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Debugging in Vivado Tutorial

Introduction

This document contains a set of tutorials designed to help you debug complex FPGA designs. The first
four labs explain different kinds of debug flows that you can chose to use during the course of debug.
These labs introduce the Vivado® debug methodology recommended to debug your FPGA designs.
The labs describe the steps involved in taking a small RTL design and the multiple ways of inserting the
Integrated Logic Analyzer (ILA) core to help debug the design. The fifth lab is for debugging high-speed
serial I/0O links in Vivado. The sixth lab is for debugging JTAG-AXI transactions in Vivado. The first four
labs converge at the same point when connected to a target hardware board.

Example RTL designs are used to illustrate overall integration flows between Vivado logic analyzer, ILA,
and Vivado Integrated Design Environment (IDE). In order to be successful using this tutorial, you
should have some basic knowledge of Vivado Design Suite tool flow.

TRAINING: Xilinx provides training courses that can help you learn more about the
concepts presented in this document. Use these links to explore related courses:

e Vivado Design Suite Hands-on Introductory Workshop Training Course

:| ¢ Vivado Design Suite Tool Flow Training Course

e Essentials of FPGA Design Training Course

e Vivado Design Suite User Guide: Programming and Debugging, (UG908).

Objectives

These tutorials:

e Show you how to take advantage of integrated Vivado logic analyzer features in the Vivado design
environment that make the debug process faster and simpler.

e Provide specifics on how to use the Vivado IDE and the Vivado logic analyzer to debug common
problems in FPGA logic designs.

e Provide specifics on how to use the Vivado Serial I/O Analyzer to debug high-speed serial links.
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Debugging in Vivado Tutorial

After completing this tutorial, you will be able to:

Validate and debug your design using the Vivado Integrated Design Environment (IDE) and the
Integrated Logic Analyzer (ILA) core.

Understand how to create an RTL project, probe your design, insert an ILA core, and implement the
design in the Vivado IDE.

Generate and customize an IP core netlist in the Vivado IDE.

Debug the design using Vivado logic analyzer in real-time, and iterate the design using the Vivado
IDE and a KC705 Evaluation Kit Base Board that incorporates a Kintex®-7 device.

Analyze high-speed serial links using the Serial I/O Analyzer.

Getting Started

Setup Requirements

Before you start this tutorial, make sure you have and understand the hardware and software
components needed to perform the labs included in this tutorial as listed below.

Software

Vivado Design Suite 2015.1

Hardware

Kintex-7 FPGA KC705 Evaluation Kit Base Board
Digilent Cable

Two SMA (Sub-miniature version A) cables

Programming and Debugging www.xilinx.com 6

UG936 (v2015.1) May 18, 2015

l Send Feedback I


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG936&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Programming%20and%20Debugging&releaseVersion=2015.1&docPage=6

& XILINX

ALL PROGRAMMABLE..

Debugging in Vivado Tutorial

SneWave | === 3@ jeccecccece=
Selection =
Indicator SRR = SSEEETEREE

)
»

¥ ussuTac P
8 comector P IBYEINNE

Debou
Enabl |

nce
le 1§
b

X14656

Figure 1: KC705 Board Showing Key Components

Tutorial Design Components

Labs 1 through 4 include:

A simple control state machine

Three sine wave generators using AXI-Streaming interface, native DDS Compiler
Common push buttons (GPIO_BUTTON)

DIP switches (GPIO_SWITCH)

LED displays (GPIO_LED) VIO Core (Lab 3 only)

Push Button Switches: Serve as inputs to the de-bounce and control state machine circuits. Pushing a
button generates a high-to-low transition pulse. Each generated output pulse is used as an input into
the state machine.

DIP Switch: Enables or disables a de-bounce circuit.

De-bounce Circuit: In this example, when enabled, provides a clean pulse or transition from high to
low. Eliminates a series of spikes or glitches when a button is pressed and released.

Programming and Debugging www.xilinx.com 7

UG936 (v2015.1) May 18, 2015

| Send Feedback l


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG936&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Programming%20and%20Debugging&releaseVersion=2015.1&docPage=7

& XILINX

ALL PROGRAMMABLE.

Debugging in Vivado Tutorial

Sine Wave Sequencer State Machine: Captures and decodes input from the two push buttons.
Provides sine wave selection and indicator circuits, sequencing among 00, 01, 10, and 11 (zero to three).

LED Displays: GPIO_LED_0 and GPIO_LED_1 display selection status from the state machine outputs,
each of which represents a different sine wave frequency: high, medium, and low.

Lab5 includes:
e AnIBERT core
e A top-level wrapper that instantiates the IBERT core.

Board Support and Pinout Information

Table 1: Pinout Information for the KC705 Board

Pin Name Pin Location | Description

CLK_N AD11 Clock

CLK P AD12 Clock

GPIO_BUTTONS[0] AA12 Reset

GPIO_BUTTONS[1] AG5 Sine Wave Sequencer
GPIO_SWITCH Y28 De-bounce Circuit Selector
LEDS_n[0] AB8 Sine Wave Selection[0]
LEDS n[1] AA8 Sine Wave Selection[1]
LEDS _n[2] AC9 Reserved

LEDS n[3] AB9 Reserved

Design Files

1. Inyour C: drive, create a folder called /vVivado Debug.

2. Find the tutorial source files at the following location:
https://secure.xilinx.com/webreg/clickthrough.do?cid=385007

& CAUTION! The tutorial and design files may be updated or modified between software releases.
You can download the latest version of the material from the Xilinx website.

3. Unzip the tutorial source file to the /Vivado Debug folder. There are five labs that use different
methodologies for debugging your design. Select the appropriate lab and follow the steps to
complete them
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Debugging in Vivado Tutorial

Lab 1: This lab walks you through the steps of marking nets for debug in HDL as well as the post-
synthesis netlist (Netlist Insertion Method). Following are the required files:

e debounce.vhd

e fsm.vhd

e sinegen.vhd

e sinegen demo.vhd

e sine high/sine high.xci
e sine low/sine low.xci

e sine mid/sine mid.xci

e sinegen demo kc705.xdc

Lab 2: This lab goes over the details of marking nets for debug in the source HDL (HDL instantiation
method) as well as instantiating an ILA core in the HDL. Following are the required files:

e debounce.vhd

e fsm.vhd

e sinegen.vhd

e sinegen demo inst.vhd

e ila 0/ila 0.xci

e sine high/sine high.xci
e sine low/sine low.xci

e sine mid/sine mid.xci

e sinegen demo kc705.xdc

Lab 3: You can test your design even if the hardware is not physically accessible, using a VIO core. This
lab walks you through the steps of instantiating and customizing a VIO core that you will hook to the
I/Os of the design. Following are the required files:

e debounce.vhd

e fsm.vhd

e sinegen.vhd

e sinegen demo inst vio.vhd
e sine high/sine high.xci

e sine low/sine low.xci

e sine mid/sine mid.xci
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e ila 0/ila 0.xci
e sinegen demo kc705.xdc

Lab 4: Nets can also be marked for debug in a third-party synthesis tool using directives for the
synthesis tool. This lab walks you through the steps of marking nets for debug in the Synplify tool and
then using Vivado to perform the rest of the debug. Following are the required files:

e dds compiler v6 0 viv.edn

e dds compiler v6 0 viv parameterizedl.edn
e dds compiler v6 0 viv parameterized3.edn
e debounce.vhd

e fsm.vhd

e sine high.xci

e sine low.xci

e sine mid.xci

e sinegen.edn

e sinegen synplify.vhd

e synplify 1l.sdc

e sinegen demo kc705.xdc

Lab 5: Debug high-speed serial I/O links using the Vivado Serial I/O Analyzer. This lab uses the Vivado
IP example design.

Lab 6: Using Vivado ILA core to debug JTAG-to-AXI transactions. This lab uses the Vivado IP example
design.

Connecting the Boards and Cables
1. Connect the Digilent cable from the Digilent cable connector to a USB port on your computer.
2. Connect the two SMA cables (for lab 5 only) as follows:

a. Connect one SMA cable from J19 (TXP) to J17 (RXP).

b. Connect the other SMA cable from J20 (TXN) to J66 (RXN).

The relative locations of SMA cables on the board are shown in Figure 1: KC705 Board Showing Key
Components.
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Lab 1: Using the Netlist Insertion Method for
Debugging a Design

Introduction

In this lab, you will mark signals for debug in the source HDL as well as the post synthesis netlist. Then
you will create an ILA core and take the design through implementation. Finally, you will use Vivado®
to connect to the KC705 target board and debug your design using Vivado Integrated Logic Analyzer.

Step 1: Creating a Project with the Vivado New Project
Wizard

To create a project, use the New Project wizard to name the project, to add RTL source files and
constraints, and to specify the target device.

1. Invoke the Vivado IDE.
2. In the Getting Started screen, click Create New Project to start the New Project wizard. Click Next.

3. In the Project Name screen, name the new project proj_netlist and provide the project location
(C:/vivado_ Debug). Ensure that Create Project Subdirectory is selected and click Next.

4. In the Project Type screen, specify the Type of Project to create as RTL Project. Click Next.
5. Inthe Add Sources screen:

a. Set Target Language to VHDL.

b. Click the Add Files button.

¢. Inthe Add Source Files dialog box, navigate to the /src/Labl directory.

d. Select all VHD source files, and click OK.

e. Verify that the files are added, and Copy Sources into Project is selected. Click Next.
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Lab 1: Using the Netlist Insertion Method for Debugging a Design

7. In the Add Existing IP (optional) dialog box:

a.

b.

g.
h.

Click the Add Files button.

In the Add Configurable IP dialog box, navigate to the /src/labl/sine high directory.
Select XCI source file, and click OK.

In the Add Configurable IP dialog box, navigate to the /src/labl/sine mid directory.
Select XCI source file, and click OK.

In the Add Configurable IP dialog box, navigate to the /src/labl/sine low directory.
Select XCI source file, and click OK.

Verify that the files are added and Copy Sources into Project is selected. Click Next.

8. In the Add Constraints (optional) dialog box, the provided XDC file, sinegen demo kc705.xdc,
should automatically appear in the main window. Click Next.

9. In the Default Part dialog box, specify the xc7k325tffg900-2 part for the KC705 platform. You can
also select Boards and then select Kintex-7 KC705 Evaluation Platform. Click Next.

10. Review the New Project Summary page. Verify that the data appears as expected, per the steps
above, and click Finish.

Note: It could take a moment for the project to initialize.

Step 2: Synthesizing the Design

1. In the Project Manager, click Project Settings as shown in the following figure.
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Lab 1: Using the Netlist Insertion Method for Debugging a Design

4. proj_netlist - [C:/Vivado_Debug/proj_netlist/proj_netlistxpr] - Vivado
File Edit Flow Tools Window Layout View Help

A2 o REB X DD XS XX (@ 5D0efault Layout b & .Y
Flow Navigator « ' | Project Manager - proj_netlist
A I = Sources S T
=5 wet RE
4 Project Manager ‘,77’\' cl BIE
: : —= Design Sources (1
P | S : ‘
@ Proiect Settings \ +-¥h &% sinegen_demo - Mixed (sinegen_demo.vhd
&% Ad - =
I P Project Settings
Configure synthesis, simulation, implementation and IP related options.

4 1P Integrator

%, Create Block Design

Figure 2: Configuring the Project Settings

IMPORTANT: As an optional step, in the Project Settings dialog box, select Synthesis from the
left and change flatten hierarchy to none. The reason for changing this setting to none is to
prevent the synthesis tool from performing any boundary optimizations for this tutorial.

2. In the Vivado Flow Navigator, expand the Synthesis drop-down list, and click Run Synthesis.

Note: When synthesis runs, a progress indicator appears, showing that synthesis is occurring. This
could take a few minutes.

3. In the Synthesis Completed dialog box, click Cancel as shown in the following figure. You will
implement the design later.
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Lab 1: Using the Netlist Insertion Method for Debugging a Design

Synthesis Completed @

'0' Synthesis successfully completed.

Open Synthesized Design

View Reports

Don't show this dialog again

ok |[ cancel

Figure 3: Synthesis Completed Dialog Box

Step 3: Probing and Adding Debug IP

To add a Vivado ILA core to the design, take advantage of the integrated flows between the Vivado IDE
and Vivado logic analyzer.

In this step, you will accomplish the following tasks:
e Add debug nets to the project.

e Run the Set Up Debug wizard.

e Implement and open the design.

e Generate the bitstream.

Adding Debug Nets to the Project

Following are some ways to add debug nets using the Vivado IDE:
e Add mark_debug attribute to HDL files.
VHDL

attribute mark debug : string;
attribute keep : string;

attribute mark debug of sine : signal is "true";
attribute mark debug of sineSel : signal is "true";
Verilog
(* mark debug = "true" *) wire sine;
(* mark debug = "true" *) wire sineSel;
Programming and Debugging www.xilinx.com 14
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Lab 1: Using the Netlist Insertion Method for Debugging a Design

This method provides lets you probe signals at the HDL design level. This can prevent optimization
that might have otherwise occurred to that signal. It also lets you pick up the signal tagged for post
synthesis, so you can insert these signals into a debug core and observe the values on this signal
during FPGA operation. This method gives you the highest probability to preserve HDL signal
names after synthesis.

¢ Right-click and select Mark Debug or Unmark Debug on a synthesized netlist.

This method is flexible since it allows probing the synthesized netlist in the Vivado IDE and allowing
you to add/remove MARK_DEBUG attribute at any hierarchy in the design. In addition this method
doesn't require HDL source modification. However there may be situations where synthesis may not
preserve the signals due to netlist optimization involving absorption or merging of design
structures.

e Use a Tcl prompt to set the mark_debug attribute on a synthesized netlist.

set property mark debug true [get nets -hier [list {sine[*]}]]
This applies the MARK_DEBUG on the current, open netlist.

This method is flexible since you can turn MARK_DEBUG on and off by modifying the Tcl command.
In addition, this method does not require HDL source modification. However, there may be
situations where synthesis does not preserve the signals due to netlist optimization involving
absorption or merging of design structures.

In the following steps, you learn how to add debug nets to HDL files and the synthesized design using
Vivado IDE.

O TIP: Before proceeding, make sure that the Flow Navigator on the left panel is enabled.
Use Ctrl-Q to toggle it off and on.

1. In the Flow Navigator under the Synthesis drop-down list, click Open Synthesized Design as
shown in the following figure.

Properties
4 Synthesis & = 7 )

J F
% Synthesis Settings
% Run Synthesis
fz* Open Synthesized Dei}gn

Figure 4: Open Synthesized Design
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Lab 1: Using the Netlist Insertion Method for Debugging a Design

2. In the Window menu, select Layout > Debug. When the Debug window opens. Click the window if
it is not already selected.

3. Expand Unassigned Debug Nets folder. The following figure shows those debug nets that were

tagged in sinegen demo.vhd with mark_debug attributes.

61

628 -- Add mark debug attributes to show debug nets in the synthes: etlist

63) attribute mark debug : string:

64) attribute mark_debug of GPI0 BUTTONS db : signal is "true";

65§ attribute mark debug of GFIQO_BUTTONS dly : signal is "true":

66} attribute mark_debug of GPI0 BUTTONS re : signal is "true";

67] attribute mark debug of DONT_ERT : signal is "true":

ED

69

70 component sinegen

71 port

72 {

73 clk : in std logic:

74 reset : in std legic:

75 sel : in std logic wector(l downto 0);

76 3ine : out std legic wector (13 downto 0)

7 i

78

79 end component;

Figure 5: VHDL Example Using MARK_DEBUG Attributes
Debug = El X
i\: ‘ Name Driver Cell
‘:‘ I Unassigned Debug Nets (6
= —+J-#% GPIO_BUTTONS_db (2 FDRE
E J % GPIO_BUTTONS_db[0] FDRE
. JI'# GPIO_BUTTONS_db[1] FDRE
¥ oo GPIO_BUTTONS_dly (2 FDRE
i‘f I'# GPIO_BUTTONS_dly[0] FDRE
ug i J#% GPIO_BUTTONS_dly[1] FDRE
= —+J7# GPIO_BUTTONS_re (2) FDRE
E % GPIO_BUTTONS_re[0] FDRE
éf‘, | "% GPIO_BUTTONS_re[1] FDRE
Debug Cores  Debug Nets

4. Select the Netlist tab and expand Nets. Select the following nets for debugging shown in the

following figure.

o GPIO BUTTONS IBUF[0] and GPIO BUTTONS IBUF[1] - Nets folder under the top-

level hierarchy

Figure 6: Unassigned Debug Nets Post-Synthesis

o sel(2) - Nets folder under the U_SINEGEN hierarchy
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o sine (20)- Nets folder under the U_SINEGEN hierarchy

Netlist O
=

+] sinegen_demo -
== Mets (40)

-2 GPID_BUTTONS (2)
+-TF GPIO_BUTTONS_db (
- GPIO_BUTTONS_dly (
—- GPIO_BUTTONS_IBUF (2)

- T GPIO_BUTTONS_IBUF[0]
. T GPIO_BUTTONS_IBUF[1]
-0 GPIO_BUTTONS_re (2)
+-< LEDS_n (4]

+-I LEDS_n_OBUF (2)

- I <constD>

- <constl=

Fa
*

a3

1

d

,_Jj' CLl{:P -
. [# DONT EAT (=]

Figure 7: Add Nets for Debug from the Synthesized Netlist

Note: These signals represent the significant behavior of this design and are used to verify and
debug the design in subsequent steps.

5. Right-click the selected nets and select Mark Debug as shown in the following figure.
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Metlist — 0O e = |*‘_.‘=u5chemat|c 3

o P [E] B | C:/Users/sm

3 sinegen_demo - ; 53 signa
[ZHE Nets (40) 34

[+ GPIO_BUTTONS (2) W 55 signe

-0 GPIO_BUTTONS _db (2) —||| Y| 56 signa

[H-T i GPIO_BUTTONS dly (2) ol 97 9igna

=il GPIO_BUTTONS_IBUF (2) | 58 signa

Sl GPI0_BUTTONS_IBUF[0] || B3| 59 signa

o EEOREINREY (3 Net Properties... Ctrl+E F

[#-Ir GPIO_BUTTON

flof LEDS_n (4) | M¥_Mark Debug [\ )

(-7 LEDS_n_OBUF (] Unmark Debug 1

-1 <constd> of Assign to Debug Port i

~ I <constl> ) ] -

T dk Select Driver Pin 1

ool CLK_M ¥ Schematic F4 s
ol CLK_P Show Connectivity Ctrl+T

- [ DONT EAT i i o :

ow Hierarc !

£ Sources. ) Neti L i

&  Highlight »

MNet Properties b -

« >k & Mark Ctrl+M !

I GPIO_BUTTONS_IBUF[ Inmar Crl+Shift+M b

6. Next, mark nets for debug in the Tcl console. Mark nets “sine (20) ” under the U_SINEGEN

Figure 8: Adding Nets from the Netlist Tab

hierarchy for debug by executing the following Tcl command.

set property mark debug true

[get nets -hier

[list {sine][

*111]

TIP: In the Debug window, you can see the unassigned nets you just selected. In the Netlist
window, you can also see the green bug icon next to each scalar or bus, which indicates that a

net has the attribute mark debug = true as shown the following two figures.
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Debug —O@ =
Fe
; Name Driver Celll
=23 =M= Unassigned Debug Mets (31) -
2 s GPIO_BUTTONS_db (2) FDRE B
-+ [ GPIO_BUTTONS_db[0] FDRE
- [ GPIO_BUTTONS_db[1] FDRE
¥ &= GPIO_BUTTONS_diy (2) FDRE
i% -+ [ GPIO_BUTTONS_dly[0] FDRE
ok - [ GPIO_BUTTONS_dly[1] FDRE
[=h I GPIO_BUTTONS_re (2) FDRE L
4 §----J’n GPIO_BUTTONS_re[0] FDRE 5
----- % GPIO_BUTTONS_re[1] FDRE
[+ I U_SINEGEN/sel (2) FDRE
[+ I U_SINEGEN/sine (20) FDRE
[ % DONT_EAT FDRE
Dn!rn GPIO_BUTTONS_IBUF (2) IBUF
----- [ GPIO_BUTTONS_IBUF[0] IBUF

+ GPIO_BUTTONS_IBUF[1]
Dehug Cores Debug Nets |

Figure 9: Newly Added Nets for Debug from the Synthesized Netlist

g
a
|

m}
5]
X

(3]
DONT_EAT2
DONT_EAT3
DONT_EAT4 -
DONT_EAT00
DONT_EATO00_out
DONT_EAT10

DONT_EAT20

DONT_EAT30

DONT_EAT40

SWE'] GPIO_BUTTONS_IBUF[1]
GPIO_SWITCH
GPIO_SWITCH_IBUF

I

n_0_DONT_EAT _reg
n_0_GPIO_BUTTONS_dly[0]_i_1
0_GPIO_BUTTONS_dly[1]_i_1
GPIO_BUTTONS_re[0]_i_1
_GPIO_BUTTONS_re[1]_i_1
U_FSM

_U_FSM
U_
U
U

(3]

Y LA Ly A A

>

SINEGEN
_SINEGEN
_U_SINEGEN
12_U_SINEGEN
16_U_SINEGEN O

_0_
0
_0_|
1
3|
4
_8

R A A LA A iy g o

n_
n
n_|
n
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n_
n
n
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Figure 10: Netlist View of Nets Marked for Debug
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Running the Set Up Debug Wizard

7. From the Debug window or Tools menu, select Set Up Debug. The Set up Debug wizard opens.

Debug

Mame
[=H& Unassigned Debug Nets (31)
EHIr GPIO_BUTTONS_db (2)
¢ - _# GPIO_BUTTONS_db[0]
. - Ti GPIO_BUTTONS_db[1]
- GPIO_BUTTONS_dly (2)
g | = [+ GPIO BUTTONS div[0]

5| 4F B4 P

T

Set Up Debug

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

T ] A R
. J# GPIO_BUTTONS_re[1]
I U_SINEGEN/sel (2)
[T U_SINEGEN/sine (20)
- I'# DONT_EAT
[=helF GPIO_BUTTONS_IBUF (2)
-, ['# GPIO_BUTTONS_IBUF[O]
. + GPIO_BUTTONS_IBUF[1]

Debug Cores | Debug Mets

Figure 11: Launching the Set up Debug Wizard
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Lab 1: Using the Netlist Insertion Method for Debugging a Design

8. When the Set up Debug wizard opens, click Next.

P

#- Set up Debug

VIVADO!

