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Programming and Debugging Embedded Processors

This tutorial shows how to build a basic Zyng®-7000 All Programmable (AP) 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 logic analyzer.

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

Software Requirements

Before starting the tutorial, ensure that the Vivado Design Suite Enterprise Edition is operational, and
that you have installed the relevant tutorial design data. For installation instructions and information,
see the Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973).

Hardware Requirements

Xilinx recommends a minimum of 2 GB of RAM when using the Vivado Design Suite on larger devices.
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Tutorial Design Descriptions

Lab 1: Programming a Zyng-7000 Processor

Lab 1 uses the Zyng-7000 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)
e A Block Memory
e An AXI BRAM Controller

Hardware and Software Requirements
The following software is required for Lab 1.
e Vivado Design Suite 2014.1 (Embedded Version)

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 Zynq PS. The lab also demonstrates the Board Automation
feature for the zYNQ zC702 Evaluation Board.

After you construct the design, you generate the Hardware Design Language (HDL) for the design as
well as for the IP. Then you compile the design and generate a bitstream.

You use the MARK_DEBUG properties on the hardware to enable debug of the PL. Then, you export
the hardware description of the design to the SDK for software debug.

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

See LOCATING TUTORIAL DESIGN FILES, page 8.
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Lab 2: SDK and Logic Analyzer
Lab 2 requires that you have the Software Development Kit (SDK) software installed on your machine.

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 Zyng-7000
processors. Then you perform logic analysis on the design with a connected board.

Hardware and Software Requirements
The following hardware and software are required for Lab 2.
Hardware Requirements:
e Xilinx Zynq ZC702 board
e One USB (Type A to Type B)
e JTAG platform USB Cable or Digilent Cable
e Power cable to the board
Software Requirements:

e Vivado Design Suite 2014.1 (Embedded Version)
Lab 3: Zynq Cross Trigger Design

Lab 3 requires that you have the Software Development Kit (SDK) software installed on your machine.

In Lab 3, 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 Zyng-7000
processors. Then, use the cross-trigger feature of the Zynq processor to perform logic analysis on the
design on the target hardware.

Hardware and Software Requirements
The following hardware and software are required for Lab 3.
Hardware Requirements:
e Xilinx Zynq ZC702 board
e One USB (Type A to Type B)
e JTAG platform USB Cable or Digilent Cable
e Power cable to the board
Software Requirements:
e Vivado Design Suite 2014.1 (Embedded Version)
Design Files
The following design files are included in the zip file for this guide:
e lab3.tcl

See LOCATING TUTORIAL DESIGN FILES, page 8.
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Lab 4: Programming a MicroBlaze Processor

Lab 4 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.

Hardware and Software Requirements
The following hardware and software are required for Lab 4.
Hardware Requirements:
e Xilinx Kintex-7 KC705 board
e One USB (Type A to Type B)
e JTAG platform US Cable or Digilent Cable
e Power cable to the board
Software Requirements:
e Vivado Design Suite 2014.1
Design Files
The following design files are included in the zip file for this guide.:
e lab4d.tcl
e system.xdc

See LOCATING TUTORIAL DESIGN FILES, page 8.

Lab 5: Migrating EDK IP to the Vivado Design Suite

Lab 5 shows you how to migrate EDK IP for use in the Vivado Design Suite.

Software Requirements
e Vivado Design Suite 2014.1
Design Files
The following design folders are included in the zip file for this guide:
e axi gpio vl 01 b
e axi lite ipif vl 01 a
e interrupt control v2 01 a
e proc common v3 00 a

See LOCATING TUTORIAL DESIGN FILES.

Locating Tutorial Design Files

Design data is in the ug940-design-files. zip file, which can be found at the following link:
https://secure.xilinx.com/webreg/clickthrough.do?cid=358946.
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Lab 1: Building a Zyng-7000 Processor Design

Introduction

In this lab you create a Zynq®-7000 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
(Lab 2). Finally, you take the design through implementation, generate a bitstream, and export the
hardware to SDK.

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 (FIGURE 1) by clicking the Vivado desktop icon or by typing vivado at a
terminal command line.

2. From the Quick Start section, click Create New Project.

Quick Start
A\¥ L)
¥ I -~
L § —~
Create New Project Open Project Open Example Project
Tasks

/@i

,f B

Manage IP Open Hardware Manager Xilinx Tel Store

Information Center

i

Documentation and Tutorials Quick Take Videos Release Motes Guide

Figure 1: Vivado Quick Start Page
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The New Project wizard opens (FIGURE 2).

& New Project £3

Create a New Vivado Project
This wizard will guide you through the creation of a new project

To create a Vivado project you will need to provide a name and a location for your
project files. Next, you will specify the type of flow you'll be working with. Finally,
you will specify your project sources and choose a default part.

VIVADO!

To continue, click Next.

< Back Finish Cancel

Figure 2: Create New Project Wizard

3. Click Next.

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.

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

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

7. In the Add Existing IP dialog box, click Next.
8. In the Add Constraints dialog box, click Next.
9. In the Default Part dialog box:

a. Select Boards.

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

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

c. Choose the version of the ZYNQ-7 ZC702 Evaluation Board that you are using.

10. Review the project summary in the New Project Summary dialog box, and then click Finish to
create the project.
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Step 2: Create an IP Integrator Design

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

2. In the Create Block Design dialog box, specify a name for your IP subsystem design. Leave the
Directory field set to the default value of <Local to Project>.

¢’ Create Block Design @

[ﬂ] Please specify name of block design

Design name: | zyng_design_1

Directory: & <Local to Project= -

oK J | Cancel

Figure 3: Create Block Design Dialog Box

3. Click OK.
4. Right-click in the Diagram panel of the Vivado IP integrator window, and select Add IP.
Alternatively, you can click the Add IP link in the IP integrator diagram area.

(% This design is empty. To get started, Add IP from the catalog.

Figure 4: Add IP Link in IP Integrator Canvas

The IP Catalog opens.
5. In the search field, type zynq to find the ZYNQ7 Processing System IP.

Search: zyng (2 matches)
A1
Name VLNV
iF 7YNQ7 Processing System xilinx.com:ip:processing_system7:5.4
iF 7YNQ7 Processing System BFM xilinx.com:ip:processing_system7_bfm:2.0
] ] =
Select and press ENTER or drag and drop, ESC to cancel |

Figure 5: The IP Integrator IP Catalog
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6. Select the ZYNQ7 Processing System in the IP Catalog 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 ip -vlnv xilinx.com:ip:processing system7:5.4

processing system7 0

There is a corresponding Tcl command for all actions performed in the IP integrator block design.
Those commands are not shown in this document. Instead, Tcl scripts to run each labs are provided.

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

7. In the IP Integrator window, click the Run Block Automation link, and select /processing
_system7_0.

&= Diagram X | B Address Editor x

*[| & zynq_design_1

O¢| (@ Designer Assistance available. Run Block Automation

Qg iF  /processing_system7_0

Y

Figure 6: Run Block Automation on Zynq

The Run Block Automation dialog box opens, stating that the FIXED_IO, Trigger, and DDR
interfaces will be created for the Zynq core. Also, note that the Apply Board Preset check box is
checked. This is because the selected target board is ZC702.

8. Make sure that both Cross Trigger In and Cross Trigger Out are disabled.

-

#L Run Block Automation | &3 |
[0] Zynqg7 block automation applies current board preset and generate external connections for
=" FIXED_IO, Trigger and DDR interfaces

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

Instance: /processing_system7_0
Make Interface External: FLXED_IO, DDR
Apply Board Preset:
Cross Trigger In: Disable -

Cross Trigger Out: Disable -

oK l I Cancel

Figure 7: Zynq-7 Run Block Automation Dialog Box
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9. Click OK.

Step 2: Create an IP Integrator Design

After running block automation on the Zynq processor, the IP integrator diagram should look as

follows:

processing_system7_0

TTCO
TTCO

FC

M_AXI_GPO_ACLK Z Y N O‘ TTCO_WAVED_OUT

DDR 4R
FIXED_IO<-
USBIND_O4F
M_AXI_GPO4F

DDR
FIXED_IO

_WAVEL OUT
_WAVE2_OUT
FCLK_CLKO m=
LK_RESETO_N
il

ZYNQ7 Processing System

Figure 8: Zynq Processing System after Running Block Automation

10. Now you can add peripherals to the processing logic (PL). To do this, right-click in the IP integrator

diagram, and select Add IP.

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

12. Similarly, add the AXI BRAM Controller.

Your Block Design window is similar to FIGURE 9. 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_system7_0

DDR 45
FIXED_IO<k

useIND_0k ||| DDR

_ M_aXT_GPO<- ||| FIXED_IO
— _
axi_bram_ctrl_0 —M_AXI_GPD_ACLK ZYNO TTCO_WAVED_OUT
i des_axa i_gpi * TTCO_WAVEL_OUT
s BRAM_PORTA< [|| axi_gpio_0 WAVEL S
s_axi_adk TTCO_WAVE2_OUT
BRAM_PORTE - ||
s_axi_aresetn FCLK_CLKO
FCLK_RESETO_N
AXI BRAM Controller i
Xl GPIO ZYNQ7 Processing System
Figure 9: Block Design after Instantiating IP
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Use Designer Assistance

Designer Assistance helps connect the AXI GPIO and AXI BRAM Controller to the
Zynqg-7000 PS.

1. Click Run Connection Automation and then select /axi_gpio_0/S_AXI to connect the S_AXI
interface of the GPIO IP to the Zynq PS (FIGURE 10).

&, zynq_design_1

(& Designer Assistance available. Run Connection Automation

i /axi_gpio_0/S_AXI
Jaxi_gpio_0/GPIO
Jaxi_bram_ctrl_0/S_AXI
Jfaxi_bram_ctrl 0/BRAM_PORTA
Jfaxi_bram_ctrl_ 0/BRAM_PORTB

processin

=

Figure 10: Run Connection Automation

The Run Connection Automation dialog box opens and states that it will connect the AXI Slave
Interface of the GPIO to the AXI Master Interface of the Zynq Processor. The dialog box also offers
you a selection of clocks that might be available for your design.

¢ Run Connection Automation @

| Connect Slave interface (/axi_gpio_0/S_AXI) to a selected Master address space.

Master: [processing_system7_0/M_AXI_GPO

Clock Connection (for unconnected clks) : | Auto

/processing_system7_0/FCLK_CLKOD (50 MHz)
New Clocking Wizard (100 MHz)
News External Port (100 MHz)

oK l l Cancel

Figure 11: Run Connection Automation Message

In this case we will leave the Clock Connection (for unconnected clks) field set to Auto.
Notice that the master is the Zynq Processing System IP (FIGURE 11).
2. Click OK.

This action instantiates an AXI Interconnect IP as well as a Proc Sys Reset IP and makes the
interconnection between the AXI interface of the GPIO and the Zyng-7000 PS.
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Step 2: Create an IP Integrator Design
3. Next, use the same method to add the remaining connections with the following settings:

Connection

More Information

Setting

/axi_gpio_0/GPIO

The Run Connection Automation
dialog box includes options to hook
up to the GPIO port.

This step also configures the IP
appropriately and creates the
necessary Xilinx® Design
Constraints (XDC) for the GPIO IP.

Select Board Part
Interface: leds_4bits

/axi_bram_ctrl 0/S_AXI

This completes the connection
between the Zynq7 Processing
System and the AXI BRAM
Controller.

Clock: Auto

/axi_bram_ctrl 0/BRAM_PORTA

This connects the BRAM_PORTA
interface of the AXI BRAM Controller
to the BRAM_PORTA interface of the
Block Memory Generator.

No option

/axi_bram _ctrl 0/BRAM_PORTB

In the Run Connection Automation
dialog box, you are presented with
two choices. You can use the
existing Block Memory Generator
(which was instantiated in the above
step), or you can instantiate a new
Block Memory Generator to connect
to this port.

For this lab, we are using the
existing Block Memory Generator.

Blk_ Mem_Gen:
Jaxi_bram _ctrl 0 bram

The IP integrator subsystem looks like FIGURE 12. Again, the relative positions of the IP can differ

slightly.
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Diagram — 0O a =
ﬂ 4 zynq_design_1 » |
Z:t axi_bram_ctrl_0_bram processing_system7_0
ey ||[4-BRAM_PORTA ooRd JJ processing_system?7_0_axi_periph
= ||[#=BRaM_porT FED_104 [—
k Block Memory Generator USEIHD 0 D DDR.
] a_bram_cirl_ 0 M_AXT_GPO_ACLK ZYNQ‘ rron'_'ﬁ:én‘?;uﬁ L —A> e 0
% L |_ | mameon] |
g‘;& ‘:i?_;:k GPIOHp ||=—i m&?;‘fnw:j
IK AXI BRAM Controller - ®i_aresstn TVNGT Frocessing System
e e 1 I AXI Interconnect I_Dlmsjms
g H
R rst_processing_system7_0_50M
e‘r slowest_sync_ck mb_resat =

e resetin bus_struct_res=t0:0]p

aux_reset_in peripheral_reset{0:0] fm

mb_debug_sys_ rst  interconnect_aresetn[0:0] p—,

(dom_locked peripheral_:

Processor System Reset
< 1 ] ;
Figure 12: Zynq Processor System
4. Click the Address Editor tab and expand the processing_system7_0 hierarchy to show the memory

map of all 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.

5. Change the range of the AXI BRAM Controller to 64K, as shown in FIGURE 13.

JE Address Editor x IEE Diagram x]

Cell

W |k B AP

- axibran_ctrl_[!

[=+4F processing_system7_0

Interface Pin

Base Mame

S_AXI REE

Offset Address Range

0x41200000 64K

8K
16K
32K
128K ;
256K -

512K 4

v 0x4120FFFF

0x40000000 4K GK4UGUGFFF
4K

n | »

High Address
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Step 3: Using MARK_DEBUG

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

1. Click the Diagram tab to show the Diagram view.

2. To debug the master/slave interface between the AXI Interconnect IP
(processing system7 0 axi periph) and the GPIO core (axi gpio 0), in the Diagram view,
select the interface, then right-click and select Mark 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, on the interface that you chose to mark for debug. (FIGURE 14).

Design Hierarchy — 0O a1 X
A X |E|E=
&, zyng_design_1 -

[=H Interface Connections
» @xi_bram_ctrl_0_bram_porta
+ axi_bram_ctrl_0_bram_portb

[+ External Interfaces ‘

+ axi_gpio_0_gpio —
| &7 processing system_0_ax_periph_m0o_ax]
+ processing_system?_0_axi_periph_m01_axi

+ processing_system7_0_ddr

+ processing_system7_0_fixed_io

+-<Z+ processing_system?_0_m_axi_gp0

[#= Nets

F-'l-dl} axi_hram cfrl 0 (AXTRRAM Controller:3.01

4 1

-

» O

i 0 p— S00_ACLK. L
mb_debug_sys_rst | interconnect aresetn[0:0] ﬂ__ e i:.
dem_locked peripheral _aresein[0:0] S00_ARESETN ,:
MO1_AXT ok i
MOO_ACLK. :
=T
Proc Sys Reset MOD_ARESETN
MO1_ACLK
MO1_ARESETN
blk_mem_gen_0 -
H qrBRAM_PORTA AXI Interconnect
—II J4BRAM_PORTE
Block Memory Generator
I axi_bram_ctrl_0
| s axt
o [ BRAM_PORTAZ: |||
axi_gpio_0 s_axi_aclk
m ) . BRAM_PORTB s |||
I 55 AXI s_axi_areseh
—la_axi_aclk GPIO<: I—I AXI BRAM Controller

Figure 14: Design Hierarchy: Icon for Mark Debug

3. Right-click anywhere in the IP integrator diagram and select Create Comment to add a title and/or
comment to the design. This step is optional.

4. If you added a comment and title in step 3, you can format it. To do so:

a. Select the comment box.

b. Right-click and select Format Comment to format the comment.

5. The Format Comment dialog box opens (FIGURE 15).
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¢- Format Comment

== comment.

Text size: 12

Border line:

Border color: - 0,0,0 -
Text color: - 0,0,0 -
Box fill color: |[ | -

23

[0] Set various formatting attributes for the selected

0K l | Cancel

Figure 15: Format Comment Dialog Box

6. Select the appropriate options and click OK.

Step 3: Using MARK_DEBUG

7. On the IP Integrator Diagram toolbar, click the Regenerate Layout button ®

IP Integrator optimizes the placement of the IP in the block design.

8. From the toolbar, run Design-Rules-Check (DRC) by clicking the Validate Design button v,
Alternatively, you can do the same from the menu by:

o Selecting Tools > Validate Design from the menu.

o 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.
9. Click OK.

10. Save the block design by selecting File > Save Block Design from the Vivado menu.

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

Vivado toolbar.
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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.

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

#- Generate Output Products ES
[0} The following output products will be
= generated.

Preview

Q| =4 zyng_design_1.bd
= _'] Synthesis
==~ Implementation

=] ' Simulation

i

[ Out-of-Context Settings... J

[ Generate H Cancel I

Figure 16: Manage Output Products Dialog Box

3. In the Sources window, right-click the top-level subsystem source and select Create HDL Wrapper
to create an example top level HDL file.

The Create HDL Wrapper dialog box presents you with two options. The first option is to copy the
wrapper to allow edits to the generated HDL file. The second option is to create a read-only
wrapper file, which will be automatically generated and updated by Vivado.

¢ Create HDL Wrapper | 3

':0:' 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

(@) Let Vivado manage wrapper and auto-update

0K J [ Cancel

Figure 17: Create HDL Wrapper Dialog Box
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4. Select the default option of Let Vivado manage wrapper and auto-update.

5. Click OK.

Once the wrapper has been created, the Sources window looks as follows.

Sources — O a X
o 5
QA= et B

[=H= Design Sources (1)

| @& zyng_design_1_wrapper (zyng_design_1_wrapper.v) (1)
E}--fa.zynq_design_l_i - zyng_design_1 (zyng_design_1.bd) (1)

i [H-#@ zyng_design_1 (zynq_design_1.v) (7)

-- | Constraints

[+ Simulation Sources (1)

Hierarchy | IP Sources | Libraries | Compile Order

Figure 18: Source Window After Creating the Wrapper

Step 5: Synthesize the Design

1. After generating the IP Integrator design, in the Flow Navigator, click Run Synthesis.
Note: Running synthesis could take several minutes.

When synthesis completes, the Synthesis Completed dialog box appears.

Synthesis Completed | 23 |

:] Synthesis successfully completed.

