7000 SoC ZC702 board for Lab 1 and Lab 2
e Xilinx Kintex®-7 KC705 board for Lab 3

e One USB (Type A to Type B)

e JTAG platform USB Cable or Digilent Cable

e Power cable to the board
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Tutorial Design Descriptions

No design files are required for these labs, if step-by-step instructions are followed as outlined;
however, for subsequent iterations of the design or to build the design quickly, Tcl command files
for these labs are provided. For cross-probing hardware and software, manual interaction with
Vivado and Platform boards is necessary. No Tcl files are provided for that purpose.

Lab 1: Building a Zynq-7000 SoC Processor

Lab 1 uses the Zyng-7000 SoC Processing Subsystem (PS) IP, and two peripherals that are
instantiated in the Programmable Logic (PL) and connected using the AXI Interconnect. The Lab
uses the following IP in the PL:

e A General Purpose 10 (GPIO)

¢ A Block Memory

e An AXI block RAM Controller

Lab 1 shows how to graphically build a design in the Vivado IP integrator and use the Designer
Assistance feature to connect the IP to the Zyng-7000 SoC PS.

After you construct the design, you mark nets for debugging the logic. Then you generate the
Hardware Design Language (HDL) for the design as well as for the IP. Finally, you implement the
design and generate a bitstream, then export the hardware description of the design to the
Vitis™ software platform. You will use the Vitis software platform to build and debug the
software design, and learn how to connect to the hardware server (hw_server) application used
to communicate with the Zyng-7000 SoC processors. Then you will perform logic analysis on the
design with a connected board.

Design Files
The following design files are included in the zip file for this guide:

® Jabl.tcl

Related Information
Locating Tutorial Design Files
Lab 1: Building a Zyng-7000 SoC Processor Design

Lab 2: Zynq-7000 SoC Cross Trigger Design

Lab 2 requires that you have the Vitis™ software platform installed on your machine.
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In Lab 2, you use the Vitis software platform to build and debug the software design, and learn
how to connect to the hardware server (hw_server) application used to communicate with the
Zynqg-7000 SoC processors. Then, you use the cross-trigger feature of the Zyng-7000 SoC
processor to perform logic analysis on the design on the target hardware.

Design Files
The following design files are included in the ZIP file for this guide:

® Jlab2Z2.tcl

Related Information
Locating Tutorial Design Files
Lab 2: Zyng-7000 SoC Cross-Trigger Design

Lab 3: Programming a MicroBlaze Processor

Lab 3 uses the Xilinx MicroBlaze processor in the Vivado IP integrator to create a design and
export to the Vitis™ software platform, software design, and logic analysis as in Lab 2.

Design Files
The following design files are included in the ZIP file for this guide:

® Jlab3.tcl

Related Information
Locating Tutorial Design Files
Lab 3: Programming an Embedded MicroBlaze Processor

Locating Tutorial Design Files

Design data is in the associated Reference Design File.

This document refers to the design data as <Design_Files>.
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Chapter 2

Lab 1: Building a Zyng-7000 SoC
Processor Design

Introduction

In this lab you create a Zynq®-7000 SoC processor based design and instantiate IP in the
processing logic fabric (PL) to complete your design. Then you mark signals to debug in the
Vivado® Logic Analyzer. Finally, you take the design through implementation, generate a
bitstream, and export the hardware to the Vitis™ unified software platform. You then create a
Software Application that can be run on the target hardware. Breakpoints are added to the code
to cross-probe between hardware and software.

If you are not familiar with the Vivado Integrated Development Environment Vivado® (IDE), see
the Vivado Design Suite User Guide: Using the Vivado IDE (UG893).

Step 1: Start the Vivado IDE and Create a
Project

1. Start the Vivado IDE by double-clicking the Vivado desktop icon or by typing vivado at a
terminal command line.

2. From the Quick Start section, click Create Project, as shown in the following figure:
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Quick Start

Create Project

Learning Center

The New Project Wizard opens.
3. Click Next.

The Project Name dialog box opens.

i MNew Project @
Create a New Vivado Project

¢
VlVADO This wizard will gusde you Rrough the creation of a new
ML project

To create 3 Vivade projiect you will need to peovide a name
and a lecation for your project files. M, you will Specity the
type of flow you'l be working with. Finally, you will speciy your
projed sounces and choose a defaull past

£ XILINX
@) l!m Cancel
4. In the Project Name page, type a project name and select a location for the project files.
Ensure that the Create project subdirectory check box is selected, and then click Next.

In the Project Type page, select RTL Project, and then click Next.

6. Inthe Add Sources page, set the Target language to your desired language, Simulator
language to Mixed and then click Next.

7. In the Add Constraints page, click Next.
In the Default Part page, do the following:
a. Select Boards.

b. From the Board Rev drop-down list, select All to view all versions of the supported
boards.

c. Choose the version of the ZYNQ-7 ZC702 Evaluation Board that you are using.
d. Click Next.
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Detault Part

Chocks & GHTauR Xiling pan or board ff your project #’

f | AL F Upidals Board Reposiloniss |
vandar | A W Harma: &l W Beard Ry | Al A
Gaarch HAE, ¥ | (1 madch)
Cilaplay Mama Presdew Vendor Fig Verslen Pam
SYNGT 2ET00 Evaluslion Boae A
nling com 11 sl DcigdEa-1
DYRG-T 2702 Fvaluation Boad =
' nling sam 12 e F 2020 gd84-1
FYNG-T 2ET02 Evalualion Boand =
nreclions - uiling somm 13 sEF R0 gARA-1
EYRG-T LETOR Evalualion Soaxd =
i Canneclions ' siling cam 14 sefi2DdgdBa-
[

CAUTION! Multiple versions of boards are supported in Vivado. Ensure that you are targeting the design to the
right hardware.

9. Review the project summary in the New Project Summary page, and then click Finish to
create the project.

Step 2: Create an IP Integrator Design

1. In the Flow Navigator— IP Integrator, select Create Block Design.

2. Inthe Create Block Design dialog box, specify a name for your IP subsystem design such as
zynqg_design_1. Leave the Directory field set to the default value of <Local to Project>,
and leave the Specify source set field to its default value of Design Sources.
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w

8.

¢ Create Block Design &8
Pleasze specify name of block design. p
Design name; nng design_1
Directory &) =Local to Project= W
Specify source set Design Sources w

(s “ EEI‘ICE'

Click OK.
In the block design canvas right-click, and select Add IP.

Alternatively, you can click the Add IP button in the IP integrator canvas.

o+

The IP catalog opens.
In the search field, type zynqg to find the ZYNQ7 Processing System IP.

In the IP catalog, select the ZYNQ7 Processing System, and press Enter on the keyboard to
add it to your design.

In the Tcl Console, you see the following message:

create_bd_cell -type dip -vlnv xilinx.com:ip:processing_system7:5.5
processing_system7_0

There is a corresponding Tcl command for most actions performed in the IP integrator block
design. Those commands are not shown in this document; instead, the tutorial provides Tcl
scripts to run each lab.

Note: Tcl commands are documented in the Vivado Design Suite Tcl Command Reference Guide (UG835).

In the IP integrator window, click the Run Block Automation link.

F} De signar Assistance available. Run Block Automation

The Run Block Automation dialog box opens, stating that the FIXED_10 and DDR interfaces
will be created for the Zyng-7000 SoC IP core. Also, note that the Apply Board Preset check
box is checked. This is because the selected target board is ZC702.

Ensure that both Cross Trigger In and Cross Trigger Out are disabled.
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¢ Run Block Automation 7]
Automatically make connections in your design by checking the boxes of the blocks to connect Saled a block on the left to display its
configuration options on the right. ‘

G = | & oo
= Description

“ | All Automai i
AR ASGHOLY ULl SmEcu) This oplion sels the board presel on the Processing System. All current properties

+| F processing_system7_0 will be overwritten by the board preset This action cannol be undone. Zyng? block
automation applies current board preset and generates exdemal connections for
FIXED_IO. Trigger and DDR interfaces

MOTE: Apply Board Preset will discard existing IP configuration - please uncheck
this bou, if you wish 1o ratain previous configuration.

Instance: iprocessing_system7_0
Options

Make Interface External: FIXED_IO, DDR

Apply Board Preset <
Cross Trigger in: Disable

Cross Irigger Out Disable

®

9. Click OK.

After running block automation on the Zyng-7000 SoC processor, the IP integrator diagram
looks as follows.

processing_system?_0

DOR <
FIXED 104k
USBIND_0<p

DDR
FIXED_IO

I
= M_AXI_GPO<p [

M_AXI_GPO_ACLK ZYNO TTC0_WAVED_OUT
* TTOD_WAVEL_OUT

TTCO_ WAVEZ_OUT

FCLK_CLKD

FCLK_RESETO_N

ZYNQF Processing System

Now you can add peripherals to the processing logic (PL).
10. Right-click in the IP integrator diagram, and select Add IP.

11. In the search field, type gpi to find the AXI GPIO, and then press Enter to add it to the
design.

12. Similarly, add the AXI BRAM Controller.
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Your Block Design window will look like the following figure. The relative positions of the IP
might vary.

O TIP: You can zoom in and out in the Diagram Panel using the Zoom In ( “% or Ctrl + =) and Zoom Out (= or Ctrl
+-) tools.

processing_system?_0

DR + |[|===» DOR

FIXED 10 + [[j==T» FIXED IO
o bram_ciil 0 " USEIND O +.|||
1 [ =, M_AXI_GPO - [
BRAM_PORTA 4 ||| = MAxLGPoACLK 7NNI(C) TICO WAVED OUT b=
arAM PORTE + ||| axl_gplo_0 5 TTCO_ WAVET OUT =
TTCO WAVEZ OUT ==
FCLE_CLED =
FCLK_RESETO_N O

o4 sax

= =_md_ocik
o & ad_aresain ’
\ Sl s_ax

- 5 md_ack ero + |
o 8 i aresan

AX1 BRAM Controller

AXl GPID

Use Designer Assistance

Designer Assistance helps connect the AXI GPIO and AXI block RAM Controller to the
Zyng-7000 SoC PS.

1. Click Run Connection Automation as shown in the following figure.

F* De signar Assistance available. Run Connection Automation

The Run Connection Automation dialog box opens.

2. Select the All Automation (5 out of 5 selected) check box, as shown in the following figure.

¢ Run Connection Automation s

Automatically make connections in your design by checking the boxes of the interfaces to connect Select an inlerface on the left to
display its configuration options on the night

Q = &
~ |« All Automation (5 out of 5 selecled)
w | &F axi_bram_ciri_0
4 I} BRANM_PORTA
# i} BRANM_PORTE
S il 5_A
v | F an_gpio_0
< liF GPIO
< b 5_axl

UG940 (v2019.2) November 26, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design l—./—| 13


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.2&docPage=13

iv Xl LI NX Chapter 2: Lab 1: Building a Zyng-7000 SoC Processor Design
A ®

As you select each interface for which connection automation is to be run, the description
and options available for that interface appear in the right pane.

3. Click the S_AXl interface of the axi_bram_ctrl_0, and ensure that its Clock Connection
(for unconnected clks) field is set to the default value of Auto.

This value selects the default clock, FCLK_CLKO, generated by the PS7 for this interface.

Q = €
~ AN Automation (S oul of 5 selectad)
v o BF axi_beam_ciri_D

Description

Connect Skave interface (faod_bram_ctd_0/S_saxI) 1o a selected Master address space

< ik BRAM_PORTA Options
~ i BRAM_PORTB
? = Master lprocessing_systemn?_OM_AXI_GPD
< ik 5_AXI
v o F axi_gpio_0 Interconnecd IP Ao w
< ik GFID Crossbar clock source of Interconnect IP: | Auto
| il S_sxl
Clock source for Master interface Ao
Clock source for Slave inlerface: Ao

4. For the GPI0 interface of the axi_gpio_0 instance, select leds_4bits from the Select Board

part Interface drop down list.

Q=2
~ ) All Automation (S out of 5 selected)
v | F axi_bram_cir_0

Description

Connect Board Part Interface to IP interface.

/| ik BRAM_PORTA Interface: faxi_gpio_QIGPID
| { BRAM_PORTE _
7 4 8_ax Options
~ | F ani_gpio_0 Select Board Part Interface: | gpio_sw [ DIF switchas v|
+ i GPIO gpio_sw { DIP switches
<1 i S_Ad leds_4bits (LED ) N
Custom

5. For the S_AXTI interface of axi_gpio_0 instance, leave the Clock Connection (for
unconnected clks) field to Auto.

Q T ¢
= Description
= Al
SAMBTC pos s Connect Slave intarface (faxi_gplo_0/S_AXI} o a selected Master address space
~ o HF axi_bram_cirl_0
< ik BRAM_PORTA Oplions
< {lif BRAM_PORTE
f? z Master: Iprocessing_system?_OVM_AXI_GPO
< ik 8 Ax
T Interconnect IF; Mew AXI Inerconnact
~ ¥ 3F axi_gpio_0
7 ik GRIO Crasabar clock source of Interconnect P, | Auto
<1 I S_AXI Clock source for Master interface; Ao
Clock sourca for Slave interface; Ao
6. Click OK.
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The IP integrator subsystem looks like the following figure. The relative positions of the IP
might differ slightly.

[Hagram
a a X X =} %+ B C

Do#
roao_ o

O e st

7. Click the Address Editor window and expand the processing_system7_0 hierarchy to
show the memory-map of the IP in the design.

In this case, there are two IPs: the AX| GPIO and the AXI block RAM Controller. The IP

integrator assigns the memory maps for these IP automatically. You can change them if
necessary.

8. Change the range of the axi_bram_ctrl1_0 to 64K, as shown in the following figure.
Dhagra «  Address Editod

Q - e
— -
F -

Call Slave Interface  Slave Sagment  Ofast Address Hange High Address
processing_system7_0
+ B Data year 4 0 j

wogal_bram_clrl_ 0 8 _axl Memd Qxdd00_0000 2K w| Oxd0o0_LFEF
" axi_gpic_0 £_Ax| Reg k4l20_0000 | BK | Oxdl20_FFET

16K

A2K

84K

120% [

256K

512K

W

B

9. Click the Diagram window to go back to the block design.

10. Click the Regenerate Layout button c to regenerate an optimal layout of the block
design.
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Step 3: Debugging the Block Design

You now add hooks in the design to debug nets of interest.

1. To debug the master/slave interface between the AXI Interconnect IP (ps7_0_axi_periph)
and the GPIO core (axi_gpio_0), in the Diagram view, select the interface, then right-click
and select Debug.

In the Block Design canvas on the net that you selected in the previous step, a small bug icon
’; appears, indicating that the net has been marked for debug. You can also see this in the

Design Hierarchy view, as displayed in the following figure, on the interface that you chose to
mark for debug.

BLOCH DE TGN - 2ymva,_deaige_1 *

b zyna_demge 1 # Dadighin ALnAecy Ialabie, Flun CoAfSn Mlarulee
Edwmal inlerisces

[
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1
]
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1 1
]
[ :
L B

—} B00_ACK L} e axi bram cid O
oty 838 A AETH W— Erive
L ey R

= w0 aax

[ ]
e
L}

el
et A0 ARIRETH AL RO

H— w1 o

« UM g bram o D S EENRTUEET T Y

When a net is marked for debug, the Designer Assistance link in the banner of the block
design canvas becomes active.

