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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 (v14.1) April 24, 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: SP-601 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.

VCC1Ve
L
Dughhyut ton
1 4
Pl ﬁiﬂ
e L e e (..
3 g !CGPI0 BUTTONO o 2 ipy p3 2
EWe

Figure 1-2: Dip Switch: Used to enable or disable a debounce circuit
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2 BPTO SWITCH O _________] I
2 '_?gz*:rm; " """"" ' . b e i
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L B A 1
3 g CPIUSWITCH 3 "o ~ — ; "
EWE
EDME-4-X
3, maz j| R21 1, rz0 3, ms
= 4.TK = 1.7k = 1.7k = 4.TK
= & = 5i = 5 = 5§
A 1/16W zl';,.f;sw zl’;,-'-_sw 1/16W

1

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

2

2 g-SBI0 LED 2 1

[ R e +

2 lEPT0 18D 3

.—'—.Ilﬁl—________!
L&) L&) B2 B3
3 (=] 35 (=] 134 (=] ES (=]
EWF: EW: EW: EWE:
a | a | a " a  [w*
2 |u 2 |Tu 2 | 2 |w
m |e mo |e m |- m e
A A - ] &
_{;_ RI1 _4 B3I jL B9 4, mos
= 27.4 = 27.4 = 27.4 = 27.4
= 1% = 1% = 1% = 1
s 1/16W { 1/716W { 1/16W 1/16W
* '

Figure 1-4: LED Displays
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Files Provided for this Lab Exercise

Files Provided for this Lab Exercise

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

Note: This lab also supports other two Xilinx platforms - SP605 and ML605. Use pin-out information

fsm.vhdl - Control state machine

debounce.vhdl - Debounce circuit

sinegen_demo - Wrapper for Sine wave generators

sinewave_demo - Top-level wrapper design

sinegen_demo_sp601.ucf - UCF constraint file

sine_high.xco, sine_mid.xco, sine_low.xco - Xilinx Core Generator files

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 J9 Clock
GPIO_BUTTONSO P4 F3 A19 Reset
GOIP_BUTTONS1 F6 G6 G26 Sequencer
Debounce
GPIO_SWITCH D14 C18 D22 ..
circuit selector
GPIO_LED 0 E13 D17 AC22 Selector[0]
GPIO_LED_0 Cl14 AB4 AC24 Selector[1]
Procedure
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 (v14.1) April 24, 2012
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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

ES New Project Wizard g|

Create New Project
Specify project location and bype,

Enter a name, locations, and comment For the project
Mame: pr_stepl
Location: Ciichipscopeipn_stepl

‘Working Directory: | Cichipscopelpn_stepl

IE]

Description:

Select the type of top-level source For the project

Top-level source bype:

HOL h

I Mexk = H Cancel

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

ES New Project Wizard

Project Settings
Specify device and project properties,

Select the device and design Flov for the project
Property Mame E"!'a|UE
Product Category all w
Family Spartang w
Device RCBSLELEG hd
Package Z5GE324 w
Speed -3 w
Top-Level Source Tvpe HOL
Synthesis Tool %3T (YHDL verilog) w
Simulakor I3im (YHDOL erilog) w
Preferred Language WHOL w
Property Specification in Project File Store all values w
Manual Compile Crder F
WHDOL Source Analysis Standard |\EHDL—93 w
Enable Message Filkering F

(e ) (e ) (o

Figure 2-2: Project Settings Window

4. Click Finish on the Project Summary page.

5. Right-click the pn_step1 project and select Add Source to add VHDL source files to
the new project.

12
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6. Locate the source files in the src directory, select all VHDL source files, and open
them..

Add Source
Look jr: I@ sIc j & £ B

L';b

ty Recent
Documents

s sinegen

Q sinegen_demo
N <in=gen_demo_speni
sinegen_demo_ktb

&

by Cormputer
[=0ORCouangP)

off

File name: I"sinegen_demo_tb.vhd" "debounce. vhd" "fsm.j Open
ki Metwork,

Plares Files of type: ISDurces[ * bt * vhd *vhdl ® v "k vk S o "_gc;I Cancel |

Figure 2-3: Source Files

7. Review the files listed in the Adding Source Files window and click OK.

== Adding Source Files...

