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Chapter 1

Introduction

In this lab exercise, you will explore how an Integrated Logic Analyzer (ILA) core can be
inserted within the Project Navigator design environment to debug your FPGA designs.
You will take advantage of ChipScope™ Pro Analyzer functions to debug and discover
some potential root causes of your design, thereby allowing you to address issues quickly
as will be shown by this tutorial.

Example RTL designs will be used to illustrate overall integration flows between
ChipScope and Xilinx® ISE® Project Navigator. In order to be successful using this
tutorial, you should have some basic knowledge of ISE tool flows.

Objectives

After completing this lab exercise, you will be able to:

¢ Validate and debug your design using Project Navigator and ChipScope with ILA
core and Analyzer

¢ Understand how to create an ISE project, probe an ILA core, and implement the
design in Project Navigator

* Debug the design using ChipScope Analyzer and iterate the design using Project
Navigator design environment and an SP601Platform

UG750 (V1 4.4) December 18, 2012 www.Xilinx.com 5
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Lab Exercise Setup

The following software and hardware are required for this lab:

Xilinx ISE Design Suite 12.3 (Logic, DSP, Embedded, or System Edition)
SP601Platform

JTAG Cables that come with the SP601 Platform

€ RE Sl sy v iy b Dy b SUXILINK o

.

N \ 5 b 31 i J I T
=1 USB JTAG £ iy -
[LEE™® Connector Cabesings =

Enable

Sine Wave
Selection
Indicators

Figure 1-1: SP601 Platform
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Design Description

The top-level block diagram for the RTL example design is shown in the figure below. The
design is comprised of a simple control state machine, multiple sine wave generators,
common Push Button (GPIO_BUTTON), Dip Switch (GPIO_SWITCH), and LED displays
(GPIO_LED).

Push Button Switches

Push Button Switches are used as inputs into the debounce and / or control state machine
circuits. A high to low transition pulse is generated when a switch is pushed. Each
generated output pulse is then used as an input into the state machine.

veciva
L
Pushbutton
1 Fl P4 !
e
i GO BUTTOND O 3
B ‘s 2 | p2 P3 »
SWE
i RZIE
:; 4. TK
= 5%
2| 116w

Figure 1-2: Push Button: Used to enable or disable a debounce circuit
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4. 7K 4.7K 4.7E &4.7K
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Figure 1-3: Debounce circuit
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Debounce Circuit

When enabled, the debounce circuit provides a clean pulse or transition from a high to low
on this particular example. It eliminates series of spikes or glitches when a button is
pressed and released.

Control State Machine

The control state machine is used to capture and decode input pulses from the two Push
Button switches.. It provides sine wave selection and indicator circuits, sequencing
between 00, 01, 10, and 11 (zero to three).

LED Displays

GPIO_LED_0 through GPIO_LED_3 are used to display selection status from the state
machine outputs, each of which represents a different sine wave frequency - high,
medium, and low.

R
: I
|
o I
z 3 3 -
! = (= = =)
2 h 4 £ 2 v 2 2 A 4 £ 2 v £
b 1 b \-" hy \ Im ;‘.
DU B DU B PR P
1 Ra1 1 RS2 1 R93 1 R4
T4 274 o 274 174
1% 1% 1% % 1%
i 116w A view 3 Lew 3 116w
Figure 1-4: LED Displays
8 Using Xilinx ChipScope Pro ILA Core with Project

www.xilinx.com Navigator to Debug FPGA Applications


http://www.xilinx.com
http://www.xilinx.com

& XILINX.

Files Provided for this Lab Exercise

Files Provided for this Lab Exercise

Procedure

The following files and subfolders are provided for this lab exercise:

e debounce.vhd - Debounce circuit

e fsm.vhd - Control state machine

¢ sinegen_demo.vhd - Wrapper for Sine wave generators

* sine_high.xco, sine_mid.xco, sine_low.xco - Xilinx Core Generator files
e sinegen_demo_sp601.ucf - UCF constraint file

Note: This lab also supports two other Xilinx platforms - SP605 and ML605. Use pin-out information
provided by the table below to retarget this tutorial to either SP605 or ML605.

Table 1-1: Pin-Out Information for Xilinx Platforms

Pin-Out Locations Function
SP601 SP605 ML605

CLK_N K16 K22 H9 Clock

CLK_P K15 K21 Jo Clock

GPIO_BUTTONSO P4 E3 A19 Reset
GOIP_BUTTONS1 F6 Go6 G26 Sequencer
GPIO_SWITCH D14 C18 D22 _Debounce

circuit selector

LEDs nl[0] E13 D17 AC22 Selector[0]
LEDs n[1] Cl4 AB4 AC24 Selector[1]
LEDs n[2] C4 D21 AE22 Selector[2]
LEDs n[3] A4 W15 AE23 Selector[3]

In this tutorial, you will complete three tasks:

1. Creating and Implementing a Project in Project Navigator
2. Adding a ChipScope ILA Core to Your Design
3. Debugging Your Design using ChipScope Pro Analyzer

Step 1: Step 2: Step 3:
Create and Add ChipScope Use ChipScope
implement a |:> ILA core to the |:> Analyzerto
projectin Project design debugyour
Mavigator design

UG750 (V1 4.4) December 18, 2012 www.Xilinx.com 9
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Creating and Implementing a Project in
Project Navigator

Creating and Implementing Your RTL Design

In this tutorial, you will explore how Project Navigator can be used to quickly implement
your RTL design. You will learn how to create an ISE® project in Project Navigator
targeting the SP601 Platform.

1. Unzip the provided source files in C: \ChipScope_ProjNav\

2. Start Project Navigator and select File > New Project to create a new project. Provide
the name, location, and project type, and then click Next.