2. Click Run Connection Automation.

The All Automation is selected by default with the various options for AXI Read/Write signals
set, as shown in the following figure.
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A System ILA IP is instantiated on the block design which is appropriately configured to
debug the AXI Interface marked for debug. The net marked for debug is connected to this
System ILA IP and an appropriate clock source is connected to the c 1k pin of the System ILA
IP. The clock source is the same clock domain to which the interface signal belongs.
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. e i
ps? 0 axi periph - |+ BAx
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i S00_AX » Q = _do_areseln
snp A GPIO
ARESETN
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S00_ARESETN IEI woo x4 - —— )
N apt 5 MO1_AX 4 fif e 5 AX
MOO_ACLE At * S BRAM_PORTA 4 [[|==
M_ARESETH YRS BRAM PORTS 4 |||—
MO1_ACLK ) (s ;
MO1_ARESETN A BRAM Conroller
AXI Interconnec]
' |
| system_ila_0
2] 4 SLOT_0_AXI
ik
ﬂ [ ET 80
Syslem ILA

4. From the toolbar, to run Design-Rules-Check (DRC), click the Validate Design button .
Alternatively, you can do the same from the menu by:
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e Selecting Tools = Validate Design from the menu.
¢ Right-clicking in the Diagram window and selecting Validate Design.

The Validate Design dialog box opens to notify you that there are no errors or critical
warnings in the design.

The Tcl Console shows the following warning.

WARNING: [BD 41-1781] Updates have been made to one or more nets/
interface connections marked for debug. Debug nets, which are already
connected to System ILA IP core in the block-design, will be
automatically available for debug in Hardware Manager. For unconnected
Debug nets, please open synthesized design and use 'Set Up Debug' wizard
to insert, modify or delete Debug Cores. Failure to do so could result
in critical warnings and errors in the implementation flow.

Block designs can use the instantiation flow, where a System ILA or ILA IP is instantiated in
the block design, or they can use the netlist insertion flow, where nets are only marked for
debug but the debug core is inserted post-synthesis. This warning message can be ignored if
the instantiation flow is being used (as in this lab).

Click OK.
From the Vivado menu, select File = Save Block Design

Alternatively, you can press Ctrl + S to save your block design or click the Save button in the
Vivado toolbar.

Step 4: Generate HDL Design Files

You now generate the HDL files for the design.

1.

In the Sources window, right-click the top-level subsystem design and select Generate
Output Products. This generates the source files for the IP used in the block design and the
relevant constraints file.

You can also click Generate Block Design in the Flow Navigator to generate the output
products.

The Generate Output Products dialog box opens, as shown in the following figure.
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¢ Generate Output Products £3

The following cutput products will b8 generated

Prewiew
Q = =
myng_design_1.6d
¥ Synihesis
Imnplernentation

Sirmlation

Synthesis Dplions
Glabal
) Ot of conbexd per IP
Ouitl of conted per BRock Design
Run Settings

Humberof jobs. 4

Leave all the settings to their default values. Click Generate.

The Generate Output Products dialog box opens informing that Out-of-context runs were
launched.

Click OK.

Out-of-context runs can take a few minutes to finish. You can see the status of the runs by
clicking on the Design Runs window at the bottom of the Vivado IDE.

After the out-of-context runs are finished, in the Sources window, right-click the top-level
subsystem, zynq_design_1, and select Create HDL Wrapper to create an top level HDL file
that instantiates the block design.

The Create HDL Wrapper dialog box opens, as shown in the following figure, and presents
you with two options:

e The first option is to copy the wrapper to allow edits to the generated HDL file.

e The second option is to create a read-only wrapper file, which will be automatically
generated and updated by Vivado.
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¢ Create HDL Wrapper

You can either add or copy the HOL wrapper file to the project Wse copy option if
you would like to modify this file

Options
Copy generated wrapper to allow user edits

& el Vivado manage wrapper and auto-update

6. Select the default option of Let Vivado manage wrapper and auto-update.

7. Click OK.
After the wrapper has been created, the Sources window looks as follows.

Sources x Desigr Signais | Boar 0O
QE|e|+ o
~ Design Souwrces (1
v e TYng_design_1_wrapper (I
bl . z!.'nq_uesiqn_‘l_l'r_mq_ueslgn_1 L
» & myng_design_1 1
» Constraints
- Simulation Sourcas (1

& sim_1(1

£

Hierarchy |P Sources Liraries Comipile Order

Step 5: Implement Design and Generate
Bitstream

1. In Flow Navigator = Program and Debug, click Generate Bitstream to implement the design
and generate a BIT file.

The No Implementation Results Available dialog box opens.
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2.

4.
5,

Click Yes.

The Launch Runs dialog box opens. Here you can select various options such as the Number
of Jobs, the host where the Runs are launched etc.

Click OK.

This will launch synthesis, implementation ,and generate the bitstream which could take a
few minutes.

After the bitstream generates, the Bitstream Generation Completed dialog box opens, as
shown in the following figure. Open Implemented Design should be checked by default.

Bitstream Generation Completed &l

0 Bitstream Generation successfully completad

Next
* | Qpen Implemanted Design
Yiew Reparts
Open Hardwara Manager

Generale Memory Configuration Fila

Dont show this dialag again

Click OK.

When the implemented design opens, look at the Design Timing Summary window to ensure
that all timing constraints are met.

Step 6: Export Hardware to the Vitis software
platform

#

IMPORTANT! For the Digilent driver to install, you must power on and connect the board to the host PC
before launching the Vitis software platform.

1.

From the Vivado File menu, select File = Export = Export Hardware.
The Export Hardware dialog box opens.
Check the Include Bitstream check box.

Leave the XSA file name field to its default value.
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4. Leave the Export to field at its default value as shown in the following figure.

’

Export hardware platform for software
development tools [

|+ Include bitstream

XS4 file name: zyng_design_1_wrapper

Exportto;  Julorials/2019. 206940013k LLL

? N o

Click OK.

6. To launch the Vitis software platform, select Tools = Launch Vitis.
The Eclipse Launcher dialog box opens.

7. Specify the desired Workspace location suchas C:\tutorials
\2019.2\UG940\1abl_vitis, and click Launch.

Step 7: Create a Software Application

The Vitis software platform launches in a separate window.
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o AILINX

| | €a VITIS

VITIS
IDE

PROJECT PLATFORM

| Cragte Apphcation Project Ao Cuglom Fatfarm

Craple Fatfarm Prajisct
| Create Librarny Propot

Import Froject

RESOURCES

Cuick Tk Midadan

1. Select File—> New — Application Project or under Project click Create Application Project.

The New Project dialog box opens.

2. In the Project name field, type the name desired, such as Zynq_Design. Leave all other

fields to their default values.
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~l
| Create a New Application Project |
Enter a name for your Application project, |

Project name: | Zyng_Desgn

| [ Use default location

tutorialsh 20192 UGE0N lab 1 _wtis\Zyng_Design Browse...
default
Systern project: | Create New... ~ | Zyng Design_system
System System Project 2 « A system project is a container for multiple

Project 1 applications that would run on different domains of a
platform at the came time

Al Ervglne
App + & domain is the BSP/0O5 that contrals ane or maore
. isomorphic processor.
- —

» & platform contains ene or mere domains.

AT2_0
Aarammal AT2 Linux Domain “éﬂf_':,l"
Domain » & workspace can contain unlimited platforms and
‘ Platform wnlimited gystem projects |

@ « Back Finich Caneel |

3. Click Next.

4. In the Platform page, select the Create a new platform from hardware (XSA) tab and click the
+ sign to add the XSA created in Vivado.

wl

Platfarm
Mote A platform preject will be genersted aubomatically im workspsce for the selected NS4 It com be cumomiced later,
SR a jilat laswm v depiaslbiary I.: - Criwle a neve jlallarm lioen hanlwaese 1“4
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Flema Bosrd Flow Wendar Path
k1M wek 190 Ernbadded Klbro e/l Vitigh 201 B2 detaernbed dedymlib ed,
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b meu10d feu 1l Ernbedded Kb
ol Vg 200 B detah e bad ded e Db ssd

L1 oed H ] [rbadded Kibra

aon oA

L1 ¥

Plabfoem name: | ik 190
v 4 Dmck Finigh Caresl

5. The Create Platform from XSA window opens, so you can point to the XSA file created in
Vivado. Navigate to the directory where the XSA file was created in Vivado and click Open as
shown in the following figure.
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6. Click Next.
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Building a Zyng-7000 SoC Processor Design

* o sk

Open |w Cancel

7. IntheDomain page leave all the fields at their default values and click Next.

~

| Demain

Configure the seftware platform for your project

| CPL: psT_cortexa® 0

O standalone o

Language: | C v

[«] Generate boot components

(?) < Back Mext »

i

Cancel

8. In the Templates page, select Peripheral Tests as shown in the following figure.
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~

| Templates |
| Select a template to create your project. |

Hvailable Temnplates:

: Find: Peripheral Tests

Dhrystone Simple test routines for all penpherals in the
Empty Application hardware.
Helle Werld

hwlP Eche Server

hwlP TCP Perf Client

hwlP TCP Perf Server

wlP UDP Perf Client

hwlP UDP Perf Server

Memaory Tests

OpenAMP echo-test

OpenAMP matiix multiplication Deme

OpeniMP RPC Demo

Penpheral Tests

R5A Authentication App

Zyng DRAM tests

Zynq FSBL

e |
'\?,-' < Back Mext = Cancel

9. Click Finish.

10. The application project is created in the Vitis software platform. Click on the hammer icon to
build the application.
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Klna Projec el v sp
% . -0+ 080 b ; Denign | 1 Detug
restect ‘Tyna Oweian ——

% Application Project Settings At bidl cenliguishion: abug

When the application project finishes compiling, you see the following in the Console
window.

AR N R Bl

VB ATi98 Dulld rindshed (toock 198.000%:)

Step 8: Run the Software Application

Now, run the peripheral test application on the ZC702 board. To do so, you need to configure the
JTAG port.

1. Ensure that your hardware is powered on and a Digilent Cable or the USB Platform Cable is
connected to the host PC. Also, ensure that you have a USB cable connected to the UART
port of the ZC702 board.

2. Download the bitstream into the FPGA by selecting Xilinx = Program FPGA.

The Program FPGA dialog box opens and points to the bitstream
zyng_design_1_wrapper.bit which was included as a part of the XSA.
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L
| Program FPGA
Specify the bitstream and the ELF files that recide in BRAM memory
Project: Zyng_Design R
Connection: Local e Iew
Device | Auto Detect Select... |
Brtstreamn: | _ide/bitstream/zyng_design_1_wrapper.bit Search,. Browrse,.. I

|_| Partial Bitstream

_idef/bitstreamy'myng_design_1_wrapper.mm Search.. Browce

Software Configuration
Processor ELF/MEM File te Initialize in Block RAM

[ 5kip Revision Check

Cancel

3. Ensure that the Bitstream field shows the bitstream file that you created in Step 5, and then
click Program.

Note: The DONE LED on the board turns green if the programming is successful. You should also see
an INFO message suggesting that the FPGA was configured successfully in the Vitis software platform
Log window.
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¥
K
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¥
E
¥

4. In the Explorer, select and right-click the Zynq_Design application.
Select Debug As — Debug Configurations.

6. In the Debug Configurations dialog box, right-click Single Application Debug, and select New
Configuration as shown.
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%) Debug Configurations

Create, manage, and run configurations
Debug a program using Application Debugger.
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7. The Create, manage and run configurations page opens. Click Debug, as shown in the
following figure.
-l
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8. The Debug perspective window opens.
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9. Set the terminal by selecting the Vitis Terminal tab and clicking the + button.

10. Use the settings shown in the following figure or the ZC702 board. The as shown in the
following figure.coM Port might be different on your machine.Use the settings shown in the
following figure or the ZC702 board. The
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i Basic Settings
Port: COM>5 v
| Baud Rate: 115200 v

v Advance Settings

Data Bits: 8 v

Stop Bits: 1 v .
| Parity: None v .

Flow Control: | None v

Timeout (sec):

|
| QK Cancel
11. Click OK.
2 Console | B Vitis Terminal 32 | Q) EBxecutables [5) Vitis Log [ Protlems R Debugger C -
r:1 x
Connected to COMS at 115200
| Send| Ciear

12.

13. Verify the terminal connection by checking the status at the top of the tabin the Debug tab,
expand the tree to see the processor core on which the program is running, as shown in the
following figure.

4 Debug i3 | |1+ = = O
v ¥, Debugger_Zyng_Design-Default (Local)
v g% APU
v o ARM Cortex-A%9 MPCaore 20 (Breakpoint: main)
On30100590 main(): ../src/testperiph.c, line &1
Ou3010b3ad _start(): xil-crtD.5, line 136
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14.If testperiph.c is not already open, select . . /src/testperiph. c, double-click it to
open that location.

Add a Breakpoint

Next, add a breakpoint after the “if” statement.

1. Double-click in the blue bar to the left of line 103 to add a breakpoint on that line of source
code, as shown in the following figure:

132 status;
print("\rinRunning GploOutputExample() for axl gplo @...%r\n");
stoatus = GploQutputExample (XPAR_AXI GPIO @ DEVICE _ID,4);

if [etatie an H'. L
E' print("GplolutputExample PASSED. \r .||":|',I

|‘
else

print("GploOutputExample FAILED.\ri\n");

H

Note: Sometimes the line number varies, so enter the breakpoint where appropriate.

Step 9: Connect to the Vivado Logic Analyzer

1. Go back to the Vivado session and from the Program and Debug drop-down list in the Flow
Navigator = Program and Debug, click Open Hardware Manager.

2. Inthe Hardware Manager window, click Open target, and select Open New Target to open a
connection to the Digilent JTAG cable for ZC702, as shown in the following figure.

HARTWARE MANAGER - unconnecied
ﬂ Mo hardware target is open. Open tanget

& Ao Connect
Hardwire

Recent Targeks

Open Mew Targed

The Open New Hardware Target dialog box opens.
Click Next.

4. Select the appropriate options from the drop down menu for Connect to option. Click Next
on the Hardware Server Settings page.

5. The hardware server should be able to identify the hardware target. Click Next on the Select
Hardware Target page.

6. Click Finish in the Open Hardware Target Summary page.

UG940 (v2019.2) November 26, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design L\/—] 32


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.2&docPage=32

iv Xl Ll NX Chapter 2: Lab 1: Building a Zyng-7000 SoC Processor Design
A ®

When the Vivado hardware session successfully connects to the ZC702 board, the Hardware
window shows the following information.

Hardware
Q = & > » N o
Mame Status
« H locathost (1 Connecled
« W xiline_tciDigilent2 102033423634 Open
@& arm_dap_0 (¢ 1)
~ & xcTz020_1(2) Programmed
B XADC [l
BF hw_ila_1 E 1 1 Idle
g ¥

7. First, ensure that the ILA core is active and capturing data. To do this, select the Status tab of
the hw_ila_1 in the Hardware Manager.

