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Chapter 1

Programming and Debugging Embedded
Processors Using Vivado Design Suite

Introduction

This tutorial shows how to build a basic Zyngq™-7000 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.

Note: This document contains information about the new Vivado IP integrator environment, a
licensed early access feature in the 2013.1 release. Contact your Field Applications Engineer to
obtain a license.

IMPORTANT: The Vivado IP integrator is the replacement for Xilinx Platform Studio (XPS) for
embedded processor designs, including designs targeting Zynq™ devices and MicroBlaze™

ﬁ processors. XPS only supports designs targeting MicroBlaze processors, not Zynq devices. Both IP
integrator and XPS are available from the Vivado IDE.

Software Requirements

Before starting the tutorial, be sure 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.

Embedded Processor Hardware Design www.xilinx.com 5
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Tutorial Design Description

Tutorial Design Description

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:

e The ZYNQ ZC702 Evaluation Board
e IPinthePLare:

e A General Purpose 10 (GPIO)

e A Block Memory

e An AXI BRAM Controller

Lab 1 shows how to graphically build a design in the Vivado IP integrator and use the Designer
Assistance feature to connect the IP to the Zynq PS. The lab also takes advantage of 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 SDK for software debug.

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.

Embedded Processor Hardware Design www.xilinx.com 6
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Lab 3: Programming a Microblaze Processor

Lab 3 uses the Xilinx MicroBlaze processor in the Vivado IP integrator to create a design and
perform the same export to SDK, software design, and logic analysis.

Hardware and Software Requirements

The following hardware and software are required for Lab 3.

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 2013.1

e SDK (version 14.5 or above)

Required Design Files

e freeRTOS folder that contains the operating system needed in SDK

e mig 7 series pin layout.ucf

Locating Tutorial Design Files

Design data is in the ug940-design-files. zip file, which is directly below this tutorial:
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2013 1/ug940-vivado-tutorial-
embedded-design.pdf.
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Lab 1

Lab 1: Building a Zyng-7000 Processor
Design in the Vivado IDE

Step 1: Invoke Vivado IDE and Create a Project

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

_lnix]

File Tools Window Help I Search commands

VIVADO** XLINX

Getting Started Documentation
/ Create New Project e Documentation and Tutorials
\ 2t \'u New Project Wizard wil guide you through the process Invaluable for first time users or to try new features.
\ \\ of selecting design sources and a target device for
— a new project.

y, Open Project ) User Guide

\ Open one of the most recently used projects or X Mare detailed info on Vivado commands, dialogs,
"-. any previously created project. z "\L and buttons.

E Open Example Project P Quick Take Videos
Wi
: .é‘l%

View a series of short videos on various topics from

Open one of the tutorial projects. design flows overview to recommended methodology.

Manage IP . Release Notes Guide

Open the IP Catalog and view available IP.
Create and customize IP to be used in a new project
or open previously customized IP to make changes.

Information about installation and new IDS features
in this release.

=
& Td Console
| .
Figure 1: Vivado Getting Started Page
Embedded Processor Hardware Design www.xilinx.com 8
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2. From the Getting Started page, select New Project.
The New Project wizard opens (Figure 2). Click Next.
¢ New Project | 23 |
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.
To continue, click Next.
< Back Finish
Figure 2: Create New Project Wizard
3. In the Project Name dialog box, type the project name and location. Ensure that Create
project subdirectory is checked. Click Next.
4. In the Project Type dialog box, select RTL Project. Click Next.
5. Inthe Add Sources dialog box, ensure that the Target language is set to VHDL. Click Next.
6. In Add Existing IP dialog box, click Next.
7. In Add Constraints dialog box click Next.
8. In the Default Part dialog box Select Boards and choose ZYNQ-7 ZC702 Evaluation Board.
Click Next.
9. Review the project summary in the New Project Summary dialog box before clicking Finish
to create the project.
Embedded Processor Hardware Design www.xilinx.com 9
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Step 2: Create an IP Integrator Design

Step 2: Create an IP Integrator Design

1. In the Flow Navigator, select the Create Block Design option (Figure 3).

Flow Navigator «
C)\ :Ki [
g o
| # Project Manager
&5 Project Settings
c:ﬁ' Add Sources
1F IP Catalog
« P Integrator
#¥ Create Hlncﬁleﬂgn
¥ Open Block D®sign
4 Simulation
&3 Simulation Settings

Figure 3: Flow Navigator: Create Block Design

The Create Block Design popup menu opens.

2. Specify a name for your IP subsystem design (Figure 4).

-

#- Create Block Design

Design name: | zyng_design_1

=

| oK

] [ Cancel

Embedded Processor Hardware Design

Figure 4: Create Block Design Menu
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Add IP

Step 2: Create an IP Integrator Design

1. Inthe Vivado IP integrator canvas, right-click, and select Add IP (Figure 5).

% Propertie Ctrl+E
X Delete Delete
B Ctrl+C
B Paste Ctrl+V
& Select All Ctrl+A
£ Add Py Ctrl+1

Create Hierarchy...

Create Comment

Create Port... Ctrl+K

Create Interface Port... Ctrl+L
B Save as PDF File...

Figure 5: Add IP Option

Alternatively, you can also click on the Add IP link in the IPI canvas (Figure 6).

%= Diagram X |

_}_[ll_rfiu design_1 —

@: /(@ This design is empty. To get started J Add IF'I from the catalog.
e

Figure 6: Adding IP from the Add IP Link in IPI Canvas

The IP Catalog opens, (Figure 7).

2. In the search field, type zyng to find the ZYNQ7 Processing System IP, then press the Enter

key on the keyboard.

Search: Q.- zynq

(1 match)

~ 2
Version

H
H
&
m

Figure 7: Zynq Selection in Search Field

Because you selected the ZC702 board when you created the project, the Vivado IP

integrator configures the design appropriately.
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In the TCL Console you see the following message:

create bd cell -type ip -vlnv xilinx.com:ip:processing system7:5.01
processing system7 1
INFO: [PS7-6] Configuring Board Preset zc702.

There is a TCL command for all the actions performed in the IPI block
diagram. However, those commands are not shown in this document. Please
look at the TCL console for information on those commands.

Next, connect the DDR and FIXED_IO interfaces on the PS7 IP to top-level interface ports in
the design.

3. Hover over the DDR and FIXED_IO interfaces until the cursor turns into a pencil and then
individually right-click the DDR and FIXED_IO interfaces on the PS7 IP.

4. For each IP select Make External (do not select USBIND_O), (Figure 8).

processing_system/7_1 .
DDR & :
FIXED 104 || @ Block Interface Properties... Ctrl+E
! i - USBIND_0<f || X Delete
= M_AXI_GPO_ACLK[0:0] ZYNQ M_AXI_GPO<-
Copy Ctrl+C
FCLK_CLKO[0:0]4 ]
FCLK_RESETO_N[0:0]§ ™ Ctri+V
ZYNQY Processing System T Select All Crl+A
£ AddIP.. Ctrl+1
< Make External Ctrl+T
Start Connection Mode Ctrl+H

Figure 8: Make External Option

Now you can add peripherals to go in the processing logic (PL).
5. Right-click the Block Design window, and select Add IP.
6. Type the following names in the search field of the IP integrator catalog individually:
e GPIO
e AXIBRAM Controller
e Block Memory Generator

The Block Design window matches Figure 9. The relative positions of these IP are different.

Embedded Processor Hardware Design www.xilinx.com 12
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Step 2: Create an IP Integrator Design

axi_bram_ctrl_1

;!;F'S-”GCLK BRAM_PORTA: |||
XA BRAM_PORTB - |||
S_AXI_ARESETN

AxI ERAM Controller

D

blk_mem_gen_1
||| 4-BRAM_PORTA I
Block Memory Generator

axi_gpio_1 )

ks _axi
s _axi_adk  gpio<k |
5_axi_aresetn

processing_system7_1

M_AXI_GPO_ACLK[0:0] Z Y N Q‘

FIXED_IO
DR

FCLK_RESETO_N[0:0]

ZYNQ/ Processing System

Figure 9: Block Design Window with Three IP

Customize Instantiated IP

1. Double-click, or right-click the Block Memory Generator IP, and select Customize Block
(Figure 10).

% Block Properties...
(x Delete
Copy
Select All
T AXICH @ AddIp.
_.ﬂ: Customize Btgck...
Orientation

Ctrl+E
Delete
Ctrl+C
Ctrl+V
Ctrl+A
Ctrl+I

Figure 10: Customize Block Option

The Re-customize IP dialog box opens (Figure 11).

In the Basic tab of the dialog box, set:

¢ Mode to BRAM Controller

e Memory Type to True Dual Port RAM

3. Click

OK.

Embedded Processor Hardware Design
UG940 (v 2013.1) March 20, 2013
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LF Re-customize IP
Block Memory Generator (8.0)

9 Documentation [ IP Location

mbol | Power Estimation Component Name |zynq_design_1_blk_mem_gen_1_0
|| show disabled ports Basic | Port A QpliaRee tions | Other Options | Summary |
a

Mode BRAM Controller > Generate address interface with 32 bits

Memory e True Dual Port RAM Common Clock
ECC Options
ECC Type No ECC N

Error Injection Pins | Single Bit Error Injection v

Figure 11: Set Mode and Memory Type

4. Connect the Block Memory Core to the AXI4 BRAM Controller by clicking the connection
point and dragging the line between the IP (Figure 12).

axi_bram_ctrl_1

blk_mem_gen_1

|||<-BRAM_PORTA

Block Memory Generator

Figure 12: Connected AXI BRAM Controller and Block Memory Generator

The AXI BRAM Controller provides an AXI memory map interface to the Block Memory.

Embedded Processor Hardware Design www.xilinx.com
UG940 (v 2013.1) March 20, 2013
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Step 2: Create an IP Integrator Design

Use the Block Designer Assistance

The Block Designer Assistance helps connect the GPIO and AXI BRAM Controller to the Zyng-
7000 PS.

1. Select Run Connection Automation to connect the BRAM controller and GPIO IP to the
Zynq PS and to the external pins on the ZC702 board (Figure 13).

&= Diagram X & Address Editor X

f’]- ,di, Zynq_design_1

Q¢| (@ Designer Assistance available. Run Connection Automation

‘-‘i @ /axi_gpio_1/s_axi

n @ /axi_gpio_1/gpio

»Lfk @ /axi_bram_ctrl_1/S_AXI

Figure 13: Run Connection Automation

The Run Connection Automation dialog box opens, and informs you that it will connect the
master AXI interface to a slave interface.

In this case, the master is the Zynq Processing System IP (Figure 14).

#% Run Connection Automation 22|

[0] Connect a master interface to slave interface:
S [axi_gpio_1/s_axi

Master: /processing_system?7_1/M_AXI GPO

[ 0K H Cancel ]

Figure 14: Run Connection Automation Message

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 Zynq P-7000 Processing
System (PS).

Embedded Processor Hardware Design www.xilinx.com 15
UG940 (v 2013.1) March 20, 2013


http://www.xilinx.com/

& XILINX.

Step 2: Create an IP Integrator Design

3. Select Run Connection Automation again, and select the /axi gpio 1/gpio portas
shown in Figure 15.

Zo Diagram X [ Address Editor x

i’]. 14, zynq_design_1 »

&t | (@ Designer Assistance available. Run Connection Automation

”‘* {[} /axi_gpio_l/gpio

= { /axi_bram_ctrl_1/S_AXI

Figure 15: axi_gpio Selection

The Run Connection Automation option presents you with several options for you to use to
hook up to the GPIO port.

4. The Run Connection Automation dialog box opens.

5. Select LEDs_4Bits (Figure 16).

4. Run Connection Automation @

. .\'] Connect Board Interface to IP interface: /axi_gpio_1/gpio

Select Board Interface: | GPIO_SW =

GPIO_SW

LEDs_4Bil!'k_

l OK l l Cancel

Figure 16: Select Board Interface Options

6. Click OK.

This step also configures the IP appropriately, so that during netlist generation the IP creates
the necessary Xilinx Design Constraints (DRC).

Embedded Processor Hardware Design www.xilinx.com 16
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Step 2: Create an IP Integrator Design

7. Click Run Connection Automation again, and select the remaining option
/axi bram ctrl 1/S AXI (Eigure 17).

| | 74, zynq_design_1 »

Z= Diagram X [ Address Editor X

Qg

I:‘- 1]

b2

| (@ Designer Assistance available. Run Connection Automation

{ii fﬂi_bram_ctrl_ljs_m{l
143

Figure 17: axi_bram_ctrl Selection

This completes the connection between the Zyng-7000 Processing System and the AXI

BRAM Controller.

The IP integrator subsystem looks like Figure 18. Again, the relative positions of the IP can differ

slightly.

Diagram

*1| 2 zynq_design_1 »
B

%

1 R

/i

C -

et

o, focket

il sy, o8

e 3y

proe_sys s

—0Oax

{Lems amts

e
X 10

The Address Editor tab shows the memory map of all the IP present in the design.

Figure 18: Zynq Processor System

In this case, there are only 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.

Embedded Processor Hardware Design
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8. Change the range of the AXI BRAM Controller to 64K, as shown in Figure 19.