Create New Project

Specify project location and type.
Enter a name, locations, and comment for the project
Name: pn_stepl
Location: C:\Chipscope_Projhavipn_stapl

Working Directory: | C:\Chipscope_ProjNavipn_stepl
Description:

Select the type of top-level source for the project

Top-level source type:

HDL Z|
[ tore o | ([tee ][ concel ]

Figure 2-1: Create New Project Window
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3. Specify device and project properties as shown here, and click Next.

Project Settings

Specify device and project properties.

Select the device and design flow for the project

Property Name Value
Evaluation Development Board None Specified =]
Product Category (Al hul
amily |Spartan6 X
Device | XCBSLX16 >
Package C5G324 -
Speed -3 >
Top-Level Source Type [HDL v
Synthesis Tool XST (VHDL/Verilog) Bt
Simulator |ISim (VHDL/Verilog) =
Preferred Lanquage D >
Property Specification in Project File  Store all values |
Manual Compile Order ™
VHDL Source Analysis Standard VHDL-93 E
Enable Message Filtering ]

[ me¢ || concel

Figure 2-2: Project Settings Window
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Creating and Implementing Your RTL Design

4. Verify that the Project Settings are set correctly as shown here.

Project Summary

_Froject Navigator will create & new project with the following specificabions.

Project:
Project Name: pn_stepl
Project Path: C:\Chipscope ProjNav\pn_stepl
Working Directory: C:\Chipscope FrojNavipn_stepl
Description:
Top Level Source Type: HDL

Davice:
Device Family: Spartané
Device: xcebslxlé
Package: cag3z4
Speed: -3

Top-Level Scurce Type: HDL

Synthesis Tool: XST (VHDL/Verilog)

Simulater: ISim (VHDL/Verilog)

Preferred Language: VHDL

Property Specification in Project File: Store all values
Manual Compile Order: false

VHDL Source Analysis Standard: VHDL-93

Message Filtering: disabled

Figure 2-3: Project Summary Window

5. Click Finish on the Project Summary page.

Right-click the pn_step1 project under the Design folder and select Add Source to
add VHDL sourece files to the new project.

7. Locate the source files in the src folder, select all VHDL source files, and open them.

X O s ¥ =,
3 » Computer » O5Disk(C) » Chipscope Projay * sc b o ol
D N S — s
Organize = Mew lolder BT i @
— “ Mame i Date modified Type Sire E
B Deskiop L solution H/1E/2012 1224 . Fie foldes
& Downloads ® debouncevhd 1/21/2011 212 PM_ VHD File 3| |
% RecentPlaces |1] | % fsmuhd 1/21/2011 212PM | VHD File axs| | Mgl
sne_highxoo I..-'!L.f.‘l?il.?‘.l.ll’-“ HCD Fiae 5 KB
= Libraries sine_lowaxco Y2011 211 P XCO File 5Kk8| |2}
% Documents si.'u_mid_'lt_n L202001 211 P NCD Fde 5K8 ‘
o Music & sinegenshd HAXIL44T MM VHD File SKB
& Pictures W ginegen demovhd /2M300L 4:46 PM VHD File BHE i
!_ Vidh W sinegen_demo_mIB05.uct 11/16/2012 348 & UCF File 2i8 I
® ginegen demo. spbluct 1/28/2011 £38PM LCF Flle TR |
ey am— T i dr
File game= “sinegen_dema_spbllucl™ “debounceshd” “fsmvhd” “sine_highaoco™ “sit ~ | Sources] *axt *shd *vhdl *v v:
[ cea |

Figure 2-4: Source Files
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8. Review the files listed in the Adding Source Files window and click OK.

"

& Adding Source Files...

The following allows you to see the status of the source files being added to the
project. It also allows you to specify the Design View association, and for VHDL
sources the library, for sources which are successfully added to the project.

=)

File Mame
1 @ debouncevhd
i (2 @ fem.vhd
3 @ sine_highxco
4 @ sine_lowxco
5 @ sine_midxco
6 @ sinegenvhd
7 @ sinegen_demo.vhd

=1
(<)
5
a8
im
3
=
o
3
=]
4
§

Association Library

Al EI work ]

All wn K =

All E work E

All =} work |

All [} work -

All = | work -

All =] work -
uct ESTR | work -
W

Adding files to project: | EG_—GG © Of 8 files (0 errors)

ok || cancel || Help |.::

Figure 2-5: Adding Source Files Window

9. Right-click sinegen_demo and select New Source to add a new definition and
connection (. cdc) file to the project.

T e — .
|Design »08& x| 'E Des:gn Overview -
[ View: @ 4 implementaion ( o o | [ iSemmany

4] | Hierarchy 5 =t

0] ~] pn_stepl 5_5

Il ﬂ xcﬁs!xlé 3csg324 iz -

— 5 = 3 Pinout Rep

& =8 i*.°. sinegen_demo - Mixgd (sinen = oy

a 2 U_DEBOUNCE 1 - d 4] Add Source.. s

& @ [2 U_SINEGEN - sinege

- [ U_FSM - fom - Mixe 3] Add Copy of Source... salie:‘s1 - L

4 |11}

P | T2 No Processes Running

"-I‘:- Processes: sinegen_demo - Mixe

'E £  Design Summary/Repo

A= P Design Utilities

- €2  Create Schematic Sy
[E View Command Line
[ View HOL Instantiati

® %  User Constraints

@ 83 Synthesize - XST

= f3  Implement Design

Figure 2-6:

# Implement Top Module

Open Messages

& Remove
Manual Compile Order

&% Set as Top Module
SmartGuide...