8. Click the Run Trigger Immediate button | ? onthe hw _ila_1 window.

aw_ila_1

‘Wavelorm - Aw_ila_1
Q + * ¢ » B3 & a N -

o Fead Peba Dasta

mings - hw_ila_1 Snaius - brw_ia_1 Trigper Saivp - brw_ia_1 Captune Saiup - bw_ika_1

* = » A + o,
Come stz i

Capune siwms - Andow 1 alt

oo aampla O of 1024 +

iz

Expand some of the Signal Groups by clicking the drop-down to see Static data from the
System ILA core in the waveform window as shown in the following figure.
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‘Wavelorm - Aw_ila_1

Q & = & + » B G & @ 3« MW M = =

Erch iv

o Bead fddr Cmic

o Faad DRta Jeats

i Wik Diala Be

Settings . w_ila_1

Shaius - ree_iln_1

Trigner Saivg - frw_ii_1 Caglure Setug - w_in_1
 + % H +
Comsisue -
Capiure siwtes - Andow 1al1
+
Window sample 0 of 1024

9. Set up a condition that triggers when the application code writes to the GPIO peripheral. To
do this:

a. From the menu select Window — Debug Probes.

b. Select, drag, and drop the s1lot_0:axi_smc_MO1_AXI:AWVALID signal from the
Debug Probes window into the Trigger Setup window.

fwe_fia_1

‘Wavelorm - Aw_ila_1

Q + = & k » W B @ & 3 o MW M = =

Wo Widzs Daca Daace

[’

Ilem_ia_0AnEinel_ss

Saitisgs -hw_ila_1 | Status.. nw_iin_1
=k » N

comstms e
Capiure simdus - #indow 1311

winaraw sample 0 of 1024

Trigpar Seup - bw_in_1 tures Setup - bw_in_1

Q 4+ = 4

Hame Omeralzr Rizeic
slof 0 asi_smc_MO_A: SWWALID == E

c. Click the Value column of the *\WVALID row, as shown in the following figure.
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Trnigger Setup - hw _ila_1 « Capture Setup - hw ila 1 - T

Q + = o

Hame Operator Radix Value
slot_0: psT_0_axi_periph_MO0_AX] : AWNVALID == * | = [X(donlca..

0 {logical zero)

1 (lagical m]g]

X (don1care}

R (0-to-1 transit
F (1-t0-0 transiti
B (both transitic
M (no transition

d. Change the value from X to a 1, from the drop down menu.

10. In the Waveform window or the Status window, arm the ILA core by clicking the Run Trigger
button >

11. Notice that the Status window of the hw_i1a_1 ILA core changes from:
e |dle to Waiting for Trigger.

e The Hardware window shows the Core Status as Waiting for Trigger, as shown in the
following figure.

Settings - har_ila_1 Status - hw_jla_1 = O

x> »» » R
Core status [ Waiting for Trigger

Capture status - Window 1 0f 1
Window sample 512 of 1024

s

12. Go back to the Vitis software platform and continue to execute code. To do so, click the

Resume button ™ on the toolbar.
Alternatively, you can press F8 to resume code execution.

The code execution stops at the breakpoint you set. By this time, at least one write operation
has been done to the GPIO peripheral. These write operations cause the AWVALID signal to
go from O to 1, thereby triggering the ILA core.

Note: The trigger mark occurs at the first occurrence of the AWVALID signal going to a 1, as shown in
the following figure.
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Wavelonn - hw_ila_1

Q 4+ = & »r » B 3 @@ Q 5 =& 4 M = = { wl o

LA Status 1dle

Hame

AXl B Channel

13. If you are proceeding to Lab 2, close your project by selecting File = Close Project.

You can also close the Vitis software platform window by selecting File = Exit.

Conclusion

This lab introduced you to creating a Zyng-based design in IP integrator, working with the System
ILA IP to debug nets of interest, software development in the Vitis software platform and
executing the code on the Zyng-7000 SoC processor.

This lab also introduced you to the Vivado Logic Analyzer and analyzing the nets that were
marked for debug and cross-probing between hardware and software.

In this lab, you:

Created a Vivado project that includes a Zyng-7000 SoC processor design using the IP
integrator.

Instantiated IP in the IP integrator and made the necessary connections using the Designer
Assistance feature.

Marked and connected nets for debug using the System ILA IP, to analyze them in the Vivado
Integrated Logic Analyzer.

Synthesized, implemented, and generated the bitstream before exporting the hardware
definition (XSA) to the Vitis software platform.

Created a software application in the Vitis software platform and ran it on the target
hardware, ZC702. By setting breakpoint in the application code, triggered the ILA in Vivado,
thereby, demonstrating the hardware/software cross-probing ability.
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Lab Files

You can use the Tcl file 1ab1. tc1 thatis included with this tutorial design files to perform all the
steps in this lab. This Tcl file only covers the Vivado portion of the design creation through
bitstream generation. Subsequent steps from Step 7 and beyond must be performed manually as
the intent is to demonstrate the cross-probing between hardware and software.

To use the Tcl script, launch Vivado and type source 1labl.tcl inthe Tcl console.

Alternatively, you can also run the script in the batch mode by typing Vivado -mode batch -
source labil.tcl atthe command prompt.

Note: You must modify the project path in thelabi. tc1 file to source the Tcl files correctly.

UG940 (v2019.2) November 26, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design L\/—] 37


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.2&docPage=37

& XILINX

Chapter 3

Lab 2: Zyng-7000 SoC Cross-Trigger
Design

Introduction

In this lab, you use the cross-trigger functionality between the Zynq®-7000 SoC processor and
the fabric logic. Cross-triggering is a powerful feature that you can use to simultaneously debug
software in the Vitis software platform that is running in real time on the target hardware. This
tutorial guides you from design creation in IP integrator, to marking the nets for debug and
manipulating the design to stitch up the cross-trigger functionality.

Step 1: Start the Vivado IDE and Create a
Project

1. Start the Vivado IDE by double-clicking the Vivado desktop icon or by typing vivado at a
command prompt.

2. From the Quick Start page, select Create Project.
3. Inthe New Project wizard, use the following settings:
a. Inthe Project Name page, type the project name and location.
b. Make sure that the Create project subdirectory check box is checked. Click Next.

c. Inthe Project Type page, select RTL project. Ensure that the Do not specify sources at
this time check box is cleared. Click Next.

d. Inthe Add Sources page, set the Target language to either VHDL or Verilog. You can
leave the Simulator language selection to Mixed. Click Next.

e. In Add Constraints page, click Next.

f. In the Default Part page, select Boards and choose ZYNQ-7 ZC702 Evaluation Board that
matches the version of hardware that you have. Click Next.
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g. Review the project summary in the New Project Summary page and click Finish to create
the project.

Step 2: Create an IP Integrator Design

1. In Vivado Flow Navigator, click Create Block Design.

2. Inthe Create Block Design dialog box, specify zynq_processor_system as the name of
the block design.

3. Leave the Directory field set to its default value of <Local to Project> and the Specify source
set field to Design Sources.

4. Click OK.
The IP integrator diagram window opens.

5. Click the Add IP icon in the block design canvas, as shown in the following figure.

+

The IP catalog opens.
6. Inthe Search field, type Zyngq, select the ZYNQ7 Processing System IP, and press Enter.

Alternatively, double-click the ZYNQ7 Processing System IP to instantiate it as shown in the
following figure.

Haareh g 11 Pamieh) P Drite
ZYNAT Procossing System Hams IYNGT Procassing Systam

Varglon B8 (R &)
Inlemacas AAld, AXIA-OrEEMm
Desrapbon. A dual oo B0C wilh Zyng lpga
s fian
LicEnga Teluded
Changes Leg. View Chang
Vandoi Kibre I
VLMY slinE EOMm ip processing_sysloms & 8
Rénnalnn  ERIFYRSAARTTE 2Ea1aN

ENTER 5 selod, B8O o cancal, Diil+Q o 1P delails

7. Inthe block design banner, click Run Block Automation as shown in the following figure.

Diagram
@ -~ o |9 Q +

# Das Igner Assiztance avallable. Run Block Automation
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The Run Block Automation dialog box states that the FIXED_1I0 and the DDR pins on the
ZYNQ7 Processing System 7 IP will be connected to external interface ports. Also, because

you chose the ZC702 board as your
selected by default.

Enable the Cross Trigger In and Cros

target board, the Apply Board Preset check box is

s Trigger Out functionality by setting those fields to

Enable, then click OK, as shown in the following figure.

¢ Run Block Automation

configuration options on the right

Q

~ & All Autormation (1 out of 1 selected)
+ % processing_system7_0

- -
- -

Automatically make connecions in your design by checking the boxes of the blecks to connect. Selec a block on the left to display s

Description

This oplicn 5sels the board preset on the Pracessing System. All currend properties
will be overwritten by the baard prasel This action cannat be undone. ZyngT bloack
aulomation applies curren! board presat and generalas exemal connections foaf
FIXED_IO, Trigger and DDR interfaces.

MNOTE: Apply Board Preset will discard exizting IP configuration - please unchack
this Boo, I You wish 10 retain presious confguration

Instance: processing_systemy_0

Options
Make Interface Edamal. FINED_IO, DDR
Apply Board Praset ¥
Cross Trigger In: Enable w

Enable

S

Cross Trigger Out

Ok Cancel

This enables the TRIGGER_IN_O and TRIGGER_OUT_O interfaces in the ZYNQ7 Processing
System as show in the following figure.

processing_system/7_0

ZYNQ7 Processing System
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9. Add the AXI GPIO and AXI block RAM Controller to the design by right-clicking anywhere in
the diagram and selecting Add IP.

The diagram area looks like the following figure.

processing_system7_0

T | poR | Jl—{>00R
e { FIXED 10 || > FIXED_ID
__ai':br_am_—_"—'t_ﬂ_—ﬂ_ . ._éim_m GPIO 5 I” USBIND_0 |||
s ant = 5_and_aresetn | M_AKT_GPOS [
-8 BRAM_PORTA-R ” | | | it
=s5_ani_aclk & TR ||| %= TRIGGER_IN_O ™ TRIGGER OUT_ 0+ (||
' SRUNPORTEAE: R —M_AXI_GPO_ACLE ZYNQ. TTCO_WAVED_ OUT —

TTCO_WAVEL_OUT =
TTCO_ WAVEZ_OUT =
FOLK_OLKO =
FCLK_RESETO_Mg

ZYNQT Processing System

10. Click the Run Connection Automation link at the top of the Diagram window.
The Run Connection Automation dialog box opens.

11. Select the All Automation (7 out of 7 selected) check box. This selects connection
automation for all the interfaces in the design. Select each automation to see the available
options for that automation in the right pane.

12. Make each of the following connections using the Run Connection Automation function.

Connection More Information Setting

axi_bram_ctrl_0 The Run Connection Automation No options.
dialog box informs you that a new
Block Memory Generator IP will be
instantiated and connected to the AXI
block RAM Controller PORTA

® BRAM_PORTA

axi_bram_ctrl_0 Note that the Run Connection Leave the Blk_Mem_Gen field set to
Automation dialog box offers two its default value of Blk_Mem_Gen of
choices now. The first one is to use BRAM_PORTA.

the existing Block Memory Generator
from the previous step or you can
chose to instantiate a new Block
Memory Generator if desired.

In this case, use the existing BMG.

® BRAM_PORTB

axi_bram_ctrl_0 The Run Connection Automation Leave the Clock Connection (for
dialog box states that the s_axI port | unconnected clks) field set to Auto.
of the AXI block RAM Controller will
be connected to the M_AXI_GPO port
of the ZYNQ7 Processing System IP.

The AXI block RAM Controller needs
to be connected to a Block Memory
Generator block. The connection
automation feature offers this
automation by instantiating the Block
Memory Generator IP and making
appropriate connections to the AXI
block RAM Controller.

® S_AXI
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Connection

More Information

Setting

axi_gpio_0

®* GPIO

The Run Connection Automation
dialog box shows the interfaces that
are available on the ZC702 board to
connect to the GpIO.

Select LEDs_4Bits.

axi_gpio_0

® S_AXI

The Run Connection Automation
dialog box states that the S_AXT pin
of the GPIO IP will be connected to
the M_AXI_GPo0 pin of the ZYNQ7
Processing System. It also offers a
choice for different clock sources that
might be relevant to the design.

Leave the Clock Connection (for
unconnected clks) field set to Auto.

processing_system7_0
® TRIGGER_IN_O

® TRIGGER_OUT_O

The Run Connection Automation
dialog box states that the
TRIGGER_IN_0 and TRIGGER_OUT_0
pins will be connected to the
respective cross-trigger pins on the
System ILAIP.

Leave the ILA option to its default
value of Auto for both TRIGGER_IN_0
and TRIGGER_OUT_0 option.

Click OK. When these connections are complete, the IP integrator design looks like the

following figure.

Ceetauh iew

-+
= e o
L] - T

13. Click the Address Editor window of the design to ensure that addresses for the memory-
mapped slaves have been assigned properly. Expand Data. Change the range of the AXI block
RAM Controller to 64K, as shown below.
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Address Cdivor
Q' z @
Gl Elgve iderface Suave Segmenl  Oflsel Addiess
procesging gpglam’ O
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i biam_clil 3 8 A Wemnid Oudann_ obn
wi_gpio_o B_AX Ry PEFET T

Mark Nets for Debugging

Next, you mark some nets for debugging.

Range

[

15K

SdK
1208
256K
E12K
1

T [}

High Address

LFFF

L0 FIFF

1. Click the Diagram window again, and select the net connecting the GPI0 pin of the AXI GPIO

IP to the LEDs_4Bits port.

2. Right-click in the block diagram area, and select Debug. This marks the net for debug.

Notice that a bug symbol appears on the net to be debugged. You can also see this bug
symbol in the Design Hierarchy window on the selected net.

3. Similarly, select the net connecting the interface pin S_AXI of axi_gpio_0 and the

MO0 _AXI interface pin of axi_smc instance.

4. Right-click in the block design and select Debug from the context menu.

Note: When you mark a net for debugging, the Designer Assistance link at the top of the block design

canvas banner becomes active.

5. Click Run Connection Automation.

6. In the Run Connection Automation dialog box, click the All Automation (2 out of 2 selected)

check box.

# Bun Connection Automation

configuration cplions on e nght

Ol=|&
-« Al Automation (2 oul of 2 seleded)
~ ¢ Interface Connedlions
< =l ad_gpio_0_GPID
) =8 psT_0_ax_periph_M00_AXI
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7. Click OK.

8. Click the Regenerate Layout C button to generate an optimal layout of the design. The
design should look like the following figure.

Disgrarm ? = O A
a a & X O Q + FE + C o Detault View w o

9. Click the Validate Design button to run Design Rule Checks on the design.

After design validation is complete, the Validate Design dialog box opens to verify that there
are no errors or critical warnings in the design.

10. Click OK.
11. To save the IP integrator design, select File = Save Block Design.
Alternatively, press Ctrl + S to save the design.

12. In the Sources window, right-click the block design, zynq_processor_system, and select
Generate Output Products.

The Generate Output Products dialog box opens.
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The following output praducts will be generated.

Preview
Q| x| <
v [8] zynq_processor_system.bd (0OC per IP
Synthesis
Implementation
- Simulation
= Hw_Handoff
Synthesis Options
() Global

(®) Qut of context per IP

() Out of context per Block Design

| Run Settings |
Number of jobs: 4 v ‘
Fm
O

13. Click Generate.

Chapter 3: Lab 2: Zyng-7000 SoC Cross-Trigger Design

The Generate Output Products dialog box informs you that out-of-context (OOC) module

runs were launched.

14. Click OK on the Generate Output Products dialog box.

15. Wait until all OOC Module runs have finished running. This could take a few minutes.

Design Runs
Q = & |4 + %
Name
w [ Symth_1 (e
B lengl_1
~ = Out-ol-Context Module Runs
= of omg_processor_syslem
«f TynO_processor_system_processing_systemT_0_0_symth_1
«f myno_processor_system_ad_gpio_0_0_synih_1
of DynO_processor_sysbem_dxd_Bram_cii_0_D_synm_1
* wof InO_procRssor_system_system_ila_D
o oma_processor_sysiem_sysiem_ila_0_synih_1
«f yno_processor_sysbem_rst_psT_0_S00_0_symth_1
o zyno_processor_sysbem_asi_bram_cid_0_bram_0_synth_1
of Tymg_processor_sysbem_xbar_0_synih_1
o smg_processor_system_auto_pc 0_synin_1
« myno_processon_system_auto_pe_1_synif_1

Consiraints
constrs_1
constrs_1

Iyng_pocassor_system_processing_system7_0_0
Iyng_processor_system_ad_gpio_0_D
IyMg_processor_syslem_ax_bram_dn_0_0

IyTv_processor_system_system_ila_0
Iymi_processor_system_rsi_psT_0_S06_0
Tyna_processor_system_as_bram_ci_0_bram_0
Iyg_processor_system _xtar 0
Ig_processor_system_aulo_pc 0
Iymo_processor_system_auto_pc_1
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16.

