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Chapter 1

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

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:

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

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

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

Lab Exercise Setup

The following software and hardware are required for this lab:

e Xilinx ISE Design Suite 14.5 (Logic, DSP, Embedded, or System Edition)
e SP601Platform

e JTAG Cables that come with the SP601 Platform
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Figure 1: SP601-Platform

Design Description

The top-level block diagram for the RTL example design is shown in Figure 2. 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.
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Figure 2: Push Button Used to enable or disable a debounce circuit
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Figure 3: Debounce circuit

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.
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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.
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Figure 4: LED Displays

Files Provided for this Lab Exercise

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

debounce.vhd - Debounce circuit

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
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.

The design files can be downloaded from the following link:
http://www_xilinx.com/support/documentation/dt_isel4-
5 tutorials.htm
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Procedure
Pin-Out Locations Function
SP601 SP605 ML605

CLK_N K16 K22 H9 Clock

CLK_P K15 K21 J9 Clock

GPIO_BUTTONSO P4 F3 Al19 Reset
GOIP_BUTTONS1 Fo G6 G26 Sequencer

GPIO_SWITCH D14 C18 D22 Debounce circuit
selector
LEDs n[0] E13 D17 AC22 Selector[0]
LEDs n[1] Cl14 AB4 AC24 Selector([1]
LEDs n[2] Cc4 D21 AE22 Selector[2]
LEDs n[3] A4 W15 AE23 Selector[3]
Table 1: Pin-out information for Xilinx Platforms
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:
Create and
implement a

Mavigator

projectin Project

Using Xilinx ChipScope Pro ILA Core with Project Navigator to Debug FPGA Applications
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Step 3:
Use ChipScope
Analyzerto

debugyour
design
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Chapter 2

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.
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Creating and Implementing Your RTL Design

o WNew Project Wizard

Create New Project

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

Working Directory: | C:\ChipScope_ProjMavipn_stepl

[ 53]

iy

Description:

Select the type of top-level source for the project

Top-level source type:
HDL

=]

Mext H Cancel ]

Figure 5: Create New Project Window

3. Specify device and project properties as shown here, and click Next.

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

@ o WNew Project Wizard

Project Settings

Specify device and project properties.
Select the device and design flow for the project

Property Name Value

Evaluation Development Board Mone Specified E|
Product Category All E|
Family Spartant E|
Device XC65LX16 hd
Package C5G324 hd
Speed -3 E|
Top-Level Source Type HDL -7
Synthesis Tool XST (WVHDLVerilog) E|
Simulator ISim (WVHDL/Verilog) E|
Preferred Language \erilog E|
Property Specification in Project File  |Store all values E|
Manual Compile Order |:|

WVHDL Source Analysis Standard VHDL-93 E|
Enable Message Filtering |:|

MNext H Cancel

Figure 6: 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.

-

@- o Mew Project Wizard

Project Summary

Project Navigator will create a new project with the following specifications.

=

Project:

Project Name: pn stepl

Project Path: C:\ChipScope ProjNav\pn stepl
Working Directory: C:\ChipScope ProjNav\pn stepl

Description:
Top Level Source Type: HDL

Device:

Device Family: Spartané
Device: xcéslxle
Package: csg324
Speed: -3

Top-Level Source Type: HDL
Synthesis Tool: XST (VHDL/Verilog)
Simulator: ISim (VHDL/Verilog)
Preferred Language: Verilog

Property Specification in Project File:

Manual Compile Order: false
VHDL Source Analysis Standard: VHDL-93

Message Filtering: disabled

Store zall wvalues

Finish H Cancel

Figure 7: Project Summary Window

5. Click Finish on the Project Summary page.

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

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

UG750 (v 14.5) Month March 20, 2013

12


http://www.xilinx.com/

& XILINX.

sinegen_demo_sp601.ucf file. Click on Open.

Creating and Implementing Your RTL Design
Locate the source files in the src folder, select all VHDL source files, all the xco files and the

r

A Cammtar

-

File name: "sine_mid.xco” "sinegen_demo_sp601l.ucf” "debounce.vhd” "fsm.vhd” "sin + lSources( * txt *vhd *vhdl *v V]

& Add Source @
OO || » Computer » OSDisk (C:) » ChipScope_ProjNav » src v|+1~|| Search src p|
Organize ~ New folder = - 0O 9