Set up Debug

This wizard will guide you through the process of

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

3. Choosing additional features on the debug cores like Data Depth, Advanced Trigger

mode and Capture Control.

Note: This setup wizard does not apply to the VIO, IBERT, JTAG-to-AXI-Master
debug cores. Please refer to Vivado Programming and Debug User Guide for

further instructions on how to use these IPs.

To continue, click Next

Programming and Debugging
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9. Inthe Nets to Debug page, ensure that all the nets have been added for debug and click Next.

-

¢ Set Up Debug | 23|
Nets to Debug
The nets below will be debugged with ILA cores. To add nets click "Find MNets to Add". You can also select '
nets in the Metlist or other windows, then drag them to the list or click "Add Selected Nets".
oy e
L\ Mame Clock Domain Driver Cell TRIG DA...
= [ZHrs GPIO_BUTTONS_db clk FDRE v v -
ﬁ i T4 GPIO_BUTTONS dh[ ] clk FDRE 'l 'l
14 GPIO_BUTTONS dh[ ] clk FDRE 'l 'l
5 5} 4 GPIO_BUTTONS_dly (2) clk FDRE v v
t I GPIO_BU'I_I'ONS_dI}r[ ] clk FDRE 'l 'l L
m 14 GPIO_BUTTONS dly[ ] clk FDRE 'l 'l F
[ GPIO_BUTTONS_| re (2) clk FDRE v v
= 5 U_SINEGEN/sel (2) clk FDRE v
- T sel[0] clk FDRE v v
~ T sell1] clk FDRE v v
i U_SINEGEN/sine (20) clk FDRE W W
- 4 sine[0] clk FDRE W W
- T4 sine[1] clk FDRE W W
- T4 sine[2] clk FDRE W W
- T4 sine[3] clk FDRE W W
- T4 sine[4] clk FDRE W W
- T4 sine[5] clk FDRE W W
- T4 sine[6] clk FDRE W W =
-~ [ sine[7] clk FDRE v Y =
Find MNets to Add... Mets to debug: 31
< Back ” Mext = Einish

Figure 13: Specify Nets to Debug

10. In the ILA Core Options page, go to the Trigger and Storage Settings section. Select both the
Capture Control and Advanced Trigger settings. Click Next.
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11. In the Setup Debug Summary page, make sure that all the information is correct and as expected.
Click Finish.

-

¢ Set Up Debug @
Set up Debug Summary

/
Vl\/ADO (@ 0 debug cores will be removed

(@ 1 debug core will be created

@ Found 1 clock

XILINX Open in Debug layout

AL To apply the above changes, click Finish

Next = FEinish ]l Cancel

Figure 14: Set up Debug Summary

Upon clicking Finish the relevant XDC commands to insert the ILA core(s) are generated.
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Step 4: Implementing and Generating Bitstream

1. Click Generate Bitstream from the Program and Debug drop-down list in the Flow Navigator.

4 Program and Debug
{5 Bitstream Settings
¥ Generate Bitstre
@’ Open Hardwa| Generate Bitstream

¥ Launch imPAc]  Generate a programming file after implementation.
[ Name
-
VKN dhn hoh

Figure 15: Implement Design and Generate Bitstream

2. In the Save Project dialog box click Save. This applies the mark_debug attributes on the newly
marked nets. You can see those constraints by inspecting the sinegen demo kc705.xdc file.

3. When the No Implementation Results Available dialog box pops up, click Yes.

4. When the bitstream generation completes, the Bitstream Generation Completed dialog box pops
up. Click OK.

5. Inthe dialog box asking to close synthesized design before opening implemented design. Click Yes.
6. In the Implementation is Out-of-date dialog box, click Yes.

7. Examine the Timing Summary report to ensure that all the specified timing constraints are met.

Timing - Timing Summary - timing_1 — O X
(S — z2a 4 Design Timing Summary
+~General Information »
-Timer Settings Setup Hold Pulse Width
{Desig 'ﬁ'm, Worst Negative Slack (WNS): 0.702 ns Worst Hold Slack (WHS): 0.048 ns Worst Pulse Width Slack (WPWS): 1.732 ns 3
; kS (4)
i__chn:ckﬁ::gr?’s: , Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
+:---Intra-CIOck Paths Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
- Inter-Clock Paths Total Number of Endpoints: 12287 Total Number of Endpoints: 12287 Total Number of Endpoints: 6722
F-Other Path Groups
[t User Ignored Paths All user specified timing constraints are met.
tH-Unconstrained Paths
Timing Summary - impl_1 X | Timing Summary - timing_1 X 4 k3

Figure 16: View the Timing Summary Report

Proceed to Using Vivado Logic Analyzer to Debug Hardware to complete the rest of the steps for
debugging the design.
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Debugging a Design in Vivado

Introduction

The HDL Instantiation method is one of the two methods supported in Vivado® Debug Probing. For
this flow, you will generate an ILA IP using the Vivado IP Catalog and instantiate the core in a design
manually as you would with any other IP.

Step 1: Creating a Project with the Vivado New Project
Wizard

To create a project, use the New Project wizard to name the project, to add RTL source files and
constraints, and to specify the target device.

1. Invoke the Vivado IDE.
2. In the Getting Started page, click Create New Project to start the New Project wizard. Click Next.

3. In the Project Name page, name the new project proj_hdl and provide the project location
(C:/vivado_ Debug). Ensure that Create Project Subdirectory is selected. Click Next.

4. In the Project Type page, specify the Type of Project to create as RTL Project. Click Next.
5. Inthe Add Sources page:

a. Set Target Language to VHDL.
b. Click Add Files.

o

In the Add Source Files dialog box, navigate to the /src/Lab2 directory.

o

Select all VHD source files, and click OK.

Verify that the files are added, and Copy Sources into Project is selected. Click Next.

6. 6. Inthe Add Existing IP (optional) page:
a. Click Add Files.
b. In the Add Configurable IP dialog box, navigate to the /src/labl/sine high directory.
c. Select XCI source file, and click OK.
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d. Inthe Add Configurable IP dialog box, navigate to the /src/labl/sine mid directory.

e. Select XCI source file, and click OK.

—

g. Select XCI source file, and click OK.
h

In the Add Configurable IP dialog box, navigate to the /src/labl/ila 0 directory.

i. Select XCI source file, and click OK.

j. Verify that the files are added, and Copy Sources into Project is selected. Click Next.

7. In the Add Constraints (optional) page, the provided XDC file, sinegen demo kc705.xdc

should automatically appear in the main window. Click Next.

In the Add Configurable IP dialog box, navigate to the /src/labl/sine low directory.

8. In the Default Part page, specify the xc7k325tffg900-2 part for the KC705 platform. You can also
select Boards and then select Kintex-7 KC705 Evaluation Platform. Click Next.

9. Review the New Project Summary page. Verify that the data appears as expected, per the steps

above. Click Finish.

10. In the Sources window in Vivado IDE, expand sinegen_demo_inst to see the source files for this

lab. Note that ila_0 core has been added to the project.

Double-click the sinegen_demo_inst.vhd file to open it and inspect the instantiation and port

Sources
QX wat BE
—-&7 Design Sources (1
~-¥hgs sinegen_demo_inst - hdl_inst (s
“H U_DEBOUNCE_0 - debounce - Mixed (d¢
¥» U_DEBOUNCE_1 - debounce - Mixed (debc
+-&h U_SINEGEN - sinegen - kintex (sineger

n (VILXE L

+} onstraints | |
+ Simulation Sources (1

< I

Hierarchy IP Sources  Libraries | Compile Order

Figure 17: ILA Instantiation in HDL

mapping of the ILA core in the HDL code.
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U_ILA : ila 0
port map
(
CLX => clk,
PROBEO
PROBE1
PROBE2
PROBE3
PROBE4
PROBES

|
VoW W

W

LR | T |
W

W

sineSel,

gine,
GPIO_BUTIONS_db,
GPIO_BUTTIONS_re,
GPIO_BUITIONS dly,
GPIO_BUTTONS

Figure 18: Hook Signals that Requiring Debugging in the ILA

Step 2: Synthesize Implement and Generate Bitstream

1. From the Program and Debug drop-down list, in Flow Navigator, click Generate Bitstream. This
will synthesize, implement and generate a bitstream for the design.

4 Program and Debug
{3 Bitstream Settings
¥ Generate Bitstre

TUpTET 1o, TTUJETT DITECloT §= 7 Proj_TTan ST CSy

P T SR S o S R NP Sy Jpny | g S N —

4 L1

General | Properties

@~ Open Hardware N
0 Launch iMPACT

Generate Bitstream
Generate a programming file after implementation.

VOIS TarT

==> synth_1 xc7k325tffg900-
= impl_1 xc7k325tffq900-

i B4

Figure 19: Generate Bitstream

2. The No Implementation Results Available dialog box appears. Click Yes.

3. After bitstream generation completes, the Bitstream Generation Completed dialog box appears.
Open Implemented Design is selected by default. Click OK.

4. 1In the Report Timing Summary dialog box. Make sure that all timing constraints are met. Click OK.
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Timing - Timing Summary - impl_1 P I E S
AT Z &2 4 Design Timing Summary
(D Thisisa saved report Ld ¥ Setup Hold Pulse Width
'"Giergzgaslé:;inzam = Worst Negative Slack (WNS): 1.218 ns Worst Hold Slack (WHS):  0.069 ns Worst Pulse Width Slack (WPWS): 1.732 ns
mm, L Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
.E:'fec:kSTL:mlr:Zry?;{ 0 Number of Failing Endpoints: 0 Mumber of Failing Endpoints: 0 Number of Failing Endpoints: 0
- Intra-Clock Paths Total Mumber of Endpoints: 3657 Total Number of Endpoints: 3657 Total Number of Endpoints: 2023
g]ttﬁgr%gf: E?S:Sps All user specified timing constraints are met.
Timing Summz.lry - impl_1 X 4 k8

Figure 20: Review Timing Summary

5. Proceed to Using Vivado Logic Analyzer to Debug Hardware chapter to complete the rest of this lab.
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Lab 3: Using a VIO Core for Debugging a Design in
Vivado

Introduction

The Virtual Input/Output (VIO) core is a customizable core that can both monitor and drive internal
FPGA signals in real time. The number and width of the input and output ports are customizable in size
to interface with the FPGA design. Because the VIO core is synchronous to the design being monitored
and/or driven, all design clock constraints that are applied to your design are also applied to the
components inside the VIO core. Run time interaction with this core requires the use of the Vivado®
logic analyzer feature. The following figure is a block diagram of the new VIO core.

VIO
CLK
[] [}
PROBE_INO[0:0) _| PROBE_OUTO[255:0)
PROBE_IN1[255:0) Input Registers _ PROBE_OUT1(0:0)
»  and Activity Output Registers >
PROBE_IN255(31:0] Detectors PROBE_OUT255(127:0)

A

\ J

Interface to JTAG through Debug Hub

Figure 21: VIO Block Diagram

This lab walks you through the steps of instantiating and configuring the VIO core. It walks you through
the steps of connecting the 1/Os of the design to the VIO core. This way, you can debug your design
when you do not have access to the hardware or the hardware is remotely located.

The following ports are created:

e One 4-bit PROBE_INO port. This has two bits to monitor the 2-bit Sine Wave selector outputs from
the finite state machine (FSM) and other two bits to mimic the state of the other two LEDs on the
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board. We will configure these 4-bit signals as LEDs during run time to mimic the LEDs displayed on
the KC705 board.

e One 2-bit PROBE_OUTO port to drive the input buttons on the FSM. We will configure it so one bit
can be used as a toggle switch during run time to mimic the "PUSH_BUTTON", SW3, and second bit
will be used as the "PUSH_BUTTON", SW6.

Step 1: Creating a Project with the Vivado New Project
Wizard

To create a project, use the New Project wizard to name the project, to add RTL source files and
constraints, and to specify the target device.

1. Invoke Vivado IDE.
2. In the Getting Started page, click Create New Project to start the New Project wizard. Click Next.

3. In the Project Name page, name the new project proj_hdl_vio and provide the project location
(C:/vivado_ Debug). Ensure that Create project subdirectory is selected. Click Next.

4. In the Project Type page, specify the Type of Project to create as RTL Project. Click Next.
5. Inthe Add Sources page:
a. Set Target Language to VHDL.
b. Click Add Files.
c. Inthe Add Source Files dialog box, navigate to the /src/Lab3 directory.
d. Select all VHD source files, and click OK.
e. Verify that the files are added, and Copy Sources into Project is selected. Click Next.
6. Inthe Add Existing IP (optional) page:
a. Click the Add Files.
b. In the Add Configurable IP dialog box, navigate to the /src/labl/sine high directory.
c. Select all XCI source files, and click OK.
d. Inthe Add Configurable IP dialog box, navigate to the /src/labl/sine mid directory.

e. Select all XCI source files, and click OK.

-

In the Add Configurable IP dialog box, navigate to the /src/labl/sine low directory.

Select all XCI source files, and click OK.

> @

In the Add Configurable IP dialog box, navigate to the /src/labl/ila 0 directory.
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i. Select all XCI source files, and click OK.
j. Verify that the files are added and Copy sources into project is selected. Click Next.

7. In the Add Constraints (optional) dialog box, the provided XDC file, sinegen demo kc705.xdc,
should automatically appear in the main window. Click Next.

8. In the Default Part page, specify the xc7k325tffg900-2 part for the KC705 platform. You can also
select Boards and then select Kintex-7 KC705 Evaluation Platform. Click Next.

9. Review the New Project Summary page. Verify that the data appears as expected, per the steps
above. Click Finish.

Note: It might take a moment for the project to initialize.

10. In the Sources window in Vivado IDE, expand sinegen_demo_inst_vio to see the source files for this

lab. Note that i1a 0 core has been added to the project. However, vio 0 (the VIO core) is
missing.

Sources = Cla el X
QIS wat 2E

—o7 Design Sources (1
-1 ¥ % sinegen_demo_inst_vio - hdl_inst_vio (sinege
¥H U_DEBOUNCE_0 - debounce - Mixed (detl
i U_DEBOUNCE_1 - debounce - Mixed
+&h U_SINEGEN - sinegen - kintex
W U_FSM - fsm - Mixed (fsm.vhd
v LA - jla 0
+ Constraints (1
+ Simulation Sources (1

Hierarchy | IP Sources | Libraries | Compile Order

Figure 22: Missing Source for VIO Core

In the following step, you will instantiate and configure this VIO core.

11. From the Flow Navigator, click IP Catalog, expand Debug & Verification, then expand Debug,
and double-click VIO. The Customize IP dialog box opens.

12. On the General Options tab, leave the Component Name to its default value of vio_0, set Input

Probe Count to 1, Output Probe Count to 1, and select the Enable Input Probe Activity
Detectors check box.
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™

1F Customize IP 23

VIO (Virtual Tnput/Output) (3.0) .

[ pocumentation [ IP Location €3 Switch to Defaults

4 [] show disabled ports ‘ Component Name vio_0

- |To configure more than 64 probe ports use Vivado Tcl Console

General Options | PROBE_IN Ports(0..0) | PROBE_OUT Ports(0..0) |

K 3 mm]} Input Probe Count 1 [0..256]
:tmb«_mom =
Output Probe Count |1 [0..256]

Enable Input Probe Activity Detectors

[ oK ] [ Cancel

Figure 23: Configure General Options of the VIO Core

13. On the PROBE_IN Ports tab, set Probe Width to 4 bits wide.

1F Customize IP 23

VIO (Virtual Tnput/Output) (3.0) .

[ pocumentation [ IP Location €3 Switch to Defaults

4 [] show disabled ports ‘ Component Name vio_0

- |To configure more than 64 probe ports use Vivado Tcl Console

~_ General Options PROBE_IN Ports(0..0) | PROBE_OUT Ports(0..0) |

Probe Port Probe Width
obe hqa:olprobe_ouw[mo]

PROBE_INO 4 [1..256]

[ oK ] [ Cancel

Figure 24: Configure PROBE_IN Ports of the VIO Core
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14. On the PROBE OUT Ports, set Probe Width to 2 bits wide with an initial value of 0 in hex format.

1F Customize IP | &2

VIO (Virtual Input/Output) (3.0)

[ pocumentation [ IP Location €3 Switch to Defaults

["] show disabled ports Component Name vio_0
- |To configure more than 64 probe ports use Vivado Tcl Console
General Options | PROBE_IN Ports(0..0)" PROBE_OUT Ports(0..0)
ek : Probe Port Probe Width I lNrae (n
irobe_‘mﬂ[&o]pmbe"ouw[1'0]} hex)
PROBE_OUTO 2 [1..256] 0x0
< P -
OK ] [ Cancel

Figure 25: Configure the PROBE_OUT Ports of the VIO Core

15. Click OK to generate the IP. The Generate Output Products dialog box will appear. Click Generate.

r N

#- Generate Output Products Ll
( . | The following output products will be

== generated.

Generate Options

Generate Synthesized Checkpoint (.dcp)

Preview

Q | =H4F vio_0.xci

&0 -} Instantiation Template
= 9 RTL Sources

= - Behavioral Simulation

Generate l [ Skip

Figure 26: Generate Output Products for the VIO Core
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Output product generation should take less than a minute. At this point, you have finished
customizing the VIO. This core has already been instantiated in the top level design as shown in the
following figure.

U_VIO : vio 0

port map

(
CLK => clk,
PROBE_INO => (DONT_EAT & GPIO_BUTTIONS_re(l) & sineSel),
FROBE_CUTO (0) => push_button_reset,
PROBE_OUTO (1) => push_button_vio

):

Figure 27: VIO Instantiation in the Top Level Design

At this point, the Sources window should look as shown in the following figure.

Sources —iElgEleX
QXS wet RE
(=} 57 Design Sources (1
~-¥hgs sinegen_demo_inst_vio - hdl_inst_vio (sinegen_demo_inst_vio.vhd) (6
@ U_DEBOUNCE_0 - debounce - Mixed (d h
# U_DEBOUNCE_1 - debounce - Mixed (d
+-@ U_SINEGEN - sinegen - kintex (sine
@ U_FSM - fsm - Mixed (fsm.vhd)
v - ila 0. xc

& U_VIO - vio_0 (v
=

[+ Simulation Sources (1

Hierarchy 1P Sources | Libraries | Compile Order

Figure 28: Instantiated VIO Core in the Sources Window

Programming and Debugging www.xilinx.com 34

UG936 (v2015.1) May 18, 2015
| Send Feedback l



http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG936&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Programming%20and%20Debugging&releaseVersion=2015.1&docPage=34

& XILINX

ALL PROGRAMMABLE.

Lab 3: Using a VIO Core for Debugging a Design in Vivado

16. Double-click sinegen_demo_inst.vhd in the Sources window, to open it and inspect the
instantiation and port mapping of the ILA core in the HDL code.

U_ILA : ila 0

port map

(
CLK => clk,
PROBEO => sineSel,
PROBE1 => sine,
PROBE2 => (push_button_reset & push_button_vio),
PROBE3 => GPIO_BUTIONS_re,
PROBE4 => GPIO_BUITONS_ dly

Figure 29: Hook signals that need to be debugged in the ILA

Step 2: Synthesize, Implement, and Generate Bitstream

1. From the Program and Debug drop-down list, in Flow Navigator, click Generate Bitstream. This
synthesizes, implements, and generates a bitstream for the design.

2. The No Implementation Results Available dialog box appears. Click Yes.

3. After bitstream generation completes, the Bitstream Generation Completed dialog box appears.
Open Implemented Design is selected by default. Click OK.