17.

In the Sources window, right-click zynqg_processor_system, and select Create HDL Wrapper.
The Create HDL Wrapper dialog box offers two choices:
e The first choice is to generate a wrapper file that you can edit.

e The second choice is let Vivado generate and manage the wrapper file, meaning it is a
read-only file.

Keep the default setting, shown in the following figure, and click OK.

¢ Create HDL Wrapper i

You can either add or copy the HOL wrapper file to the project Use copy oplion if
you would like to modify this file

Options
Copy generated wrappar to allow user adits

& Let Vivado manage wrapper and aute-update

Step

3: Implement Design and Generate

Bitstream

Now that the cross-trigger signals have been connected to the ILA for monitoring, you can
complete the rest of the flow.

1.

Click Generate Bitstream to generate the bitstream for the design.

The No Implementation Results Available dialog box opens with a message asking whether it
is okay to launch synthesis and implementation.

Click Yes.
The Launch Runs dialog box opens.
Make the appropriate selections and click OK.

When the bitstream generation completes, the Bitstream Generation Completed dialog box
opens, with the option, Open Implemented Design option checked by default.

Click OK to open the implemented design.

Ensure that all timing constraints are met by looking at the Design Timing Summary tab, as
shown in the following figure.
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Note: The timing could be slightly different in your case.

Terng
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ik Semnenasy Tobs Megase Hack (THI] oDl g Tiotal Hotd Sack (THI| [T Totsl Piigs Wioh Hesabv 3ok (TPASE 0000 ns
* Ga Check Timing Bha=mar of Falims Endponts 0 Hasar of Faling Endponts: 0 st of Fating Ensports -]

bg-Clock Patha

Total Number of Endgoints T Total Humbes of Endooints HBL Tokal Numbes of Endpoints e

Wi -l P
Cover Pash Groups ARt Sgcified liming Conslrants ane mel

Timiag Summary - mpl_1 | saved]

Step 4: Export Hardware to the Vitis software
platform

After you generate the bitstream, you must export the hardware to the Vitis software platform
and generate your software application.

1. From the Vivado File menu, select File—= Export — Export Hardware.

The Export Hardware dialog box opens.

Export hardware platform for software
development tools. ‘ I

| Includa bitstream

X2A file name: [1q_processar_system_wrapper

Exportto: | >Autorials/2019.200G9400ab2 I:

2. Ensure that the Include Bitstream check box is checked and that the Export to field is set to
the default option.

Click OK.
4. Select Tools— Launch Vitis .

The Eclispe Launcher dialog box opens. Ensure that the right workspace is selected, as shown
in the following figure.
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«
Select a directory & workipace

wWaie IDE uzes the workipaca dimctory 16 ston &5 praferences and davelopment srtifacts

Weekgpaoe | Crbuled sl 2000 LIGRIRabd wiba Drewee..,

I ILI'... Rhis aa P delaull and da ol adk agan
¥ Reutere sther Workipade
b Recent Workepad e

Launch Cange

5. Click Launch.

Step 5: Build Application Code in the Vitis
software platform

The Vitis software platform launches in a separate window.
1. Select File—= New — Application Project.

In the New Project dialog box, as it appears in the following figure, specify the name for your
project. For this lab, you can use the name peri_test.

~

Craate & Now Application Project
Erter & maenia loe your Appleation pioject,

Faywil namas | pei_lesl

=4 Uge defauli locstion

Lnbern projech  Creabe Mew CLE L T ] ]
Sywlarm System Project 2 « i gyubern project i a centainer far mulliphe
Fragsicl 1

spphicabons hal venuld s on dilfesenl domains of &

[ plEtlfamn & b sams ime

m [ E v A damnr g he B5FA05 1hat camrals ane &1 more
| |
ey —— !

isamBiphie preceiian
- -

T R w A platform coraing one or moes domaira

el i ATE Limx Domam B

Drwnimin = i workipacs gan contaim unlmibed platforma and
" unhmed gyetem projacts

Platform

) e b Mgt = Concel

2. Click Next.
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3. In the Platform page, select the Create a new platfrom from hardware (XSA) tab and click the
+ sign to add the XSA created in Vivado.

wl

Platform
Mote A platform prejact will be generated autamabeslly in warkipscs for the sslected K50 I com be cumemized later,

(2 Selent a plat fosen Trom seposibory I Create a nev platlorm T handwase lf!'nﬂ.i

g Bosrd Flow Wendar Patn

ek 180 vk 180 [rnbedded ik
Ty e ol Frnbeaideid LT

Platlorm namet | vk 190

or 4 Dsck Mt » | Cancal

4. The Create Platform from XSA window opens, so you can point to the XSA file created in
Vivado. Navigate to the directory where the XSA file was created in Vivado and click Open as
shown in the following figure.

~
_ ; TRSPC + Windows (D) + teonsk ¢ 202 ¢ UGH ¢ |8 a
n tnd i 8
labZ cache
132 b
Inbitiz wmer filer
labZruma
Dovements
hbZ 5m
& Dowricads Inhit ey
B Whasic sy Emenaor_salem_wipseras 72 40k S File
= Pichurm
B videcs
Fi st | oymg_procmscr_wyriem_srapperas N o sy,

5. Click Next.

6. Inthe Domain page leave all the fields at their default values and click Next.

UG940 (v2019.2) November 26, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design l_‘/_l 49


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.2&docPage=49

iv Xl LI NX Chapter 3: Lab 2: Zyng-7000 SoC Cross-Trigger Design
A o

~ O
| Domain [
Configure the software platform for your project |
| CPL: psT_corexad 0
|
| Q5 standalone "

Language: | C W

[«] Generate boot components

"}; < Back Mest = Firish Cancel

7. In the Templates page, select Peripheral Tests as shown in the following figure.

«J New Appiication Proje |

| Templates .
| Select a template to create your project. |

Hvailable Templates:

| Find: Peripheral Tests

Dhrystone Simple test routines for all penipherals in the
Empty Application hardware.
Helle Werld

IwlP Echo Server

hwlP TCP Perf Client

hwlP TCP Perf Server

wlP UDP Perf Client

hwiP UDP Pesf Server

Memory Tests

OpenAMP echo-test

OpenAMP matrix multiplicetion Dermo
OpenAMP RPC Demo

Penpheral Tests

R5A Authentication App

Zyng DRAM tests

Zyng F3EL

'x.?.,-' < Back Mext = Cancel

8. Click Finish.
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9. The application project is created in the Vitis software application.Click on the hammer icon
to build the application.

gl UBb it - e tes g en_baik b - Wil
Ir 4R Devsnpe  Glon Peaject  Window  sp
K- H-0-g@E D ki & Deagn i Detug
'8 | e et yiiem of pori mit
w [l periinsi_aywiom .
4 Application Project Seitl b et bl o g iahion: (A%
w [ pari b isndaiane an pi? endenl (1] o b bl ngs A Lol g ligaa ol Detug
Prajai e eet b
195 peigheial
add Mt ! !
i
B svma apei Bumi
(i il [}
Rl
i siarl
" W [EEEIDR, T rang s enil perigharsl
e
'y
11 pe dewi aywinm [psbe)
B rema Lt g
B coras ¥ wraems [T vmsLag (1) Guisence | o e .

When the application project finishes compiling, you see the following in the Console
window.

10. Make sure that you have connected the target board to the host computer and it is turned
on.

11. Select and right-click the peri_test application in the Project Explorer, and select Debug As =
Debug Configurations.

The Debug Configurations dialog box opens.
12. Right-click Single Application Debug, and select New Configuration.
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wl Debug Configurations

Create, manage, and run configurations

Debug & progrem using Application Debugger,

f b L =) ..Ir' - Canfigure

type fifes beat = Pnis

si:-_ Single Applicati ||| Nﬂmlﬁlﬂhﬂ m
E SPM Analyiis Marwe Profoby ps
o6 Expon
Duplicats

Link Pratatype
Unlink Pratatype

Reset with Pratatype Walues

Chapter 3: Lab 2: Zyng-7000 SoC Cross-Trigger Design

¥

& tht 'Mew Configuration’ butten to create 8 conliguraton ol the selected type

lauineh settings fram this dialag:

f.. Single Applicatisn Pakia - Dears vha hew Protetype hutbon te creste s launch canfiguration protatype of the selected type.

the ‘Expart button te export the selected configurations,
the ‘Duplicate’ buiton to copy the selected conliguraton,
the ‘Thelete’ huttan te remove the selected eanfiquistan,
the 'Filter' bultton to conligure Iitering options,

Br view an exlsting cenflguration by selecting it

Lnch conliguraticn(s] and then select ‘Link Frotetype’ menu dem Lo link s proletyps.

Filter matehed 3 of 1 iterms

@

aneh earfiguratien(s) and then select.. link Pratetype’ meni tem to unlink a protatype.

= Slect launch conliguration(s] and then select..alues’ menu dem Lo reel with pretolype values.

Conligure launch perspecive setlings from the Peispeclives. preference page

[Drelug Close

13. In the Create, manage, and run configurations page, select the Target Setup tab, and select

the Enable Cross triggering check box.
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LY
Craate, manage, and run configurations ..
Debig & program uging Appheaicn Debuigger.

LR TR IRCE
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Rame | Debugger_pen_test-Default

¥, tain ] application | & Tirget Setup 0% Argumens | B8 Ervironment| s Symibol Files| i Source] & Path Mg
¥ Jee dinghe Application Debug L
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Hitsbimarn Fie | i b sl i pie essoe_ syt e atape il | S Hinwae.., lienmate.
FRGA Device | fute Detect Seluct,
Ph Duvsim | faut o Detact Salect,
| Uise FSBY P Tor inibalizetion
| Imaislization File | e prnit paT it ael Sswch,, Brosae..
Surmasy

|+ Resat antire gystem Fodloveing et ioe vill ke peefonmed before laund hing the debugger.

1, Resmts enbive sysbern, Clears the FROMA Tabeic (PL),

M"""“’J"‘""”"""‘ 2, Pragrarn FRGA dabre (PL)
[ Skip Revsisen Chisck 3, Rusng pa’_inn ba svitiakes PS,
4, Husni ps?_podt_ config, Erakies level shifters Tram PL ta PS, [Racammanded 16 wie his aptan
1§
L"lR'I“ peT_init only aler syslem iesel or boad possr ONj,
|7|Fc.m paT pot cerig % Al pregessors i the system will be saspended, snd Applicstions will be dewnloaded to the

following processors as specdied i the Applications tab

k=] Enabila Canss-Triggering 11 pe?_comead 0|\ aeniaig 2019, 2 G800 ED vitig per teaDebusgpen_teat elf)

Revert A
Filter mmatched 4 of 4 items - Ay

\ I?I

14. Click the Browse button for Enable Cross-Triggering option.
The Cross Trigger Breakpoints dialog box opens.
15. Click Create.

16. In the Create Cross Trigger Breakpoint page, select the options as shown in the following
figure.
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| wy Cross Trigger Breakpoint

Create Cross Trigger Breakpoint
Configuration is valid.

Cross Tngger Signals (Input)

d

w [m] CPU-D
FUD PRL TR

] PTMOEXT O [2]
] PTMO EXT 1 3]
[] CPUD COMMTX [4]
[] CPUD COMMRX[5]
[] PTMO TRIGGER. [6]

v [ crPu-1
[] cPu1 DBGACK [8]
[] CPu1 PMUIRQ [9]
] PTM1 EXT 0 [10]
(] PTM1 EXT 1 [11]
[] CPU1T COMMTX[12]
[] CPU1T COMMRX [13]
[] PTM1 TRIGGER [14]

v [] ETB and TPIU
(] ETB full [18]
[] ETE acquisition complete [19]
] IT™ irigger [20]

v [ ] FM
[] FiM ingger 0 [24]
] FTM trigger 1[25]
[] FTM trigger 2 [26]
[] FTM trigger 3 [27]

@
s

Cross Tngger Signals (Output)
w [] CPU-D
[] CPUD debug request [0]
] PTMOEXT O [1]
] PTMOEXT 1[2]
] PTMO EXT 2 [3]
] PTMO EXT 3 [4]
[] CPUD restart request [7]
v [] CPU-1
[] CPU1 debug request [8]
] PTM1 EXT 0 [9]
[1 PTMIT EXT 1[10]
] PTM1 EXT 2[11]
] PTM1 EXT 3[12]
[] CPUN restart request [13]
w [] ETB and TPIU
[] ETB flush [16]
[[] ETB trigger [17]
[] TPIU flush [18]
(] TPIU trigger [19
FTM
kA FiM irigger 0 [24]
EA FTiM tngger 1[25]

4 FTM trigger 2 [25]
[ FTM trigger 3(27]

17. Click OK. This sets up the cross trigger condition for Processor to Fabric.

18. In the Cross Trigger Breakpoints dialog box, click Create, as shown in the following figure.

-l

E  irputs (CPUD CBGACK [ - Cuputs (FTM trigges § (4], FTM wrigges 1 [251 FTM vigger 2 [26]. FTW trigger 3 [

F i

Famoer

I

19. In the Create Cross Trigger Breakpoint page, select the options as shown in the following

figure.
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%l Cross Trigger Breakpoint

Create Cross Trigger Breakpoint

Configuration is valid.

Cross Trigger Signals (Input)
v [] €PU-0
[] CPUD DBGACK [0]
[] CPUO PMU IRC [1]
[] PTMO EXT D [2]
[] PTMOD EXT 1 [3]
[] CPUO COMMTX [4]
[] CPUO COMMRX [5]
[] PTMO TRIGGER [&]
~ [] CPU-1
[ [] CPUT DBGACK [8]
[ [] CPUT PMU IRC [9]
[ PTMT EXT O [10]
[] PTM1 EXT 1 [11]
[J cPut COMMTX [12]
| [ cPun COMMRX [13]
[] PTM1 TRIGGER [14]
w~ [ ] ETB and TPIU
[] ETB full [18]
[[] ETB acquisition complete [19]
[ ] b trinn [

[+1 FTM trigger 0 [24]
[] FTM trigger 1[25]

[ FTM trigger 2 [26]
[+ FTM trigger 3 [27]

Chapter 3: Lab 2: Zyng-7000 SoC Cross-Trigger Design

v [m] CPU-0
] CPUD debug request [0]
U

WAL

[CJPTMODEXT 1[2]

[ PTMODEXT 2 [3]

] PTMO EXT 2 [4]

[] CPUD restart request [7]
v [] CPU-1

[[] CPUT debug request [§]

[ PTMTEXT D [9]

[] PTMAT EXT 1 [10]

[] PTM1 EXT 2 [11]

[] PTM1 EXT 3 [12]

[] CPUT restart request [15]
w ] ETB and TPIU

[] ETE flush [16]

[] ETB trigger [17]

[ TPIU flush [18]

[] TPIU trigger [19]
v []FTM

[] FTM trigger 0 [24]

[] FTM trigger 1 [23]

[] FTM trigger 2 [26]

[] FTM trigger 3 [27]

o

20. Click OK. This sets up the cross trigger condition for Fabric to Processor.

21. In the Cross Trigger Breakpoints Dialog box, click OK.

ay Ciess Trgge: Breakpewts

Marre

b

H  inputs (CPUD DBGACK [T - Cuputs. [FTI trigeer 0 (1 FTM trigges | (251 FTM trigges 2 [26. FT tigger 3|

B irouts (FTM trigges 0 [241 FTM teigger 1 [25] FTM trigger 2 [25] FTM trigger 3 [27]) - Duputs (0PLID debug re .