© Favorites | MName Date modified Type : Size
Ml Deskiop & sinegen_demo_ml605.ucf 11/21/2012 1:46 PM  UCF File 3KB
i Downloads | &| sinegen_demo_sp60L.ucf 11/21/2012 1:46 PM  UCF File 2KB
«» Recent Places Il # debouncevhd 11/21/2012 1:46 PM VHD File 3KB
& fsm.vhd 11/21/2012 1:46 PM  VHD File 4 KB
~ Libraries —  |® sinegenvhd 11/21/2012 1:46 PM  VHD File 5 KB
.*. Documents | sinegen_demo.hd 11/21/2012 1:46 PM  VHD File 6 KB
& Music sine_high.xco 11/25/2012 222 PM  XCO File 4KB
=L Pictures sine_low.xco 11/25/2012 2:26 PM XCO File 4 KB
8 videos sine_mid.xco 11/25/2012 2:24 PM  XCO File 4KB

o [cmm |

Figure 8: Source Files

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

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

2 @ debounce.vhd

3 @ fsmvhd

4 @ sinegen.vhd

5 @ sinegen_demo.whd
6 @ sine_highxco

7 D sine_lowxco

8 @ sine_mid.xco

Association

All
All
All
All
All
All
All

1@ sinegen_demo_spb0l.ucf Implementaa work

E work
E work
E work
E work
E work
E work
E work

Library

K1/ K1/ K1 KV EYE KN EX

Adding files to project: | R & of & files (0 errors)

oK

H Cancel H

Help ]

Figure 9: Adding Source Files Window
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‘A X"—I NX* Creating and Implementing Your RTL Design
8. Right-click sinegen_demo and select New Source to add a new definition and
connection (- cdc) file to the project.

. ISE Project Navigator (P) - C\ChipScope_ProjNav\pn_stepl\pn_stepl.xise - [C
E File Edit View Project Source Process Tools Window Layout He

DraHE‘ﬂl -| 4 3 ‘X|EJ f,| »

ArERPRAIN R

|Design 4—»|:|5X| S
[ | View: (@) 1} implementation () &8 Simulation 6
& | Hierarchy )
- ] pn_stepl E
A | B €3 xcbslx16-3csg324 o
E B m nEQEH_dEmD - Mixed leinonaon donnodhdl I
= U_DEBOUNCE 0 - de) PRSIV N ﬁ
- [% U_DEBOUNCE_1 - dt 5 Add Source.. B

U_SINEGEN - sinege —
— : - ; Add Copy of Source...
m U_FSM - fsm - Mixeq "

[ sinegen_demo_sp60  Open
£| Remove

Figure 10: New Source Selection
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9. In the New Source Wizard, select ChipScope Definition and Connection File, and then
type pn_stepl.cdc for the file name and click Next.

=

o New Source Wizard

Select Source Type

Select source type, file name and its location.

BEMM File

& ChipScope Definition and Connection File
Fe Implementation Constraints File

4] 1P (CORE Generator & Architecture Wizard)
MEM File File name:
[#] Schematic on_step.cdc
[=] User Document
Verilog Module
@ Verilog Test Fixture C:\ChipScope_ProjMavipn_stepl @
VHDL Module

[y VHDL Library

[¥] VHDL Package

[ VHDL Test Bench

%8 Embedded Processor

Location:

+ | Add to project
proj

Mext H Cancel

Figure 11: New Source Wizard

10. Review the information on the Summary page in the New Source Wizard and then click
Finish.

Using Xilinx ChipScope Pro ILA Core with Project Navigator to Debug FPGA Applications  www.xilinx.com
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@ o New Source Wizard

Summary

Project Navigator will create a new skeleton source with the following specifications.

[ ]

Add to Project: Yes

Source Directory: C:\ChipScope_ProjNav\pn_stepl
Source Type: ChipScope Definition and Connection File
Source Name: pn_stepl.cdc

Association: sinegen_demo

Finish H Cancel

Figure 12: New Source Wizard Summary

Using Xilinx ChipScope Pro ILA Core with Project Navigator to Debug FPGA Applications
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Creating and Implementing Your RTL Design

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

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

double-click Regenerate All Cores.

. ISE Project Navigator (P) - C\ChipScope_ProjNav\pn_step1\pn_stepluxis

Tools Window Layou

E File Edit View Project Source Process

Dr?[jllﬂ||db 'X|IO¢'=I| »

t 2R R 2RI

| Design <08 x|
[ |View: (@) & mplementation () [ Simulation
& | Hierarchy
@ pn_stepl
.2, | B £3 xcbslx16-3csg324
E - s:ts’: sinegen_demo - Mixed (sinegen_demo.vhd)
— U_DEBOUNCE_D - debounce - Mixed (debounce.vhd)
U_DEBOUNCE_] - debounce - Mixed (debouncevhd)
i = U_SIME&EN - sinegen - virtex (sinegen.vhd)
m ® ‘% U_SH - sine_high (sine_high.xco)
3 U_SM - sine_mid (sine_mid.xco)
B8 ‘% U_SL - sine_low (sine_lowxco)
U_FSM - fsm - Mixed (fsm.vhd)
~&* pn_stepl.cdc
@ sinegen_demo_sp601.ucf
# | B Mo Processes Running
B! No single design module is selected.
= =% Design Utilities
0| @  Update All Schematic Files
: 523 ComEiIe HDL Simulation Libraries
% Regenerate All Cores
w47 Check All Core Versions

Figure 13: Sine Wave Generator Files in the Design Window

12. 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.