Mext
(") Run Implementation

0 Open Synthesized Design
( ) View Reports

| pon't show this dialog again

oK ] [ Cancel

Figure 19: Synthesis Completed Dialog Box

2. Select the Open Synthesized Design option, and click OK.

Vivado opens the synthesized design.
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3. The Debug window opens as you open the synthesized design.

Note: You can open this window manually by selecting Window > Debug.

The Debug window displays a list of nets in the Unassigned Debug Nets folder. These nets
correspond to the various signals that make up the interface connection that you marked for debug
in the IP block design (FIGURE 20).

Debug — O a1
Name Driver Cell
[=H= Unassigned Debug Mets (100] P

[=+-Tr# zyng_design_1 u’prucessmg system7_0_axi_periph_m00_axi_ARADDR. (9] LUTG
- I'# zyng_design_1_i/processing_system?7_0_axi_periph_m00_axi ARADDR[D] LUTG
- I'# zyng_design_1_ifprocessing_system?7_0_axi_periph_m00_axi_ARADDR[1] LUTG
- _['# zyngq_design_1_ifprocessing_system7_0_axi_periph_m00_axi_ARADDR[2] LUTG
- _I'# zyngq_design_1_ifprocessing_system7_0_axi_periph_m00_axi_ARADDR[3] LUTG
- _['# zyngq_design_1_ifprocessing_system7_0_axi_periph_m00_axi_ARADDR[4] LUTG
- _I'# zyngq_design_1_ifprocessing_system7_0_axi_periph_m00_axi_ARADDR[5] LUTG
- _['# zyngq_design_1_ifprocessing_system7_0_axi_periph_m00_axi_ARADDR[&] LUTG N
- _I'# zyngq_design_1_ifprocessing_system7_0_axi_periph_m00_axi_ARADDR[7] LUTG @

B W B G 2 1 B P

Debug Cores | Debug Nets

Figure 20: Unassigned Debug Nets Folder

Next, you assign the debug nets to an Integrated Logic Analyzer (ILA) debug core.
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Step 6: Assign Debug Net to an ILA Core

o
1. On the left-hand toolbar of the Debug window, click the Set up Debug button ™ .
2. When the Set up Debug wizard opens (FIGURE 21), click Next.

-

¢ Set Up Debug

=

Set Up Debug

This wizard will guide you through the process of

1. Choosing nets and connecting them to debug cores.
2. Associating a clock domain with each of the nets chosen for debug.

3. Choosing additional features on the debug cores like Data Depth, Advanced Trigger
mode and Capture Control.

Note: This setup wizard does not apply to the VIO, IBERT or
JTAG-to-AXI-Master debug cores. Please refer to Vivado Design Suite User
Guide: Programming and Debugging (UG908) for further instructions on how to
use these IPs.

VIVADO!

To continue, click Next

< Back Einish

Figure 21: Set Up Debug Wizard

On the second panel of the wizard, notice that some of the nets in the table do not belong to a
clock domain (FIGURE 22).

-

¥ Set up Debug R
Specify Nets to Debug
Specify Nets for debugging ‘:L

@ some net(s) do not have a clock domain. more info

A Name Clock Domain  Driver Cell TRIG DA...
==
e [+ Ir# zynq_design_1_i/processing_system?7_0_... zyng_design_1... LUT6 W W
23|I % zynq_design_1_i/processing_system7 0_... zyng design 1... LUT6 W W
[+ I # zynq_design_1_i/processing_system7_0_... fundefine GND W W
[+ % zyng_design_1_i/processing_system7_0_... jundefined (Multiple) W W
E] [+ I # zynq_design_1_i/processing_system7_0_... fundefined GND v v
— |+ JF# swnn dacian 1 i/nrareccinn cuctem7 N 7vnn fesian = [ s

Figure 22: Set Up Debug

ﬁ IMPORTANT: Signals captured by the same ILA core must have the same clock domain
selection.
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3. Highlight the three signals that don't have the clock domain association, then right-click and select

Select Clock Domain (FIGURE 23).

@ some net(s) do not have a clock domain. more info

Name Clock Domain

[+ # zyng_design_1_i/processing_system7_0_... zyng_design_1_i/FCLK_CLKO
'JJ]"H ng_design_1_i/processing_system7_0_... ng_design_1_ifFCLK_CLKOD
|+ zyng_design_1_i/processing_system7_0_.
zynq_demqn_l_lfprucessmq_syslem? 0_.

_ifprocessing_system7_0_.

Driver Cell TRIG I
LUTE W

-JJ]'-NE zyn q_d95|gn1_|fpr0c955|ng_system?_[]_...

Ir-a z*,rnq_design_l_ifprncessing_system?_ﬂ_... zynq_de Remove Nets

% J'ﬁi zyng_design_1_i/processing_system7_0_. zynq_d
o T zyng_ demgn 1 _ifprocessing_system7_0_... zynq_dg

Export to Spreadsheet...

fo. Tl emsmm  Ammi;men L e g e | mamm At 4 I W 0

(s e £

Figure 23: Set Up Debug: Select Clock Domain

4. 1In the Select Clock Domain window, make sure that the selected filter is GLOBAL CLOCK and the

Search hierarchically check box is checked.

5. Selectthe zyng design 1 i/processing system7 0/FCLK CLKO net as the clock domain

(FIGURE 24).

#- Select Clock Domain

(=]

The list belows is 'GLOBAL_CLOCK' type of clock net.
If you want to see the list of different type of clock net(s), please change the combox selection

Q= IGLDBAL CLOCK V. Search hierarchically || Display unique nets

el s Mo Ly LA S - ey e S ) L P L A L L DT T Ty gt
----- I zyng_design_1_i/processing_system7_0_axi_periph/xbar/inst/gen_samd. crossbar_ _samd/gen_sl ~
----- I zyng_design_1_i/processing_system7_0_axi_periph/xbar/inst/gen_samd.crossbar_samd/gen_sl
----- I zyng_design_1_i/processing_system7_0_axi_periph/xbar/inst/gen_samd.crossbar_samd/gen_sl
----- I zyng_design_1_i/processing_system7_0_axi_periph/xbar/inst/gen_samd.crossbar_samd/gen_sl
----- I zyng_design_1_i/processing_system7_0_axi_periph/xbar/inst/gen_samd.crossbar_samd/gen_sl
----- I zyng_design_1_i/processing_system7_0_axi_periph/xbar/inst/gen_samd.crossbar_samd/gen_sl
----- I zyng_design_1_i/processing_system7_0_axi_periph/xbar/inst/gen_samd.crossbar_samd/gen_sl
----- I zyng_ de5|gn 1 u’prucessmg system? IZI a:nu perlphtharfmstfgen samd.crossbar_samd/gen_sl
----- xbar/inst/gen_samd.crossbar_samd;/splitter

----- Zynqg_ gn | prncessmg Sy T Slowest _sync_clk

----- I zyng_design_1_i/rst_processing_: system? IZI SDM,"UD,"E)-’.T LPF/slowest_sync_clk

----- I zyng_design_1_i/rst_processing_system7_0_50M/U0/SEQ/SEQ_COUNTER/slowest_sync_clk
----- I zyng_design_1_i/rst_processing_system7_0_50M/U0/SEQ/slowest_sync_clk

----- J' zyng_design_1_i/rst_processing_system7_0_50M/U0/slowest_sync_clk
] 1] |

-

oK ] [ Cancel

O] « [

Figure 24: Select Clock Domain Option

6. Click OK.
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The Specify Nets to Debug dialog box updates with the assigned clock domains.

7. Click Next.
8. In the Set up Debug dialog box, click Next to open the ILA General Options page.

¢ Set Up Debug
ILA (Integrated Logic Analyzer) General Options

Sample of Data Depth | 1024

Input Pipe Stages 0
Trigger and Storage Settings
| Capture Control

| Advanced Trigger

< Back ” Mext = Einish

Cancel

Figure 25: Setting Trigger and Capture Modes

9. Select both the Capture Control and Advanced Trigger check boxes.
10. Click Next.
The Set up Debug Summary page appears.

11. Verify all the information and click Finish.

Note: It takes approximately 30 seconds for Vivado to add the ILA and Debug Hub cores as
black boxes into the synthesized design. During this time, you see several Tcl commands

executing in the Tcl Console.
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Step 7: Implement Design and Generate Bitstream

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

The Save Project dialog box opens.
2. Click Save.

The No Implementation Results Available dialog box opens.
3. Click Yes.

During implementation flow, messages in the Log window show the implementation of the debug
cores.

This step is required to synthesize the debug core modules so that they can replace the debug core
black boxes that you added to the design previously (FIGURE 26).

Mesfages

.| [v]@® 8 critical warnings U 474 warnings |v|@ 491 infos [ | @ 350 status Show All
==51
e =@ Opt Design (8 critical warnings, 13 infos)
= - [Common 17-347] Attempting to get a license for feature 'Implementation’ and/or device 'xc7z020'
) () [Common 17-349] Got license for feature 'Implementation’ and/or device 'xc7z020'

@ '\i‘ Drc 23-27] Running DRC with 2 threads

- [Timing 38-35] Done setting XDC timing constraints.
- [Chipscope 16-126] Implementing debug core dbg_hub...
- [Chipscope 16-126] Implementing debug core u_ila_0...
() [Dpt 31-49] Retargeted 0 cell(s).
- [Opt 31-10] Eliminated 313 cells.
- [Nint 31-171 Fliminatad 1160 unronnerted net

& Tcl Console ' Messages | [ Log | |2 Reports | (% Design Runs

o B e B T v o e, B

Figure 26: Messages

After the debug cores are implemented, the rest of the implementation flow (commands such as
opt design, place design, and route design) follow as usual.

4. Notice that you can view the progress of the flow in the upper right-hand corner of the interface
(FIGURE 27).

Running route_design | |

Figure 27: Status Indicator
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After the bitstream generates, in the Bitstream Generation Completed dialog box that opens, Open
Implemented Design is selected by default (FIGURE 28).

Bitstream Generation Completed @

| Bitstream Generation successfully completed.

Mext

(@ Dpen Impiemented Design

() View Reports

Open Hardware Manager

[ | Don't show this dialog again

0K ] [ Cancel

Figure 28: Bitstream Generation Completed

5. Click OK.

6. The Vivado dialog box asks if you want to keep the synthesized design open. You can keep the
synthesized design open if you want to debug more signals; otherwise close the synthesized design
to save memory.

7. In the implemented design, go to the Netlist window to see the inserted ILA and Debug Hub
(dbg hub) cores in the design (FIGURE 29).

Netlist — 0O a x
=

+1 zyng_design_1_wrapper

FHE Nets (261)

[ Leaf Cells (4]

F£HE] dbg_hub (dbg_hub_cV)

BEHE u_ila_0 (u_ila_0_cV)

[T zyng_design_1_i (zyng_design_1]

Figure 29: Implemented Design

8. In the Flow Navigator, under Implementation, click Report Timing Summary to generate a report
that will show you whether all timing constraints were met.

9. In the Report Timing Summary dialog box, click OK.
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Step 8: Export Hardware to SDK

In this step, you export the hardware description to SDK. You will use this hardware description in Lab 2.

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 main 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> (FIGURE 30).

-

¢ Export Hardware | 52 |
[0] Export hardware platform for
= software development tools

lnclude bitstream

Export to: | &0 <Local to Project> -~

0K ] [ Cancel

Figure 30: Export Hardware for SDK

2. Click OK.
3. To launch SDK, select File > Launch SDK.
The Launch SDK dialog box opens.

4. Accept the default selections for Exported location and Workspace.

-

#L Launch SDK [ %3 |

[0] Launch software development tool

Exported location: | &) <Local to Project> -

Workspace: | &1 <Local to Project> -

0K l I Cancel

Figure 31: Launch SDK Dialog Box

5. Click OK.
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Conclusion

In this lab, you:
e Created a Vivado project that includes a Zynq processor design using the IP integrator tool.

e Instantiated IP in the IP integrator tool and made the necessary connections utilizing the Design
Automation and Connection Automation features.

e Marked nets for debug, to analyze them in the Vivado Integrated Logic Analyzer.
e Inserted debug probes in the design to debug it later in the Vivado Integrated Logic Analyzer.

e Synthesized, implemented, and generated the bitstream before exporting the hardware
definition to SDK.

Lab Files

You can use the Tcl file Lab1.tcl that is included with this tutorial design files to perform all the steps in
this lab.

To use the Tcl script, launch Vivado and type source Labl.tcl in the Tcl console.

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

Note: You must modify the project path in the labl.tcl file in order to source the Tcl files correctly.
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Lab 2: Using SDK and the Vivado IDE Logic Analyzer

Introduction

You can run this lab after Lab 1. Make sure that you followed all the steps in Lab 1 before proceeding.

Step 1: Start SDK and Create a Software Application

1. If you are doing this lab as a continuation of Lab 1 then SDK should have launched in a separate
window. You can also start SDK from the Windows Start menu by clicking on Start > All Programs
> Xilinx Design Tools > Vivado 2014.2 > Xilinx SDK 2014.2.

When starting SDK in this manner you need to ensure that you in the correct workspace.

2. You can do that by clicking on File > Switch Workspace > Other in SDK. In the Workspace
Launcher dialog box in the Workspace field, point to the SDK_Export folder where you had exported
your hardware from lab 1. Usually, this is located at
..\project name\project name.sdk\SDK\SDK Export.

Now you can create a software application.
3. Select File > New > Application Project.
The New Project dialog box opens.

4. In the Project Name field, type Zynq_Design (FIGURE 32).
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New Project = || e
Application Project v

Create a managed make application project.

Project name: Zyng_Design

Use default location
C\tutorials\zyng_debug_design\zyng_debug_design.sdk\SDK\SDK_E Browse...

default -

Target Hardware

Hardware Platform [hw_platform_[) ']
Processor [ps?_co rtexad 0 - ]
Target Software

05 Platform [standalone v]
Language @C ©C++

Board Support Package (@) Create New Zyng_Design_bsp

Use existing A

@ < Back MNext = l [ Finish ] l Cancel

Figure 32: SDK Application Project

5. Click Next.

6. From the Available Templates, select Peripheral Tests (FIGURE 33).
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Step 1: Start SDK and Create a Software Application

New Project = |@

.

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

Available Templates:

= | |Simple test routines for all peripherals in the =«
Dhrystone || |lhardware.
Empty Application
Hello World

IwIP Echo Server
Memory Tests

RSA Authentication App
SREC Bootloader
Xilkernel POSIX Threads Demo b
Zyng DRAM tests -

1

@ MNext = Finish ] [ Cancel

Figure 33: SDK New Project Template

7. Click Finish.

When the program finishes compiling, you see the following in the Console window (FIGURE 34).

. Problems Tasks"E‘l Console i3 . [ Properties| & Terminal 4 oF BBk tB>rir=0
CDT Build Console [Zyng_Designl]
'Invoking: ARM Print Size' I
arm-xilinx-eabi-size Zyng_Design.elf |tee "Zyng_Design.elf.size"

text data bss dec hex filename

83936 2064 44384 130384  1fd5@ Zyng_Design.elf
"Finished building: Zyng_Design.elf.size’

12:@4:55 Build Finished (took 5s5.795ms)

4 |in

Figure 34: SDK Message
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Step 2: Run the Software Application

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

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

1. Download the bitstream into the FPGA by selecting Xilinx Tools > Program FPGA.
The Program FPGA dialog box opens.

2. Ensure that the Bitstream field shows the bitstream file that you created in Step 7 of Lab 1, and

then click Program.
Note: The DONE LED on the board turns green if the programming is successful.
3. Select and right-click the Zynq_Design application.
4. Select Debug As > Debug Configurations.

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

New.

6. In the Debug Configurations dialog box, click Debug.

taly Debug Configurations ]

Create, manage, and run configurations

S Y
= *l Sl Name: Zyng_Design Debug

type filter text
[E] ¢/C++ Application
[E] C/C++ Attach to Application Debug Type: iStandanne Application Debug V]
[E] C/C++ Postmortem Debugger
[€] C/C++ Remote Application
B Launch Group Device: Auto Detect
& Remote ARM Linux Applicatior
B3 Target Communication Framey
4 & Xilinx €/C++ application (GDB Hardware platform: [hw«platformj) v]

e

® Target Setup . [[] Application | %+ Source| ¢ STDIO Connection | [ Debugger Options| = Common

Connection: lLD(E| '” New ]

. Zyng_Design Debug Processar: [ps?_cortexag_D ']

Summary of operations to be performed

Following operations will be performed before launching the debugger.

N FPGA 1. Reset processor.
BaEm 2. Run ps7_init. (Only first time after System reset or board power ON)

< | 1 »

Filter matched 10 of 14 items

% Xilinx C/C++ application (Syste
- PP ¥ Bitstream file: zynq_design_1 wrapper.bit
Initialization file; ps7_init.tcl

Browse...

Run ps7_init 3. Run ps7_post_config. (Only first time after System reset or board power ON})
Run ps7_post_config - ) o . ™
Elnabla T 3 ‘C\Tutorial_Validation\20141\UG940\UG940\UG940.5dk\SDK\SDK_Export\Zyng_Design\D _

Revert

@ Debug ||

Figure 35: Run Debug Configurations

The Confirm Perspective Switch dialog box opens.
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7. Click Yes.

Step 2: Run the Software Application

8. Set the terminal by selecting the Terminal tab and clicking the Settings button =,

9. Use the following settings for the ZC702 board (FIGURE 36).

@ Terminal Settings

View Settings:
View Title: Terminal 1

Encoding: IS0-88539-1

Connection Type:

=5

Serial -
Settings:

Port: COM3 -
Baud Rate: | 115200 -|

Data Bits: [8

Stop Bits: [1

Parity: [None

Flow Control: [None

Timeout (sec): 5

oK | {

Cancel

Figure 36: Terminal Settings for ZC702 Board

10. Click OK.

11. Verify the Terminal connection by checking the status at the top of the tab

(FIGURE 37).

El Console | ¥ Tasks | &2 Terminal 1 2

% Problems| & Executables

Serial: (COM3, 115200, 8, 1, None, None - CONNECTED) - Encoding: (ISO-8859-1)

Figure 37: Terminal Connection Verification
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12. In the Debug tab, expand the tree to see the processor core on which the program is running
(FIGURE 38).