4. Inspect the Timing Summary report and make sure that all timing constraints have been met.

Timing - Timing Summary - timing_1 -0 aXx
AT S e RP « Design Timing Summary
"3 General Information p
3 Timer Settings Setup Hold Pulse Width
) mﬂfm Worst Negative Slack (WNS): 1.274 ns  Worst Hold Slack (WHS): 0.059 ns  Worst Pulse Width Slack (WPWS): 1.732 ns
‘xﬁ?mmi Total Negative Slack (TNS):  0.000 ns  Total Hold Slack (THS): 0.000 ns  Total Pulse Width Negative Slack (TPWS): 0.000 ns
+ eck Timin
i Intra-Clock Pgaths Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
& Inter-Clock Paths Total Number of Endpoints: 3679 Total Number of Endpoints: 3679 Total Number of Endpoints: 2012
+ Other Path Groups
+ User Ignored Paths All user specified timing constraints are met.
+5 Unconstrained Paths
Y Timing Summary - timing_1 X 408

Figure 30: Report Timing Summary Dialog Box

5. Proceed to Using Vivado Logic Analyzer to Debug Hardware. chapter to complete the rest of the
steps for debugging the design. Skip forward to Verifying the VIO Core Activity (Only applicable
to Lab 3) section to complete the rest of this lab.
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for Debugging a Design

Introduction

This simple tutorial shows how to do the following:

e Create a Synplify Pro project for the wave generator design.

e Mark nets for debug in the Synplify Pro constraints file as well as VHDL source files.
e Synthesize the Synplify Pro project to create an EDIF netlist.

e Create a Vivado® project based on the Synplify Pro netlist.

e Use the Vivado IDE to setup and debug the design from the synthesized design using Synplify Pro
(Version 2013-3 SP1).

Step 1: Create a Synplify Pro Project

1. Launch Synplify Pro and select File > New. Set File Type to Project File (Project) as highlighted in
the following figure. In the New File Name box, enter synplify_1. Click OK.

P New 2 || &
File Type:(Select a type)
i Verilog File
# VHDLFile - -
4 Tcl Script ‘ Cancel ‘
#* Identify Design Constraint
& TextFile r
‘ Help ‘

# Xilinx Options File

[ FPGA Design Constraints
%3 Analysis Design Constraints
™ Project File (Project)

E] Add To Project
New File Name:
synplify_1
File Location:
C:\Vivado_Debug\synopsys [ o
Full Path:
C:\Vivado_Debug\synopsys\synplify_1.prj

Figure 31: Synplify Pro New Project Dialog Box
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2. If you get a dialog box asking you to create a non-existing directory click OK.

P

S Synplify Pro

The directory C:\tutorials\ug936 does not exist. Do you wish to create it?

& OK

Figure 32: Synplify Pro project Confirmation Dialog Box

3. In the left panel of the Synplify Pro window, click Add File as shown in the following figure.

< Synplify Pro 1-2013.09-1 - [C;/Vivado_Debug/synopsys/synplify_1.prj]

B &

S Emm PBRRBRE 30 WS OEm

File Edit View Project Import Run Analysis HDL-Analyst Options Window Tech
DB e D@ e oo BB e

€% add 1mnl tatian |

_ Synplify Pro®
2Run
. Ready
l I T} Open Project... | Project Files | Design Hierarchy
I'Y; Close Project ﬂgpify_l : rev_1 - Xilinx Kintex7 : XC7K70T : FBG676 : -1
= 5 @ [synplify_1] - C\Vivado_Debug\synopsys\synplify_1.prj
| Add File... 8 o i
IQ_‘Q Change File... B

Figure 33: Adding Files to a Synplify Pro Project

4. In the Add Files to Project dialog box, change the Files of Type to HDL File. Navigate to
C:\Vivado Debug\src\Lab4, which shows all the VHDL source files needed for this lab. Select

the following three files by pressing the Ctrl key and clicking on them.
e debounce.vhd
e fsm.vhd
® sinegen demo.vhd

Click Add.
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~

< Add Files to Project

(%]

Look in: I | . C:\Vivado_Debug\src\Lab4

OO0 [EE

yA&y My Computer § % debounce.vhd
R ndutta # fsm.vhd

# sinegen_demo.vhd

File name:

"debounce.vhd" "fsm.vhd" "sinegen_demo.vhd"

Files of type: HDL Files (*.vhd *.vhdl *.v *.sv *.vma

VHDL/Verilog lib: |

-

Asrc\Lab4\debounce.vhd
Asrc\Lab4\fsm.vhd
A\src\Lab4\sinegen_demo.vhd

Files to add to project: (3 file(s) selected) [¥| Use relative paths [¥] Add files to Folders

<- Add All

<- Add

Remove ->

&
3
3
=
v

~

Figure 34: Adding VHDL Source Files to the Synplify Pro Project
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6. Inthe same dialog box set Files of type to Constraints File. This shows the synplify 1.sdc file.
Select the file and click Add as shown in the following figure.

< Add Files to Project 3]

Look in: | | C:\Vivado_Debugsrc\Lab4 10 O 0 (=)

A My Computer synplify_1.sdc
R ndutta

File name: [synplify_l.sdc

Files of type: | Constraint Files (*.sdc) -~

VHDL/Verilog lib: | -

Files to add to project: (4 file(s) selected) [+] use relative paths [¥] Add files to Folders
\src\Lab4\debounce.vhd <- Add All
A\src\Lab4\fsm.vhd
A\src\Lab4\sinegen_demo.vhd <- Add
Asrc\Lab4\synplify_l.sdc -

v

Figure 35: Adding SDC Constraints File to the Synplify Pro Project
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7. In the same dialog box set Files of type to Compiler Directives File. This shows the
synplify 1.cdc file. Select the file and click Add as shown in the following figure. Click OK.

p

< Add Files to Project | &3

Look in: | | C:\Vivado_Debugsrc\Lab4 10 O 0 (=)

A My Computer nplify_1l.cdc
R ndutta

File name: [synplify_l.cdc

Files of type: | ComEiler Directives s".cdq vI

VHDL/Verilog lib: | -

Files to add to project: (5 file(s) selected) [+] use relative paths [¥] Add files to Folders
Asrc\Lab4\debounce.vhd <- Add All
Asrc\Lab4\fsm.vhd
A\src\Lab4\sinegen_demo.vhd <- Add
Asrc\Lab4\synplify_l.sdc
\src\Lab4\synplify_1.cdc Remove All ->

Figure 36: Adding CDC Constraints File to the Synplify Pro Project
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8. Now, you need to set the implementation options. Click Implementation Options in the Synplify

Lab 4: Using Synplify Pro Synthesis Tool and Vivado for Debugging a Design

Pro window as shown in the following figure.

9. This brings up the Implementation Options dialog box as shown in the following figure. In the

<5 Synplify Pro 1-2013.09-1 - [C:/Vivado_Debug/synopsys/synplify_1.¢
P ) File Edit View Project Import Run Analysis HDL-Analys
BB & IEI A B ™M @ L @
G Em PBRAES IS B OEm
Synplify Pro®

Ready

.'oRun

Project Files Design Hierarchy
synplify_1 : rev_1 - Xilinx Kintex7 : XC7K

I T} Open Project...

1 Close Project 24
i,.f e 5 @ [synplify_1] - C:\Vivado_Debu
lﬁ Add File... 5 ' Lab4

|

|

|
& change File... | & @ VHDL
| Add Implementation... | % @ Logic Constraints (SDC)

5@ Compiler Directive
Implementation Optifas...
IQ P 4 @ rev 1
BR Add P&R Implementation

{ 1

Figure 37: Opening Implementation Options in Synplify Pro

Device tab, set Technology to Xilinx Kintex7, Part to XC7K325T, Package to FFG900 and Speed
to -2. Leave all the other options at their default values. Click OK.
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_r' Implementation Options - synplify_1:rev_1 EI?
Device Options Constraints Implementation Results Timing Report High Reliability VHDEE] Implementations:
Technology: Part Package: Speed: rev_1
| Xilinx Kintex7 ~| [xc7x3asT ~| |[Frcao0 ~| [-2 -

Device Mapping Options

| Option | Value '3
Fanout Guide 10000 L
Disable I/O Insertion [

Disable Sequential Optimizations L] =)
Update Compile Point Timing Data L] EZJ

Click on an option for description

System Designer Board File

)]

Synopsys

[ ox || cancel |[ hep

Figure 38: Specifying Implementation Options in Synplify Pro

10. You need to preserve the net names that you want to debug by putting attributes in the HDL files.
These attributes are already placed in the sinegen demo.vhd, file of this tutorial. Open the
sinegen_demo.vhd file and inspect the lines shown.

-- Attributes for Synplify Pro

attribute syn_keep : boolean;

attribute syn_keep of GPIO_BUTTONS_db : signal is true;
attribute syn_keep of GPIO_BUTTONS_dly : sigmal is true;
Ettrihute syn_keep of GPIO_BUTTONS re : signal is true;

Figure 39: Specifying Attributes to Preserve Net Names in Synplify

11. You also can specify the mark_debug attributes in the source HDL files to mark the signals for
debug, as shown in the snippet code from singen demo.vhd file.

-- Add mark_debug attributes to show debug nets in the synthesized netlist
attribute mark_debug : strinfg;

attribute mark_debug of GPIO_BUTTONS_db : sigmal is "true”;

attribute mark_debug of GPIO_BUTTONS dly : signal is “true’;

attribute mark_debug of GPIO_BUTTONS re : signal is “true';

Figure 40: Add Mark_Debug Attribute in HDL File
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12. The synplify 1.sdc file contains various kinds of constraints such as pin location, I/O standard,

and clock definition. The synplify 1.cdc file contains directives for the compiler. Here is where
the nets of interest to us that are marked for debug are located. The attribute and the nets selected
for debug are shown in the following figure.

Attributes that are needed to mark_debug the nets that are needed to be viewed in ILA

define_attribute -comment {Mark sinegen as black box} {v:work.sinegen} {syn_black_box} {1}
define_attribute -comment {Set no_prune on sinegen} {v:work.sinegen} {syn_noprune} {1}
define_attribute -comment {Mark entire bus for debug} {i:sinegen.sine[*]} {mark_debug} {" true’}
define_attribute -comment {Mark entire bus for debug} {i:sinegen.sel[*]} {mark_debug} {" true’}

Figure 41: Synplify Pro Constraints in CDC Files

In the above constraints, sinegen has been defined as a black box by using the syn_black_box
attribute. Second, the syn_no_prune attribute has been used so that the I/Os of this block are not
optimized away. Finally, two nets, sine[20:0] and sel1[1:0] have been assigned the
mark_debug attribute such that these two nets should show up in the synthesized design in Vivado
IDE for further debugging. For further information on these attributes, please refer to the Synplify
Pro User Manual and Synplify Pro Reference Manual.

Step 2: Synthesize the Synplify Project

1.

Before implementing the project, you need to set the name for the output netlist file. By default, the
name of the output netlist file is synplify_l.edf. To change the name of the output file, type the
following command at the Tcl command prompt:

$project -result file "./rev_1/sinegen demo.edf"
You will use this file in Vivado IDE.

With all the project settings in place, click the Run button in the left panel of the Synplify Pro
window to start synthesizing the design.
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< Synplify Pro 1-2013.09-1 - [C:/Vivado_Debug/synopsys/sy
P ) File Edit View Project Import Run Analysis HI
PEBDODE@ RO B0

@ 1P BRM: S 3DV BE O
_ Synplify Pro®
2Run ynplify

Dandi.
]Run active implementation
i ‘ I} Open Project... | ProjectFiles | Design Hierar
l Vs‘ynpifry__l : rev_1 - Xilinx Kint:
=N -] [synplify_1] - C\Viva

| T Close Project

“_ﬂ Add File... - ‘ Lab4
'Q; Change File... = VHDL

# fsm.vhd [wor
# sinegen_dem
3 [ Logic Constraint
B synplify_l.sdq¢

P WP

I@ Implementation Options...
IWE Add P&R Implementation

l 3, View Log

|
|
@ Add Implementation... | # debouncevh
|
|
|

Figure 42: Synthesize the Design in Synplify

3. During synthesis, status messages appear in the Tcl Script tab. Warning messages are expected, but
there should not be any Error messages. To see detailed messages, click the Messages tab in the
bottom left-hand corner of the Synplify Pro console.

4. When synthesis completes, the output netlist is written to the file:

rev_1/sinegen demo.edf
[Optional] To view the netlist select View > View Result File.

5. Click File > Save All to save the project, then click File > Exit.

Step 3: Create EDIF Netlists for the Black Box Created in
Synplify Pro

The black box, sinegen, created in the Synplify Pro project, contains the Direct Digital Synthesizer IP.
You need to create a synthesized design for this block. To do this, create an RTL type project in Vivado
IDE by following the steps outlined below.

1. Launch Vivado IDE.
2. Click Create New Project. This opens up the New Project wizard. Click Next.
3. Under Project Name, set the project name to proj_synplify_netlist. Click Next.
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4. Under Project Type, select RTL Project. Click Next.

5. Under Add Sources, click Add Files, navigate to the Vivado Debug/src/Lab4 folder and select
the sinegen.vhd file. Set Target Language to VHDL. Ensure that Copy sources into project box
is selected. Click Next.

6. Under Add Existing IP, click Add Files, navigate to the Vivado Debug/src/Lab4 folder and
select the sine high.xci, sine low.xci,and sine mid.xci files. Click Next.

7. Under Add Constraints, the . sdc files are automatically added to the project. These files are not
needed for this step. Remove them from this project by clicking Remove Selected File on the right
of the dialog box. Click Next.

8. Under Default Part, select Boards and then select the Kintex-7 KC705 Evaluation Platform and
correct version for your hardware. Click Next.

9. Under New Project Summary, ensure that all the settings are correct. Click Finish.

10. Once the project has been created, in Vivado Flow Navigator, under the Project Manager folder,
click Project Settings. In the pop-up dialog box, in the left panel, click Synthesis. From the pull
down menu on the right panel, set -flatten_hierarchy to none. Click OK.

11. In Vivado IDE Flow Navigator, under Synthesis Folder, click Run Synthesis.

12. When synthesis completes the Synthesis Completed dialog box appears. Select Open Synthesized
Design and click OK.

13. Now you need to write the netlist file for all the components used in the sinegen block. The four
netlist files used in this tutorial are already provided as a part of the source files. However, you can
overwrite them by using your own netlist files. To do this use the following Tcl command in the Tcl
console of Vivado IDE.
write edif -force ../Vivado Debug/src/Lab4/sinegen.edn
Ensure that the path specified to the src folder is correct. At this point, you should see four .edn
files in the Vivado Debug/src folder as shown below:

0 dds compiler v6 0 viv.edn
0 dds compiler v6 0 viv parameterizedl.edn
0 dds compiler v6 0 viv parameterized3.edn
0 sinegen.edn
14. Click File > Exit in Vivado IDE. When the OK to exit dialog box pops up, click OK.
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Step 4: Create a Post Synthesis Project in Vivado IDE

A

0.

Launch Vivado IDE.

Click Create New Project. This opens up the New Project wizard. Click Next.
Set the Project Name to proj_synplify. Click Next.

Under Project Type, select Post-synthesis Project. Click Next.

Under Add Netlist Sources, click Add Files, navigate to the Vivado Debug/synopsys/rev 1
folder, and select sinegen_demo.edf. Click OK.

Add the four netlist files created in the previous section. Click Add Files again, navigate to the
Vivado Debug/src/Lab4 folder and select the following files:

sinegen.edn

dds compiler v6 0 viv.edn

dds compiler v6 0 viv parameterizedl.edn
dds compiler v6 0 viv parameterized3.edn

Click OK in the Add Source Files dialog box. In the Add Netlist Sources dialog box ensure that
Copy Sources into Project is selected. Click Next.

Under Add Constraints, a . sdc file. should be automatically populated. Remove this file by
selecting it and clicking Remove Selected File on the right of the dialog box. Click Add Files ,
navigate to the Vivado debug/src folder, and select the sinegen_demo_kc705.xdc file. This file
has the appropriate constraints needed for this Vivado project. Click OK in the Add Constraints File
dialog box. In the Add Constraints (optional) dialog box ensure that Copy Constraints into
Project is selected. Click Next.

Under Default Part, select Boards and then select Kintex-7 KC705 Evaluation Platform and the
right version number for your hardware. Click Next.

Under New Project Summary, ensure that all the settings are correct and click Finish.

10. In the Sources window, select sinegen_demo.edf and select Specify Top Module.
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Project Manager - proj_synplify
' Sources — 02 X || Z Project
! ] 3 % 1A @ | =2
K g o 7 @4 11, L‘- 2 ije
(=}&> Design Sources (5) = —
E-& EDFF (5) )
1% dds_compiler_v6_0_viv__parameterized1.edn (top) Produg
4% dds_compiler_v6_0_viv.edn Projed
@i e sinegen.edn
< Top m
o q - - P
@® dds_comg @ Source File Properties... Ctrl+E Board
=H5 Constraints (1) | 3 : 0
(=& constrs_1 (1) Cpsdine Alt+O Displa
~fhe sinegen_d Replace File... Board
=5 Simulation-Only S _ Board
& sim_1 -
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Alt+]
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' Libraries | Compile Or Remove File from Project... Delete
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Souros Ele Pinpetics Disable File Alt+Minus ol
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& sinegen_demo.edf Specify Top Module... [} | Part:
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Figure 43: Specifying the Top-Level Module
11. In the Specify Top Module dialog box, click Browse.
[

#- Specify Top Module

[( ; Specify the top module name of your design.

Options

ad

] [ Cancel ]

Top module name: 's_compiler_v6_0_viv__parameterizedl

OK

Figure 44: Browse to the Top Module
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12. In the Select Top Module dialog box, select sinegen_demo, then click OK.

I a

#£. Select Top Module 23
0 Select a top module from the list.

Possible top modules
dds_compiler_v6_0_xst__parameterized3
dds_compiler_v6_0_xst
dds_compiler_v6_0_xst__parameterizedl
sinegen

[TH Cancel ]

Figure 45: Select the Top Level Module

13. Click OK in the Specify Top Module dialog box after ensuring that the top level module is correct.

i@ ™

#- Specify Top Module &3
0 Specify the top module name of your design.

Options

Top module name: ' sinegen_demo D

OK H Cancel ]

Figure 46: Specify sinegen_demo as the Top Level Module

Step 5: Add (more) Debug Nets to the Project

1. In Vivado IDE, in the Flow Navigator, select Open Synthesized Design from the Netlist Analysis
folder.

2. Select the Netlist tab in the Netlist window to expand Nets. Select the following nets for
debugging:
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. GPIO_BUTTONS_C (2)
e sine (20)
e sineSel (2)

After selecting all the nets mentioned above click Mark Debug.

Synthesized Design * - xc7k325tffg900-2 (active)

Netlist = (@RS # Sch
= il|[E] 5] ge]
(- J7# GPIO_BUTTONS_re_1 (2) allll ¢
(-4 GPIO_BUTTONS_re_S (2) >
#-% LEDS_n (4
=Nl sine (20) I &
| i 3 Bus Net Properties... Ctri+E
I ¥ Mark Debug
T N
5 R
I - .
Ear Select Driver Pin
I e 2
L #  Schematic F4

Figure 47: Mark Additional Signals for Debug

3. In the Confirm Debug Net(s) dialog box, click OK.
4. You should be able to see all the nets that are marked for debug as shown in the following figure.

Debug -0ax

”: Name Debug Core Instance  Debug Core Type  Debug Port Clock Domain  Driver Cell Driver Name
= Assigned Debug Nets

%12 > Unassigned Debug Nets (30

w| & 4w GPIO_BUTTONS (2 BUF Multiple

&

£'# GPIO_BUTTONS db (2) FDCE
+ ® GFIO_BUTTONS dly_1 (2 FDCE Multiple
i} 8% GPIO_BUTTONS_re_1 (2 FDCE Multiple
F 5w sine (2 FDRE
+ f& sineSel (2 FDCE

Debug Nets  Debug Cores

Figure 48: Nets Added for Debug through the Synplify Pro Flow in Vivado IDE

Programming and Debugging www.xilinx.com 49

UG936 (v2015.1) May 18, 2015
| Send Feedback l



http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG936&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Programming%20and%20Debugging&releaseVersion=2015.1&docPage=49

& XILINX

ALL PROGRAMMABLE.

Lab 4: Using Synplify Pro Synthesis Tool and Vivado for Debugging a Design

Running the Set up Debug Wizard

5. Click the Set up Debug icon in the Debug window or select the Tools menu, and select Set up
Debug. The Set up Debug wizard opens.

Debug

N Name

Assigned Debug Nets

Unassigned Debug Nets (3
+ 7 #% GPIO_BUTTONS_c (:
+ J7#% GPIO_BUTTONS_db (2
+ 7 #% GPIO_BUTTONS_dly_1

15[ @ b

s moya nirrros 2

Set up Debug
Launch wizard for choosing nets and connecting them to debug cores |

Debug Nets  Debug Cores
& Tcl Console Messages | B Log | 3 Reports | % Design Runs ¥ Debug

Figure 49: Run the Set up Debug Wizard

6. Click through the wizard to create Vivado logic analyzer debug cores, keeping the default settings.

Note: In the Specify Nets to Debug dialog box, ensure that all the nets marked for debug have
the same clock domain.

Step 6: Implementing the Design and Generating the
Bitstream

1. In the Flow Navigator, under the Program and Debug drop-down list, click Generate Bitstream.
2. In the Save Project dialog box, click Save.

3. When the Bitstream generation finishes, the Bitstream Generation Completed dialog box pops-up
and Open Implemented Design is selected by default. Click OK.

4. If you get a dialog box asking to close the synthesized design before opening the implemented
design, click Yes.

5. Proceed to Using Vivado Logic Analyzer to Debug Hardware to complete the rest of this lab.
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Introduction

The final step in debugging is to connect to the hardware and debug your design using the Integrated
Logic Analyzer. Before continuing, make sure you have the KC705 hardware plugged into a machine.