Using Xilinx ChipScope Pro ILA Core with Project Navigator to Debug FPGA Applications
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- - - ]
o ISE Project Navigator (P) - C\ChipScope_ProjNav\pn_stepl\pn_steplxise - [Desi
i File Edit View Project Source Process Tools Window Layout Help

NAEHF L[Xnbx|vwal| [t raH=a!
|Design Hgﬁlx| E =8|
[ | View: EE:' {&F implementation '::ﬁ_:' k& simulation a
o=l Hierarchy ®
pr_stepl E
5, | B €3 xcbslx16-3csg324 B
E =il sinegen_demo - Mixed (sinegen_demo.vhd) =
U_DEBOUNCE_O - debounce - Mixed (debounce.vhd) ﬁ
-] U_DEBOUNCE_1 - debounce - Mixed (debounce.vhd) Y o
E =k U_SINEGEN - sinegen - virtex (sinegen.vhd) -
m 4 USH - sine_high (sine_high.xca)
4 U_SM - sine_mid (sine_mid.xco)
~ 47 U_SL - sine_low (sine_low.xco)
U_FSM - fsm - Mixed (fsm.vhd)
- &% pn_stepl.cdc
- P4 sinegen_demo_sp601l.ucf
2-[
#» | B2 No Processes Running
g Processes: sinegen_demo - Mixed
% - &  Design Summary/Reports
i |®= % Design Utilities —D——
- %  User Constraints EE
@02 Implemer i% Run Dp&
~ ¥  Generate| ReRun E
w8  Configure Rerun All E
Analyze C B¢ Stop E
View Text Report
Force Process Up-to-Date
p Implement Top Madule

Design Goals & Strategies...
= st = pesion |___ ’ z
\@nsom— 1 Process Properties...

Process "Regenerate A1l Cores" completed successfully

Figure 14: Changing Synthesis Process Properties
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=¥ Process Properties - Synthesis Options @
Category Switch Name Property Name Value
Synthesis._ Options -opt_mode Optimization Goal Speed E|
H_[?L Optlor_w% ] -opt_level Optimization Effort Normal E|
Xilinx Specific Options -
-power Power Reduction |:|
-iuc Use Synthesis Constraints File
-uc Synthesis Constraints File
keep_hierarchy Keep Hierarchy Soft hd
-glob_opt Global Optimization Goal AllCIockNy™
-rtiview Generate RTL Schematic Yes E|
-write_timing_constraints Write Timing Constraints |:|
-dsp_utilization_ratio DSP Utilization Ratio 100 =
Property display level: Standard E Display switch names

IT[ cancel || apply || Hep .I:;

Figure 15: Synthesis Options Dialog Box

13. Click Apply or OK.
Now you are ready to synthesize the design.
14. Double click the Synthesize process.

15. From the menu, select File > Copy Project to copy the project as pn_step2 as shown
here.

Using Xilinx ChipScope Pro ILA Core with Project Navigator to Debug FPGA Applications  www.xilinx.com
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& Copy Project | =2
Name: pn_step2
Location: C:\ChipScope_ProjNavipn_step2 E
Working directory: | C:\ChipScope_ProjNav\pn_step2 E
Description:

Source options

I”_) Keep sources in their current locations
1@/ Copy sources to the new location

Copy files from Macro Search Path directories

[Com.r Additional Files...

Generated files option

I:‘ Exclude generated files from the copy

Copy options

Open the copied project

ok || cancel || melp

Figure 16: Copy Project Dialog Box

16. 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 Stepl:

2. What are some major circuits used in this lab?

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

Using Xilinx ChipScope Pro ILA Core with Project Navigator to Debug FPGA Applications  www.xilinx.com
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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. In the Hierarchy window, double-click the pn_step1.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.