The following allows wou ta see the status of the source Files b
allows wou to specify the Design Yiew association For sources w
the project,
File Marne Association
1 I@ sinegen_demao_th,vhd Simulation W otk
2 @ debounce, vhd All w ok
3 () Fsm.vhd Al v | work
4 @ sine_high.xco All w ok
g @ sine_low. oo Al W otk
6 I@ sine_mid.xco all |k,
7 @ sinegen.vhd Al W otk
a I@ sinegen_demo.vhd all |k,
g @ sinegen_demao_spa01,ucf |Mone | otk
Adding Files to project: | 51 5 5 5 9 00 0 0 0 B B0 1 1 1 1 1
|

Figure 2-4: Adding Source Files Window
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8. Right-click sinegen_demo and select New Source to add a new definition and
connection (. cdc) file to the project.

Design —+ O 8 x
[] | view: @ f8F trplemertation O [ Simulation
EE Hierarchy
HIEJ 'Eﬁ pn_stepl
= B websl:16-Fcsg3od
srot
&l U_DEBOUNCE =] add Source...
- U_SINEGEM -|
L_FSM - Fsm [32] Add Copy of Source. ..
D Open
F £| Remove
Manual Compile Crder
ﬁ:ﬁ
SmarkGuide, ..

Figure 2-5: New Source Selection

9. In the Select Source Type window, select ChipScope Defination and Connection
File, and then type pn_step1l.cdc for the file name and click Finish.

10. Review the information in the Summary dialog box and then click on Finish.

The next step is to generate all three sine wave generator cores.

14
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Questions

11. In the Design window, select all three . xco files listed under U_SINEGEN, and then

12.

13.

14.
15.
16.

double-click the Regenerate All Cores process.

Design 048 X
[] | View: @ {8} mplementation O [ Simulation
£Z] Hierarchy e

HI'J '-LE"'] pn_skepl

-} £ xchshl6-3csg3d
B = ﬁﬁﬁ sinegen_demo - Mixed (sinegen_demo, vhd)
, m I1_DEBOUMCE_0 - debounce - Mixed (debounce,vwhd)
% m I1_DEBOUMCE_1 - debounce - Mixed (debounce,vhd)
- = m I1_SIMEGEM - sineqen - wirkex (sinegen.vhd)
o I1_5H - sine_high (sine_high.xco)
/| £ U_SM - sine_mid (sine_mid. xca)
0 I1_5L - sine_low (sine_low, o)
I1_FaM - Farn - Mixed (Fsm.vhd)

< *

|
e ¥ ¥e

P2 Mo Processes Running

Mo single design module is selected,
=3 Design Utilities
P2  Update All Schematic Files
+ P2 Compile HOL Simulation Libraries
.
_ % Reqgenerate All Cores

£1 5 #1 ¥

Figure 2-6: Sine Wave Generator Files in the Design Window

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.

Click Apply.

Now you are ready to synthesize the design.

Click the Synthesize process.

Select File > Copy Project to copy the project as pn_step2.
Type the project name and location, and then click OK.

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

Questions

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?

UG750 (v14.1) April 24, 2012
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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.

& ChipScope Pro Core Inserter [pn_step1.cdc]

File Edit Help
HE < = ?
= DEVICE DEVICE Select Device Options
ICON |
;| rDesign Files

Core Utilization

Input Design Netlist:

Output Design Netlist:

BRAM Count: 0

Output Directory:

Loading CDC project Cchipscopelpn_steplipn_step! .cde :
Successfully read project Chchipscapeipn_steptipn_stept cde —

1] [ ¥

Figure 3-1: ChipScope Pro Core Inserter
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2. Click Next. The window displays the ICON options.

