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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 Xilinx® Software Development Kit (SDK) and the Vivado Integrated Logic
Analyzer.

Sﬁ? 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 software (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 BRAM 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
Software Development Kit (SDK). You will use the SDK software to build and debug the design
software, and learn how to connect to the hardware server (hw_server) application that SDK uses
to communicate with the Zyng-7000 SoC processors. Then you 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 Software Development Kit (SDK) software installed on your
machine.
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In Lab 2, you use the SDK software to build and debug the design software, and learn how to
connect to the hardware server (hw_server) application that SDK uses to communicate with the
Zynqg-7000 SoC processors. Then, 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:

® Jlab2.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
perform the same export to SDK, software design, and logic analysis.

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 SDK. In SDK you 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 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 Mrough he creason of a new
ML project

To create 3 Vivade projiect you will need to peovide a name
and a lecation for your project files. st you will Spbcity the
type ol fow youll be working with. Finally, you will specy your
projed sounces and choose a defaull past

£ XILINX
7) Cancel

4. In the Project Name dialog box, type a project name and select a location for the project files.
Ensure that the Create project subdirectory check box is checked, and then click Next.

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

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

7. In the Add Constraints dialog box, click Next.
In the Default Part dialog box, 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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¢ New Project [ 22|

Default Part

Choose a default Xilink part or board for your project. This can be changed later. [

Select {8 Parts

~ Filter/ Preview

Vendor: All Ry
Display Name: | All ~
lBoardRey & -]
Reset All Filters

Search: -
Display Name Vendor Board Rev  Part 1/0 Pin
B VINEL-UINEGDCdIET VLU |G EVAIUAUUT F1duurrr AINnx corr d ARF KALVUYP-IgdL 1Us-ZL-e-B5 | £ s
@ zyNQ-7 ZC702 Evaluation Board wlinxk.com 1.0 8 xc7z020clg484-1 484
@ ZYNQ-7 ZC702 Evaluation Board xilinx.com 1.0 {8} xc72020clg484-1 484
@ 7YNQ-7 ZC702 Evaluation Board ilinx.com 1.0 {2 xc7z020clg484-1 484
@ zyNQ-7 ZC702 Evaluation Board ilink.com 1.0 8 xc72020clg484-1 484 I
@ ZYNQ-T7 ZC706 Evaluation Board xilinx.com 11 {8} xc72045fg900-2 200
@ ZYNQ-7 ZC706 Evaluation Board xilink.com 1.1 {8 xc72045fga00-2 900 -~
< >
Board Connectars Target Connections
FMCA_LPC N
FMC2_LPC A

F

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 dialog box, 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. In the Create Block Design dialog box, specify a name for your IP subsystem design such as
zynq_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 BRAM 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
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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 =

Do#
roao_ o

O e st

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

In this case, there are two IP: the AXI GPIO and the AXI BRAM 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_ctr1_0 to 64K, as shown in the following figure.

Address Editor
Q = =
Cell Slave Interface
« IF processing_system7_0
~ B Dala (32 address bits ; Oxd
- m'-ﬂﬂﬂ_ﬂ S_.'ﬁ-"';l

== ani_bram_cid_0 S_Axl

T O« X

o

BaseName OffsetAddress Range High Address

Reg
Memd

0xd4120_0000 Bk *  0xd120_FFFF

0x4000 0000 | EBK \"[ 0x4000_LFFF

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

10. Click the Regenerate Layout button
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

[
! A LEE T

1
]
[-
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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Options

&%3 Read Addrass Dats and Trigger  ~
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AN Wyrite Dala Data and Trigger o

AXWpls Response Diata and Trigger e

Sounce Clock mcEsaing_syslamT_IFCLK_CLKD
SystemiLA s v
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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.

M axl_gpeo_0
. e i
ps? 0 axi periph - |+ BAx
[+] | s_awl_aclk R0 +]|
i S00_AX » Q = _do_areseln
snp A GPIO
ARESETN
- S00_ACLK N . adi_beam_ctrl 0
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 tab 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 Memary 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 SDK

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

1.

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

Ensure that the Include Bitstream check box is checked and that the Export to field is set to
the default option of <Local to Project> as shown in the following figure:
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)

¢ Export Hardware

Expon hardvwang plathanm dor Sofawane
development tooks ]

+ | ncdude Bstrearm

pait by | g <L ocH o Project= e
r

Click OK.
4. To launch SDK, select File— Launch SDK .
The Launch SDK dialog box opens.
5. Accept the default selections for Exported location and Workspace, and click OK.

¢ Launch SDK P
Launch g alware development ksl
#
Exportedlocalion; &0 <Local to Projec- W
Werkspace. | @ <Local b Projed- w

Step 7: Create a Software Application

SDK launches in a separate window.

1. Select File—= New — Application Project.
The New Project dialog box opens.

2. Inthe Project Name field, type the name desired, such as Zynq_Design.
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I
Application Project

-
|

Create a managed make application project. \"f—-"r

| Project name: Zyng_Design

[ use default location

Chtutorials\201 7.4\UG940ab 14lab1.sdk\Zyng_Design

Browse.,
default
OS Platform: standalone 2
Target Hardware
Hardware Platform: zyng_design_1_wrapper_hw_platform_0 New...
Processor: psi_cortexad 0 -
Target Software
| Language: ®c Oc++
32-bit
MN/A
Board Support Package: (®) Create New  Zync_Design_bsp
Lise existing
i__; < Back Mext = Cancel
3. Click Next.

4. From the Available Templates, select Peripheral Tests as shown in the following figure:
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B New Project o [@]&]
Templates ¥ E
Create one of the available templates to generate a fully-functioning application
project.

Available Templates:

Dhrystone | Simple test routines for all peripherals in the =
Empty Application hardware.

Hello World

IwiP Echo Server

Memary Tests

OpenAMP echo-test

OpenAMP matrix multiplication Demo
OpenAMP RPC Demo [
PeripheralTests |
RSA Authentication App '
Zyng DRAM tests

Zyng FSBL

@ < Back Next > Finish || Cancel

5. Click Finish.

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

'*! Problems #1 Tasks © Console 2 [C] Properties & SDK Terminal =20

O 415 8 el k| M B~~~

CDT Build Console [Zyng_Design]

e o et = o A Eo B L T S O

'Finished building: Zyng Design.elf_size'

11:42:43 Build Finished (tock 5s.103ms)

1]
Loy
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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.

Download the bitstream into the FPGA by selecting Xilinx = Program FPGA.
The Program FPGA dialog box opens.

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 SDK Log window.

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

In the Debug Configurations dialog box, right-click Xilinx C/C++ application (System
Debugger), and select New.

In the Debug Configurations dialog box, click Debug, as shown in the following figure:

o8
Creabe. mansge. and ren coadiguriiam

The Confirm Perspective Switch dialog box opens.
Click Yes.
Set the terminal by selecting the SDK Terminal tab and clicking the button.

10. Use the settings shown in the following figure or the ZC702 board. The coM Port might be

different on your machine.
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BB connect to serial port i
Basic Settings |
Port: COM3 - |
Baud Rate: |115200 -]

* Advance Settings

Data Bits: IB "’]
Stop Bits: 1 > |
Parity: :Erne et i
Flow Control: frhione "'-|

Timeout (sec):

| ok || cancel

11. Click OK.

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

B Console & Tasks | B SDK Terminal 2 |[%! Problems @ Executables o X =0

Connected to COM3 at 115200

| 2

Clear

13. In the Debug tab, expand the tree to see the processor core on which the program is running,
as shown in the following figure:

#= Debug =
4 £ System Debugger using Debug_~fyng_Design.elf on Local (Local)
« g% APU
« g% ARM Cortex-49 MPCore #0 (Breakpoint: main)
= 0x001005f0 main(): . fsrc/testperiph.c, line 65
= (x0010e150 _start()
= (x0010e150 _start()

—

& xcT72020
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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. From the main menu, select Navigate = Go To Line.
2. Inthe Go To Line dialog box, type 107, and click OK.