Using Xilinx ChipScope Pro ILA Core with Project Navigator to Debug FPGA Applications  www.xilinx.com
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Adding a ChipScope ILA Core

L= ChipScope Pro Core Inserter [pn_stepl.cdc]
File Edit Help

H < =

=@ ]=]
%
= DEVICE | DEVICE Select Device Options |
ICON 2 o
i rDesign Files
Input Design Netlist:
Qutput Design Netlist:
___________________________________________________________________________ S ——
rCore LHilization
rDevice Settings
: | Device Family: I~]
Use SRLs
Use RPMs
BRAM Count: 0

< Previous || Next > |

Loading CODC project C:\ChipScope_ProjMavipn_step2\pn_step1.cdc

Successfully read project C\ChipScope_ProjMavipn_step2\pn_step1.cdc
4]

Figure 17: ChipsScope Pro Core Inserter

2. Click Next. The window displays the ICON options.

Using Xilinx ChipScope Pro ILA Core with Project Navigator to Debug FPGA Applications
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Adding a ChipScope ILA Core
& ChipScope Pro Core Inserter [pn_stepl.cdc] E\@
File Edit Help
H <« = ?
= DEVICE | ICON Select Integrated Controller Options |
ICON i
arameters
Boundary Scan Chain
T T —

BRAM Count: 0

< Previous || Next > |

New ILA Unit | | New ATC2 Unit |
Loading CDC project C:\ChipScope_ProjNavipn_step2\pn_step1.cdc
Successfully read project C\ChipScope_ProjMavipn_step2\pn_step1.cdc
1]

[ |
Figure 18: 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.
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& ChipScope Pro Core Inserter [pn_stepl.cdc]
File Edit Help

(=@ =]

H <« = ?
= DEVICE ILA Select Integrated Logic Analyzer Options
Bl ICON i
Uo: ILA l/ Trigger Parameters r Capture Parameters r Net Connections
Trigger Input and Match Unit Settings
Number of Input Trigger Ports: Number of Match Units Used: &
TRIGO: Trigger Width: [2 Match Type: |Basic wiedges I~ ]
Core Litilizatio # Match Units: I:E Bit Values: 0,1,X,R,F,B,N L
Counter Width: |Disabled [~] Functions: =, <
TRIGT: Trigger Width: [2 Match Type: |Basic wiedges R
# Match Units: I:E Bit Values: 0,1, X,R,F,B,N
Counter Width: |Disabled [~] Functions: =, <
BRAM Count: 2 —
TRIG2: Trinoer Width: 2 | Match Tvne: ‘Haqir el ‘vl >
Trigger Condition Settings
Enable Trigger Sequencer Max Number of Sequencer Levels:
Storage Qualification Condition Settings
Enable Storage Qualification
<rovons | [ vext> |
M a
Successfully read project CChipScope_ProjNavipn_step2ipn_stepT.cdc -
copy C\ChipScope_ProjNavipn_step2\sinegen_demo_cs.nge == C\ChipScope_ProjMavipn_step2\_ngo\sinegen_demo_cs_signalbrowser.ngo :
4] DN

Figure 19: Trigger Parameters Tab of the ILA Options Window

For this example, set the Number of Trigger ports to 6 and the rest of the parameters as follows.

Trigger Name Trigger Width Match Type
TRIGO 2 Basic w/ edges
TRIG1 2 Basic w/ edges
TRIG2 2 Basic w/ edges
TRIG3 20 Basic
TRIG4 2 Basic w/ edges
TRIGS 3 Basic w/ edges

5. Select the Capture Parameters tab and examine the trigger parameters you just set.
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File Edit Help
H <« =

= DEVICE

& ChipScope Pro Core Inserter [pn_stepl.cdc]

(=@ =]

?

= ICON
U0 ILA

| ILA Select Integrated Logic Analyzer Options |

Trigger Parameters | Capture Parameters rNetConnecﬁons
| rCanture Settings

Sample On Clock Edge
Data Depth: |1024 Samples Data Same As Trigger

~Core Utilization

rTrigner Pors Used As Data

BRAM Count: 2

Include TRIGO Port (width=2)
Include TRIG1 Port {width=2)
Include TRIG2 Port {width=2)
Include TRIG3 Port (width=20)
Include TRIG4 Port (width=2)
Include TRIGS Port (width=3)

< Previous || Next > |

Succe;s_ﬁTITy read project C\ChipScope_ProjMNavipn_stepZipn_stepT.cdc

1]

copy C\ChipScope_ProjNavipn_step2\sinegen_demo_cs.nge == C\ChipScope_ProjMavipn_step2\_ngo\sinegen_demo_cs_signalbrowser.ngo