File/Path Display CH N L
Expand All Rout
Collapse All g -
04 Find... Ctri+F
ge Filtering
@ Design Properties... mary Contents
[ Source Properties... port

rromoverammg Constraints
|| Show Warnings

Shrw Frrarc

New Source Selection

14

www.Xxilinx.com

Using Xilinx ChipScope Pro ILA Core with Project
Navigator to Debug FPGA Applications


http://www.xilinx.com
http://www.xilinx.com

& XILINX.

Creating and Implementing Your RTL Design

10. In the New Source Wizard, select ChipScope Definition and Connection File, and
then type pn_stepl.cdc for the file name and click Finish.

11. Review the information in the New Source Wizard and then click Finish.

E_____— —— ™
—

w New Source Wizard

—

==

Select Source Type

Select source type, file name and its location.
[ BMM File

@ ChipScope Definition and Connection File 1

] Implementation Constraints File

MEM File
[@) Schematic
[8] User Document

IP {CORE Generator & Architecture Wizard)
Eile name:

pn_stepl.cdd

[ Veritog Module Lagation:

[ Verilog Test Fixture

C:\Chipscope_ProjNavipn_stepl

[4 VHDL Module

) VHDL Library

[F] VHDL Package

[%) VHDL Test Bench

& Embedded Processor

| More info

+ | Add to project

(et (o |

Figure 2-7: New Source Wizard

Cancel

| — —_— !‘g

@ a  MNew Source Wizard
|
| Summary
|

Project Navigator will create a new skelefon scurce with the following specfications.
| | add to Froject: ves
| |Source Diectary: C:\(Chipscope_Prajtiavipn_step

Source Type: ChipScope Definitian and Connectson File

Source Hame: pn_stepl.cdc
| Agsocation: snegen_demo
Gl
| — - |

ll'umwa' [ Bmen ][

Figure 2-8: New Source Wizard Summary

The next step is to generate all three sine wave generator cores.
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12. In the Design window, select all three .xco files listed under U_SINEGEN, and then
double-click the Regenerate All Cores process.

e ISE Project Navigator (P.492) - CAChipscope. ProjNav\pn_step1\pn_stepLuise |

L File Edit View Project Source Process Tools Window Layout H

DEEIP| S & T

Design
I | View: @ ik o

& | Hierarchy
U‘l | pn_stepl

) O xcbsixl6-3csg324
5 [dh sinegen_demo - Mixed (sinegen_demo.vhd)
[ U_DEBOUNCE_O - debounce - Mixed (debouncevhd)
[% U_DEBOUNCE_1 - debounce - Mixed (debounce.vhd)

[% U_FSM - fsm - Mixed (fsm.vhd)
€* pn_stepl.cdc

~BRR A _Q-]|

08 x

I

# | 22 No Processes Running

| No single design module is selected.

5 %  Design Utilities

A £) Update All Schematic Files

- & Compile HDL Simulation Libraries

.

% Regenerate All Cores

W Check All Core Versions

Figure 2-9: Sine Wave Generator Files in the Design Window
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Creating and Implementing Your RTL Design

13. Prior to synthesizing the design, set the Keep Hierarchy option to Soft to preserve the
design hierarchy and prevent the XST from performing hierarchical optimizations. To
do this, right-click the Synthesize process and set the -Keep_hierarchy switch to Soft.

D2 ADDx|0 | » R R 2RI

|Design wO&x

i | View: @) 8 wmplementzton (©) Bl Simudotion
il | Hierarchy
€] -~ pn_stepl
£, | = O xcbsixlb-3csg32d
al = [Hah sinegen_demo - Mixed (sinegen_demo.vhd)

- [ U_DEBOUNCE_O - debounce - Mixed (debouncevhd)
_ﬂ [ U_DEBOUNCE_1 - debounce - Mixed (debouncevhd)
P = [&] U_SINEGEN - sinegen - virtex (sinegenvhd)

m § U_SH - sine_high (sine_high.xco)
T U_SM - sine_mid (sine_mid.xco)
4 U_SL - sine_low (sine_lowxco)
[ UFSM - fsm - Mixed (fsmvhd)
€4 pn_stepl.cdc
) Mo Processes Running
n_z}-: Processes: sinegen_demo - Mixed
& L Design Summary/Reports
L= ¥ Design Utilities
- Create Schematic Symbo!
View Command Line Log File
[§] View HDL Instantiation Template
« ¥ User Constraints
# €2 Implement Design L Run
€2  Generate Programming File ReRun
« @ Configure Target Device Rerun All
& Analyze Design Using ChipScope ' st
View Text Report

| Console

Figure 2-10: Changing Synthesis Process Properties

= Implement Top Modul

BRI LA

-'_Design Overview
B Summary

()
(4]
=
L] o -
LIE Errors and Warning
@ Parser Mess.

® Al Impleme
= Detailed Reports

Design Properties
Enable Messac
Optional Design Sum
Show Clock Re

Show Failing C
| Show Warning
Show Errors

Force Process Up-to-Date

e

Design Goals & Strategies...

Process "Regenerate All Cores'iy -
¥ Process Properties...

e Process Properies - e o WO 09
| casmgery

Switch Name Property Name
Synthesis Options -opt_mode Optimization Goal
”‘I’L°"“°": i opt_tevel Optimization Effort
Al Specifie Options: power Power Reduction
= Use Synthesis Constraints File
-ut Synthesis Constraints File
-keep_Pierarchy Keep Hierarchy
-glab_opt Global Optimization Goal
~rilview Generate ATL Schemnatic

~write_timing_constraints Write Timing Constraints
dsp_utilization_ratic | [XSP Lrilization Ratio

Froperty depley jevet; Stancard (<] [¥] Display swtch names | pefaus | |

Ce)Com Lom Jom )

i

J

Value |
Speed hd
Normal .