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

O TIP: If line numbers are not visible, right-click in the blue bar on the left side of the window and select Show Line
Numbers.

3. Double-click in the blue bar to the left of line 107 to add a breakpoint on that line of source
code, shown in the following figure:

udd status;
print{"\winRunning GpioOutputExsmple() for axi_gpio @...\w\n");
status = GpiolutputExample (XPAR_AXT_GPIO_@_DEVICE_ID.4);

1 if (status == @) {
1 print("GpioDutputExample PASSED.\ryn™);
I }
else |
printl:"ﬁr.]r_ﬂul|:|..1,F'-c.|:11|'||-' FATLED.\r4n™);
}
¥

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. In the Hardware Manager window, click Open target, and select Open New Target to open a
connection to the Digilent JTAG cable for ZC702, as shown below.

Hardware Manager unconneched

@ Mo hardware target is open. Dpen targat

Hardware F. Auto Connect
=1 N ANTETN | Recent Targets b

Hame Status

@ Open New Target...
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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.

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

Hardware ? _ OO >
a = € > » N &
Mame Status
« B locamhost (1 Connecdled
v [le xilin_tctDigilent2 102033423634 Open
® armi_dap_0 IR
~ & xcTz020_1(2) Programmed

BF xaDl

BF hw_ila_1 e i 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 | »  on the hw_ila_1 window.
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brw_iia_1

iassborm - e a9

a o+ P > BB @ & 3o MM o d

Lk Simbeti F

Stytes - W s 1 » Triggasr Satup - e g 1

=k » H +

Coe Sias

Expand some of the Signal Groups by clicking the + sign to see Static data from the System
ILA core in the waveform window as shown in the following figure.

Waveform - hw ila_1

Q <+ o o » BB & & N« oM - @

LA Status: Idle

Updated ae; 2009-May-20 12:05:5)

Settings - hw ila 1 Status - hw _ila_1 Trigger Setup - hw lla 1 Capture Setup - hw ila_1

L N o+

Core status Iefle o

Capture status - ‘Window 1 of 1

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 s1ot_0:ps7_0_axi_periph_MOO_AXI:AWVALID signal
from the Debug Probes window into the Trigger Setup window.
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g Pyl Frie_ila_1

a = # o Viawehorm - b Ba_1
I T

Q + & k2 B0 &

ol axi_pgoaph G000 - &

« shoi_ 0 paT_ 0 ma_penph LA AL

S0 AT 5 ind_pariph LG4TS BREADIY

Staduy - m Trigges Satup . e s 1

& ¢ ¥» A g -
M e e R e
Ceee slates shil 3 T 0 sm_pengh RSO A0 MWALID L = K
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c. Click the Value column of the *WVALID row, as shown below.

Trigger Setup - hw_ila_1
Q + = D
Hame Operator Radix Valug
slot_0: psT_0_axi_periph_M0O0_AX] . AWVALID e * [B] b [ xtdum_ca.
0 {logical zero)
1 (legical one)
¥ (dont caref’
R {0-to-1 ransit
‘ F {1-10-0 transiti
B (both transitio

M (no transition
d. Change the value from X to a 1, from the drop down menu.
10. You also want to see several samples of the captured data before and after the trigger

condition. Ensure the trigger position is in the middle of the 1024 sample window by

checking the Trigger Position in window for the hw_ial_1 core in the ILA Properties
window is 512.
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Trigger Setup - bra_la_1
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slol_0: pa?_0_asi_periph_W00_AxI - ANALID == -~ im = 4

After setting up the compare value and the trigger position, you can arm the ILA core.

11. In the Waveform window or the Status window, arm the ILA core by clicking the Run Trigger

button ’T

12. Notice that the Status window of the hw_ila_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 - hwr_ila_1 Statusg - hw_ila_1

x> » » H
Core status ]

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

o s

Waiting for Trigger

13. Go back to the SDK and continue to execute code. To do so, click the Resume button ™ on

the SDK 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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14. If you are going on to Lab 2, close your project by selecting File = Close Project.

You can also close the SDK 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 SDK 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 to SDK.

Created a software application in SDK 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.
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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 SDK 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 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. Inthe Project Name dialog box, type the project name and location.
b. Make sure that the Create project subdirectory check box is checked. Click Next.

c. Inthe Project Type dialog box, select RTL project. Ensure that the Do not specify sources
at this time checkbox is unchecked. Click Next.

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

e. In Add Constraints dialog box, click Next.

f. In the Default Part dialog box, 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 dialog box and click Finish to
create the project.

Step 2: Create an IP Integrator Design

1.
2.

7.

In Vivado Flow Navigator, click Create Block Design.

In the Create Block Design dialog box, specify zynqg_processor_system as the name of
the block design.

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

Click OK.
The IP integrator diagram window opens.

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

+

The IP catalog opens.
In the 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.

Search: O zynq (3 maches) 1P Details W
£F ZYNOT Processing System Name IYNOT Processing System

= tras ] i Version 5.5 (Rev. 5)

T ZYynauit ; Interfaces:  AXI4, AXI4-Stream

Descripion:  Arm dual core SOC with Zyng fpga
Status: Praduction

Licanse Inciudad

Change Log: View Change Log

Vend | Kiling, Inc

VLNV wlincomip-processing_system7:5.5

Repository cidilindVivadar2017_Tidatalip
ENTER to seled, ESC to cancel, Cirl+Q for IP delails

In the block design banner, click Run Block Automation as shown in the following figure.
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Diagram «  Address Editor
(G o oo Q] Q +

. Designer Assistance avallable. Run Block Automation

The Run Block Automation dialog box states that the FIXED_1I0 and the DDR pins on the
ZYNQ?7 Processing System 7 IP will be connected to external interface ports. Also, because
you chose the ZC702 board as your target board, the Apply Board Preset checkbox is
checked by default.

8. Enable the Cross Trigger In and Cross Trigger Out functionality by setting those fields to
Enable, then click OK, as shown in the following figure:

¢ Run Block Automation 52

Automatically make connecions n your design by checking the boxes of the BIocks to connedt Saledt 3 block on the left to display its
configuration opliens on the right

Q =z @

1) Al ioraation {1 autof 1 asiodlod) This oplicn sels the board preset on the Pracessing System. All currend properties
| % processing_system?_0 will be cverwritten by the board preset. This action cannat be undone. Zyng7 block
aulomation applies curen board presat and generalas exarmal connactions for
FIXED_IO, Trigger and DDR interfaces.