Figure 20: Capture Parameter Tab

6. Connect each port to debugging nets. To do this:

a. Select the Net Connections tab as shown here.
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& ChipScope Pro Core Inserter [pn_stepl.cdc]

s @]r=]
File Edit Help
HE < = )
o | = Select Integrated Logic Analyzer Options |
= ICON 3
uo:ILA Trigger Parameters | Capture Parameters || Net Connections ||
rNet Connection:
@ UNIT

o= CLOCK PORT
o= TRIGGER PORTS

BRAM Count: 2

Modify Connections

< Previous | | Return to Project Navigator |

Succe;s_;fully read project C\ChipScope_ProjMNavipn_stepZipn_stepT.cdc
copy C\ChipScope_ProjNavipn_step2\sinegen_demo_cs.nge == C\ChipScope_ProjMavipn_step2\_ngo\sinegen_demo_cs_signalbrowser.ngo
4]

Figure 21: 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. To search for the "clk_BUFG" net, type the "clk_BUFG" string in the Pattern field
and click Filter.

d.

Select the clk_ BUFG net from search results and click Make Connections.
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Select Net

k4

Structure | Nets

:| Net Selections

o= U_FSM [fsm]

¢ [/[sinegen_demo]

o= U_SINEGENM [=sinegen]

| »

1’ Clock Signals | TriggeriData Signals |

_ 0 [debounce]

w | pattern:}cik_BUFG vﬁ?

Net Hame
Met Mame Source Instance Source Component |Base Type :
clk_BUFG clk_BUFG BUFG BUFG - §§
I CPo I
I Make Connections I Move Nets Up
4] I |: Remove Connections Move Nets Down
ok |[ cancel |

Figure 22: Select Net Window

7. Repeat the previous step to connect the rest of trigger ports:

e TPO:

e TPI:

o TP2:

e TP3:

o TP4:

o TP4:

e TP5:

e TP5:

search for *sel* from the U_SINEGEN hierarchy

search for *GPIO_BUTTONS_re* from the sinegen_demo hierarchy
search for *GPIO_BUTTONS_dly* from the sinegen_demo hierarchy
search for *SINE* from the sinegen_demo hierarchy

search for *GPIO_BUTTONS_db<0>* from the sinegen_demo hierarchy
search for *GPIO_BUTTONS_db<1>* * from the sinegen_demo hierarchy
search for *GPIO_BUTTONS_0_IBUF* from the sinegen_demo hierarchy

search for *GPIO_BUTTONS_1_IBUF* from the sinegen_demo hierarchy

e TP5:search for *GPIO_SWITCH_IBUF* from the sinegen_demo hierarchy

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

UG750 (v 14.5) Month March 20, 2013

27


http://www.xilinx.com/

& XILINX.

Adding a ChipScope ILA Core

Select Nes

B

Structure [ Nets

Net Selections

¢ /[sinegen_demao]

U_DEBOUNCE_0 [debounce]
U_DEBOUMNCE_1 [debounce]

LSl

¢ U_SINEGENM [sinegen]
W W E TR
LI_SM [sine_mid]
LI_SH [sine_high]

Clock Signals | TriggeriData Signals |

Channel|

H:0  |U_SINEGENIsel<0>

Net Name v | Paﬂernl*sel* Iv | Filter
Met Name Source Instance Source Component |Base Type

sek1= U_SINEGEM =zinegen FDR

sell= U_SINEGEN sinegen FDR

CHA  [JU_SINEGEN/sel=1=

TP1 | P2 [ TP3 | TP4 [ TP5 |

[*]

| Make Connections | |MmreNetsUp |

: | Remove Connections | | Move Nets Down |

Figure 23: Trigger/Data Signals

Once complete, all ports turn from red to black, indicating that you have finished
connecting all the clock and trigger ports to debugging nets. Click OK. Back in the
ChipScope Pro Core Inserter dialog box you can expand the Net Connections to verify

that all appropriate connections were made.
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&), ChipScope Pro Core Inserter [pn_stepl.cdc] E\@

File Edit Help

H <« = ?
ElDEVICE ILA Select Integrated Logic Analyzer Options
Bl ICON 2
Uo: ILA g@rTriggerParameters rCaptureParameters lNetConnec‘tionsI
i Net Connections
CH2: /sine=2= i
CH3: /sine=<3=
CH4: /sine<4=
CH&: /sine<5=