Z= Diagram x [ Address Editor x|

A mstance Base Name  Offset Address Range High Address

s |[=H4F fprocessing_system7_1
%i| =8 Data

= [axi_gpio_1 Re 0x41200000 64K 0x4120FFFF

[ - Jaxi_bram_ctrl_1 m 0x40000000 Tl |0x40000FFF
4K -
o (3
16K [~
32K
128K
256K ~
512K 7

Figure 19: axi_bram_ctrl to 64k Range
Embedded Processor Hardware Design www.xilinx.com 18
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Step 3: Using MARK_DEBUG

Step 3: Using MARK_DEBUG

You now instrument the design and put hooks in to debug certain nets of interest.

1. To debug the interface between the AXI Interconnect IP named
processing system7 1 axi periph and the GPIO core (hamed axi gpio 1), select
the interface, then right-click and select Mark Debug (Figure 20).

processing_system7_1_axi_periph
—

=i i +500_AXI

L

. blk_mem_gen_1
3 - “BRAM_PORTA
BAAM_PORTE: " | || -B8AM_PORTE
ax _goo 1
uf . | I DrOC esSir stem7 _1
'@ Interface Connection Properties... Ctrl+E
Delete Delete !
@ Copy Ctrl+C ~
i8] Ctrl+V
% Select All Ctrl+A
£ AddIP.. Ctrl+I
% MailyDebug

Figure 20: Mark Debug Option

In the Design Hierarchy view, you see a small bug icon next to the interface that you marked

for debug (Figure 21).

| Block Design - zyng_design_1 *

DesirﬁHierarchy — 02 X
A & |E

FEHE et

203
g=

# zyng_design_1
[ External Interfaces —
= Interface Connections

<2 processing_system7_1_ddr

m] rocessing_system7_1_axi_periph_m00_axi

»

processing_system7_1_fixed_io
axi_bram_ctrl_1_bram_porta
axi_bram_ctrl_1_bram_portb
grocessing_system?_1_m_axi_gp0

m

axl_gpio_1_gpio
processing_system7_1_axi_periph_m01_axi
]

M_AXI_GPO
M_AXI_GPO_ACLK
FCLK CLKO

i | r O

& So

Figure 21:

Embedded Processor Hardware Design
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Step 3: Using MARK_DEBUG

2. Right-click anywhere in the IP integrator canvas and add a title and/or comment to the
design using the Create Comment option (Figure 22).

@ Interface Connection Properties...
X Delete

e Copy

&k Select All
& AddIp..

Unmark Debug
Create Hierarchy...
Create Comment
Create Port...

Create Interface Port...

B Save as PDF File...

Ctrl+E
Delete
Ctrl+C
Ctrl+V
Cirl+A
Ctrl+1

Ctrl+K
Ctrl+L

Figure 22: Create Comment Option

3. Add a title to your design. Then right-click and format the comment (Figure 23).

Text size:

Border line:

Border color:

4~ Format Comment

12

o Set various formatting attributes for the selected comment.

=

| Use default color [l 0,0,0

Text color: || Use default color |l 0, 0,0 -
Box fill color: || Transparent B -
0K \ l Cancel |
Figure 23: Comment Format Dialog Box
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4. Save your design by pressing Ctrl-S, or alternatively, select File > Save Block Design.

5. From the toolbar, run Design-Rules-Check (DRC) by clicking the Validate Design button

(Figure 24). Alternatively, you can do the same from the menu by selecting Tools > Validate
Design.

l- zynq_debug_design -

File Edit Flow Tools Window Layout View Help

S EH DR ERB X ;’%53,; D D ¥ S K| XL G S Default Layout b £ Y
Flow Navigator 9 Validate Design

Q = = Validate and display errors and critical warnings in this design

Figure 24: Validate Design Button

6. The Validate Design Successful dialog box opens (Figure 25).

Validate Design =3 ]

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

Figure 25: Validate Design Message

7. Click OK.
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Step 4: Generate HDL Design Files

Step 4: Generate HDL Design Files

You now generate the HDL files for the design.

1. In the Source window, right-click on the top-level subsystem design, and select Generate
Output Products (Figure 26). This action generates the source files for the IP used in the
block diagram and the relevant constraints file.

Block Design - zynq_design_1
Sources = 0O x || | i-Diagram X @& Addre
= = | 2 gY| B |E] 30| % zynq_design_1 »
[=Ha7 Design Sources (1) Q¢
E-& q_desig 1 -
{F zynq_design_1_auto] ‘¥ Source Node Properties... Ctrl+E
- ﬂ zynq_deslign_l_aulto @ Open File Alt+0
{F zynq_design_1_axi_|
+-4F zynq_design_1_axi_ Create HDL Wrapper
{F zynq_design_1_blk_
-4F zynq_design_1_proc Generatelgutput Products...
tFzynq_design_1_prod  paset Output Products...
~4iF zvng desion 1 xhar
Figure 26: Generate Output Products Option
2. In the Sources window, select the top-level subsystem source, and select Create HDL

Wrapper to create an example top level HDL file (Figure 27).
3. Click OK when the Create HDL Wrapper dialog box opens.

Block Design - zynq_design_1

—I4a7 Design Sources (1)

=W Nzynq_design_1 (zyng_decian 4 hd\ /1 |

Sources - 0O X &= Diagram X [ Addre
= &2 eY R|E i’i’U‘ 7, zynq_design_1 »

Q¢

+4b zynq_design_1 - STH [d Source Node Properties... Ctrl+E
+H5 Constraints (1) 3 .
=} Simulation Sources (1 #* Open File Alt+0
e sim_1 (1 Create HDL Wrapper

Generate Output Products...

Figure 27: Create HDL Wrapper
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Step 5: Assign Signals to Debug

Now assign the signals to debug in hardware.

1. After generating the IP Integrator design, from the Flow Navigator click Run Synthesis
(Figure 28).

4 Synthesis

3 Synthesis Settings

2 Run S'gthesis

&* Open| Run Synthesis
Run synthesis on your project source files.

Figure 28: Run Synthesis Option

4. After synthesis completes, open the synthesized design.

5. In the main Vivado toolbar, select Debug, (Figure 29).

25 1/O Planning v

25 Default Layout

25 IP Catalog

S /O Planning

25 Clock Planning

25 Floorplanning

25 Timing Analysis

2 Save As New Layout...
Reset Layout F5

Figure 29: Debug Option

This option rearranges the windows in Vivado and opens a new window called Debug.

In the Debug window, you see a list of nets in the /Unassigned Debug Nets folder.
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These nets correspond to the various signals that make up the interface connection that you
marked for debug in the IP block design (Figure 30).

Debug

::k] Name Debug Core Instang
. &

2| 1-© Assigned Debug Nets

== (= Unassigned Debug Nets (100

' =HJrm zyng_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR (9

:53 J'# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[0]

1'# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[1]
J'# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[2]
J# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[3]
I'# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[4]
J'# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[5]
J'# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[6]
1'# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[7]
[# #wvna desian 1 i/nrocessina svstem? 1 axi nerinh_m00_axi ARADDRIS]
Debug Nets Debug Cores

Figure 30: Unassigned Debug Nets Folder

The next step is to 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

1. On the left-hand toolbar of the Debug window, click the Set up Debug wizard button
(Figure 31).

Debug

- Name

(<=5

“=|] & Assigned Debug Nets

54| Unassigned Debug Nets (100

E —+J# zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR (9

: I # zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[0]|

ﬁ J % zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARADDR[1]
Set up Debug [g'

Launch wizard for choosing nets and connecting them to debug cores. 4]|

Figure 31: Set up Debug Option

2. When the Set up Debug wizard opens, click Next (Figure 32).

-

=

¢ Set up Debug

Set up Debug

This wizard will guide you through the process of choosing nets
and connecting them to debug cores.

The wizard is automatically populated with any selected nets
and with nets from the Unassigned Debug Mets folder.

VIVADO™

To continue, click Mext

< Back Finish

Figure 32: Setup Debug Wizard
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Step 6: Assign Debug Net to an ILA Core

3. On the second panel of the wizard, notice that some of the nets in the table do not belong
to a clock domain (Figure 33).

-

#- Set up Debug
Specify Nets to Debug
Specify Nets for debugging

> 8

Name Clock Dom... Driver Cell TRIG DA...

[F I # zyng_design_1_i/processing_system7_1... zyng_desig... LUTE v v .
[+ I-# zyng_design_1_i/processing_system7_1... i LUTG v v EI
[+ I# zyng_design_1_i/processing_system7_1... GND v v

[+ % zynq_design_1_i/processing_system7_1... Multiple v v

[+ 74 zynq_design_1_i/processing_system7_1... GND v v L
[+ IF# zynq_design_1_i/processing_system7_1... ... P57 v v

[ I # zyng_design_1_i/processing_system7_1... zynq_desig... PS7 v v D
’ Add/Remove MNets... ] Nets to debug: 100

| <Back || wext> | Finish Cancel

Figure 33: Setup Debug

IMPORTANT: Signals captured by the same ILA core must have the same clock domain
ﬁ selection.

4. To select the same clock domain for all nets: select one net, or press Ctrl-A to select all the
nets, and then right-click Select Clock Domain (Figure 34).

4 Set up Debug
Specify Nets to Debug
Specify Nets for debugging

=
A

Name Clock Dom... Driver Cell TRIG DA...

Add/Remove Nets... Nets to debug: 100

[ < Back ][ Next > I Finish [ Cancel ]

Figure 34: Set up Debug: Select Clock Domain
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5. In the Select Clock Domain window, select the
zyng design 1 i/processing system7 1/FCLK CLKO[0] net as the clock domain,
and click OK (Figure 35).

-

#- Select Clock Domain |£|
Find Met Criteria
Type - |lis = || All Clocks -

[ unique nets only

Note: results applicable to logical nets only.
Filter out non-debuggable nets
|| match case

Find Results (22)

=1
=

|4k

zynq_design_1_i/processing_system7_1_axi_periph/m00_couplers/auto_pc
zyng_design_1_i/processing_system7_1_axi_periph/s00_couplers/auto_pc/
zynq_design_1_i/processing_system7_1_axi_periph/xbar/aclk
zynq_design_1_i/processing_system7_1_axi_periph/ACLK[0] £

T
=
T 3
" zynq_design_1_i/blk_mem_gen_1/clka
- zynq_design_1_i/clka
I zynq_design_1_i/blk_mem_gen_1/clkb
- zynq_design_1_i/clkb
I zynq_design_1_i/processing_system7_1/inst/FCLK_CLKQO
- zyng_design_1_i/FCLK_CLKD

- [_7vnn_desion 1 i/nrocessing svstem? 1 axi nerinh/MO0_ACI KI0T
4 | 1 2

Selected Clock Domain Net: I zyng_design_1_i/processing_system7_1/FCLK_C...

Figure 35: Select Clock Domain Option

6. Click Next to bring up the summary window.
7. 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.

8. In the main Vivado toolbar, click the Save Constraints button to save the design after you
insert the debug cores, (Figure 36).

2o o B R X#H D> GO

ial Save Constraints (Ctrl+5S)

2 Save the constraints for the current design.
Figure 36: Save Constraints Option
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Step 7: Implement Design and Generate Bitstream

1. Click Generate Bitstream to implement the design and generate a BIT file.
Note: If the system requests to re-synthesize the design before implementing, click No.

The previous step of saving the constraints caused the flow to mark synthesis
out-of-date.

Ordinarily, you might want to re-synthesize the design if you manually changed the
constraints, but for this tutorial, it is safe to ignore this condition (Figure 37).

4 Program and Debug

. ' Tcl Console

@ Bitstream Settings i
- i connect_debug_port u_ila 0/F

I i (5] — L |

ﬂ I:?nerate fishpan paq| ['save constraints -force

& Generate Bitstream Creatis

. . . = Target

@ Generate a programming file after implementation. a=e
=] T
* 4 1

Figure 37: Generate Bitstream

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 they can replace the debug
core black boxes that you added to the design previously (Figure 38).

Mesrages

| [¥]® 8 critical warnings [V|® 474 warnings  [| @ 491 infos (@) 350 status Show All

= -

= =@ Opt Design (8 critical warnings, 13 infos)

= - [Common 17-347] Attempting to get a license for feature 'Implementation' and/or device 'xc7z020'
i)} @ [Commaon 17-349] Get 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_o...
-{D [Opt 31-49] Retargeted 0 cell(s).

- [Opt 31-10] Eliminated 313 cells.

- [Ont 31-121 Fliminated 1160 uneonnected net

/& Tcl Console | = Messages | B Log | 21 Reports | 3 Design Runs

Figure 38: 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.
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2. After the design implementation, click Open Implemented Design, (Figure 39).

Bitstream Generation Completed | &3

Iol Bitstream Generation successfully completed.

Next
(@) Open Implemented Design

'_:_-View Reports
Open Hardware Session

(") Launch iMPACT

[] pon't show this dialog again

[ oK H Cancel ]

Figure 39: Bitstream Generation Completed

3. You can keep the synthesized design open if you wish to debug more signals; otherwise
close the synthesized design to save memory (Figure 40).

¢ Vivado | & |

|| Aways do this action and don't show this dialog again

’ Yes ” Mo ” Cancel

Figure 40: Close Synthesized Design Dialog Box

4. In the implemented design, go to the Netlist window to see the inserted ILA and Debug
Hub (dbg hub) cores in the design (Figure 41).

[Implemented Design xc7z020c1g484 1 (acive,
Netlist R 1 [ L.