Ll
AllCiockdets

100 | |i

Figure 2-11:  Synthesis Options Dialog Box

14. Click Apply or OK.
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Now you are ready to synthesize the design.

15. Click the Synthesize process.
16. From the menu, select File > Copy Project to copy the project as pn_step2 as shown

here.
& Copy Project " ﬁ
Hame: pr_stepd]

Location: C:\Chipscope_FrojNavipn_step2 ) |

|
|
|
| Working directory: | C:\Chipscope_ProjNavipn_step2 v |
|

Description:

| Source options

| Keep sources in their current locations
@) Copy sources to the new location
Copy Additional F;Ies...: k

Generated files option

Exclude generated files from the copy

Copy options
Open the copied project

[ox [ concel |[ Help

Figure 2-12: Copy Project Dialog Box
17. Type the project name and location. Ensure that the Copy sources to new location is
selected and also that the Open the copied project box is checked. Click OK

At this point, you have successfully created the ISE project and synthesized the design
using Project Navigator.

Questions
1. Describe briefly of what you did in Step1:
What are some major circuits used in this lab?
Which source file would you have to modify if you were to target other Xilinx®
boards?
18 Using Xilinx ChipScope Pro ILA Core with Project

www.xilinx.com Navigator to Debug FPGA Applications


http://www.xilinx.com
http://www.xilinx.com

& XILINX.
Chapter 3

Adding a ChipScope ILA Core to Your
Design

Adding a ChipScope ILA Core

In this section of the tutorial, you will add a ChipScope™ ILA core to your design by
taking advantage of integration flows between the Project Navigator and ChipScope Pro
Core Inserter tools. Traditionally, you had to manually instantiate the ILA core instances
into the RTL designs. However, that method requires you to modify your design source
files, which can be cumbersome and can increase the chance of potentially making
mistakes.

Instead, you will learn here how to add the core, complete the signal connections, and
probe the design without modifying the original RTL source files.

1. Inthe Hierarchy window, double-click the pn_stepl . cdc file to open the ChipScope
Pro Core Inserter tool.

The first window displays Device Options. Because the target device is already set in
Project Navigator, the device options are already set for you. This eliminates some
potential conflicts in device selection between ChipScope Pro Core Inserter and Project
Navigator.
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R, ChipScope Pro Core Inserter [pn_stepLode] i " . = [
[poe gt g0 P i
I B = = T i,
= DEVICE CREVICE Seber f Darvic e Dpboay
KON
Denign files
npern Dargagn W tesC !
bl Cign Mt |
Cowe L ation
Taptpar Dergctory
Dirvice Sarllings
i Faimly,
ERAM Cou_ O Sl
|
|
Boge> |
'.:.1-)-1._: CDC o CAChpacops_Prodhisapn_siep Tipa_siepi coc =
Succwiahily nhad prajed Culhipacops_Profledpn_sleg Ten_tiengd oo i
1 1 ..'.
Figure 3-1: ChipScope Pro Core Inserter
2. Click Next. The window displays the ICON options.
W CrSeope Pro Coee Insester |pn_sten] ede] i __' e oL
e [ e )
= = Ty
= DEVECE (e Sabes | Infagraied Comliler Optean |
L=
Pl e &
lomadaiy Scim Chan '_u;u“ |=
i LRSr

BHAM Coust O

+ Provoes gl =

Menaagen
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Figure 3-2:

3. Click Next to add an ILA core.

ICON Options
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4. Inthe Trigger Parameters tab of the ILA Options window, set the trigger parameters.
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Counter Wt ruaberd - Femctom: =, un
TR Trigges Wi 3 Rt Typee: | Bsss Wiyt -
# Bt Lt | - e 8, 0, KA RN
SN Comest: 3 =
Iriggen £ anditon et
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s g gl st ey Seef Ty
P T ey e—
« Pravioas e Rermarn Lt
..... 1 age_iths 1 v i
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Figure 3-3: Trigger Parameters Tab of the ILA Options Window

For this example, set the trigger parameters as follows.
Table 3-1: Trigger Parameters

Trigger Name Trigger Width Match Type
TRIGO 2 Basic w/ edge
TRIG1 2 Basic w/ edge
TRIG2 2 Basic w/ edge
TRIG3 20 Basic
TRIG4 2 Basic w/ edge
TRIG5 3 Basic w/ edge
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5. Select the Capture Parameters tab and examine the trigger parameters you just set
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] i RT3
| i L) P ol 3§
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1
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Figure 3-4: Capture Parameters Tab

6. Connect each port to debugging nets. To do this:
a. Select the Net Connections tab as shown here.

R Crepscope Fro Cone Insertr Ipn.sispladcl I
o
B e = T
vy LA Skt ] Wmlegraled | e dhaly Ped {Hda
Oy
iy e T
Hd e
[+ wwar
= DLDCK PONRT
= TRaGGER PORTS
048 | i
B
11
L
R
R
R
R IRUAM Coust 3
Ly (i Eal
< Peven ST M) T v ey Liad
—_— R pRRpa—
£
— .

Figure 3-5: ChipScope Core Inserter Dialog Box

b. Click Modify Connections. The Select Net dialog window appears.

c. From the Select Net window, search for the clk_BUFG net from the sinegen_demo

hierarchy.