CHE: /sine=G=

CH7: /sine<7=

CH8: /sine<8=

CHY: /sine<9=

CH10: /sine=<10=

CH11: /sine=11=

CH12: Isine=12=

CH13: /sine<13=

CH14: [sine<14=

CH15: Isine=<15=

CH16: /sine=16=

CH17: Isine=17=

: CH18: /sine=<18=

BRAM Count: 2 . CH19: lsine<13=

. o IRIG4

CHO: /GFIO_BUTTONS _db=0=
CH1: /GPIO_BUTTOMNS db=1=

CHO: /GPIO_BUTTONS_0_IBUF
CH1:/GPIO_BUTTONS_1_IBUF
CH2: IGPIO_SWITCH_IBUF

[«]

Modify Connections
< Previous | | Return to Project Navigator |

M ]
copy CA\ChipScope_ProjNavipn_stepZisinegen_demo_cs.ngc == C.\ChipScope_ProjNavipn_stepZi_ngolsinegen_demo_cs_signalbrowser.ngo -
show SignalBrowserDialog ]

1] [*]

Figure 24: Complete Net Connections

9. Save and close the pn_step1. cdc file by clicking on File and selecting Save. Click on
Return to Project Navigator 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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Questions

11. In the Startup Options category, set the -g StartUpClk switch to the JTAG Clock
option. Click Apply, then OK.

e

Category

General Options
Configuration Options
Readback Options

Encryption Options
Suspend/Wake Options

Eg Process Properties - Startup Options

[=]
Switch Name Property Name Value

-0 StartUpClk: IFPGA Start-Up Clock UTAG Clocl™
-g DonePipe: | Enable Internal Done Pipe

-g DONE_cycle: Done (Output Events) Default (4:E|
-g GTS_cycle: | Enable Outputs (Output Events) Default {SZEI
-g GWE_cycle: | Release Write Enable (Output Events) Default (GjEI
-g DriveDone: | Drive Done Pin High |:|

Property display level: Standard E Display switch names

(o[ comcel | [ poo ][ e ]

Figure 25: 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.
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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.

e Verify that all sine wave selections look correct
o Verify 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.

{8 ChipScope Pro Analyzer [sinegen_demo]

(@ | Trigger Run Mode: |Sinale || p BT

File View JTAG Chain Device Trigger Setup Waveform

Window Help
| @ 22 9|2 £ H

Project: sinegen_demo

JTAG Chain

¢ DEV:0 MyDevice0 (XCBSLX16)|

¢ UNIT:0 MylLAD {ILA)

Trigger Setup
Waveform
Listing
Bus Plot

e B R B e B G T C I NTETTT] :

Signals: DEV: 0 UNIT: 0
o= Data Port
o= Trigger Ports

T : :
3 @ Trigger Setup - DEV:0 MyDeviced (XC

Match Unit
o= MO:TriggerPortd

Y2 4

Gy 4
>
o
o
R Y

Del

npe [moon [~

Storage Qualification:

amnden 4

|| 1 waveform - DEV:0 MyDevice0 (XCBSI

Bus/Signal X o]

DataPort[0] a a

INFO: ChipScope Pro Analyzer Version: 14.5 P (Build 14500.13.73.434)

COMMAND: update_platform_usb_esn_list
INFO: Started ChipScope host (localhost50001)

INFO: Platform USB cables connected:
USB21/ESN00001324763001

INFO: Successfully opened connection to server: localhost:50001 {localhost127.0.0.1)

COMMAND: open_platform_usb_cable FREQUENCY=3000000 PORT=USB21 ESN=00001324763001

B FUrt=1uonsT).
INFO: Checking cable driver.
INFO: Driver file xusbdfwu. sys found.

INFO: Driverversion: src=1027, dest=1027.

Figure 26: JTAG Chain Connection Details

Debugging Your Design

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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JTAG Configuration
File: sinegen_demo.bit

Directory: CAChipScope_ProjMNavipn_step2

[] Clean previous project setting

Select Mew File

Impart Design-level CDC File
MOTE: This operation cannot be undone.

Design-level COC File
Auto-create Buses

File: pn_stepi.cdc
Directory: CAChipScope_ProjMNavipn_step2

| Select Mew File |

| 0K || Cancel |

ChipScope Pro Analyzer [sinegen_..| &3

Figure 27: JTAG Chain Connection Details

5. Verify the device configuration and ILA core.
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f_EIIB Yiew JTAGChain Dedcs Window Haip
B

Project: sinegen_demo '
JTAG Chain
7 DEVQ MyDeviced (NCRSLX1E)
§ LR 0 EhILAD (LA)
Trigaer Setup
Warmhorm

Listng
Bus Pl

Q)
= 7.\

PO ChipSoope Pro Anatyzer  Yersion: 144 P4Ba (Build 14400 12297 115T)