51 ol (6
g Il ::]

2 zyng_design_1_wrapper

+42 Nets (269

+ Leaf Cells (4

+}{8] dbg_hub (dbg_hub_

@ u_ila_0 (u_ila_0_C\

+1{&] zynq_design_1_i (zynq_design_1

Figure 41: Implemented Design
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Step 8: Export Hardware to SDK

Step 8: Export Hardware to SDK

In this step, you export the hardware description to SDK. You use this in Lab2.

The IP integrator design, the Implemented design, as well as the bitstream, must be open to
export the design to SDK.

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

Export to SDK

1. In the Flow Navigator, click Open Block to invoke the IP integrator design (Figure 42).

4 IP Integrator
i Create Block Design
;¥ Open Block q:gsign

4 Simulation |Open Block Designl

Figure 42: IP Integrator: Open Block Design

Now you are ready to export your design to SDK.

2. From the main Vivado File menu, select Export Hardware for SDK (Figure 43).

& Add Sources... Alt+A
Open Source File... Ctrl+N
Export v Export Hardware for SDK...
Open Log File 1 [}
Open Journal File
= Print... Ctrl+P
nsole
Exit Adding component instance block —— x
iy Adding component instance block —— x

Figure 43: Export Hardware for SDK

The Export Hardware for SDK dialog box opens.
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3. Ensure that Export Hardware, Include Bitstream, and Launch SDK are checked (Figure 44).

#- Export Hardware for SDK | =2

{0‘. Export hardware platform for SDK.

Options
Source: # zynq_design_1.bd -
Exportto: @0 <Local to Project> -

Workspace: B <lLocal to Project> -
Export Hardware
Include bitstream (Mote: an implemented design m...

Launch SDK

Figure 44: Export Hardware for SDK

Conclusion

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

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

e Inserted debug probes in the design to debug it later in the Vivado Logic Analyzer.

e Synthesized, implemented, and generated the bitstream before exporting the hardware
definition to SDK.
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Lab 2

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.

Before using SDK to build and debug the design, it is important to start the hardware server
(hw_server) application that SDK uses to communicate with the Zyngq™-7000 processors.

Step 1: Start the SDK Hardware Server

1. To start the SDK hardware server, open a cmd prompt and run:
C:\Xilinx\Vivado\2013.1\bin\hw server

You see the following message in the cmd prompt window (Figure 45).

B C\Windows\system32\cmd.exe - chxilinx\vivado\2013.1\bin\hw_server (o] [=] X

Microsoft Windows [Uersion 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

1l »

C:\Users\ndutta>c:\xilinx\vivado\2013.1\bin\hw_server

xxxxxx Xilinx hw_server v2013.1.0
xxxx Build date = Feb 14 2013-07:10:52
»*x Copyright 1986-1999, 2001-2013 Xilinx, Inc. All Rights Reserved.

INFO: hw_server application started
INFO: Use Ctrl-C to exit hw_server applicaticn

Figure 45: CMD Prompt Message for hw_server
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To share the Digilent JTAG cable between SDK and the Vivado Logic Analyzer, you also need

to start the Vivado CSE Server (vcse server) with the TCF switch to instruct it to
communicate with the same hw _server application when connecting to the cable.

2. To start the Vivado tools CSE server, open another cmd prompt and run:

C:\Xilinx\Vivado\2013.1\bin\vcse server -tcf

You see the following message in the second cmd prompt window (Figure 46).

C:\Users\ndutta>c:\xilinx\vivado\2013.1\bin\vcse_server -tcf
Uivado Cse Server Uersion 2013.1 - Compiled Mar 3 2013 17:03:59

Uivado Cse Server: Opened server at port: 60001
To exit the server, type command ‘exit’

UCSE %

B C\Windows\system32\cmd.exe - ch\xilink\vivado\2013.1\bin\vcse_server -tcf =

Microsoft Windows [Uersion 6.1.7601]
Copyright (c) 2009 Microsoft Corperation. All rights reserved.

Ml »

Figure 46: Vivado CSE Server Message

3. SDK launches in a separate window.
Now you create a peripheral test application.

4. Select File > New > Application Project (Figure 47).

@) C/C++ - hw_platform_0/systemxml - Xilinx SDK

File| Edit Source Refactor Navigate Search Run Project Xilinx Tools Window Help

New Alt+Shift+N » | €5 Makefile Project with Existing Code
Open File... & C++ Project

T CProject
Close Ctrl+W | &

& Application [soject

] PR P A o T T T |

Figure 47: File >New > Application Project

The New Project dialog box opens.
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Step 1: Start the SDK Hardware Server

5. In the Project Name field, type Zynq_Design, and click Next (Figure 48).

New Project

Application Project

Create a managed make application project.

Project name: Zyng Design

Use default location

= (=R

s

Citutorials\zyng_debug_design\zyng_debug_design.sdk\SDK\SDK_E Browse...
default =
Target Hardware
Hardware Platform Ihwplarform_[) v]
Processor [ps?_co rtexa9 0 - ]
Target Software
OS Platform Istandalone v]
Language @C (C+s
Board Support Package @) Create New  Zyng_Design_bsp
Use existing -
('_":J Back [ Next > ] [ Finish ] [ Cancel

Figure 48: SDK Application Project
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Step 1: Start the SDK Hardware Server

6. From the New Project Template, select Peripheral Test (Figure 49).

@ New Project o[ @]
Templates 5

Create one of the available templates to generate a fully-functioning application L/
project

Available Templates:

Dhrystone Simple test routines for all peripherals inthe =
Empty Application hardware.

Hello World

IwlP Echo Server

Memory Tests

Zyng FSBL

@ < Back Nex Finish Cancel

Figure 49: SDK New Project Template

When the program finishes compiling, you see the following (Figure 50).

OVerview | source

. Problems [ &) Tasks| & Console 2 _[J Properties| & Terminal
ICDT Build Console [Zyng_Design]

Invoking: ARM Print Size

arm-xilinx-eabi-size Zynq_Design.elf |tee "Zyng_Design.elf.size"
text data bss dec hex filename
74740 2024 33700 110464 1af80 Zyng_Design.elf

Finished building: Zyng Design.elf.size

16:53:10 Build Finished (took 4s.976ms)

Figure 50: SDK Message
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Configure the JTAG Port

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

1. Click Xilinx Tools and select Configure JTAG Settings (Figure 51).

Xilinx Tools| Window Help

Generate linker script
Board Support Package Settings
Repositories

Program FPGA
Program Flash

XMD Console

Launch Shell

Configure JTAG Settipngs
System Generator Co&%ebug Settings
Create Zynq Boot Image

BxZixK B =2

Figure 51: Configure JTAG Settings

In the Configure JTAG Settings dialog box, select the Type as Xilinx TCF Cable, and click OK
(Figure 52).

Comfigure JTAG Settings =]
Configure JTAG Settings ok

Specify the JTAG cable to use for communication and JTAG Device Chain configuration of the target board.
These settings affect how XMD connects to the FRGA.

JTAG Cable

Type: |Xilinx TCF Cable hd

Port:
Frequency: -
Other Options:

JTAG Device Chain
@) Automatically Discover Devices on JTAG Chain
(7) Manual Configuration of JTAG Chain

FPGA? Device Name ID Code IR Length

@ [ ok ][ cancel |

Figure 52: Configure JTAG Settings
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2. Next, download the bitstream into the FPGA by selecting Xilinx Tools > Program FPGA
(Figure 53).

Xilinx Toolsl Window Help

Generate linker script
Board Support Package Settings
Repositories

Program FPGA
Program Flash

XMD Console

Launch Shell

Configure JTAG Settings

System Generator Co-Debug Settings
Create Zynqg Boot Image

XK % D=2

Figure 53: Program FPGA

This opens the Program FPGA dialog box.

3. Ensure that the path to the bitstream that you created in Step 7 of Lab 1 is correct and then

click Program.

Note: The DONE LED on the board turns green if the programming is successful.
4. Select, and right-click the Zynq_Design application.
5. Select Debug As and Launch on Hardware (TCF) (Figure 54).

Debug As » | & 1 Launch on Hardware
Profile As v | &0 2 Laung on Hardware (TCF)

Figure 54: Launch on Hardware

6. Open the Debug Perspective by clicking the & button to the left of [ c/C++] putton and
selecting Debug from the menu (Figure 55).

% Debu
&Y Team Synchronizing

Other...

Figure 55: Debug Option
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7. Set the terminal by selecting the Terminal 1 tab and clicking the Settings button
(Figure 56).

Overview | Source

[2: Problems | Tasks | & Console | = Properties [ & Terminal 1 53 I ik &8 - - =0
Mo Connection Selected Settings

N

Figure 56: Settings Button

8. Use the following settings for the ZC702 board (Figure 57).

-

Terminal Settings | 53 |

View Settings:

View Title: Terminal 1

Encoding: [50-8859-1

4

Connection Type:

Serial v
Settings:

Port: COM1 -
Baud Rate:
Data Bits:
Stop Bits:
Flow Control:

Timeout (sec): 5

0K l l Cancel

Figure 57: Terminal Settings for ZC702 Board

9. Verify the Terminal connection by checking the status at the top of the tab
(Figure 58).

[£l Problems | ¥ Tasks | B Console | = Properties | &= Terminal 1 £3
Serial: (COM1, 115200, 8, 1, None, None - CONNECTED) - Encoding: (ISO-8859-1)

[N

Figure 58: Terminal Connection Verification
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10. In the Debug tab, expand the tree, and select the processor core on which the program is to
be run (Figure 59).

@ Debug - Zyng_Design/src/testperiph.c - Xilinx SDK
File Edit Source Refactor Navigate Search Run Project Xilinx Tools Window Help

3= W FYyO-YQv @ x| M| 2deir T 5
i’& Debug 3? 3 |
4 $7 TCF Local Host Zynq_Design.elf (Xilinx Hardware Server)
4 &% APU

4 ¢? ARM Cortex-A9 MPCose #0 (Breakpoint)
= 0x001004b4 main(): ../src/testperiph.c, line 58

= (0x001036b8 _start(): xil-crt0.S, line 149

i® ARM Cortex-A9 MPCore #1 (Suspended)

Figure 59: Processor Core to Debug

11. If it is not already open, select . . /src/testperiph.c, line 58, and double click that line,
to open the source file.

Add a Breakpoint

You add a breakpoint on line 104.
1. Select Navigate > Go To Line (Figure 60).

Navigate | Search Run Project Xilinx Tools Window
Go Into
Go To 4
Open Declaration F3
Open Type Hierarchy F4
Open Call Hierarchy Ctrl+Alt+H
Open Include Browser Ctri+Alt+I
Toggle Source/Header Ctrl+Tab

(* Open Element... Ctrl+Shift+T
Open Type in Hierarchy... Ctrl+Shift+H
Open Element in Call Hierarchy...
Open Resource... Ctrl+Shift+R
Show In Alt+Shift+W»
Quick Outline Ctrl+O

£| Next Annotation Ctrl+.

i+ Previous Annotation Ctrl+,
Last Edit Location Ctrl+Q
Go to Lineh Ctrl+L

Figure 60: Go to Line
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Step 2: Connect to the Vivado Logic Analyzer

2. Inthe Go To Line dialog box, type 104.

3. Double click on the left pane of line 104, which adds a breakpoint on that line of source
code (Figure 61).

3 system.xml |, system.mss f¢l testperiph.c &2 =8

a N

u32 status; =

print("\r\nRunning GpioOutputExample() for axi_gpio 1...\r\n");

i

status = GpioOutputExample(XPAR_AXI GPIO_1 DEVICE_ID,4);

if (status == 8) {
print("GpiocOutputExample PASSED.\r\n");
3

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

Figure 61: Add a Breakpoint

Step 2: Connect to the Vivado Logic Analyzer

Now it is time to connect to the ZC702 board using the Vivado logic analyzer feature.

1. Go back to the Vivado IDE session and select Vivado Flow Navigator > Program and
Debug > Open Hardware Session (Figure 62).

4 Program and Debug 2
{5 Bitstream Settings X
%] Generate Bitstream
B open Hardware Session
pen Hardware Session

Open a hardware program and debug session

Figure 62: Open Hardware Session
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Step 2: Connect to the Vivado Logic Analyzer

2. In the Hardware window, click Open New Hardware Target to open a connection to the

Digilent JTAG cable for ZC702 (Figure 63).

Hardware Session - unconnected

Hardware — 0O X
Pl P

No hardware target is open. To open a target server
and cable, click one of the following links.

Open Recent Hardware Target

%]r'n New Hardware Target

Launch the Open New Hardware Target wizard

Figure 63: Launch Open New Hardware Target Wizard

The Open New Hardware Target dialog box opens.

3. Type the default server name, localhost:60001, to connect to the vcse server that you
previously started from a command prompt. (Figure 64).

4. Click Next.

4. Open New Hardware Target
Vivado CSE Server Name

Enter the host name and IP port of the Vivado CSE Server (vcse_server).

Server name <host[:port]> localhost:60001|

Figure 64: Open New Hardware Target
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Step 2: Connect to the Vivado Logic Analyzer

You now see the xilinx tcf hardware target and the ARM DAP 0 and XC7z020 1

hardware devices as shown in Figure 65.

#- Open New Hardware Target
Select Hardware Target

(vecse_server).