20

www.Xxilinx.com

Using Xilinx ChipScope Pro ILA Core with Project
Navigator to Debug FPGA Applications


http://www.xilinx.com
http://www.xilinx.com

& XILINX. Adding a ChipScope ILA Core

To search for the "clk_BUFG" net, type the "clk_BUFG" string in the Pattern field
and click Filter.

d. Select the c1k_BUFG net from search results and click Make Connections

] Solect bint =
Struciure | Nets Mot SelecBons
2 e s
| P — ]
- G

& L_FEM flsmj

o _SIMEGEM [ainagen]
1] *
Mot liaene w | patioencf_sues | T
Hel Hame |ﬂw:u Instanis Saurce Componanl |H.ur Tipa |
8 _BuFd lel_BUFG ) ‘BUFa |=
~ = = FETG LR v Nty Dawn

W Camred

Figure 3-6: Select Net Window

7. Repeat Step 6 to connect the rest of trigger ports:
e TPO: search for *sel* from the U_SINEGEN hierarchy
e TP1: search for *GPIO_BUTTONS_re* from the sinegen_demo hierarchy
e TP2: search for *GPIO_BUTTONS_dly* from the sinegen_demo hierarchy
¢ TP3: search for *SINE* from the sinegen_demo hierarchy
e TP4: search for *GPIO_BUTTONS_db<0>* from the sinegen_demo hierarchy
e TP4: search for *GPIO_BUTTONS_db<1>* * from the sinegen_demo hierarchy
e TP5: search for *GPIO_BUTTONS_0_IBUF* from the sinegen_demo hierarchy
e TP5: search for *GPIO_BUTTONS_1_IBUF* from the sinegen_demo hierarchy
e TP5:search for *GPIO_SWITCH_IBUF* from the sinegen_demo hierarchy
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[ selectiet -

Structure [ Nets
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& U_DEBOUNCE_0 [debounce]
& U_DEBDUNCE_1 [debounce]

o= L FZM flam]
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o= LIS [sina_mid]
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Figure 3-7: Trigger/Data Signals

8. Once complete, all ports turn from red to black, indicating that you have finished
connecting all the clock and trigger ports to debugging nets.
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Figure 3-8: Complete Net Connections

9. Save and close the pn_stepl . cdc file

Before you use the ChipScope Pro Analyzer tool to download your bitstream into your
device, make sure the bitstream generation options are set properly.

10. With sinegen_demo selected in the Design browser, right-click on the Generate

Programming File process and select Process Properties.
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11. In the Startup Options category, set the -g StartUpClk switch to the JTAG Clock
option. Click Apply, then OK.

SuspendWake Options
P G -g GWE_cycle: Release Write Enable (Output Events) | Default (&)

58 Process Properties SRR pe——- )
= = _|
: Lategory Switch Name Property Name Value
i (il N =1
| Gt;ralo;' :5 |-g StartUpClk:  FPGA Start-Up Clock m:
guratio pligs | 1
| [-a Dornefipe:  Enable Internal Done Pipe _ |
| Readback Uptions -g DONE_cycle: Done (Output Events) Default (4) =
| i | 2 b=t
| Encryption Options |- GTS_cycle:  Enable Outputs (Output Events) Default (5) b |
[ =
|
[

|-g DriveDone; | Drive Done Pin High

il Property display jevel: Standard El +' | Display gwitch names | Default

d | (RN e Help

Figure 3-9: Startup Options Window

Now you can start generating a programming file.

12. Double-click the Analyze Design Using ChipScope process.
When the process completes, the ChipScope Pro Analyzer tool opens.

Questions
4. What is the main advantage of inserting debug probes onto your post-synthesis netlist
instead of adding them onto HDL design files?
You have just finished with inserting a ChipScope ILA core and now you are ready to
debug the design using ChipScope Pro Analyzer.
24 Using Xilinx ChipScope Pro ILA Core with Project

www.xilinx.com Navigator to Debug FPGA Applications


http://www.xilinx.com
http://www.xilinx.com

& XILINX.
Chapter 4

Debugging Your Design using ChipScope
Pro Analyzer

Debugging Your Design

This lab exercise shows how to debug a design using Xilinx® ChipScope™ Pro Analyzer
and how to iterate the design once you have discovered and fixed errors. This step will also
show some useful techniques of how to trigger and capture certain data from your design.

You will be using ChipScope Pro Analyzer to verify that Sine wave generator is working
correctly. The two primary objectives will be to verify and check off the following two
items.

O Verify that all sine wave selections look correct
O Verity that selection logic is working correctly
Do the following:

1. Configure JTAG Chain to USB cable and communication parameters by doing the
following:

a. Select JTAG Chain > Xilinx Platform USB Cable.
b. In the ChipScope Pro Analyzer dialog box that opens, set the speed and port

parameters.
For this tutorial, Speed is 3 MHz and Port is USB21.

c. Click OK.

d. Inthe ChipScope Pro Analyzer dialog box that opens, verify the device details and
then click OK.
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2. Confirm the connection to the JTAG chain.

& ChipScope Pro Analyzer [sinegen_demo] NI . e

File View JTAGChain Device Window Help

L@

Y

Project: sinegen_demo »
JTAG Chain
EV.0 evicel 16

&

INFO: ChipScope Pro Analyzer  Version: 14.4 P 403 (Build 14400.12.317.1157)

|| COMMAND: update_digilent_cable_list
INFO: Attempting to connect to an exdsting sener.

VWARMNING: No Digilent USB JTAG Cables connected.
INFO: Atternpting to connect to an axisling senver,

INFO: Q8 platform = 1586,

INFO: Connecling to cable (Usb Pod - USB21).

INFQ: Kernel release = 2.6.27 18-systest

INFO: Max current requesiad during enumeration is 74 ma
INFO: Type = 0u0004,

INFO: Cable Type = 3, Revision = 0.

INFO: Sefting cable speedto 3 MHz

INFO: Cable connection established.

INFO: Firmwars varsion = 1023,

INFO: Firmmweare hex file version = 1303
INFO: in i 14 4
FO: Downloaded firmware version = 1303,
MFQ: PLD fila version = 00120,

NFO:; PLD version = 0012h.

{liFo: Type = 0x0004

MFQ: ESM oplion: 0000132475FC01.