%5 Debug 2 i ¥ = 0O
4 & 7yng_Design Debug [Xilinx C/C++ application (GDB})]
- XMD Target Debug Agent (3/10/14 1:49 PM) (Suspended)
4 o Thread [1] (Suspended: Breakpoint hit.)
= 1 main() testperiph.c:62 0x00100558
wi arm-xilink-eabi-gdb (3/10/14 1:49 PM)
w Chtutorialsy2014.1\ug940\lab1\zyng_debug\zyng_debug.sdkK\SDK\SDK_Export\Zyng_Design\Debug\Zyng_Design.elf (3/10/14 1:49 PM

Figure 38: Processor Core to Debug

13. If testperiph.c is not already open, select . . /src/testperiph.c, then double-click it to
open it.

Add a Breakpoint
You add a breakpoint on line 98.
1. Select Navigate > Go To Line.

2. Inthe Go To Line dialog box, type 98 and click OK.

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 103 to add a breakpoint on that line of source code
(FIGURE 39).

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

}

Figure 39: Add a Breakpoint
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Step 3: Connect to the Vivado Logic Analyzer

Connect to the ZC702 board using the Vivado® logic analyzer.
1. Open the Vivado project from Lab 1 if not already open.
2. InVivado, select Flow Navigator > Program and Debug > Open Hardware Manager.

3. In the Hardware Manager window, click Open a new hardware target to open a connection to the
Digilent JTAG cable for ZC702 (FIGURE 40).

Hardware Manager - unconnected

@ Mo hardware target is open. Open recent target Open a new hardware target

Figure 40: Launch Open New Hardware Target Wizard

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

The server name should be already populated by default to Local server (FIGURE 41).

¢ Open New Hardware Target @
Hardware Server Settings

Select local or remote hardware server, then configure the host name and port settings. Use Local server '
if the target is attached to the local machine; otherwise, use Remote server.

Connect to: | Local server (target is on local machine] -

Click Next to launch and/or connect to the vese_server (port 60001) and hw_server (port 3121) applications on the local
machine.

| < Back || Next > 1§ FEinish Cancel

Figure 41: Open New Hardware Target

5. Click Next.
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You now see the xilinx tcf hardware target and the arm dap 0 and xc7z020 1 hardware
devices as shown in FIGURE 42.

s

#~ Open New Hardware Target &4
Select Hardware Target
Select a hardware target from the list of available targets, then set the appropriate JTAG clock (TCK) ‘
frequency. If you do not see the expected devices, decrease the frequency or select a different target.

Hardware Targets

Type Port  Name JTAG Clock Frequency

¢ xilin_tcf]  |Digilent/210203342363A [15000000

Hardware Devices (for unknown devices, specify the Instruction Register (IR) length)

Name ID Code IR Length

@ arm_dap_0 4BAD0D477 4
@ xc7z020_1 03727093 6

Hardware server: localhost:3121

’ < Back ][ Next = FEinish

Figure 42: Select Target Hardware

6. Click Next.
The Open Hardware Target Summary dialog box displays. (FIGURE 43).

-

#- Open New Hardware Target &3

Open Hardware Target Summary

(@ Hardware Server Settings:
o Server: localhost:3121

(i) VCSE Server Settings:
o Server: localhost:60001
o Version: 20

(@ Target Settings:
o Target: xilinx_tcf/Digilent/210203342363A
o Frequency: 15000000

VIVADO!

To connect to the hardware described above, click Finish

[ < Back ][ Finish ]’ Cancel

Figure 43: Open Hardware Target Summary
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7. Click Finish to connect to the target.

When the Vivado hardware session successfully connects to the ZC702 board, the Hardware window
shows the following information (FIGURE 44).

Hardwrare — O o =
A I =|E
Mame Status
= B localhost (1] Connected
—--ga xilinx_tcf/Digilent/21020334236... Open
-~ ARM_DAP_0 (0] Mot programmed
=6 XC7Z020_1 (1) (active] Programmed
EE hw_ila_1 Idle

Figure 44: Successfully Programmed Hardware Session

8. First, ensure that the ILA core is alive and capturing data. To do this, select the hw ila 1 corein
the Hardware window.

9. On the Hardware window toolbar, click the Run Trigger Immediate button .

At this point, you should see static data from the ILA core in the waveform window (FIGURE 45).

hwi_ila_data_1.wcfg — 0O x

75

&
Ll
bl

a1 il

Figure 45: Static Data from Set Breakpoint
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Step 3: Connect to the Vivado Logic Analyzer

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

a.

Select, drag and drop the /zyng design 1 i/

processing system7 0 axi periph MO0 AXI AWVALID signal from the Debug Probes

window into the Basic Trigger Setup area.

Debug Probes — O x s ILA - hw_ila_1 x |B hw_ila_data_l.wcfg x 0w X
Q= #]| ILA Properties «  Trigger Capture Status a0
-3 hw_ila_1 = . =

“s zyng_design_1_i/processing_system7_0_ax_periph_M00_AXI_ARADDR[S rf Trigger Mode Settings Core status: | Idle \ ‘Waiting for Trigger | Pnst—Tr\g\:|

1= zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_ARREADY = de: . Window 1 of 1 Window sample 0 of 1024

1= zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_ARVALID rs fCSigCtEay BASICONLY Canture status: Tdle THla

& zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_AWADDR[ & 4 i ] r

= zyng_design_1_i/processing_system?7_0_axi_periph_M00_AXL_AWREADY | | [»]| | Capture Mode Settings

hd stem7_0_axi_periph_MO 3 Basic Trigger Setup 20

e zynq_design_1_i/processing_system7_0_axi_periph_M0O0_AXI_BREADY Capture made: ALWAYS  ~ a

% zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_BRESP[1:0 Number of windows: 1 1 Name

= design_1_i/processing_system7_0_axi_periph_M00_AXI_BVALID L) umber ohwindows: L

zyng_design_1_i/p 9_sy _0_axi_periph_MO0_AX | ¥

& zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_RDATA[31: ‘Window data depth: 1024 ~ [1 D

1= zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_RREADY . <

% zynq_design_1_i/processing_system7_0_axi_periph_M0O0_AXI_RRESP[1:0 Trigger position in window: |0 [0

1= zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_RVALID

*& zyngq_design_1_i/processing_system7_0_axi_periph_M00_AXI_WDATA[31 General Settings

1= zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_WREADY

& zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_WSTRB[3: Refresh rate (ms): |500

1= zynq_design_1_i/processing_system7_0_axi_periph_MO0_AXI_WWVALID

Figure 46: The ILA Properties window

b. Click the Compare Value column of the *WVALID row, as shown in FIGURE 47.

C.

Embedded Processor Hardware Design

s ILA - hw_ila_1 x| B hw_ila_data_1.wcfg x [ E
# 1LA Properties «  Trigger Capture Status £ O
o Trigger Mode Settings Core status: | Idl= | \Waiting for Trigger | Post-Trig —
pg ] ' =
b Trigger mode: | BASIC_ONLY - Window 1 of 1 Window sample 0 of 1024
M Capture status: | Tl= = | [T
] | 1] r
[»]| - Capture Mode Settings

Basic Trigger Setu % O
Db Capture mode: ALWAYS - - -
_ & Compare Value
my  MNumber of windows: 1 [1]
+
. Window data depth: 1024 - [11 D
) S o Operator: | == (equal) -
Trigger position in window: |D [0
Radix: [B] (Binary) -
General Settings Value: 1
Refresh rate (ms): 500
l oK l [ Cancel
Figure 47: ILA Properties Window

Change the value from an X (don't care) to a 1, and click OK. You also want to see several
samples of the captured data before and after the trigger condition.
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Step 3: Connect to the Vivado Logic Analyzer
11. Change the trigger position to the middle of the 1024 sample window by setting the Trigger
Position for the hw ial 1 core in the ILA Properties window to 512 and then pressing Enter

(FIGURE 48).
s ILA - hw_ila_1 = | B hw_ila_data_1l.wcfg x
3 1LA Properties «  Trigger Capture Status
e Trigger Mode Settings Core status: | Idle |  Pre
IE -
|| Trigger mode: |BASIC_ONLY - Window 1 of 1 W
s Capture status: o 1dl~
¥ Il
[»]| - Capture Mode Settings
Basic Trigger Setu
Db Capture mode: ALWAYS - = - .
.
5| | Number of windows: 1 [1]
+ 3
E Window data depth: 1024 - [11 D
d

Trigger position in window: 512 [0

General Settings

Refresh rate (ms): 500

Figure 48: Change Debug Probe Settings

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

12. In the Hardware window, select the hw_ila 1 core, and then click the Run Trigger button P

Alternatively, you can arm the ILA core directly from the ILA Properties window by clicking the Run
Trigger ! button.

Notice that the Status column of the hw_ila_1 ILA core changes from Idle to Waiting for Trigger.

Likewise, the ILA Properties window shows the Core Status as Waiting for Trigger. as shown in
FIGURE 49.

s ILA - hw_ila_1 x |B hw_ila_data_1.wcfg X

7l ILA Properties & Trigger Capture Status
= Trigger Mode Settings Core status: | Idle | Pre-Trigger IWaiting fior Triaﬁer I Post-Trigger | Fu
™
= Trigger mode: | BASIC_ONLY - Window 1 of 1 Window sample 512 of 1024  Total sample 512 of 1024
& = Capture status: 100% | 0% | S0%
[#]| - Capture Mode Settings
Basic Trigger Setu
Db Capture mode: ALWAYS ~ = = E
ber of wind N Name Compare Value
i, Il G e T L [1551024] X zynqg_design_1_i/processing_system7_0_axi_periph_MO0_AXI AWVALID == [B] 1 hd
= Window data depth: 1024 - [1-1024] D,

Figure 49: Status of hw_ila_1
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13. Go back to SDK and continue to execute code. To do this, 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 on line 98.

Rk .
14. Use the Step Over button to run past the GpioOutputExample () function.

This causes at least one write operation to the GPIO peripheral. These write operations cause the
WVALID signal to go from 0 to 1, thereby triggering the ILA core.

As you step over the following line of code, you see the following transaction captured by looking
at the waveform window in the Vivado logic analyzer feature:

status = GpioOutputExample (XPAR AXI GPIO 1 DEVICE 1ID,4);

Note: The trigger mark occurs at the first occurrence of the WWALID signal going to a 1

(FIGURE 50).

hwi_ila_data_1.wcfg — 0O a =

AWADDR] 004

febfeeff

Figure 50: Trigger Mark Goes to 1

15. If you are going on to Lab 3, close your project by selecting File > Close Project.

Conclusion
This lab introduced you to software development in SDK and executing the code on the Zyng-7000
processor.

This lab also introduced you to Vivado Logic Analyzer and analyzing the nets that were marked for
debug in Lab 1 and cross-probing between hardware and software

Note: Tcl files are not provided for this lab as the intent is for the user to see the power of cross-
probing between the hardware and software in the GUI environment.
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Lab 3: Zynqg Cross-Trigger Design

Introduction

In this lab, you use the cross-trigger functionality between the Zynq processor and the fabric logic.
Cross triggering is a powerful feature that you can use to co-debug software 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 New Project.

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

a.

= @ =

In the Project Name dialog box, type the project name and location. For this project, use the
name zynq_x_trigger.

Make sure that the Create project subdirectory check box is checked. Click Next.
In the Project Type dialog box, select RTL project. 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 Existing IP dialog box, click Next.
In Add Constraints dialog box, click Next.

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.

4. Review the project summary in the New Project Summary dialog box before clicking Finish to
create the project.
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Step 2: Create an IP Integrator Design

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

2. In the Create Block Design dialog box, specify the name of the IP integrator design. For this
tutorial, use zyng processor system.

3. Leave the Directory field set to its default value of <Local to Project> and click OK.
The IP integrator diagram opens.

4. Click Add IP at the top of the diagram area (FIGURE 51).

%, Zyng_processor_system

() This design is empty. To get started, Add [P from the catalog.

Figure 51: Add IP to the Design

The IP catalog opens.
5. Inthe Search field, type Zyng and select the ZYNQ7 Processing System IP and press Enter.
Alternatively, double-click the ZYNQ7 Processing System IP to instantiate it (FIGURE 52).

Search: Zyng (2 matches)

Name

LYNQ7F Processing ystem BFM

Select and press ENTER or drag and drop, ESC to cancel

Figure 52: Instantiate Zynq Processing System

6. In the header at the top of the diagram, click Run Block Automation and select
/processing_system7_0 (FIGURE 53).

‘ i Zyng_processor_system

[{ Designer Assistance available. Run Block Automation

& fprocessing_systﬁn?_[}

Figure 53: Run Block Automation on Zynq Processing System

The Run Block Automation dialog box states that the FIXED_IO and the DDR pins on the ZYNQ7
Processing System 7 IP will be connected to external interface ports. Also, because you chose the
ZC702 board as your target board, the Apply Board Preset checkbox is checked by default.
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Step 2: Create an IP Integrator Design

7. Enable the Cross Trigger In and Cross Trigger Out functionality by setting those fields to New ILA,
then click OK (FIGURE 54).

-

#L Run Block Automation o3

[0] Zynq7 block automation applies current board preset and generate external connections for
=" FIXED_IO, Trigger and DDR interfaces

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

Instance: fprocessing_system7_0
Make Interface External: FIXED_IO, DDR
Apply Board Preset:
Cross Trigger In: New ILA ~
Cross Trigger Out: New ILA ~

0K ] [ Cancel

Figure 54: Run Block Automation Dialog Box

This instantiates an ILA core in the design and also connects the TRIGGER_IN_0 and TRIGGER_OUT_0
interface pins of the PS7 to the ILA. The automation also connects the DDR and FIXED_IO interface
pins to external I/O ports (FIGURE 54).

processing_system7_0

DDR 4F

FIXED_1O<-
USBIND_04- |||
M_AXI_GPO- |||

DDR
[|4=TRIG_IN

TTCO_WAVED_OUT =
TTCO_WAVEL_OUT
TTCO_WAVEZ_OUT = 4-SLOT_0_AXI  TRIG_OUT b ||j=l
FCLK_CLKO clk
FCLK_RESETO_N

ILA (Integrated Logic Analyzer)

ZYNQ7 Processing System

Figure 55: IP Integrator Canvas After Running Block Automation
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8. 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 should look as follows (FIGURE 56).

processing_system?7_0

axi_bram_ctrl_0 DR 4 ||
FIXED_1O: ||
USBIND_0+ (||
M_AXI_GPO<p |||

{» DDR

TTCO_WAVEL_OUT|
TTCO_WAVE2_OUT)|

|I[ 4= TRIGGER_IN_0 W TRIGGER_OUT_0< ||
—mmaeroacrk Z YNQL Treo waven our

FCLK_CLKO

[I{4 TReG 1n
AXI GPIO FCLK_RESETO_N @[4SLOT_0_AXI  TRIG_OUT e [|f=esd
ck
ZYNQ7 Processing System

ILA (Integrated Logic Analyzer)

[ FIXED_IO

ila_0

Figure 56: Diagram after Instantiating IP for This Design

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

Connection More Information

Setting

/axi_gpio_0/S_AXI The Run Connection Automation dialog box
states that the S_AXI pin of the GPIO IP will
be connected to M_AXI_GPO pin of the
ZYNQ7 Processing System. It also offers a
choice for different clock sources that might
be relevant to the design.

Clock Connection (for
unconnected clks) field:
leave it 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_bram_ctrl_0/S_AXI | The Run Connection Automation dialog box
states that the S_AXI 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 field set to
Auto.
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Jaxi_bram ctrl 0/ The Run Connection Automation dialog box | No options.
BRAM_PORTA informs you that a new Block Memory

Generator IP will be instantiated and
connected to the AXI BRAM Controller

PORTA.
Jaxi_bram ctrl 0/ Note that the Run Connection Automation Leave the Blk_ Mem_Gen
BRAM PORTB dialog box offers two choices now. The first field set to its default
one is to use the existing Block Memory value of

Generator from the previous step or you can | /axi_bram_ctrl_0_bram.
chose to instantiate a new Block Memory
Generator if desired.

In this case we will use the existing BMG

When these connections are complete, the IP integrator design looks like FIGURE 57.

Diagram — O ax

hdll ‘ # zynq_processor_system »

o

processing_system?_0

rst_processing,_system7_0_S0M processing system?_0_ax_perich

oo
FED 10+ [y gy ok st "
USEIND 0.} “ bus_gtrut reset]00]| i) 2500 ol
0GP0, [t o remet_in pepherel_ese0.0]
|||~ TRIGGER 1.0 = RIGER 0T 0 k= 1D ety sy% rst inteonnect, aesen0:0]

o o peas ZYNO. e wven our ke ocsed [risiivsyumpape]

TTen, swie1_ouT| ) "
Processor System Reset
1T

w00 o
ML DOR
i FIXED_IO

PITITT]
!

S8 LR

Figure 57: Design after Running Connection Automation

10. Click the Address Editor tab of the design to ensure that addresses for the memory-mapped slaves
have been assigned properly. Expand Data by clicking the + sign (FIGURE 58).

&= Diagram X | B Address Editor X
A cell Interface Pin Base Mame Offset Address Range  High Address
(oo
| = processing_system7_0
23| [EE Data (32 address bits : 4G)

“em axi_gpio_0 5 _AXI Reg 0x41200000 64K~ 0x4120FFFF
B == axi_bram_ctrl_0 S _AXI Mem0 0x40000000 8K  + Ox40001FFF

Figure 58: Memory Map the Slaves

11. Now you will mark some nets for debug. Click the Diagram tab again and select the net connecting
the gpio pin of the AXI GPIO IP to the LEDs 4Bits port.
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12. Right-click in the IP integrator diagram area and select Mark Debug. This marks the net for debug.
The ILA insertion for debugging this net will be done after the design is synthesized.

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.

Notice also that the SLOT_0_AXI interface port of the ILA is yet to be connected. These interfaces are
designed to monitor an AXI interface. We will monitor the net between S_AXI interface of AXI GPIO
and MOO_AXI interface of the AXI Interconnect (processing system7 0 axi periph). To
monitor this interface, hover the cursor on the SLOT_0_AXI interface port of the ila_0 until it changes
into a pencil, and click and drag over to the net to be monitored (S_AXI interface of GPIO).

13. The clk pin of the ILA is not yet connected either. Connect it to the FCLK_CLKO pin of the ZYNQ7
Processing System.

14. Click the Regenerate Layout button 2 to generate an optimal layout of the design. The design
should look as follows (FIGURE 59).