. ChipScope Pro Core Inserter [pn_step1.cdc]
File Edit Help

H <« = 7
= DEVICE | ICON Select Integrated Controller Options |
ICON :
:| rParameters

~Core WMilization—————————— Boundary Scan Chain

BRAM Count: 0

< Previous ‘ | Next = ‘ | New ILA Unit | ‘ New ATC2 Unit ‘

h‘lessages
ILoladinu COC project Cichinscopeinn steptinn stenl.cde
4

Figure 3-2: ICON Options

3. Click Next to add an ILA core.
4. In the Trigger Parameters tab of the ILA Options window, set the trigger parameters.

= DEVICE | ILA Select Integrated Logic Analy Options |
=ICON B
U0: ILA l/ Trigger Parameters r Capture Parameters r Met Connections
§§ ~Trigger Input and Match Unit Settings
: Number of Input Trigger Ports: Number of Match Units Used: &

TRIGD: Trigger Width: |2 Match Type: |Basic wiedges =
# Match Units: I:E Bit Values: 0,1, X,R,F,B | |
Counter Width: Disabled |~|  Functions: -, <>

~Core Litilization

TRIG1: Trigger Width: |2 Match Type: |Basic wiedges =
# Match Units: I:E Bit Values: 0,1, X,R,F,B

4]

BRAM Cou... 1

| rTrigger Condition Settings
Enable Trigger Sequencer Max Number of Sequencer Levels:

~Storage Qualification Condition Settings

Enable Storage Qualification

[<movon | [wes> |

Figure 3-3: Trigger Parameters Tab of the ILA Options Window
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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

5. Select the Capture Parameters tab and examine the trigger parameters you just set

El- DEVICE ILA Select Itegrated Logic Analyzer Options
E-ICON 3
U0:ILA f Trigger Parameters |T Capture Parameters r Net Connections |
Capture Settings
Sample ... Cluck Edge

Core Utilization Data Depth: Samples Data Same As Trigger
; Trigner Ports Used As Data

Include TRIGO Port (width=2)

Include TRIG1 Port (width=2)

| Include TRIG2 Port (width=2)

BRAM Cou... 1 Include TRIG3 Port (width=20)

: Include TRIG4 Port (width=2)

Include TRIGS Port (width=3)

<Brovors_| o> |

Figure 3-4: Capture Parameters Tab

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

To search for the "CLK_BUFG" net, type the "clk_bufg" string in the Pattern field
and click Filter.
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d. Select the c1k_BUFG net from search results and click Make Connections

&, Select Net

Structure / Nets | Net selections
¢ [[sinegen_dema] = :|[ TriggerData Signals

o= LJ_DEBOUNCE_D [debounce] §§ Clock Signals |_

o IJ_DEBOUNCE_1 [debounce] i

M Shannel
U_FSM [fsrm] AllGHD el BUFG

o IJ_SIMEGEM [sinedgen) B
1] [*]
Net Name | - | Pattern: |c|k_hufg | - | Filter EED
Met Mame Source Instan... | Source Comp... | Base Type -
clk_EBLUFG clk_EUFG EUFG BUFG Al | eke Connections || Move Nets Up |
e | | D |L | Remove Connections || Move Mets Down |

Figure 3-5: Select Net Window

7. Repeat Step 6 to connect the rest of trigger ports:
e TRIGO: search for *sel* from the U_SINEGEN hierarchy
e TRIG1I: search for *GPIO_BUTTONS_re* from the sinegen_demo hierarchy
e TRIG2: search for *GPIO_BUTTONS_dly* from the sinegen_demo hierarchy
e TRIGS3: search for *SINE* from the sinegen_demo hierarchy
e TRIG4: search for *GPIO_BUTTONS_db<0>* from the sinegen_demo hierarchy
* TRIG4: search for *GPIO_BUTTONS_db<1>* * from the sinegen_demo hierarchy
e TRIGS: search for *GPIO_BUTTONS_0_IBUF* from the sinegen_demo hierarchy
e TRIGS: search for *GPIO_BUTTONS_1_IBUF* from the sinegen_demo hierarchy
* TRIGS5:search for *GPIO_SWITCH_IBUF* from the sinegen_demo hierarchy
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&, Select Net
Structure / Nets Net Selections
¢ Ilsinegen_dema] (2] [ Clock Signals | TriggerData Signals |