In this step, you learn:
e How to debug the design using the Vivado® logic analyzer.
e How to use the currently supported Tcl commands to communicate with your target board (KC705).

e How to discover and correct a circuit problem by identifying unintended behaviors of the push
button switch.

e Some useful techniques for triggering and capturing design data.

Step 1: Verifying Operation of the Sine Wave Generator

After doing some setup work, you will use Vivado logic analyzer to verify that the sine wave generator is
working correctly. Your two primary objectives are to verify that:

e All sine wave selections are correct.

e The selection logic works correctly.

Target Board and Server Set Up
Connecting to the target board remotely

If you plan to connect remotely, you will need to make sure you have KC705 hardware plugged into a
machine and you are running an hw_server application on that machine. If you plan to connect locally,
skip steps 1-4 below and go directly to the Connecting to the Target Board Locally section.

1. Connect the Digilent USB JTAG cable of your KC705 board to a USB port on a Windows system.
2. Ensure that the board is plugged in and powered on.

3. Power cycle the board to clear the device.
4

Turn DIP switch positions (pin 1 on SW13, De-bounce Enable) to the OFF position.
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Assuming you are connecting your KC705 board to a 64-bit Windows machine and you will be
running the hw_server from the network instead of your local drive, open a cmd prompt and type
the following:

<Xilinx Install>\Vivado\2015.1\bin\hw server
Leave this cmd prompt open while the hw_server is running. Note the machine name that you are

using, you will use this later when opening a connection to this instance of the hw_server
application.

Connecting to the Target Board Locally

If you plan to connect locally, ensure that you have your KC705 hardware plugged into a Windows
machine and then perform the following steps:

1.

2
3.
4

Connect the Digilent USB JTAG cable of your KC705 board to a USB port on a Windows system.
Ensure that the board is plugged in and powered on.
Power cycle the board to clear the device.

Turn DIP switch positions (pin 1 on SW13, De-bounce Enable) to the OFF position.

Using the Vivado Integrated Logic Analyzer

1. In the Flow Navigator, from the Program and Debug drop-down list, select Open Hardware
Manager.
4 Program and Debug
{3 Bitstream Settings Design Runs
¥.| Generate Bitstream QA | name Constraint
-~ i@” Open Hardware Manager[s, | =+ synth_1 constrs_1
Open Hardware Manager
Open the hardware program and debug manager.
Figure 50: Open Hardware Manager
2. The Hardware Manager window opens. Click Open New Target... . The Open New Hardware
Target wizard opens.
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Hardware Manager - unconnected

(i No hardware target is open. Open target

Hardware E.  Auto Connect
QT =EH R [ | Recent Targets 3
r
MName
& Open New Target...

Figure 51: Connect to a Hardware Target

In the Hardware Server Settings page, type the name of the server (or select Local server if the
target is on the local machine) in the Connect to field.

-

#- Open Mew Hardware Target R
Hardware Server Settings

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

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

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

’ < Back ” Next = Finish

Figure 52: Hardware Server Settings
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Note: Depending on your connection speed, this may take about 10 to 15 seconds.

4. If there is more than one target connected, you will see multiple entries in the Select Hardware
Target page. In this tutorial, there is only one target, as shown in the following figure. Click Next.

-

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

Hardware Targets

Type Port  Name JTAG Clock Frequency
¢ xilime_tcf]  [Xilin/Port_#0007.Hub_#0004 |6000000

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

Name ID Code IR Length

% xc7k325t 033651003 |6 |

Hardware server: localhost:3121

< Back ” Next = Finish

Figure 53: Select Hardware Target

5. Leave these settings at their default values. Click Next.
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6. Inthe Open Hardware Target Summary page, click Finish as shown in the following figure.

#& Open New Hardware Target | &3 ‘

Open Hardware Target Summary
(@ Hardware Server Settings:

= Server: localhost:3121
(@ Target Settings:

o Target: xilinx_tcf/Xilinx/Port_#0007.Hub_#0004
= Frequency: 6000000

VIVADO/

To connect to the hardware described above, click Finish

I < Back H Finish ]I Cancel

Figure 54: Hardware Target Summary

7. Wait for the connection to the hardware to complete. The dialog in following figure appears while
hardware is connecting.

4. Open Hardware Target

| }4 Opening target...

Figure 55: Open Hardware Target

After the connection to the hardware target is made, the dialog shown in the following figure
appears.

Note: The Hardware tab in the Debug view shows the hardware target and XC7K325T device
detected in the JTAG chain.
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Hardware P [ S
aT=E r»m
Name Status
=+ # localhost (1) Connected
=+ @e xilinx_tcf/Digilent/210203327962A (1) Open
=+ xc7k325t_0 (1) (active) Not programmed

g XADC (System Monitor)

Figure 56: Active Target Hardware

8. Next, program the XC7K325T device using the .bit bitstream file that was created previously by
right-clicking the XC7K325T device and selecting Program Device as shown in the following
figure.

' Hardware Manager - localhost/xilinx_tcf/Digilent/210203327962A
(@ There are no debug cores. Program device Refresh device

Hardware == e RS | @ sinegen.vhd :
= = |E »l» N B C:/Vivado_Debt
164 s a:

Name Status 165 e
= # localhost (1) Connected 166 n_a:
Open Q1167 m a:

T (Syew omtor, ‘ Hardware Device Properties... Ctrl+E :

|@ Program Device... k*

@ Refresh Device !

& Add Configuration Memory Device...
Export to Spreadsheet...

......... I 175 m

Figure 57: Program Active Target Hardware
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9. In the Program Device dialog box verify that the .bit file is correct for the lab that you are

working on and click Program to program the device as shown in the following figure.

4

(0‘. Select a bitstream programming file and download it to your hardware device. You can optionally select a
== debug probes file that corresponds to the debug cores contained in the bitstream programming file.

Bitstream file: C:/Vivado_Debug/proj_netlist/proj_netlist.runs/impl_1/sinegen_demo.bit E]
Debug Probes file: | C:/Vivado_Debug/proj_netlist/proj_netlist.runs/impl_1/debug_nets.Itx E]

#- Program Device 2|

[ Program H Cancel J

o

Figure 58: Select Bitstream File to Download for Lab 1

CAUTION! The file paths of the bitstream to be programmed will be different for different labs.

Ensure that the relative paths are correct.

Note: Wait for the program device operation to complete. This may take few minutes.

10. Ensure that an ILA core was detected in the Hardware panel of the Debug view.

Hardware P [N R ¢
| = [E] Db .
~ 1
Name Status
= H localhost (1 Connected
— @e xilinx_tcf/Digilent/210203327962A (1 Open
B & xcrI325t 0 (2) (actve
%€ hw_ila_1 (1LA) O 1dle

Figure 59: ILA Core Detection
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11. The Integrated Logic Analyzer dashboard opens.

Sihw ila_1 x
Settings - hw_ila_1 — o=
Trigger Mode Settings

Trigger mode: | BASIC_ONLY

Capture Mode Settings

Capture mode:

Number of windows: 1 [1-1024

General Settings

Refresh rate: |500 ms

[ T

Status - hw_ila_1 _ o x
4 Core status
M Idle Waiting for Trigger Post-Trigger Full
Capture status

Window 1 of 1 ‘Window sample 0 of 1024  Total sample 0 of 1024

Idle Idle Idle

Trigger Setup - hw_ila_1 — 0O x Capture Setup - hw_ila_1 — O %
+
D, Press the == bu e fla_l-doe
Waveform - hw_ila_1 I

Figure 60: The Vivado Integrated Logic Analyzer window

Verifying Sine Wave Activity

12. Click Run Trigger Immediate to trigger and capture data immediately as shown in shown in the

following figure.

Programming and Debugging

UG936 (v2015.1) May 18, 2015

Hardware = ;[P 28
Q X & |E DI f{[}
Name 2 : us
- IRun Trigger lmmedlatel
-+ § localhost commected

28 hw_ila_1

Figure 61: Run Trigger Inmediate Button
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13. In the Waveform window, verify that there is activity on the 20-bit sine signal as shown in the
following figure.

bwi_ila_data_1.wcfg =0 a %

Figure 62: Output Sine Wave Displayed in Digital Format

Displaying the Sine Wave

14. Right-click U_SINEGEN/sine[19:0] signals, and select Waveform Style >Analog as shown in the
following figure.

O TIP: The waveform does not look like a sine wave. This is because you must change the radix
setting from Hex to Signed Decimal, as described in the following subsection.

bwi_ila_data_1.wcfg =0 a %

T T

Figure 63: Output Sine Wave Displayed in Analog Format - High Frequency 1
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15. Right-click U_SINEGEN/sine[19:0] signals, and select Radix > Signed Decimal. You should now
be able to see the high frequency sine wave as shown in the following figure instead of the square
wave.

bwi_ila_data_1.wcfg =0 a %

Figure 64: Output Sine Wave Displayed in Analog Format - High Frequency 2

Correcting Display of the Sine Wave
To view the mid, and low frequency output sine waves, perform the following steps:

16. Cycle the sine wave sequential circuit by pressing the GPIO_SW_E push button as shown in the
following figure.

B ) ”;'

Rpsssscsas

i s

Sine Wave
Sequencer

Figure 65: Sine Wave Sequencer Push Button
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17. Click Run Trigger Immediately again to see the new sine selected sine wave. You should see the
mid frequency as shown in the following figure. Notice that the sel signal also changed from 0 to 1
as expected.

bwi_ila_data_1.wcfg™ =0 a %

Figure 66: Output Sine Wave Displayed in Analog Format - Mid Frequency

18. Repeat step 17 and 18 to view other sine wave outputs.

bwi_ila_data_1.wcfg™ =0 a x

Figure 67: Output Sine Wave Displayed in Analog Format - Low Frequency
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bwi_ila_data_1.wcfg™ =0 a %

Figure 68: Output Sine Wave Displayed in Analog Format - Mixed Frequency

Note: As you sequence through the sine wave selections, you may notice that the LEDs do not light
up in the expected order. You will debug this in the next section of this tutorial. For now, verify for
each LED selection, that the correct sine wave displays. Also, note that the signals in the Waveform
window have been re-arranged in the previous three figures.

Step 2: Debugging the Sine Wave Sequencer State Machine
(Optional)

As you were correcting the sine wave display, the LEDs might not have lit up in sequence as you
pressed the Sine Wave Sequencer button. With each push of the button, there should be a single, cycle-
wide pulse on the GPIO_BUTTONS_re[1] signal. If there is more than one, the behavior of the LEDs
becomes irregular. In this section of the tutorial, use Vivado logic analyzer to probe the sine wave
sequencer state machine, and to view and repair the root cause of the problem.

Before starting the actual debug process, it is important to understand more about the sine wave
sequencer state machine.

Sine Wave Sequencer State Machine Overview

The sine wave sequencer state machine selects one of the four sine waves to be driven onto the sine
signal at the top-level of the design. The state machine has one input and one output. The following
figure shows the schematic elements of the state machine. Refer to this diagram as you read the
following description and as you perform the steps to view and repair the state machine glitch.

e Theinput is a scalar signal called “button”. When the button input equals “1”, the state machine
advances from one state to the next.

e The output is a 2-bit signal vector called "Y”, and it indicates which of the four sine wave generators
is selected.
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The input signal button connects to the top-level signal GPIO_BUTTONS_re[1], which is a low-to-high
transition indicator on the Sine Wave Sequencer button. The output signal Y connects to the top-level
signal, sineSel, which selects the sine wave.

GPIO_BUTTON [1] GPIO_BUTTONS_ref{1] sineSel
| IBUF ! !
. ¥ DFF DFF X Y ¥
| O D oo a button y ——
: A
: P P FSm
GPIO_BUTTON_IBUF_1

Figure 69: Sine Wave Sequencer Button Schematic

Viewing the State Machine Glitch

You cannot troubleshoot the issue you identified above by connecting a debug probe to the
GPIO_BUTTON [1] input signal itself. The GPIO_BUTTON [1] input signal is a PAD signal that is not
directly accessible from the FPGA fabric. Instead, you must trigger on low-to-high transitions (rising
edges) on the GPIO_BUTTON_IBUF signal, which is connected to the output of the input buffer of the
GPIO_BUTTON [1] input signal.

As described earlier, the glitch reveals itself as multiple low-to-high transitions on the
GPIO_BUTTONS_1_IBUF signal, but it occurs intermittently. Because it could take several button presses
to detect it, you will now set up the Vivado logic analyzer tool to Repetitive Trigger Run Mode. This
setting makes it easier to repeat the button presses and look for the event in the Waveform viewer.

1. Open the Debug Probes window if not already open by selecting Window > Debug Probes from
the menu.

2. Inthe ILA Properties window scroll down to the link marked To view editable ILA Properties:
Open ILA Dashboard and set the following:

a. Trigger Mode to BASIC_ONLY
b. Capture Mode to BASIC

¢. Window Data Depth to 1024
d. Trigger position to 512

e. Press the + button in the Trigger setup window and add probe GPIO_BUTTONS_IBUF_1.
Change the Compare Value field to RX by clicking in the Compare Value column and typing
the value RX in the Value field, as shown in the following figure.
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® hw_ila_1 X [ T
Settings - hw_ila_1 I -4 Status - hw_ila_1 — o=
Trigger Mode Settings '( Core status

Bl Idle Waiting for Trigger Post-Trigger Full

Trigger mode: | BASIC_ONLY ~ b
Capture status

Capture Mode Settings Window 1 of 1 Window sample 0 of 1024  Total sample 0 of 1024

Idle Idle Idle
Capture mode: BASIC ~
Number of windows: 1 [1-1024
24] Trigger Setup - hw_ila_1 — 0O x Capture Setup - hw_ila_1 — O x
0-1023)| A name Compare Value
General Settings +E z +

Refresh rate: | 500 ms e e

D, ED) Prass the = butto add prob

»
‘Waveform - hw_ila_1 o=

Figure 70: Setting Trigger Conditions

CAUTIONI! For different labs the GPIO_BUTTONS_IBUF may show up differently. This may show

& up as two individual bits or two bits lumped together in a bus. Ensure that you are using bit 1 of
this bus to set up your trigger condition. For example in case of a two-bit bus, you will set the
Value field in the Compare Value dialog box to RX.

& CAUTION! The ILA properties window may look slightly different for different labs.

3. Enable the Auto-Retrigger mode on the ILA debug core as shown below.
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Hardware Manager - localhost/xilinx_tcf/Xilinx/Port_#0001.Hub_#

Hardware — O, = & hw_

QTEE % MM —
Name Status Trig
=1 B localhost (1) Connected
=B xilinx_tcf/Xilinx/Port_#0... Open
@ xc7k325t_0 (2) Programmed
-5 stem Moni

=]

& ILA Core Properties... Ctrl+E

[*| Run Trigger
P+ Run Trigger Immediate
Stop Trigger

Enable Auto Re-trigger

% Dashboard 4

Export to Spreadsheet...

i

Figure 71: Enable Auto-retrigger

When you issue a Run Trigger or a Run Trigger Inmediate command after setting the Auto
Retrigger mode, the ILA core does the following repetitively until you disable the Auto Retrigger
mode option.

o Arms the trigger.
o Waits for the trigger.

o Uploads and displays waveforms.

4. On the KC705 board, press the Sine Wave Sequencer button until you see multiple transitions on
the GPIO_BUTTONS_1_IBUF signal (this could take 10 or more tries). This is a visualization of the
glitch that occurs on the input. An example of the glitch is shown in the following two figures.

CAUTION! You may have to repeat the previous 2 steps repeatedly to see the glitch. Once you
can see the glitch, you may observe signal glitches are not at exactly the same location as
shown in the figure below.
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bwi_ila_data_1.wcfg™ =0 a %

_IBUF[0:0]
_IBUF_1[1:1]

Figure 72: GPIO_BUTTONS_BUF1 Signal Glitch

bwi_ila_data_1.wcfg™ =0 a %

_IBUF[0:0]
_IBUF_1[1:1]

Figure 73: GPIO Buttons_1_re Signal Glitch magnified

Fixing the Signal Glitch and Verifying the Correct State Machine Behavior

The multiple transition glitch or “bounce” occurs because the mechanical button is making and
breaking electrical contact just as you press it. To eliminate this signal bounce, a “"de-bouncer” circuit is
required.

5. Enable the de-bouncer circuit by setting DIP switch position on the KC705 board (labeled De-
bounce Enable in Figure 1: KC705 Board Showing Key Components) to the ON or UP position.

6. Enable the Auto-Retrigger mode on the ILA debug core and click RunTrigger on the ILA core,
and:

o Ensure that you no longer see multiple transitions on the GPIO_BUTTON_re[1] signal on a
single press of the Sine Wave Sequencer button.

o Verify that the state machine is working correctly by ensuring that the sineSel signal
transitions from 00 to 01 to 10 to 11 and back to 00 with each successive button press.
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Verifying the VIO Core Activity (Only applicable to Lab 3)
1. From the Program and Debug section in Flow Navigator, click Open Hardware Manager.

4 Program and Debug
5 Bitstream Settings
¥ Generate Bitstream

2| =+ synth_1
v impl_1

48 B

@® Open Hardware Manager N 4

Open Hardware Manager
Open the hardware program and debug manager.

“

Figure 74: Open Hardware Manager

2. The Hardware Manager window opens. Click Open a new hardware target.

Hardware Manager - unconnected

() No hardware target is open. Open target

Hardwrare E Auto Connect
§ & ] Recent Targets »
»
Name & Open New Target...

Figure 75: Connect to a New Hardware Target

3. The Open New Hardware Target wizard opens. Click Next.

4. In the Hardware Server Settings page, type the name of the server (or select Local server if the
target is on the local machine) in the Connect to field.

5. Ensure that you are connected to the right target by selecting the target from the Hardware
Targets page. If there is only one target, that target is selected by default. Click Next.

6. In the Set Hardware Target Properties page, click Next.

7. In the Open Hardware Target Summary page, verify that all the information is correct, and click
Finish.
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8. Program the device by selecting and right-clicking the device in the Sources window and then
selecting Program Device.

Hardware Session - localhost/xilinx_tcf/Digilent/210203327962A
@) There are no debug cores. Program device Refresh device

Hardware e [ ) A

QaT=Er»E

Name Status

=@ localhost (1) Connected
@e xilinx_tcf/Digilent/21020332796... Open

Ctrl+E

& Hardware Device Properties...
Assign Programming File...

i Program Device... N

@ Refresh Device N

Export to Spreadsheet...

Figure 76: Program FPGA

9. In the Program Device dialog box, ensure that the bit file to be programmed is correct. Click OK.

-

¢ Program Device @
Select a bitstream programming file and download it to your hardware device. You can optionally select a
debug probes file that corresponds to the debug cores contained in the bitstream programming file. ‘
Bitstream file: {o_Debug/2015.1/proj_hd|_vio/proj_hdl_vio.runs/impl_1/sinegen_demo_inst_vio.bit D
Debug probes file: | C:/Vivado_Debug/2015.1/proj_hdl_vio/proj_hdl_vio.runs/impl_1/debug_nets.ltx D
Enable end of startup check

’ Program H Cancel l

Figure 77: Program Device with the sinegen_demo_inst_vio.bit File
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10. After the FPGA device is programmed, you see the VIO and the ILA core in the Hardware window.

Hardware = E e
Name Status
-+ # localhost Connected
@ o xilinx_tcf/Digilent/210203327962A Open
[ =3 xc7k325t 0 (3) (active) _|Programmed
2 XADC Monit
2% hw_ila_1 (1 Idle
2€ hw_vio_1 (VI OK - Outputs Reset

Figure 78: The ILA and VIO Cores in the Hardware Window

You now have two debug dashboards one for the ILA core and the other for the VIO core.

I5 hw_ila_1 xl-\ hw_vios X | TS
Settings - hw_ila_1 — O = Status - hw_ila_1 — O =
Trigger Mode Settings & Core status

Trigger mode: | BASIC_ONLY |[|J Idle Waiting for Trigger Post-Trigger Full L
Capture status
Capture Mode Settings Window 1 of 1 Window sample 0 of 1024  Total sample 0 of 1024
Idle Idle Idle hd
Capture mode: ALWAYS =)
Number of windows: 1 Trigger Setup - hw_ila_1 = a7
Window data depth: 1024 ~
+ essthe &= b .
Trigger position in window: |0 ) o
»
General Settings
— O =

Waveform - hw_ila_1

Refresh rate: 500 ms

Figure 79: ILA Core and VIO Core Dashboards
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11. Click Run Trigger Immediate to capture the data immediately.

Hardware =GR X

Q X =E b L}

Name IRun Trigger Immediatel Status

=} # localhost (1 Connected

= L xilinx_th/Digilent/Z10203327962A Open

| B xc7k325t_0 (3) (active) o _|Programmed 1
2€ hw_ila_1 Idle
26 hw_vio_1 (VI OK - Outputs Reset
2¢ XADC

Figure 80: Run Trigger Inmediate

12. Make sure that there is activity on the sine [19:0] signal.
13. Select the sine signal in the Waveform window, right-click and select Waveform Style > Analog.

14. Select the sine signal in the Waveform window again, right-click and select Radix > Signed
Decimal. You should be able to see the sine wave in the Waveform window.

hw_ila_data_1.wcfg* —Ooax
.

Figure 81: Sine Wave after Modifying the Properties of the sine [19:0] Signal

15. Instead of using the GPIO_SW push button to cycle through each different sine wave output
frequency, you are going to use the virtual “push_button_vio” toggle switch from the VIO core.

