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ChipScope Pro & Embedded Processor Lab

Introduction

The goal of thislab isto familiarize you with ChipScope pcores

Requirements

ISE 9.1i

EDK 9.1i
ChipScope Pro 9.1i
ML403 board
Download cable

Objectives

After completing this lab, you will be ableto:
- Use multiple ChipScope pcoresin an EDK design
Use Storage Qualification to store only the events of interest in the ILA buffer (in order to use
the Trace storage more efficiently)
Use Sequential Triggering to identify complex hardware problems
Use ChipScope ILA to monitor MicroBlaze Trace interface
Use ChipScope ILA to monitor FSL/XCL interfaces
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Procedure
Lab Overview

Thislabisorganized in 2 main phases that are:

Inserting EDK-ChipScope v1.01.a pcoresinto an EDK design targeting the ML403 board
0 Adding and Configuring ChipScope pcores

0 Connecting ChipScope pcoresto MicroBlaze, FSL bus and OPB bus

0 Grouping multiple ChipScope cores for monitoring related events

Using Advanced ChipScope Analyzer features

o Using Storage Qualification

0 Using Sequentia Triggering

0 Using acombination of Storage Qualification and Sequential Triggering

ChipScope Lab Initial EDK Design

Thislab focuses on using ChipScope cores with EDK and not creating a new EDK design. Hence,
we will start with a pre-created design provided with thislab: Chipscope_lab.zip
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Figure 1 Initial EDK Design

Phase 1: EDK-ChipScope core Insertion

Add ChipScope I ntegrated Controller core
1. Drag‘n Drop ChipScope Integrated Controller coreinto System Assembly panel

2. Configure ChipScope Integrated Controller core using the Core Configuration Dialog and
enable 2 Control ports as follows

BEG N chi pscope_i con
PARAMETER | NSTANCE = chi pscope_i con_0
PARAMETER HWVER = 1.01. a
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PARAMETER C_NUM CONTROL_PORTS = 2

END
—Fileers
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[+ = gavek_ime ukil_vectar_logic 1.00.a
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Q Question 1: Do you need to set the Parameter “C_SYSTEM_CONTAINS MDM” ?

TIP: See“Advanced Tab” in the ICON configuration dialog

Add MicroBlaze Trace LA

1. Add the ChipScope Integrated Logic Analyzer (ILA) core

0 Select Debug > Debug Configuration...
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0 Click on the button Add ChipScope Peripheral...
0 Click on To monitor arbitrary system level signals (adding ILA)
o Click OK.
Connect the following MicroBlaze signalsto appropriate ILA Trigger inputs
0 Select microblaze O from the Available Ports on Instance pull down menu

0 Connect the MicroBlaze trace signalsto the ILA Trigger ports as follows by
scrolling through the list Microblaze signals and clicking add. Note

Trace Valid_Instr should be the first added and DCache Hit should be the last.

PORT TRIG = m croblaze_0_Trace_PC

PORT TRIGL = m croblaze_0_Trace_Valid_ Instr &
m crobl aze 0 Trace Data Read &

m crobl aze 0 Trace Data Wite &

nm crobl aze_0_Trace_| Cache_Req &

m crobl aze_0_Trace_l Cache_Ht &

m crobl aze_0_Trace_DCache_Req &

m crobl aze_ 0 _Trace DCache Hit

PORT TRI& = microblaze 0 Trace_ Data_Address
PORT TRIG3 = m crobl aze_0_Trace_New Reg_Val ue