NFO: Successiully opened dlinx_plathormustb
MFQ: Cable: Platform Cable USB, Port USB21, Spead: 3 MHz
NFO; DEV.0 MyDeviced (XCESLX16) is not configurad

4

INFO: Successiully opened conneclion to server. chanterelle 10893 (chanterelle®10.10.69.9)
COMMAND: open_target xilinx_platformush PORT=USB21 FREQUENCY=3000000

INFO: Successfully opened conneclion to senver: chanterelie® 10893 (chanterelle8/10.10.69.9)

INFO: File version of fprojixbulidsids_14.4_P 48a.0.00inM14.41SE_DSASE/datahusb_xip.hex = 1303

inf14 AN3E_DSNSE/datatmst_xip hex

Figure 4-1: JTAG Chain Connection Details

3. Right-click the device name in the Project list and select Configure to configure the

device.
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4. In the Configuration window, select the default BIT and CDC files from Project
Navigator..

ChipScope Pro Analyzer [sinege... RSN

JTAG Configuration

File: sinagen_damo.bit

Directory. CAMChipscope_ProjNavpn_stepi

[_] Clean previous project sefting

Select Mew Fila

[#] Import Design-level COC File
HOTE: This oparation cannot be undone.

Deszign-level COC File

[#] Auto-create Buses

il File: pn_step1.cdc i
Directory. CMChipscope_ProjMavipn_siepi

Select New File |

|
(8] )4 | Cancel L

Figure 4-2: JTAG Chain Connection Details
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5. Verify the device configuration and ILA core.

1 CrupScope o Anshaet(megen,demol IS AR [ B———

|Euu Yiew JTAG Chain et Window Hilp
=@

Pioject simegen_demo h
JTAG Chain
& DEVOMDrice) (KCESLX1E)
¥ LBNT.0LIVILAD (LA)
Trigger Setap
Waveform
Listng
Bus Plod

Q
- P ARN

-

PO ChipSoops Pro Anetyzer  Wergson 144 P.4Ra (Build 16400 12397 115T)

COMBAMND: update_dsgilen!_cabls_#sd

IO Allempting I connad 10 an suistng serer

‘I IR0 Succekdally openikd CoOnneCHon B> sanar chantsrslad 10803 {chanterelleQr 0 10,65 9)
WARHING: N Dugabent UUSH JTAG Cablis cossicted,

COMMAMNDE opan_taigel xiling_platformesl PORT=USEE FREGUERCY=3000000

PR ARemptng b0 connadlio an suging Sener

O Suctessially opened conneciion ko server chandersllied; 10893 {chanterslleBr0.10 83 9)
INFD; OS plalioem = 555

FQ: Connoting 1o cable (Usb Por - USER1)

PO Keensl redsass = 26 27 18-syabent

D Was cursn negueited dunng EnuMmEralion is T4 ma

PO Type = ordd0s

Q. Cable Typs = 3, Revision = 0

PO Selting cable aped In 3 MHZ

O Casly connacton esladbahed

IFC) Fiirmwead widsion = 1028

IO File version of iprcghbuidsnds_14.4_P 4820 0Ainr4 JASE_DSESEisatamest_dphee = 1300
D Firrarare hea file version = 1303

O Downloading geopcuildsics_14.4_F 452 008014 4155 _DSASEMatatesh_ip hax
O Downloaaed femware varian s 1303

O PLD Sle vraion = 00120

1 IMFO: PLD version = DOE2N

PG Type = o004

1H‘o ESM cpbon: 00001 324TSFCO01
PEDQ Succesebly Soined dlia_plafzemuss

O DEVD MpDeaced IXCAZLX18} 8 nal conBijuied
OMMAND: configuie § “CAChipscope_Projiayipn_sleptisiseges_demobil™ 0 mmporl_inserer_cdc “CoOhipacope_Projlavips_stepl™ “pa_siepl.odc™ dofubo

0 Found 1 Core Unil in e JTAG device Chain
OMMANDE import_insarter_cde “CriChipscops_Proflavipn_stepd '™ "pa_stepl.cdc™ 0 Dahuts

Figure 4-3: Device Configuration Details
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6. Open the Trigger Setup and Waveform windows by double-clicking on each item:

Trigger Setup and Waveform.

] Cipscope Pro Anslyzer [sinegen deml W

Eile View JTAG Chain [Qewce TnggerSelup Wgveform Wincow Help

&2 [ | Trioser RunMode: [Singie ]| » m T |

| S22 502 0 H

e
rm‘";" *gen_demo +§ 1 Trigger Setup - DEV-0 MyDeviced (XCESLX16] UNIT:0 MyILAD
J hain N — — — — —_—
¥ DEV.0 MyOeice0 (XCESLX1E) E . __ Maich Unit ;
# e, £l > MoTnggerPon0

| & W1 TriggerPortt
| #= 2 TriggerPori2
| & W3 TriggePort3
| & M4 TriggerPonis
| & M5 TriggerPods [

e e e
Signaks: DEV: 0 UWIT: 0 2y -
¥ Dala Pord - il = =
&= IGPID_BUTTONS_db
& IGP10_BUTTONS 0y {5 wavetorm - DEV:0 MyDeviced (XCESLX16) UNIT.0 MyILAD (Lt
&= (GP0_BUTTONS re Bus/Signal ¥ o
&= Limg
& A_SINEGENISE! /GEI0_BUTTONS 0_IBOF o] o
CHL 28 IGPIO_BUTTONS_0_BUF
CHE 20 /GPIO_BUTTONS_1_IBUF LERID_SUITONS_1_130F L I
CHL 30 IGPI0_SWATCH_IBUF /GEI0_SHITCH ImOF o o
¢ Trigger Pors
& TripperPonn ¢ /GPIO_BUTTCRS db
T Tougat cect & /GPIO_BUTTCHS dly
&= TriggeiPort?
& TriggePond & /GFID_BOTTCRS re
&= TriggerF o4 &
Juine
&= TriggeiPorS
| & /U_STIEGEN/se]
jal KD D
..