16. You can now customize the ILA dashboard options to include the VIO window. This allows you to
toggle the VIO output drivers and observe the impact on the ILA waveform window all in one
dashboard. Slide out the Dashboard Options window.

Programming and Debugging www.xilinx.com 70

UG936 (v2015.1) May 18, 2015
| Send Feedback I



http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG936&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Programming%20and%20Debugging&releaseVersion=2015.1&docPage=70

& XILINX

ALL PROGRAMMABLE.

Using Vivado Logic Analyzer to Debug Hardware

& hw_vios X

Settings - hw_ila_1 0O =
Trigger Mode Settings

Trigger mode: | BASIC_OMNLY

K

Show Dashboard Options

Capture mode: ALWAYS
Number of windows: 1
Window data depth: 1024 ~

Trigger position in window: |0

#
General Settings

Refresh rate: |500 ms

< i} =

Figure 82: Invoking Dashboard Options

17. Add the VIO window to the ILA dashboard.
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Shw_ila_1 x| & hw_vios X

Dashboard Options “f Settings - hw_ila_1 R Status - hw_ila_1
A= e

Core status

Trigger Mode Settings =
=8| xc7k325t_0

7] hw_ila_t (1L4) Idle \Waiting for Trigger

Trigger mode: | BASIC_ONLY

I

Status Capture status
Setti i
e_ ings Capture Mode Settings Window 1 of 1
Trigger Setup Idle Idle

Capture Setup Capture mode: AL
Waveform Number of windows: 1
nitor Window data depth: 10: | Trigger Setup - hw_ila_1

Trigger position in window: |0

+

| I Trigger Setup - hwﬁilafll Capture Setup -

Waveform - hw_ila_1

General Settings

Refresh rate: |500

Pt
i} v e

the = butt

Post-Trigger Full

Window sample 0 of 1024  Total sample 0 of 1024

Idle

1L »

Figure 83: Dashboard Options Adding VIO

Note:The ILA dashboard now contains the VIO window as well.
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18. Adjust the ILA Basic Trigger window and the VIO window so that they are side by side as shown

below.
Settings - hw_ila_1 — O = Status - hw_ila_1 — O
Trigger Mode Settings & Core status
Trigger mode: | BASIC_ONLY |[|J Idle Waiting for Trigger Post-Trigger Full
Capture status
i _
Capture Mode Settings Window 1 of 1 Windovs sample 0 of 1024  Total sample 0 of 1024
Idle Idle Idle
Capture mode: AL
Number of windows: 1
Window daka depth: 1gfl Trigger Setup - hw_ila_1 — O = hw_vio_1 - 0O =
Trigger position in window: |0 + b Press the =
i N . e
General Settings — L
Refresh rate: |500 D i +
Press the = button to add probes \
Trigger Setup - hw_ila_1 | Capture Setup - hw_ila_1
Waveform - hw_ila_1 _ O %

M sineSel[1:0

Figure 84: ILA Basic Trigger Window and VIO Window Adjustment

19. In the VIO Probes window, select the green + button to put all the probes into the VIO core tab.
Note the initial values of all the probes.
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& Core status
>
[E[)I Idle Waiting for Trigger Post-Trigger Full
Capture status
p
Window 1 of 1 window sample 0 of 1024  Total sample 0 of 1024
Idle Idle Idle
Trigger Setup - hw_ila_1 — O = hwy_vio_1 — O =
b ':-. + “
+
b d probes
D, +
Add Probes ,
7l pdg
ey Ol
Search:
Probes for hw_vio_1 (5) -

Trigger Setup - hw..| Capture Setup - ..

Waveform - hw_ila_1
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—FE hw_vio_1

TLE core(s).
WI0 core(s).

ralues

I‘Tg_l Cancel
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20. Note the values on all probes in the VIO Probes window.

Status - hw_ila_1
oM

Core status

h | 1dle

Capture status
P
Window 1 of 1

Idle Idle
Trigger Setup - hw_ila_1 — 0O =
+
L. Press the == by e

Trigger Setup - hw_il.. | Capture Setup - hw_i..

Waveform - hw_ila_1

Waiting for Trigger

Post-Trigger Full

window sample 0 of 1024  Total sample 0 of 1024

Idle

hw_vio_1

Value
: _ [B]0O
= e GPID_BUTTONS_re[1:1] [B] O

+is sineSel_1[1:0]

: (H1o
la push_button_reset L0

B
Activity  Direction
Input
Input
Input
Output

[
VIO

hw_vio_1
hw_vio_1
hw_vio_1
hw_vio_1

Figure 86: VIO Probes Added to VIO Core Window
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21. Set the “push_button_reset” output probe by right-clicking push_botton_reset and select Toggle
Button. This will toggle the output driver from logic from ‘0" to ‘1" to ‘0" as you click. It is similar to

Using Vivado Logic Analyzer to Debug Hardware

the actual push button behavior, though there is no bouncing mechanical effect as with a real push

button switch.

VIO - hw_vio_1

=2
g

[
(==

=

VIO Probes

_push_button_reset

@ sineSel_1[1:0]

X
[l

s GPIO_BUTTONS_r¢g
la push_button_vio_1

& Dbug Probe Properties...
Text
Active-High Button
Active-Low Button
[7 Toggle Button

X Remove
Export to Spreadsheet...

Value  Activity Direction VIO

Ctl’l + E io 1

Delete

Figure 87: Toggle the push_button_reset Signal

The Value field for push_button_reset is highlighted. Click in the Value field to change its value to 1.

VIO - hw_vio_1

]
< -]

(e
===

=

VIO Probes
aQ Name

Value  Activity Direction VIO

B9 push_button reset 1 [ IFWI [ Joutput _Jhw_vio_i|

22 [His sineSel_1[1:0] [H]0
x i GPIO_BUTTONS_re_1[1:1] [B] 0
a push_button_vio_1

[«

Input hw_vio_1
Input hw_vio_1
Output hw_vio_1

Figure 88: Toggle the Value of push_button_reset
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22. Follow the step above to change the push_button_vio to Toggle button as well.

23. Set these two bits of the “sineSel” input probe by right-clicking PROBE_INO[0] and PROBE_INO[1]
and selecting LED.

| VIO - hw_vio_1 -0 a X
Z| VIO Probes A 0OX
(=]

& X Name Value  Activity Direction VIO

Gl

[%| = e push_button_reset_1
=3 - sineSel_1[1:0]
% sineSel_1[1]
sineSel_1[0]

iRl
] ~i& GPIO_BUTTONS_re_1[1:1] [ 2 Text
a push_button_vio_1

Output hw_vio_1

& Debug Probe Properties... Ctrl+E

LED... [:?

Radix >

Activity Persistence »
X Remove Delete

Export to Spreadsheet...

Figure 89: Change sineSel to LED

24. In the Select LED Colors dialog box, pick the Low Value Color and the High Value Color of the
LEDs as you desire and click OK.

s N

4% Select LED Colors | &R

Low Value Color: © Gray ~

High Value Color: | @ Red ~

[ OK ][ Cancel }

Figure 90: Pick the Low Value and High Value Color of the LEDs
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25. When finished, your VIO Probes window in the Hardware Manager should look similar to the
following figure.

VIO - hw_vio_1 _Oa x

%, VIO Probes 20X

(5] oy . .

| "\ Name Value Activity Direction VIO

(% < is GPIO_BUTTONS_re_1[1:1] [8] 0 Input hw_vio_1
22 i sineSel_1[1:0] [H]1 Input hw_vio_1
% I sineSel_1[1] Q Input hw_vio_1

I sineSel_1[0] Q Input hw_vio_1

[l La push_button_reset_1 1 Output hw_vio_1
T a push_button_vio_1 0 Output hw_vio_1

Figure 91: Input and Output VIO Signals Displayed

26. To cycle through each different sine wave output frequency using the virtual “push_button_vio”
from the VIO core, follow the following simple steps:

a. Toggle the value of the "push_button_vio” output driver from 0 to 1 to 0 by clicking on the logic
displayed under the Value column. You will notice the sineSel LEDs changed accordingly -0, 1,
2, 3,0, etc...

b. Click Run Trigger for hw_ila_1 to capture and display the selected sine wave signal from the
previous step.
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Links

Introduction

The Serial I/O analyzer is used to interact with IBERT debug IP cores contained in a design. It is used to
debug and verify issues in high speed serial I/O links.

The Serial I/O Analyzer has several benefits as listed below:

e Tight integration with Vivado® IDE.

e Ability to script during netlist customization/generation and serial hardware debug.
e Common interface with the Vivado Integrated Logic Analyzer.

The customizable LogiCORE™ IP Integrated Bit Error Ratio Tester (IBERT) core for 7 series FPGA GTX
transceivers is designed for evaluating and monitoring the GTX transceivers. This core includes pattern
generators and checkers that are implemented in FPGA logic, and provides access to ports and the
dynamic reconfiguration port attributes of the GTX transceivers. Communication logic is also included
to allow the design to be run time accessible through JTAG.

In the course of this tutorial, you:

e Create, customize, and generate an Integrated Bit Error Ratio Tester (IBERT) core design in the
Vivado Integrated Design Suite.

e Interact with the design using Serial I/O Analyzer. This includes connecting to the target KC705
board, configuring the device, and interacting with the IBERT/Transceiver IP cores.

e Perform a sweep test to optimize your transceiver channel and to plot data using the IBERT sweep
plot GUI feature.

Design Description

You can customize the IBERT core and use it to evaluate and monitor the functionality of transceivers
for a variety of Xilinx devices. The focus for this tutorial is on Kintex®-7 GTX transceivers. Accordingly,
the KC705 target board is used for this tutorial.

The following figure shows a block diagram of the interface between the IBERT Kintex-7 GTX core
interfaces with Kintex-7 transceivers.
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e DRP Interface and GTX Port Registers: IBERT provides you with the flexibility to change GTX
transceiver ports and attributes. Dynamic reconfiguration port (DRP) logic is included, which allows
the runtime software to monitor and change any attribute in any of the GTX transceivers included in
the IBERT core. When applicable, readable and writable registers are also included. These are
connected to the ports of the GTX transceiver. All are accessible at run time using the Vivado Logic
Analyzer tool.

e Pattern Generator: Each GTX transceiver enabled in the IBERT design has both a pattern generator
and a pattern checker. The pattern generator sends data out through the transmitter.

e Error Detector: Each GTX transceiver enabled in the IBERT design has both a pattern generator and
a pattern checker. The pattern checker takes the data coming in through the receiver and checks it
against an internally generated pattern.

DRP DRP
Interface
TxN/TxP
Pattern \
Tx Data
Generator
External Serial
JTAG Kintex 7 GTX Loopback via
BSCAN Transceiver SMA Cables
Error
Detector Ry Data /
RxN/RxP
GTX Port
Detector Ports
A

Figure 92: IBERT Design Flow

Step 1: Creating, Customizing, and Generating an IBERT
Design

To create a project, use the New Project wizard to name the project, to add RTL source files and
constraints, and to specify the target device.
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1. Invoke the Vivado IDE.

2. In the Getting Started screen, click Create New Project to start the New Project wizard. Click
Next.

3. In the Project Name page, name the new project ibert_tutorial and provide the project location
(C:/ibert tutorial). Ensure that Create Project Subdirectory is selected. Click Next.

In the Project Type page, specify the Type of Project to create as RTL Project. Click Next.
In the Add Sources page, click Next.

In the Add Existing IP page, click Next.

In the Add Constraints page, click Next.

©® N o oA

In the Default Part page, select Boards and then select Kintex-7 KC705 Evaluation Platform.
Click Next.

9. Review the New Project Summary page. Verify that the data appears as expected, per the steps
above. Click Finish.

Note: It might take a moment for the project to initialize.

Step 2: Adding an IBERT core to the Vivado Project

1. In the Flow Navigator click IP Catalog. The IP Catalog opens.

#. ibert_tutorial - [C:/ibert_tutorial/ibert_tutorial.xpr] - Vivadd
File Edit Flow Tools Window Layout View Help

2R Do | X[ D XS K| X (S 23 D0efay
Flow Navigator « Project Manager - ibert_tutd
Q X & Sources

QIS ek RIE

4 Project Manager
‘ . o) Design Sources
{3 Project Settings £ & Conatraints
@¥ Add Sources —}i> Simulation Sources

iFp Catal% ) @ sim_1

4 1P Intonratar

Figure 93: Opening the Vivado IP Catalog
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2. Inthe search field of the IP Catalog type IBERT, to display the IBERT 7 Series GTX IP.

% Project Summary x iFIP Catalog X
2| search: Q.- BERT (1 match)
:X:' A1 - 2
“ | Name Version
7 |=H Debug & Verification
Rt =+ Debug
o {F IBERT 7 Series GTX 3.0
.

Figure 94: Instantiating the IBERT IP from the Vivado IP Catalog

3. Double-click IBERT 7 Series GTX IP. This brings up the customization GUI for the IBERT.
4. In the Customize IP dialog box, choose the following options in the Protocol Definition tab:

a. Type the name of the component in the Component Name field. In this case, leave the name as
the default name, ibert_7series_gtx_0.

Ensure that the Silicon Version is selected as General ES/Production.

o

Ensure that the Number of Protocols option is set to 1.
Change the LineRate (Gbps) to 8.
Change DataWidth to 40.

Q 0

o®

f.  Change Refclk (MHz) to 125.
g. Ensure that the Quad Count is set to 2.
h. Ensure Quad PLL box is selected.
Programming and Debugging www.xilinx.com
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1F Customize IP &3
IBERT 7 Series GTX (3.0) ‘:l’
fﬂ Documentation | IP Location £J Switch to Defaults

Show disabled ports Component Name Jibert_7series_gbx_0

- Protocol Definition | Frotocol Selection | Clock Settings = Summary

Silicon Version

Initial ES
RXN_I[3:0] ‘ The maxi ber of quads available for this device is 4
RXP_I[3:0] TXN_O[3:0] Number of Protocols 1 -
GTREFCLKO_I[0:0] TXP_O[3:0] Protocol LineRate(Gbps) DataWidth Refclk{MHz) Quad Count Quad PLL
GTREFCLK1_I[0:®XOUTCLK_O ICustorn 1 v s 40 w | 125.000 v |2 = = I
SYSCLE_I

ok || cancel |

Figure 95: Setting the Protocol Definition on the IBERT Core

5. Under the Protocol Selection tab, update the following selections:

a. For GTX Location QUAD_117, in the Protocol Selected column, click the pull-down menu and
select Custom 1 / 8 Gbps. This should automatically populate Refclk Selection to
MGTREFCLKO 117 and TXUSRCLK Source to Channel 0.

b. For GTX Location QUAD_118, do the following:

i.  Inthe Protocol Selected column, click the pull-down menu and select Custom 1/ 8
Gbps.

i.  Inthe Refclk Selection column, change the value to MGTREFCLKO 117.
iii.  Inthe TXUSRCLK Source column, change the value to Channel 0.
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LF Customize IP &3
IBERT 7 Series GTX (3.0) ‘:l’
ﬂ Documentation | IP Location £J Switch to Defaults
Show disabled ports Component Name  ibert_7series_gb¢_0
- - Protocol Definitior Protocol Selection | Clock Settings | Summary
Flease select Protocol-Quad combination
GTX Location Protocol Selected Refclk Selection TXUSRCLK Source
QUAD_115 None - | None * | Channel 0
1QUAD_116 None - | None * | Channel 0
QUAD_117 Custom 1 / 8 Gbps ~ | MGTREFCLKO 117 ~ | channel 0 -
RXN_I[7:0] QUAD_118 Custom 1/ 8 Gbps - | MGTREFCLKD 117 ~ | Channel 0 -
RXP_I[7:0] THN_O[7:0]
GTREFCLKO_I[1:0] THP_O[7:0]
GTREFCLK1_I[1:0] RXQUTCLK_O
SYSCLE_I
4 k=
Concel |

Figure 96: Setting the Protocol Selection on the IBERT Core

6. Click the Clock Settings tab and make the following changes for both QUAD_117 and QUAD_118:
a. Leave the Source column at its default value of External.
b. Change the I/0 Standard column to DIFF SSTL15.

Change the P Package Pin to AD12.

o

d. Change the N Package Pin to AD11.
e. Leave the Frequency(MHz) at its default value of 200.00.
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LF Customize IP =

B -

1 Documentation [ IP Location €3 Switch to Defaults

[ Show disabled ports . Component Name  ibert_7series_gtx_0
- - Protocol Definition | Protocol Selection” Clock Settings | Summary |

RXOUTCLK Probe

[] Add RXOUTCLK Probes
Clock Type Source 1/0 Standard P Package Pin N Package Pin Frequency(MHz)
—{RXN_I[7:0] Eygem Clock | External - | DIFF SSTL15 - IAD& |ADH |wg 1
~{RXP_I[7:0] TXN_O[7:0] System Clock Termination Settings
~{GTREFCLKO_I[1:0] THP_O[7:0] [ Enable DIFF Term
—~{GTREFCLK1_I[1:0] RXCUTCLK_O
={SYSCLK _I
< Bk

Figure 97: Specifying clock settings for the IBERT Core

7. Click the Summary tab and ensure that the content matches the following figure. Click OK.

LF Customize IP =

B -

1 Documentation [ IP Location €3 Switch to Defaults

[ Show disabled ports . Component Name  ibert_7series_gtx_0
- _~ Protocol Definition | Protocol Selection | Clock Settings~ Summary
IBERT Design Summary
Number of Protocols 1
System Clock Source External (P Pin : AD12)
System Clock Source External (N Pin : AD11)
QUAD Count 2
y MMCM Count 1
=RXN_I[7:0] RefClk Sources 1
=RXP_I[7:0] TXN_O[7:0]

GTREFCLKO_I[1:0]  TXP_O[7:0]
GTREFCLK1_I[1:0] RXOUTCLK_O
SYSCLK_1

Figure 98: IBERT Core Summary Page
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8. When the Generate Output Products dialog box opens, click Generate.

#. Generate Output Products | X |
The following output products will be
generated. ‘

Preview
O [=H4F ibert_7series_gby_0.xci (Global)
[l Instantiation Template
_'I RTL Sources
(1l Change Log

& B4

Synthesis Options
(@) Global
(") Out of context per TP

Run Settings

Number of jobs: 8§ -

Apply Generate ] [ Skip

Figure 99: Generate Output Products

9. In the Project Manager window, right-click the IP, and select Open IP Example Design.
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Project Manager - ibert_tutorial

Sources

]
b G- =

2=l |

[=H= Design Sources (1)

: "i}-'- 1

[+H= Constraints

= Simulation Sources (1)
[ sim_1 (1)

Hierarchy | IP Sources | Lib

£ Sources | 7 Templat

Source File Properties
PN

iF ibert_7series_gb:_0.xci

IBERT 7 Series
3.0 (Rev. 8)

Description: The IBERT 7 S
for evaluating g
transceivers. T
checkers that 4
ports and the d

CTY trancraivag)

IF name:
Version:

1|

General | Properties | IP

Design Runs

S T £ Project Su
# Search:
e
= Name
& Source Mode Properties... Ctrl+E \
i Re-customize IP... :
Generate Qutput Products... N
Reset Output Products... i
i
1
Copy IP... ]
¥ Open IP Example Design... Ei
IP Documentation [
r 2
Alt+I F
#  Remove File from Project... Delete i
I
Alt+Eguals y
Disable File Alt+Minus
Hierarchy Update v [
@ Refresh Hierarchy
IP Hierarchy 3
48 SetasTop
(
Set Used In...
Edit Constraints Sets...
Edit Simulation Sets...
& Add Sources... Alt+A
i¥ Report IP Status
CUTTS O = LOTCLT FTugre

QA Name

Figure 100: Open Example IP Design Menu Item
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10. In the Open IP Example Design dialog box, ensure that the Overwrite existing example project is
selected and click OK.

' N
#~ Open IP Example Design P4
Specify a location where the example project directory 'ibert_7series_gtx_0_example' will be
= placed.
Location
Put example project directory here: _tutorial_example/ibert_7series_gtx_0_example [j

/| Overwrite existing example project

[ OK H Cancel ]

Figure 101: Open IP Example Design Dialog Box

Step 3: Synthesize, Implement and Generate Bitstream for
the IBERT design

1. Click Generate Bitstream in the Flow Navigator. When the No Implementation Results Available
dialog box appears. Click Yes.

e

No Implementation Results Available XS

\ There are no implementation results available. OK to launch synthesis and implementation?
¥ 'Generate Bitstream' will automatically start when synthesis and implementation completes.

Don't show this dialog again

[ Yes |[ N |

Figure 102: No Implementation Results Available Dialog Box
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2. When the bitstream generation is complete, the Bitstream Generation Completed dialog box

Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

appears. Select Open Hardware Manager. Click OK.