- Debug Configuration 1]
Systern | Basic I Advanced |
@ Monitor Hardware Signals
-~ Slibscope il Ary sigrials vathiri th b meritered by ChipScope ILA 4 Logic Anal
% Debug Software Application ty sighals withive the spstern can be monitored by ChipScope [Integrated Logic Analyzer)
m.lc:roblaze_D Sighals Maonitored by I TRIGO vi Awvallable Ports oninstance:
[ Miscellaneous E
- JTAG UART microblaze 1 Trace PC <4 hdd | i microblaze_0 ﬂ
i | Trace_Mew_Reg Value
‘Select the number of signal samples youwant: 512 -
‘Select the clock to be uzed on manitoring: sys_clk = :J
Mot
+ The clock uzed to monitor the zignal should be equal to or fazter than the frequency that
zignal is operating at,
+ For each [P instance, only its output ports can be monitored.
+ Use TRIGO first, and then TRIGT, TRIGZ, ete..;
* | pou want to debug bus signals, use OPB/FLE [BA
Infarmation
&dd ChipScope Peripheral.. | Mumber of BRAMs being used: 2
| Delete ChipScope Perpheral .. I
Help ok Caneel |
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“w* Debug Configuration _xj

System [ Basic | Advanced
& Moritor Hardware Signals
chipscope_ila_0

% Debug Software Application HOL = -
microblaze_0 Toggle Names | Datasheet | Festoe
M Miscellaneous T I
= JTAG UART
e ———— i
Mumber of Match Unit Enabled for Trigger Unit 0 2 2.
“ificlth af Trigges Input for Trigger Urit 0 a2 2 |
Match Counter Width faor Trigger Unit 0 16 2.
tatch Type tor Trigger Linit 0 basic hd
Mumber of Match Urit Enabled for Trigger Unit 1 4 =
Swfidth af Trigger Input for Trigger Uit 1 7 =
Match Courter 'width for Trigger Unit 1 [] &
tatch Type for Trigger Unit 1 bazic with edges -
Mumber of Match Urit Enabled for Trigger Unit 2 1 =

Information:

&dd ChipScope Peripheral | MNurnber of BRAM: being used: 4

| Delete ChipScope Peripheral... I

Help oK, Cancsl:

<> Question 2: Arethereany other MicroBlaze Trace signals of interest ?

TIP: Refer the MicroBlaze Reference Guide

3. Configure the MicroBlaze Trace ILA core
Click on the Advanced Tab and then Select Trigger Unit
i. Set appropriate Trigger Unit Widths

ii. Inorder to set different combinations Trigger conditions enable multiple Match
Unitsfor the TRIGO port (2 units)

iii. Inorder to trigger on conditions like n’th event, enable Counter Width on
Trace PC_trigger

PARAMETER C_ TRIG_UNITS = 2
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PARAMETER C_TRI G0_TRI GGER | N WDTH = 32

PARAMETER C_TRI GO_UNI T_COUNTER W DTH = 16

PARAMETER C TRIGL_UNITS = 4

PARAMVETER C_TRI GL_TRI GGER IN WDTH = 7

PARAMETER C_TRI GL_UNI T_MATCH_TYPE = basic with edges
PARAMETER C TRIG2_ UNITS = 1

PARAMETER C_TRI G2_TRI GGER I N W DTH = 64

PARAMETER C TRIG3_UNITS = 1

PARAMETER C_TRI G3_TRI GGER | N WDTH = 32

END

Question 3: What other kind of Trigger_Unit_Match_Type would make sense for
Q MicroBlaze Trace PC signal?

TIP: Usethe LA Configuration Dialog to see all the Match_Type optionsthat exist to
monitor a range of addressesthat Trace PC could take

Add ChipScope OPB IBA to the OPB bus as follows
0 Select Debug > Debug Configuration...
0 Click on the button Add ChipScope Peripheral ...
0 Click on To monitor OPB bussignals (adding OPB IBA)
o Click OK.
0 Select the Advanced Tab
0 Select Generic Trigger under the User Tab
0 Change the Generic Trigger Unitsto 1 and Generic Trigger In Widthsto 1
o Click OK
0 Connect Sys Rstto sys rst_sin the System Assembly Window under the Ports Filter
BEQ N chi pscope_opb_i ba
PARAMETER | NSTANCE = chi pscope_opb_iba_0
PARAMETER HW VER = 1.01. a
PARAMETER C GENERIC TRIGGER UNITS = 1

PARAMETER C_GENERI C TRIGGER IN WDTH = 1
BUS_| NTERFACE MON_OPB = nb_opb
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PORT chi pscope_i con_control =
chi pscope_opb_i ba_0_icon_control

PORT OPB Ok = sys_clk_s
PORT SYS Rst = sys_rst_s
END

Question 4: How do you connect the OPB_IBA to the OPB Busin XPSin the System
Assembly Panel?