Description

NOTE: Apply Board Presel will discard axdsting IF configuration - piease unchack
iz Boo, if you wish to retain prisvdous configuration

Instance: jprocessing_system7_0
Options

Make Inerface Extamnal FINED_IO, DDR
Apply Board Prasel <

Cross Trigger n: Enable ~

Cross Trigger Out Enable W

This enables the TRIGGER_IN_O and TRIGGER_OUT_O interfaces in the ZYNQ7 Processing
System as show in the following figure.
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processing_system?_0

DOR o ||| > DDR
FIXED_I0 ||} > FIXED_IO
USBIND_0< |||
M_AXI_GPO |
| = [rricGer out o] ||
= _AXI_GPO_ACLE YNO TTCO_WAVED_OUT =

TTCO_WAVEL_OUT b=
TTCO_WAVEZ_OUT =
FCLK_CLKO
FCLK_RESETO_NO-

ZYNQ7 Processing System

9. Add the AXI GPIO and AXI BRAM 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

|r axi_gpio_0 ) DDR-:-“}-—DDDR
HAsA0 FIED 104 [}t FIXED_IO
[ e y q's-"‘dﬁ" GPI0 & ||| usaino_o+ ||
s A | aresen M_AN_GP0% F
= BRAM_PORT ;
i el Mmm';: ” AR 0 : || <= TRaGGER_IN_O W TRIGGER_OUT 0+ ]|
By M_AXI_GPO_ACLE ZYNG 'I'rm,,w.wm‘_ou‘r!-
" AXI BRAM Controller : 'I'I'G:I_WHI'EL_GLIT?-
TTCO_ WAVEZ OUT—
FCLK_CLKD
FCLK_RESETO_No-

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) checkbox. 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.
*  BRAM_PORTA dialog box informs you that a new

- Block Memory Generator IP will be
instantiated and connected to the AXI
BRAM Controller PORTA
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Connection

More Information

Setting

axi_bram_ctrl_0

® BRAM_PORTB

Note that the Run Connection
Automation dialog box offers two
choices now. The first one is to use
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.

Leave the Blk_Mem_Gen field set to
its default value of Blk_Mem_Gen of
BRAM_PORTA.

axi_bram_ctrl_0

® S_AXI

The Run Connection Automation
dialog box states that the S_AXT port
of the AXI BRAM Controller will be
connected to the M_AXI_GPO port of
the ZYNQ7 Processing System IP.

The AXI BRAM 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
BRAM Controller.

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

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.

® TRIGGER_IN_O

® TRIGGER_OUT_O

processing_system7_0

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 ILA IP.

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

and TRIGGER_OUT_0 option.

When these connections are complete, the IP Integrator design looks like the following

figure:
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13. Click the Address Editor tab of the design to ensure that addresses for the memory-mapped

slaves have been assigned properly. Expand Data. Change the range of the AXI BRAM
Controller to 64K, as shown below.

Dhagram

*  Address Editor

aQl | @
Cell
~ 4F processing_system7_0

Slave Interface BaseMame OffsetAddress Range High Address

=

v B Data (32 address b

5_AXI
= axi_bram_cirl_0 S_AX

= axi_gpio_0

Reg
MemdQ

0x4120_0000  B4K *  0x4120 FFEF

Ox4000 0000 | BK | Ox4000 1FFF

8K 1T
16K
32K
G4k
128
256K
512K
M

Mark Nets for Debugging

Next, you mark some nets for debugging.

1. Click the Diagram tab again, and select the net connecting the GP 10 pin of the AXI GPIO IP

tothe 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.
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3. Similarly, select the net connecting the interface pin S_AXI of axi_gpio_0 and the
MO0 _AXT interface pin of ps7_0_axi_periph.

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.

Click Run Connection Automation.

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

¢ Run Connection Automation

Auflormatically make connecions in youwr design by checking the boxes of the inMeraces to connect Seled an infedace on the left to display its
configuration cptions on the right [

Qx| &
- o Al Automation (2 oul of 2 seleded)
~ | Interface Connedlions
< =l ad_gpio_0_GPID
/2 psT_0_ad_periph_MOO_aX

7. Click OK.

8. Click the Regenerate Layout 2 button to generate an optimal layout of the design. The
design should look like the following figure:
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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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¢

Generate Qutput Products

The following owtpul products will be generated

Preview

Q = &
i

~ &0 nyng processor_system bd (D00 per F

T Synthesis
¢ Implementation
¥ Simulation

Synthesis Options

Global
o Ot of context per IP
Out of context per Block Design

Run Sattings

Numberof jobs: | 4

() Generale

13. Click Generate.

Cancel

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.
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Design Runs g S w i
a = @ + %
Name Cansiraints Slabus
~ D osywth_1 (aciie constrs_1 Hod stared
el _1 eonsts_1 Bl starled
[ Oul-al-Contaxd Module Runs
= of IMQ_processar_sysiem Submodule Runs Complete
«f zynn_processor_system_processing_systemT_0_0_synth_1  zyno_processor_system_processing_syslem7_0_0  synth_design Comgilete!
of rynn_processon_sysbem_ad_gpéo_D_0_synith_1 Tymn_piocessor_system_ad_gpio_0_0 symith_design Comglete!
of zyno_processor_sysbem_axd_orarm_ci_0_0_synih_1 Ia_peocessor_system_ad_brarm_ci_0_0 synith_design Complete!
= of zyng_processor_sysbem_system_ila_0 Submodule Runs Complete
o oma_processor_system_system_ila_0_synih_1 oymg_processor_system_system_ila_0 synth_design Complete!
«f ynn_processor_system_rst_psT_0_S00_0_symth_1 Ima_processor_system_rsi_psT_0_S06_0 symith_design Complete!
o zymo_processor_sysbem_ax_bram_cii_0_bram_0_synith_1  Zyna_pocessor_system_ad_bram_ein_0_bram_0  synih_design Comglate!
o zyng_processor_sysbem_abar_{_synin_1 Iy_peocesaor_system _xbar_0 symith_design Cormgplete!
of Dmg_processor_system_auto_pc_0_synif_1 IMO_processor_system_auto_pc_0 synih_design Completel
«f rymg_processor_system_auto_pc_1_smih_1 rymo_processor_system_auto_pc_1 synth_design Complete!

16. 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.

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

¢ Create HDL Wrapper | =)

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

Options
Copy generated wrappar to allow user edits

® |etVivado manage wrapper and auto-update

k?,r' 0K | Cancel
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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.
2. Click Yes.
The Launch Runs dialog box opens.

3. 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.
4. 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.

Note: The timing could be slightly different in your case.

il -Gl P
AR I IFRREL ATE Ml
O P Groups ute g ified mag (ons W

e

Timisg Summary - mpl_1 [sawed]

0O = & Darsign THmies Summang
General indzrmation
Timar Safings Setap Hoid Pulse Vot
D5l Timeng Sumimarny Worst Hepalive Siack (WS 0¥ WoasE Hobd Simck (WHS] Wiowsd Pulss WiEh Slack (WPWS)
Toisd Megated Hack (THST  0.030AE Toziad Hodd Siack (THI] [T Toekal Pl Wi Megatva Sk (TP
Barmizei of F alievy Encpoants. 0 Hgar of Falng Endponty. 0 Hpsitat of Fasing Endporty
ot Numbid of Endgdints e Total Humbiéd of Endgdints THIBE Tkl Humbed oF Endpsints

=R

=]

810

]

Step 4: Export Hardware to SDK

After you generate the bitstream, you must export the hardware to SDK and generate your

software application.

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

The Export Hardware dialog box opens.
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# Export Hardware i

Export hardware platform for software
development ools ]

+ Include bitsiream

Exportie: | &l <Local to Project= W

2. Ensure that the Include Bitstream check box is checked and that the Export to field is set to
the default option of <Local to Project> as shown in the following figure:

Click OK.
4. Select File= Launch SDK .

Make sure that both the Exported location and Workspace fields are set to <Local Project>,
as shown in the following figure:

¢ Launch SDK 4
Launch software development taol. p
Exported location: | @& <Local to Project W
Workspace: | @ <Local to Project= v

5. Click OK.

Step 5: Build Application Code in SDK

SDK 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.
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ﬂhlew Project =8 o) &
Application Project e
Create a managed make application praject.