Famaove

% ;. || Coed

e

Edit__

22. In the Debug Configurations dialog box, click Debug, as shown at the bottom of the following

figure.
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ad Debug Configuations

Create, manage, and run cenfigurations
Dituig & program using Application Debugger

[ (o o X B e
e Piler best

w s Sngle Applicstion Debug
£ Debugged_per_test-Ditault
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Mot Debugger_ped_test-Default
$. Main |[7] dpplication |8 Target Setup  #0= Arguments | B8 Envircament| [y Symbel Files| i - Source. & Path Map | T Commen |

3

B Sogle Applicetion Debug (308]
E M hnalysis

Firer mstched 4 of 4 iteme

@

Hasdweara Platformy | §{zdaTeflaunchF deiprojects pan_test;fileTypas hug| | Search,.. Browra..
Batgtrmaen File de/Eekgtenarn, gyme_processon, fystem_wiapper it | Search,. Brewia... Genarate..
FPGA Dt Al Ditect || st
P Devicai Auta Detect || salest..
] Uss P3BL Plaw for mitialustion
Initiglization Fle: e/ prn it/ peT_misbel | Snarch,. Browsa,..
Surmenary
] st arstire system Fallawenp eperstions will be perfarmed beders launching the debugger. -
1. Bty arvtive systorn, Clears thae FPGA Takaie (PL)
el Program FRGA 2 Program FPOA fabric (PLI,
[T 5kip Revision Chisck 3. Rung ps7_init to initialize PS.
A Funs pe7_post_config, brables kel shiltis fram PL ta PS, (Recommendad bo usa this option anly alar
;;lm" peTind system reaet or beard pewar ON),
] Rain pa¥_post_canfig & Fellewing cross tdgger breakpeirs wil be added

7l Enable Cress-Triggering E irigger 327

T} Irgputs (PO DEGACK [0]) - Duputs [FTR bigaes O 24] FT8 tigge 1 [25] FTR tngger 2 [26], FTR

) Irgpuits (FTM wigger O [24] FTR erigges 1 [25] FTRA ergger 2 [26], FTM tragger 3 |27)) - Ouputs [CPUD

b mequid )

B Al processors in the systern will be suspended, and Applications will be downloaded ko the follewing
processors as specified in the Applications tab.
V) e P _carbamat_0 [0 babanal 2000 LRI e 2wl pen_test Debugperi_testall)

23. The Debug Perspective Window opens.

wd ki it
Fle BAR Ren Developer Siims Pigect  Window  Heip
ict- BB - -0 0w I -y Nl _Q.ul-sum|.3n¢gmm
i Detug ;,'.| X|t+ == 1@ " B pertest_sviem o g et -Ev‘d'poﬂﬂ'.r ;,;- = i ;5-|l.L, L N T -
w fr, Dehugger pen Sec-Default fLocall 51 ddsclede “ttops header.h” - ool E | e
- g8 AU =5 It madn {) s
. 9 ARM Crnter. AD MPCorm £0 emai| 01 Hame Tyen valu
vl Breskpoint: mai wtatic Kicuodr dete; o inec Wruler [Comdigmden. . .
B 01005 meinds Ssreirsipeiphe. Ine i .
statie Blands pa?_can_@; B gt cm s MarPs (CanCondigs
= Du30TlbSed _starte ub citl 5, line 136 £ stelle MeuTlser psl_stutises 8 sy . -
= 5 static MScuddt psd souedt B) ™ T scutime $Sculimer {Contigmibe... |
& o o static ¥TiePs ps7?_the_ 9 @ ps? seuwadt Kicudt {ConfigsiDe. .,
Gt #il_Tcachernaslei }; 8 psT e D XTEePs (Conflgmile. ..
®il_DCachwtnablei);
print(”: - Enterisg mainc:nie®hs
L
int Status; ¥ |
& pelat{™r\n B SeuklcSelfTestExmaple(} for ps?_seugle B...\" Due. /8PCo. BMe fme. =0
8 ~
7l Status « ScuGlcselfTestEameple[NFAR_PST_SCUGTC_B_DEVICE_TD); 8|06 ES -
. M X%
1 if (Status == @) | -
4 prist{"ScalilcSel fTestixomple PASIED \F'n");
7 1
7 else |
e 5 7 pristy “SculidcSelfTastixsmple FATLEDCWR");
el }
= Explors 3 | gl Amintiact: == b 1
1 E
B 5 ~ | a i
» [ deeely_headers ~ oy int States)
v |n deaps headern . N *
[N geio_headeik 4
» icpe orgoke 1T Wil Temmnal - 1] ' Probiend g er e CT Cons. 12 e lmtaon ..
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Ravart Apply
ﬂlg! Close

24. Set the terminal by selecting the Vitis Terminal tab, and then click the (+) icon.
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25. Select following settings in the following figure for the ZC70 board, and click OK.

~

| Basic Settings
Port: COM5 v
Baud Rate: 115200 v

v Advance Settings

Data Bits: 8 v

' Stop Bits: 1 v

I Parity: None v '
Flow Control: ' None v

Timeout (sec):

OK Cancel

26. Verify the terminal connection by checking the status at the top of the Vitis Terminal tab as
shown in the following figure.

B Consele | B vitis Terminal 33 | () Beecutables 5] Vitis Log [5 Problems R Debugger C -

Connected to COMS at 115200

Send |  Clear

27.If it is not already open, select ../src/testperiph.c, and double click to open the source file.
a. Modify the source file by inserting a while statement at approximately line 94.

b. After the else statement, add while (1) above in front of the curly brace as shown in the
following figure.
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while ¥1%
T status;

print{"vrinRunning SplodutputExample() for axd_gplo @...%'Wn");

status = GpioOutputixample(XPAR_AXI GPIO_8 DEVICE ID.4);p

if (status == 8} 4
primt({“SplobutputExample PASSED. Yrin"};
else {
print{"opiclutputExanale FAILED. \rin");

28. Add a breakpoint in the code so that the processor stops code execution when the
breakpoint is encountered.

a. Scroll down to the line after the “while” statement starts, and double-click the left pane
on line 103, which adds a breakpoint on that line of code, as it appears in the following

figure.
2 while ({1}
i
ud2 skatus;
print{"wrinRunning GploGutputExample() Tor axl _gplo @...Wwryvn");
status = GploQutputExample] XPAR_AXI GPIO @ DEVICE _ID,4)j
i if (status == @) |
L print{“GpioOutputExample PASSED. \r\n™);

elae |
print({“GpiodutputExample FAILED.\r\n"™);

i
I

b. Click Ctrl + S to save the file. Alternatively, you can select File = Save.

29. Click on the hammer icon again to rebuild the application with the changes made to the code.

Now you are ready to execute the code from the Vitis software platform.

Step 6: Connect to Vivado Logic Analyzer

Connect to the ZC702 board using the Vivado Logic Analyzer.

1. Inthe Vivado IDE session, from the Program and Debug drop-down list of the Vivado Flow
Navigator, select Open Hardware Manager.

2. In the Hardware Manager window, click Open target = Open New Target.
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HARDWARE MAMAGER - unconnected
) Mo hardware targetis open. Open targed

| & Auto Connect
Hardware

Recent Targets ¥

Open New TEI’GELh

Note: You can also use the Auto Connect option to connect to the target hardware.

The Open New Hardware Target wizard opens, shown in the following figure.

¢ Open New Hardware Target =

Open Hardware Target
[
leADO. Thig wizard will lﬂuiﬂE Fiau mmugh l:ﬂﬂl'l:ﬂﬂlﬂ.ﬂ Eo 3 hardware targel

To connéct to 3 remobe hardwane targel. provide the host name and IP port of e remate machine on which the
instance of 3 Vivado Hardware Sener is unning

& XILINX

Click Next.

# Open Mew Hardware Target 5 |

Hardware Server Settings

Select local or remobe handwane sender, then configure the host name and pon seflings. Use Local senmver if the ‘
targelis attached to the local machine. otherwize, use Remoli Sener.

Connaclto: | Local sener (largel is on local maching b

Click Next bo launch andfor connect 1o the hiw_sanver (port 3121) application on the local machine.

"_’" <Back | [ Cancel

On the Hardware Server Settings page, ensure that the Connect to field is set to Local server
(target is on local machine) as shown in the following figure, and click Next.
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¢ Open New Hardware Target
Hardware Server Settings

targelis attached to the local machine. otherwize, use Remoli Sener.

Connectto: | Local sener [largelis on local machine 4

g g |
e |

On the Select Hardware Target page, click Next.

Select local or remobe handwane sender, then configure the host name and pon seflings. Use Local senmver if the

Click Next bo launch andfor connect 1o the hiw_sanver (port 3121) application on the local machine.

¢ Open New Hardware Target

Select Hardware Target

Seled 3 hardware targel from e lish of Fvailatle targets, then 56l e appeopriale JTAG dock (TCK) fregquency.
your div ol see the expacted cewices. dacrease he freguency or sebedt a derant larged

Hardware Targels

Trp# Pl JTAG Clock Friquency
B o bl Digilent2 102033423534 15000000 o

A Gline Vimual Casle DOVC) |

Hasrdwwara Devices [for unknows divhoas, pecily the iInstraction Regestar () langth)

Hams D Code IR Le..
@ arm_dap_0  4BADOATT 4
® xcTI020_1 D3TZT0EZ 6

Hardware senver lotahost3121

(2 | =Bax | Hert >

’

[ Cancel

Ensure that all the settings are correct on the Open Hardware Target Summary page, as

shown in the following figure, and click Finish.
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¢ Open New Hardware Target 23

Open Hardware Target Summary

VIVADO!

HLy Eddmna ﬂ Hardware Server Seltings:

o Senver localhost3121

@ Target Sattings
o Target xiling_tcfDigilent 2102033423634
o Frequency: 15000000

t. XLINX

To connect to the hardware described above, click Finish

Step 7: Set the Processor to Fabric Cross
Trigger

When the Vivado Hardware Session successfully connects to the ZC702 board, you see the
information shown in the following figure.

Hardware 2 _ O3 X
Q = £ b » N o ]
Mama Status
~ N localhost (1 Connected
« @@ sling_telDigilant2102033423.  Open
& arm_dap_0 A
v @ xcTz020_1(2) Programmed
@ xADC
B hw_ila_1 (zng_processor Idle

1. Select the ILA - hw_ila_1 tab, and set the Trigger Mode Settings as follows:
e Set Trigger mode to TRIG_IN_ONLY
e Set TRIG_OUT mode to TRIG_IN_ONLY

e Under Capture Mode Settings, ensure Trigger position in window is set to 512.
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gla + T SO - - S TR PR | of bl

2. Arm the ILA core by clicking the Run Trigger button » .

This arms the ILA and you should see the status “Waiting for Trigger” as shown in the
following figure.

Seltings - hw_ila_1 Slams - hw_ila_1 »

x> b+ » N
Core status & ‘Waiting for Trigger

Capture status - Window 1 of 1
Window sample 512 of 1024

[

3. Inthe Vitis software platform Debug window, click the Resume # button in the toolbar,
until the code execution reaches the breakpoint set on line 103 in the testperiph.c file.

4. As the code hits the breakpoint, the processor sends a trigger to the ILA. The ILA has been
set to trigger when it sees the trigger event from the processor. The waveform window
displays the state of various signals as seen in the following figure.
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This demonstrates that when the breakpoint is encountered during code execution, the PS7
triggers the ILA that is set up to trigger. The state of a particular signal when the breakpoint is
encountered can be monitored in this fashion.

Step 8: Set the Fabric to Processor Cross-
Trigger

Now try the fabric to processor side of the cross-trigger mechanism. To do this remove the
breakpoint that you set earlier on line 103 to have the ILA trigger the processor and stop code
execution.

1.

In the Vitis software platform, select the Breakpoints tab towards the top right corner of the
window, right-click it, and clear the testperiph.c [line: 103] check box. This removes the
breakpoint that you set up earlier.

Note: Alternatively, you can select the breakpoint in line 103 of the testperiph. c file, right click and
select Disable Breakpoint.

In the Debug window, click the Resume

You can see the code executing in the Terminal Window. icon on the toolbar. The code runs
continuously because it has an infinite loop.

In Vivado, select the Settings - hw_ila_1 tab. Change the Trigger Mode to
BASIC_OR_TRIG_IN and the TRIG_OUT mode to TRIGGER_OR_TRIG_IN.

Click on the + sign in the Trigger Setup window to add the
slot_0:axi_smc_MO1_AXI:AWVALID signal from the Add Probes window.

In the Basic Trigger Setup window, ensure that the Radix is set to [B] Binary, and change the
Value forthe slot_0:ps7_0_axi_periph_MOO_AXI:AWVALID signal to 1. This
essentially sets up the ILA to trigger when the awvalid transitions to a value of 1.

Click the Run Trigger button to “arm” the ILA. It triggers immediately as the Vitis code is
running AXI transactions which causes the awvalid signal to toggle. This causes the
trigger_out of the ILA to toggle which eventually will halt the processor from executing
the code.

UG940 (v2019.2) November 26, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design L/—] 63


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.2&docPage=63

iv Xl Ll NX Chapter 3: Lab 2: Zyng-7000 SoC Cross-Trigger Design
A ®

This is seen in the Vitis software platform in the highlighted area of the debug window.

15 Debug 3 ¥ ¥ = 0
v-%& Debugger_peri_test-Default (Local]
v o2 APU
~ &2 ARM Cortex-A9 MPCore #0 (Breakpoint: 67f3e74c-6a3e-4f35-7915-9a9dc2bfafc0)

(0010664 XGpio_DiscreteWrite(): xgpio.c, line 240
(00101654 GpioOutputExample(): ../src/xgpio_tapp_example.c, line 198
(00100638 main(): ../src/testpeniph.c, line 100
(x0010b6ac _start(): xil-crtD.S, line 136

-
¥ xcTz02

Conclusion

This lab demonstrated how cross triggering works in a Zyng-7000 SoC processor based design.
You can use cross triggering to co-debug hardware and software in an integrated environment.

Lab Files

This tutorial demonstrates the cross-trigger feature of the Zyng-7000 SoC processor, which you
perform in the GUI environment. Therefore, the only Tcl file provided is 1ab2 . tc1.

The 1ab2. tcl file helps you run all the steps all the way to exporting hardware for the Vitis
software platform.

The debug portion of the lab must be carried out in the GUI; no Tcl files are provided for that
purpose.
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Chapter 4

Lab 3: Programming an Embedded
MicroBlaze Processor

Introduction

In this tutorial, you create a simple MicroBlaze™ system for a Kintex®-7 FPGA using Vivado® |IP
integrator.

The MicroBlaze system includes native Xilinx® IP including:

MicroBlaze processor

AXI block RAM

Double Data Rate 3 (DDR3) memory
UARTLite

GPIO

Debug Module (MDM)

Proc Sys Reset

Local memory bus (LMB)

Parts of the block design are constructed using the Platform Board Flow feature.

This lab also shows the cross-trigger capability of the MicroBlaze processor.

The feature is demonstrated using a software application code developed in the Vitis software
platform in a stand-alone application mode.