Hardware Targets

Select a hardware target from the list of available targets on the Vivado CSE Server

(=]

Type Port  ESN
L& blinx taf] [iss3 |

Hardware Devices

Hame ID Code IR Length

& ARM_DAP_0 4BA00477 4
@ XC7Z020_1 03727093 6

Server: localhost:60001, Version: 20

’ < Back ” Next > ] Finish
Figure 65: Select Target Hardware
5. Click Next again to invoke the next dialog box (Figure 66).
¢ Open New Hardware Target @
Set Hardware Target Properties .
Set properties for the selected hardware target &
TYPE  xilinx_tcf
DEVICE | jss3
[ < Back ” Next = Finish

Figure 66: Type and Device

6. Click Next again.
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The Open Hardware Target Summary dialog box displays (Figure 67).

¢ Open New Hardware Target

Open Hardware Target Summary

Server Settings:

Name: localhost
Fort: 60001

Target Settings:
Name: xilinx_tcf/jss3

TYPE: xilinx_tcf
DEVICE: jss3

VIVADO™

To connect to the hardware described above, click Finish

’ < Back ” Finish ]’ Cancel

Figure 67: Open Hardware Target Summary

7. Click Finish to connect to the target.

When the Vivado hardware session successfully connects to the ZC702 board, you see the

information, shown in Figure 68.

Hardware Session - localhost/xilinx_tcf/jss3

Hardware S I ] R
Q= SEMH»ER
Name Status
=t B localhost (1 Connected
= @e xilinx_tcf/jss3 (2 Open
$ ARM_DAP_O (C Not programmed
—I @ XC72020_1 (1) (active) Programmed
2 hw_ila_1 Idle

Figure 68: Successfully Programmed Hardware Session

Embedded Processor Hardware Design www.xilinx.com
UG940 (v 2013.1) March 20, 2013

Step 2: Connect to the Vivado Logic Analyzer

43


http://www.xilinx.com/

& XILINX.

Step 2: Connect to the Vivado Logic Analyzer

8. First, ensure the ILA core is alive and capturing data. To do this, first select the hw_ila_1 core.
Then, on the Hardware window toolbar, click the Run Trigger Immediate button, as shown

in Figure 69.

Hardware i Pl A
w g A (S [P .L‘\r‘
Name Run Trigger Immediate
=t B localhost (1 Connected
—} @o xilinx_tcf/jss3 Open
 ARM_DAP_0 Not programmed
=% XC77020_1 (1) (active) Programmed
o Tihwilial o fidle”

Figure 69: Run Trigger Immediate on hw_ila_1

At this point, you should see static data from the ILA core in the waveform window. The
data is static is because the processor is halted at the breakpoint you set earlier (Figure 70).

B hw_ila_data_l.wcfg x

Figure 70: Static Data from Set Breakpoint

Next, set up a condition that triggers when the application code writes to the GPIO
peripheral. To do so, use the WVALID signal.
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Step 2: Connect to the Vivado Logic Analyzer

9. First, click the Compare Value column and the *\WVALID row, as shown in (Figure 71).

s zynq_design_1_i/processing_system?_1_axi_periph_m00_axi_RDATA[31:0]

& zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ WDATA[31:0]

Debug Probes
L C¥)
|| Name Compare Value Trigger Cond  Trigger Pos  Data Depth
f‘ = zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARREADY — Bl X
= “ls zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_ARVALID = B8] ¥
3 “ls zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_AWREADY = Bl X
‘& zynq_design_1_i/processing_system?_1_axi_periph_m00_axi_AWVALID =1 x
i{ ‘& zynq_design_1_i/processing_system?_1_axi_periph_m00_axi_BREADY — 1 x
2] “le zynq_design_1_i/processing_system7_1_axi_periph_m00_axi_BVALID = [B] X
= ‘1= zynq_design_1_i/processing_system?_1_axi_periph_m00_axi_RREADY — =1 x
e zynq_des\gn 1 |[prncessmg system?_1. a)d_penph mO0_axi_RVALID — =1 x
=1 x
q X (eal’bx =] I N ——
“ zynq_design_1_i/processing_system7_1, am_penph mO0_axi_BRESF[1:0] =3 x
s zynq_design_1_i/processing_system?_1_axi_periph_m00_axi_RRESP[1:0] = 31 x operator: | == (equal)) -
s zynq_design_1_i/processing_system?_1_axi_periph_m00_axi_WSTRB[3:0] = 121 o -
& zynq_design_1_i/processing_system?7_1_axi_periph_m00_axi_ARADDR[8:0] = 8] % oo x| Radix: [B] (Binary) "
s zynq_design_1_i/processing_system?_1_axi_periph_m00_axi_ AWADDR[8:0] — (31 xR 30|

Value: 1
[=_t=1 wox N
= [B] 3000

o cores

|

"B Td Console | © Messages ‘= Debug Probes |

Figure 71:

Debug Probe View

10. 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.

11. Change the trigger position to the middle of the 1024 sample window by setting the Trigger
Pos for the hw ial 1 core in the Debug Probes window to 512 (Figure 72).

Debug Probes
a, ot ;
-~ Mame Compare Value Trigger Cond  Trigger Pos Data Depth
boll= T hve_ila_1 a0k | b2 T
% = zyng_design_1_i/processing_system?7_1_axi_periph_m00_axi_WWVALID = [B] 1
5 o zyng_design_1_i/processing_system?7_1_axi_periph_m00_axi_ARREADY = [B] ¥

1= 7unn dasinn 1 i/nrnressinn custam? 1 avi nerinh mON axi ARVAITH = 1 ¥

Figure 72: 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, then click the Run Trigger button

(Figure 73).

| Hardware Session - localhost/xilinx_tcf/jss3

Hardware

o, T = (BRI .
b

Name
[=+E localhost (1)

=B xilinx_tef/jss3 (2)
@ ARM_DAP_D (0

Status
Connected

Open

Mot programmed

)] Proi rammed

Figure 73: Run Trigger

Embedded Processor Hardware Design
UG940 (v 2013.1) March 20, 2013

www.xilinx.com 45


http://www.xilinx.com/

& XILINX.

Step 2: Connect to the Vivado Logic Analyzer
Notice that the Status column of the hw_ila_1 ILA core changes from Idle to Capturing, as
shown in Figure 74.

This indicates that the ILA core is continually capturing the samples that occur before the
trigger condition.

Hardware Session - localhost/xilinx_tcf/jss3

Hardware = Elap i
Q T = [E b
I
| Name Status
i!:.- H localhost (1’ Connected
= @e xilinx_tcf/jss3 (2] Open
‘ @ ARM_DAP_0 (0] Not programmed

e

Figure 74: Status of hw_ila_1

13. Go back to SDK and continue to execute the code after you hit the breakpoint.
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 (Figure 75).

Debug - Zyng_Design/src/testperiph.c - Xilinx SDK
File Edit Source Refactor Mavigate Search Run Project Xilinx Tools Window Help

il Bl & H~O0~Q~ & w|mw Nliz-_ﬁ_@zﬁ% B 2 &
%# Debug 2 [Step Over (FG) ]3‘# | i ¥ = B|(®-Va
4 $7 TCF Local Host Zynq_Design.elf (Xilink Hardware Server) Nam
4 g% APU s -
4 &% ARM Cortex-A9 MPCore #0 (Breakpoint) ]
= 0x001004b4 main(): ../src/testperiph.c, line 58 L (=

Figure 75: Step Over Write Operation
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As you step over the following line of code:
status = GpioOutputExample (XPAR AXI GPIO 1 DEVICE 1ID,4);

You see the following transaction captured by looking at the waveform window in the
Vivado logic analyzer feature.

Note: The trigger mark occurs at the first occurrence of the WWALID signal going to a 1
(Figure 76).

Figure 76: Trigger Mark goes to 1

Conclusion

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

At the same time, this lab also introduced you to Vivado Logic Analyzer and analyzing the nets
that were marked for debug in Lab 1.
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Lab 3

Lab 3: 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 such as the:

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 an OS thread.

This tutorial targets the Xilinx KC705 FPGA Evaluation Board, and uses the 2013.1 version of
Vivado Design Suite. To test your system on a KC705 board, you must use a terminal emulation
program such as TeraTerm or Hyperterminal.

You must also ensure that you have the device drivers for the board installed correctly.
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Step 1: Invoke the Vivado IDE and Create a Project

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 Getting Started page, select New Project (Figure 76).

M. Vivado 2013.1

File Tools Window Help

VIVADO*™

Getting Started

Mew Project Wizard will guide you through the process
of selecting design sources and a target device for
a new project.

/“ Create New Project
14\

\
\

Open Project

Open one of the most recently used projects or
any previously created project.

Open Example Project

Open one of the tutorial projects.

Manage IP

Open the IP Catalog and view available IP,

Create and customize IP to be used in a new project
or open previously customized IP to make changes.

XILINX

Documentation

Documentation and Tutorials

Invaluable for first time users or to try new features,

=)

e User Guide
g More detailed info on Vivado commands, dialogs,
: x and buttons.
Quick Take Videos

View a series of short videos on various topics from
design flows overview to recommended methodology.

Release Notes Guide

Information about installation and new IDS features
in this release.

Jid|
5 Td Conscle
| s
Figure 77: Vivado Getting Started
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The New Project wizard opens (Figure 78).

#- New Project 23

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

To continue, click Next.

Figure 78: New Project Wizard

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.

5. Inthe Add Sources dialog box, ensure that the Target language is set to Verilog. Click
Next.

6. In Add Existing IP dialog box, click Next.
7. In Add Constraints dialog box click Next.

8. In the Default Part dialog box select Boards and choose the Kintex-7 KC705 Evaluation
Platform. Click Next.

9. 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 xilinx.com:kintex7:kc705:1.0 [current project]

Although Tcl commands are available for many of the actions performed in the Vivado IDE, it is not part
of this tutorial. See the Tcl Console for more information.
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Step 2: Create an IP Integrator Design

1. From Flow Navigator > IP integrator, select Create Block Design (Figure 79).

Flow Navigator « | Project|
Q<= Sources
JR—
4 Project Manager e
{3 Project Settings L °© gi:
3% Add Sources S & Sinl

1F 1P Catalog &

4 [P Integrator
ﬁ; Create Block Dgign

D

¥ Open Block De

Create Block Design

Figure 79: Create Block Design

The Create Block Design dialog box opens.
2. Specify the IP subsystem design name, and click OK (Figure 80).

-

=

#- Create Block Design

| Please specify name of block design

Design name: |'mb_subsystem

[ DK ] [ Cancel

Figure 80: Name Block Design
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3. Inthe IP Integrator canvas, right-click and select Add IP (Figure 81).

% Properties Ctri+E
X Delete Delete
B Ctrl+C
B Paste Ctrl+V
k Select All Ctri+A
£ Add . Ctrl+I
aalb‘fe Hierarchy...
Create Comment
Create Port... Ctrl+K
Create Interface Port... Ctrl+L
~m  |B® saveasPDFFile.. |

Figure 81: Add IP

The IP integrator Catalog opens.
4. In the Search field, type microblaze to find the MicroBlaze IP, then click Enter (Figure 82).

Search: | CL- micr (3 matches)
1 - 32
Name Version

0
iF 3.0

{F MicroBlaze MCS 2.0

Figure 82: Search Field
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Step 2: Create an IP Integrator Design

Customize the MicroBlaze Processor

1. IntheIP canvas, double-click the MicroBlaze Processor diagram.

The Re-customize IP dialog box opens.

2. On page 1 of the Re-customize IP dialog box, check the Use Instruction and Data Caches
options box, and click Next (Figure 83).

1F Re-customize IP
MicroBlaze (9.0)

% Documentation |5 TP Location %Advancad

0

IP Symbg!” Resources

Frequency
B Area
B Performance

Resource Estimates

Percent (%)

n

Resource Usage

BRAM: DSP48E1:
6 0

Component Mame |mb_subsystem_microblaze_1_1

Welcome to MicroBlaze Configuration Wizard i
- = =
Microslaze
Usage Information
@ Select a predefined configuration with Sefect Configuration below. Information
about the selected configuration can be found in the tooltip. Each predefined
configuration completely changes the MicroBlaze parameters.
@ To modify the configuration, click on the Mext button, click on the yellow Advanced

button at the top to directly access parameters in a tabbed interface, or click Ok'to
accept the configuration and close the dialog.

Predefined Configurations

m

Select Configuration Current Settings -

General Settings
[] select implementation to optimize area (with lower instruction throughput)
Enable MicroBlaze Debug Module Interface
se Instruction and Data Caches
D Enable Exceptions
D Use Memory Management

["] Enable Discrete Ports

< Back Page 1 of 5

Figure 83: MicroBlaze Configuration Wizard
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On page 2 of the Re-customize IP dialog box (Figure 84):
e Check the Enable Barrel Shifter option.

Step 2: Create an IP Integrator Design

e From the pulldown menu, in option Enable Floating Point Unit select BASIC.

e From the pulldown menu, in option Enable Integer Multiplier select MUL32 (32-bit).

e Check the Enable Integer Divide option.
e Check the Enable Branch Target Cache option.
e Click Next.