Project name:  peri_test

| Use default location
Chiutonalsh 2017 1\UGR0 ab M\ lab2 sdk\peri_test Brows

defaull -

05 Platform: [MIW TI
Target Hardware
Hardware Platform: |zyng_processor_system_wrapper_hw_platform_0 > | :New,.|
Processar: | ps7_cortexad_0 v]
Target Software
Language: @ (DC++

32-bit -

M/A -

Board Support Package: @ Create New  peri_test_bsp

Lise @xisting

l_'_ﬂ_\.i-'::'

Bach | Next> | Finish ~ Cancel

2. Click Next.

3. From the Available Templates, select Peripheral Tests.
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Templates = =
Create one of the available templates to generate a fully-functioning application E__J
project.

| Awailable Templates:

-Dhrﬁt{:ne . Simple test routines for all peripherals in the
Empty Application hardware,
Hello World

lwiP Echo Server
IwiP TCP Perf Client

| |IwIP TCP Perf Server

| | lwlP UDP Perf Client
IwlP UDP Perf Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
COpenAMP RPC Demo
RSA Authentication App
Lyng DRAM tests
Zyng FSBL

@ < Back Mext > Finish Cancel

4. Click Finish.
Wait for the application to compile.

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

7. After the application has finished compiling, select Xilinx = Program FPGA to open the
Program FPGA dialog box.

8. Inthe Program FPGA dialog box, click Program.
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ﬂ Program FPGA &3
Program FPGA ?‘ﬁ?’,
Specify the bitstream and the ELF files that reside in ERAM memaory

Hardware Configuration

Hardware Platform: Izynq_processﬂr_SystEm_wrappEr_hw _platform_0 '-'l

Connection: |Lcn:al || New l
Device: Auto Detect [ Select.. |
Bitstream: Zyng_processor_system_wrapper.bit !rSean:hn.l irgn;,w;g_,]

_ Partial Bitstream

BMM/MMI File; Zyni_processor_system_wrapper.mmi

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

@ Program Cancel

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

The Debug Configurations dialog box opens.
10. Right-click Xilinx C/C++ application (System Debugger), and select New.
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.:.Dchugf:orﬂnwaﬂw ﬁ
Create, manage, and run configurations

Run gr Debug a program using System Debugger.

Configure launch settings from this dialog:
type Tilter text _ = Press the ‘New’ button to create a configuration of the selected type.
B3 Performance Analysis

S Target Commanication Framewark % . b Delete’ , f
£ kGt e+ aneilcation (GOB) - Press the ‘Delete’ button to remove the selected configuration.

- Press the Duplicate” button to copy the selected configuration,

£, Xiline C/C++ application (System Debugger on QEMU) || J¥ - Press the ‘Filter’ button to configure filtering oplions.

for Xiliroe C/C++ application (5 Mcﬁ - Edit or view an existing configuration by selecting it.
wpihcate

Lrelage

Configure launch perspective settings from the Perspectives preference page.

Filter matched 5 of 15 items

) Close

11. In the Create, manage, and run configurations screen, select the Target Setup tab, and select
the Enable Cross triggering check box.

UG940 (v2019.1) June 27, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design 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=2019.1&docPage=49

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

Hmﬁuﬂlwa!m
Create, manage. and run configuraticns
Run of Drebug & program using Syifem Debugpet

K ED-

Mame Syttem Diebugper using Detesg_peri_testell on Local

3 Pedormance Arabyes
H Targei Commusnecaizon Framework Dty Type: | Standalone Apphcation Debug =
L Xilire T o« applacation JG0E)
B Mo 10+ + applaation {Sytermn Debugges on QELLI
# Jp Xilirw i+ + application {System Debugge)
1 Symee Delsager Laing Debig_pen 1eLal on Locs

Conesction |Locs e

Harswane PaTIonT | B HoCesior_Syslem_wiappes_faw plitiorm 0 =

F AT _comenad,
| ensiie cross-Trggenng [ L[] |, L oe7comenn.0

Futer madched & of 16 items

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

13. Click Create.

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

figure.
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Htross Trigger Breakpodnt 3
Edit Cross Trigger Breakpoint

Configuration is valid.

Cross Trigger Signals {Input) Cross Trigger Signals (Output)
o [ CPUD DBGACK [0] - a CPU-O
CPUD PMU TR [1] CPUO debug request (0]
PTMAO EXT 0 [2] PTMO EXT 0 [1]
| PTMD EXT 1[3] PTMOEXT 1 [2]
CPUD COMMTX [4] PTMO EXT 2 (3]
CPUD COMMERBX, [5] | PTMO EXT 3 [4]
PTMO TRIGGER (5] CPUD restart request [7]
a | opi-1 a1 gpy-

| CPUL DBGACK [8]
CPUL PMU TRQ [3
PTRAL EXT O [10]
PTML EXT 1 [11]
CPUL COMMTX [12]
CPUT COMMRX [13)
PTMAL TRIGGER [14]

Fi ETE and TPIU
ETE full [18]
|| ETE acquisition compilete [19]
| ITM trigger [20]

CPU1 debug request [8]
FTMI1 EXT 0 [9]
PTM1 EXT 1 [10]

| PTM1 EXT 2 [11]

PTM1 EXT 3 [12]
CPUL restart request [153]

ETE and TPIU

ETE flush [16]
ETB trigger [17]
TPEU flush [18]
TPIU trigger [19]

&[] FTM 4 IF| FTM
FTM trigger 0 [24] | FTM trigger 0 [24]
FTM trigger 1 [25]) o | FTM rigger 1 [25]
FTM trigger 2 [26] W | FTM trigger 2 [26]
| FTM trigger 3 [27] = W | FTM trigger 3 [27]
2 -

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

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

& crom TrggerBesgoins =
Mame (fggale_ |
W | Inputs (CPUD DBGACK [01) - Quputs (FTM trigger 0 [241, FTM trigger 1 [25), FTM trigger 2 [26], FTM trigger 3 [27]) lﬁ
dit.
I 1
Ok - Cancel

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

figure:
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Cr-:nss Trigiger Breakpoint =1
Create Cross Trigger Breakpoint

Conleguration is valid,

W | FTM trigiger 0 [24]
o | FTM trigger 1 [25]
W | FTM trigger 2 [26]
-.r‘_ FTM trigger 3 [27]

Cross Trigger Signals (Enput) Cross Trigger Signals (Output)
4 jcPu-0 + [ CPU-D
CPUD DBGACK [0] W | CPUG debug request [0]
CPUD PMU RO [1) PTRD EXT O [1]
PTMAD EXT O [2] PTMO EXT 1 (2]
PTMAD EXT 1 [3] PTRD EXT 2 [3]
CPUD COMMTX [4] PTRAD EXT 3 4]
CPUD COMMRX [5] CPUD re=ctart request [7]
PTIAD TREGGER (5] @ | CPU-1
ol CRU-1 CMUIL debug request [8]
| CPUL DBGACK [8] PTIAL EXT O [5]
CPUL PMU RO [3) PTML EXT 1 [10]
PTMY EXT O [10] PTML EXT 2 [11)
PTML EXT 1 [11] PTRAL EXT 3 j12]
CPUL COMMTX [12] CPUL resctart request [15]
| CPUL COMMRX [13] # | | ETE and TPIL
PTM1 TREGGER [14] ETE flush [16)
# | ETB and TFU ETH trigger [17]
ETE full [18] TP flush [18]
ETE acquisition complete [19] TP trigger [19]
| I trigger 200 af |FiM
4 [WFIFTM FTM trigger O [24]

FTM trigger 1 [25]
FTM trigger 2 [26]
FTM trigger 3 [27]

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

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

Etross Trigger Breakpoints =3
. Hame Create..
V| Inputs (CPUO DEGACK [0]) - Quputs (FTM trigger 0 [24], FTM trigoer 1 [251 FTM trigger 2 [26], FTM trigger 3 [27]) -
W Inputs (FTM trigger O [24], FTM trigger 1 [25] FTM trigger 2 [26], FTM trigger 3 [27]) - Quputs (CPLI0 debug request [0]) fil
Remave
o [ comce

