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Lab6:HW/SW System Debug Lab
Targeting MicroBlaze™ on XUP Spartan™-3E

HW/SW System Debug Lab
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Introduction 

This lab guides you through the process of debugging the processor system. SDK Debugger and ChipScope will be used to have visibility into both the Hardware and Software of the system. 
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Objectives 

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

· Add ChipScope Analyzers into a system

· System Debugging
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Procedure 

This lab extends the hardware design carried out in the previous labs by adding OPB IBA and ICON cores.  You will generate the bitstream and download to the FPGA.  You will then invoke Chipscope-Pro Analyzer and setup trigger conditions.  You will use SDK to debug the software application and analyze the output on Chipscope-Pro Analyzer when the trigger conditions are met.
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Figure 6-1. Completed Design 
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      For each procedure within a primary step, there are general instructions (indicated by the 
symbol). These general instructions only provide a broad outline for performing the procedure. Below these general instructions, you will find accompanying step-by-step directions and illustrated figures that provide more detail for performing the procedure. If you feel confident about completing a procedure, you can skip the step-by-step directions and move on to the next general instruction.
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Create a lab6 folder under c:\xup\embedded\labs\. If you wish to continue with your completed design from lab5 then copy the contents of the lab5 folder into the lab6 folder, otherwise, if you wish to start with a known good design, then copy the contents of c:\xup\embedded\mb_completed\lab5 into the lab6 folder. Launch Xilinx Platform Studio (XPS) and open the project file located in c:\xup\embedded\labs\lab6.

· Create a lab6 folder in the c:\xup\embedded\labs directory. If you wish to continue with your completed design from lab5 then copy the contents of the lab5 folder into the lab6 folder, otherwise, if you wish to start with a known good design, then copy the contents of c:\xup\embedded\mb_completed\lab5 into the lab6 directory.
· Open XPS by clicking Start ( Programs ( Xilinx Platform Studio 8.1i ( Xilinx Platform Studio
· Click File ( Open Project and browse to the project which in the directory: c:\xup\embedded\labs\lab6
· Click system.xmp to open the project

ChipScope Core Instantiation 
Step 3
General Flow for this Lab:




Add the ChipScope cores from the IP Catalog to the design.  Configure the device and the design to the following ports, as shown in the figure 6-2.  Setup the trigger to trigger when a certain values are on the OPB address, OPB data, and OPB control bus.  
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Figure 6-2. ChipScope Core Connections

· Add the chipscope_icon and chipscope_opb_iba peripherals from the Debug section of the IP Catalog and connect the chipscope_opb_iba to the OPB Bus

· In the Ports tab, connect the chipscope_cores and ppc405_0 as shown in the following table

	Instance
	Port Name
	Net Name

	chipscope_icon_0
	control0
	chipscope_icon_0_control0

	chipscope_opb_iba_0
	chipscope_icon_control
	chipscope_icon_0_control0

	chipscope_opb_iba_0
	iba_trig_out
	dbg_stop

	microBlaze_0
	DBG_STOP
	dbg_stop


· Set the Number of Control Ports for chipscope_icon_0 IP instance to the value of 1 

· Set the following parameters for the chipscope_opb_iba_0 IP instance, leaving the rest default

· Number of Match Units for OPB Control

= 1

· Match Type for OPB Control Unit                                       extended w/ edges

· Number of Match Units for OPB Address

= 1

· Match Type for OPB Address                                             extended w/ edges

· Number of Match Units for OPB Data


= 1

· Match Type for OPB Data                                                   extended w/ edges

· Enable the Trigger Out Signal “iba_trig_out”

checked on

· Number of Data Samples Per Trigger Match 

= 512 (default)

· Select Download to generate the new HW system and link in the SW.  Operation should still be the same


GDB and ChipScope Operation
Step 4
General Flow for this Lab:



This portion of the lab will guide you through using the instantiated cores from the above sections.   Having successfully generated your design it is possible to begin viewing it in operation using the SDK debugger and ChipScope Pro tools.