LF Re-customize IP
MicroBlaze (9.0)

i) Documentation [ TP Location # Advanced

(2]

®

IP Symbo! Resources Component Name |mb_subsystem_microblaze_1_1

Frequency

W Area Instructions
B Ferformance

[#] Enable Barrel Shiftar

Resource Estimates

[ Enable Fault Tolerance Support |

Resource Usage

General

Enable Floating Paint Unit | BASIC -
Enable Integer Multiplier A MUL32 -
100.0 1
Enable Integer Divider
90,0 7
|| Enable Additional Machine Status Register Instructions
80.0
[ Enable Pattern Comparator
70.0 1
z Enable Reversed Load/Store and Swap Instructions
= 600
< Enable Additional Stream Instructions
2500
o
&
40.0 Optimization
= Select implementation to optimize area (with lower instruction throughput)
200 Enable Branch Target Cache
100 Branch Target Cache Size DEFAULT -
0.0+ Fault Tolerance
0.0
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Figure 84: Page 2:Re-customize IP
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4. On page 3 of the MicroBlaze Re-customize IP dialog box (Figure 85):
e For both the Instruction Cache and Data Cache:

e Set the Size in Bytes option to 32 KB.
e Set the Line length option to 8.

e Set High Address to OxFFFFFFFF.

e Set the Base Address to 0x80000000.

e Enable Use Cache for All Memory Accesses for both Instruction Cache as well as
Data Cache by clicking on the edit icon first and then checking the check box

5. Next, ensure that the size of the cacheable segment of memory (that is, the memory space
between the Base and High addresses of the Instruction Cache and Data Cache) is a power
of 2.

6. Additionally, ensure that the Base address and the High address of both Data Cache and
Instruction Cache are the same.

7. Ensure that all IP that are slaves of the Instruction Cache, and that the Data Cache buses
fall within this cacheable segment. Otherwise, the MicroBlaze processor cannot access those
IP.

Note: For any IP connected only to the Instruction Cache and Data Cache bus, you must
enable the Use Cache for All Memory Access option. In this example, the Instruction Cache
and Data Cache buses are the sole masters of DDR and block RAM; therefore, you must enable
this option. In other configurations, you must decide whether to enable this option per the
design requirements.

8. Click Next.
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Step 2: Create an IP Integrator Design

LF Re-customize IP

(=]

MicroBlaze (9.0)

! Documentation [ P Location # Advanced

IP Symbal” Resources | Compenent Name [mb_subsystem_microblaze_1_1
Frequency Cache
: :;fwmm Enable Instruction Cache Enable Data Cache
Instruction Cache Feature Data Cache Feature
ez B e Size in Bytes 32k8 - Size in Bytes 3268 -
Line Length 8 - Line Length 8 ~
Base Address 0x80000000 4 Base Address  0x80000000 |4
High Address OXFFFFFEFF |4 High Address OXFFFFFFEF |4
Enable Writes Enable Writes
— Use Cache for All Memory Accesses 8 Use Cache for All Memory Accesses 4
§ Use Distributed RAM for Tags Use Distributed RAM for Tags
% £ Data Width 32-bit - Data Width 32-bit -
Number of Streams | 0 hd [] Enable Write-back Storage Policy
CmErertis (K = Number of Victims [0 ~

Resource Usage

BRAM: DSP48E1:
19 5

Figure 85: Page 3: Re-customize IP

9. On Page 4 of the Re-customize IP dialog box, ensure that the MicroBlaze Debug Module is
enabled, and click Next (Figure 86).

1F Re-customize IP

MicroBlaze (9.0)

1§ Documentation [ P Location % Advanced

IP Symbo!” Resources Component Name |mb_subsystem_microblaze_1_1

Frequency B
B Area Enable MicroBlaze Debug Module Interface
B Performance

Hardware Breakpoints

Resource Estimates

Number of PC Breakpoints 1 Range: 0...8
Number of Write Address Watchpoints |0 Range: 0..4
Number of Read Address Watchpoints |0 Range: 0...4

Percent (%)

[Tl

Resource Usage

BRAM: DSP4BE1:
19 5
m Page 4 of 5
Figure 86: Page 4: Re-customize IP
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Step 2: Create an IP Integrator Design

10. On Page 5 of the Re-customize IP dialog box, ensure that the Enable Peripheral AXI Data
Interface option is checked, and click OK to re-configure the MicroBlaze processor

(Figure 87).

1F Re-customize IP
MicroBlaze (9.0)

“ Documentation |5 TP Location %Advancad

=]

IP Symbo!” Resources

Frequency
B Area
B Performance

Resource Estimates

100.0 7

90.0 7

80.07

70.07

60.0 7

50.0 7

Percent (%)

40.0 7

30.07

20.0 7

10.0 7

Resource Usage

BRAM: DSP48EL:
19 5

»

n

Component Mame |mb_subsystem_microblaze_1_1

Local Memory Bus Interfaces
Enable Local Memory Bus Instruction Interface

Enable Local Memory Bus Data Interface

AXT and ACE Interfaces
Select Bus Interface AXI -
[] Enable Peripheral AXI Instruction Interface

Enable Peripheral AXI Data Interface

Stream Interfaces

Number of Stream Links 0 Range: 0...16

Other Interfaces
[] Enable Trace Bus Interface

Lockstep Interface | NONE hd

Buses

Next Page 5 of 5
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Now, the MicroBlaze processor diagram should look like Figure 88.
Note: Two extra ports, M_AXI_DC and M_AXI_IC are added to the MicroBlaze processor.

microblaze 1

||| <= INTERRUPT DLMB: |||
||| <=DEBUG ] ) ILMB 5 ||
—Clk Micro3laze M_AXI_DP< i
—Reset M_AXI_DC+F

M_AXI_ICk i

ICrOblazZze

Figure 88: MicroBlaze Diagram

11. On the canvas, right-click and select Add IP to instantiate the MIG IP (DDR3 Interface
Controller) (Figure 89).

PR N, Sle= Ty L (e oLy

.........

Search: Q.- MIq] (1 match)

A1 v
Name Version

| m

Figure 89: MIG Selection
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12. After the MIG is added, configure the MIG core by double-clicking it and following these
steps:

a. Double-click the MIG 7 Series IP. The Memory Interface Generator wizard opens.
(Figure 90)

b. Click Next.

"’S Xilinx Memory Interface Generator o e e
REFERENCE Memory Interface Generator
DESIGN (1]

The Memary Interface Generator (MIG) creates memory controllers for Xilinx FPGAs. MIG creates complete customized Verilog or
WHDL RTL source code, pin-out and design constraints for the FPGA selected, and script files for implementation and simulation.

Vivado Project Options

This GUE includes all configurable options along with explanations to aid in generation of the required controller. Please note that
some of the options selected in the Vivado Froject Options will be used in generation of the controller. It is very important that the
correct Vivade Project Options are selected. These options are listed below.

Selected Vivade Project Options:

FPGA Family Kintex-7
FPGA Part xc7k325t-ffg900
Memory Speed Grade 2
Synthesis Tool VIVADO
Design Entry VERILOG
Interface
If any of these options are incorrect, please click on "Cancel", change the Vivado Project Options, and restart MIG.
This version of MIG is guaranteed to work with ISE 14.5 and Vivado 2013.1, not tested with other ISE versions or
Generator Vivado versions.

& XILINX.

User Guide | [version Info Cancel

Figure 90: Memory Interface Generator (MIG)

By default, the IP integrator enables the Create Design option, and sets the Number of
Controllers to 1.
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c. Ensure that the AXI4 interface checkbox is checked, and click Next (Figure 91).

ﬁxilianemoryInterface Generator e
REFERENCE
DESIGN [H MIG Qutput Options

é Create Design

Select this option to generate @ memory controller. Generating a memory controller will create RTL, design constraints (UCF),
implementation and simulation files.

() Verify Pin Changes and Update Design

Selecting this feature verifies the modified UCF for a design already generated through MIG. This option will allows you to change the
pin out and validate it instantly. It updates the input UCF file to be compatible with the current version of MIG. While updating the
UCF it preserves the pin outs of the input UCE. This option will also generate the new design with the Component Name you selected
in this page.

Component Name

Please specify the companent name for the memory interface. The design directories will be generated under a directory with this
name. Three directories will be created "example_design","user_design" and "docs". The user_design will contain the generated
memory interface. The example_design adds a simple example application connected to the generated memary interface.

Component Name tem_mig_7series 1 0
Memory
Multi-Controller

Up to maximum of 8 controllers with a combination of DDR3 SDRAM, QDRI+ SRAM or RLDRAM 1I can be generated. The number of
|ntel‘face controllers that can be accommodated may be limited by the data width and the number of banks available in device. Refer user
guide for more information

Number of Controllers 1 %

Generator

AXI4 Interface
Enables the AXI4 interface. AXH4 interface is supported only for DDR3 SDRAM and DDR2 SDRAM controllers with Verilog design entry.
AXI4 Interface

& XILINX.': :

User Guide | [Version Info [ <sack | [ next> |[ concel

Figure 91: Page 2: MIG Options

d. Inthe Pin Compatible FPGAs page, select nothing, and click Next.
e. Inthe next page, DDR3 SDRAM memory is checked by default, click Next.

f.  Set the value of the Clock Period to 2500 ps (400.00 MHz), and select the Memory
Type as SODIMMs. This changes the Memory Part to MT8JTF12864HZ-1G6.
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g. Click Next (Figure 92).

% Xilinx Memory Interface Generator [ =]
REFERENCE Options for Controller 0 - DDR3 SDRAM
DESIGN EL]

Clock Period: Choose the clock period for the desired frequency. The allowed period
range(1072 - 3300) is a function of the selected FPGA part and FPGA speed grade. Refer to the
User Guide for more information.

The allowed period range is PRELIMINARY. The final range will be isted after characterization.
PHY to Controller Clock Ratio: Select the PHY to Memory Controller clock ratio. The PHY uuerates at the
Memory Clock Period chosen above. The controller operates at either 1/4 or 1/2 of the PHY rate.
Pin Compatible FPGAs selected Memory Clock Period willlimit the choices.

s [400.00 MHz

v Vccaux_io: Vecaux_io must be set to 2.0V i the High Performance banks for the highest data
rates. Viccatx_io is not available in the High Range banks. Note that Vecaux_io is common to
groups of banks. Consult the 7 Series Datasheets and FPGA SelectlO Resources User Guide for
more information.

Memory Selection

AXI Parameter
Memory Type: Select the memory type. Type(s) marked with a warning symbol are not
cnmpaume with the frequency selection above.

lect the memory part. Part(s) marked with a warning symbol are not MTBITF12864HZ-1G6

Memory
cnmpatm\e ith the frequency selection above. Find an equivalent part or create a part using

e the "Create Custom Part” buttan i the part needed is not listed here. The "Create Custom e

10 Planning Options Part” feature is not supported for RLDRAM IL.
Memory Voltage: Select the Voltage of the Memory part selected.

Memory Options SODIMMs

I | |
5
| ‘

FPGA Options

Bank Selection
Data Width: Select the Date Width. Parts marked with a warming symbol are not compatible -

System Signals Selection with the frequency and memory part selected above.
Summary

G supports ECC for 72 bit data wicth configuration. To be able to select ECC, selecta 1o
‘Simulation Options Kt wichh ok hos CC supported. ¢

5 Data Mask: Enable or disable the generation of Data Mask (M) pins using this check box.

BRI This option can be selectable only if the memory part selected has DM pins. Uncheck this box to
e not use data masks and save FPGA 1/0s that are used for DM signals. ECC designs (DDR3

SDRAM, DDR2 SDRAM) will not use Data Mask.

ORDERING: Normal mode allows the memory controller to reorder commands to the memory
to abtain the highest possible efficiency. Strict mode forces the controller to execute commands [Hormal
in the exact order received.

v
(A XI LI NX Memory Details: 1G8, X8, row:14, col:10, bank:3, unbuffered, data bits per strobe:s, with data mask, single rank, 1.5V
@

Figure 92: MIG page: Controller Options

h. Inthe AXI Parameters Options page (Figure 93) do the following:
e Set Data Width to 32.

e Set Narrow Burst Support to 0
e SetID Width to 4.

e (Click Next.

£ Xilinx Memory Interface Generator o[8[

ReFERENCE AXI Parameter Options CO - DDR3_SDRAM

Data Width:AXI DATA WIDTH: Data width of AXI read & write channels. The data width is less than or equal to
user interface data width with the possible values 32, 64, 128, 256 & 512.

Arbitration Scheme:Select the arbitration scheme between the read and wirite G
address channels

Pin Compatible FPGAs ¥
Memory Selection v Narrow Burst Support: Enables logic to support narrow bursts on the AXI4 slave interface. Can be set to zero if
o masters In the System fssue narrow bursts and al the data widths are equal. (1-Enable, 0-Disable)

Controller Options. v
Address Width: £XI4 address width of read and write address channels. The address vidth i always fixed to
32 bits. The most signficant bits when memory col address + row address + bank addressis lesser than 32-bits |32

Memory Options wide will be ignored by the controller

FPGA Options

e ID Width: AXI4 ID width for read and wirite channels. AXI4 ID is used as the identfication tag for write or read
address group of signals

10 Planning Options

Pin Selection

System Signals Selection

‘Summary

‘Simulation Options

PCB Information

Design Hotes

& XILINX.

User Guide | [Version Info) < Back

Cancel

Figure 93: MIG Page: AXI Parameters Options
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Step 2: Create an IP Integrator Design

i. In the MIG Memory Options page (Figure 94):
e Set the Input Clock Period to 5000 ps (200 MHz) RTL (nominal)

¢ Set On Die Termination (ODT) to RZQ6.

e (Click Next.

REFERENCE
DESIGN [

Pin Compatible FPGAs
Memory Selection
Controller Options

AXI Parameter

FPGA Options

Extended FPGA Options
10 Planning Options
Bank Selection

System Signals Selection
Summary

Simulation Options

PCB Information

Design Notes

& XILINX.