20. In the Debug Configurations dialog box, click Debug, as shown at the bottom of the following
figure.
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B Detug Configuetions =5
Create, manage, and run conflgurations ,ﬁ
Fun o Detnag & program uiing Syites Debugge

L *T Fame: . Sysiem Debugger using Delug_peri_tesiell on Loca

@ Targes Setup - O Appleation b Ssguments| B Eavirosrmen s Symsbad Fili | 5 Sourcs A& PathMas | T Comemen
B3 Performance Anaiyviin
E Target Communscation Framewori
L, Nilira CAC+ = application HROE]
A Xiliros CpCe = az-unm [Systemn Debugger on QEMLE Connecle: (L] = e
i § Wilire CCs « application Syitesn Debudged
J System Debugger using Debug_peri test el oo Local

Debug Type: | Standaione Appicabon Debug |

Haedwiare Flatioms | Zyno_qeocessod Saiem sTapper v platfcem 0. =

Bitstream File: YT DICOETON_SPET_wrappenbil Searchi Brorwne.. Gererate.
Iitatization fike paT_indLecl Search Browee..
FPGA Device: Auto Detect Selest.
P Device: Aauso Detect Select.
Summary of operations to be performed
Rt eftiig fydtem Feollaawing apeatini will B pedfoemed Bafond linnching th detaps
L Rurei pa7_indt 1o initialize PS
Program FPGA. gt
o 2, Raprrt ps T _prot_config. Enabies bevel shiffens from PL B0 PS. (Recommended 1o wie This
| Rum p4T_init opfion only atter spdem resed o board power OM)
| Run psT_poad contig 3. Following C1oss Uigger Dreatpoins will be sdded
R} by RCPUD D2GACK [0, FTM 0 [241 FTM &r r 1 [351 FTM 3 [28]
I Buisbie Cove- Trigperiens | puts 1. FTM triggeer 0 [241 rigger 1 [751 FIM trigger 2 [26]

FTM trigeper 3 [T « Ouspaits TP cletteady reduieis (01 FTM trigges O [74], FIM wagger | [25]
FTM rigeper 2 [2EL FTM srigges 3 (171
4, Tra following peoceiiors will be resel S0d Sngended

1) pa?_corbexad O
5. AN processors in e systern will be suspended, and Appicabions wil be downioaded 1o
thes {ollowing procesons as specified inthe Applications tab.

By paT cofterd 0 [\ Runoer i) L6 3 LIGICR AT N0 2080 L Ti_eaT Dhetin Pt | 1o e}

Filer mabched b od 16 fera

E

The Confirm Perspective Switch dialog box opens.
21. Click Yes to confirm the perspective switch.
22. Set the terminal by selecting the SDK Terminal tab, and then click the (+) icon.
23. Select following settings in the following figure for the ZC70 board, and click OK.
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m Connect to serial port 28
Basic Settings
Port: COM3 ¥
Baud Rate: :-115200 '
* Advance 5ettings
Data Bits: 3 5|
Stop Bits: jl -
Parity: \None -
Flow Control: |None '..
Timeout (sec);
‘L’ Cancel

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

B Console 1 Tasks B SDK Terminal & [%] Problems 2 Executables = XiLL= 0O

Connected to COM3 at 115200

SEnd | iCiea.r.

25. If it is not already open, select ../src/testperiph.c, and double click to open the source file.

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

27. Modify the source file by inserting a while statement at approximately line 97.

28. After the else statement, add while (1) above in front of the curly brace as shown in the
following figure.
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B Fystem.df o SyEhEm.mss i “testpenphc

Status = ScubicIntéerruptSetup(Bintc, XPAR PST SCUGIC @ DEVICE ID);
if (Status == @) {

print("Scubic Interrupt Setup PASSEDAFYN™};
}

!
else |

print({"Scubic Interrupt Setup FAILED\r\n™};

}
}

while (1)
_r
i
ud? status;

print({™\rinRunning GpiodutputExample() for axi_gpio @...%\n");

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

a. To do so, scroll down to the line after the “while” statement starts, and double-click the

left pane, which adds a breakpoint on that line of code, as it appears in the following
figure.

b. Click Ctrl + S to save the file. Alternatively, you can select File = Save.
@ systemhd! @ systemumss 5 "testperiph.c

"
while (1)
i

u3l status;

print (" ywinRunning GpioDutputExesple() for axi_gpio @...%w'Wn™);

status GploOutputExample(XPAR_AXT GPIO 8 _DEVICE ID,4):

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

else {
print{"GpicdutputExample FAILED.\r\n™};
}

}

Now you are ready to execute the code from SDK.

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. Inthe 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 dialog box 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 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.

Connectto: | Local sener [largelis on local machine 4

Click Mext bo launch and'or connect 1o the hiw_senver (port 3121) application on the local machine.
o | N o | [

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

¢ Open New Hardware Target [%3

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

(7) | =Back | e > | Cancel

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 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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:]a + * = 2 BB 8 g 35 = M H

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. In SDK, in the Debug window, click the Resume ™ button in the SDK toolbar, until the
code execution reaches the breakpoint set on line 107 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 107 to have the ILA trigger the processor and stop code
execution.

1.

In SDK, select the Breakpoints tab towards the top right corner of SDK window, right-click it,
and uncheck the testperiph.c [line: 106] checkbox. This removes the breakpoint that you set
up earlier.

Note: Alternatively, you can select the breakpoint in line 107 of the testperiph. c file, right click and
select Disable Breakpoint.

In the Debug window, click Resume icon on the SDK toolbar. The code runs continuously
because it has an infinite loop.

You can see the code executing in the Terminal Window in SDK.

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:ps7_0_axi_periph_MOO_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.

UG940 (v2019.1) June 27, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design L/—] 60


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.1&docPage=60

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

6. Click the Run Trigger button to “arm” the ILA. It triggers immediately as the SDK 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.

This is seen in SDK the in the highlighted area of the debug window.

i Debug 2

+ %, System Debugger using Debug_peri_testelf on Local (Local)

« g3 APU

4 g% ARM Cortex-A% MPCore #0 (Breakpoint: e28362el-ecch-4c25-717e-fo482cbBdb06)

= 000103800 GpioOutputExample(): _fsrefxgpio_tapp_example.c, line 226
= De00100698 maind): JSfsreftestperiph.c, line 104
= 0x0010ddad _start)

(x0010ddad _start()

m

i wcT2020

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. tc1l file helps you run all the steps all the way to exporting hardware for SDK.

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 SDK 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 checked. Click Next.

In the Project Type dialog box, select RTL project. Ensure that the Do not specify sources
at this time checkbox is unchecked. 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. In the 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 78 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 Memary 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

(S

ﬂ-}- CLK_REF

sys_rst

J

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 + |||j===="> 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 Xilinx 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 Tab to Connect to Board Interfaces

There are several ways to use an existing interface in IP Integrator. Use the Board tab to
instantiate some of the interfaces that are present on the KC705 board.
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1. Select the Board tab to see the interfaces present on the KC705 board.