COMMAND: update_dgilent_cable_ksi
PO Alempting bo connadt 10 @n euising sener

O Succeistally optned connpcion i sensr chanbirellad 10883 {chantsrsllali 10 10.65.0)
WWARNING: Hi Dagibent UISE JTAG Cablis cossacted,

COMMAMNDE open_taige! xiling_platformuil PORT=USEE FREGUERCY=30006000

PG AREMpEag 1o conned I 30 axishng sarerd

PO Sucosssiully spened conneclion by senar chanbinelad: 10893 (chantersll8r10 10 85 9)
FO: OF plabioem = B85

PO Conndoting to cable (Ush Port - UISE21)

PO Kaenid rebedad = 28 27 18-8ysat

PO Wan currsn rguested dunng enumeration is T4 ma

PEO Type = G004

FFD Cable Type = 3, Revision = 0

O Selting cable sored 1o 3 MHE

PEQ Calthy conndction aslablahed

R0 el widgion = 1024,

WFD File versson of ipropabuilaadds_14.4_P 453 0. 0%nM 4 JASE_DEeSEMalatust_dpdhex = 1203
O Fimmrwane hea fle version = 1303

IFO: Downloadng eojbuildsids_14.4_F 452 0 0814 J15E_DERSEMatatmsh _iip hax

O Downboaad lemware varson = 1303
PO PLD e vesion = 00120

PFC PLD versson = 0012h

PO Type = Oodi

IFO- EEM oplion: 00001 324TEFC01

FQ: Succrisialy opned tibna_platiemust

O DEVD MyDiviced (RCESLXIE) 8. nol configuied
OMMANDE: configure 0 “CHChipscope_Projiayipn_steptisisegen_demobil™ 0 mmporl_inseer_cdc “Coilhipscope_Projiavipn_stepl™ “pa_siepl.odc™ dofulo
0 Found 1 Corg Unitin e JTAG device Chain

OMMANC: impodt_insarter_cde “CiChipscops_Profavipn_step?™ "pn_stepi.cdc™ 0 Dokuts

Figure 28: Device Configuration Details

6. Open the Trigger Setup and Waveform windows by double-clicking on each item:
Trigger Setup and Waveform.
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Chipscope Po Analzer [snegen. demol IR M. e

Eile View JTAGChain [Qewce [ngger3stup Waveform Window Help

&8 [ | Troerrunuoon [Single _[w]| v w T!| |G S 2 ¢| £ p A
Fl o
Project: sinegen_demo ' o] & Trigger Setup - DEV-D MyDevicel [XCE SLX16) UKIT:O MylLAD (ILA)
JTAG Chain AT T lpmtein, Jomah
% DEV0 MyD SLY16) yre— L
b | = W Trggeon
* M1Tnggeortl
| & Mz TrggePon2
| & M3 TrigguPorid
|+ M4 TriggerPorts
i & WS TnggedPors
e { Ama || Active
|| signats: DEV: 0 UWIT: 0 — &
Il + DataPort 2 =
&= MGPIC_BUTTONS_db G
& IGPID_BUTTONS_dly ﬁMME&“&‘%@WL‘H ---------
o= KGPIC_BUTTONS re Bus/Signal | % | o
o= fLing !
& AF_SINEGEM/sel GEI0_BTITONS 0 IBOF o o
CH 28 /GPICO_BUTTONS_0_IBUF
CHE 29 JGPIO_BUTTONS_1_IBUF SOFTO_EUTTONT_ ), TEOF o e
CHE 30 JGPI0_SWITCH_IBUF fGFT0_SWITCH IROF o o
¢- Trigger Pons |
& Triggeodl | & JGFIO_BUTTOMS db
& TriggerPost1 o= /GFI0_BUTTORS dly
o= TrggePor2 = i~
& TripgePort3 o= JGFIO BOTTONS re
& TriggerPon4
o= TriggePons { rakss
I" #0_SINEGEH/3el
[l Talnialna

l|; -

Figure 29: Location of Trigger Setup and Waveform

7. Select Trigger Setup > Trigger Immediate.

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

TP i S

LA e B b e N D g e g B b s o
- 'ﬁjfilﬂﬂﬂﬂ.ﬂllﬁﬂﬂlﬁﬂﬁlﬂﬂﬂﬁfﬁhﬂﬂiﬂﬂﬂ
Tt

W T T || {

oI mer TE 1
- b |
- v EE :|
1§
!

" ) T

|
" T I
1

Figure 30: Sine Wave Activity

9. Double-click Bus Plot to open the Bus Plot viewer.

10. On the Bus Plot window, select /sine to display the sine wave.
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o .
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Figure 31: 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 Signed 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, and view the high-frequency sine wave bus plot.