Figure 103: Bitstream Generation Completed Dialog Box

3. The Hardware Manager window appears as shown in the following figure.

Programming and Debugging
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Bitstream Generation Completed

[ﬁl Bitstream Generation successfully completed.
Ne;t

(@) Open Implemented Design

{ ) View Reports

(") Open Hardware Manager

["] Don't show this dialog again

23|

0K l I Cancel
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-

£ ibert_7series _gt_0_example - [c;/Vivado_Debug/2015.1/ibert_tutorial/ibert_7series_gtx_0_example/ibert_7series_gt 0... E@
File Edit Flow Tools Window Layout View Help

[ Q- Search commands |

4 Project Manager
ﬁ Project Settings
&% Add Sources
Y Language Templates
1F IP Catalog

4 P Integrator
i Create Block Design
¥ Open Block Design
& Generate Block Design

4 Simulation
% Simulation Settings
([} Run Simulation

4 RTL Analysis
% Elaboration Settings
i ¥ Open Elaborated Design

4 Synthesis
&% Synthesis Settings
& Run Synthesis
 E% Open Synthesized Design

4 Implementation
% Implementation Settings
[» Run Implementation
 E* Open Implemented Design

ﬁ Bitstream Settings
!ﬁ Generate Bitstream
4 [ Hardware Manager
ﬂ Open Target
@' Program Device
#¥ Add configuration Mema

AR BRB XD D> Y HE KL E Sseral o anayzer - | I & K i write_bitstream Complete
Flow Mavigator «“ Hardware Manager - unconnected x
== (i) No hardware target is open. Open target

lA Program and Debug ]

Hardware — O =

==EHE=®» »»nm

No content

Properties — O

« > [F

T
X

Select an object to see properties

Serial I/O Links

Mo content

FLLEY] 1P

Figure 104: Hardware Manager Window

Step 4: Interact with the IBERT core using Serial 1/0 Analyzer

In this tutorial step, you connect to the KC705 target board, program the bitstream created in the
previous step, and then use the Serial I/O Analyzer to interact with the IBERT design that you created in
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Step 1. You perform some analysis using various input patterns and loopback modes, while observing

the bit error count.

Hardware Manager - unconnected

() Mo hardware target is open. Open target

Hardware E, Auto Connect
O =E = prHrHE Recent Targets ’
»
Name
& Open New Target...

Figure 105: Open a New Hardware Target

1. Click Open a new hardware target. When the Open New Hardware Target wizard opens, click

Next.

VIVADO'

¢#. Open New Hardware Target

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

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

To continue, click Next.

| Next >

Cancel
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2. In the Connect to field, choose Local server. Click Next.
¢ Open New Hardware Target | &3 |
Hardware Server Settings
Select local or remote hardware server, then configure the host name and port settings. Use Local server '
if the target is attached to the local machine; otherwise, use Remote server.
Connect to: | Local server (target is on local machine] -
Click Next to launch and/or connect to the hw_server (port 3121) application on the local machine.
l < Back H Next = Finish
Figure 107: Vivado CSE Server Name Page
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3. In the Select Hardware Target page, click Next. There is only one target board in this case to

connect to, so the default is selected.

#- Open Mew Hardware Target
Select Hardware Target
Select a hardware target from the list of available targets, then set the appropriate JTAG clock (TCK)

frequency. If you do not see the expected devices, decrease the frequency or select a different target.
Hardware Targets

Type Port  Name JTAG Clock Frequency

¢ xilime_tcf]  [Xilin/Port_#0007.Hub_#0004 |6000000

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

Name ID Code IR Length

% xc7k325t 033651003 |6 |

Hardware server: localhost:3121

< Back ” Next = Finish

(=]
¥

Cancel

Figure 108: Select Hardware Target Page
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4. In the Open Hardware Target Summary page, review the options that you selected. Click Finish.

R

#- Open New Hardware Target

Open Hardware Target Summary
(@ Hardware Server Settings:

= Server: localhost:3121
(@ Target Settings:

o Target: xilinx_tcf/Xilinx/Port_#0007.Hub_#0004
= Frequency: 6000000

VIVADO/

To connect to the hardware described above, click Finish

I < Back H Finish ]I Cancel

Figure 109: Open Hardware Target Summary Dialog Box

5. The Hardware window in Vivado IDE should show the status of the target FPGA device on the
KC705 board.

Hardware —0Oe X
QT =|El v»HE
Name Status
=+ B localhost (1 Connected
=1 @ xilinx_tcf/Digilent/210203327962A (1 Open
=1 xc7k325t_0 (1) (active Not programmed
& XADC (System Monitor)

Figure 110: Hardware Window Showing the XC7K325T Device on the KC705 Board
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6. Select XC7K325T_0(0) in the Hardware window, right-click and select Program Device.

| @) There are no debug cores. Program device Refresh device
Hardware =0 = X

Z S E i »E
Name Status

= B localhost (1) Connected
o xilinx_tcf/Digilent/210203327962A (1 Open
1] programmed

& XADC (System Monitor) @ Hardware Device Properties... Ctrl+E
@& Program Device...
@ Refresh Device
4 | 11 ] »
,,,,,,,,, @ Add Configuration Memory Device...
Hardware Device Properties — B 123 '
o e Export to Spreadsheet...

Figure 111: Program Target Device

7. The Program Device dialog box opens. Make sure that the correct bitfile is selected and click OK.

.

-

¢ Program Device

(=]

Select a bitstream programming file and download it to your hardware device. You can optionally select a
debug probes file that corresponds to the debug cores contained in the bitstream programming file. '

Bitstream file: |-xample,"ibert_?series_gb(_ﬂ_example.runsfimpl_l,"example_ibert_?series_gbc_[].bit |D

Debug probes file: |

=

Enable end of startup check

Program H Cancel

l

Figure 112: Program Device Dialog Box
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

8. Click No in response to “Do you want to auto-detect serial I/O links for IBERT cores?”

Auto-detect Serial I[/O Links [ 23 |

:' Do you want to auto-detect serial I/O links for IBERT cores?

[] Don't show this dialeg again

(e ][

Figure 113: Auto-Detect Serial I/0 links

9. The Hardware window now shows the IBERT IP that you customized and implemented from the
previous steps. It contains two QUADS each of which has four GTX transceivers. These components
of the IBERT were detected while scanning the device after downloading the bitstream. If you do not
see the QUADS then select the XC7K325 device, right-click and select Refresh Device.

Hardware — il X
A X =S W
I
| Name Status
—} # localhost (1 Connected
-1 @o xilinx_tcf/Digilent/210203327962A (1) Open
-9 IBERT
=17 Quad_117 (5
COMMON_X0Y2 Locked
By MGT_X0YS 8.000 Gbps
B MGT_X0Y9 No Link
B9 MGT_X0Y10 No Link
By MGT_X0Y11 No Link
=} Quad_118 (5
COMMON_X0Y3 Locked
B MGT_X0Y12 No Link
By MGT_X0Y13 No Link
B9 MGT_X0Y14 No Link
By MGT_X0Y15 No Link

Figure 114: The Hardware Window Showing the QUADS after Device Programming

10. Next, create links for all eight transceivers. Vivado Serial I/O analyzer is a link-based analyzer, which
allows users to link between any transmitter and receiver GTs within the IBERT design. For this
tutorial, simply link the TX and RX of the same channel. To create a link, right-click the IBERT Core
in the Hardware window and click Create Links.
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

Name Status
=B localhost (1) Connected
=1 @e xilinx_tcf/Digilent/210203327962A (1) Open

=@ xc7k325t_0 (2) (active)
XADC (System Monitor

Programmed

=% Quad_117 (5) 3 @ IBERT Core Properties... Ctrl+E

COMMON_X0Y2 Locked P -
Dd MGT_X0Y8 8.000 Gbps % Create Links... ﬁ
B MGT_X0Y9 No Link Auto-detect Links
B M Y in '
e pj Mg:ig‘ri‘l) :g Ent % Open Hardware Dashboard
=% Quad_118 (5) % Serial I/O Links
~[%] COMMON_X0Y3 Locked @ Serial VO Scans
B MGT_X0Y12 No Link
B MGT_XO0Y13 No Link Commit Properties
" MGT_X0Y14 No Link @ Refresh Serial /O Objects
By MGT_X0Y15 No Link
Select v
i ‘ Export to Spreadsheet...
‘ maEg |

Figure 115: Create Links

The Create Links dialog box opens. Make sure the first transceiver pairs (MGT_X0Y8/TX and
MGT_X0Y8/RX) are selected.
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

#% Create Links @

To create a new link select a TX GT and/or an RX GT, then click the Add button on the New Links toolbar.

TAGTs RX GTs
Search: | O, Search: | O
MGT_X0Y9/TX (xc7k325t_0/Quad_117) MGT_X0¥9/RX (xc7k325t_0/Quad_117)
[F> MGT_X0Y10/TX (xc7k325t_0/Quad_117) < MGT_X0Y10/RX (xc7k325t_0/Quad_117)
[> MGT_X0Y11/TX (xc7k325t_0/Quad_117) <@ MGT_XDY11/RX (xc7k325t_0/Quad_117)
> MGT_X0¥12/TX (xc7k325t_0/Quad_118) <& MGT_X0Y12/RX (xc7k325t_0/Quad_118)
[F> MGT_X0Y13/TX (xc7k325t_0/Quad_118) <& MGT_X0Y13/RX (xc7k325t_0/Quad_118)
(> MGT_X0Y14/TX (xc7k325t_0/Quad_118) <& MGT_X0Y14/RX (xc7k325t_0/Quad_118)
[> MGT_X0Y15/TX (xc7k325t_0/Quad_118) <& MGT_X0Y15/RX (xc7k325t_0/Quad_118)
New Links
+
-

Pressthe == button to Add Link

[¥] Create link group
Link group description: | Link Group 1
Open Serial IO Analyzer layout

Figure 116: Selecting the Transceiver Pairs for Creating New Links

Click the green + button add a new link. In the Link group description field, type Link Group
SMA. Select the Internal Loopback check box.
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

#% Create Links

THGTs

Search: | O~

MGT_X0¥10/TX (xc7k325t_0/Quad_117)
[B> MGT_X0Y11/TX (xc7k325t_0/Quad_117)
[> MGT_X0Y12/TX (xc7k325t_0/Quad_118)

To create a new link select a TX GT and/or an RX GT, then click the Add button on the New Links toolbar.

(=]

¥

RX GTs

Search: | O~

MGT_X0¥10/RX (xc7k325t_0/Quad_117)
< MGT_X0Y11/RX (xc7k325t_0/Quad_117)
< MGT_X0Y12/RX (xc7k325t_0/Quad_118)

[ MGT_X0Y14/TX (xc7k325t_0/Quad_118)
[ MGT_X0Y15/TX (xc7k325t_0/Quad_118)

<E| MGT_X0Y14/RX (xc7k325t_0/Quad_118)

(

[ MGT_X0Y13/TX (xc7k325t_0/Quad_118)
(
( <& MGT_X0Y15/RX (xc7k325t_0/Quad_118)

(

< MGT_X0Y13/RX (xc7k325t_0/Quad_118)
(
(

New Links

=+ Description
= % Link 1

TX
MGT_X0Y9/TX (xc7k325t_0/Quad_117)

RX
MGT_X0Y9/RX (xc7k325t_0/Quad_117)

Internal Loopback

]

[¥] Create link group
Link group description: | Link Group SMA
Open Serial IO Analyzer layout

] [ Cancel

Figure 117: Create Links Dialog Box

For the first link group, call this Link Group SMA as this is the only transceiver channel that is linked
through the SMA cables. The new link shows up in the Links window.

Links

X Name > RX Status Bits Errors
[€-0 )

s |54 Link Group SMA (1)

1 % Link 1 IMGT_X0Y8/TX MGT_XO0Y8/RX 8.000 Gbps 2.167... 0EO

Create serial I/0 links.

q Create Links
[
i85

Figure 118: Create Link Groups for Other Transceiver Pairs
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

Click Create Link again to create link groups for the rest of the transceiver pairs. To do this ensure
that the transceiver pairs are selected, and click the + sign icon (add new link) repeatedly, until all
the links have been added to the new link group called Link Group Internal Loopback. Click OK.

-

#L Create Links | &3 |
To create a new link select a TX GT and/or an RX GT, then click the Add button on the New Links toolbar. ‘
TA GTs RX GTs
Search: Search:
New Links
+ Description  TX RX Internal Loopback
== % Link 1 MGT_XO0Y9/TX (xc7k325t_0/Quad_117) MGT_XO0Y9/RX (xc7k325t_0/Quad_117) Iﬂ
“ Link 2 MGT_X0¥10/TX k325t_0/Quad_117) MGT_XOY10/RX ( 325t_0/Quad_117) Iﬂ
% Link 3 MGT_X0Y11/TX 325t_0/Quad_117) MGT_XO0Y11/RX ( 325t_0/Quad_117) |i|
% Link 4 MGT_X0Y12/TX k325t_0/Quad_118) MGT_XOY12/RX ( 325t_0/Quad_118) Iﬂ
“% Link 5 MGT_X0¥13/TX k325t_0/Quad_118) MGT_XOY13/RX ( 325t_0/Quad_118) Iﬂ
“% Link 6 MGT _X0Y14/TX k325t_0/Quad_118) MGT_XOY14/RX ( 325t_0/Quad_118) |i|
% Link 7 MGT_X0¥15/TX (xc7k325t_0/Quad_118) MGT_X0Y15/RX ( 325t_0/Quad_118) Iﬂ
Create link group
Link group description: | Link Group Internal Loopback
Open Serial I/O Analyzer layout
oK ] [ Cancel
Figure 119: Create Link Dialog Box to Create the Second Link Group
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

11. Once the links have been created, they are added to the Links window as shown.

Serial I/O Links

& MName T RX Status

= Ungrouped Links (0}
[+ Link Group SMA (1)

MGT_X0Y8/TX MGT_XOY8/RX 8.000 Gbps

MGT_X0Y9/TX MGT_XOY9/RX 8.000 Gbps
MGT_X0Y10/TX MGT_X0Y10/RX 8.000 Gbps
MGT_X0Y11/TX MGT_X0Y11/RX 8.000 Gbps
MGT_X0Y12/TX MGT_X0Y12/RX 8.000 Gbps
MGT_X0Y13/TX MGT_X0Y13/RX 8.000 Gbps
MGT_X0Y14/TX MGT_X0Y14/RX 8.000 Gbps

Bits

2.023E12

2.023E12 9.599E11
2.024E12 1.002E12
2.024E12 9.603E11
2.025E12 1.002E12
2.025E12 1.003E12
2.026E12 9.611E11

S BESG&|HIEH

il

Figure 120: Links Window after Link Groups are Created

The status of the links indicate an 8.0 Gbps line rate.

Errors BER BERT Reset
[Reset
3.34E2 1.651E-10 [ Reset |
[Reset

4.744E-1 [ Reset |

4.056-1 [ Reset

4.744E-1 [ Reset |

4.056-1 [ Reset
4.056-1 [ Reset |

4.744E-1 [ Reset

For more information about the different columns of the Links windows, refer to Vivado Design Suite

User Guide: Programming and Debugging, (UG908).

Change the GT properties of the rest of the transceivers as described above.

12. Next, create a 2D scan. Click Create Scan in the Links wi

ndow.

TX

MGT_X0Y9/TX

MGT_X0Y10/TX

MGT_X0Y11/TX

MGT_X0Y12/TX

£ % Link 6 MGT_X0Y13/TX

6 S link 7 MGT_X0Y14/TX

| Create Scan T vovisTy
—| Create serial I/O scan.

RX

Status

| NGTISXOYS/ XN MGTIXGYSIRX| 8.000 Gbps| i

MGT_X0Y9/RX 8.000 Gbps

MGT_X0Y10...
MGT_X0Y11...
MGT_X0Y12...
MGT_X0Y13...
MGT_X0Y14...

MOT WVinvig

8.000 Gbps
8.000 Gbps
8.000 Gbps
8.000 Gbps
8.000 Gbps

9 nnn Chne

[ZTcl Console | - Messages ‘v Links [E] Scans

Figure 121: Creating a 2D Scan for Link 1

The Create Scan dialog box opens. In this dialog box, you can change the various scan properties.

In this case, leave everything to its default value and click OK. For more information on the scan

properties, see Vivado Design Suite User Guide: Programming and Debugging, (UG908).
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

#. Create Scan 2 |

(@@ Set the description and other properties to create and optionally
""" run a scan on the selected link.
Link: Link 1
Description: Scan 0
Scan Properties

Scan type: 2D Full Eyescan M
Horizontal increment: | 8 v
Horizontal range: -0.500 UIto 0.500 UI v
Vertical increment: 8 v
Vertical range: 100% v
Dwell

Q@ BER: | 1le-5 v
) Time: 0

[v] Run scan
ok || cancel

Figure 122: The Create Scan Dialog Box
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

The Scan Plot window opens as shown below.

Scan Plots - Scan 0 —-0ax
- Unit Inkerval
- -0.5 -0.375 -0.25 -0.125 0 0.125 0.25 0.375 0.5 BER
ay
=3 4E-1
= 1E-1
— 2
®
-+ 1E-2
® = SE-3
E_ 1E-3
* SE-4
%
> 1E-4
ISE-5
1E-5
ISE-6
1E-6
Summary Metrics Settings
Name: SCAN_D Open area: 2880 Link settings: NfA
Description: Scan 0 Horizontal increment: 8
Started: 2013-Sep-30 10:50:12 Horizontal range: =0.500 UI'to 0.500 UT
Ended: 2013-Sep-30 10:50:22 Vertical increment: a
Vertical range: 100%

Figure 123: 2D Scan Plot

The 2D Scan Plot is a heat map of the BER value.

13. You can also perform a Sweep test on the links that you created earlier. In the Links window,
highlight Link 0 under the Link called Link Group SMA, right-click and select Create Sweep.

Links

A| Name X RX Status __ Bits

A

s [=% Link Group q @ Link Properties... Ctrl+E

a _ 32.601E12
I3 =% Link Group if X Delete Delete
BN % Link1 | op 5 2.604E12
& % Link 2 i 5 2.604E12
| % Link3 | atell 5 2.605E12
ke % Link 4 5 2.605E12
@ % unks |@ Create Scan.. P 2.605E12
[ % Link6 [ |F 2.606E12
. L@ Liml 7 [l? create Sweep,,% - 7 ENIC1N
23 « [ MG ) '

= = ommit Properties
& Td Console | ] P
- . b ] T LN Nl o e
Figure 124: Create a Sweep Test
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

14. The Create Sweep dialog box opens, as shown below. Various properties for the Sweep test can be
changed in this dialog box. Leave all the values to its default state and click OK.

r A

#. Create Sweep 23
:0: Select the sweep properties and values to create and optionally run a set of scans on the selected link.
Link: Link 0

Description: | Sweep 1
Scan Properties

Scan type: 2D Full Eyescan v
Horizontal increment: | 8 e
Horizontal range: -0.500 UI to 0.500 UI v
Vertical increment: 8 v
Vertical range: 100% M
Dwell
Q@ BER: | 1le-5 v
Time: 0

Sweep Properties

Sweep mode:  Semi Custom v | For each property select values to be swept. The sweep will cover all
combinations of property values.

Set Properties & Values | Preview 81 Scans

Or... Property Name Values to Sweep # of Values l

1 RXTERM ~ 100 mV,550 mV,1100 mV v 3
2 TXDIFFSWING ~ 250 mV (0000),600 mV (0111),1000 mV (1111) - 3
3 TXPOST ~  0.00 dB (00000),4.08 dB (01111),12.96 dB (11111)  ~ 3 g
4 TXPRE ~  0.00 dB (00000),4.08 dB (01111),6.02 dB (11111) - 3 %
V| Run sweep
ok || cancel

Figure 125: Create Sweep Dialog Box

Since there are four different Sweep Properties and each of these properties has three different
values (as seen in the Values to Sweep column), a total number of 81 sweep tests are carried out.
The Scans window shows the results of all the scans that have been done for the selected link.