Q Xilinx Memory Interface Generator

Memory Options for Controller 0 - DDR3 SDRAM

= =r=]

Input Clock Period: Select the period for the PLL input clock (CLKIN). MIG

determines the allowable input clock periods based on the Memory Clock Period

entered above and the clocking guidelines listed in the User Guide. The generated
design will use the selected Tnput Clock and Memory Clock Periods to generate the  Lossubs.(200 MHZ)

required PLL parameters. T the required input dlock period is not avallable, the

Memory Clock Period must be modified.

[ select Additional Clocks(if required)

MIG can generate up to 5 additional dlocks to rated from the same MMCM which is

used for generation of UL_CLK. The first

Clock 0 NONE D= 1.000

Clock 1 NONE D=1

Clock 2 NONE D=1 3
Clock 3 NONE D=1

clock 4 NONE D=1

Choose the Memory Options for the memory device. Memory Option selections are restricted to those supported by the
controller. Consult the memory vendor data sheet for more information.

Read Burst Type and Length

The burst type determines the data ordering within a burst. Consult the memory datasheet for
more information. Burst length 8 is the only supportad value. q

Output Driver Impedance Control

Programmable impedance for the output buffer. RZQ/T -

Controller Chip Select Pin

The Chip Select (CS#) pin can be tied low externally to save one pin in the addr p—— =

group uihen this selection is set to 'Disable’, Disable is only valid for single rank configurations. erave -]

RTT (nominal) - On Die Termination (0DT)
Select the nominal value of ODT for the DQ, DQS/DQS# and DM signals on the component or DIMM

interface. This must be set to RZQ/6 (40 ohms) for data rates at 1333 Mbps and above. In 2 slot [0 =
DIMM this value will be used for the unwritten slot during a write and will alse be i

(2o ] [ ] o]

Figure 94:MIG Page: Memory Options

Embedded Processor Hardware Design www.xilinx.com

UG940 (v 2013.1) March 20, 2013

62


http://www.xilinx.com/

& XILINX.

Step 2: Create an IP Integrator Design

j. On the MIG System Clock page, set the Reference Clock Configuration to Use System

Clock.

k. Change System Reset Polarity to ACTIVE HIGH, and click Next (Figure 95).

47 Xilinx Memory Interface Generator M= =]
REFERENCE
e System Clock
Choose the desired input clock configuration. Design clock can be Differential or Single-Ended.
system Clock ID\ﬁeremla\ ~|
Reference Clock
Choose the desired reference clock configuration. Reference clock can be Differential or Single-Ended.
Reference Clock IUse System Clock -
Pin Compatible FPAs ¥
e ion v System Reset Polarity
v Choose the desired System Reset Polarity.
Controller Options
System Reset Polarity IACI'[VE HIGH -
AXI Parameter v
. v Internal Vref
Memory Options
Internal Vref can be used to allow the use of the Vref pins as normal I0 pins. This aption can only be used at 800 Mbps and
lower data rates. This can free 2 pins per bank where inputs are used. This setting has no effect on banks with enly outputs.
Extended FPGA Options Internal Vref 1}
10 Planning Options I0 Power Reduction
Pin Selection Significantly reduces average I0 power by automatically disabling DQ/DQS IBUFs and internal terminations during WRITES and
periods of inactivity
System Signals Selection
=5 10 Power Reduction [on -
Summary
XADC Instantiation
Simulation Options
The memory interface uses the temperature reading from the XADC block to perform temperature compensation and keep the
PCB Information read DQS centered in the data window. There is one XADC block per device. Tf the XADC is not currently used anywhere in the
. design, enable this option to have the block instantiated. If the XADC is already used, disable this MIG option. The user is then
Design Kotes required to provide the temperature value to the top level 12-bit device_temp_i input port. Refer to Answer Record 51687 or the
G586 for detailed information.
XADC Instantiation Enabled -
& XILINX
A ®

l.  In the MIG Internal Termination for High Range Banks page, select the DCI Cascade

Figure 95: MIG Page: System Clock

check box. Click Next (Figure 96).

!; Xilinx Memory Interface Generator o =
:EE:ECR:'EBE Internal Termination for High Range Banks
Select the internal ter ion (IN_TERM) i d for the High Range (HR) banks. This setting applies only to the HR banks
used in the interface.
Internal Termination Impedance 50 Ohms
DDR3 SDRAM
Digitally Controlled Impedance (DCI)
Pin Compatible FPGAs v The DCI (Digitally Controlled Impedance) /O standards are applied appropriately in High Ferformance banks. DQ and
v DQS/DQS# signals utilize DCI standards (SSTL15_T_DCI for DQ's and DIFF_SSTL15_T_DCI for DQS and DQS#). DCis not
Memory Selection used for the Address/Control output signals. Consult the User Guide for more information and use IBIS simulation to
Controller Opt v determine the best termination strateqy.
AXI Parameter v DCI Cascading Information
Memory Options v Select the DCI Cascade for the DCI reference pins to achieve better pin efficiency. The UCF must be updated manually to
select the Master/Slave banks. Refer to the DCI Cascade section in the 7 Series FPGAs Selectl0 Resources User Guide
FPGA Options v (UG471) for more information on DCI Cascade and Master/Slave selection.
DCI Cascade
Figure 96: MIG Page: DCI Cascade
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m. In the MIG Pin/Bank Selection Mode page, select Fixed Pin Out. Click Next (Figure 97).

Step 2: Create an IP Integrator Design

REFERENCE
pESIGH [H

'f:-' Xilinx Memory Interface Generator

PFin/ Bank Selection Mode

o || B s

Hew Design: Pick the optimum banks for a new design
@ Fied Pin Qut: Pre-existing pin out is known and fioced

Figure 97: MIG Page: Pin/Bank Selection Mode

You next import the pin configurations a specified user constraint file (UCF).

n. Inthe MIG Pin Selection for Controller page, click Read XDC/UCF.

o. Navigate to the folder where you unzipped and placed the

mig 7 series pin layout.ucf (see Required Design Files to locate this file), and

click Open to import the file.

p. Click Validate to validate the pinout (Figure 98).

REFERENCE
DESIGN [H

Pin Compatible FPGAs
Memory Selection
Controller Options

AXTI Parameter
Memory Options

FPGA Options

Extended FPGA Options

10 Planning Options

System Signals Selection
Summary

Simulation Options

PCB Information

Design Notes

CX XX XY

[
& XILINX
e ® INFO : Press Validate to proceed.

J{-:f Xilinx Memory Interface Generator

Pin Selection For Controller 0 - DDR3 SDRAM

[= =] =]

Byte Number

Pin Number

I

j‘MlS

EE

~||ats

~||T3

~||act4

~||73

j ‘ AD14

~||73

j‘AAl?

~||73

j ‘ AB15

~||73

j ‘ AE15

~||T

j‘YlS

-2

j ‘ AB19

-2

j ‘ AD16

I

j ‘ ACL9

B

~||a017

||

~||ats

~||2

j ‘ AB18

~||2

j ‘ AF18

~||2

j ‘ AD18

|

j ‘ AG19

=

j ‘ AK19

=

j ‘ AGL8

Signal Name Bank Number
1 ddr3_dqg[0] ‘32
2 ddr3_dg[1] ‘32
3 ddr3_dq[2] ‘32
4 ddr3_dg[3] ‘32
5 ddr3_dq[4] ‘32
6 ddr3_dq[5] ‘32
7 ddr3_dq[6] ‘32
8 ddr3_dq[7] ‘32
9 ddr3.dals] |32
10 ddr3_dq[9] ‘32
1 ddr3_dqrio] |32
12 ddr3dq[1) |32
13 ddr3dgz) |32
14 ddr3_dq[13] ‘32
15 ddr3_dq[14] ‘32
16 ddr3_dq[15] ‘32
17 ddr3.dqile) |32
18 ddr3_dq[17] ‘32
19 ddr3.dgi1s) |32
20 ddr3.dgr19] |32

-

j ‘ AF18

R | T T (B [ (' [

10 Standard m
SSTL15_T_DCI

m

SSTL15_T_DCI
SSTL15_T_DCI
SSTL15_T_DCI
SSTL15_T_DCI
SSTL15_T_DCI
SSTL15.T_DCI
SSTL15.T_DCI
SSTL15.T_DCI
SSTL15_T_DCI
SSTL15_T_DCI
SSTL15_T_DCI
SSTL15_T_DCI
SSTL15_T_DCI
SSTL15._T_DCI
SSTL15_T_DCI
SSTL15.T_DCI
SSTL15.T_DCI
SSTL15.T_DCI
SSTL15_T_DCI

-

| validate | [Read xocjuce| [save pinout|
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You see a DRC Validation Log dialog box, stating that the Current Pinout is valid
(Figure 99).

g. Click OK.

-

£J DRC Validation Log mes..| £3

Current Pinout is valid.

l 0K l lSave Log Message

Figure 99: DRC Validation Dialog Box

r. After reviewing the message, click Next.

s. Click Next to show the Systems Signal Selection.

t. Click Next to open a summarized report.

u. Click Next to open the Simulation Model License Agreement.
v. Click Accept to accept the license agreement.

w. Click Next to open a PCB configuration note.

x. Click Next.

The design notes open.

y. Click Generate to generate themig 7 series DDR3IP.

You see the following design diagram in the IP integrator canvas (Figure 100).

mig_7series_1

- DDR3gR
s a1 , I
i ui_clk_sync_rstF=
|[/==sYs_cLk ,
Ui cli =
=—sys_rst
mmcm_locked ==
=—aresetn
init_calib_completep=
MIG 7 Series

Figure 100: mig_7series_1 Diagram

Use the IP integrator Run Block Automation feature to complete the block diagram.
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13. Click Run Block Automation (Figure 101).

I= Diagram X | [ Address Editor X

# | ;i mb_subsystem

Q| (@ Designer Assistance available. Run Block Automation Run Connection Automation

& i jnrg:roblaze_l |

B/} microblaze_1

[f"' [||<= INTERRUPT |

] | -oesue . . ILMBd |

& o Microslaze =+

& Reset M_AXLDC+-
M_AXI_IC & [

x,

E Ik MicroElaze

= mig_7series_1

s wa DDR3 - ||

” #s;s A ul_clk_sync_rst

st_ ui_clk

M_rt mmem_locked

Hea init_calib_complete

MIG / Series
Figure 101: Run Block Automation
The Run Block Automation dialog box opens (Figure 102).
#. Run Block Automation [

"= Module, Peripheral AXI interconnect, Interrupt Controller, a clock source, Processor System
Reset are also added and connected as needed.

Instance: /microblaze_1
Local Memory: 64KB T

Debug Module: Debug Only -

Peripheral AXI Interconnect:

Interrupt Controller:
Clock Connection: fmig_7series_1fui_clk (100 MHz) ‘é
Mone

| MicroBlaze connection automation generates local memory of selected size. MicroBlaze Debug

fmig_7series_1/ui_clk l 0K l l Cancel

Mewr Clocking Wizard (100 MHz)

Mew External Port (100 MHz)

Figure 102: Run Block Automation Dialog Box

14. From the pulldown menu, set Local Memory to 64 KB.
15. Leave the Debug Module option to its default state Debug Only.

16. Leave the Peripheral AXI Interconnect option checked.
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17. Check the Interrupt Controller option.
18. Select the Clock Connection option of /mig 7series 1/ui clk (100 MHz).

This generates a basic MicroBlaze system in the IP Integrator canvas as shown in
Figure 103.

micrablaze 1 J
|| TERRURT st -
—||-pmus ¥ ! S
. M oel
ox Micra3iaze ek
Mo e
micrablaze_1_local_memary | T
‘DB
‘e mig_7series 1
or_sys_reset 1 a ] T
8 st g d p
a2 _sine_cx o, I al ik syne st
i1 s i st rescro | yge=-ax u
3 x_reset_jn pesipiheral_rese0:0] mmem Jacsed|
 debug sys rst inercnned_aresetn[0:0) 8= microblaze_1_axi_inte ink_calit_comgiete|
. om_locked
Microfilaze Debug Module (MOM) il 5 a0 ey
microblaze_1_xicancat 206k
] P e gt e
g T 10:0]
ok
Tanca et
AKLINT

Figure 103: Microblaze System

Add peripherals: AXI Timer, and AXI Uartlite

1. From Add Peripherals, search for, and select the AXI Timer (Figure 104).

Search: .- Timer (3 matches)

1 ~ 2
Name Version

W Timer 2.0

.................. |

rval T'Kn\'ler 2.0

Figure 104: AXI Timer

2. From Add Peripherals, search for, and select the AXI UartLite (Figure 105).

Search: <.~ Uart (2 matches)
A 1 - 2

Name Version

{F AXIUART16550 2.0

Figure 105: AXI UartLite
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3. Make a connection between the /mig_7series_1/ui_clk_sync_rst port and
/proc_sys_reset_1/ext_reset_in port. To do this hover the mouse over the ui_clk_sync_rst

port or the ext_reset_in port.
The cursor changes to a pencil to signify that you can draw a connection.

4. Click the port and drag the pencil over to the destination port (while clicking the mouse) and
let go of the mouse when you are on the destination port.

Notice that a checkmark shows where there are possible connections (Figure 105).