This lab targets the Xilinx KC705 FPGA Evaluation Board.
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Step 1: Start the Vivado IDE and Create a

Project
1. Start the Vivado IDE by clicking the Vivado desktop icon or by typing vivado at a command
prompt.

2. From the Quick Start page, select Create Project.

3. Inthe New Project dialog box, use the following settings:

a.
b.

(oN

In the Project Name dialog box, type the project name and location.
Make sure that the Create project subdirectory check box is selected. Click Next.

In the Project Type dialog box, select RTL project. Ensure that the Do not specify sources
at this time check box is cleared. Click Next.

In the Add Sources dialog box, set the Target language to either VHDL or Verilog. You can
leave the Simulator language selection to Mixed.

Click Next
In Add Constraints dialog box, click Next.

In the Default Part dialog box, select Boards and choose Kintex-7 KC705 Platform along
with the current version. Click Next.

Review the project summary in the New Project Summary dialog box and click Finish to
create the project.

Because you selected the KC705 board when you created the Vivado IDE project, you
see the following message in the Tcl Console:

set_property board part xilinx.com:kc705:part0:1.6

[current_project]

Although Tcl commands are available for many of the actions performed in the Vivado
IDE, they are not explained in this tutorial. Instead, a Tcl script is provided that can be
used to recreate this entire project. See the Tcl Console for more information. You can
also refer to the Vivado Design Suite Tcl Command Reference Guide (UG835) for information
about the write_bd_tcl commands.

Step 2: Create an IP Integrator Design

1. From Flow Navigator, under IP integrator, select Create Block Design.
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2. Specify the IP subsystem design name. For this step, you can use mb_subsystem as the
Design name. Leave the Directory field set to its default value of <Local to Project>. Leave
the Specify source set drop-down list set to its default value of Design Sources.

3. Click OK in the Create Block Design dialog box, shown in the following figure.
¢ Create Block Design | b |
Please specify name of block design. ‘
Design name: mb_subsystem
Directaory: lz0 =Local to Project= hd
Specify source set Design Sources 4
P
4. Inthe IP integrator diagram area, right-click and select Add IP.
The IP integrator Catalog opens. Alternatively, you can also select the Add IP icon in the
middle of the canvas.
This design is empty. Press the < button to add IP.
5. Type mig in the Search field to find the MIG core, then select Memory Interface Generator
(MIG 7 Series), and press Enter.
) IP Details
Search: mig (1 match)
Memory Interface Generator (MIG 7 Series) Name: Memory Interface Generator (MIG 7 Series)
Version; 4.2 (Rev. 1)
Interfaces:  AXI
Description:  This Memory Interface Generator is a simple
menu driven tool to generate advanced memory
interfaces, This tool generates HDL and pin
placement constraints that will help you design
your application. Kintex-7 supports DDR3
SDRAM, DDR2 SDRAM, LPDDR2 SDRAM, QDR
11+ SRAM, RLDRAMII and RLDRAMII, Virtex-7
supports DDR3 SDRAM, DDR2 SDRAM, LPDDR2
SDRAM, QDR 11+ SRAM, RLDRAMII and
RLDRAMIIIL Artix-T supports DDR3 SDRAM,
DDR2 SDRAM and LPDDR2 SDRAM. Zyng
supports DDR3 SDRAM, DDR2 SDRAM and
LPDDR2 SDRAM
Status: Production

ENTER to select, ESC to cancel, Ctrl+Q for IP details

irEE

Imeliidad

The Designer Assistance link becomes active in the block design banner.

6. Click Run Block Automation.
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@ e | & Q + F C g9
* Designer Assistance available. Run Block Automation Run Connection Automation

mig_7series 0

)

ﬂ-}- CLK_REF

sys_rst

Memory Interface Generator_{f‘v.'HG 7 Series)
The Run Block Automation dialog box opens.

7. Click OK. This instantiates the MIG core and connects the 1/0O interfaces to the I/O
interfaces for the DDR memory on the KC705 board.

mig_7series_0

~\

DDR3 + |||weeeef > ddr3_sdram

+ S_AXI ui_clk_sync_rst =
sys_diff_clock [Dw||(+ SYS_CLK ui_clk =
= sys_rst ui_addn_clk_ 0 =
«Q aresetn mmem_locked =

init_calib_complete =

- -
Memory Interface Generator (MIG 7 Series)

8. Right-click anywhere in the block design canvas, and select Add IP.

The IP catalog opens.

9. Inthe Search field, type micr to find the MicroBlaze IP, then select MicroBlaze, and press
Enter.
Note: The IP Details window can be displayed by clicking CTRL+Q on the keyboard.
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IP Details X
Search: micr (3 matches)

MicroBlaze Name: MicroBlaze

MicroBlaze Debug Module (MDM) Version: 110 (Rev. 1)
MicroBlaze MCS Interfaces:  AXl4, AXI4-5tream
Description: The MicroBlaze 32 and 64 bit soft processor
core, providing an instruction set optimized for
embedded applications with many
user-configurable options. MicroBlaze has many
advanced architecture features like Instruction
| and Data-side cache with AX| interfaces,

Floating-Point unit (FPU), Memory Management
Unit (MML), and fault tolerance support, It is
highly recommended to create MicroBlaze
systems within Vivado IP Integrator, to enable
export to the Xiling Software Development Kit
(SDK) for software development.

Status: Production

License; Included
ENTER to select, ESC to cancel, Ctrl+Q for IP details iy

Use the Board Window to Connect to Board
Interfaces

There are several ways to use an existing interface in IP integrator. Use the Board window to
instantiate some of the interfaces that are present on the KC705 board.

1. Select the Board window to see the interfaces present on the KC705 board.
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Board ? — 0O e X
Q (€|
@ Kintex-7 KC705 Evaluation Platform

v Clock Sources (0 out of 1 connected)

» System differential clock

<

Ethernet Configurations (0 out of 4 connected)
¥ Onboard PHY
¥ PHY using SFP
*2 PHY using SMA
*_) PHY using SMA in LYDS mode

v . External Memory (1 out of 3 connected)
*® DDR3 SDRAM
¥ Linear flash
*> SPIflash
v . General Purpose Input or Output (0 out of 5 connected)

*_) DIP switches
*D LCD
*O LED
*_) Push buttons
¥ Rotary switch

v = Miscellaneous (0 out of 3 connected)
O lIC
*O PCI Express
*O UART

v l= Reset (0 out of 1 connected

» FPGA Reset

In the Board window, notice that the DDR3 SDRAM interface is connected as shown by the
circle *#in the following figure. This is because you used the Block Automation feature in the
previous steps to connect the MIG core to the board interfaces for DDR3 SDRAM memory.
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Sources | Design Signals | Board X ? 00
Q = = @ ¥
|E Kintex-7 KC705 Evaluation Platform
~ l= Clock Sources (0 out of 1 connected)
+ System differential clock
~ . Ethernet Configurations (0 out of 4 connected)
¥ Onboard PHY
¥} PHY using SFP
¥ PHY using SMA
¥ PHY using SMAin LVDS mode
~ = External Memory (1 out of 3 connected)
% DDR3 SDRAM
¥ Linear flash
¥ 8P flash s

2. From the Board window, select UART under the miscellaneous folder, and drag and drop it
into the block design canvas.

This instantiates the AXI Uartlite IP on the block design.
Click OK in the Auto Connect dialog box.

4. Likewise, from the Board window, select LED under the General Purpose Input or Output
folder, and drag and drop it into the block design canvas.

5. Click OK in the Auto Connect dialog box.
This instantiates the GPIO IP on the block design and connects it to the on-board LEDs.

The block design now should look like the following figure.
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Diagram

microblaze_0

JIl+ wrerrUeT
|+ cesue

o= ous +|||

MicroBlaze ™ e

sys_diff_clock Reset
MicroBlaze

?

QA Q «a & Q o  C a9 &

* Designer Assistance available. Run Block Automation Run Connection Automation

mig_T7serias_0

g s_axi u_ck_sync_rst
4 SYS_CiX ui_ck
sys_rst u_addn_ck_0

aresein mmaom_locked

init_calib_complete

Meamory Interface Generator (MIG 7 Series
axi_uarlite_0
—_—

4 s a1

merupt =
Q@ =_ax_aesen

AX| Uartiite
axi_gpio_0

4 s ax

@ s_ax_wesein

AXI GPIO

— =

el X

DOR3 + ||jm==ee{> ddr3_sdram

- ART |_D rs23 t
- 5_ax_adk - + | 2_uar

- s_ax_acdk + _D led_Bbits

Add Peripheral: AXI block RAM Controller

1. Add the AXI block RAM Controller, shown in the following figure, by right-clicking the IP

integrator canvas and selecting Add IP.

Search: | O axi bram (1 match)

X1 BRAM Controller 1 Name
Varsion:
Interfaces:
Daescription:

ENTER to select ESC to cancel, Ctrl+Q for IP details Status:

Run Block Automation

1. Click Run Block Automation, as shown below.
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IP Details

AX| BRAM Controller
4.1 (Rev. 2)
AXl4

The &X Block RAM (BRAM) Controllar
|s & softIP core. The core |s designed
as an AX| Endpolnt slave IP for
intagration with tha AX| intérconnact
and system master devices 1o
communicate to local block RAM. The
core supports both single and burst
fransactions to the block RAM and is
optimized for peformanca

Praduction
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Diagram Address Edito
Q@ qQ N B © Q +

e

& C o

# Designer Assistance available. Run Block Automation Run Connection Automation
The

The Run Block Automation dialog box opens.
2. On the Run Block Automation dialog box:

Leave Preset as the default value, None.

a.
b. Set Local Memory to 64 KB.

c. Leave the Local Memory ECC as the default value, None.
d. Set Cache Configuration to 32 KB.

e. Set Debug Module to Extended Debug.

f. Leave the Peripheral AXI Port option as the default value, Enabled.
g. Leave the Clock Connection option set to /mig_7series_0/ui_addn_clk_0 (100 MHz).
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Automatically make connections in your design by checking the boxes of the blocks to connect. Select a block on the left to display its
configuration options on the right.

a = s

Description

| All Automation (1 out of 1 selected) )
MicroBlaze connection automation generates local memory of selected size, and

¥| ¥ microblaze 0 caches can be configured. MicroBlaze Debug Module, Peripheral AX] Interconnect,
Interrupt Controller, a clock source, Processor System Reset are added and
connected as needed. A preset MicroBlaze configuration can also be selected,

Information about the options can be found in the tooltips.

Options

Preset None b

| Lacal Memory 64KB W
Local Memony ECC MNone e
Cache Configuration 32KB w
Debug Module Extended Debug
Peripheral AXI Port Enabled W

Interrupt Contraller
Clock Connection fmig_Tseries_0/ui_addn_clk_0 (100 MHz L
1Y " Ok Cancel

3. Click OK.

This generates a basic MicroBlaze system in the IP integrator diagram area, as shown in the
following figure.

UG940 (v2019.2) November 26, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design l_‘/_| 74


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.2&docPage=74

iv Xl | NX Chapter 4: Lab 3: Programming an Embedded MicroBlaze Processor
A - .

agram
g a X kK |0 q & + B o+ O o selauil Wimm " o
F Depgnes Assisiancs svalabse, Run Cannemon Aulsealizn

?___
Esag

Use Connection Automation

Run Connection Automation provides several options that you can select to make connections.
This section will walk you through the first connection, and then you will use the same procedure
to make the rest of the required connections for this tutorial.

1. Click Run Connection Automation as shown in the following figure.

Diagram ¥ Address Editor *
@ a X & |G Q s +

}" Designer Assistance available. Run Connection Automation

The Run Connection Automation dialog box opens.

2. Check the interfaces in the left pane of the dialog box as shown in the following figure.
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— B . _ S S -

#-- Run Connection Automation

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an
interface on the left to display its configuration options on the right.

Q| =| @
~ ¥ All Automation (10 out of 10 selected)
~ || 4F axi_bram_ctrl_0
v {I} BRAM_PORTA
v {i} BRAM_PORTB
w v {I} S_AXI
v *F axi_gpio_0
v ik S_AXI
v F axi_uartlite_0
V| ik S_AXI
Y| 3 mdm_1
Y {I} TRIG_IN_0
v {i} TRIG_OUT_0
v 3F mig_7series_0
7| b S_AXI
V| @ gys_rst
7| %F rst_mig_7series_0_100M
v @ ext_reset_in

/‘:,'\
) oK Cancel

3. Use the following table to set options in the Run Connection Automation dialog box.

4

L4

Select an interface pin on the left panel to view its options

<

<

<

Table 1: Run Connection Automation Options

Connection More Information Setting
axi_bram_ctrl_0 The only option for this automation is | Leave the Blk_Mem_Gen to its default
©  BRAM_PORTA to instantiate a new Block Memory option of Auto.

- Generator as shown under options.
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Table 1: Run Connection Automation Options (cont'd)

Chapter 4: Lab 3: Programming an Embedded MicroBlaze Processor

Connection

More Information

Setting

axi_bram_ctrl_0

® BRAM_PORTB

The Run Connection Automation
dialog box opens and gives you two
choices:

* Instantiate a new BMG and
connect the PORTB of the AXI
block RAM Controller to the new
BMG IP

* Use the previously instantiated
BMG core and automatically
configure it to be a true dual-
ported memory and connected to
PORTB of the AXI block RAM
Controller.

Leave the Blk_Mem_Gen option to its
default value of Auto.

axi_bram_ctrl_0

® S_AXI

Two options are presented in this
case. The Master field can be set for
either cached or non-cached
accesses.

The Run Connection Automation
dialog box offers to connect this to
the /microblaze_0 (Cached). Leave it
to its default value. In case, cached
accesses are not desired this could be
changed to /microblaze_0 (Periph).
Leave the Clock Connection (for
unconnected clks) field set to its
default value of Auto.

axi_gpio_0

® S_AXI

The Master field is set to /
microblaze_0 (Periph).

The Clock Connection (for
unconnected clks) field is set to its
default value of Auto.

Keep these default settings.

axi_uartlite_0

The Master field is set to its default
value of /microblaze_0 (Periph).

Keep these default settings.

® TRIG_IN_O

System ILA core’s TRIG_OUT pin.

®* S_AXI )
The Clock Connection (for
unconnected clks) field is set to its
default value of Auto.
mdm_1 This will be connected to a new Leave the ILA Connection settings to

its default value of Auto.

mdm_1
¢ TRIG_OUT_O

This will be connected to the System
ILA core’sTRIG_IN pin.

Leave the ILA Connections settings to
its default value of Auto.

mig_T7series_0

® S_AXI

The Master field is set to /
microblaze_0 (Cached). Leave it to
this value so the accesses to the
DDR3 memory are cached accesses.

The Clock Connection (for
unconnected clks) field is set to its
default value of Auto.

Keep these default settings.

mig_7series_0

® sys_rst

The board interface reset will be
connected to the reset pin of the
Memory IP.

Keep the default setting.

Rst_mig_7_series_0_100M

® ext_reset_in

The reset pin of the Processor Sys
Rreset IP will be connected to the
board reset pin.

Keep the default setting.

4. After setting the appropriate options, as shown in the table above, click OK.

At this point, your IP integrator diagram area should look like the following figure.
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Dimgram 7 oa

™ MicroBlaze ™ wer -+

MM

Note: The relative placement of your IP might be slightly different.

Mark Nets for Debugging

1. To monitor the AXI transactions taking place between the MicroBlaze and the GPIO, select
the interface net connecting M0 0 _AXT interface pin of the microblaze_0_axi_periph
instance and the S_AXT interface pin of the axi_gpio_0 instance.