U_DEBQUNCE_D [debounce] | Vchannel

| |
LI_DEBOUNCE_1 [debounte] |CH'.'E| |JU SINEGENzEI<0>
U_FSM [ram] | JICH /U_SINEGEN/sel<1>
¢ U_SINEGEN [sinegen] '
o= L_SL [sine_low] | Selectthe Trigzer
i Portthat you want
| is!ne_mld] Yau can'lise i ta connegtto the
o= LU_SH [sine_high] wildieard | Sl
searches
1]
] I T =% | N
Net Name | = | pattem: ser] | = | Fier -
—— |l 1po [TP1 [ P2 [ TP3 | TPa | TPS |

Met Name |source Instan.. |‘Source Comp.. iElase Type | - - -
sei=ll= U_SMEGEN singgen FOR - M
sel<t= IU_smMEGEN sinagen FOR | Make Connections | | Move Nets Up |

>

1 mmmmm] lhw\.'ur&utsm ]

- >

| ox | C“":' | |

Use these utilities to J
help you connect
trigoer ports to
debugging nets

Figure 3-6: 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.

ILA

| Trigger Parameters | Capture Parameters | Net Connections

Net Connections:
7 UNIT b TRIG3
¢ CLOCK PORT CHD: Jsing=0=
CHD: felk_BUFG CH1: Jeina=1=
7 TRIGGER PORTS CHZ: fsing=2=
¢ TRIGD CH3I: Isine=<3=
CHO: J_SINEGEN/zel<0> CH4: Ising=d»
CH1: AJ_SINEGEN/zel=1> CHS: Isine<5»
7 TRIGY CHE: fsine<g>
CHD: IBPIO_BUTTONS _re<0» CHT: Ising<7=»
CH1: IGPIO_BUTTOMSE ra<i» CHE: lsine<g»
¢ TRIG2 CHD: Ising<d»
CHE IGPIO_BUTTONS diy<0= CH10: fsine=10=
CH1: IGPID_BUTT CH11: fgine=11=
= TRIG3 CH12: fsine=12=
¢ TRIG4 CH13: fsine=13=
CHOD: IGPIO_B CH14 fsinge=14=
CH1 IGPIO_BUTTOM CH15: fsine=15=
¢ TRIGS CH16: fsine=16=
CHO GPIO_BUTTONS_0_IBUF CH1T: fsine<17»
CH1 IGPIO_BUTTONS_1_IBUF CH18: fsine<18>
CH2: IGPIO_SWITCH_IBUF CH19: fzine<19»

Figure 3-7: Complete Net Connections
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Questions

10.
11.

12.

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.

Right-click on the Generate Programming File process and select Properties.

In the Startup Options category, set the -g StartUpClk switch to the JTAG Clock
option.

S % Process Properties - Startup Options

Category Suibch Mame Property Mame Walue

General Options -g StartUpClk: FPGEA Start-Up Clock, ITAG Clock,
Configuration Options : :
Startup Options -g DonePipe: Enable Internal Done Fipe [

Readback Options -g DOME_cycle: Done {Output Events) Defaulk (4)
Encryption Options

<

-g GaTa_ryele: Enable Outputs {Oukput ... |Defaulk (5)
-g GWE_cycle: Release Write Enable (Ou... |Defaulk (&)
-g LK _cycle: wait For PLL Lock {Output... | Mo wWait

-g Makch_cycle: Wit For DT Makch (Outp... | Auka

-g Drivelane: Drrive Done Pin High |:|

L £0£]£

Property display level: |Standard % Display switch names Default

o [ coesl [ ot ][ veb ]

Figure 3-8: Startup Options Window

Now you can start generating a programming file.

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

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.
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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.