T T —————

mEEEE gt

Figure 32: High Frequency Sine Wave Bus Plot

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

ool |

@ Bus Plot - DEV:0 MyDevice0 (XC6SLX16) UNIT:0 MyILAO (ILA)

Flot
@ data vs time
1000004

) data vs data

Display

line |v

Bus Selection
[ WM /GPIO_BUTT

(v isine

[ /sineSel

1 [*]

Iz

Min Max =1l00a00+
1nz2

X a
E -lzlao70 121070

(=

i G057 -14585809

Figure 33: 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.

2] Bus Plot - DEV:0 MyDevice0 (XC6SLX 16) UNIT:0 MylLAD (ILA

hlinhdz

Min Max
X o 10E: —coooood
¥ -SEZAEGE SERETE

o
1000

Il soonoof
® data vs time
) data vs data

Display
CR—

Bus Selection

Figure 34: 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.

/ | Extra credit: fix this! |

{E] Bus Plot - DEV:0 MyDeviceD (XCGSLX 16) LNIT-0 MylLAD (ILA) — / =
Plot /

S00000 A
# data vs time 'k.r\,/J

data vs data

Display
ling -

Bus Selection

- Py

M /GPIO_BUTTO— 0 o

I /GPRIO_BUTTG 20 400 €00 200 1000

vl icing -

I isingSel o
4| | T

Min/Max

Min Haz

:. o 1023 = S00000 M

W -IxdiEg Lrdzeg

x: =138|¥:| 293373

Figure 35: 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.

e Verify that all sine wave selections look correct.
e Verify that selection logic is working correctly:

e  Verify that state machine is transitioning correctly and outputs are correct.

e Verify that state machine inputs are correct.

Next, start debugging the selection logic circuit.
19. Set the following parameters:

e Match: set TriggerPortl to RX -- to look for rising edge on GPIO_BUTTONS _re[1]
because this is what causes FSM to transition.

e Trigger Conditions: M1 -- set up trigger equation to M1
e Capture Settings: Windows = 10; Depth = 2
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@ Trigger Setup - DEV:0 MyDevice0 (XCGSLX 16) UNIT:0 MyILAO (ILA)
; htatch Unit Function Yalue Radix Counter
&|| & moTriggerrorto == 30 Bin disabled =
- ¢ M1 TriggerPort] == R Ein disabled
fGPIO_BUTTCR R =
fGPIC_BUTTCK o
o= M2 TriggerPort2 == hE Ein disabled |
o= M3 TriggerPort3 == R O 00 Ein disabled
¢ M4 TriggerPortd == ht Bin disabled |
et=ilami=1Namualy N -
:—J Add Active Trigger Condition Mame Trigger Condition Equation
= i) TriggerConditiond W1 et
-
g Type: = Windows: 10( Depth: Fosition: ]
5 Storage Gualification: All Data
@ sample Buffer is full

Figure 36: 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 * 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.
e If only one window was captured, repeat steps 21 and 22.

e If more than one window was captured, go to the next step.
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Trigger Setup - DEV:0 MyDevice0 (XCESLX16) UNIT:0 MylLAO (ILA) = |
= Match Linit Function WYalue Radix Counter
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Figure 37: 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 Sequencer button.
Also, note the correct transition of sineSel, which indicates that the state machine is

working properly.

You just verified that sine wave generators are working correctly.

e Verify that all sine wave selections look correct.

e Verify that selection logic is working correctly:

e Verify that state machine is transitioning correctly and outputs are correct.

e  Verify that state machine inputs are correct.

24. Set the following parameters for trigger modes and conditions:

e Trigger Run Mode: Repetitive

e Match: set TriggerPort5 to XRX -- to look for rising edge on GPIO_BUTTONS_1_IBUF,

which is the input buffer for the Sine Wave Sequencer button on the board.

e Trigger Conditions: M5
e Capture Settings:

e Windows=1
o Depth =1024

e Position =512

25. Click the Run Trigger button and press the Sine Wave Sequencer button on the board
until you see multiple transitions on the GPIO_BUTTONS_1_IBUF signal.
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Figure 38: 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.

e Verify that all sine wave selections look correct.

e Verify that selection logic is working correctly:

0 Verify that state machine is transitioning correctly and outputs are correct.

0 Verify that state machine inputs are correct.

As shown in Figure 32, 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

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

6. Why is a debounce circuit required for this lab?
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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. Briefly describe what you did in Stepl.

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?

e debounce.vhdl - Debounce circuit

e fsm.vhdl - Control state machine

e 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 do not 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 is 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.
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6. Why is a debounce circuit required for this lab?

Question Answers

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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