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Lab 6: Chipscope Debug Lab

Targeting XUP Spartan-3E
Chipscope Debug Lab

Introduction 

This lab guides you through the process of inserting an ILA/ICON core into your design to perform an on-chip verification. 

Objectives 

After completing this lab, you will be able to:

· Create some simple tasks that runs on PicoBlaze

· Create ILA and ICON cores using Chipscope-Pro and insert it into a PicoBlaze design

· Specify trigger options in Chipscope Analyzer

· Download the bitstream and run  the design in hardware

· Perform an on-chip verification and view the wave forms in Chipscope Analyzer
Procedure 

In this lab, you will modify a software application targeted to PicoBlaze and use Chipscope-Pro to perform an on-chip verification. 

This lab comprises five primary steps: You will add a Chipscope project file to the design, modify ILA parameters and connections, modify software and update design, assign termination constraints to unconnected switch inputs, and perform an on-chip verification. Following each general instruction for a given procedure, you will find accompanying step-by-step directions and illustrated figures that provide more detail for performing the general instruction. If you feel confident about a specific instruction, feel free to skip the step-by-step directions and move on to the next general instruction in the procedure.

Note: If you are unable to complete the lab at this time, you can download the lab files for this module from the Xilinx University Program site at http://www.xilinx.com/univ
Design Overview

You will use Chipscope-Pro to insert ICON and ILA cores into the design, where the trigger port of the ILA core is fed by signals from the uart_rx and uart_tx modules in the design.  Next, you will setup the trigger to capture data when text is entered via hyperterminal.  You should see the resulting text displayed in Chipscope when the buffer is full.


Create a New Chipscope-Pro Project
Step 1

[image: image20.png]Launch the ISE™ Project Navigator and open the project file.

· To open the Xilinx ISE software, select Start ( Programs ( Xilinx ISE 8.2i ( Project Navigator  

· Select File ( Open Project

· Verilog users: Browse to c:\xup\fpgaflow\labs\verilog\lab6\chipscope 
VHDL users: Browse to c:\xup\fpgaflow\labs\vhdl\lab6\chipscope 
· Select chipscope.ise and click Open
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Create a new Chipscope-Pro project through the Project Navigator.

· Select Project ( New Source in Project Navigator to open the new source dialogue, click on Chipscope Definition and Connection, and enter the name loopback_cs.  Click <Next> to continue.

 SHAPE  \* MERGEFORMAT 



Figure 6-1. New Source Dialog Box

· Select loopback as the source.  Click <next> and then <finish>.   A Chipscope-Pro source will be added to the Sources in Project window.
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Figure 6-2. Chipscope Definition and Connection (.cdc) added to Project

Modify ILA Core Parameters and Connections
Step 2
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Insert an ICON and ILA core into the design netlist using Chipscope-Pro Core Inserter.  Connect the output of the accumulator to the trigger and input data ports of the ILA core.

· Double-click the loopback_cs.cdc file in the sources in project window to open the core inserter project.  


[image: image4]
Figure 6-3. Chipscope-Pro Core Inserter


Note: Projects saved in the Core Inserter hold all relevant information about source files, destination files, core parameters and core settings.

· Click <next>.  Leaving the Disable JTAG Clock BUFG Insertion option unchecked, click New ILA Unit.  Notice in the left hand window how an instance of the ILA core, U0:ILA, is added to the system.
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Figure 6-4. Insert a new integrated logic analyzer (ILA) Unit

Note: Disabling the JTAG clock BUFG insertion causes the ISE tools to route the JTAG clock using normal routing resources instead of global clock routing resources.  This option should only be selected if global routing resources are scarce.

· Click <next> to setup the trigger parameters
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Each ILA or ILA/ATC core can have up to 16 separate trigger ports that can be setup independently.  The individual trigger ports are buses that are made up of individual signals or bits that can range from 1 to 256 bits. Each trigger port can be connected to 1 to 16 match units.  

A match unit is a comparator that is connected to a trigger port and is used to detect events on that trigger port.  The results of one or more match units are combined together to form the overall trigger condition event that is used to control the capturing of data.  The different comparisons or match functions that can be performed by the trigger port match units depend on the type of match unit.  The ILA and ILA/ITC cores support six types of match units.

In this lab, you will setup the ILA core to trigger via some UART control signals.
· Set the following ILA trigger parameters as follows and then click <next>

Trigger Input and Match Unit Settings

· Number of input trigger ports: 3

	Trigger Port
	Trigger Width
	# Match Units
	Counter Width
	Match Type

	TRIG0
	1
	1
	Disabled
	basic

	TRIG1
	1
	1
	Disabled
	basic

	TRIG2
	1
	1
	Disabled
	basic


Trigger Condition Settings

· Enable Trigger Sequencer: Checked (This allows you to specify a sequence of events to enable triggering)

· Max Number of Sequencer Levels: 2

Storage Qualification Condition Settings

· Enable Storage Qualification: Checked (This allows you to specify which data will be stored in the internal buffer)


[image: image5]
Figure 6-5. Specify the Trigger Parameters
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The maximum number of data sample words that the ILA core can store in the sample buffer is called the data depth.  The data depth determines the number of data width bits contributed by each block RAM unit used by the ILA unit.  The maximum number of data sample words that can be captured depends on the number and size of block RAM, which varies according to device family and density.