Figure 4-4: Location of Trigger Setup and Waveform

7. Select Trigger Setup > Trigger Inmediate.

8. Verify that there is activity on the sine wave.

_,,j-Huﬂﬂ”l'h;”*'-lﬂ'lh-'h-.ld-rhﬂ-bh-ﬂil'ﬁ
: i

— =
B i 50 b w0 L U 0 B by . - i i . Gl

ooo:
e e b [ 104 0 . o=l & oafa] sn-s

Figure 4-5: Sine Wave Activity

9. Double-click Bus Plot to open the Bus Plot viewer.
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10. On the Bus Plot window, select /sine to display the sine wave.

11.

12.

| T =TT T T A

Figure 4-6: Sine Wave Display

Notice that this waveform does not look much like a sine wave. This is because the
radix setting needs to be changed to from Hex to Sine Decimal.

In the Signal window, right-click /sine and select Bus Radix. Click to select the
Signed Decimal check box.

Click the Trigger Immediately button T! and view the high-frequency sine wave bus
plot.

B s ot (39 et (2010 4 6 M

13.

Figure 4-7: High-Frequency Sine Wave Bus Plot

On your board, push the Sine Wave Sequencer button (shown in Figure 1-1) until the
Sine Wave Selection indicator LEDs on the board display “off,on, 01.”

Note: Sequencer is not working correctly. The expected behavior is a simple 2-bit counter that
counts for each press (00, 01, 10, 11...). You will debug the root cause for this later in this tutorial.
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14. Click the Trigger Immediately button again, and view the mid-frequency bus plot
o7 M

{2} Bus Plot - DEV:0 MyDevice0 (XC6SLX16) UNIT:0 MylLAO (ILA)

Flot
® data vs time
100000t

) data vs data

Dizplay
[N

Eus Selection
[ /GPIO_BUTT
[v] I isine

[ /sinesel

a [»]

Tt 2

Min Max -100000t

X o logz

[=]

¥ -1z21070 l1z1070

M S05|¥:| -145509

Figure 4-8: Mid-Frequency Sine Wave Bus Plot

15. Push the Sine Wave Sequencer button on the board until the Sine Wave Selection

indicator LEDs on the board display "on, off, 10.”
16. Click the Trigger Immediately button and view the low-frequency bus plot.

{8] Bus Plot - DEV:0 MyDevice0 (XCESLX16) UNIT:0 MylLAO (ILA

Rl sooooof
@ data vs time
) data vs data

Dizplay

BEus Selection

[u}
looo
Min Hax
X o lozz —soooo0t-
F  -5EdEE6 SEREEE
X T:

Figure 4-9: Low-Frequency Sine Wave Bus Plot

17. Push the Sine Wave Sequencer button on the board until the Sine Wave Selection
indicator LEDs on the board display "on, on, 11.”
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18. Click the Trigger Immediately button and view the combined sine wave bus plot.

19.

/ | Extra credit: fix this! |

] Bus Plot - DEV:0 MyDeviced (XCESLX16) UNIT:0 MyILAD (ILA) — / ol e i
Plot £

£00000 '\ﬂ
® dala vs time ‘*-"\/J

data vs data

Display
ling -

Bus Selection

- Fa
Wl /GPIO_BUTTO—| o Lvs
[l GPIO BUTTC Z0 400 E00 =lili] Lilali]
v Il izine —
" L izing Sl - et

MirMax
Hin Hax

X L 1023

=E00000 !‘N\I

X: =13&\¥:| 293373

W =Srd2es Szd28s

Figure 4-10: Combined Sine Wave Bus Plot
You just verified that all sine wave selections look correct. However, the selection logic
circuit is still not working correctly.
M Verify that all sine wave selections look correct.
LI Verify that selection logic is working correctly:
LI Verify that state machine is transitioning correctly and outputs are correct.
LI Verify that state machine inputs are correct.
Next, start debugging the selection logic circuit.
Set the following parameters:

Match: set TriggerPort1 to RX -- to look for rising edge on GPIO_BUTTONS_re[1]
because this is what causes FSM to transition.

Trigger Conditions: M1 -- set up trigger equation to M1
Capture Settings: Windows = 10; Depth = 2
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{1 Trigger Setup - DEV:0 MyDevice0 (XCESLX16) UNIT:0 MylLAD (ILA) :

= Mateh Linit Function Walue Radiz Counter
= o MO TriggerFortd == A Bin dizabled =
o0
¢ M1:TriggerPart == R Bin disahled
IGRIO_BUTTO R =
IGRIO_BUTTO ks
o= M2 TriggerPort2 == R Bin disabled |
o= M3 TriggerPort3 == CA O Gl R 000 _ Bin disahled
9 M4 TriggerPortd == G Ein disahled |
iR B T T hl
5 Ardd Active Trigger Condition Mame Trigger Condition Equation
= Dl - TriggerCandition w1 =
g| e window | w | Windows: 10] Depth: Position: 0
=
@ | Storage Gualification: Al Data
@ sample Burfer is ull IDLE
Figure 4-11: Trigger Setup Window

Note: The actual TriggerPort number for the GPIO_BUTTONS_re [1] net might not be the same
as specified on this tutorial.

Information about the run progress displays at the bottom of the window.

22. Observe the number of windows captured.

21. Push the Sine Wave Sequencer button on the board.

¢ If only one window was captured, repeat steps 21 and 22.

e If more than one window was captured, go to the next step.