&4 ChipScope Pro Analyzer [csdefaultproj]

File Wiew JTAG Chain Device Window Help

®
Project: csdefaultprol ipipNplpNe N

JTAG Chaln
DEV.D MyDevical (MCESLME)

. Yalals

T e T S T T

IMFQ: Firrrware version = 1029, —
IMFQ: File varsion of CAdling 2 11SE_DSNSE/datatusb_xip.hex= 1303

IMFO: Firrmware b file warsion = 1303,

INFO: Downloading Ciilimg 2 10SE_DENSEdatatush_xp hex

INFO: Downloaded firrmseare varsion = 1303

INFQ: PLD file version = 001 2h

1%h

MNFO: Type = 00004,
INFQ: ESN oplion: 00001 324765801,

INFO: Suctassiully openead Xiline Platform LUSE Cable

IMFQ: Cable; Platform Cable USB, Port USE21, Speed:. 3 MHZ

INFO: Found 0 Core Unils in the JTAG device Chain,

IMFQ: If cores were expected to be found, see Answer Record 19337

[<]

Figure 4-1: JTAG Chain Connection Details

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

device.
4. In the Configuration window, select the default BIT and CDC files from Project
Navigator.
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5. Verify the device configuration and ILA core.

& ChipScope Pro Analyzer [csdefaultproj]
Eile View JTAG Chain Device Window Help

Project: csdefaultproj

= ikl

o UNIT:O MylLAD (LA
Trigger Setup

ol W .

Waveform j :
Listing : co

:‘u:hlpsc.ﬁpe‘.c-ﬁlpscﬁpeﬁé'_stéhiha:stepirma';"l'..inml;"l1

1) (] L= =
IMFO: Found 1
COMMAND: import_inserter_cdc
Cichipscope'\chipscope'pa_step2ipa_step2.runsimpl_1\
debug_nets.cdc 0 DoAuto

| »

<[]

Figure 4-2: Device Configuration Details
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Trigger Setup and Waveform.

6. Open the Trigger Setup and Waveform windows by double-clicking on each item:

LBX

& ChipScope Pro Analyzer [csdefaultproj]

File Miew JTAG Chain Device Trigaer Setup Wavelform Window Help
22 @ | Trigger Funiode: [Sinale ||| » m Ti| |
. - T
Project: csdefaultproj vl 8 Trigger Setup - DEV:0 MyDeviceO (Xt
JTAG Chain H B2 - -
o DEV:0 MyDevice0 (XCBSLX16) = Match Unit Function
A /) A 5|| > MO:TriggerPortd ==
é Add Active Trigger Con
: =1 | Del - TriggerC
L2
g Type: |Window |w|  Windows
Signals: DEV: 0 UNIT: 0 || ®| Storage Qualification:
9 Data Port =l
o= [GPIO_BUTTONS _db
o= GPIO_BUTTONS_dly
o= GPIO_BUTTOMNS re Bus/Signal X 0
&= [sine n
&= [gineSel /AGPIO_BUTTD. .. 0 1]
CH: 2B /GPIO_BUTTONS_0_I) | :
CH: 29/GPIO_BUTTONS_1 _I; ; HERIOS BT g 2
ﬁ_l’.‘H'_‘lﬂ_tﬁE.Lﬂ_BmﬂcH_lﬂHﬁl - : /GPIO0_SWITC... 0 0
W A W a a  a aw  aE a a  Ea a d  a a aw d w  E  a a  d  a d aadw  d A w S

Figure 4-3: Location of Trigger Setup and Waveform

7. Select rigger Setup > Trigger Immediate.

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

{2} Waveform - DEV:0 MyDevice0 (XCESLX16) UNIT:0 MylLAO (ILA) |
Bus/Signal X o |0 .“Im. 5 .32|D. - .Mlm. 5 .ﬁTn. 5 .8||]u. 9||3|]I
/GPI0_BUTTONS_O_IBUF o o
/BPI0_BUTTONS_1_IEUF o o
/GPI0_SUITCH_IBUF o o
o JGPIO BUTTONS db o ] 0
o fGPIO0_BUTTONS dly o a 0
o= JGPI0 BUTTONS re o o 0
o isine -sozrz) -soz7z| S
& fU_SIHEGEN/sel o o] ] a

[ »

Figure 4-4: 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.