Diagram —Oax

| | #, zynq_processor_system »

« iia 0

w —{|[<=TRic_™
=SLOT 0 AXT  TRIG_OUTHR |||
v ILA (Integrated Logic Analyzer)
ful]
"—:‘& processing_system?7 0
- DORd: {3 DOR
& FIXED_IOd= [ FIXED_ID
1 USBIND_0dk
L M_AXI_GPO (| jd
||| <= TRIGGER ™ _0 M TRIGGER_OUT 0k |[fd
X s aropax £ Y NOL e waveo ok
F TTCO WAVEL OUT -
- rst_processing_system7_0_S0M TTCO_WAVE2 OUT -
= processing_system7_0_axi_periph FOLK CLKD
&l [oest_ame,_ck e /B FCLKRESETO N
lext_reset_in bus_sruct reset[0:0] = ) AXL
aux_rest_in peripheral_re=et[0:0] ———AC LK ZYNQ7 Pmocessing System
imi_debug_sys_rst aresetn0:0] ARESETN *
dem_locked peripheral_aresetm|0:0] |>_ ACK .
. MO0_AXIH: | i aa_trérn_col 0 ai_bram_ctrl_0_bram
rocessor System Rese M= Mo ; e
Processor System Reset a L4 | o . BRAM_FORTA |} ::‘ e
L% MO ARESETN # | :: BRAM_FORTB: || 1l FORTE
1_ACLK Ll
A0L_ARESETN AX1 BRAM Cortroler Block Memory Generator
AXI Interconnect | axi_gpio_0
drsaa .
ai_adk GPL0 ([P el dbits

ai_aresetn

AX1 GPIO

Figure 59: Block Design after Running Regenerate Layout

15. Click the Validate Design button to run Design Rule Checks on the design £dl

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

16. Select File > Save Block Design to save the IP integrator design.

Alternatively, press Ctrl + S to save the design.
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Step 2: Create an IP Integrator Design
17. In the Sources window, right-click zynq_processor_system and select Generate Output Products.

The Generate Output Products dialog box opens (FIGURE 60).

"

¢ Generate Output Products | &3 |

"] The following output products will be
= generated.

Preview

Q@ |=h4, zyng_processor_system.bd

- 1l Synthesis
=2 [0 Implementation
= L[ Simulation

’ Out-of-Context Settings... l

l Generate ” Cancel l

Figure 60: Generate Output Products Dialog Box

18. Click Generate.

19. In the Sources window, right-click zynq_processor_system, and select Create HDL Wrapper.

The Create HDL Wrapper dialog box offers two choices. The first choice is to generate a wrapper file

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

20. Keep the default setting and click OK (FIGURE 61).

-

¢’ Create HDL Wrapper | &3

| 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

(@) Let Vivado manage wrapper and auto-update

0K ] [ Cancel

Figure 61: Create HDL Wrapper Dialog Box
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Step 3: Synthesize Design
1. From the Flow Navigator, under Synthesis, click Run Synthesis.

2. When synthesis completes, select Open Synthesized Design from the Synthesis Completed dialog
box and click OK (FIGURE 62).

You can also click Synthesis > Open Synthesized Design in Flow Navigator.

Synthesis Completed £

I:ﬂ] Synthesis successfully completed.

MNext

() Run Implementation
(@) Open Synthesized Design

-. ) View Reports

[] pon't show this dialog again

0K l I Cancel

Figure 62: Open Synthesized Design

Step 4: Create an Integrated Logic Analyzer Debug Core

When the synthesized design schematic opens, the Debug window also opens. In the Debug window,
notice that there is one ILA, ila_0, that has already been inserted in the design. This ILA was instantiated
in the block design and will monitor the AXI transactions to the GPIO. Notice that there are the 4-bits of
output leds_4bits that were also marked for debug in the block design. These outputs have not yet
been assigned to an ILA. We will insert the ILA to monitor these output bits in the following steps.

Debug — 0O a x
M name
=
'f =+ dbg_hub (labtools_xsdhmasterlib_v3)
&4|| | B+ ila_0 (labtools_ila_v4)
El=E Unassigned Debug Mets (4)
pre —JJ"a:: ;._jrnq_prUce550r_system_i,-'a;_(i_g.piU_.D_GPIO_TRJ_O (4)
.\ - % zynq_processor_system_ifaxi_gpio_0_GPIO_TRIL 0O[0]
j_ % zyng_processor_system_ifaxi_gpio_0_GPIO_TRI O[1]
2 % zyng_processor_system_ifaxi_gpio_0_GPIO_TRI 0[2]
3 ----- % zyng_processor_system_ifaxi_gpio_0_GPIO_TRI O[3]
i MIE i r

Debug Cores | Debug Mets

Figure 63: Unassigned Debug Nets
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Step 4: Create an Integrated Logic Analyzer Debug Core

1. From the Vivado main menu, select Tools > Set up Debug.

Alternatively, from the left side of the Debug window, click the Set up Debug button ™.

¥

The Set up Debug dialog box opens (FIGURE 64).

2. Click Next.

¢ Set Up Debug

VIVADO!

Set Up Debug

This wizard will guide you through the process of

1. Choosing nets and connecting them to debug cores.

2. Associating a clock domain with each of the nets chosen for debug.

3. Choosing additional features on the debug cores like Data Depth, Advanced Trigger
mode and Capture Control.

Note: This setup wizard does not apply to the VIO, IBERT or
JTAG-to-AXI-Master debug cores. Please refer to Vivado Design Suite User
Guide: Programming and Debugging (UG908) for further instructions on how to
use these IPs.

To continue, click Next

Einish Cancel

|==}
[s1)

Figure 64: Set Up Debug Dialog Box

3. In the Specify Nets to Debug page, select the nets that you are interested in monitoring from the
list of nets that are offered (FIGURE 65). Select everything except the following nets:

e zyng_processor_system_i/axi_gpio_0_GPIO_TRI_O (4)

e zyng_processor_system_i/processing_system7_0_TRIGGER_OUT_0_ACK

e zyng_processor_system_i/processing_system7_0_TRIGGER_OUT_O_TRIG

e zyng_processor_system_i/ila_0_TRIG_OUT_ACK

e zyng_processor_system_i/ila_0_TRIG_OUT_TRIG
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4% Set Up Debug [=]
Specify Nets to Debug
Add or remove nets for debugging with ILA core(s). ‘

|° Some net(s) do not have a clock domain. more info |

a MName Clock Domain Driver Cell TRIG DA...
o - _system_i/axi_gpio_0_GPIO_TRLO (4 ... FDRE VoW
if i zyng_proces

qtem?:tl:axj:periph:M[I[I:

|+ stem7_0_axi_periph_M00_

m: | g_system7_0_axi_periph_M00D_,
N

ZYNQ_processor_s L S50...
Zyng_proces
Zyng_proc i g "tem ?_CI_EXJ_[JEFI ph_M 0 CI_
i system7_0_axi_periph_M00_,
Zyng_proc _0_axi_| _MO0_
Zyng_proces i stem7_0_axi_periph_M00_
i stem7_0_axi_periph_M00_
system7_0_axi_periph_M00_,
axi

k- zynq_processor system i/processing system? 0_TRIGGER_QUT_0_ACK zynrocesso... FDRE v v
- [ zyng_processor_system_ifprocessing_system?_0_TRIGGER_OUT_0_TRIG Zyng_processo... P57 v v
| Add/Remove Nets... Nets to debug: 109
| <Back | Net> | FEnisn | [ cancel

Figure 65: Specify Nets for Debugging

CAUTION! You might see a different net name than that shown in Figure 64 for the
cross trigger signals after the design is synthesized. Make sure that you select the
nets connected to the trig in, trig in ack, trig out,and trig out ack
pins of the ILA instance. On the Processing System 7 instance the corresponding pins
are called FTMT F2P TRIG 0, FTMT F2P TRIGACK 0, FTMT P2F TRIG 0, and
FTMT P2F TRIGACK O.

4. Click the Delete button, highlighted in FIGURE 65.
5. Click Next.
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Step 4: Create an Integrated Logic Analyzer Debug Core

The ILA (Integrated Logic Analyzer) General Options dialog box opens (FIGURE 66)

-

¢ Set up Debug

ILA (Integrated Logic Analyzer) General Options

Sample of Data Depth | 1024
Input Fipe Stages 0

Trigger And Storage Settings
Capture Control

[] Advanced Trigger

< Back ” Mext =

Finish

==
/

Cancel

Figure 66: Enable Advanced Trigger and Capture Modes

6. Inthe ILA (Integrated Logic Analyzer) General Options page, do the following:

a. leave the Sample of Data Depth and Input Pipe Stages options to their default values of 1024

and 0, respectively.

b. Select both Capture Control and Advanced Trigger check boxes.

c. Click Next.

7. Review the Set up Debug Summary dialog box and click Finish.

The debug nets are now assigned to the ILA u_ila_0 debug core, as shown in FIGURE 67. Notice that
there are now no nets under the Unassigned Debug Nets folder.

Debug — 0O & =
N Name Driver Cell
&=

=23\ =4 dbg_hub (labtools_xsdbmasterlib_v3)

B3|| | B ila_0 (labtools_ila_v4)

=4 u_ila_0 (labtools_ila_v4)

% e ck (1)

b [+ probe0 (4)

EF [+=# probel (1)

ok [+=# probe2 (1)

” [+&# probe3 (1)

i [+&# probe4 (1)

oL I Unassigned Debug Mets (0]

Debug Cores | Debug Mets

Figure 67: Debug Nets Assigned to Debug Core
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Step 5: Verify that the Appropriate Connections Have Been
Made in the Netlist Schematic

1. In the Netlist window, select and then right-click u_ila_0 (u_ila_0_CV) and select Schematic.

The schematic opens. You can double-click on the different probes of the ILA to see the
connections. Verify that all the connections are made appropriately to the endpoints that you are
interested in debugging.

u_ila_0
—SL_IPORT I[0:36]
—clk
probe0[0:3]
probel SL_QOPORT _O[0:16]M
probe2
u_ila_0_FTMT_F2P_TRIGACK 0
probe3
u_ila_0_FTMT_P2F_TRIG_J0
- — probe4
u_ila_0_axi_gpio_0_GPI@QJ TRI_O|0] u_ila 0_CV

u_ila_0_axi_gpio_0_GPIDJ TRI_O[1]
u_ila_0_axi_gpio_0_GPIBJ TRI_O[2]
u_ila_0_axi_gpio_0_GPI®J TRI_O| 3]
u_ila_0_trig_in_ack

u_ila_0_trig_out

Figure 68: Verify connections in schematic

TIP: Your design might look slightly different than the figure above, depending on the
O net names of the cross-trigger signals.
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Step 6: Implement Design and Generate Bitstream

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

1. Click Generate Bitstream to generate the bitstream for the design. The Save Project dialog box
opens with a message asking whether the project should be saved at this point. Click Save.

2. The No Implementation Results Available dialog box asks if it is okay to implement the design
before generating the bitstream. Click Yes.

3. When bitstream generation completes, the Bitstream Generation Completed dialog box opens,
with the option Open Implemented Design option checked by default. Click OK to open the
implemented design.

4. If you see a message box that asks about closing synthesized design before opening implemented
design, click Yes.

5. In the Flow Navigator, under Implementation, click Implemented Design to expand it, if it is not
already expanded.

6. From the expanded selection, select Report Timing Summary to see if the constraints are met.
7. When the Report Timing Summary dialog box opens, click OK.

8. Ensure that all timing constraints are met by looking at the Timing Summary tab (FIGURE 69).

Timing - Timing Summary - timing_1 — 0O ax
AQATE & b & 4 Design Timing Summary
/% General Information »
I3 Timer Settings Setup Hold Pulse Width
o) Eﬂﬁm‘l Worst Negative Slack (WNS): 5.885ns | Worst Hold Slack (WHS): ~ 0.039ns  Worst Pulse Width Slack (WPWS): 8.750 ns
- ELGCkkSTL!mWﬁrY Total Negative Slack (TNS):  0.000 ns | | Total Hold Slack (THS): 0.000 ns | Total Pulse Width Negative Slack (TPWS): 0.000 ns
£ eck Timing (4
-2 Intra-Clock Pgat.hs; Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
+= Inter-Clock Paths Total Number of Endpoints: 19883 Total Number of Endpoints: 19883 Total Number of Endpoints: 11769
+4= Other Path Groups
+= User Ignored Faths All user specified timing constraints are met.
+4= Unconstrained Paths
% Timing Summary - timing_1 X 4 b BE

Figure 69: Timing Summary
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Step 7: Export Hardware to SDK

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

1. Select File > Export > Export Hardware.

2. In the Export Hardware for SDK dialog box, make sure that the Include bitstream check box is
checked, and Export to field is set to <Local to Project> (FIGURE 70).

¢~ Export Hardware | 23 |
[0] Export hardware platform for
= software development tools

lnclude bitstream

Export to: | &0 <Local to Project> -~

0K ] [ Cancel

Figure 70: Export Hardware for SDK Dialog Box

3. Click OK.

4. Select File < Launch SDK. Make sure that both the Exported location and Workspace fields are
set to <Local to Project> (FIGURE 71).

#- Launch SDK =2 |

\'] Launch software development tool

Exported location: &0 <Local to Project> -

Workspace: | & <Local to Project> -

oK l l Cancel

Figure 71: Launch SDK Dialog Box

5. Click OK.
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Step 8: Build Application Code in SDK

1. SDK launches in a separate window. Select File > New > Application Project.

2. In the New Project dialog box, specify the name for your project. For this tutorial, use the name
peri_test (FIGURE 72).

3. Click Next.
MNew Project o= 58]
Application Project . ﬁ
Create a managed make application project.

Project name: peri_test

Use default location
Chtutorials\zyng_x_trigger\zyng_x_trigger.sdk\SDK\SDK_Expc Browse...

default ~

Target Hardware

Hardware Platform lhw_platform_[) VI
Processor l ps/_cortexa9 0 - l
Target Software

OS Platform lstandalone VI
Language @C ©OC++

Board Support Package @) Create New  peri_test_bsp

Use existing v

@) < Back MNext = l [ Finish l l Cancel

Figure 72: Name the Application Project
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4. From the Available Templates, select Peripheral Tests (FIGURE 73).

5. Click Finish.

New Project ?@

.

Templates ,,f
Create one of the available templates to generate a fully-functioning application
project.

Available Templates:

Peripheral Tests Simple test routines for all peripherals in the =

Dhrystone hardware.
Empty Application

Hello World

IwIP Echo Server

Memory Tests

RSA Authentication App

SREC Bootloader

Xilkernel POSIX Threads Demo
Zyng DRAM tests

Zyng FSBL

@ Next = Finish J [ Cancel

Figure 73: Select the Peripheral Tests Template

6. Select Xilinx Tools > Program FPGA to open the Program FPGA dialog box.
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7. In the Program FPGA dialog box, make sure that the path to the bitstream is specified correctly
(FIGURE 74).

8. Click Program.

-

@ Program FPGA |E|
Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memary
Hardware Configuration
Hardware Platform: [zynq _processor_system_wrapper_hw_platform_0 v]
Connection: [Local v] l New l
Device: Auto Detect
Bitstream: zyng_processor_system_wrapper.bit Search... | | Browse..
BMM/MMI File: zyng_processor_system_wrapper_bd.bmm Search...| | Browse..

Software Configuration
Processor ELF File to Initialize in Block RAM

Run reset_zyngpl

@:l Program l [ Cancel

Figure 74: Program FPGA Dialog Box

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 (GDB), and select New.
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m Debug Configurations

§ | B 3~

type filter text

[&] C/C++ Application

[E] C/C++ Attach to Application

[£] C/C++ Postmortem Debugger

[t] C/C++ Remote Application

B Launch Group

A Remote ARM Linux Application

= Target Communication Framework

Create, manage, and run configurations

Canfigure launch settings from this dialog:

- Press the 'New' button to c..uration of the selected type.

- Press the 'Duplicate’ butto...y the selected configuration.

- Press the 'Delete’ button t..e the selected configuration.

& - Press the 'Filter’ button to configure filtering options.

- Edit or view an existing configuration by selecting it.

Configure launch perspective settings from the

£ Xilinx C/C++ application (GDB)
£, Xilinx C/C++ application (Syste

[% New

Duplicate D?
Delete

spectives’ preference page.

Filter matched 9 of 13 items

@

Figure 75: Create New Debug Configuration

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

Enable Cross triggering check box.
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12. Click Debug (FIGURE 76).

Name: peri_test Debug

® Target Setup . [7] Application| & Source| %" STDIO Connection| 3 Debugger Options| = Common

Debug Type: [Standalone Application Debug v]

Connection: [Local VH New ]

Device: Auto Detect

Hardware platform: lhw_platform_[) vl
Processor. l ps/_cortexad_0 b l
Bitstream file; zZynq_processor_system_wrapper.bit lSearch...l [Browse...l
Initialization file: ps/_inittcl lSearch...l [Browse...l

Summary of operations to be performed

[Reset Processor - Following operations will be performed before launching the debugger. -
1. Reset processor.

2. Run ps7_init. (Only first time after System reset or board power ON)
Run ps7_init 3. Run ps7_post_config. (Only first time after System reset or board power ON) | =

Run ps7_post_config ;’ Run ps/_debug.
Enable Cross-Trigaering

Program FPGA

'Chtutorials\2014.1\ug 940\ ab3\zyng_x_trigger\zyng_x_triggersdk\SDK\SDK_E
¥port\peri_test\Debug\peri_test.elf’ will be downloaded to the processor 7

Figure 76: Enable Cross-Triggering

The Confirm Perspective Switch dialog box opens.
13. Click Yes to confirm the perspective switch.
The Debug perspective window opens.

14. Set the terminal by selecting the Terminal 1 tab and clicking the Settings
button (=,
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15. Use the following settings for the ZC702 board and click OK (FIGURE 77).

-

Terminal Settings | x |

View Settings:
View Title: Terminal 1

Encoding: IS0-88539-1 -
Connection Type:

Serial -
Settings:

Port; COM1 -
Baud Rate: | 115200 -
Data Bits: [8 vl
Stop Bits: [1 VI
Parity: [None vl
Flow Control: [None VI

Timeout (sec): 5

OK J [ Cancel

Figure 77: Terminal Settings

16. Verify the Terminal connection by checking the status at the top of the tab (FIGURE 78).

El Console [ ¥ Tasks [ & Terminal 1 & _[El Problems| (@ Executables

Serial: (COM1, 115200, 8, 1, None, None - CONNECTED) - Encoding: (ISO-8859-1)
|

Figure 78: Verify Terminal Connection

17. If it is not already open, select . . /src/testperiph.c, and double click to open the source file.
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18. Modify the source file by inserting a while statement at line 94. Click the blue bar on the left side of
the testperiph.c window as shown in the figure and select Show Line Numbers.