Board ? — 0O e X
Q =\ s |
@ Kintex-7 KC705 Evaluation Platform

v L= 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 Qutput (0 out of 5 connected
*_) DIP switches
*O LCD
O LED
*_) Push buttons
¥ Rotary switch

v = Miscellaneous (0 out of 3 connected)
Lo] (o
*O PCIl Express
¥ UART

v = 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

+ System differential clock

¥ Onboard PHY
¥} PHY using SFP
¥ PHY using SMA

¥ DDR:3 SORAM
¥ Linear flash
¥ SPIflash

Board = ? 00
Q == = @ p¥*
B Kintex-7 KC705 Evaluation Platform

~ | Clock Sources (0 out of 1 connected)

~ . Ethernet Configurations (0 out of 4 connected)

¥ PHY using SMAin LVDS mode
~ = External Memory (1 out of 3 connected)

W

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 ? a
Q Q X X Q + B C 9

* Designer Assistance available. Run Block Automation Run Connection Automation

o

& x

microblaze_0

mig_Tsearies_0

lli+ wrerrUPT
|+ cesue . o= ous +||| DOR3 | ||meeee > ddir3_sdram
Ck M | CrOB |aze wms || 4 s_na u_ck_sync_rst

|+ s¥s_cx u_ck
sys_rst w_addn _ck_0

sys_diff_clock Resat
MicroBlaze

aresein mmaom_locked

init_calib_complete

Meamory Interface Generator (MIG 7 Series

axi_uarlite_0
—

A SA Rt e 15232_uart

- s_an_ack

merupt -
Q =_ax_wesein
AX| Uartiite
axi_gpio_0
4 s ax

- s_ax_acdk e _D led_8bits

@ =_ax_wesen

AXI GPIO

Add Peripheral: AXI BRAM Controller

1. Add the AXI BRAM Controller, shown in the following figure, by right-clicking the IP
Integrator canvas and selecting Add IP.

i IP Details
Search: ©- axi bram (1 match)

o AX| BRAM Controller MName; AXI BRAM Controller
Version: 4.1 (Rev. 1)
Interfaces;  AXI4

Description: The AXI Block RAM (BRAM) Controller is a soft
IP core. The core is designed as an AXl Endpoint
slave IP for integration with the AXI interconnect
and system master devices to communicate to
local block RAM. The core supports both single
and burst transactions to the block RAM and is
optimized for performance.

Status: Production

License: Included

Change Log: View Change Log

Vendor: Xilinx, Inc.

VLNV: wilinx.com:ip:axi_bram_ctrl:4.1

ENTER to select, ESC to cancel, Ctrl+Q for IP details | ePository:  C/Xilinx/Vivado/2019.1/data/ip
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Run Block Automation

1. Click Run Block Automation, as shown below.

Diagram
@ Q@ X ® o Q + ¥ # C
r Designer Assistance available. Run Block Automation Run Connection Automation

M
The Run Block Automation dialog box opens.

2. On the Run Block Automation dialog box:

a. Leave Preset as the default value, None.

b. Set Local Memory to 64 KB.

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

Change the Debug Module option 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 = =
Description

| All Automation (1 out of 1 selected) )
MicroBlaze connection automation generates local memory of selectad 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 54KB b

Local Memony ECC MNone b

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 b

3. Click OK.

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

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 2 X |¢ Q s +

# Designer Assistance available. Run Connection Automation

The Run Connection Automation dialog box opens.
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2. Check the interfaces in the left pane of the dialog box as shown in the following figure:
e ¢ el SWITIHTE g

#- 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. ‘

~ ¥ All Automation (10 out of 10 selected)
~ || 4F axi_bram_ctrl_0
7| {l BRAM_PORTA
/| {I} BRAM_PORTB
w v {I} S_AXI
v *F axi_gpio_0
v {I} S_AXI
v F axi_uartlite_0
v {i} S_AX
v &F mdm_1
v/} TRIG_IN_0
v {} TRIG_OUT_D
v 3F mig_7series_0
v {i} S_AX
v @ sys_rst
v F rst_mig_7series_0_100M
V| @ ext_reset_in

./‘ = -\,

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)

Connection More Information Setting
axi_bram_ctrl_0 The Run Connection Automation Leave the Blk_Mem_Gen option to its
dialog box opens and gives you two default value of Auto.

L]
BRAM_PORTB choices:

* Instantiate a new BMG and
connect the PORTB of the AXI
BRAM Controller to the new BMG
1P

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

Controller.
axi_bram_ctrl_0 Two options are presented in this The Run Connection Automation
o s axT case. The Master field can be set for | dialog box offers to connect this to
- either cached or non-cached the /microblaze_0 (Cached). Leave it
accesses. 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 The Master field is set to / Keep these default settings.
- microblaze_0 (Periph).
N The Clock Connection (for
unconnected clks) field is set to its
default value of Auto.
axi_uartlite_0 The Master field is set to its default Keep these default settings.
- value of /microblaze_0 (Periph).
N 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
R System ILA core’s TRIG_OUT pin. its default value of Auto.
TRIG_IN_O
mdm_1 This will be connected to the System Leave the ILA Connections settings to
R ILA core’sTRIG_IN pin. its default value of Auto.
TRIG_OUT_0
mig_7series_0 The Master field is set to / Keep these default settings.
« s oaxI 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.
mig_Tseries_0 The board interface reset will be Keep the default setting.
R connected to the reset pin of the
sys-rst Memory IP.
Rst_mig_7_series_0_100M The reset pin of the Processor Sys Keep the default setting.

Rreset IP will be connected to the
board reset pin.

® ext_reset_in

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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Diagram ?7-08aAX

Qe X X Q ¢+ B C g9 & o

* Designer Assistance available. Run Connection Automation

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 M01 _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.

Click Run Connection Automation.

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

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

Q - -
- -

v m | All Automation (1 out of 2 selected)

Description

Connect selected interface-connection and/or net to System ILA Core for

v /| Interface Connections Debugging in Hardware Manager. System ILA (Integrated Logic Analyzer) IP
7 =% microblaze_0_axi_periph_M01_AXI core is a logic analyzer which allows you to perform in-system debugging of
eO® - -7 designs and shows interface level events in the Hardware Manager in an
mdm_1 intuitive way.
i M_AXI
| Options
|
AXI Read Address: Data and Trigger v
AX| Read Data: Data and Trigger v
AX] Write Address: Data and Trigger v
AXI Write Data: Data and Trigger v
AX| Write Response: Data and Trigger v
Source Clock Imig_7series_0/ui_addn_clk_0
System ILA: Auto v

AXI-MM Protocol Checker:
—

5. Click OK.

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

Diagram

a a X B o Q <

* Designer Assistan

+

available. Run Connection

® C g &

e
i
| RESSSSSSSIs——.——.
=S S
X 1 . C
[+ e, | e
I+ 2 I e 2 I
= ST MicroBlaze  ws it
by o+l = nnpe 4

Step 3: Memory-Mapping the Peripherals in IP
Integrator

1. Click the Address Editor tab.

2. In the Address Editor, do the following:

a. Expand the microblaze_O 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 mig_7_series_O IP in both the Data and the Instruction section to
512 MB, as shown in the following figure.

Address Editor
Q |2
Cell

~ 4F microblaze_0
v E Data (32 address

== mig_7series_0
== 3xi_uartliite_0
== 3xi_gpio_0

== 3xi_bram_ctrl_0

== mig_7series_0
== 3xi_bram_ctrl_0
v 4F mdm_1
v M Data (32 address

Slave Interface

== microblaze_0_local_memory/dimb_bram_if_cntir SLMB

S_AXI
S_AXI
S_AXI
S_AXI

v Bl Instruction (32 address bits : 4G

== microblaze_0_local_memory/ilmb_bram_if_cntir SLMB

S_AXl
S_AXI

= microblaze_0_local_memory/dimb_bram_if_cnflr  SLMB1

Base Name Offset Address

Mem 0x0000_0000
memaddr 0x8000_0000
Reg 0x4060_0000
Reg 0x4000_0000
Mem0 0xC000_0000
Mem 0x0000_0000

memaddr 0x8000_0000

Mem0 0xC000_0000

Mem 0x0000 0000

Range
64K hd
512M ~
64K -
64K h¢
8K -
64K v
16M N
32M

64M

128M
256M
512M [}
1G -
2G

High Address

0x0000_FFFF
Ox9FFF_FFFF
0x4060_FFFF
0x4000_FFFF

0xCO00_1FFF
0x0000_FFFF

O0xBFFF_FFFF
0xCO00_1FFF

0x0000_FFFF

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.