Starting the SDK debugger (Software Debug)

· Launch SDK: select Software ( Launch Platform Studio SDK          

· Import the lab6 SDK project: File ( Import ( Existing Project Into Workspace 

· Click <Next>, browse to the following directory: \lab6\SDK_projects\sdk_lab and then click <Finish>
Note: You may have to delete the existing project that was created for lab 5.

[image: image3]
Figure 6-3. SDK Project
· Setup the target connection by going to Run ( Run… 
· Specify sdk_lab.elf as the application and click Run

[image: image4]
Figure 6-4. Specify Project and .elf Location
The software code will be downloaded to the XUP Spartan-3E board. 

· In the Debug window, click the debug sdk_lab button 

Code operation will be halted at the first active line following the main( ) routine.  





The SDK Debugger should now be connected to the target as illustrated in the Figure below


Figure 6-5. SDK Debugger Connected to Target via XMD

· Highlight the Thread [0] line and select Resume and note the LEDs flashing indicating proper system operation. 

· Click on            to suspend the program.

Starting ChipScope Pro (Hardware Debug)

· Launch the ChipScope Pro Analyzer tool from the program group or desktop icon.


· Click on the Open Cable/Search JTAG chain icon.         This will identify the devices on the JTAG chain.  Select OK.  The ChipScope Pro Analyzer will open along with default Trigger Setup and Waveform signal windows.


Figure 6-6. ChipScope JTAG Device Order

· Select File ( Import.  In the Signal Import dialogue click on the Select New File button.

· Browse to the XPS design directory and the select the following file   c:\xup\embedded\labs\lab6\implementation\chipscope_opb_iba_0_wrapper\ chipscope_opb_iba_0.cdc and click OK.
The signals associated with the OPB core should be listed in the Trigger Setup and Waveform signal windows.


HW/SW Debug Interaction
Step 5
General Flow for this Lab:



Trigger/Waveform SetUp Windows

Figure 6-7 will be a reference for the ChipScope setup windows. 
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Figure 6-7. ChipScope Waveform Windows

·  Set M0:TRG0:OPB_CTRL OPB_RNW bit == 0 by clicking the + sign under M0 and selecting the OPB_RNW bit and changing its value to 0 under Value field

· Change the Radix of M1 and M2 from binary (Bin) to Hexadecimal (Hex) by clicking on the respective boxes and selecting Hex

· Set M1:TRIG1:OPB_ABUS == 4002_0000 (base address of LEDs_8Bit ) and M2:TRIG2:OPB_DBUS == 0000_0005 by selecting and adjusting the value box

· Adjust the Trigger Condition Equation by selecting the box in the TriggerCondition0 dialogue box that appears.  Select M0 and Select M1.  The Trigger Condition Equation should now display M1 && M0.  Click OK.
· Set the trigger window depth to 512 and position to 256 

· Delete all the signals from the Waveform window using [Shift Select]. In the Signals window, select OPB_Dbus, Right click on it and select Add To View and then select Waveform. The signal will be added in the Waveform window. Do the same for OPB_ABUS and OPB_RNW. 

· Set up the Output Enable of the Trigger to Pulse (High). This will cross trigger the GDB debugger.

· Setup the trigger by selecting Trigger Setup -> Run as shown below
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Run Software debugger and wait for the condition to trigger

· In software debugger window (opened before) click on Resume to continue with debug. 
The hardware should trigger and then this will cross trigger the SW asynchronous stop in SDK Debugger. Basic ChipScope Pro Trigger settings along with simple waveforms are established.  You should see results in Chipscope-Pro similar to that of figure 6-8 below.

[image: image7]
Figure 6-8. Chipscope-Pro Debug Results

Note: You may have to zoom in using the X/O cursors to see the results.  Refer to v8.1 Chipscope Users Manual, provided in the /docs directory, for more information.

Conclusion 

Chipscope HW debug modules can be added as IP modules in EDK, and the ChipScope analyzer can be used in conjunction with GDB, the GNU debugger in EDK, to provide a debug environment that allows cross triggering and debug between hardware and software using a shared JTAG connection.
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