19. In line 94, add while(1) above in front of the curly brace as shown (FIGURE 79).

% system.xml |l system.mss [¢ *testperiph.c &2 =0
87 print("ScuGic Interrupt Setup PASSED\r\n"}; -
88 }

89 else {

90 print("ScuGic Interrupt Setup FAILED\r\n");

1 } =
} El
while (1)
{

u32 status;

print("\r\nRunning GpioOutputExample() for axi_gpio_@...\r\n");

[so IR = I = R R SRR W ]

status = GpioOutputExample(XPAR_AXI GPIQ @ DEVICE_ID,4);

@@ W WD WD WD WD WD WD WD WD

if (status == @) { -

[\*]

Figure 79: Modify testperiph.c

20. 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 98 and double-click on the left pane, which adds a
breakpoint on that line of code (FIGURE 80). Click Ctrl + S to save the file. Alternatively, you can
select File > Save.

4 system.xml |, system.mss ¢ *testperiph.c &2 =0
87 print("ScuGic Interrupt Setup PASSED\r\n"}); -
88 }

89 else {

99 print("ScuGic Interrupt Setup FAILED\r\n");

91 1 i

92 } E]

93

04  while (1)

95 {

96 u32 status;

97

98 print("\r\nRunning GpioOutputExample() for axi gpio @...\r\n")

qg

00 status = GpioOutputExample(XPAR_AXI_GPIO @ DEVICE_ID,4);

a1

02 if (status == @) { -
< )

Figure 80: Set a Breakpoint

Now you are ready to execute the code from SDK.
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Step 9: Connect to Vivado Logic Analyzer

Connect to the ZC702 board using the Vivado Logic Analyzer.

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

2. In the Hardware Manager window, click Open a new hardware target.

Hardware Manager - uncoennected

@ No hardware target is open. Open recent target Open a new hardware target

Figure 81: Open a New Hardware Target

3. The Open New Hardware Target dialog box opens (FIGURE 82). Click Next.

-

¢ Open New Hardware Target | &3 |

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

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

VIVADO!

To continue, click Next.

< Back Next > l [ Cancel

Figure 82: Open Hardware Target
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4. On the Hardware Server Settings page, ensure that the Connect to field is set to Local server
(target is on local machine) (FIGURE 83).

5. Click Next.

#- Open Mew Hardware Target x
Hardware Server Settings

Select local or remote hardware server, then configure the host name and port settings. Use Local server ‘
if the target is attached to the local machine; otherwise, use Remote server.

Connect to: | Local server (target is on local machine)

l < Back H Mext = Einish

Figure 83: Specify Server Name

6. On the Select Hardware Target screen (FIGURE 84), click Next.

-

¢ Open New Hardware Target

[ ]
Select Hardware Target
Select a hardware target from the list of available targets, then set the appropriate JTAG clock (TCK) '
frequency. If you do not see the expected devices, decrease the frequency or select a different target.

Hardware Targets

Type Port  MName JTAG Clock Frequency
¢ xilimg tcf]  |Digilent/210203342363A [15000000

Hardware Devices (for unknown devices, specify the Instruction Register (IR) length)
Name ID Code IR Length

& arm_dap_0 4BADD477 4
@ xc7z020_1 03727003 6

Hardware server: localhost:3121

< Back ” Next = FEinish

Figure 84: Select Hardware Target
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7. Ensure that all the settings are correct on the Open Hardware Target Summary dialog box (FIGURE

85) and click Finish.

-

#- Open Mew Hardware Target

VIVADO!

Open Hardware Target Summary

(@) Hardware Server Settings:
o Server: localhost:3121

(0 VCSE Server Settings:
o Server: localhost:60001
o Version: 20

(@) Target Settings:
o Target: xilinx_tcf/Digilent/210203342363A
o Frequency: 15000000

To connect to the hardware described above, click Finish

=

< Back ” Finish l[ Cancel

Figure 85: Open Hardware Target Summary

8. When the Vivado Hardware Session successfully connects to the ZC702 board, you see the

information shown (FIGURE 86).

Hardware

™y A g
h N SR

bl M

MName

-®
=R

=+ # localhost (1)
=-E e xilinx_tcf/Digilent/210203342363A (2) Open

arm_dap_0 (0)
xc7z020_1 (3)

& XADC (System Monitor)

2 hw_ila_1 (1LA)
8 hw_ila_2 (ILA)

Status
Connected

Mot programmed
Programmed

O dle

) Idle
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9. 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, change Trigger position in window to 512.

s ILA - hw_ila_1 = & LA - hw_ila_2 = O 4
#] ILA Properties < Trigger Capture Status %
=
e Trigger Mode Settings Core status: | Idle | Pre-Trigger | Wwaiting for Trigger | Post-Trigg
[t
- Trigger mode: TRIG IN ONLY - Window 1 of 1 Window sample 0 of 1024 Total sample 0 of 1024
o — Capture status: Tl | Tl | Tl
DI TRIG_OUT mode: | TRIG_IN_ONLY - 14 ]
[ Capture Mode Settings Easic NRJEig Sl &
“\ Name Compare Value
3 Capture mode: ALWAYS
L, }(
E Number of windows: 1 [1-10] D
“d
Window data depth: 1024 - | [1-1024
Trigger position in window: 512 [0 - 104
General Settings
Refresh rate: 500 ms
Drag and drop
LA probes from
Debug Probes
windows

Figure 87: Set ILA Properties for hw_ila_1

10. Arm the ILA core by clicking the Run Trigger button Pl

This arms the ILA and you should see the status “Waiting for Trigger” as shown in FIGURE 88.

Hardware _Oax S=IA-hw_ ila_1 X & IA-hw_ jla_2 x [mE
Q= D1 bp 2| ILA Properties %« Trigger Capture Status A 0O
Name Status = Trigger Mode Settings Core status: | 1dle Pre-Trigger | MJaiting for Trigger |  Post-Trigge|
1= B localhost (1) Connected = Window 1 of 1 Window sample 512 of 1024  Total sample 512 of 1
=@ xdling_tcf/Digilent/210203342363A (2) Open » Trigger mode: | TRIG_IN_ONLY Cature status: 10N% i EN%, | En%,
& arm_dap_0 (0) Not programmed ='| | TRIG_OUT mode: | TRIG_IN_ONLY - d Ik b
= xc72020_1 (3) Programmed Bl
""EEDC n Monitor, 7 133 Capture Mode Settings Basic Trigger Setup 20
- % hw_ila_1 (ILA - QN G val
F ) ame ompare Value
& huila_2 (14) Capture mode: ALWAYS x E

Figure 88: Armed ILA Core

11. Select the hw_ila_2 tab to set up trigger conditions to capture the trace. Select the ILA - hw_ila_2
tab and set the Trigger Mode Settings as follows:

e Set Trigger mode to BASIC_ONLY.
e Under Capture Mode Settings, change Trigger position in window to 512.

12. With the hw_ila_2 tab selected, drag and drop the
zynq_processor_system_i/processing_system7_0_TRIGGER_OUT_0_TRIG signal from the Debug
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Probes window under hw_ila_2 into the Basic Trigger Setup window. Alternatively, you can right-
click the zynq_processor_system_i/trig_out signal and select Add Probes to Basic Trigger Setup.

Llg Zynq_processor_system_i/processing_system?7_0_axi_pe
=8 hw_ila_2
-le Zyng_processor_systemn_i/FTMT_F2P_TRIGACK_0
e Zynq_processor_systermn_i/FTMT_P2F_TRIG_O
----- ‘Ea zZynq_processor_system_ifaxi_gpio_0_GPIO_TRI_O[3:0]
. nq_processor_system_iftrig_in_ack
1c> Zyng_processor_system_iftria_nud
P ] & Debug Probe Properties... Ctrl+E [l

=

Bl Run Trigger

ice index = 1) is programmed with | PP Run Trigger Immediate
Bt hw_ilas hw_ila_1] Stop Trigger

t hw il hw ila 1 .
get I _ilas fw ils 1] Enable Auto Re-trigger
|ilas hw_ila 1]
crigger was armed at 2014-Mar-21 1 Add Probes to Waveform
|ilas hw _ila 2]

£

Open Hardware Dashboard

i Add Probes to Basic Trigger Setup %

Figure 89: Add zynq_processor_system_i/trig_out to Basic Trigger Setup

13. In the Basic Trigger Setup window, click the Compare Value column for the
zynq_processor_system_i/FTMT_P2F_TRIG_0 signal, and set the Value field to 1. This essentially sets
up the ILA to trigger when the trig_out transitions to a value of 1.

Basic Trigger Setup

A name Compare Value
X nq_processor_system_i/FTMT_P2F_TRIG_0| sy >
¥ Operator: | == (equal) -
Radix: [B] (Binary) -
Value: 1
0K ] l Cancel

Figure 90: Set Trigger Condition

14. Click OK.

15. Arm the ILA by clicking the Run Trigger button Pl'in the toolbar of the hw_ila_2 window. Just like
hw_ila_1, this ILA should be “armed” and waiting for the trigger condition to happen.
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16. In SDK, in the Debug window, right-click the XMD Target Debug Agent and select Resume.

Vivado displays the hw_ila_2 trigger as shown in FIGURE 91.

hw_ila_data_2.wefg ]

™ zynq_proce
% zyng_proce
W zyng_proce
l zyng_proce
% zyng_proce

Figure 91: PS to PL Cross Trigger Waveform

Likewise, hw_ila_1 also triggers as seen in FIGURE 92.

hv_ila_data_1.wicfg — O ax

Figure 92: PS to PL Cross Trigger Waveform in hw_ila_1

This demonstrates that when the breakpoint is encountered during code execution, the PS7 triggers
the ILA that is set up to trigger. Between the two waveform windows, you can monitor the state of
the hardware at a certain point of code execution.

17. Now we'll try the fabric to processor side of the cross-trigger mechanism. In other words we will
remove the breakpoint that you set earlier on line 98 to have the ILA trigger the processor and stop
code execution. To do this, double-click the blue bar on Line 98 where the breakpoint is set.
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Alternatively, select the Breakpoints tab towards the top right corner of SDK window, right-click it,
and select Remove All.

18. In the Debug window, right-click the XMD Debug Target Agent and select Resume. The code runs
continuously because it has an infinite loop.

19. In Vivado, select the hw_ila_1 tab. Change the TRIG_OUT mode to TRIGGER_OR_TRIG_IN.

20. Select the hw_ila_2 tab, and delete the existing probe by selecting it and clicking the Delete button
to the left.

21. Drag and drop the zynq_processor_system_i/ila_0_TRIG_OUT_TRIG signal from the Debug Probes
window under hw_ila_2 into the Basic Trigger Setup window.

Alternatively, you can also right-click the zynq_processor_system_i/trig_out signal and select Add
Probes to Basic Trigger Setup.

22. In the Basic Trigger Setup window, click the Compare Value column for the
zyng_processor_system_i/ila_0_TRIG_OUT_TRIG signal, and set the Value field to 1. This essentially
sets up the ILA to trigger when the trig_out transitions to a value of 1.

23. Click the Run Trigger button Pl to "arm” the ILA. It moves into the “Waiting for Trigger” condition.

24. Select the hw_ila_1 tab again and click the Run Trigger Immediate button b

This triggers the hw_ila_2 and the waveform window looks like FIGURE 93.

hw_ila_data_2.wcfg — 0O ax

Figure 93: Waveform Demonstrating PS to PL Trigger

This also stops the Processor from executing code because the ILA triggers the TRIG_OUT port,
which in turn interrupts the processor. This is seen in SDK the in the highlighted area of the debug
window.

# Debug 2 i# ¥ =0
4 % peri_test Debug [Xilinx C/C++ application (GDB)]
XMD Target Debug Agent (10/4/13 5:03 PM) (Suspended)

4 o Thread [1] (Suspended: Signal 'SIGINT received. Description: Interrupt.)
= 3 _exit() _exit.c:47 0x0010fa04
= 2 exit() 0x0010ed6e
= 1 _start() xil-crt0.5:160 0x00103de0

s arm-xilinx-eabi-gdb (10/4/13 5:03 PM)

s Chtutorials\zyng_xtrig\zyng_xtrig.sdkK\SDK\SDK_Export\peri_test\Debug\peri_test.elf (10/4/13 5:03 PM) [Console not connected

Figure 94: Verify that the Processor Has Been Interrupted in SDK
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Conclusion

This lab demonstrated how cross triggering works in a Zynq 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 Zyng, which you perform in the GUI
environment. Therefore, the only Tcl file provided is lab3.tcl.

The 1ab3. tcl file helps you run all the steps all the way to exporting hardware for SDK. You might
need to modify the net names of the TRIG OUT ACK, TRIG OUT, TRIG IN, and TRIG IN ACK
signals in the tcl file as these net names might be different after synthesis. The debug portion of the lab
must be carried out in the GUL no Tcl files are provided for that purpose.
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Lab 4: Using the Embedded MicroBlaze Processor

Introduction

In this tutorial, you create a simple MicroBlaze™ system for a Kintex®-7 FPGA using Vivado® IP
integrator. You can use a machine on any operating system for this tutorial.

The MicroBlaze system includes native Xilinx® IP including:
e MicroBlaze processor
e AXITimer
e AXI block RAM
e Double Data Rate 3 (DDR3) memory
e UARTLite
e Debug Module (MDM)
e Proc Sys Reset
e Interrupt Controller
e local memory bus (LMB)
These are the basic building blocks used in a typical MicroBlaze system.

In addition to creating the system described above, this tutorial also describes porting an operating
system on a Kintex device that you develop in the Xilinx Software Development Kit (SDK) in the Vivado
Design Suite. The application code developed in SDK prints “Hello World” in a stand-alone application
mode.

This tutorial targets the Xilinx KC705 FPGA Evaluation Board, and uses the 2014.2 version of Vivado
Design Suite.
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Step 1: Invoke the Vivado IDE and Create a Project

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

2. From the Quick Start page, select Create New Project (FIGURE 95).

Quick Start
s Yy -
T %_,_I
S =
Create New Project Open Project Open Example Project

Tasks

=7 . "J.I

Manage IP Open Hardware Manager Xilinx Tel Store

Information Center

4

i

Documentation and Tutorials Quick Take Videos Release MNotes Guide

Figure 95: Vivado Quick Start Page

The New Project wizard opens.

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

4. In the Project Type dialog box, select RTL Project. Click Next.

v

In the Add Sources dialog box, ensure that the Target language is set to VHDL or Verilog. Leave
the Simulator language set to its default value of Mixed.

Click Next.
In Add Existing IP dialog box, click Next.
In Add Constraints dialog box, click Next.

L o N o

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

10. Review the project summary in the New Project Summary dialog box before clicking Finish to
create the project.

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

set property board part xilinx.com:kintex7:kc705:1.0 [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.
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Step 2: Create an IP Integrator Design

1. From Flow Navigator, under IP integrator, select Create Block Design.
The Create Block Design dialog box opens.

2. Specify the IP subsystem design name. Leave the Directory field set to its default value of <Local to
Project>.

3. Click OK (FIGURE 96).

-

#- Create Block Design | 23 |

.\:] Please specify name of block design

Design name: | mb_subsystem

Directory: 5 <Local to Project> -

0K ] [ Cancel

Figure 96: Name Block Design

4. Inthe IP integrator diagram area, right-click and select Add IP.

The IP integrator Catalog opens. Alternatively, you can also select the Add IP link from the top of
the diagram area.

I= Diagram X

#]| & mb_subsystem
() This design is empty. To get started, Add IP from the catalog.

e

Figure 97: Add IP

5. In the Search field, type microblaze to find the MicroBlaze IP, then select MicroBlaze and press the
Enter key (FIGURE 98).

Search: microbl (3 matches)
A1
Name VLNV
iF MicroBlaze xilinx.com:ip:microblaze:9.3
iF MicroBlaze Debug Module (MDM) xilinx.com:ip:mdm:3.1
{F MicroBlaze MCS xilinx.com:ip:microblaze_mcs:2.2
1 ] = |
Select and press ENTER. or drag and drop, ESC to cancel |

Figure 98: Search Field
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Use the Board Part Interfaces Tab to Connect to Board Interfaces

There are several ways to use an existing interface in IP Integrator. We will use the Board Part Interfaces
tab to instantiate some of the interfaces that are present on the KC705 board.

1. Click the Board Part Interfaces tab. You can see that there are several interfaces that are present
on the KC705 board. These interfaces are all listed under Unconnected Interfaces in the Board Part

Interfaces windows.

Board Fart Interfaces
Q, T = |[E|* »*

I
¥

[E Kintex-7 KC705 Evaluation Platform

i[5 Connected Interfaces

5115 Unconnected Interfaces
=15 Memories

~lle

-+lle linear_flash

~+flle spi_flash

= GPIO

-#flle dip_switches_4bits

-l led_7hits

-l led_8bits

-#ll® push_buttons_5bits

-+fll® rotary_switch

= Ethernet

--#flle mdio_io

--#flle mdio_mdc

- lla nhy_resat oot

E_j..

E_:l..

1

-

[

£ Sources | Bl Design Hier.. Signals: Wil Board Part..

Figure 99: Using the Board Part Interfaces to Configure a MIG

2. Double click ddr3_sdram.

The Connect Board Part Interface dialog box opens (FIGURE 100).

3. Click New.

-

¢ Connect Board Part Interface

|:0] Select block interface(s) to be connected to board part interface ddr3_sdram.
"= You may create new block(s) as well.

=B

Embedded Processor Hardware Design

(3]
1k

Figure 100: Connect Board Part Interface Dialog Box
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The IP Catalog opens, showing the MIG controller as a possible IP to connect to this interface.

4. Select and double-click the Memory Interface Generator.

-

¢%- Connect Board Part Interface | G | ‘
| Search: rroblaze_(
—
Q, Mame VLNV

iF Memory Interface Generator (MIG 7 Series) xilinx.com:ip:mig_7series:2.0 ‘
[
1| 111 | A= icroBlaze

Double click on an IP to instantiate, ESC to cancel |

oK Cancel

Figure 101: IP Catalog Showing the MIG as a Possible IP to Connect to the DDR3 Interface

Notice that the Connect Board Part Interface dialog box now shows the MIG interface, which is
selected by default.