· Set the following options and click <next>

· Data Depth: 512

· Sample On: Rising clock edge

· Data Same as Trigger Port: unchecked

· Data Width: 8
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Figure 6-6. Specify Trigger Parameters
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The net connections tab allows you to choose the signals to connect to the ILA or ILA/ATC core.  If trigger is separate from data, then clock, trigger, and data must be specified.  Connections that have not been made will appear in red.
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Figure 6-7. Unconnected Net Connections

· Click the Modify Connections tab
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Figure 6-8. Net Connections
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The Select Net dialog provides an easy interface to choose nets to connect to the ILA, ILA/ATC or ATC2 cores.  The hierarchical structure of the design can be traversed using the Structure/Nets pane.  All the design’s nets of the selected structure hierarchy appear in the table at the lower left pane.  The Clock Signals and Trigger/Data Signals tabs illustrate the net connections between the design and the ILA core.

· With the Clock Signals tab under Net Selections selected, highlight the entry for clk55MHz in the listing of nets and click the Make Connections button to connect the clock signal in the design to the clock port of the ILA core.


[image: image7]
Figure 6-9. Connect the clock

· Click the Trigger Signals tab, and connect the three trigger ports as follows:

· TP0: data_present (this signal indicates that data is present in the uart_rx module

· TP1: read_from_uart (input to uart_rx that indicates that a read operation will occur)

· TP2: write_to_uart (input to uart_tx that indicates that a write operation will occur)
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Figure 6-10. Connect the Trigger Ports

· Click the Data Signals tab and connect the output port of the PicoBlaze controller to the data port of the ILA core according to Figure 6-11, and click <OK>:


[image: image11]
Figure 6-11. Connect the PicoBlaze output port
· You will notice that the Clock, Trigger, and Data ports under Net Connections are highlighted in black, indicating valid connections.  Click Return to Project Navigator and save the file.
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Figure 6-12.  Connection between Design and ILA core Established

Specify Chipscope Analyzer Options
Step 3
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The Chipscope-Pro Analyzer tool interfaces to the ILA via the ICON core.  You can configure your device, choose triggers, setup the console, and view the results of the capture on the fly.  The data views and triggers can be manipulated in many ways, providing an easy and intuitive interface to determine the functionality of the design.  Using Analyzer, you will configure the FPGA, specify the match units, and then setup the trigger conditions.
· Double-click on Analyze Design Using Chipscope in the Process

· Connect the download cable to the PC parallel port and JTAG connection of the Spartan-3E board, and then power up the board.

· Click the Open Cable/Search JTAG Chain button
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Figure 6-13.  Establish JTAG Connection
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The Spartan-3E board contains three devices in the JTAG chain: The Spartan-3E xc3s500e, Platform Flash xcf04s, and CoolRunner II xc2c64a.  Impact will detect these devices and list the device names along with Instruction Register (IR) Lengths and Device ID Codes.  


[image: image12]
Figure 6-14. Impact Detects Devices in JTAG Chain

· Click <OK>.  Right Click on the xc3s500e device and select configure.

· Click Select New File, browse to the project directory and select the bitstream file loopback.bit.  Click <OK>.

The Chipscope Pro Analyzer interface consists of four parts:

· Project Tree in the upper part of the split pane on the left side of the window

· Signal Browser in the lower part of the split pane on the left side of the window

· Message pane at the bottom of the window

· Main window area


[image: image13]
Figure 6-15. Chipscope Analyzer Window

Each Chipscope Pro ILA, ILA/ATC, and IBA core has its own Trigger setup window, which provides a graphical interface for the user to setup triggers.  The trigger mechanism inside each Chipscope Pro core can be modified at run-time without having to recompile the design.  There are three components to the trigger mechanism:

· Match Functions: Defines the match or comparison value of each match unit

· Trigger Conditions: Defines the overall trigger condition based on a binary equation or sequence of one or more match functions

· Capture Settings: Defines how many samples to capture, how many capture windows, and the position of the trigger in those windows

In this design, you will setup the triggers to capture text at the PicoBlaze output port, after being entered via hyperterminal.

· Go to File → Import and import the loopback_cs.cdc file from the project directory.  This file contains the net names of the trigger and data signals, as specified according to the design.

· Specify the Match Units as follows:

· Radix: binary

· M0:TriggerPort0 (data_present): Value 1

· M1:TriggerPort1(read_from_uart): Value 1

· M1:TriggerPort1(write_to_uart): Value 1
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Figure 6-16. Setup the Match Units

· Click the field under Trigger Condition Equation, select the following options under the Sequencer tab to generate the equation M0 → M1, and then click <OK>.


[image: image15]
Figure 6-17. Trigger Condition Equation

· Check the field next to Storage Qualification, select the AND Equation, and check M2.  Click <OK>.


[image: image16]
Figure 6-18. Storage Qualification Equation

Perform an On-Chip Verification                                        Step 4
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In the next steps, you will import a .cdc file that contains the design ports.  You will then perform on-chip verification and view the results of the verification.  The wave form viewer will then be used to verify the operation of the MAC design.

· Perform the following actions to create a bus from the 8 out_port signals

· Select signals out_port<0> through out_port<7> so that they are highlighted

· Right-click the highlighted signals and select Add to Bus ( New Bus to create the new output_port bus


[image: image17]
Figure 6-19. Create a Bus

· Set the buffer depth to 16
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[image: image18]
 Figure 6-20.  Select Buffer Depth

· Cick the Apply Settings and Arm Trigger button
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Figure 6-21.  Apply Settings and Arm Trigger

· Type “Xilinx #1 FPGA!“ in hyperterminal and view the message in Chipscope Analyzer
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Figure 6-21. Verification Results

Conclusion 

You inserted the ILA and ICON cores into the PicoBlaze design, set up trigger conditions in Chipscope Analyzer, performed an on-chip verification, and analyzed the waveforms in Chipscope-Pro Analyzer.
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