& CAUTION! Since there are 81 scans to be done, it could be a few minutes before all the scans
are complete.
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

Scans -0ax
o\ Name Unk  Uink Settings Scan Type  Status Progress Open Area  Horz Incr  Horz Rang
’*" 7 Scans (¢
-] @SWN 1’81‘ Link 0 In - 0500Ul|
@ - RXTERM {100 mV) TXDIFFSWING {250 mV (0000)} TXPOST {0.00 d8 00000)) TXF’ ﬂmﬁ _ |
) Sweep 1-Scan1 Link0 RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {0.00 dB (00000 .. 2d_full_eye Done s 100% 2624 8 ~ ~0.500 un 3
»| B Sweep1-Scan2 Link0 RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {0.00 d8 ( ooooo)) TXP 2d_ful_eye Done —100% 0 8 - oso0ull |
) Sweep1-Scan3 Link0 RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {4.08 d8 (01111)} TXP... 2d_full_eye Done [—100% O 8 ~ -0.500 Ul
Sweep 1-Scan4 Link 0 RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {4.08 d8 (01111)} TXP... 2d_full_eye Done ———100% 0 8 ~ -0.500 uIt
B| @ Sweep1-Scan5 Unk0 RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {4.08 dB (01111)) TXP... 2d_ful_eye Done — 100% O 8 ~ -0.500 U1
Sweep1-Scan6 Link0 RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {12.96 dB (11111)} TX... 2d_full_eye Done — 100% 0 8 ~ -0.500 U1
Sweep 1-Scan7 Link0 RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {12.96 d8 (11111)} TX... 2d_full_eye Done —100% 0 8 ~ -0.500 U1
Sweep1-Scan8 Lnk0 RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {12.96 d8 _full_¢ Done —— 100% O 8 ~ -0.500 Ul
Sweep 1-Scan9 Link 0 RXTERM {100 mV} TXDIFFSWING {600 mV (0111)} TXPOST {0.00 d8 ( Done I———— 100% 0 8 ~ -0,500 ult
& Sweep 1- Scan 10 Link 0 RXTERM {100 mV} TXDIFFSWING {600 mV (0111)} TXPOST {0.00 d8 Done — 100% 0 8 ~ -0.500 U1
Sweep 1-Scan 11 Link 0 RXTERM {100 mV} TXDIFFSWING {600 mV (0111)} TXPOST {0.00 d8 ( Done — 100% 0 8 ~ -0.500 U1
Sweep 1 - Scan 12 Link 0 RXTERM {100 mV} TXDIFFSWING {600 mV (0111)} TXPOST {4.08 d8 (01111)} TXP... Done — 100% 0 8 ~ -0.500 U1
Sweep 1 - Scan 13 Link 0 RXTERM {100 mV} TXDIFFSWING {600 mV (0111)} TXPOST {4.08 dB (01111)} TXP... Done [— 100% 0 8 ~ -0.500 UIt
{8 Sweep 1 - Scan 14 Unk 0 RXTERM {100 mV} TXDIFFSWING {600 mV (0111)} TXPOST {4.08 d8 (01111)) TXP... 2d_ful_eye Done —100% 0 8 ~ -0.500 U1
Sweep 1- Scan 15 Link 0 RXTERM {100 mV} TXDIFFSWING {600 mV (0111)} TXPOST {12.96 d8 (11111)} TX... 2d_full_eye Done — 100% 0 8 ~ -0.500 U1
Sweep 1 - Scan 16 Link 0 RXTERM {100 mV} TXDIFFSWING {600 mV (0111)} TXPOST {12.96 d8 (11111)} TX... 2d_full_eye Done — 100% 0 8 ~ -0.500 UI1 _
8 Sween 1 - Sean 17 Link 0 _RYXTERM £100 m\A TYNTEESWING £600 mV /D111 TXPNST f12 06 dR (111110 TX 24 fill eve  In Pranrecs | 13% n R -ﬁwll”E
< i » E

Figure 126: Sweep Test Results in the Scans Window

To see the results of any of the scans that have been performed, highlight the scan, right-click, and
select Display Scan Plots.

Scans

L B ¥ |l 36 B P

Name

Link  Link Settings

I Scans (0) =
=@ Sweep 1 (81 |
O Sweep 1 - Scan

Sweep 1 - Scan

Scan Properties...

Ctrl+E

Run Sweep or Scan

Stop Sweep or Scan

0 m
50 mV

~[&] Sweep 1 - Scan|,
Sweep 1 - Scan)|

Display Scan Plots

150 mV|
50 mV

~[&] Sweep 1 - Scan
Sweep 1 - Scan

Bl Cuinan 1 - Cran

]

g
~[&] Sweep 1 - Scan

]

O]

*

< |

@ Tdl Console | © Mess| X

Write Scan Data...
Apply Link Settings

Delete

&7

Delete

50 mV
50 mV

SN _m\/|
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Lab 5: Using Vivado Serial Analyzer to Debug Serial Links

The Scan Plots window opens showing the details of the scan performed.

Scan Plots - Sweep 1 - Scan 0 -0 a X
Unit Interval

[CEEY IR IR

Voltage (Codes)

Summary Metrics Settings

Hame: SCAN_D Open area: 8128 Link settings: RXTERM {100 mV} TXDIFFSWING {250 mV (0000)} TXPOST {0.00 dB (00000)} TXPRE {0.00 dB (00000)}
Description: Sweep 1- Scan 0 Horizontal increment: 8
Started: 2013-0ct-07 15:10:53 Horizontal range: -0.500 UI to 0.500 UI
Ended: 2013-0ct-07 15:11:00 Vertical increment: 8
Vertical range: 100%

Figure 128: Analyzing the Results of Individual Scans
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI
Transactions

Introduction

The purpose of this tutorial is to provide a very quick and easy to reproduce introduction to inserting an
ILA core into the JTAG to AXI Master IP core example design, and using the ILA's advanced trigger and
capture capabilities.

What is the JTAG to AXI Master IP core?

The LogiCORE™ IP JTAG-AXI core is a customizable core that can generate AXI transactions and drive
AXI signals internal to FPGA at run-time. This supports all memory-mapped AXI interfaces (except AXI4-
Stream) and Lite protocol and can be selected using a parameter. The width of AXI data bus is
customizable. This IP can drive any AXI4-Lite or Memory Mapped Slave directly. This can also be
connected as master to the interconnect. Run-time interaction with this core requires the use of the
Vivado® logic analyzer feature.

Key Features

e AXl4 master interface

e Option to select AXI4-Memory Mapped and AXI4-Lite interfaces
e User controllable AXI read and write enable

e User Selectable AXI datawidth : 32 and 64

e User Selectable AXI ID width up to four bits

e Vivado logic analyzer Tcl Console interface to interact with hardware

Additional Documentation

LogiCORE IP JTAG AXI Master v1.0 Product Guide (AXI), (PG174) contains more information the JTAG to
AXI Master IP core.
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Design Description

This section has three steps as follows:

1.

Opening the JTAG to AXI Master IP Example Design project and adding mark_debug to the AXI
interface connection. Inserting an ILA core into the design and configuring it for advanced trigger is
also included in this step.

Programming the KC705 board and interacting with the JTAG to AXI Master IP core.
Using the ILA Advanced Trigger Feature to Trigger on an AXI Read Transaction.

Step 1: Opening the JTAG to AXI Master IP Example Design
and Configuring the AXI Interface Debug Connections

To create a project, use the New Project wizard to name the project, add RTL source files and
constraints, and specify the target device.

1.
2.

N o s

Invoke the Vivado IDE.
In the Getting Started screen, click Create New Project to start the New Project wizard. Click Next.

In the Project Name page, name the new project jtag_2_axi_tutorial and provide the project
location (C: /jtag 2 axi tutorial). Ensure that Create Project Subdirectory is selected. Click
Next.

In the Project Type page, specify the Type of Project to create as RTL Project. Click Next.
In the Add Sources page, click Next.

In the Add Existing IP page, click Next.

In the Add Constraints page, click Next.
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8. In the Default Part page choose Boards and choose the Kintex-7 KC705 Evaluation Platform.
Click Next.

¢ New Project =]
Default Part :
Choose a default Xilinx part or board for your project. This can be changed later. ﬁ/
Specify Filter
& Parts Board Vendor | All v
I Boards Library | All v
Name | All v

Version  Latest

Reset All Filters

Search: Q-
Board Board Board Board

Board Vendor Library Name Version ol
@ MicrozZed Board em.avnet.com zynq microzed e @ xc72010clg¢
@ ZedBoard Zynq Evaluation and Development Kit em.avnet.com zynq zed d W xc7zC|20ch¢i =
I Artix-7 AC701 Evaluation Platform xxlmx.com art:x? ac701 1.0 @ xc7a200tfb¢

Kintex-7 KC705 Evaluation Platform _ $ xc7k325tffglf=
@ Virtex-7 VC707 Evaluation Platform xilinx.com vutex? vc707 $» xc7vx485tff-
@ Virtex-7 VC709 Evaluation Platform xilinx.com virtex7 vc709 1.0 @ xc7vx690tffi
@ ZYNQ-7 ZC702 Evaluation Board xilinx.com zynq 2¢702 1.0 @ xc72020clge I
@ 7YNO-7 7C706 Fvaluation Roard xilinx.com 7vna 76706 1.1 @& xc77045ffnC
< | ] | »

[ <Back || Net> ] Finish
Figure 129: Choosing the Kintex-7 KC705 Evaluation Platform board
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

9. Inthe New Project Summary page click Finish.

#- New Project 2|
New Project Summary

@ A new RTL project named 'jtag_2_axi_tutorial' will be created.

£\ No source files or directories will be added. Use Add Sources to add them later.

£\ No Configurable IP files will be added. Use Add Sources to add them later.

A\ No constraints files will be added. Use Add Sources to add them later.

@) The default part and product family for the new project:
Default Board: Kintex-7 KC705 Evaluation Platform
Default Part: xc7k325tffg900-2
Product: Kintex-7
Family: Kintex-7
Package: ffg900
Speed Grade: -2

VIVADO™

To create the project, click Finish

Next Finish ] [ Cancel J

Figure 130: New Project Summary
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10. In the leftmost panel of the Flow Navigator under Project Manager, click IP Catalog.

¢ jtag_2_axi_tutorial - [C;/Vivado_Debug/2015.1/jtag_2_axi_tutorial/jtag_2_axi_tutorialxpr] - Vivado 2015.1

=@

&% Project Settings

&% Add Sources

¢ Language Templates
1F 1P catalog

~I= Design Sources

=1 Constraints

-7 Simulation Sources
cisim_1

4 [P Integrator
% Creste Block Design
¥ Open Block Design
& Generate Block Desig

Libraries| Com 4 » @
& Sources | ¥ Templates

[N

Simulation
&% Simulation Settings
(ll Run Simulation

Properties —Ouw x

« +[Ex

[N

RTL Analysis
% Elaboration Settings .

i

Project name:
Project location:
Product family:
Project part:

Top module name:

jtag_2_axi_tutorial
C:/Vivado_Debug/2015.1/jtag_2_axi_tutorial

Kintex-7

Kintex-7 KC705 Evaluation Platform (xc7k325tffgao0-2)
Mot defined

Board Part

Kintex-7 KC705 Evaluation Platform
xilinx.com:kc705:partd:1.2

Display name:
Board part name:
Repository path:
URL:

Board overview:

wivavvxilinx. com/ke705
Kintex-7 KC703 Evaluation Platform

W fxbuilds/2015.1_0428_1/installs/nt64/Vivado/2015.1/data/boards/board_files

File Edit Flow Tools Window Layout View Help Q- Search commands
Ao Rl X DD NS X X G S oefult Layout e N ® Ready
Flow Navigator « ‘ Project Manager - jtag_2_axi_tutorial X |
Q= Sources — O % || Project Summary x| 0w x
A g ga o = e
|4 Project Manager | Az wa i = Project Settings Edit #—

il

4|

1i]

B Tdl Console LL Messages | B Log | (3 Report:

> % Open Elaborated De: Synthesis 4  Implementation Bl
4 Synthesis Status: Not started Status: Not started
ﬁ Synthesis Settings Select an object to see Messages: No errors or warnings Messages: No errors or warnings
@ Run Synthesis T Part: %c7k325tffge00-2 Part: xc7k325tffgon0-2
> B Open Synthesized D Strategy:  Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults
Incremental compile: Mone
4 Implementation 5
&5 Implementation Sett e —— ] ] v
[» Run Implementation | Design Runs _ O ¥
-9
> 8% Open Implemented | | Q| .0 Constraints ~ Status Pragress WNS  TNS WHS THS TPWS  Failed Routes LUT % LUTs FF%
—
4 Program and Debug BT synth_1 constrs_1 Mot started " 10%
= s= impl_1 constrs_1 Mot started T 1 0%
&% Bitstream Settings
ﬁ Generate Bitstream 4
> @* Open Hardware Mar I
»
“
g

=» Design Runs |

Design Runs

Figure 131: Synthesis Completed Dialog Box
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

11. In the Search field on the right of the IP Catalog tab, type in JTAG to AXIL
Note: The JTAG to AXI Master core shows up under the Debug & Verification -> Debug

category.
L Project Summary x | {F IP Catalog x O =
#| search: | ©- 1TAG to Ax1 (1 match)
eyt =1
:j Name AXT4 Status License VLNV
= = Debug & Verification
ﬁ ' Debug
% F JITAG to AXI Master AXI14 Production Included xilime.com...
i
), !
&
|
@
3
Details
Figure 132: JTAG to AXI Master IP Core
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

12. Double-click JTAG to AXI Master core. The Customization dialog of the core appears. Accept the
default core settings by clicking OK.

-

iF Customize IP | 22|
JTAG to AXI Master (1.0) ‘
“[’J Documentation [ IP Location [ Switch to Defaults
[ show disabled ports Component Name jtag_axi_0
AXI Protocol A4 -
AXI Data Width 32 hd
AXI ID Width 1 [1-4]
Write Transaction Queue Length |1 [1-16]
Read Transaction Queue Length |1 [1-16]
« (LS
oK ] [ Cancel
Figure 133 JTAG to AXI Master Customization Dialog
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13. In the Generate Output Products dialog, click Generate.

-

#. Generate Output Products

=

The following output products will be
generated. ‘

Preview

O EHLFO jtag_axi_O.xci (0OC per IF)
_‘Il Instantiation Template

_‘[1 Synthesized Checkpoint (.dcp)
_‘Il Behavioral Simulation

s Change Log

& B4

Synthesis Options

=

() clobal

(@) Qut of context per IP

Run Settings

Number of jobs: 8§ -

Apply H Generate H Skip

Figure 134: Generate Output Products Dialog Box
14. The jtag_axi_0 IP core is inserted into the design.

Project Manager - jtag_2_axi_tutorial
. Sources

Az 2 hE
~}57 Design Sources (1)

enimljtag_axi_0 (jtag_axi_0.xci)
+1 Constraints

+5 Simulation Sources (1)

= 1B TE

Hierarchy | IP Sources | Libraries | Compile Order
&\ Sources | 7 Templates

Figure 135: Generated JTAG to AXI Master IP in the Design
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15. Right-click jtag_axi_0 and select Open IP Example Design.

Project Manager - ibert_tutorial

Sources S T £ Project Su
QA== R # search:
[=H= Design Sources (1) e
: "i}-'- Ilelt_?ﬂ 1 — — - Mame
[ Constraints & Source Mode Properties... Ctrl+E \
[=HE Simulation Sources (1) | 4% Re-customize TP... I
- sim_1 (1) I
Generate Qutput Products... N
Reset Output Products... i
i
1
Copy IP... ]
¥ Open IP Example Design... Ei
IP Documentation [
Hierarchy | IP Sources | Lib
£ Sources | © Templat{ F
i ) Alt+I F
Soupa Sla Smpeciien #  Remove File from Project... Delete i
= | I
+ Bl Alt+Equals k
iF ibert_7series_gb:_0.xci Disable File Al Mimis
: N
IF name: IBERT 7 Series| Hierarchy Update '
Version: 3.0 (Rev. 8) @ Refresh Hierarchy
Description: The IBERT 7 S TR '
for evaluating  #& Setas Top
transceivers. T ;
checkers that g
ports and the d Set Used In...
CTY trancraiv)
< Edit Constraints Sets...
General | Properties | IP Edit Simulation Sets...
. B Add Sources... Alt+A
Design Runs
= i Report IP Status
o Name COTTSI TG f=] Xa nn) TTUgTE

Figure 136: Open IP Example Design Menu Item
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

16. In the Open IP Example Design dialog, ensure that Overwrite existing example project is

selected. Click OK.

-

Location

Put example project directory here:

¢~ Open IP Example Design

v | Overwrite existing example project

0 Specify a location where the example project directory 'jtag_axi_0_example' will be placed.

C:/jtag_2_axi_tutorial/jtag_2_axi_tutorial ()

23

[

OK ][ Cancel J

Figure 137: Open IP Example Design Dialog Box

17. Open the example jtag axi 0.v file and notice that the jtag_axi_0 module is connected to an
axi_bram_ctrl_0 (AXI-BRAM block memory) module.

18. In the example_jtag_axi_0O.v file, add the following string to the beginning of the wire declaration for
each axi_* signal from lines 72-108:

(* mark debug *)

Note: Do not put mark debug on the axi_aclk signal since this might result in Vivado

Synthesis adding a LUT1 to the clock path, which could possibly cause you to not meet timing.

Lines 72-108 should look like this:

(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire
(* mark debug *) wire

Programming and Debugging
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31:0]axi_araddr;
1:0]axi arburst;
3:0]axi arcache;
0 :0Jaxi _arid;
[7:0]axi_arlen;
axi arlock;
[2:0]axi_arprot;
[3:0]axi_argos;
axi arready;
[2:0]axi_arsize;
axi arvalid;
[31:0]axi awaddr;
[1:0]axi awburst;
[3:0]axi_awcache;
[0 :0]axi awid;
[7:0]axi_awlen;
[7:0]axi _awlen;
axi awlock;
[2:0]axi_awprot;
[3:0]axi_awgos;
axi awready;
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(* mark debug *) wire [2:0]axi awsize;
(* mark debug *) wire axi awvalid;

(* mark debug *) wire [0 :0]axi bid;

(* mark debug *) wire axi bready;

(* mark debug *) wire [1l:0]axi bresp;
(* mark debug *) wire axi bvalid;

(* mark debug *) wire [31 :0]axi rdata;
(* mark debug *) wire [0 :0]Jaxi rid;

(* mark debug *) wire axi rlast;

(* mark debug *) wire axi rready;

(* mark debug *) wire [l:0]axi rresp;
(* mark debug *) wire axi rvalid;

(* mark debug *) wire [31 :0]axi wdata;
(* mark debug *) wire axi wlast;

(* mark debug *) wire axi wready;

(* mark debug *) wire [3 :0]axi wstrb;
(* mark debug *) wire axi wvalid;

19. Save changes to example jtag axi o.vfile.
20. In the Flow Navigator on the left side of the Vivado window, click Run Synthesis.

21. Open the synthesized design by selecting Open Synthesized Design and clicking OK.

g Y

Synthesis Completed &3

'0' Synthesis successfully completed.

Next

Run Implementation
@ Open Synthesized Design

View Reports

| Don't show this dialog again

ok || cancel

Figure 138: Open Synthesized Design
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22. Once the synthesized design opens, do the following:

a.

Programming and Debugging

Select the Debug layout in the main toolbar of the Vivado IDE.

File Edit

Flow Tools Window Layout View Help

drEnmoRRBXH PDUHANGOH K LG Soeby

Flow Navigator

ol —
O\ pig 5

4 Project Manager

ﬁ Froject Settings
tﬁ' Add Sources
w? Language Templates

1F 1P catalog

4 TP Integrator

Ly
e X ®

«| | Synthesized Design - xc7k325tffg900-

25 Default Layout

Netlist
A =
3] example_jtag_axi_0
5 Nets (270)
= Leaf Cells (11)
-3 dbg_hub (dbg_hub_cv)
[+ jtag_axi_full_inst (jtag_axi_0)

15 1/0 Planning

S Clock Planning
25 Floorplanning
= Debug

25 Timing Analysis

axi_bram_ctrl_inst (axi_bram_ctrl |

Reset Layout

U Save As New Layout...

matic X | & exampl

2 I/0 Ports

Cells

F5

'._)\—

Figure 139: Debug Layout in the Vivado IDE Toolbar
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b. Select the Debug window near the bottom of the Vivado IDE.

- jtag_axi_0_example - [c;/Vivado_Debug, .1/jtag_axi_0_example/jtag_axi_0_examplexpr] - Vivado .
& jt 0. le - [c;/Vivado_Debug/2015.1/jt. 0 le/jt 0. | 1 - Vivado 2015.1 [=]
File Edit Flow Tools Window Layout View Help Q- Search commands
ACEneRBRB XXM DD Y NGO XK XL (EF|Soebg - TN ® Synthesis Complete
Flow Navigator « ‘ Synth d Design - xc7k325tffg900-2 (active) X |
QTS Netlist — O % ||+ schematic x |@ example jtag axi 0.v X% m LR
o e =~ = HE 5] 12Cells 2VOPorts 270 Nets
31 example_jtag_axi_0 r's o
&% Project Settings G Nets (270) .
& Add Sources [FHE Leaf Cells (11) 2
¥ Language Templates E :zj_h;a’b“(_;g"‘_‘rf]‘sg(BXi_h”am_m’l_D} B
g_hu g_hub_CV) =
LI [F-$ jtag_axi_full_inst (jtag_zxi_0) ;
4 [P Integrator 7
% Creste Block Design E
¥ Open Block Design =
Generate Block Design i
L lock g ~
{
4 Simulation H E
&% Simulation Settings i ;
(ll Run Simulation 51 Netlist 5
4 RTL Analysis L Bropedies AR b | L3 1
% Elaboration Settings I * " k )_( |
I % Open Elaborated Design @
| 4 Synthesis |
Synthesis Settings
B sy 2 Select an object to see properties
@ Run Synthesis
4 Synthesized Design
%, Constraints Wizard -
(4, Edit Timing Constraint J 'R
’A«‘%)? Set Up Debug Debug _ 0O x
(@ Report Timing Summa a, -
I, Report Clock Networks = EN‘age T
. == dbg_hub (labtools_xsdbm_v1) =
& Report Clock Interactic =g jtag_axi_full_inst (labtools_xsdbslavelib_v2) |E
@ Report DRC [=+= Unassigned Debug Nets (202)
Report Noise E EH I axi_araddr (32) FDRE
T Iz ddr[0 FDRE
Report Utilization it 2d_araddr(0] EDRE
£ Report Power o FDRE
. FDRE
Sch it
%[ Schematic o - ORE |
. P [ mwi araddelS1 =113
a an;mentatlon Debug Nets|
Implementation Settings ~ .
N D“E nlamentatian < = 2 Tdl Console LD Messages Ll:il Log LQ Reports Li) Design Runs-, ¥%¥ Debug J
Figure 140: Debug Window in the Vivado IDE
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c. Click the Set up Debug toolbar button to launch the Set up Debug wizard.