5. Click OK.

-

#L. Connect Board Part Interface

=

(0] Select block interface(s) to be connected to board part interface ddr3_sdram.
=" You may create new block(s) as well.

el =—]
g 5

=4 <New Inst> (Memory Interface Generator (MIG 7 Series):2.0)
=4 mig_ddr_interface

’ DK l ’ Cancel

Figure 102: Select the MIG core to connect to the DDR3 Interface

This will instantiate the MIG core and connects the DDR3 interface and clock to the MIG as shown in
FIGURE 103.
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microblaze_0
||| INTERRUPT
15 Micre3laze i)
Reset
MicroBlaze

mig_7series_0

DDR34k ||| > ddr3_sdram
ui_clk_sync_rst
ui_clk
mmcm_locked
init_calib_complete

sys_diff_clock D

Memaory Interface Generator (MIG 7 Series)

Figure 103: Block Diagram After Instantiating the MIG Core

6. In the Board Part Interfaces tab, notice that the ddr_sdram interface now appears under the
Connected Interfaces folder.

Board Part Interfaces — 0O a1 x

QA I 2| |[E] ¥

@ Kintex-7 KC705 Evaluation Platform
—H0 Connected Interfaces
== Memories
' [=+#fll® ddr3_sdram
; L.{l} mig_7series_0/DDR3
—Hi Unconnecte erfaces

== GPID

¢ bflle dip_switches_4bits
-2 lcd_7bits
-+#ll@ led_8bits
e push_buttons_Shits 0

el | v

1

Figure 104: DDR3 Interface Shown Under Connected Interfaces

7. In the Board Part Interfaces tab, select and double-click rs232_uart under the Miscellaneous folder.
8. When the Connect Board Part Interfaces dialog box opens, click New.

9. In the IP Catalog that opens, select and double-click AXI Uartlite to instantiate and connect to the
rs232_uart interface.

10. In the Connect Board Part Interface dialog box, click OK.
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Step 2: Create an IP Integrator Design

Run Block Automation

1. Click Run Block Automation and select /microblaze O (FIGURE 105).

%, mb_subsystem

[ Designer Assistance available. Run Block Automation Run Connection Automation

iF ,’microble{j@_ﬂ

Figure 105: Run Block Automation

2. The Run Block Automation dialog box opens (FIGURE 106).

.

#~ Run Block Automation

[0] MicroBlaze connection automation generates local memory of selected size, and caches can
=" be configured. MicroBlaze Debug Module, Peripheral AXI interconnect, Interrupt Controller, a

clock source, Processor System Reset are also added and connected as needed.

Instance: /microblaze_0

Local Memaory: 64KB

Local Memory ECC: | Mone ~

Cache Configuration: | 32KB  ~

Debug Module: Debug Only -
Peripheral AXI Port: |Enabled ~
Interrupt Controller:

Clock Connection: fmig_7series_0fui_clk (100 MHz) ~

53|

[ oK ] I Cancel

Figure 106: Run Block Automation Dialog Box

3. On the Run Block Automation page:

a. Set Local Memory to 64 KB.

b. Leave the Local Memory ECC to its default value None.

c. Change the Cache Configuration to 32 KB.

d. Leave the Debug Module option to its default state Debug Only.

e. Leave the Peripheral AXI Port option set to its default value of Enabled.

f. Check the Interrupt Controller option.

g. Select the Clock Connection option of /mig 7series 1/ui clk (100 MHz).
4. Click OK.
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This generates a basic MicroBlaze system in the IP Integrator diagram area (FIGURE 107).

| [—

9 g

Concat

microblaze_0_axi_inmc

i)

11T,

Diagram B
< Z0| & mb_subsystem »
®;:| (@ Designer Assistance available. Run Connection Automation
5 =
;R- axi_uartite_0
b ddr3 sk
= 1A )y B
| s ot com— o ml.
»Q‘ AT Uartite
s
a microbiaze 0 mmnm-e 0 tocal_memary
& + 1=
E = . e
= == MicrosSiaze = i
[ H_A00_DC: S
ﬁ _A_IC
4 e rst_mig_7series_0_100M
P S microbiaze_0_ai_periph
v mig_7series_0 ek ety [ L
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Figure 107: MicroBlaze System

Add Peripherals: AXI Timer and AXI BRAM Controller

1. By right-clicking in the IP integrator diagram area and selecting Add IP, search for and select the

AXI Timer (FIGURE 108).

Search: | “L- timer

(3 matches)

A1
Name

iF AXI Timebase Watchdog Timer

iF AXI Timer
iF Fixed Interval Timer

< | n |

w2
Version
2.0
2.0
2.0

O

Select and press ENTER or drag and drop, ESC to cancel

Figure 108: AXI Timer

2. Likewise, add the AXI BRAM Controller (FIGURE 109).

Embedded Processor Hardware Design

Search: CL- BRAM

(2 matches)

Name

LMB BRAM Controller

BN

VLNV

ip:axi_bram_ctrl:4.0
xilinx.com:ip:Imb_bram_if_cntlr:4.0

1]

il

Select and press ENTER. or drag and drop, ESC to cancel
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Use Connection Automation

Run Connection Automation provides several options that you can select to make connections. In this
section, we'll 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 and select /mig_7series_0/S_AXI (FIGURE 110).

B Address Editor X | &= Diagram X

#[| & mb_subsystem »

(% Designer Assistance available. Run Connection Automation

i | oys_diff_dock

it [microblaze_0/M_AXI DC
i]rs fmicroblaze_0/M_AXI_IC
aof_ack

fmig_7series_0/S_AXI
fmig_7series_0fsys_rst
Jaxi_uartlite_0/S_AXI

fawi timmnr 000 AWT

od_aressetn

e ]

SIS IR

[

s

a2 fl]
S|

Figure 110: Run Connection Automation on /mig_7series_0/S_AXI

The Run Connection Automation dialog box opens. For /mig_7series_0/S_AXI, you have two options:

o Select the Peripheral AXI Interconnect (/microblaze_0/Periph) to connect to the
MicroBlaze processor.

o Select the Cached AXI Interconnect (/microblaze 0/Cached) to connect to the MicroBlaze
processor. This option is selected by default.

2. Leave the Clock Connection field to its default value of Auto and click OK.

3. Now, use the Run Connection Automation option to set the following connections.

Connection

More Information

Setting

/mig_7series_0/sys_rst

The Run Connection Automation dialog box
opens and shows that the board interface
reset will be connected to the reset pin of
the MIG controller.

Click OK to acknowledge
this connection.

/axi_uartlite_ 0/S_AXI

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

The Clock Connection (for unconnected
clks) field is set to Auto.

Keep these default settings
and click OK.

Jaxi_timer_0/S_AXI

The Clock Connection field is set to its
default value of Auto.

Keep this default setting
and click OK.
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Connection

More Information

Setting

/mig_7series_0/sys_rst

The Run Connection Automation dialog box
opens and shows that the board interface
reset will be connected to the reset pin of
the MIG controller.

Click OK to acknowledge
this connection.

/axi_bram_ctrl 0/S_AXI

The Run Connection Automation dialog box
offers to connect this to the /microblaze 0
(Cached).

Leave the Master and the
Clock Connection fields to
their default values and click
OK.

/axi_bram_ctrl 0/
BRAM PORTA

The Run Connection Automation dialog box
opens stating that the BRAM Controller will
be connected to a new instance of Block
Memory Generator.

Click OK to acknowledge
this connection.

/axi_bram_ctrl 0/
BRAM PORTB

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

e Instantiate a new BMG and connect the
PORTB of the AXI BRAM Controller to the
new BMG IP

e 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.

The /axi_bram_ctrl_0_bram is selected by
default.

Click OK to accept the
default setting.

At this point, your IP integrator diagram area should look like FIGURE 111. Relative placement of IP

might be slightly different.
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Diagram —oa
30 mb_subsystem » |

1o s 0

= MicroSiaze vuss:
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e

A PBEmBRR
3

cpam

Figure 111: MicroBlaze Connected to UART and AXI Timer

Concatenate Interrupt Signals

Now, complete the input connections to the Concat IP, which concatenates the interrupt signal
generated from the AXI Timer and the AXI Uartlite.

1. Connect the interrupt pin of the AXI Timer to the input pin In0[0:0] of Concat.

2. Connect the interrupt pin of AXI Uartlite to the input pin In1[0:0] of Concat. The connections should
look like FIGURE 112.
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axi_bram _ctd_0 axi_timer_0

o _ack M: | —emiretdgl  generateotd —
a0 _aresetn f —caretinl  generatect]
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AXT BRAM Contmoller

awi_bram_ctrd_0_bram

{If - 8Ram_poRTA
{||-: 8R4 _pPoRTE

Block Memory Generator

ficroBlaze Debug Modube {MDM]

Figure 112: Connected Interrupt Ports

Regenerate Layout

3. Click the Regenerate Layout button P inthe IP Integrator toolbar to generate an optimum layout
for the block design. The block diagram should look like FIGURE 113.
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Figure 113: Block Diagram After Regenerating the Layout
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Step 3: Memory-Mapping the Peripherals in IP Integrator

1. Click the Address Editor tab. In the Address Editor:
a. Expand the microblaze_0 instance.

a. Change therange of mig 7 series 0 IP in both the Data and the Instruction section to 512
MB (FIGURE 114).

&= Diagram X |5 Address Editor X

5| cell Interface Pin Base Name Offset Address Range  High Address
= [=HF microblaze_0
21| E}ER Data (32 address bits : 4G)
i == microblaze_0_axi_intc 5_axi Reg 0x41200000 64K~ 0x4120FFFF
B == microblaze_0_local_memeory/dimb_br... SLMB Mem 0x00000000 64K = 0x0000FFFF
= mig_7series_0 S AXI memaddr 0x80000000 512M = Ox39FFFFFFF
= axi_uartlite_0 S_AXI Reg 0x40600000 64K ~ 0x4060FFFF
= gxj_timer_0 S _AXI Reg 0x41C00000 64K = Ox41COFFFF
= gxi_bram_ctrl_0 S_AMI Mem0 0xCO000000 8K = 0xCOO01FFF
=B Instruction (32 address bits : 4G)
i-ma microblaze 0 local_memory/ilmb_bra... SLMB Mem 0x00000000 64K = 0x0000FFFF
T [memaddr
“mmogxi_bram_ctrl_0 S_AXI Mem0 0xC0000000 320 A~ 1OXCO001FFF
64M
128M
256M
512M I
c F
2G P
4G

Figure 114: Data and Instruction Set to 512 MB

You must also ensure that the memory in which you are going to run and store your software is
within in the cacheable address range that you specified when you assigned values to the cache(s)
Base address and cache(s) High address.

This occurs when you enable Instruction Cache and Data Cache, and when you re-configure the
MicroBlaze processor.

To use either MIG DDR or AXI block RAM, those IP must be in the cacheable area; otherwise, the
MicroBlaze processor cannot read from or write to them.

You can also use this map to manually include or exclude IP from the cacheable region or otherwise
specify their addresses.
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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. Save your design by pressing Ctrl+S, or select File > Save Block Design.

Step 5: Generate Output Products

1. In the Sources window, select the block design, then right-click it and select Generate Output

Products.

Alternatively, you can click Generate Block Design in the Flow Navigator.

The Generate Output Products dialog box appears.

2. Click Generate.

P

a
=
g

(=]
=

4L Generate Output Products

,:0] The following output products will be
h generated.

Preview

=}, mb_subsystem.bd
-1l Synthesis

eI Implementation

[l Simulation

I Out-of-Context Settings... I

| =3 |

[ Generate H Cancel

I

Figure 115: Generate Output Dialog Box
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Step 6: Creating a Top-Level Verilog Wrapper

1. Under Design Sources, right-click your design and click Create HDL Wrapper.

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

by default.
2. Click OK.

-

¢ Create HDL Wrapper

= pption if you would like to modify this file.
Options

(") Copy generated wrapper to allow user edits

(@) Let Vivado manage wrapper and auto-update

[0} You can either add or copy the HDL wrapper file to the project. Use copy

| 23 |

] [ Cancel

Figure 116: Creating an HDL Wrapper

Step 7: Create Constraints

To complete the IP integrator design, you must create constraints.

1. In the Sources window, expand the Constraints folder (FIGURE 117).

Sources — 0O e« =
o 5 7
QA= et B

—7 Design Sources (2)

¢ [ mb_subsystem (mb_subsystern.bd) (17)
+-= Configuration Files (1)

Sg] Constraints|

=) constrs_1

1 Simulation Sources (1)

Hierarchy | IP Sources | Libraries | Compile Order

Figure 117: Project Manager

2. Open the Constraints folder, right-click the constrs_1 folder, then select Edit Constraints Sets.

The Edit Constraints Sets dialog box opens.
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3. Click Create File (FIGURE 118).

-

Step 7: Create Constraints

¢ Edit Constraints Sets

(%]
[ T ) Add or modify a constraints set
S;ecify constraint set: | = constrs_1 (active) -
Constraint File  Location X
2

Add Files... ] l Create File... ]

Copy constraints files into project

4. Name the file system, and click OK (FIGURE 119).

[ OK ] [ Cancel
Figure 118: Edit Constraints Set Dialog Box
¢ Create Constraints File [ =]
@ Create a new constraints file and add it to your project
File type, name and location
File type: 15 XDC -
File name: | system
File location: | & <Local to Project> -
0K ] [ Cancel

Figure 119: Name Constraint Set File

In the Edit Constraints Set dialog box, click OK.

6. Expand the constrs_1 folder and double-click the constraints file.

The constraints file opens. This file specifies the local constraints for some of the ports created in the

block design (FIGURE 120).

Sources

i 54 pa
“\ e =

3 gt @

[=+&7 Design Sources (2]

=+ Constraints (1)

i [=-i= constrs_1 (1)

{4 system.xdc

[ Simulation Sources (1)

(-4 mb_subsystem (mb_subsystem.bd) (17)
¢ [ Configuration Files (1)
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In the constraints file, add the following lines of code for the KC705 board with the Kintex-7 FPGA.

# Added for RevC board
set property slave banks {32 34} [get iobanks 33]

TIP: You might have noticed that the constraints for the RS232_Uart port are not included in

O the above constraints file. That is because Vivado automatically generates the appropriate

constraints for those ports because you selected the target board as the KC705 board. This is
the board automation feature of the Vivado IDE IP integrator that you can use to hook up
ports such as clocks, resets, GPIOS, and UART to the pins on the target board.

8.

Save the file by pressing Ctrl + S, or select File > File Save.

Step 8: Take the Design through Implementation

In the Flow Navigator:

1.

Click Generate Bitstream.

The No Implementation Results Available dialog box asks if synthesis and implementation can be
launched before generating bitstream.

Click Yes.

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

Keep the default selection of Open Implemented Design.

Click OK.

After the implemented design opens, expand the Implemented Design drop-down list in the Flow
Navigator and click on Report Timing Summary.

In the Report Timing Summary dialog box, click OK.

Verify that all timing constraints have been met by looking at the Timing - Timing Summary window
(FIGURE 121).

Timing - Timing Summary - timing_1 — 0O a x
ATEE e+ RD 4 Design Timing Summary
5 General Information >
Timer Settinas Setup Hold Pulse Width
: m Worst Negative Slack (WNS): 0.805 ns | | Worst Hold Slack (WHS): 0.028 ns | | Worst Pulse Width Slack (WPWS): 0.000 ns
iﬂgwﬁwmqfl Total Negative Slack (TNS):  0.000 ns | | Total Hold Slack (THS): 0.000 ns | | Total Pulse Width Negative Slack (TPWS): 0.000 ns
M= Check Timing (236

40 Intra-Clock Pgath‘s : Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpaints: 0

£ Inter-Clock Paths Total Mumber of Endpoints: 53285 Total Number of Endpoints: 53285 Total Number of Endpaoints: 19535
{5 Other Path Groups

+H= User Ignored Paths All user specified timing constraints are met.

+}5 Unconstrained Paths

2 Timing Summary - timing_1 X 4+ B

Figure 121: Timing Summary

Embedded Processor Hardware Design www.xilinx.com l Send Feedback I 86

UG940 (v 2014.2) June 4, 2014


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG940&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Embedded%20Processor%20Hardware%20Design&releaseVersion=2014.2&docPage=86

& XILINX

ALL PROGRAMMABLE.

Step 9: Exporting the Design to SDK

Step 9: Exporting the Design to SDK

Next, open the design and export to SDK.
1. Select File > Export > Export Hardware.

2. In the Export to Hardware dialog box, select the Include bitstream check box (FIGURE 122). Make
sure that the Export to field is set to <Local to Project>.

¢~ Export Hardware | 23 |

[0] Export hardware platform for
= software development tools

lnclude bitstream

Export to: | &0 <Local to Project> -~

0K ] [ Cancel

Figure 122: Export to Hardware Dialog Box

3. Click OK.

4. Select File > Launch SDK. In the Launch SDK dialog box, make sure that both the Exported
location and the Workspace drop-down lists are set to <Local to Project>.

¢ Launch SDK 53 |

"] Launch software development tool

Exported location: | &) <Local to Project> -

Workspace: | &1 <Local to Project> -

0K l ’ Cancel

Figure 123: Launch SDK Dialog Box

5. Click OK.

SDK launches in a separate window.
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Step 10: Creating a “Hello World” Application

1. In SDK, right-click mb_subsystem_wrapper_hw_platform_0 and select New > Project (FIGURE
124).

@ C/C++ - mb_subsystem_wrapper_hw_platform_0/system.hdf - Xilinx SDK
File Edit Source Refactor Navigate Search Run Project Xilinx Tools Window Help

Step 10: Creating a "Hello World” Application

il B ~@~ @v@v @~ HvO-Q@~ W B HLEE & &5~ 6
[ Praject Explorer &3 0% | ¥ 7 T 0|&system.hdf 2
4 (3 mb_subsystem_wrapper_hw_pl~** a =T
4 _J e
¥ system.hdf Mew : r&ec‘t
Go Into ¥ File

Figure 124: SDK New Project Selection

2. In the New Project dialog box, select Xilinx Application Project (FIGURE 125).

3. Click Next.

NewProject = | @&

Select a wizard

Wizards:

type filter text

+ = General
s = COfC++
4 = Xilinx
&h Application Project
il Board Support Package
k77 Hardware Platform Specification

Figure 125: SDK New Project Wizard
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4. Type a name (hello_world) for your project and choose standalone as the OS platform
(FIGURE 126).

-

NNEW Project = @
Application Project ,‘f
Create a managed make application project.
Project name:lhello_world I
Use default location
Location: | Chtutorialsy2014.2\ug940\lab4\microblaze\microblaze.sdk\hello_wc Browse...
Choose file system: (default -
Target Hardware
Hardware Platform: lmb_subsystem_wrapper_hw _platform_0 VI [Newl
Processor: l microblaze 0 - l
Target Software
Language: @C ©OC++
OS5 Platform: Istandalone vI
Board Support Package: @) Create New  hello_world_bsp
Use existing 7
@ < Back l Mext = [ Finish ] l Cancel

Figure 126: New Project: Application Project Wizard

5. Click Next.
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6. Select the Hello World application template, and click Finish (FIGURE 127).