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

e

¢ Generate Output Products

The following output products will be generated.

Preview
Q = £
~ 40 mb_subsystem.bd (0OC per IP
(I Synthesis

(I Implementation
(I Simulation

Synthesis Options
Global
® Qut of context per IP
Qut of context per Block Design

Run Settings

MNumber of jobs: | 4 W

=3

\z) Generate Cancel

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

launched.

3. Click OK.

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

Runs windows.
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Daersign Runs. P _D0OAX
Q £ # + %
Hamg Cansirants Status WHS TNS WHS THS TPWS  TolalPower FallsdRoutes  LUT
w [ gymth_1 comsirs_1 Mod siarted
i _1 consirs_1 Mot stared
Cuit-of-Conlid Module Runs
~ of mo_subayatem SubMoSie Riuna Complets
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_ad_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
o mb_subsystem_mdm_1_0_symih_1 mb_subsysiem_mdm_1_0 synih_design Comgplele! 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_Teenes_0_200M_0_sywih_1  mb_subsyslem_rst_mig_Taenes_0_200M_0  symin_desion Comgletel 1w
+f mb_subsystem_ax_bram_cii_0_bram_0_synth_1 mb_sutisystem_ax_bram_ciri_0_tram_0 syrn_desion Complete! ]
w o mb_subsysiem_system_ila_0 Susmadule Runs Complate
o min_subaysiem_sysiem_ila_0_synin_1 mb_subsysien_sysiem_ia_0 aye_deaion Complete! 14
«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! ]
E

Wrapper.

Step 6: Create a Top-Level Wrapper

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

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
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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| = | @& Design Timing Summary
General Information
Tirner Settinigs 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) 082 ns
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

# Check Timing Numbar of Failing Endpoints: 0 Humbaer of Failing Endpoints: 0 Humbar of Failing Endpaints "

Intra-Clock Fahs Total Mumber of Endpoints: 118764 Total Humber of Endpoints: 118748 Tatal Number of Endpaints 38027

Infes-Clock Paihs
Othis Path Groups
User ignored Paths

Al uSer Specified Gming CONSITAINGS ane mel.

Unconstrained Pamhs

Timing Summary - impl_1 (Saved)

Step 8: Export the Design to SDK

Next, open the design and export to SDK.

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 default option of <Local to Project> as shown in the following figure:
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=

¢ Export Hardware

Export hardware platform for software
development tools. ‘

< Include bitstream

Exportto: | @0 =Local to Project= A

=
?2) OK Cancel

Click OK.
4. Select File—= Launch SDK .

The Launch SDK dialog box opens as shown in the following figure. Make sure that both the
Exported Location and the Workspace drop-down lists are set to <Local Project>.

¢ Launch SDK R
Launch software development tool. ‘
Exported location: | @0 =Local to Project= A
Workspace: | &0 <Local to Project= hd

=
?2) OK Cancel

5. Click OK.

SDK launches in a separate window.

Step 9: Create a "Peripheral Test" Application

1. In SDK, right-click mb_subsystem_wrapper_hw_platform_0 in the Project Explorer, and
select New = Project, as shown in the following figure:
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C/C++ - mb_subsystem_wrapper_hw_platform_0/system.hdf - Xilinx SDK
File Edit Source Refactor Mavigate Search Run Project Xilinx Tools Window Help

M- v o o @~ ‘#vﬂv%v &, = H@‘ ;7; = -
L[5 Project Explorer. &3 = ‘% | ¥ ¥ < O||lg systemhdf =
4 (B mb_subsystem_wrapper_hw_pl-<--—2 : T z
Mew » I3 Praject..
@ system.hdf E%
Go Into File

Figure 1: SDK New Project Selection

2. In the New Project dialog box, shown in the following figure, select Xilinx—= Application

@New Project = | (=] ” &3 |

Select a wizard —

Wizards:

type filter text

+ = General

s B C/C++

- = Java

» = Tracing

4 = Xilinx
& Application Project
) ARM Trusted Firmware Project
il Board Support Package
77 Hardware Platform Specification
&4 Library Project
EA SPM Project

Project
Click Next.

4. Type aname (such as peri_test) for your project, and choose standalone as the OS
platform, as shown in the following figure.
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N New Project = \E@
Application Project "
Create a managed make application project.
Project name: peri_test
Use default location
Chtutorials\2017.1\UGS4M lab3\lab3.sdk\peri_test Browse...
default ~
OS Platform: [standalone vl
Target Hardware
Hardware Platform: lmb_subsystem_wrapper_hw _platform_0 v] lNew...l
Processor: l microblaze 0 - ]
Target Software
Language: @C ©C++
32-bit -
N/A -
Board Support Package: @) Create New  peri_test_bsp
Use existing 7
® < Back " Mext = ] [ Finish ] l Cancel

5. Click Next.

6. Select the Peripheral Tests, shown in the following figure, and click Finish.
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| B New Project O X
| Templates ,f
| Create one of the available templates to generate a fully-functioning application

project.

| Available Templates:

Dhrystone Simple test routines for all peripherals in the
Empty Application hardware.
Hello World

IwlP Echo Server
IwlIP TCP Perf Client
IwlP TCP Perf Server
IwlP UDP Perf Client
IwlP UDP Perf Server
Memary Tests

SREC Bootloader
SREC 5Pl Bootloader

®' < Back Next = Finish Cancel

SDK creates a new peri_test application.

7. Wiait for the application to finish compiling.

8. Right-click the peri_test application in the Project Explorer, and select Generate Linker Script.
The Generate Linker Script dialog box opens.

9. Select the Basic tab, and change the Assigned Memory for Heap and Stack to mig_7series_0.
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Generate a linker script

M2
q

Generate linker script

Control your application’s memory map.

Output Settings [Basic | sk

Project: peri_test _E : :

i Place Code Sections in:  mig_7series_0_memaddr -

Qutput Script:

1torials\2016.3\UG940\ab3\lab3.sdk\peri_test\src\lsc [Browse| | F1ace Data Sectionsin:  mig_7series 0_memaddr =
Modify project build settings as follows: Place Heap and Stack inc  mig_7series_0_memaddr =
Set generated script on all project build configurations '] Heap Size: 1KB

Hardware Memary Map Stack Size: 1%8

| Memory Base Address Size

' axi_bram_ctrl_0_Mem0 0wCO000000 8 KB
microblaze_0_local_memor... 0x00000000 64 ..
mig_7series_0_memaddr OxB0000000 512.

= Fixed Section Assignments

Section Assigned Memory Address

-

The Advanced options all change to mig_7_series_0 as shown below.
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ER Generate a linker script &2
2 q
Generate linker script
Control your application’s memory map.
Output Settings Basic | Advanced

PIDpeck peri_test Code Section Assignments

Qutput Script:

Htorials\2016.3\UG940\ab3\lab3 sdk\peri_test\sre\lse | Browse] section Asignes Memos) compdled 5o
- k J Jdext mig_7series_0_memaddr 0 bytes
Meodify project build settings as follows: )
ESel generated script on all project build configurations vi |Add Section | Remove
Hardware Memory Map Data Section Assignments
Memory Base Address Size Section Assigned Memory Compiled S..
axi_bram_ctri_0_Mem0 0xC0000000 BKB rodata mig_7series_0_memaddr 0 bytes
microblaze_0_local_memor.. Ox00000000 64 .. sdata2 mig_7Tseries_0_memaddr 0 bytes
mig_7series_0_memaddr OxB0000000 512. sbss2 mig_7series_0_memaddr 0 bytes
data mig_7Tseries_0_memaddr 0 bytes
sdata mig_7series_0_memaddr 0 bytes
sbss mig_Tseries_0_memaddr 0 bytes
bss mig_7series_0_memaddr 0 bytes

- Fixed Section Assignments Heap and Stack Section Assignments

Section Assigned Memory Address Section Assigned Memory Assigned Si..
heap mig_rseries_0_memaddr 1KB
stack mig_7series_0_memaddr 1KB

@ Generate | Cancel

Setting these values to mig_7series_0 ensures that the compiled code executes from the
Memory IP.