2. Right-click and select Debug from the context menu.

Note: The Designer Assistance is available as indicated by the Run Connection Automation link in the
banner of the block design.

3. Click Run Connection Automation.
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4. In the Run Connection Automation dialog box, go with the default setting as shown in the
following figure.

Aulomaically make comnedons in your dasign By checking the bases of the inlefaces %o connect Salect an infedaca on the ke dselay s corfiguraion oglians on e dphl

Q E ®
Descripion
| AlA zhian (1 )
| Aukamatian (1 2ul o 2 seicid) Comnpd selpcted Intertace-coenecion andiar nal 1z Spstem LA Core for DeSugging In Hartware Managar. Systam ILA
+ o] Infariaca Connachans {Inta graled Loge: dealzen] 1P cond (s @ lagic anakzer snich alows wau 1o peform in-apslam dabugging of designs and
+ & micmblace_8_ax_gergh_NOD_AM mhows intertare level mants in the Hanbwam Manager in an nllee wey
marn_
[ e Options

&3 Read Addme s Cizka and Trigper
#3 Read Datx Dzt ared Trigpa
A3 WAl ADTasE: Dafa ana Triggan +
A3 Wl Dala Diala ana Triggsn
& Wnle Reaponse: Dala and Tgper «
Boume Cladk imig_Tsenes_ul_addn_ck_0
Symlam LA Faln o

BN Prelnesl Chisces

5. Click OK.

The cross-trigger pins of the MDM and the AXI Interface net connecting the
microblaze_0_axi_periph Interconnectand axi_gpio_0 are connected to the System
ILA IP as shown in the following figure.

wynlsm_lla a1 J
deti| 4 BLOT_0_AN M_AXI =+ mi
¥ g J__”+ TRIG_IN_O e o |
mierahlaza O axl_ parph i [ TRIS_AUT o+ | [l B_ANI_AELK spoEpLs_ o o |}
o s A AMERETH TR GUT_0 o |t
b | o 00O _AK| n i 1 Detiig BYS_Ra) =
H—= s1x ——r
ST NS B Micralllazn [ Mod s (R
A [ ] T
T =] 0O x [T e 3
e B00_AERETH =0 e
g
* - b ACLH n x n +
e W00_ARDBETH g
m_gpio
- L _AELK
b 1| TR M oyt
X1 Tnbereonr SETE ] amo + ||

s ER TR

Y LE]

6. Click the Regenerate Layout button C inthelIP integrator toolbar to generate an optimum
layout for the block design. The block diagram looks like the following figure.
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Step 3: Memory-Mapping the Peripherals in IP
Integrator

1. Click the Address Editor window.
2. Inthe Address Editor, do the following:

.

a. Expand the microblaze_0 instance by clicking on the Expand All icon = in the toolbar to
the top of the Address Editor window.
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b. Change the range of microblaze_0/mig_7_series_O IP in both the Data and the Instruction
section to 512 MB, and mdm_1/mig_7_series_0 also to 512 MB, as shown in the

following figure.

Diagrar < Address Editor
Q = #
Cell Slave Interface
microblaze_0
o Data (32 addre i

microblaze_0_local_memaory/dimb_bram_if_cndir SLMEB

axi_bram_cirl_D 5_AX
axl_gplo_0 S_Ax
axi_uartite_0 5_AM
mig_Tseries_0 5_AN

Inatruchion (32 address bits : 4

microblaze_0_lacal_memoryilmb_bram_if_cnilr SLMB
axl_bram_ctrl_0 5_Ax
mig_7series_0 5_AM
mdm_1
b Data (32 address bits

microblaze_0_local_memorydimb_bram_if_cntir  SLMB1
axi_bram_ctrl_0 5_AX
mig_7series_0 5_AX]

Slave Segment

Mem
Kemi
Reg

Reg
memadd

Mem
Kemo

memaddr

Mem
Memo

memaddr

Offs et Address

Ox0000

0%CO00
0x4000_
0x4060_

0xs000

0xCO00_
0xA000_

0XCO00_

Ox2000

odaon
Qoaon
oQoo0
aoaon

ooaon

oooon
0oan

ooan

Qoon

Range High Address

G4k *  (x0000_FEEF
00_LEFF

aK -
GAK ¥ Oxd000_FEEF
G4K * | 0=x4060_FEFF

512M ~ OXSFFE_FEFEF

Gk ~ (0=0000_FFFF
aK * OxCO00_LFEF

1G «| 0xBFFF_FFFF

128M 0x0000_FFET

0xC000_LFFF
512M
[,} 0xBFFF_FFET

You must also ensure that the memory in which you are going to run and store your
software is within the cacheable address range. This occurs when you enable Instruction
Cache and Data Cache, while running the Block Automation for the MicroBlaze

processor.

To use either Memory IP DDR or AXI block RAM, those IP must be in the cacheable area;

otherwise, the MicroBlaze processor cannot read from or write to them.

Validating the design will automatically re-configure the MicroBlaze processor’s cacheable

address range.

Step 4: Validate Block Design

To run design rule checks on the design:

1. Click the Validate Design button on the toolbar, or select Tools = Validate Design.

The Validate Design dialog box informs you that there are no critical warnings or errors in the

design.

2. Click OK.
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3. Save your design by pressing Ctrl+S, or select File = Save Block Design.

Step 5: Generate Output Products

1. In the Sources window, select the block design, then right-click it and select Generate Output
Products. Alternatively, you can click Generate Block Design in the Flow Navigator.

The Generate Output Products dialog box opens.
2. Click Generate.

’

The following output products will be generated.

Preview
Q = | ¢

W mb_subsystem.bd (D0C per P
Sthesis
Implementation
Simulation
Hw_Handoff

Synthesis Options

Global

®) Qut of context per IP

Out of context per Block Design

Run Settings

Mumber of jobs: 4 W

The Generate Output Products dialog box informs you that Out-of-context module runs were
launched.

3. Click OK.
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4. Wait a few minutes for all the Out-of-Context module runs to finish as shown in the Design
Runs windows.

Daersign Runs. P _D0OAX
Q £ # + %
Hamg Cansirants Status WHS TNS WHS THS TPWS  TolalPower FallsdRoutes  LUT
w b gymith_{ (ack consirs_1 Mot started &
i _1 consirs_1 Mot stared
Cuit-of-Conlid Module Runs
~ of mo_subayatem Sulmodik Runs Comphets
of Mb_subEysem_microtiaze_0_0_smin_1 mMb_SEETEIEm_microsiaze_0_0 STI_gaign Comglate 36
o mb_subsystem_mig_Tsenes_0_0_smth_1 mib_subsystem_mig_Tsenss_0_0 STE_desion Comgplete 13
o mb_subsystem_axd_uartite_0_0_synih_1 mb_subsystem_axd_uarsite_(_0 sy _desion Completel 111
o rnb_subsysiem_axi_gpis_0_0_syn_1 mb_subsysiem_ax_gpio_0_0 aye_deaion Complete! 34
«f mb_subsystemn_ax_Bram_cii_0_0_synih_1 mb_subsysien_axd_bram_gii_0_0 Syeih_design Comgledel 24
« mb_subsystem_mdm_1_0_synih_1 mb_subsyslem_mdm_1_0 syri_design Complete! am
o mb_subsystem_rst_mig_Tsedes_0_100M_0_sw®_1  mb_subsystem_rst_mig_Tseres _0_100M_0  sywih_design Complete! 15
~ of Fb_subsystem_ax_sme_0 Submaodule Runs Complets
o mib_subayatem_xd_sme_0_syin_1 mb_suteyslem_ad_smo_0 S4FN_dedign Comples! 1
o mb_subsystam_rsl_mig_vsenes_0_200M_0_syean_f  mb_subsyslem_rsi_mig_Taenies_D_200M_D  sin_desion Comgdete! 19
+f mb_subsystem_ax_bram_cii_0_bram_0_synth_1 mb_subsystem_ax_bram_ciri_(_tram_0 syrn_desion Complete! ]
w o mb_subsysiem_system_ila_0 Susmadule Runs Complate
«f mib_subaysiem_sysiem_ila_0_synih_1 mb_subsysiem_sysiem_ia_0 syei_design Complelel id
«f mb_subsystem_zbar_0_synih_1 mb_subsysien_thar_{ synih_design Comgplede! 181
« mb_subsystem_dimib_wi0_0_smih_1 mb_subsystem_dimd_v10_0 syrin_design Complele! o,

Step 6: Create a Top-Level Wrapper

1. Under Design Sources, right-click the block design mb_subsystem and click Create HDL
Wrapper.

In the Create HDL Wrapper dialog box, Let Vivado manage wrapper and auto-update is
selected by default.

2. Click OK.

¢ Create HDL Wrapper @

You can either add or copy the HDL wrapper file to the project. Use copy option if
you would like to modify this file.

Options

Copy generated wrapper to allow user edits

# LetVivado manage wrapper and auto-update

|'f'7\|
5y, OK Cancel
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Step 7: Take the Design through
Implementation

1. Inthe Flow Navigator, click Generate Bitstream.

The No implementation Results Available dialog box opens.
2. Click Yes.

The Launch Runs dialog box opens.
3. Make the appropriate choices and click OK.

Bitstream generation can take several minutes to complete. Once it finishes, the Bitstream
Generation Completed dialog box asks you to select what to do next.

4. Keep the default selection of Open Implemented Design and click OK.

Verify that all timing constraints have been met by looking at the Timing - Design Timing
Summary window, as shown in the following figure.

Timing
Q| = | @& Dasign Timing Summary
Gengral Information
Tirer Setings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WHS): 0177 ns Worst Hold Slack (WHS) 0,051 ns Woarst Pulse Width Slack (WPWE) 5
Clock Summary (52 Total Megative Slack (THS) 0.000 ns Total Hold Stack (THS] 0.000ns Taotal Pulse Width Megathe Stack (TPWS) 0,000 ns
* la Check Timing Humber of Failing Endpoints: 0 Humber of Failing Endpoints: 0 Humber of Failing Endpaints (1]
¥ = Intra-Clock Pamhs aeins . i -
Total Mumber of Endpodnts: 118764 Total Mumber of Endpoints: 116748 Total Mumber of Endpoints: 38927

¥ Infes-Clock Paihs

ANl user specilied BMing CONSITAINTS are mel.

» 5 Othed Path Groups " pec 9 '
Uses ignored Paths

Unconstrained Pamhs

Timing Summary - impl_1 (Saved)

Step 8: Export the Design to the Vitis software
platform

Next, open the design and export to the Vitis software platform.

1. From the Vivado File menu, select File—= Export — Export Hardware.
The Export Hardware dialog box opens.

2. Ensure that the Include Bitstream check box is checked and that the Export to field is set to
the lab3 directory as shown in the following figure:
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Export hardware platform for software
development tools [

| Include bitstra am

XSA file name. mb_subsystem_wrapper

Exportto;  Autonialsr2019.200G040Mab3

3. Click OK.
4. Select Tools = Launch Vitis.

The Eclipse Launcher dialog box opens. Specify the location of the workspace as shown in
the following figure.

L'

Select a directory as workspace

Vigis IDE uses the warkspace directory te store iks preferences and develapment amifacts

Workapaes: | Chtutonsit 20192 G040 shd_viti Browse,.,

| | Use Ehis a3 the delaull and doe nol ssk again
b Restore otler Worleipac e
b Recent Waorkspaces

5. Click Launch.

The Vitis software platform launches in a separate window.

Step 9: Create a "Peripheral Test" Application

1. Inthe Vitis IDE, create a new application project by selecting File = New — Application
Project or by selecting Create Application Project under Project.
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[ Cther. Cirl=h

- . VITIS
IDE

Prapens Adielnnn
Bty Wirkapisi
Faslart

] PROJECT PLATFORM RESOURCES

Craate Appication Frojact Adel Cugtom Fatiom ills Diocumantahor
Craatin FYEam Froject CukkTaki Vidacs
Crams Lbeary Prajsct

Imrport Prapect

2. Type aname (such as peri_test)in the Project name: field as shown in the following figure.

-
| Croate a New Application Project |
Enter a name for your Application project,

Project name . pefi_test

& Use default location

Citutorials\201 9.5 G300 ab3_wvitis\pen_test Browse..,
default
System project: Creste Mew... pen_test_system
Systom System Project 2 = & system project is o container for
Project 1 re multiple applications that would run on

different domains of a platform at the

same time,
= & domain 15 the BSP/0% that controls one
- )

or maore isomorphic processors.

AT2_ 0 N = & platform contams one or more
Al Engine "
Baromatal AT2 Limux Domain Domsin Y
- s P
Platform = & workspace can contain unhimited

. platforms and unbmited system projects

@ « Back Finish Cancel

3. Click Next.

4. In the Platform page, select the Create a new platfrom from hardware (XSA) tab and click the
+ sign to add the XSA created in Vivado.
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5. The Create Platform from XSA window opens, so you can point to the XSA file created in

Flow Wendar
Ermbedded Klbes
Ernbetlied Wik
Embaddad Wb
Imbeddead Wb
Ermbaddsd Rk

4 ek

]

Patn
eruilinas Vitig 200 B 5 deia ernbed de des Db fasd

el Vs 20000, dat a e bied ded vsd il Tasil

LS dana embed dedisAliby haead

LD datahembed dedes’ b s d

Er il Wi 200 L0, data eenb ed de e Db frosd,

Mt » inigh Canal
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Vivado. Navigate to the directory where the XSA file was created in Vivado and click Open as

shown in the following figure.
|

1 P This PC ¢ Wimdowss (G » buborisls

Cuganigs = Hew folder

I Apple iPhong L
Deakten
fouments

& Ceanicsst

B Muase

| Ficbures

. Wideas

= CR OVajewiremd bugiaies) (B)

= Pinbos (C1) -

File name | mib_tubsytemn wrapperces

6. Click Next.

M52 ¢ LGE0 ikl

abdpache

abid
abd,ip_user files
Ak, g
abdgim
abdares

mib_subsysbermn_weappenina

7. In the Domain page leave all the fields at their default values and click Next.
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R
| Domain

Configure the software platform for your project

CPU: microblaze 0
05: standalone “

Language: C v

'i?] < Back Next > Finish Cancel

8. In the Templates page, select Peripheral Tests as shown in the following figure.
L

Templates
Select & ternplate o creste your project

Available Termplates:

Find Peripheral Tests
Dhrystone Simple teat rauitings far all peripherals in the hardware
[ rrpty :I.|:|:||| atian
Huelle Wosld
lel P Echo Sendir

wlP TCP Ped Client
lwal B TCP Perd Server
vl P UDF Perd Client
vl P UDF Parl Server
Memary Tests
Peripheral Tests
EREC Bactloader
SREC 5P| Bootloader

(P < Back Mt Cancel

9. Click Finish.

Anew peri_test application is created. To build the application click the hammer icon in
the toolbar.
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10. Wait for the application to finish compiling.

11. Right-click the peri_test application in the Project Explorer, and select Generate Linker
Script.

The Generate Linker Script dialog box opens.
12. Select the Basic tab, and change the Assigned Memory for Heap and Stack to mig_7series_0.

|~

Generate linker script

Control your appheation's memorny mag.

Cutput Settings Basit  Advanced
I E:::: :::I'I:“n Place Code Secteons in: | rrig_Tienes [_memadds o
Civhutoriaks 201 9.25U0G9A00a b3 _vitisiperi_testisrctscriptd Erciuce Place Datis Sectiors m: | mig_Teeres_0_memaddr e |
Medity praject build seifings as Follows: Place Heap and Stack in | rig_lsenes [ memaddr vl
Saf generated scrgt en all praject budd configurabans w Heag Sizes l-xgi
Hardware Memory Map Stack Sizes | 1B
Femiary Blase Addiess Size
i _brmen_ctd_0_Memi CwC 0000000 2KB
micrcbleze 0 local_memory_ilmb...  Cx00000000 &l KB
rmig_Tienes [ memadd Da B0 512 ME

= Faed Section Assgnmients

Section Aszegned Memary Address
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Setting these values to mig_7series_0 ensures that the compiled code executes from the
Memory IP.