-

@ MNew Project = | (=] || x |
Templates #f
Create one of the available templates to generate a fully-functioning application
project.

Available Templates:

Peripheral Tests Let's say 'Hello World" in C. -
Dhrystone

Empty Application

Hello World

IwIP Echo Server

Memory Tests

RSA Authentication App

SREC Bootloader

Xilkernel POSIX Threads Demo
Zyng DRAM tests

Zyng FSBL

@:l Next = Finish ] [ Cancel

Figure 127: New Project: Template Wizard

SDK creates a new "Hello World" application.
7. Right-click the hello_world application in the Project Explorer and select Generate Linker Script.
The Generate Linker Script dialog box opens.

8. Select the Advanced tab and change the Assigned Memory for Heap and Stack to mig_7series_0.
To do this:

a. Click in the Assigned Memory column in the appropriate row for heap and stack.

b. Select mig_7series_0 from the drop-down options.
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Generate a linker script X
Generate linker script
Control your application's memary map.
Output Settings Basic | Advanced
Project: heilo_world Code Section Assignments
Output Script I
— - - Section Assigned Memary Compiled 5
microblaze.sdidSDIASDK_Exportyhello_world\src\lscript.id _Browse! it i Feerien 0 bytes
Modify project build settings as follows
Set generated script on all project build configurations ] iAdd Se-nicn. R

Hardware Memory Map
Data Section Assignments

Memory Base Address Size
axi_bram_ctrl_0.5_AXI_BAS_ xC0000000 4 KB Section Assigned Memary Compiled 5-
mig_Tseries.0 0xB0000000 512 odata mig_7series 0 0 bytes
microblaze 0 local_memaor—. 000000000 64 .. sdatal mig_7series 0 0 bytes
sbas2 mig_7Tseries 0 0 bytes
data mig_7series 0 0 bytes
sdata mig_7series 0 0 bytes
shss mig_Tseries 0 0 bytes
s mig_7series 0 0 bytes

Heap and Stack Section Assignments
# Fixed Section Assignments r

Section Assigned Memary Assigned Si..
Heap mig_7series 0 1KB
Stack mig_7series 0 1KB

Figure 128: Generate Linker Script Dialog Box

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

A dialog box opens to notify you that the linker script already exists.
9. Likewise, change the Data Section Assignments and Code Section Assignments to mig_7_series_0.
10. Click Generate.

11. Click Yes to overwrite it.
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Step 11: Executing the System on a KC705 Board

To run the design on a KC705 board:

1. Connect the board to your computer and switch on the board power.
2. Select the Terminal 1 tab in SDK and click the Settings button (=,
The Terminal Settings dialog box opens.

3. Specify the parameters as shown in FIGURE 129, and click OK.

Terminal Settings |E|

View Settings:
View Title: Terminal 1
Encoding: IS0-8859-1 -
Connection Type:
Serial vl
Settings:
Port: CoM1 -
Baud Rate: | 9600 v
Data Bits: [8 v]
Stop Bits: [1 ']
Parity: [None v]
Flow Control: [None v]
Timeout (sec): 5

OK l l Cancel ]

Figure 129: Terminal Settings Dialog Box

The Terminal 1 tab displays confirmation in the Terminal 1 tab that it is connected to the device
(FIGURE 130).

Overview | Source

i Problems | ¥ Tasks | & Console | 2 Properties | & Terminal 1 &2
Serial: (COM1, 9600, 8, 1, None, Mone - CONNECTED) - Encoding: (ISO-8859-1)

Figure 130: Terminal Connection Confirmation

Embedded Processor Hardware Design www.xilinx.com | Send Feedback I 92
UG940 (v 2014.2) June 4, 2014


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG940&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Embedded%20Processor%20Hardware%20Design&releaseVersion=2014.2&docPage=92

& XILINX

ALL PROGRAMMABLE, Step 11: Executing the System on a KC705 Board

=

Start the XMD Console by selecting Xilinx Tools > XMD Console.

Program the bitstream on the board using the following command in the XMD Console.

Xmd% fpga -f <design path>/<project name>/<project name>.runs/
impl 1/<ip integrator design name> wrapper.bit

You can also program the FPGA by selecting Xilinx Tools > Program FPGA.
In the program FPGA dialog box, ensure the path to the bitstream is correct.
In the XMD Console, type: XMD$ connect mb mdm

Then, type: XMD$ mbc

Reset and stop the MicroBlaze processor before running the software by using the rst and stop
commands as shown:
XMD% rst
XMD% stop
Download the “Hello World" program ELF file of by typing:
XMD% dow <project path>/<project name>/project name.sdk/SDK/SDK Export/
hello world/Debug/hello world.elf
Run the program:

XMD% run

The output displays in the Terminal tab as shown in FIGURE 131:

Serial: (COM1, 9600, 8, 1, None, None - CONNECTED] - Encoding: (ISO-8859-1)
Hello World

(2l Problems | ¥ Tasks | & Console | = Properties [ & Terminal 1 &2 I =N b - =0

Figure 131: Terminal Tab
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Conclusion

In this tutorial, you:
e Stitched together a moderately complex design in the Vivado IDE IP integrator tool
e Taken the design through implementation and bitstream generation
e Exported the hardware to SDK

e Created and modified an application code that runs on a Standalone Operating System.

Lab Files

The Tcl script 1ab4. tcl is included with the design files to perform all the tasks in Vivado. You will
also need the system. xdc file to run in tcl mode. The SDK operations must be done in the SDK GUL

You might need to modify the Tcl script to match the project path and project name on your machine.
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Lab 5: Converting Legacy EDK IP to Use in IP Integrator

Introduction

You might at some point need to use a legacy core from XPS in Vivado®. In this lab, you will learn how
to convert an XPS processor core, or Pcore, to a Vivado Design Suite native IP for use in IP Integrator.
To migrate a legacy core, you need all the subcores as well as libraries that the main core is dependent
upon. This lab uses a simple GPIO pcore from an EDK project. The core has several dependencies on the
following libraries:

e proc common v3 00 a

e axi lite ipif vl 01 a

e interrupt control v2 01 a

e axi gpio vl 01 b

In order to migrate this pcore properly, you need to figure out all the files that are needed for the GPIO
core, package them as sub-cores or libraries, add the sub-cores and/or libraries to the IP catalog and
then finally, package the GPIO core.
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Step 1: Managing IP

1. Launch the Xilinx® Vivado Design Suite IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2014.2 > Vivado 2014.2*
As an alternative, click the Vivado 2014.2 Desktop icon to start the Vivado IDE.

The Vivado IDE Quick Start page, shown in FIGURE 132, contains links to open or create projects and
to view documentation.

¢ Vivado 2014.1
File Flow Tools Window Help

VIV} \DO Productivity. Multiplied.

Quick Start
&)\ ¢ @ E
Create.Nezxr\F”mject Open Project Open Bxample Project
Tasks

@

Manage IP Open Hardware Manager Xilinx Tcl Store

Information Center

ili"%- % WE Wi i
Documentation and Tutorials Quick Take Videos Release Notes Guide

Figure 132: Vivado IDE - Quick Start Page

1 Your Vivado Design Suite installation might appear slightly differently on the Start menu.
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2. Select Manage IP from the Quick Start page and select New IP Location from the drop-down
menu.

The Create a New Customized IP Location dialog box displays, as shown in FIGURE 133.

-

#- New IP Location e

Create a New Customized IP Location
This wizard will guide you through the creation of a new customized IP location

The Manage IP flow requires a name and file system directory for your IP files to be specified. Additional
options you will be able to specify include the targeted part, preferred language for IP files as well as
supported simulator.

VIVADO!

To continue, click Next.

< Back Finish

Figure 133: Open IP Catalog

3. Click Next.

4. On the Manage IP Settings page, click the Browse button (] to the right of the Part field.
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5. The Select Device dialog box opens. Ensure that Parts is selected under Specify and type xc7k325
in the search field. From the list of available devices, select the xc7k325tffg900-1 part, and then

click OK (FIGURE 134).

#L Select Device 52
Specify Filter
& Parts | Product category | All - Package | All -
H Boards Family | All - | Speed grade | All ~
Sub-Family | All - | Temp grade | All -
Reset All Filters
Search: xc7k325 (20 matches)
/O Pin Available LUT ) Block Gb GTXE2
Part Count I0Bs Elements PRI RAMSs DSPs Transceivers Transceiver
@ xc7k325tfbg676-3 676 400 203800 407600 445 840 8 8
@ xc7k325tfbge76-2 676 400 203800 407600 445 840 8 8
@ xc7k325tfbg676-2L 676 400 203800 407600 445 840 8 8
@ xc7k325tfbg676-1 676 400 203800 407600 445 840 8 8
@ xc7k325tfbgo00-3 00 500 203800 407600 445 840 16 16
@ xc7k325tfbgo00-2 00 500 203800 407600 445 840 16 16
@ xc7k325tfbgo00-2L 00 500 203800 407600 445 840 16 16
@ xc7k325tfbgo00-1 00 500 203800 407600 445 840 16 16
@ xc7k325tfg676-3 676 400 203800 407600 445 840 8 8
@ xc7k325tfg676-2 676 400 203800 407600 445 840 8 8
@ xc7k325tfg676-2L 676 400 203800 407600 445 840 8 8
@ xc7k325tfg676-1 676 400 203800 407600 445 840 8 8
@ xc7k325tfgo00-3 00 500 203800 407600 445 840 16 16
@ xc7k325tffgo00-2 00 500 203800 407600 445 840 lﬁ lﬁ
@ xc7k325tfgo00-2L QIZID SDD 203800 407600 445 840
S XCk325tg900-1 203800 [407600 n___
@ xc7k325tfbg676-2L 6?6 4DIZI 203800 407600 445 840
@ xc7k325tfbgo00-2L 900 500 203800 407600 445 840 lﬁ lﬁ
@ xc7k325tffg676-2L 676 400 203800 407600 445 840 8 8
@ xc7k325tffgo0n-2L 00 500 203800 407600 445 840 16 16
< | T | » O
OK ” Cancel l
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6. Change the Target Language to VHDL (if not already selected) and Target Simulator as Vivado

Simulator. Leave the Simulator language to Mixed. Change the Default IP Location to:
<Extract_Dir>/lab5 (FIGURE 135).

-

#- New IP Location B
Manage IP Settings
Set options for creating and generating IP. ‘

Part: @ xc7k325tffgo00-1 (=]
Target language: WHDL -
Target simulator: Vivado Simulator -
Simulator language: | Mixed -

TP location: C:ftutorials/2014.2/ug940/lab4 D

Next > Finish ] ’ Cancel ]

Figure 135: New IP Location Dialog Box

7. Click Finish.
The Vivado IDE loads the IP Catalog view layout (FIGURE 136).

#~ Manage IP - [C\tutorials\2014.1\ug940\|ab5] - Vivado 2014.1
File Edit Tools Window Layout View Help
AR o Bl XS K|S |5 pefault Layout ME & K2
Project Manager - xc7k325tffg200-1

i{FIP Catalog x

3 Search

= A1

= Name AXI4 Status License VLNV

ey

= |- Automotive & Industrial

& = AXI Infrastructure

= = BaselP

: = Basic Elements

Ik = Communication & Networking

|3+ Debug & Verification

n [ Digital Signal Processing

@ |3+ Embedded Processing

il = FPGA Features and Design

= = Math Functions

@. = Memories & Storage Elements

= Standard Bus Interfaces
[+ Video & Image Processing

Figure 136: IP Catalog View Layout

Because this is a Managed IP session and not an RTL project, you cannot perform behavioral simulation,
elaborate the design, or launch synthesis or implementation. This view is strictly for exploring the IP
Catalog, and for packaging designs for use as IP.
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Step 2: Packaging a Sub-Core

As mentioned earlier in this guide, the GPIO core needs several sub-core references. We start by
packaging the sub-cores and libraries before we get to packaging the GPIO core.

1. Select Tools > Create and Package IP.

The Create and Package New IP dialog box opens (FIGURE 137).

-

#- Create And Package New IP

J

Create and Package IP

This wizard can be used to accomplish two tasks:

Package a new IP for the Vivado IP Catalog

This wizard will guide you through the process of creating a new Vivado IP using source files

and information from your current project or specified directory.

Create a new AXI4 Peripheral
This wizard will guide you through the process of creating a new AXI4 peripheral which includes

V|\ADO‘ HDL, driver, software test application, IPI BFM simulation and debug demonstration design.

Click Next to continue

Figure 137: Create and Package IP dialog box

2. Click Next.

The Choose Create Peripheral or Package IP page opens (FIGURE 138). Package a specified directory
is selected by default.

-

¢ Create And Package New IP LX)

Choose Create Peripheral or Package IP
Please select one of the following tasks. '

Package your current project
Use the project as the source for creating a new IP Definition.
Note: All sources to be packaged must be located at or below the specified directory.

@) Package a specified directory
~  Choose a directory as the source for creating a new IP Definition.

~y Create a new AXH peripheral
Create an AXI4 IP, driver, software test application, IPI AXI4 BFM simulation and debug demonstration design.

< Back ” Mext = Einish

Figure 138: Package a Specified Directory as a Library Core
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& XILINX

ALL PROGRAMMABLE, Step 2: Packaging a Sub-Core
3. Click Next.

4. In the next page of the Create and Package New IP dialog box, Package Your Current Project page,
browse to the location of the IP to be packaged
(<extracted folder>/lab5/proc_commmon v3 00 a), and check the Package as a library
core option.

5. Click Next.

-

#% Create and Package MNew IP | =3 |
Package Your Current Project
Select the directory where sources to be packaged are located. '

IP location: | C:/tutorials/2014.2/ug940/lab5/proc_common_v3_00_a E]

Package as a library core

< Back ” Mext = Einish

Figure 139: Package Your Current Project Page

6. Inthe Edit in IP Packager Project Name, leave everything to its default value and click Next.

The Edit in IP Packager Project Name window opens (FIGURE 140).

-

#% Create and Package Mew IP | & |
Edit in IP Packager Project Name
Enter a name for your project and specify a directory where the project data files will be stored ‘
Eroject name: edit_ip_project
Project location: | C:/ftutorials/2014.2/ug940/lab5s D

Edit IP project will be created at: C:/tutorials/2014.2/ug240/lab5/edit_ip_project

< Back ” Mext = Einish

Figure 140: Edit in IP Packager Project Name page
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ALL PROGRAMMABLE, Step 2: Packaging a Sub-Core
7. In the Begin IP Creation page (FIGURE 141), review the information and click Finish.

-

#- Create And Package New IP 53|

New IP Creation

The following pieces of information will be gathered:

o Identification information based on top module name
o Family compatibility based on part in the project

o File(s) from Synthesis and Simulation file sets

Mote: A library core is being created, which can not be generated on its own, but may be
incorporated to deliver its files in a sub-core reference in other IP. Files will be found in
the indicated directory, and for any vhdl files, the directory name will be used as the
library. The following file will be created on disk in the specified directory:

VlVADO‘ component.xml.

Click Finish to continue

Mext = FEinish ]l Cancel

Figure 141: Begin IP Creation page

The Package IP Summary page opens.
8. Click OK.
The edit_ip project opens in a separate window.

9. Select the Package IP tab (FIGURE 142).

Package IP - proc_common — O «a =

IP Packaging Steps %« || IP Identification more info
IP Identification Vendor: xilim<.com
IP Compatibility Library: ip

U IP File Groups Name: proc_commaon

IP Customization Parameters SR 3.00.a
IF Ports and Interfaces Display name: proc_commaoen_v3_00_a -
IP Addressing and Memary Description: Proc Common V3.00.a Library Core

' TP GUI Customization VELLL Lern s

_ Company url:
Review and Package
Categories: Use the button on the right to set the categor)
Root directory: c:ftutorials/2014.1/ug940/lab5/proc_commeon_v3_00_a
¥ml file name: c:ftutorials/2014.1/ug940/lab5/proc_commeon_v3_00_a/compo -
4 11 3

Figure 142: Package IP Tab
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ALL PROGRAMMABLE, Step 2: Packaging a Sub-Core
10. Select IP identification (if not already selected) and fill in the following fields:

o Display name: proc_common_v3_00_a
o Description: Proc Common V3.00.a Library Core
11. On the left side of the window, click on Review and Package.

12. Click Package IP (FIGURE 143).

Package IP - proc_commaon — 0O a X
IP Packaging Steps « Review and Package more info
IP Identification \g) 2 warnings 1 info message
IF Compatibility Summary of your IP

D 1P File Groups IF display name: proc_common_v3_00_a

IF description:  Proc Commeoneo V3.00.a Library Core

IP Customization Parameters IP root directory: c:/tutorials/2014.2/ug940/lab5/proc_common_v3_00_a
IP Ports and Interfaces After Packaging
IF Addressing and Memory o An archive will not be generated. Use the settings link below to change your preference

o Project will be removed after completion
edit packaging settings

+ TP GUI Customization

Review and Package

Package IP

Figure 143: Review and Package the Library Core

The edit_ip_1 project closes and takes you back to the Manage IP session in Vivado.

13. Right-click anywhere in the IP Catalog and select IP Settings (FIGURE 144).

iF IP Catalog X

*[I| search:
= 71
= Name AX4 Status License VLNV
g
| Automotive & Industrial
NG += AXI Infrastructure
5|+ = BaselP

= |+ Basic Elements -

i + 7 Communication & Metworking

_, |H= Debug & Verification

US|[+H= Digital Signal Processing L

|+ Embedded Processing @ TP Settings...

m | = FPGA Features and Design =

- = Math Functions Export to Spreadsheet...
@ += Memories & Storage Elements

+= Standard Bus Interfaces

+H= Video & Image Processing

Figure 144: Ensure that IP Repository has been Updated with the Packaged Library Core
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ALL PROGRAMMABLE. Step 2: Packaging a Sub-Core

The Project Settings dialog box opens (FIGURE 145).