& mWHCresaze

| M_A_IC T |

micrablaze_1_local_memary TooRae

i o
:: SIME fhig)_7series 1
proc_sys_reset 1 ME_Ck
] [ _Rst Hoos oo |
lerwest_syne, ek Fb_resst] I me—
X ) g i_elk
Qo e |CONNect from 'ui_clk_sync_rst' port T e, focked -
- aresen
b debu " . A init_calt_camplete f
oo e 1t0 'ext_reset_in' port lumonse Lo e __inaite
) r— g _pn MIG 7 Deres
xleoncat Proc Sys Reset | ,_a_aclk
,_ad_aresetn
I-T—-im—'_n:u_] enerruge: 3 | =
ol

oug1:0] e
—J microblaze 1 axi_ped (L==EiT
' 2 et L l——nmrﬁmr rst

FE| e i 2 1500_pX1 -

Figure 106: Port Connections

Use Connection Automation

Use the IP integrator Connection Automation feature to make some of the connections in
the subsystem design.

1. Click Run Connection Automation (Figure 107).

&= Diagram x [ Address Editor x
*D| rﬂa mb_subsystem »
O (@ Designer Assistance available. Run Connection Automation

o™ relim_L
oy me0sauG 0.3 ||}

Figure 107: Run Connection Automation

The Run Connection Automation feature provides several connection options that you can
select to make connections between the MicroBlaze processor and the peripherals using the

AXI Interconnect.
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2. Click Run Connection Automation and select /axi_timer_1/s_axi (Figure 108).

You make the connections to the MIG later.

1, mb_subsystem »

[@ Designer Assistance available. Run Connection Automation
@ /mig_Tseries_1/S_AXI

@ /a xi_timer_1/=, axi

@ /axi_uartlite®1/s_axi
@ /axi_uartlite_1/uart

Figure 108: axi_timer_1/s_axi

The Run Connection Automation dialog box opens (Figure 109).
3. Click OK.

#L Run Connection Automation 23 |

@@ Connect a master interface to slave interface:
S faxi_timer_1/s axi

Master: /microblaze_1 (Periph)

Figure 109: Run Connection Automation Dialog Box

This connects the s_axi port of the timer to the AXI Interconnect peripheral.

4. Click Run Connection Automation again, and select /axi_uartlite_1/s_axi (Figure 110).

75, mb_subsystem »

(@ Designer Assistance available. Run Connection Automation
# /mig_7series_1/S_AXI
ik /axi_uartlite_1/s_axi

it /axi_uvartlite_1/uart

Figure 110: axi_uartlite_1

The Run Connection Automation dialog opens, indicating the connection that is possible to
make.
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5. Click Run Connection Automation and select /axi_uartlite_1/uart. (Figure 111).

73, mb_subsystem »

(& Designer Assistance available. Run Connection Automation

& /mig_7series_1/S_AXI
I /ni_uartlite_1/uart

Figure 111: axi_uartlite_1

The Run Connection Automation dialog box opens.
6. Click OK.
This connects the uart pin of the Uartlite to external ports.

At this point, your IP integrator canvas looks like Figure 112 .

microblaze_1
DB

.‘
! iCrosiaze  xmsi—
—lo= Microslaze x>

M_AXI_ICgn

iz 3 ocal memory |

[ o wse

mdm_1

MIDERG 045 [l =i et perighesal seset{0.0))
microblaze _1_axi_inte

Dt 51 B ot 55 8 e, et fo——
ot T —tern Jocket peiphersl aveset (0.0 p—y I -
== L o
timer_i Fx
m microbisze | axi_per: e
i |2
o L o —mrme
[ U [
petesial g —

Figure 112: MicroBlaze Connected to UART and AXI Timer
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Concatenate Interrupt Signals

Now, you complete the input connections to the Concat IP. The Concat IP is used to
concatenate the interrupt signal generated from the AXI Timer and the AXI Uartlite.

1. First, connect the interrupt port of the AXI Timer to the input port In0[0:0] of Concat.

2. Connect the interrupt port of AXI Uartlite to the input port In1[0:0] of Concat. The
connections should look like Figure 113.

1Sy R ot L W
"MOM) § ,
micrablaze_1_xlconcat Proc Sys Reset L
Ind[0:0] -
o] 1:0
Ind[0:0] 1
. ol
Concat avi timer 1
s
- —capuretrigd  genergtecuti .
ai_uartlite_1 _ il B
::| Hps_ad | —ffreeze P 0=
= N uarich | (b i : 1
5_ad_ack et s mid_adk intamupt]
5_d_aresetn f5_d_aresstn ,
AxT Uartlite Al TIMER B
1
1

Figure 113: Connected Interrupt Ports

3. Add an AXI BRAM Controller and a Block Memory Generator IP by right-clicking the IP
integrator canvas, and typing the names in the IP Catalog Search box (Figure 114 and
Figure 115).

Search: .- BRAM (2 matches)

?i} 'LMB BRAM Controller

Figure 114: AXI BRAM Controller

Search:  O.- Blocq (1 match)

gl
Version

Name

T tTrrmamimrmmreermamimamrerieaierimreermizieimiefmiesieisimietareisieisietsiassieisisratarsizieisieisrassiersiarararsieieis 1|
K

T Block Memory Generator

................................................................................................................................ ¥

Figure 115: Block Memory Controller
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Step 2: Create an IP Integrator Design

Double-click the Block Memory Generator (Figure 116).
Ensure that Mode is set to BRAM Controller.

Set the Memory Type to True Dual Port RAM.

Click OK.

N o vk

-

1F Re-customize IP

Block Memory Generator (8.0)

-E

‘ﬂ Documentation [ IP Location

IP Symbol | Power Estimation Component Name |mb_subsystem_blk_mem_gen_1_2
[ showr disabled ports Basic | Port A Options | Port B Options | Other Options | Summary
- -
Mode BRAM Controller v Generate address interface with 32 bits

Memory Type | True Dual Port RAM  ~ Common Clock

ECC Options

ECC Type No ECC

Error Injection Pins | Single Bit Error Injection

Il =BRAM_PORTA
||| s=BRAM_PORTB

Write Enable

m

Byte Write Enable

Byte Size (bits) | 8

Algorithm Options

Defines the algorithm used to concatenate the block RAM primitives.
Refer datasheet for more information.

Algorithm | Minimum Area

Primitive | 8kx2

4 [ )

Figure 116: Block Memory Generator

8. Connect BRAM_PORTA of the Block Memory Generator to BRAM_PORTA of the AXI BRAM
Controller.

9. Connect BRAM_PORTB of the Block Memory Generator to BRAM_PORTB of the AXI BRAM
Controller.
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Review the results shown in Figure 117.

blk_mem_gen_1

[l|>Bram_porTA
||| %BRaM_rPoORTR

Block Memory Generator

axi_bram_ctrl_1

BRAM_PORTAS: |}

= i BRAM_PORTE i |||
_AXI_ARESETN

AXL BRAM Controller

Figure 117: Port Connections

10. Click Run Connection Automation, and select /mig_7series_1/S_AXI (Figure 118).

73, mb_subsystem »

(@& Designer Assistance available. Run Connection Automation

3 %mig_?series_lfS_A}(l
W /axi_bram_ctrl_1/S_AXI

Figure 118: mig_7series_1/S_AXI

The Run Connection Automation dialog box opens.
You have two choices at this point.

e First option is to select the Peripheral AXI Interconnect to connect to the MicroBlaze
processor.

e The second option is to choose the Cached AXI Interconnect to connect to the MicroBlaze
processor.
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Step 2: Create an IP Integrator Design

11. From the pulldown menu, select the /microblaze_1(Cached) option, and click OK
(Figure 119).

¢ Run %Jnnection Automation @

| Connect a master interface to slave interface:
= fmig_7series_1/S_AXI

Master: | /microblaze_1 (Cached) =

/microblaze_1 (Periph)

Figure 119: /microblaze_1 (cached)

This instantiates another AXI Interconnect, and makes the appropriate connections between
the MIG and the MicroBlaze using the AXI Interconnect.

12. Click Run Connection Automation again to connect the BRAM Controller to the MicroBlaze
processor.

13. Select /axi_bram_ctrl_1/S_AXI (Figure 120).

73, mb_subsystem »

(& Designer Assistance available. Run Connection Automation

@ /pyi_bram_ctrl_1/S_AXI

Figure 120: axi_bram_ctrl_1/S_AXI

The option again presents you with two choices:

e The first is to connect the AXI BRAM Controller to the MicroBlaze processor using
the Peripheral AXI Interconnect.

e The second is to use a different AXI Interconnect to connect to the MicroBlaze
processor in cached mode.

14. From the pulldown menu, select the /microblaze_1(Cached) option, and click OK.
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Connect MIG Input and Reset Ports

The only connections you need to make now are the input clock and reset ports of the MIG. To
do so:

1. Select the + sign on the SYS_CLK port.
This should show the two ports sys_clk_p and sys_clk_n that make the SYS_CLK interface.
2. Select the sys_clk_p port, right-click, and select Create Port (Figure 121).

mig_7/series_1

-~
"
” = SYS_CLK
ui
—  Psys ckp
= @ Block Interface Properties... Ctrl+E
Delete n
- @ Copy Ctrl+C
CrlV | see
init_ci
o & Select Al Ctrl+A
£ AddIp. Ctrl+I
°x  Make External Ctrl+T
Start Connection Mode Ctrl+H ’r|eS

Create Hierarchy...
Create Comment
Create Po[%. Ctrl+K

£ 0xCo000000[ 4 Create Interface Port... Ctri+L

cicn> at 0xCO00

Save as PDF File...
nb_subaystem/mb 3 g

2ma 1 wlmamess i Teal

Figure 121: Create Port Option

TIP: Make sure that you have selected the port when you create a new port. This ensures that the
new port connects to the selected port. Alternately, you can create a port independently and
manually create the connection to the pin.
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© ® N o v A

The Create Port dialog box opens, (Figure 122).

#L Create Port 53

[0} Create port and connect it to selected pins and ports

Port name: sys_clk_p

Direction: Input =

Type: Clock -

[] create vector: from 31| to (i

Frequency (MHz): | 200

Connect to 'sys_clk_p' selected pin

Figure 122: Create Port Dialog Box

Ensure that:

e The Port Name is sys_clk_p.

e Direction is Input

Change the Type to Clock.

Specify the Frequency (MHz) as 200.

Leave the Connect to sys_clk_p selected pin checked.

Create ports for sys_clk_n and sys_rst following the same steps.

Select the DDR3 port of the MIG; right-click it, and select Make External.

Connect the areset n port of the MIG to the peripheral aresetn port of the Proc Sys
Rst IP.
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10. In the IP integrator tool, click the Regenerate % button. The IP integrator canvas looks like
Figure 123.

| 2= Diagram x | @ Address Editor x| O x

#[| 44, mb_subsystem »

il
I3

L B R A PN

Figure 123: Regenerate IP Integrator View

Step 3: Create Constraints

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

1. In the Flow Navigator, go to the Project Manager (Figure 124).

I mb_ipi_tutorial - [C;/tutorials/mb_ipi_tutorial/mb_ipi_tutorial xpr] - Vivado 2013.1

File Edit Flow Tools Window Layout View Help

AR o REB X PP NS X L (G |5 Default Layout v K| &

Flow Navigator « | Project Manager - mb_ipi_tutorial

QA = & ﬁ o Cl L AX

- E:_; r_‘g ? | =

5 Project Settings
&% Add Sources
1F IP Catalog

| =@ Design Sources (1)
| (#-# mb_subsystem (mb_subsystem.bd) (17

. , Constraints (1’
|5 Simulation Sources (1

4 IP Integrator [}

7% Create Block Design

Figure 124: Project Mangager
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Step 3: Create Constraints

2. Open the Constraints folder.
3. Right-click the constrs_1 folder, then select Edit Constraints Set (Figure 125).

| Project Manager - mb_ipi_tutorial

Sources O
eI
[=& Design Sources (1)

- & mb_subsystem (mb_subsystem.bd) (17)
I:T:‘-i.-__.‘ Constraints (1)

T
*

i B |

H ‘m
[FEHE Simulation Sou

&

Constraint Set Properties... Ctrl+E

Hierarchy Update 4
@ Refresh Hierarchy

ake ACTive

‘ Edit qugnstraints Sets... ‘
Edit Simulation Sets...

IP Sourd &% Add Sources... Alt+A

b Sources | 7 Templates | H

Figure 125: Edit Constraints Set Option

The Edit Constraints Sets dialog box opens.
4. Click Create File (Figure 126).

-

#. Edit Constraints Sets [&=]
@ Add or modify a constraints set

Specify constraint set: | & constrs_1 (active) -

Constraint File  Location

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

Copy constraints files into project

’ OK l ’ Cancel

Figure 126: Edit Constraints Set Dialog Box
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Step 3: Create Constraints

5. Name the file, and click OK (Figure 127).

-

¢’ Create Constraints File Lx |

| Create a new constraints file and add it to your project

File type, name and location
File type: 5 XDC -
File name: | system

File location: | &0 <Local to Project> -

Figure 127: Name Constraint Set File

6. Click OK.
7. Expand the constrs 1 folder and double-click the constraints file.

The file specifies the local constraints for some of the ports created in the block diagram
(Figure 128).