{2 Bus Plot - DEV:0 MyDeviceD (XC6SLX 16) UNIT:0 MylLAD {ILA)

Flot

@ datavs time
2 data vs data

Display

1000000

line |V|

Bus Selection

[ GRIO_BUTT!
[ AGRI0_BUTT!
[ isine

[N isinesel

x o 10zz

k' 0l 1045264

Sooooo

A

o T L I

I s

Z0oo

SE22|T:

400

-55408

00

s00

1000

Figure 4-5: 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.

11. In the Signal window, right-click /sine and select Bus Radix. Click to select the
Signed Decimal check box.
12. Click the Trigger Immediately button T! and view the high-frequency sine wave bus

plot.

@ Bus Plot - DEV:0 MyDeviceD (XC6SLX16) UNIT:0 MyILAOD (ILA) -

Flot

i data vs time
1 data vs data

Display

250004

line

Bus Selection

— T T e

4] 0 |

| ]

fofi i

Min

Max

—Z500

a

10E:

—3ETEG

=

FETEE

|:|.

Figure 4-6: High-Frequency Sine Wave Bus Plot
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13. 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.

14. Click the Trigger Immediately button again, and view the mid-frequency bus plot.

v g X

{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 Q 1oz

¥ -1z21070 l1z1070

[=]

M S05|¥:| -145509

Figure 4-7: 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}
1000

X o lozz —soooo0t-
F  -5EdEE6 SEREEE

Figure 4-8: 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.”

28 www.xilinx.com Using Xilinx ChipScope Pro ILA Core with Project
—_— Navigator to Debug FPGA Applications


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

& XILINX. Debugging Your Design

18. Click the Trigger Immediately button and view the combined sine wave bus plot.

/ | Extra credit: fix this! |

Bus Plot - DEV:0 MyDevice0 (XCESLX16) UNIT:0 NyILAD (LA} — f ol e i
Plot £

£00000 \_‘
® data vs time kh*-"\/I’

J datavs data

Display
ling -

Bus Selection

- ~
[ iGRIO_BUTTO—| o

[l GPIO BUTTC Z0 400 E00 =lili] Lilili)
v /Il isine —

IC F.Lempﬁel |
4] | b
MinmMax

Hin Hax
X L 1023

=E00000 "N\I

X: =13&\¥:| 293373

W =Srd2es Szd28s

Figure 4-9: 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.
¥ 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.
19. 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 =
- ¢ M1:TriggerPart == R Bin disahled
IGRIO_BUTTO R =
IGRIO_BUTTO ®
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 Add Active Trigger Condition Mame Trigger Condition Eguation
= Dl - TriggerCandition w1 =
E Type: [Window || Windows: 10] Depth: Position: 0
5 Storage Qualification: Al Data
@ sample Burfer is ull

Figure 4-10: 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.

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

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

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

22. Observe the number of windows captured.

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

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

@ Trigger Setup - DEV:0 MyDevice0 (XC6SLX16) UNIT:0 MylLAO (ILA)
; Match Unit Function Value Radix Counter
:1’* 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 |
=1 | i TriggerConditioni | 1 =
g Type: Windows: 10/ Depth: Fositian: 0
% Starage Qualification: All Data
(W Window #5 has 0 samplaes (0%). Total Buffer has & samples (40%).

Figure 4-11: Observing the Windows Captured

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

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 properly.
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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 &

88 Wawtorm - DEVO MDeiced XCESLXIG) UNTOMWALAO AN =@
R U el it Sl
/GFI0_BUTTONS_0_IBUF o o =
/GPI0_BUTTORS_1_IBUF ol o | L]
/GPI0_SUITCH_IBUF o o
o fGPI0_BUTTONS db ol of ] [ )
& [GPI0_BUTTONS dly o o 0 HED 2 )
& JGPID_BUTTONS re of o [ X 0 3
- rsine B g | = ——
o jgineSel 3 3 ] X 0 )}
-
4 B oALF A F 4 » =
Waveform #4 captured Jul 1, 2010 114132 AK x| -sizfafe] o] sizfae] apo: o

Figure 4-12: 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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As shown in Figure 4-12, 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?
32 Using Xilinx ChipScope Pro ILA Core with Project
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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 guideed
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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