-

(0 Add directories to the list of repositories. You may then add additional IP to a selected repository. If
an IP is disabled then a tool-tip will alert you to the reason.

w | ‘
* Repository Manager | Packager
General

IF Repositories
c:/tutorials/2014.2/ug940/lab5/proc_common_v3_00_a (Project)

Implementation

B [ Add Repository... ] [ @ Refresh All...
Bitstream IP in Selected Repository
@:ﬁ proc_common_v3_00_a (xilinx.com:ip:proc_common:3.00.a) %
L* [ 1% Add IP... ] ’ @ Refresh Repository... ]
[ oK l l Cancel ] Apply

¢ Project Settings 23

Figure 145: Ensure that IP Repository is Set Correctly and Packaged Library is Found

14. Ensure that the IP Repositories points to the newly packaged library folder and that the IP
proc_common_v3_00_a is found in the IP in Selected Repository field.

15. Click OK to close the dialog box.

16. Repeat these steps to package the axi_lite_ipif_v1_01_library and the interrupt_control_v2_01_a
library. Make sure to specify the Display Name and Description for each of these subcores as

follows:
Subcore Name Description
axi_lite_ipif axi_lite_ipif_v1_01_a AXI Lite IPIF v1.01.a Library Core
interrupt_control interrupt_control_v2_01_a Interrupt Control V2.01.a Library Core
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ALL PROGRAMMABLE, Step 3: Package the GPIO Core

Step 3: Package the GPIO Core

Now that all the libraries have been packaged up properly, you can package the GPIO core.
1. Select Tools > Create and Package IP.
The Package New IP wizard displays and provides information about the process you are starting.

2. In the Welcome to the Create and Package IP page, click Next to continue (FIGURE 146).

-

#- Create And Package New IP 53|

Create and Package IP

This wizard can be used to accomplish two tasks:

Package a new IP for the Vivado IP Catalog

This wizard will guide you through the process of creating a new Vivado IP using source files

and information from your current project or specified directory.

Create a new AXI4 Peripheral
This wizard will guide you through the process of creating a new AXI4 peripheral which includes

VlVﬂ DO‘ HDL, driver, software test application, IPI BFM simulation and debug demonstration design.

Click Next to continue

< Back Einish

Figure 146: IP Packager Dialog Box

The Choose Create Peripheral or Package IP window opens (FIGURE 147).

#- Create And Package New IP 53|
Choose Create Peripheral or Package IP
Please select one of the following tasks. ‘

Package your current project
Use the project as the source for creating a new IP Definition.
Note: All sources to be packaged must be located at or below the specified directory.

(@) Package a specified directory
~ Choose a directory as the source for creating a new IP Definition.

~y Create a new AXI4 peripheral
Create an AXI4 IP, driver, software test application, IPI AXI4 BFM simulation and debug demonstration design.

< Back ” Mext = Einish

Figure 147: Setting the IP Source Location

3. In the Choose IP Source Location dialog box, select Package a specified directory.
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& XILINX

ALL PROGRAMMABLE, Step 3: Package the GPIO Core
4. Click Next.

5. In the Package Your Current Project page, in the IP Definition Location, click the Browse button (]
and browse to <Extract Dir>/lab 5/ axi gpio vl 01 b, asshownin FIGURE 147.
6. Click Next.

Note that this core is not being packaged as library core, so the Package as a library core check
box is not checked.

-

#- Create and Package New IP 23|
Package Your Current Project
Select the directory where sources to be packaged are located. ‘
IP location: | C:ftutorials/2014.2/ug940/lab5/axi_gpio_v1_01_b D

|| Package as a library core

< Back ” Next = FEinish

Figure 148: Package Your Current Project Dialog Box

The Edit in IP Packager Project Name dialog box opens. By default the project name is
edit_ip_project. You can choose to rename your project here or use the default name.

7. Click Next.

The New IP Creation page displays, showing what work is performed during the IP packaging flow
(FIGURE 149).

P

#- Create And Package New IP 53 |

New IP Creation

The following pieces of information will be gathered:

o Identification information based on top module name

= Family compatibility based on part in the project

o File(s) from Synthesis and Simulation file sets

o Ports from the file containing the top module

o Parameters from the file containing the top module

o Bus Interfaces based on port names

o Address Spaces and Memory Maps based on inferred bus interfaces

‘ Mote: The following files will be created on disk in the specified directory: compenent.xml and
Vl\/A\DO xgui directory containing IP Customization files.

Click Finish to continue

Next = Finish ]I Cancel

Figure 149: Begin IP Creation Page
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ALL PROGRAMMABLE. Step 3: Package the GPIO Core
8. Click Finish.

The Package IP wizard collects the available information from the specified IP location, and the IP

Packager Summary screen summarizes what is gathered and populated into the component . xml
file, a newly created IP-XACT definition of the IP.

Note: If a data/*.pao file is present in the specified IP location, this file is read, and the file and
associated library information are used, as is the case for this EDK Pcore IP.

9. Click OK to close the Package IP dialog box.

10. Review the various sections of the Package IP window, as seen in FIGURE 150, and update
information as required. The Package IP window shows the current IP identification, including the
Vendor, Library, Name, and Version (VLNV) attributes of the newly packaged core.

Package IP - axi_gpio _ 0O a X
IP Packaging Steps <« || IP Identification more info
+ 1P Identification Vendor: my_company.com

+' IP Compatibility Library: ip

+/ TP File Groups Name: axi_gpio

¥ TP Customization Paramet, | &'Sion: 1.0

' IP Ports and Interfaces Display name: my_axi_gpio

+ TP Addressing and Memor Description: AXI general purpose If0O Block

+ TP GUI Customization ey apa

. Company url:
Review and Package —
Categories: /BaselP |_|
Root directory: c:ftutorials/2014.1/ug940/lab5/axi_gpio_v1_01_b
*ml file name: c:ftutorials/2014.1/ug940/lab5/axi_gpio_v1_01_b/component.xml

Figure 150: Package IP - IP Identification

11. Make the following changes:
o Vendor: my_company.com
o Display Name: my_axi_gpio
o Description: AXI general purpose I/O block

As with any design that you package as an IP, you can provide company identification such as name
and web site, as well as add supporting documentation, examples, testbench, and so on.

CAUTION! Make sure that Vendor, Library, Name and Version fields are correct. If there

is a more recent version of the IP in the repository, the packaged IP will not show up in
the IP Catalog.
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ALL PROGRAMMABLE.

Step 3: Package the GPIO Core

12. Click IP Compeatibility to see the family of device supported for this project (FIGURE 151).

Package IP - axi_gpio

IP Packaging Steps ks
+" 1P Identification

+ IP Compatibility

+" IP File Groups

+ IP Customization Parameters

IP Compatibility
Family Support

— O a1 =

more info

Name Life Cycle

¥ kintex7 Production

%" IP Ports and Interfaces

+ TP Addressing and Memory

%" IP GUI Customization

Review and Package

(1] §

Figure 151: IP Compatibility Page

13. Click IP File Groups to see the source files included for synthesis as well as simulation (FIGURE 152).

Package IF - axi_gpio
IP Packaging Steps «

+ P Identification

+ TP Compatibility

+ 1P File Groups

+' IP Customization Parameters
+ TP Ports and Interfaces

+ IP Addressing and Memory
+' IP GUI Customization

Review and Package

— 0O e =

1P File Groups more info
A name Type Library Name  IsInclude  File Group Name
==
=5 |=H Standard
2| [E& VHDL Synthesis (2)

= ' hdl/vhdl/gpio_core.vhd "vhdlSource" axi_gpio_v1_0... xilinx_vhdlsynthesi
D§ hdlfvhdl/axi_gpio.vhd "vhdlSource" axi_gpio_v1_0... xilinx_vhdlsynthesi
o -4F xilinx.com:ip:proc_common:3.00.a
[5¥] s R P ——

IF xilinx.com:ip:axi_lite_ipif:1.01.a

@ -4k xilimx.com:ip:interrupt_control:2.01.a

[ VHDL Simulation (2)

@ hdlfvhdl/gpio_core.vhd

wh hdlfvhdl/axi_gpio.vhd

-4F yilinx.com:ip:proc_common:3.00.a
~4F xilinx.com:ip:axi_lite_ipif:1.01.a

-4F yilinx.com:ip:interrupt_control:2.01.a
Product Guide (1)

-
=+ Advanced

[#-E5 UI Layout (1)
[+ & Data Sheet (1)

"vhdlSource" axi_gpio_v1_0...
"vhdlSource" axi_gpio_v1_0...

xiliny_vhdlbehavio
xlinx_vhdlbehavio

= product_guide

4 I

Embedded Processor Hardware Design

Figure 152: IP File Groups Page
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& XILINX

ALL PROGRAMMABLE, Step 3: Package the GPIO Core
14. Click IP Customization Parameters to open the IP Customization Parameters page (FIGURE 153).

Package IP - axi_gpio —Oax
IP Packaging Steps « | 1P Customization Parameters wizard more info
' TP Wentification Name Description  Display Name Value Value Bit String Length  Value Format ~ Value Validation List  Value Validation Range Maximum  Value Validation Range Minimum

=} Custemization Parameters
C_TRI_DEFAULT_2 C Tri Default 2 OXFFFFFFFF 32 bitstring
C_DOUT_DEFAULT_2 CDout Default 2 0x00000000 32 bitstring
C_IS_DUAL CIs Dual 0 0 long

C_TRI_DEFAULT C Tri Default OXFFFFFFFF 32 bitstring
C_DOUT_DEFAULT C Dout Default 0x00000000 32 bitstring
C_INTERRUPT_PRESENT C Interrupt Present 0 0 long

' 1P Compatibility

< TP File Groups

& [F] 18 B R

+ IP Customization Parameters

+ TP Ports and Interfaces

C_ALL_INPUTS_2 CAll Inputs 2. o 0 long

C_ALL_INPUTS C All Tnputs 0 0 ong

/TP Addressing and Memary C_GPIO2_WIDTH C Gpio2 Width 2 0 long

C_GPIO_WIDTH C Gpio Width 2 0 ong

/TP GUI Customization €_S_AXI_DATA_WIDTH C 5 Axi Data Width 32 0 long

Review and Package C_S_AX_ADDR_WIDTH €5 Axi Addr Width 9 0 long
C_INSTANCE C Instance xi_gpio_inst 0 string

dden

& C_FAMLY virtext 0 string

Figure 153: IP Customization Parameters Page

Closely examine the IP Customization Parameters page. This page shows all the parameters that can
be customized for this IP.

Consider the address range for the core: C_S_AXI_ADDR_WIDTH.

Is the address range specified as a fixed value, or is it configurable at the time the IP is customized?
If it is configurable, what is the reason? Is the IP acting like a bridge with a variable-sized memory
window on the slave side? Or, does it have a variable-sized memory buffer for storing information?

Most IP have a fixed set of registers, and this parameter is meaningless in the context of the IP
Integrator because the HDL does not accommodate a variable memory range. This parameter made
sense in XPS/EDK because of how that software worked. However, in IP integrator, the interconnect
handles this, and the bits are directly related to the range.

15. Click IP Ports to see all the I/O ports in the design (FIGURE 154).

Package IP - axi_gpio —Oax
IF Fackaging Steps “«|| 1P Ports and Interfaces wizard more info
+ 1P Identification | name Interface Mode  Enablement Dependency  Direction  Driver Value  Size Left  Size Left Dependency  Size Right  Size Right ... Type Name
G| s_AxT slave
+ TP Compatibility = O S_AXT_ AWADDR in 0 8 (C_S_AXI_ADDR_WID... 0 std_logic_ve...
y ‘i’ D 5_AXT AWVALID in 0 0 0 std_logic
+ TP File Groups = 1 S_AXI AWREADY out 0 i std_logic
s O S_AXI_WDATA in 0 31 (C_S_AXI_DATA_WID... 0 std_logic_ve...
+ IP Customization Parameters O S_AXL_WSTRB in 3 ((C_S_AXI_DATA_WL.. 0 std_logic_ve...
) Cr S_AXIL_WVALID in 0 0 [1} std_logic
+ P Ports and Interfaces | < S_AXI_WREADY out 0 0 std_logic
<J S_AXI_BRESP out 1 0 std_logic_ve...
/' TP Addressing and Memory 0 S_AXL_BVALID out 0 0 sm:\ngm_
[r 5_AX1 _BREADY in 0 0 0 std_logic
+/ P GUI Customization O 5_AXT_ARADDR in 0 8 (C_S_AXI_ADDR_WID... 0 std_logic_ve...
Review and Package O 5_AXI ARVALID in 0 0 0 std_logic
<1 5_AXI_ARREADY out 0 0 std_logic
{1 S5_AXI RDATA out 31 [C_S_AXI_DATA_WID... 0 std_logic_ve...
<J S_AXI_RRESP out 1 0 std_logic_ve...
<d S_AXI_RVALID out 0 [1} std_logic
Cr S_AXI_RREADY in 0 0 [1} std_logic
i Clock and Reset Signals
<0 IP2INTC_Irpt out 0 0 std_logic
O GPIO_IO_I in 31 (C_GPIO_WIDTH - 1) 0 std_logic_ve...
<1 GPIO_I0_O out 31 (C_GPIO_WIDTH - 1) 0 std_logic_ve...
< GPIO_IO_T out 31 (C_GPIO_WIDTH - 1) 0 std_logic_ve...
O GPIO2_I0_T in 31 (C_GPIO2 WIDTH - 1) 0 std_logic_ve...
< GPI02_I0_0 out 31 (C_GPIO2_WIDTH - 1) 0 std_logic_ve...
<J GPIOZ_IO_T out 31 (C_GPIO2_WIDTH - 1) 0 std_logic_ve...
4 1 »

Figure 154: IP Ports Page

Embedded Processor Hardware Design www.xilinx.com l Send Feedback I 109

UG940 (v 2014.2) June 4, 2014


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG940&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Embedded%20Processor%20Hardware%20Design&releaseVersion=2014.2&docPage=109

& XILINX

ALL PROGRAMMABLE, Step 3: Package the GPIO Core

16. Click IP Addressing and Memory to see the memory mapping of any registers in the IP (FIGURE
155).

Package IP - axi_gpio

— 0O «a =
IP Packaging Steps || 1P Addressing and Memory wizard more info
TP Mentification Memory Maps (for slaves)
=
TP Compatibility é Name Display Name Description
| [ B S_AMT -
' IP File Groups L Address Blocks
+ IP Customization Parameters Name Display Name  Description  Base Address  Range  Range Dependency L
= regl 0 512 pow(2,(C_S_AXI_ADDR_WIDTH - 1) + 1| |
+ IP Ports and Interfaces

+ IP Addressing and Memory
+ IP GUI Customization

Review and Package

] I " i

Figure 155: IP Addressing and Memory Page

17. Click IP GUI Customization to see a preview of how the IP will look during customization and when
added to an IP integrator subsystem design (FIGURE 156).

Package IP - axi_gpio

- 0O« x
TP Packaging Steps < || IP GUI Customization wizard more info
+ TP Identification Preview
v IP Compatibility [ show disabled parts

Component Name | axi_gpio_0

' IP File Groups CTriDefault 2 | OXFFFFFFFF

+ IP Customization Parameters C Dout Default 2 | 000000000
+ IP Ports and Interfaces CIs Dual 0
C Tri Default OxFFFFFFFF

+ TP Addressing and Memory

C Dout Default 000000000
+ IP GUI Customization
C Interrupt Present 0
Review and Package

C All Inputs 2 0
GHO_T0_Tj31:)
FI0 10 T340]  GPIO2.10 030 C All Inputs 0
P02 10 T30 GRIO2 I0_T|3Lq]
C Gpio2 Width 32
C Gpio Width 32

C S Axi Data Width |32
C S Axi Addr Width 9
C Instance axi_gpio_inst

Figure 156: IP GUI Customization Layout

18. Click Review and Package for a summary of the IP (FIGURE 157).
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ALL PROGRAMMABLE. Step 3: Package the GPIO Core

19. Click Package IP.

The IP definition file, component . xm1, is saved automatically as you make changes to the different

pages of the Package IP window.

Package IP - axi_gpio - O

IP Packaging Steps “© Review and Package maore info
' IP Identification Summary of your IP

' TP Compatibility IP display name: my_axi_gpio

v TP description: ~ AXI general purpose I0 block
IP File Groups

s TP root directory: c:/tutorials/2014.1/ug940/lab5/axi_gpio_v1_01_b
+ IP Customization Parameters

+ IP Ports and Interfaces After Packaging
' IP Addressing and Memory = Create archive of IP - C:/tutorials/2014.1/ug940/lab5/axi_gpio_v1_01_b/xilinx.com_ip_axi_gpio_1.0.zip edit
o Project will be removed after completion

+ IP GUI Customization e S —

Review and Package

Package IP
4| il |

Figure 157: Review and Package IP Page

@ RECOMMENDED: To use a custom IP repository across multiple design projects, or for

use by multiple designers, you can add the repository when the Vivado tool launches by

adding it to your init.tcl script. Refer to the Vivado Design Tcl Command Reference
Guide (UG835) for more information on the init.tcl script.

20. Click the IP Catalog tab and look for my_axi_gpio in the BaselP category. Review the details

(FIGURE 158).

You have created an IP-XACT definition file for the IP, which can now be used in a Vivado IP
Integrator subsystem design.

{F 1P catalog X
*lI| search
A 1
=3| Name AXI4 Status License VLNV
==
=
£
& g o+ |Production |included _|my_company.com:ip:my_axi_g
I%| -4F Multiply Adder Production  Included xilinx.com:ip:xbip_multadd:3.0
" ) Basic Elements
" [ Communication & Networking
&g | Debug & Verification
;ﬂ +-(= Digital Signal Processing
“S4[H- = Embedded Processing
03 ) FPGA Features and Design
= » Math Functions
El|# = Memories & Storage Elements
[+[= Standard Bus Interfaces
= Video & Image Processing

Figure 158: IP Catalog - my_axi_gpio
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ALL PROGRAMMABLE.

Conclusion

Conclusion

In this exercise, you learned how to create an IP Integrator IP from an existing EDK Pcore. The process
involved creating an IP-XACT definition file, component . xm1, via the Package IP wizard. You can
complete the through the Manage IP flow, working directly with the Pcore, or within your design

project.

In a different approach to this exercise, you could edit a Vivado project that included an EDK Pcore, and
then create a native Vivado Design Suite IP from the Pcore for use in the Vivado IP Integrator.

You could:

Launch the Package IP wizard from within the current project
Reference the location of the existing Pcore as the IP repository
Follow the steps of this lab to package the IP

Add the new IP repository to the IP Catalog

Use the new IP in your current project to replace the existing Pcore
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Legal Notices

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 the Limited Warranties which can be viewed at http://www.xilinx.com/warranty.htm; 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 Critical Applications:
http://www.xilinx.com/warranty.htm#critapps.

©Copyright 2014 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, 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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