-

¢ Set Up Debug

VIVADO'

Set Up Debug

This wizard will guide you through the process of

1. Choosing nets and connecting them to debug cores.

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

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

Note: This setup wizard does not apply to the VIO, IBERT or JTAG-to-AXI-Master debug

cores. Please refer to Vivado Design Suite User Guide: Programming and Debugging
{UG908) for further instructions on how to use these IPs.

To continue, click Mext

< Back Finish

Figure 141: Set Up Debug Wizard

23. Once the Set up Debug wizard pops up, click Next.

Programming and Debugging
UG936 (v2015.1) May 18, 2015

www.xilinx.com

l Send Feedback I

120


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG936&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Programming%20and%20Debugging&releaseVersion=2015.1&docPage=120

& XILINX

ALL PROGRAMMABLE.

Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

24. In the next page of the Setup Debug wizard, note that some of the nets that you would like to
debug have no detectable clock domains selected. Click the more info link in the message banner.

@

Q-
4. Set Up Debug @
Nets to Debug

The nets below will be debugged with ILA cores. To add nets click "Find Nets to Add". You can also select '
nets in the Metlist or other windows, then drag them to the list or click "Add Selected Nets".

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

™

Q| Name Missing Clock Domain #
Z -5 axi arburst (2) To show only nets that do not have a clock domain, click 72 nets P
=2 | H-Iri axi_arlen (8) i
[F-Iri axi_awburst (2) To assign the same clock domain to all nets, click Assign All Clock Domains L
= B IFi axi_awlen (8) 3
[ : Fer =1
e Sjj—{z :i:—;f;:aﬁfé\ To assign a clock domain to specified nets, select the nets and click the Select Clock Domain 5
3 3
fin Tt axi arid button or right click and choose the Select Clock Domain command la
+| - TIa axi_arready ;
b - i axi_arvalid To remove nets, select the nets and click the Remove Nets button or press the Delete key E
- 8 axi_awid F
- I axi_awready E
- 8 axi_awvalid 2
- T axi_bid n
- [ axi_bready G rone v v - -
- [ axi_bvalid aclk FDRE W W 5.axi_awaddr{14
- i axi_rid aclk FDRE W W = 5 axi_awburst[1
- T axi_rlast aclk FDRE v v =) s_axi_awcache[3

Find Nets to Add... Nets to debug: 202 T S ax_au

sdbm_v1)

Figure 142: Missing Clock Domain Dialog Box

25. In the resulting pop-up, click Assign All Clock Domains.
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26. In the resulting pop-up, select the aclk clock net, then click OK.

| &

#- Set Up Debug
Nets to Debug

-

=

The netg ‘
nets in tl- i Select Clock Domain @

o Some The list below is 'GLOBAL_CLOCK' type of clock net.

= If you want to see the list of different type of clock net(s), please change the
“\| Name combobox selection.

b i There are 72 net(s) that do not have a clock domain selection. Please select a clock ‘ 72 nets
b i net from the list below to apply to all 72 net(s). If you want to select different clock
b i domains foreach net, dick Cancel and follow the instructions in the wizard.

[+1]
=

ck Domain #

Assign All Clock

e 4, T = |GLOBAL_CLOCK ¥ Search hierarchically || Display unigue nets . _
b i ks and click the Select Clock Domain
""" lclc command

T ts button or press the Delete key

S EIEE (EIFI=E (R

- T s_Mddr[H:i
T . 5 _axi_awburst[1:(
- T : = 5_axi_awcache[3:1

. .~ OK || Cancel ;
Find | H — ] debug: 202 o S axl aw

sdbm_v1)
‘labtools_xsdbslavelib_v2)

Figure 143: Select Clock Domain Dialog Box

27. Observe that all of the nets now have an assigned clock domain. Click Next.
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28. In the Trigger and Storage Settings page, ensure that Advanced Trigger and Capture Control
are selected. Click Next.

#. Set up Debug
ILA (Integrated Logic Analyzer) General Options ‘
Sample of Data Depth | 1024 v
Input Pipe Stages 0 v

Trigger And Storage Settings
| Capture Control

< Back ” Next > Finish Cancel

Figure 144: Trigger and Capture Modes Page

29. Click Finish.

Note: See that the ILA core was inserted and attached to the dbg hub core.
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Synthesized Design * - xc7k325tffg900-2 (active) X
Netlist —0Owr x JEHISchematic x ]@ example_jtag_axi_0.v X [mESRS
= E‘,:l] 3] 12Cels 2UOPorts 270 Mets
3 example_jtag_axi_0 & =
[#E Nets (324) -
{5 Leaf Cells (11) —
{3] axi_bram_ctrl_inst (axi_bram_ctr| 0) Q¢
4 dbg_hub (dbg_hub_cV) g |-
& jtag_axi_full _inst (jtag ax_0) » " R
B4 ila_0 (u_ila_0_cv) S “"9-‘“' full et
%} m_sd_araddd3 1.0)
m i arburat] 10]
»[?4 [in i reanersio)
ad_arid
& o
g . ol
q aresean]
| . n,_a_arready|
| = _a_soveidy [m_acé_araiid
1) Nethst @ ot oot wmisiy
E& b 1.u_|||_ H
Cell Properties N E R > e
- x Rt
£ u_ila_o %
- i, an_vedy]
Name: u_ila_0
Reference name: u_ila_o_cv
Type: Black Box
Debug core type: labtools_ila_vs
Number of cell pins: 257 2 .
Properties ‘Debug Core Options ‘ Deq » B 4 1] .S
Debug —Oowu %
; Name Driver Cell
= |34 dbg_hub (labtools_xsdbm_v1) -
= ¥ jtag_axi_full_inst (labtools_xsdbslavelib_v2 E|

@ dk (1)
& probed (2)
& probel (32)

&' probe2 (4)

& probe3 (8)
H-5 probed (3) I}
[HL.E mrahat (21

2 Tel Console LD Messages LEQ Log L'_él Reports Li} Design Runs-, ¥ Debug I

& &

Figure 145: ILA Core Inserted into the Design

30. Save the constraints by clicking Save.
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

31. The insertion of debug cores and changing of properties on those debug cores adds constraints to
your target XDC constraint file. This modification of your target constraints file currently sets your
synthesis out of date. You can force the design up to date by selecting the Run in the Design Runs
tab, right-clicking, and selecting Force Up-to-Date.

& Synthesis Run Properties... Ctrl+E

Delete

Change Run Settings...
Sawve As Strategy...

E* Open Run

J» Launch Runs...

[ Reset Runs

4l Reset to Previous Step: synth_design

Force Up-to-Date

%i Generate Bitstream

Bl Display Run Log

2 Display Run Reports
Display Run Messages

4 Copy Run...

Create Runs...

§

Open Run Directory...
Export to Spreadsheet...

Figure 146: Forcing Synthesis Up-To-Date

32. In the Flow Navigator on the left side of the Vivado IDE, click Generate Bitstream.
33. Click Yes to implement the design.

34. Wait until the Vivado status shows write_bitstream complete.
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

35. In the Bitstream Generation Completed dialog box, select Open Hardware Manager and click
oK.

Bitstream Generation Completed £

[0} Bitstream Generation successfully completed.
Ne;t
@) Open Implemented Design
View Reports

Open Hardware Manager

Don't show this dialog again

0K l | Cancel

Figure 147: Open Hardware Manager

Step 2: Program the KC705 Board and Interact with the JTAG
to AXI Master Core

1. Connect your KC705 board's USB-JTAG interface to a machine that has Vivado IDE and cable drivers
installed on it and power up the board.

2. The Hardware Manager window opens. Click Open a new hardware target. The Open New
Hardware Target dialog box opens.

Hardware Manager - unconnected

(i No hardware target is open. Open target

Hardware E.  Auto Connect
L E | Recent Targets »
3
— & Open New Target...

Figure 148: Connect to a Hardware Target

3. In the Connect to field choose Local server, and click Next.
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

#- Open Mew Hardware Target
Hardware Server Settings

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

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

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

/

’ < Back ” Next = Finish

=B

Figure 149: Hardware Server Name

Note: Depending on your connection speed, this may take about 10 to 15 seconds.
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4. If there is more than one target connected to the hardware serve, you will see multiple entries in the
Select Hardware Target page. In this tutorial, there is only one target as shown in the following

figure. Click Next.

-

#- Open Mew Hardware Target
Select Hardware Target
Select a hardware target from the list of available targets, then set the appropriate JTAG clock (TCK)

Hardware Targets

Type Port  Name JTAG Clock Frequency
¢ xilime_tcf]  [Xilin/Port_#0007.Hub_#0004 |6000000

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

Name ID Code IR Length

% xc7k325t 033651003 |6 |

Hardware server: localhost:3121

< Back ” Next = Finish

frequency. If you do not see the expected devices, decrease the frequency or select a different target.

(=]
¥

Cancel

Figure 150: Select Hardware Target

5. Leave these settings at their default values as shown. Click Next.
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

6. Inthe Open Hardware Target Summary page, click Finish as shown in the following figure.

#& Open New Hardware Target 3

Open Hardware Target Summary
(@ Hardware Server Settings:

= Server: localhost:3121
(@ Target Settings:

o Target: xilinx_tcf/Xilinx/Port_#0007.Hub_#0004
= Frequency: 6000000

VIVADO/

To connect to the hardware described above, click Finish

I < Back H Finish ]I Cancel

Figure 151: Open Hardware Summary

7. Wait for the connection to the hardware to complete. The dialog in the following figure appears
while hardware is connecting.

4. Open Hardware Target

|4 Opening target...

|

Figure 152: Open Hardware Target
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Once the connection to the hardware target is made, the dialog shown in the following figure

appears.
Note: The Hardware tab in the Debug view shows the hardware target and XC7K325T device

that was detected in the JTAG chain.

Hardware — 0Oz x
az=E e
Name Status
=+ # localhost (1) Connected
=+ @e xilinx_tcf/Digilent/210203327962A (1) Open
= xc7k325t_0 (1) (active) Not programmed

§§ XADC (System Monitor)

Figure 153: Hardware Target and XC7K325T Device

8. Next, program the XC7K325T device using the .bit bitstream file that was created previously by
right-clicking the XC7K325T device and selecting Program Device as shown in the following figure.

| @) There are no debug cores. Program device Refresh device
= 02 X

Hardware
Z=SEr»m

Name
= B localhost (1)

Status
Connected

& XADC (System Monitor) '@ Hardware Device Properties... Ctrl+E
@& Program Device...
@ Refresh Device
4 | 11 ] »
,,,,,,,,, @ Add Configuration Memory Device...
Hardware Device Properties — B 123 '
o e Export to Spreadsheet...

Figure 154: Program Active Target Hard
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9. In the Program Device dialog box verify that the .bit file is correct for the lab that you are
working on. Click the OK to program the device.

#- Program Device 52
Select a bitstream programming file and download it to your hardware device. You can optionally select a
debug probes file that corresponds to the debug cores contained in the bitstream programming file.

Bitstream file: 115.1/jtag_axi_0_example/jtag_axi_0_example.runs/impl_1/example_jtag_axi_0.bit \:l
Debug probes file: | Debug/2015.1/jtag_axi_0_example/jtag_axi_0_example.runs/impl_1/debug_nets.|x \:l

| Enable end of startup check

Program || Cancel |

Figure 155: Select Bitstream File to Download

Note: Wait for the program device operation to complete. This may take few minutes.

10. Verify that the JTAG to AXI Master and ILA cores are detected by locating the hw_axi_1 and
hw_ila_1 instances in the Hardware Manager window.

Hardware Manager - localhost/xilinx_tcf/Xilinx/Port_#0001.Hub_#0001 X
Hardware —OQe x “ hw_ila_1 x |
= s T
A& E Bl b Settings- hw_ila_1 — O X Status - hw_ila_1 —_ o=
e Sals Trigger Mode Settings & Core status =
=B localhost (1 Connected »| o ; . =
= e xilinx teffxXilinx/Port_£0... Open Trigger mode: | BASIC_ONLY W Idle ‘Waiting for Trigger Post-Trigger Full
= Ly é ogrammed | ., Capture status ﬁ
O 1dle Eapliielbiodateing: Trigger Setup - hw_ila_1 — o x Capture Setup - hw_ila_1 — o x
) Capture mode:
Number of windows: + T
Press the = button to add probes.
b Window data depth:
Hardware Device Properties —Owe = Ny
pal Trigger position in window: 4
] 10
@ xc7k325_0 General Settings Waveform - hw_ila_1 —Ox
Name: xc7k325t_0 = Refresh rare: [soli
Part: xc7k32st e
ID code: 33651093
IR lenath: 6 =2
4 1 »
General  Properties 4 1

Figure 156: ILA Core Instances in the Hardware Window

11. You can communicate with the JTAG to AXI Master core with Tcl commands only. You can issue AXI
read and write transactions using the run_hw_axi command. However, before issuing these
transactions, it is important to reset the JTAG to AXI Master core. Because the aresetn input port
of the jtag axi 0 core instance is not connected to anything, you need to use the following Tcl
commands to reset the core:
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reset hw axi [get hw axis hw axi 1]

Tcl Console — 0O & %
e = INFO: [Labtools 27-2154] Reading 11443712 bytes from file C:/jtag_2_axi_tutorial/jtag_2 axi_tutcrial/jtag_axi_0_example/jtag_axi_0_examp. -
g INFO: [Labtools 27-32] Done pin scactus: HIGH

iy program _hw_devices: Time (s3): cpu = 00:00:05 ; elapsed = 00:00:11 . Memory (MB): peak = 2014.715 ; gain = 40.832

il] refresh_hw_device [lindex [get_hw_dewvice=] 0]

,'Eab:c:cl: 27-2024] Device xc7k325t ( JIAG device index=0) has 1 JTAG_RXI cores.
[Labtcocols 27-1432] Device xcTk325t (JTAG device index = 0) is programmed with a design that has 1 ILA core(s) in it.

INFO
reset_hw_axi [get_hw_axis hw_axi_1]

4 i

2 Tcl Console Messages

Figure 157: Reset JTAG to AXI core

12. The next step is to create a 4-word AXI burst transaction to write to the first four locations of the
BRAM:

set wt [create hw axi txn write txn [get hw axis hw axi 1] -type WRITE -address
00000000 -len 128 -data {44444444 33333333 22222222 11111111}]

where:
o "write_txn" is the name of the transaction
o "[get_hw_axis hw_axi_1]" returns the hw_axi_1 object
o "-address 00000000" is the start address
o "-len 4" sets the AXI burst length to 128 words
o "-data {44444444 33333333 22222222 11111111}" is the data to be written.

Note: The data direction is MSB to the left (i.e., address 3) and LSB to the right (i.e., address 0). Also
note that the data will be repeated from the LSB to the MSB to fill up the entire burst.

13. The next step is to set up a 128-word AXI burst transaction to read the contents of the first four
locations of the AXI-BRAM core:

set rt [create hw_axi txn read txn [get hw _axis hw_axi 1] -type READ -address 00000000 -len 128]

where:

o read_txn is the name of the transaction
o [get hw axis hw axi 1] returns the hw_axi_l object
o -address 00000000 is the start address

o -len 128 setsthe AXI burst length to 4 words
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14. After creating the transaction, you can run it as a write transaction using the run_hw_axi command:
run_hw axi Swt
This command should return the following:

INFO: [Labtools 27-147] vcse server: WRITE DATA is :
44444444333333332222222211111111...

15. After creating the transaction, you can run it as a read transaction using the run_hw_axi
command:

run_hw axi Srt

This command should return the following:

INFO: [Labtools 27-147] vcse server: READ DATA is :
44444444333333332222222211111111..

Step 3: Using ILA Advanced Trigger Feature to Trigger on an
AXI Read Transaction

1. IntheILA - hw_ila_1 dashboard, locate the Trigger Mode Settings area and set Trigger mode to
ADVANCED_ONLY.

2. In the Capture Mode Settings area set the Trigger position to 512.

3. In the Trigger State Machine area click the Create new trigger state machine link.
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

@@ example_jtag_axi_0.v X s ILA - hw_ila_1 X oY x
3| ILA Properties «  Trigger Capture Status 20
= Trigger Mode Settings Core status: | Idie | Pre-Trigge
(0]

o Trigger mode:\‘*ADVANCED = Trigger State Machine Flags

Pl Flag #0 0 =
Trigger state machine: = Flag#1 0 3

bb Flag22 0

| Trigger in Flag #3 0

= Trigger out Trigger state: 0 —

< 1 »

Capture Mode Settings
Capture mode: | ALWAYS ~ Trigger State Machine 2 0
Data depth: 1024 ~

Open existing trigger state machine

Trigger position: 512 [0-1023] Create new trigger state machine

Figure 158: Setting Trigger Mode to ADVANCED and Trigger Position to 512 in the ILA Dashboard
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4. Inthe New Trigger State Machine File dialog box set the name of the state machine script to
txns.tsm.

P N

¢- New Trigger State Machine File | &
Savein: | jtag_2_axi_tutorial v ¥ Q= ADIOXRS B

I | jtag_2_axi_tutorial | Recent Directories

-~ T C:/jtag_2_axi_tutorial =
Recent
Items | File Preview

! Select a file to preview.
Desktop

My
Documents

A

o~

Computer

CL\ File name: txns

Network  Files of type: | Trigger State Machine Files (.tsm) v Cancel 1

Figure 159: Creating a New Trigger State Machine Script

5. A basic template of the trigger state machine script is displayed in the Trigger State Machine
gadget. Expand the trigger state machine gadget in the ILA dashboard. Copy the script below after
line 17 of the state machine script and save the file.

# The "wait for arvalid" state is used to detect the start

# of the read address phase of the AXI transaction which
# is indicated by the axi arvalid signal equal to '1'

#
state wait for arvalid:
if (axi arvalid == 1'bl) then
goto wait for rready;
else
goto wait for arvalid;
endif
#
# The "wait for rready" state is used to detect the start
# of the read data phase of the AXI transaction which
# is indicated by the axi rready signal equal to '1'
#
state wait for rready:
if (axi _rready == 1'bl) then
goto wait for rlast;
else
goto wait for rready;
endif
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#
#
#
#
# Once the end of the data phase is detected,
# will trigger.
#
state wait for rlast:
if (axi _rlast == 1'bl) then
trigger;
else

goto wait for rlast;

endif

Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

The "wait for rlast" state is used to detect the end
of the read data phase of the AXI transaction which
is indicated by the axi rlast signal equal to '1l'.
the ILA core

Note: The state machine is used to detect the various phases of an AXI read transaction:

— Beginning of the read address phase.

— Beginning of the read data phase.

— End of the read data phase.

6. Arm the trigger of the ILA by right-clicking the hw_ila_1 core in the Hardware Manager window

and selecting Run Trigger.

Hardware Manager - localhost/xilinx_tcf/Xilinx/Port_#0001.Hub_#0001

Hardware

AZHE R P E

MName

=+ localhost (1)
=3

Hardware Device Properti

« + &5

@ xc7k325t_0

Name:
Part:

ID code:
IR lenath:

xc7k3
xc7k3
33657
]

4

General | Properties

Programming and Debugging
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(1]

@

S i I E S & hw_ila_1 x
Settings - hw_ila_1
Status Trigger Mode Settings
Connected )
Open Trigger mode:
Hardware Device Properties... Ctrl+E |

Program Device...

Run Trigger

Run Trigger Immediate
Stop Trigger

Enable Auto Re-trigger

Refresh Device

Add Configuration Memaory Device...

Boot from Configuration Memory Device

Frogram BBR Key...
Clear BBR Key...

Program eFUSE Reqgisters...
Export to Spreadsheet...

Figure 160: Run Trigger
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Lab 6: Using Vivado ILA core to Debug JTAG-AXI Transactions

7. In the Trigger Capture Status window, note that the ILA core is waiting for the trigger to occur, and
that the trigger state machine is in the wait_for_a_valid state. Note that the pre-trigger capture of
512 samples has completed successfully:

Status - hw_ila_1 — O =
& Core status
b
E l)J Idle Pre-Trigger Wiaiting for Trigger Post-Trigger Full
Trigger State Machine
Tm Flag O Flag 1 Flag 2 Flag 3
Trigger state: wait_for_arvalid (0)
Capture status
Window 1 of 1 Window sample 512 of 1024  Total sample 512 of 1024
100% S0% S0%
] ] b

Figure 161: Trigger Capture Status Window

8. Inthe Tcl console, run the read transaction that you set up in the previous section of this tutorial.

run_hw axi Srt

Note: The ILA core has triggered and the trigger mark is on the sample where the axi rlast
signal is equal to '1', just as the trigger state machine program intended.
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% example_jtag_axi_0.v X = ILA-hw_ila_l x B hw_ila_data_l.wcfg X Ow x

N ¥ ™ axi_arprot[2:0]
BN X ™! axi_arcache[3:0]

Al o ™ 2xi_awaddr[31:0] 00000000
™ axi_awlen[7:0] 00
# axi_arid
% axi_arlock
¥ axi_arready
& axi_arvalid

& axi_awvalid
W axi_bid

& 2x_bready
% axi_bvalid

& 2xi_rid

W axi_rlast | i
I oxi_rready UL AL AL AL AR LA AL AL
[ [

W axi_rvalid

Figure 162: Waveform window
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Legal Notices

Please Read: Important Legal Notices

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

© Copyright 2015 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, Zynq, and other designated brands included herein are
trademarks of Xilinx in the United States and other countries. All other trademarks are the property of their respective owners.
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