10. Click Generate.
11. Click Yes to overwrite it in the Linker Already Exists! dialog box.

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 Xilinx Tools = Program FPGA.

2. Inthe Program FPGA dialog box, click Program, as show in the following figure:
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-

N Program FPGA

Program FPGA

Hardware Configuration

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

8

Hardware Platform: lmb_subsystem_wrapper_hw _platform_0

]

v} [ New |

[] Partial Bitstream
BMM/MMI File:

Software Configuration

Processor

microblaze 0

Connection: lLDcaI
Device: Auto Detect
Bitstream:

mb_subsystem_wrapper.bit

mb_subsystem_wrapper.mmi

[Search...] [Browse..l

[Search...] [Browse..l

ELF/MEM File to Initialize in Block RAM

bootloop

Program Cancel

||

Debug Configurations.

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

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

UG940 (v2019.1) June 27, 2019
Embedded Processor Hardware Design

Right-click Xilinx C/C++ application (System Debugger), and select New.

www.Xilinx.com
87

l Send Feedback l


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.1&docPage=87

iv Xl Ll NX Chapter 4: Lab 3: Programming an Embedded MicroBlaze Processor
A 0

EX Debug Configurations [
Create, manage, and run configurations ﬁ\

Run or Debug a program using System Debugger.

= ¢ ¥ Configure launch settings from this dialog:
type filter text = Press the "Mew’ button to create a configuration of the selected type.
E3 Performance Analysis

I8 Target Communication Framework » -p e Taat bt * teter G 4
b o - Press the ‘Delete on to remove the selected configuration.
. Xilinx C/C++ application (GDB) L A e

- Press the ‘Duplicate’ button to copy the selected configuration,

. Xilinx C/C++ application (System Debugger on QEMU) || S - Press the ‘Filter button to configure filtering options.
%, Xilinx C/C++ application (5 -

NE& - Edit or view an existing configuration by selecting it.

cate

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

Filter matched 5 of 15 items

)] Close

5. Click Debug.
The Confirm Perspective Switch dialog box opens, as shown in the following figure:
6. Click Yes to confirm the perspective switch.

The Debug perspective window opens.

7. Set the terminal by selecting the SDK Terminal tab and clicking the |** | button.
8. Use the settings shown in the following figure for the KC705 board and click OK.
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Basic Settings
Port: COMS5 v

Baud Rate: 9600 v

+~ Advance Settings

Data Bits: 8 v
Stop Bits: 1 ~
Parity: None v
Flow Control: |None v

Timeout (sec): .

OK Cancel

9. Verify the terminal connection by checking the status at the top of the SDK Terminal tab, as
shown in the following figure.

El Console | ¥ Tasks | & SDK Terminal 52 | [2{ Problems| 3 Executables| @ Memory

Connected to: Serial { COM3, 9600, 0, 8 )

Connected to COM3 at 9600

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

11. 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. Inline41,add while (1) above in front of the curly brace as shown in the following
figure:
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B system.hdf W System.mss ie *testperiphc B
38 Xil_DCacheEnable();
print(”---Entering main---\n\r");

41 while (1)
A2 {

ui2 status;
print(“\r\nRunning GpioOutputExample() for axi_gpio_@...\r\n");
status = GpioOutputExample (XPAR_AXI_GPIO_@_DEVICE_ID,8);

if (status == 8) {
print("GpicQutputExample PASSED.\r\n");
}

else {
print{"GpioQutputExample FAILED.\r\n");

12. 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.

13. Press Ctrl + S to save the file. Alternatively, you can select File— Save.

| system.hdf i System.mss il *testperiph.c

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

41 while (1)

: u32 status;
print{"\r\nRunning GpioOutputExample() for axi_gpio_8...\r\n");
status = GpioOutputExample(XPAR_AXI_GPIO @ DEVICE_ID,8);
4 if (status == @) {
50 print("GpiocOutputExample PASSED.\r\n"};
e ilse {

print("GpicOutputExample FAILED.\r\n"};

Now you are ready to execute the code from SDK.

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.
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Hardware Manager - unconnected

() Mo hardware target is open. Open target
E, Auto Connect
Recent Targets

Hardware

=
N g =

B = p

MName Status

i Open New T{«get...

Note: You can also use the Auto Connect option to connect to the target hardware.
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The Open New Hardware Target dialog box opens, shown in the following figure.

-

¢ Open New Hardware Target

Open Hardware Target

VIVADO!

HLx Editions

& XILINX

PROGRAMMARLIT.

This wizard will guide you through connecting to a hardware target.

machine on which the instance of a Vivado Hardware Server is running.

To connect to a remote hardware target, provide the host name and IP port of the remote

=

@
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.
P
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 2: 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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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.

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

Capture status - Window 1 of 1

Window sample 512 of 1024

s

3. In SDK, in the Debug window, click the MicroBlaze #0 in the Debug window and 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 seen in the following figure:

UG940 (v2019.1) June 27, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design L\/—] 93


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.1&docPage=93

iv Xl Ll NX Chapter 4: Lab 3: Programming an Embedded MicroBlaze Processor
A 0

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 SDK window, and uncheck the
testperiph.c [line: 50] checkbox. 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 SDK.
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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_0O:microblaze_0O_axi_periph_MO01:AWVALID signal from the Add Probes
window.

In the Basic Trigger Setup window, for
slot_0:microblaze_0O_axi_periph_MO01: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.
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 SDK in the highlighted area of the debug window.

1 Debug
4 s Systern Debugger using Debug_peri_testelf on Local (Local)
o B wcTk325t
4 ¥ MicroBlaze Debug Module at USER2
4 @ MicroBlaze #0 (External debug request)
= OxBDODOETe GpioDutputExample(): . /fscixgpio_tapp_examplec, line 226
0B0000GTC main): . farcftestperiphuc, line 47
08000032 _crtinit()
= (uwB00D0024 _startl()

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 SDK

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
SDK operations must be done in the SDK 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.

References

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)
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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 PURPOSE; 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.

UG940 (v2019.1) June 27, 2019 send Feedback www.xilinx.com
Embedded Processor Hardware Design L/—] 98


https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;t=vivado+install+guide
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug893-vivado-ide.pdf
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug896-vivado-ip.pdf
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug835-vivado-tcl-commands.pdf
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug892-vivado-design-flows-overview.pdf
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug900-vivado-logic-simulation.pdf
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug894-vivado-tcl-scripting.pdf
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug904-vivado-implementation.pdf
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug894-vivado-tcl-scripting.pdf
https://www.xilinx.com/cgi-bin/docs/ndoc?t=user_guides;d=ug585-Zynq-7000-TRM.pdf
https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG940&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.1&docPage=98

iv Xl Ll NX Appendix A: Additional Resources and Legal Notices
A ®

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.

Copyright

© Copyright 2019 Xilinx, Inc. Xilinx, the Xilinx logo, Alveo, Artix, Kintex, Spartan, Versal, Virtex,
Vivado, Zynq, and other designated brands included herein are trademarks of Xilinx in the United
States and other countries. All other trademarks are the property of their respective owners.
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