13. Click Generate.
14. Click Yes to overwrite it in the Linker Already Exists! dialog box.

15. Click the hammer icon in the toolbar again to rebuild the application with the modified linker
script.

Step 10: Execute the Software Application on
a KC705 Board

ﬁ IMPORTANT! Make sure that you have connected the target board to the host computer and it is turned on.

1. Select and right-click the peri_test application in the Project Explorer, and select Debug As —
Debug Configurations.

The Debug Configurations dialog box opens, as shown in the following figure.

2. Right-click Single Application Debug, and select New Configuration.

% Debug Configurations [ X
Craate, manage, and run configurations ..
Diebug a program using Application Debugger, . ]
P -:_: L Configure launch settings from this dialog:
type filter fext - Press the 'Mew Configuration’ button to create a configuration of the selected type.
! Single Application Debug - Braze tha "hlews Bratoturns’ bidton to create a launch configuration prototype of the selected type.
E ingle Application Debug Mew Corfiguratio
a0
E SPM Analysis —r— I'I} lo export the selected configurations.
Epart [on to copy the selected configuration.
Duplicate to remove the selected configuration.
Delete | | c:n‘hgurei H::rlng options.
Link Prototype erifiguration by selecting it
Jnlink Pra P 5 . . . .
" N ionis) and then select ‘Link Prototype’ menu item to link a prototype.
Reset with Prototype Values

- - and then select..link Prototype’ menu itemn to unlink a prototype.

- Select launch configurationis) and then select . Values' menu item to reset with prototype values.

Configure launch perspective settings from the ‘Perspectives’ preference page.

Filter matched 3 of 3 itermns

7' Debug Cloge

3. The Create, manage and run configurations page opens. Click Debug.
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«
Create, manage, and run configurations ..
Debiig & progrem using Application Debugger, ] {
5 |
LRCRER . IR Mame: | Dehugger_peri_test- Default |
type filter text 31 Main . [T] Application | (&) Target Setup | b9+ Arguments 8 Environment [
W i’l Single Application Debug K
§i Debuggen_peni_test-Delault
ks, Single Application Delug (GOE) Debug Type:  Standabone Application Debug
B 5PM anslysiz
Connection  Local w | | New
Projech | peri_tesi | Browse..,

Configuration:  Debug

| | Pedermance Analysis

Filker matched 4 of 4 iterms
? Diehbuig Clase
The Debug perspective window opens.

4. Set the terminal by selecting the Vitis Terminal tab and clicking the | button.
Use the settings shown in the following figure for the KC705 board and click OK.

Basic Settings
Port: | COMS y
Baud Rate: | 9600 w

| = Advance Settings

Data Bits: 8 v
Stop Bits: 1 W
Parity: None v
Flow Controk: |None "

Timeout (sec): |

QK Cancel
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6. Verify the terminal connection by checking the status at the top of the Vitis software

9.

platform Terminal tab, as shown in the following figure.

Bl Console | B Vitis Terminal 51 | Executables [Z| Vitis Log [%] Problems
Connected to COM3S at 9600

If the testperiph.c fileis not already open, select ../src/testperiph.c, and double-click to
open the source file.

Modify the source file by inserting a while statement at approximately line 41.

a. Click the blue bar on the left side of the testperiph.c window as shown in the figure, and
select Show Line Numbers.

b. Inline 41, add while (1) above in front of the curly brace as shown in the following
figure:
@ system.hdf W system.mss i *testperiph.c &

Xil _DCacheEnable();
print("---Entering main---\n\r");

while (1)
42 {

ui? status;
print("\r\nRunning GpioOutputExample() for axi_gpio_0...\r\n");
status = GpioOutputExample (XPAR_AXI_GPIO_@_DEVICE_ID,8);

if (status == @) {
print{"GpioOutputExample PASSED.\r\n");

§

else {

print("GpioOutputExample FAILED.\r\n");

Add a breakpoint in the code so that the processor stops code execution when the
breakpoint is encountered. To do so, scroll down to line 50 and double-click on the left pane,
which adds a breakpoint on that line of code, as shown in the following figure.

10. Press Ctrl + S to save the file. Alternatively, you can select File—= Save.
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| @ system.hdf i System.mss t| *testperiph.c &
Xil_DCacheEnable();
print(”---Entering main---\n\r");

while (1)

{ u32 status;
print("\r\nRunning GpiocOutputExample() for axi_gpio_@...\r\n");
status = GpioOutputExample(XPAR_AXI_GPIO_@ DEVICE_ID,8);
if (status == @) {

@50 print("GpicOutputExample PASSED.\r\n"};
{ = | }

else {
print("GpioOutputExample FAILED.\r\n");

11. Click the hammer icon to rebuild the file with the modified code.

Now you are ready to execute the code from the Vitis software platform.

Step 11: Connect to Vivado Logic Analyzer

Connect to the KC705 board using the Vivado Logic Analyzer.

1. Inthe Vivado IDE session, from the Program and Debug drop-down list of the Vivado Flow
Navigator, select Open Hardware Manager.

2. In the Hardware Manager window, click Open target = Open New Target.
Hardware Manager - unconnected

() Mo hardware target is open. Open target

Hardware Q Auto Connect
e T =|EH B | Recent Targets b

Mame Status

i Open New T{<get...

Note: You can also use the Auto Connect option to connect to the target hardware.

The Open New Hardware Target dialog box opens, shown in the following figure.
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¢ Open New Hardware Target | PG |
Open Hardware Target
!
VIVADO This wizard will guide you through connecting to a hardware target.
HLx Editions

To connect to a remote hardware target, provide the host name and IP port of the remote
machine on which the instance of a Vivado Hardware Server is running.

& XILINX

ALL PROGRAMMARLT.

|f':'\|
5y, Mext = Cancel

3. Click Next.

4. On the Hardware Server Settings page, ensure that the Connect to field is set to Local server
(target is on local machine) as shown in the following figure, and click Next.

¢ Open New Hardware Target | G |
Hardware Server Settings
Selectlocal or remote hardware server, then configure the host name and port settings. Use Local server ifthe ‘
target is attached to the local machine; otherwise, use Remote server.
Connectto: | Local server (targetis on local machine) ~

Click Mext to launch andfor connect to the hw_server (port 3121) application on the local machine.

If';\l -
\ 2 = Back Mext = Cancel

5. On the Select Hardware Target page, click Next.

6. Ensure that all the settings are correct on the Open Hardware Target Summary dialog box, as
shown in the following figure, and click Finish.
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-

=

¢ Open New Hardware Target

Open Hardware Target Summary

VIVADO!

HLx Editions © Hardware Server Settings:
o Semver: localhost3121

€) Target Settings:
o Target: xiling_tcfDigilent210203357707A
o Freguency: 15000000

& XILINX

ALL PROGRAMMARLE. To connect to the hardware described above, click Finish

Pt =

Step 12: Set the MicroBlaze to Logic Cross
Trigger

When the Vivado Hardware Session successfully connects to the ZC702 board, you see the
information shown in the following figure:

Figure 1: Vivado Hardware Window

Hardware ? 00O X
Q = = o
Mame Status
~ B localhost (1) Connected
~ @@ xilink_tcfiDigilent’2102033577...  Open
~ {8} xcTK325t_0 (2) Programmed
£ XADC (System Monitor)
SE hw_ila_1 (mb_subsystem... O ldle

1. Select the settings - hw_ila_1 tab and set the Trigger Mode Settings as follows:
a. Set Trigger mode to TRIG_IN_ONLY.
b. Set TRIG_OUT mode to TRIG_IN_ONLY.

c. Under Capture Mode Settings, ensure that Trigger position in window is set to 512.
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bw_iia_1

Wavetorm - hw_ila_1

ard Gplions

Dashibe

Setiings. - hw_ila_1 i Trigger Setup - hw_ila_1
Trigger Mode Setlings . +

Trigger mode TRIG_IN_OMLY v

TRIG_OUT mode: | TRIG_IN_OMLY w

Capture Mode Settings
Capture mode
Humiber of windows
Window data depth 1024 W
Trigger position inwindow. | 512
General Seitmgs

Refresh ratec 500 ms

2. Arm the ILA core by clicking the Run Trigger > button.

This arms the ILA. You should see the status “Waiting for Trigger” as shown in the following

figure.
Settings - hw_ila_1 Status - hw
e > » N
Core status . Waiting for Trigger

Capture status - Window 1 of 1

Window sample 512 of 1024

s

3. In the Vitis software platform Debug window, click MicroBlaze #0 and then click the Resume
button.

The code will execute until the breakpoint set on line 50 in testperiph. c file is reached.
As the breakpoint is reached, this triggers the ILA, as shown in the following figure.
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Bw_ila_1

Wansesborm - ow_ila_1
a + x> » BB @ a 3 < MM + ol o

ILA Status Igle

ard Qplicns

el |Fo fead Data Baats

This demonstrates that when the breakpoint is encountered during code execution, the
MicroBlaze triggers the ILA that is set up to trigger. This way you can monitor the state of the
hardware at a certain point of code execution.

Step 13: Set the Logic to Processor Cross-
Trigger

Now try the logic to processor side of the cross-trigger mechanism. In other words, remove the
breakpoint that you set earlier on line 50 to have the ILA trigger the processor and stop code
execution.

1. Select the Breakpoints tab towards the top right corner of the window, and clear the
testperiph.c [line: 50] check box. This removes the breakpoint that you set up earlier.

Alternatively, you can also click on the breakpoint in the testperiph.c file, and select
Disable Breakpoint.

2. Inthe Debug window, right-click the MicroBlaze #0 target and select Resume.
The code runs continuously because it has an infinite loop.

You can see the code executing in the Terminal Window in the Vitis software platform.
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3. In Vivado, select the Settings - hw_ila_1 tab. Change the Trigger Mode to
BASIC_OR_TRIG_IN and the TRIG_OUT mode to TRIGGER_OR_TRIG_IN.

4. Click on the (+) sign in the Trigger Setup window to add the
slot_0O:microblaze_0O_axi_periph_MO01:AWVALID signal from the Add Probes
window.

5. In the Basic Trigger Setup window, for
slot_0:microblaze_0O_axi_periph_MO0OO:AWVALID signal, ensure that the Radix field
is set to [B] (Binary) and set the Value field to 1.

This essentially sets up the ILA to trigger when the awvalid transitions to a value of 1.
6. Click the Run Trigger button to “arm” the ILA in the Status - hw_ila_1 window.
The ILA immediately triggers as the application software is continuously performing a write
to the GPIO thereby toggling the net _slot_0_axi_awvalid signal, which causes the ILA
to trigger. The ILA in turn, toggles the TRIG_OUT signal, which signals the processor to stop
code execution.
This is seen in Vitis in the highlighted area of the debug window.
L M
W !..|"'|I'IIIIIF per e el adt (L aeal
) I'\-r r_;l E‘I:III;I:I:.':I;I';I: rhllllllll.rl!: |.|Ir|‘\-:ll.-:r.‘;||||r.ll
Lokl I
Conclusion

In this tutorial, you:

Stitched together a design in the Vivado IP integrator

Took the design through implementation and bitstream generation

Exported the hardware to Vitis

Created and modified application code that runs on a Standalone Operating System
Modified the linker script so that the code executes from the DDR3

Verified cross-trigger functionality between the MicroBlaze processor executing code and the
design logic
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Lab Files

The Tcl script 1ab3 . tcl is included with the design files to perform all the tasks in Vivado. The
Vitis software platform operations must be done in the Vitis GUI. You might need to modify the
Tcl script to match the project path and project name on your machine.
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Appendix A

Additional Resources and Legal
Notices

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see Xilinx
Support.

Documentation Navigator and Design Hubs

Xilinx® Documentation Navigator (DocNav) provides access to Xilinx documents, videos, and
support resources, which you can filter and search to find information. To open DocNav:

e From the Vivado® IDE, select Help - Documentation and Tutorials.
e On Windows, select Start = All Programs = Xilinx Design Tools = DocNav.

e At the Linux command prompt, enter docnav.

Xilinx Design Hubs provide links to documentation organized by design tasks and other topics,
which you can use to learn key concepts and address frequently asked questions. To access the
Design Hubs:

¢ In DocNav, click the Design Hubs View tab.
¢ On the Xilinx website, see the Design Hubs page.

Note: For more information on DocNav, see the Documentation Navigator page on the Xilinx website.
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These documents provide supplemental material useful with this guide:
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Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973)
Vivado Design Suite User Guide: Using the Vivado IDE (UG893)
Vivado Design Suite User Guide: Designing with IP (UG896)
Vivado Design Suite Tcl Command Reference Guide (UG835)
Vivado Design Suite User Guide: Design Flows Overview (UG892)
Vivado Design Suite User Guide: Logic Simulation (UG900)
Vivado Design Suite User Guide: Using Tcl Scripting (UG894)
Vivado Design Suite User Guide: Implementation (UG904)
Vivado Design Suite User Guide: Using Tcl Scripting (UG894)

10. Zyng-7000 SoC Technical Reference Manual (UG585)

11. Vitis Unified Software Platform Documentation (UG1416)
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Please Read: Important Legal Notices

The information disclosed to you hereunder (the "Materials") is provided solely for the selection
and use of Xilinx products. To the maximum extent permitted by applicable law: (1) Materials are
made available "AS IS" and with all faults, Xilinx hereby DISCLAIMS ALL WARRANTIES AND
CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO
WARRANTIES OF MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY
PARTICULAR PURPQOSE; and (2) Xilinx shall not be liable (whether in contract or tort, including
negligence, or under any other theory of liability) for any loss or damage of any kind or nature
related to, arising under, or in connection with, the Materials (including your use of the
Materials), including for any direct, indirect, special, incidental, or consequential loss or damage
(including loss of data, profits, goodwill, or any type of loss or damage suffered as a result of any
action brought by a third party) even if such damage or loss was reasonably foreseeable or Xilinx
had been advised of the possibility of the same. Xilinx assumes no obligation to correct any
errors contained in the Materials or to notify you of updates to the Materials or to product
specifications. You may not reproduce, modify, distribute, or publicly display the Materials
without prior written consent. Certain products are subject to the terms and conditions of
Xilinx's limited warranty, please refer to Xilinx's Terms of Sale which can be viewed at https:/
www.xilinx.com/legal.htm#tos; IP cores may be subject to warranty and support terms contained
in a license issued to you by Xilinx. Xilinx products are not designed or intended to be fail-safe or
for use in any application requiring fail-safe performance; you assume sole risk and liability for
use of Xilinx products in such critical applications, please refer to Xilinx's Terms of Sale which can
be viewed at https:/www.xilinx.com/legal.htm#tos.
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AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS "XA" IN THE PART NUMBER) ARE NOT
WARRANTED FOR USE IN THE DEPLOYMENT OF AIRBAGS OR FOR USE IN APPLICATIONS
THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS A
SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE 1SO 26262
AUTOMOTIVE SAFETY STANDARD ("SAFETY DESIGN"). CUSTOMER SHALL, PRIOR TO USING
OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY TEST
SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION
WITHOUT A SAFETY DESIGN IS FULLY AT THE RISK OF CUSTOMER, SUBJECT ONLY TO
APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.
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