Project Manager - mb_ipi_tutorial

Sources O
A== wat R

[ZHz> Design Sources (1)

. [}-4% mb_subsystem (mb_subsystem.bd) (17)
=+ Constraints (1)

H %m-_ ronetre q

88 system.xdc
[ SimaaueT SouTees 1)

T
*

Hierarchy | IP Sources | Libraries | Compile Order

£t Sources | 7 Templates

Figure 128: Local Constraints File
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8. In the constraints file, add the following lines of code for the KC705 board with the Kintex-7
FPGA.

set property LOC AD11 [ get ports sys clk n]

set property IOSTANDARD DIFF SSTL15 [ get ports sys clk n]
set property LOC AD12 [ get ports sys clk p]

set property IOSTANDARD DIFF SSTL15 [ get ports sys clk p]
set property LOC AB7 [ get ports sys rst]

set property IOSTANDARD LVCMOS15 [ get ports sys rst]

set property LOC M19 [ get ports RX]

# additional constraints

#

create clock -name sys clk pin -period "5.0" [get ports "sys clk p"]
# 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 the

O 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.

9. Save the file by either clicking the Ctrl+S keys, or use the File > File Save menu.
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Step 4: Memory Mapping the Peripherals in IP Integrator

Step 4: Memory Mapping the Peripherals in IP

Integrator

1.
design (Figure 128).

In the Project Manager, double-click the design name under Design Sources to open the

| Block Design - mb_subsystem *

Figure 129: Design Name and Address Editor Location

2. Click the Address Editor tab.
3.

a. Expand the MicroBlaze IP.
b.

change the address and range of the IP.
C.

512 MB (Figure 130).

___EuDiqg_ram x | 5 Address Editor X | ) system.xdc X |

Sources — O 12 % || i Diagram x & Address Editor X system.xdc X
Q= == |§] #| 5% mb_subsystem »
B-"' Necinn Sn ac (11 C)Nt
BN mb_subsystem (mb_subsystem.bd) (17) i
e 3
. = constrs_1 &
' “Hy system.xdc 5

In the Address Editor, map any unmapped devices by doing the following:

Right-click the Unmapped Slaves folder, and select Auto Assign Address. You can also

Change the range of mig 7 series IP in both the Data and the Instruction section to

A cell Base Name  Offset Address Range
(=51
|5 {F /microblaze_1
2| [ E Data
= /mig_7series_1 memaddr 0x80000000 512M
B = /microblaze_1_axi_intc Reg 0x41200000 64K
= /microblaze_1_local_memory/dimb_b... Mem 0x00000000 64K
= [axi_timer_1 Reg 0x41C00000 64K
= [axi_uartlite_1 Reg 0x40600000 64K
= [axi_bram_ctrl_1 Mem0 0xC0000000 4K
=HE Instruction
0x80000000 | FHITY
= /microblaze_1_local_memory/ilmb_br... Mem 0x00000000 32M Ly
= faxi_bram_ctrl_1 Mem0 0xC0000000 64M
128M
256M
.= -
16 |
2G v
6 g

Figure 130: Data and Instruction Set to 512 MB
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0X9FFFFFFF
0x4120FFFF
0x0000FFFF
0x41COFFFF
0x4060FFFF
0xCO000FFF

0X9FFFFFFF

0x0000FFFF
0xCO000FFF
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Step 5: Creating a Top-Level Verilog Wrapper

4. Save your design.

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 upon re-configuring 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 or write to or from them.

You can also use this map to manually include or exclude IP from the cacheable region or
otherwise specify their address.

You can also use this map to manually include or exclude IP from the cacheable region or
otherwise specify their address.

Step 5: Creating a Top-Level Verilog Wrapper

1. Go to the Project Manager.
2. Under Design Sources, right-click your design and click Create HDL Wrapper (Figure 131).

Flow Navigator ks Block Design - mb_subsystem *

M A pig

o S — | Sources i I ¢

A= 2t B
—Hz7 Design Sources (1)
=Y mb_subsystem i
— » Constraints (1) = Source Node Properties...

4 Project Manager
ff:’; Project Settings
% Add Sources

1F 1P catalog —|&= constrs_1 }
: - B
: 4 systemade | Open File
4 1P Integrator +H= Simulation Sources

;i Create Block Design
5% Open Block Design

4 Simulation
{5 simulation Settings
() Run Simulation
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Step 6: Take the design through implementation

In the Flow Navigator:
1. Click Run Synthesis.
2. Click Run Implementation.

3. Click Generate Bitstream

Step 7: Exporting the design to SDK

Next, open the design and export to SDK.
1. Select File > Export > Export Hardware for SDK.
2. In the Export to Hardware dialog box, click to select the Launch SDK check box (Figure 132).

¢ Export Hardware for SDK 23

[0] Export hardware platform for SDK.

Options

Source: %, mb_subsystem.bd -
Export to: |50 <Local to Project> -
Workspace: | & <Local to Project> -

| Export Hardware
| Include bitstream (MNote: an implemented design m...

| Launch SDK

’ OK ]| Cancel |

Figure 132: Export to Hardware Dialog Box

CAUTION! If you get an error message stating Failed to run “export hardware”
for design. Make sure that you open the block diagram by double-clicking the IP integrator
design from the Sources Pane.

3. Specify the workspace to which you want to export your hardware design. If you do not
specify the workspace, your project exports to:
<project name>.sdk/SDK/SDK Export/ You can leave this field to its default state.

4. Click OK. SDK launches in a separate window.

Before using SDK to build and debug the design, it is important to start the hardware server
(hw_server) application that SDK uses to communicate with the MicroBlaze processor.

5. To start the SDK hardware server, open a cmd prompt and type:
C:\Xilinx\Vivado\2013.1\bin\hw_server
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Step 8: Configuring FreeRTOS

You see the following message in the cmd prompt window (Figure 133).

@8 C:\Windows\system32\cmd.exe - c\xilinx\vivado\2013.1\bin\hw_server

Microsoft Windows [Uersion 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:\Users\ndutta>c:\xilinx\vivado\2013.1\bin\hw_server
xxxxxx Xilinx hw_server uz013.1.0

=x%x% Build date = Feb 14 2013-87:10:52

INFO: hw_server application started
INFO: Use Ctrl-C to exit hw_server application

*% Copyright 1986-1999, 2001-2013 Xilinx, Inc. All Rights Reserved.

m| »

Figure 133: hw_server Application Started

Step 8: Configuring FreeRTOS

1.

In SDK, select Xilinx Tools > Repositories (Figure 134).

F
.

Run Project | Xilinx Tools | Window Help

v @ ~ 35| Bl Generate linker script
| . Board Support Package Settings
1 =

L Repct;;traries

form_0 Ha| 22 Pprogram FPGA
B Program Flash

B Launch Hardware Server
1A Device: 7k3 @ XMD Console
ated With: Viv E1 Launch Shell
‘eated On: Tue 3§ Configure JTAG Settings
#  System Generator Co-Debug Settings
lap for proces| P} (Create Zyng Boot Image

ormation

Figure 134: Xilinx Tools Repositories
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2. Click New next to the local repository box to add a new local repository (Figure 135).

The freeRTOS repository is in the path <design path> /sysrtos/lib.

Flash Programminc Global Repositories (available across workspaces)

Preferences ?@

type filter text Add, remove or change the order of SDK's software repositories. M A
» General Local Repositories (available to the current workspace)

» C/C++

> Help New.

» Install/Update -

> Remote Systems femove

> Run/Debug Up

> Team

Terminal oown
2 Xiliny SDK
Boot Image

Hardware Specific: New.
Log Information Le
Repositories nemove
Target Manager Up
XMD Startup
Down
SDK Installation Repositories
cAXilindSDKV2013. 1\ swA by
cAXilindSDK2013.DswA XilinkProcessorlPLIDY,
cAXilinASDK\2013.1\sw\ThirdParty\,
Rescan Repositories
Mote: Local repository settings take precedence over global repository settings.
P e T— > Restore Defaults] l Apply ]
® I oK I I Cancel

Figure 135: SDK Preferences Page

3. Add the path and re-scan the repositories.
4. Click Apply and OK.
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Step 9: Creating a freeRTOS “Hello World” Application

Step 9: Creating a freeRTOS “Hello World” Application

1. In SDK, right-click hw_platform_0 and select New > Project (Figure 136).
C/C++ - hw_platform_0/system.xml - Xilinx SDK
File Edit Source Refactor Navigate Search Run Project Xilinx Tools Window Help
il | - >~ @@y Oy W D E & = - -
L Project Explorer &2 = O || 4z systemxml =2
=1 A hw_platform_0 Hardware Platform Specification
4 & hw_platform 0l
2 system New |l Proje%.
2/ system Go Into ¢ File
L systeml = cae r+aar |5 Folder
Figure 136: SDK New Project Selection
2. Inthe dialog box that opens, select Xilinx Tools > Application Project (Figure 137).
New Project = || B[R
Select a wizard <
Wizards:
type filter text
» = General
s B CfC++
4 (= Xilinx
&1 Application Project
Wl Board Support Package
77 Hardware Platform Specification
Figure 137: SDK New Project Wizard
3. Click Next.
Embedded Processor Hardware Design www.xilinx.com
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4. Type a name (hello_world) for your project and choose FreeRTOS as the OS platform
(Figure 138).

New Project = ECE ==
Application Project @
Create a managed make application project.
Project name:l hello_world I

Use default location
Location: | Chtutorials\mb_ipi_tutorial\mb_ipi_tutorial.sdk\SDK\SDK_Export\hel Browse...

Choose file system: |default ~

Target Hardware

Hardware Platform [hwplatform_t) Vl
Processor [microblaze_l - l
Target Software
OS Platform
Language ;

wilkernel
Board Support Package lInux

standalone

Use existing -

@ < Back H Next = l [ Finish ] [ Cancel

Figure 138: New Project: Application Project Wizard

5. Click Next.
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Step 10: Executing the System on a KC705 Board

6. Select the freeRTOS Hello World application template (Figure 139).

-

New Project = | [=] || G |
Templates ,f
Create one of the available templates to generate a fully-functioning application
project.

Available Templates:

Dhrystone Let's say 'Hello World' in FreeRTOS. -
Empty Application
Hello World

Memory Tests

Peripheral Tests

SREC Bootloader

Xilkernel POSIX Threads Demo

@:l Next = Finish J l Cancel

Figure 139: New Project: Template Wizard

7. Click Finish.

SDK creates a new "Hello World" application.

Step 10: Executing the System on a KC705 Board

To run the design on a KC705 board:
1. Connect the board to your computer.

2. Select the Terminal 1 tab in SDK and click the Settings button (Figure 140).

Overview| Source

1%l Problems | ¥ Tasks & Console | = Properties [ Terminal 1 &3

I3 ', ] &E =
No Connection Selected

Figure 140: SDK Terminal Tab and Settings Button

(=i}
EL

The Terminal Settings dialog box opens.
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3. Specify the parameters as shown in the Terminal Settings dialog box, (Figure 141), and click

OK.

Figure 141: Terminal Settings Dialog Box

Step 10: Executing the System on a KC705 Board

-

=

Terminal Settings
View Settings:
View Title: Terminal 1
Encoding: 150-8858-1 -
Connection Type:
Serial -
Settings:
Port: COM1 -
Baud Rate: 9600 hd

Timeout (sec): 5

OK ] l Cancel

You see the confirmation in the Terminal 1 tab that it is connected to the device (Figure 142).

Overview | Source

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

Figure 142: Terminal Connection Confirmation
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4. Start the XMD Console by selecting Xilinx Tools > XMD Console (Figure 143).

'roject | Xilinx Tools | Window Help

% ~ | B Generate linker script i
il: Board Support Package Settings
b systes (@ Repositories

sp B(22 Program FPGA
A Program Flash

i Settind @ Launch Hardware Server
3 XMD Conso
m &1 Launch Shell
rt Packi &k Configure JTAG Settings
System Generator Co-Debug Settings

Create Zyng Boot Image

cation:
CEssOr

Figure 143: Xilinx Tools: XMD Console Option

5. 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/<ipi design name>.bit

You can also program the FPGA by selecting Xilinx Tools > Program FPGA,
(Figure 144).

n Project | Xilinx Tools | Window Help

~ @& « | Bl Generate linker script A
Board Support Package Settings

1}
YT @ penositories

d_bsp B(22 Program FPGA
A Program Fiksh

iSP's Setting @ | aunch Hardware Server

Figure 144: Xilinx Tools: Program FPGA Option

6. Inthe program FPGA dialog box, ensure the path to the bitstream is correct.

7. In the XMD Console, type:

XMD% connect mb mdm

8. Then type:
XMD% mbc

9. Reset and stop the MicroBlaze processor before actually running the software by using the
rst and stop commands respectively, as shown in the following command line snippet.

XMD% rst
XMD% stop
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10. Download the freeRTOS “Hello World” progam ELF file of by typing:

XMD% dow
project name.sdk/SDK/SDK_Export/hello world/Debug/hellow world.elf

11. Run the program using the run command.

XMD% run

The output displays in the Terminal tab as shown in (Figure 145):

[E Console ¥ Tasks & Terminal 1 &2 . 7 Problems| & Executables

Berial: (COM1, 9600, 8, 1, None, None - CONNECTED) - Encoding: (ISO-8859-1)
Main started

KQueueCreated done

kTaskCreate done

Hello from prvQueueReceiveTask

e S T T T T LT T T P e

Hello from prvQueueSendTask
i 2 3 i e ok i 3 25 0 i 0 i R K R 0 i 0 o R R R R K

Hello from prvQueueReceiveTask
EEEES ST E S S

Hello from prvQueueSendTask
e S T T T T LT T T P e
e have demonstrated the scheduling of task in freeRTOS ...
exiting from prvQueueSendTask ...
Good Bye

Figure 145: Terminal Tab

Conclusion

In this tutorial, you have:

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 Real Time Operating System.
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