20. Click the Run Trigger button P to arm the trigger and wait for the trigger condition.

Figure 4-12: Observing the Windows Captured

23. Click the Stop Trigger button B and view the captured data.

@ Trigger Setup - DEV:0 MyDevice0 (XC6SLX16) UNIT:0 MylLAO (ILA)
; Match Unit Function Value Radix Counter
:,J* o= W0 TriggerPortd == HH Ein dizabled |~
=z ¢ M1 TriggerPortl == R Ein dizabled
IGRIO_BUTTOMS re[1 R =
IGRIO_BUTTOMS _re[d K
o= M2 TriggerPort2 == HH Ein dizabled |
o= M3 TriggerPort3 == O 0 00 Ein dizabled
¢ M4 TriggerPortd == HH Ein dizabled |
P10 BLITTORS Akl -
;c Add Active | Trigger Condition Mame | Trigger Condition Equation |
a0 ® TriggerConditiono W1 Ig
g Type: Windows: 10/ Depth: Fositian: 0
% Starage Qualification: All Data
(W Window #5 has 0 samplaes (0%). Total Buffer has & samples (40%).

Notice the multiple rising edges each time you pressed the Sine Wave Segencer button.
Also, note the correct transition of sineSel, which indicates that the state machine is

working proper

ly.
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You just verified that sine wave generators are working correctly.
M Verify that all sine wave selections look correct.
O Verify that selection logic is working correctly:
E Verify that state machine is transitioning correctly and outputs are correct.
O Verify that state machine inputs are correct.

24. Set the following parameters for trigger modes and conditions:
e Trigger Run Mode: Repetitive

¢ Match: set TriggerPort5 to XRX -- to look for rising edge on
GPIO_BUTTONS_1_IBUEF, which is the input buffer for the Sine Wave Sequencer
button on the board.

e Trigger Conditions: M5
e Capture Settings:

- Windows =1

- Depth = 1024

- Position = 512

25. Click the Run Trigger button P* and press the Sine Wave Sequencer button on the
board until you see multiple transitions on the GPIO_BUTTONS_1_IBUF signal.

Trigger RunMode: [Repetitve [« || » @ TH B9 2 9 | 2 2 &

{25 Waveform - DEV:D MyDeviced (XCESLX 16) UNIT:0 MylLAD (ILA) o @
e e gmTmmE e emmle
/GRI0_BUTTONS_0_IBUF al o0 =
/GPI0_BUTTONS_L_IBUF ol o L]
/GPI0_SUITCH_IBUF ol o
o fGPI0_BUTTONS db ol of ] [ )
& [GPI0_BUTTONS dly o o 0 HED 2
& JGPID_BUTTONS re of o [ X 0 3
- fsine -
o jgineSel 3 3 ] X 0 )}
-
4 B oALF A F 4 » =
Waveform #4 captured Jul 1, 2010 114132 AK x| -sizfa]r] o _siz[s]r] ape-op: o

Figure 4-13: View Waveform

Note: Your waveform might not display signal glitches at exactly the same location as shown
here. This is one of the advantages of the Repetitive triggering feature.

You just verified that sine wave generators are working correctly. However, the state
machine inputs are not correct. These inputs are connected directly from Push Button
switches.

¥ Verify that all sine wave selections look correct.
X Verify that selection logic is working correctly:
M Verify that state machine is transitioning correctly and outputs are correct.

E Verify that state machine inputs are correct.
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& XILINX. Questions

As shown in Figure 4-13, the problem seems to point to Push Button switches, which
generate glitches every time the Push Button switch is pressed and released. A
debounce circuit is required for each push button switch to eliminate these glitches
that result in multiple transitions.

The debounce circuits have already been integrated in the provided design. To enable
debounce circuits, turn on Dip switch-1, repeat steps 24 and 25, and verify there is only
one transition for each button push.

Questions

Did you have time to resolve the problem on Step 18 for extra credit?

Why is a debounce circuit required for this lab?
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& XILINX.
Chapter 5

Tutorial Conclusion

Conclusion

This tutorial introduced you to the tightly integrated design flow between ChipScope Pro
ILA Core Inserter and Project Navigator. It showed you how to generate IP core netlist in
Project Navigator and synthesize the design. Secondly, it illustrated how to add ChipScope
ILA core to the design using the ILA Core Inserter. More importantly, this tutorial guides
you through a debugging process. It showed you how to validate and debug your design
using ChipScope Pro Analyzer using various triggering setups.

You should now be familiar with some basic design flows and integration between Project
Navigator and ChipScope Pro.

Question Answers

1. Describe briefly of what you did in Step1.

You just created an RTL PlanAhead project, loaded a VHDL ChipScope™ design, and
implemented the design.

2. What are some major circuits used in this lab?
* debounce.vhdl - Debounce circuit
*  fsm.vhdl - Control state machine
* sinegen_demo - Wrapper for Sine wave generators

3. Which source file would you have to modify if you were to target other Xilinx®
boards?

UCF constraint file

4. What is the main advantage of inserting debug probes onto your post-synthesis netlist
instead of adding them onto HDL design files?
You don’t have to directly touch and / or modify original HDL source files, thereby eliminating
the risk of making any unintentional changes

5. Did you have time to resolve the problem on Step 18 for extra credit?

Hint: Judging by the waveform from Analyzer, it appeared that the output Sine wave
got truncated possible due to insufficient bit vector specified in "sinegen_demo.vhd
and sinegen.vhd" modules. It's currently specified as a 20-bit vector. It should be
expanded to 22-bit. Feel free to modify these two modules and iterate the design.

6. Why is a debounce circuit required for this lab?

It provides a clean pulse or transition from a high to low on this particular example. It
eliminates series of spikes or glitches when a button is pressed and released.
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