Now compile the design from XPS by selecting “Device Configuration > Update Bitstream”

Phase 2: Advanced ChipScope Analyzer features

Start ChipScope Pro Analyzer
0 Select File > Open Project and open <chipscope_lab_v2>/system.cpj
0 Select JTAG Chain > Xilinx Parallel Cable (or Xilinx USB Cable)
Open the Waveform view for the MicroBlaze Trace ILA (MyILAO)
0 Click on Waveform on the left side system tree under MylLAO
Open the Listing view for the MicroBlaze Trace ILA (MyILAO)
o0 Click on Listing on the | eft side system tree under MyILAO

Select Trigger Setup > T! Trigger Immediate
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Phase 2a : Storage Qualification Usage Example

Improving MicroBlaze Trace capture using Storage Qualification

In the above MicroBlaze trace, for every clock cycle a Trace PC sample (current program counter being
executed) is being captured. But, the Trace PC is only valid when the Trace Valid_Instr signal is asserted
(active high). If we could setup the ChipScope Data capture (not triggering) to capture data only when the
Trace Valid_Ingtr is high, then we could increase the number of instructions monitored by thisILA core,
without losing any visibility into the system. We can do this using storage qualification.

I NfO: For the rest of thelab, in order to set different Trace PC trigger conditions, the same
program <chipscope_|lab>/crc/executable.elf would be used. The disassembly of the program
can be seen at <chipscope_lab>/crc/executable.elf.dump. The corresponding ChipScope
token fileis at <chipscope_lab>/crc/executable.elf.tok. These files can be regenerated by
launching an EDK Shell and running the following command: xtclsh elf2tok.tcl
crc/executable.elf.

Open the Trigger Setup window of the Microblaze Trace ILA by clicking “Trigger Setup” in
the left side system tree in ChipScope Analyzer
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Setup the Trigger condition as shown in the screen capture below. The main trigger conditions
to setup are :

0 Modify match condition M 2 t0 “ 1xXxX_XXxX"
Thiswill match whenever the MicroBlaze Instruction Valid is asserted High.
o0 Modify match condition M0 to “0000_05A4"
Thiswill match whenever the MicroBlaze Program Counter becomes 0x584
which isthe instruction which starts writing to the CRC core (via FSL
PUT/GET instructions).
0 SetthelLA Trigger Condition Equationto MO

This condition will start capturing MicroBlaze Trace as soon as the CRC
program starts writing to the CRC core.

0 Setthefollowing ILA Capture Conditions
With the Window capture mode, set the Window Position to be 256
Click the Storage Qualification field

In the Storage Condition dialog, select “ AND Equation” and Enable “M 2"

ChipScope Lab #-12



Click the left side tree and open the Waveform and Listing Views again
Select Trigger Setup > Run
Notice the change in the Listing and Waveform views
o0 Scroll down inthe Listing view to line/sample 240 to 256 to view the CRC accesses.
Notice that every sample refers to one instruction, no matter how long it takes to

execute it.

0 Zoom into the waveform view after expanding the Trace Control bus. Notice that the
Trace Valid_Instr isalways 1 due to our Storage Qualification condition
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Question 5: How many cycles doesthe program take to execute the instruction below
0x598: WRI TE_CRC O(output_0[O0]);

TIP: Try disabling only the storage qualification and Trigger again and scroll down to
sample 249 in the Listing view. To disable storage qualification, add the following
parameter to the chipscope_ila peripheral in the MHSfile:

PARAMETER C_ENABLE_STORAGE_QUALIFICATION =0

Note that the system will have to bereimplemented.

Phase 2b Sequential Triggering Usage Example

Identifying a particular sequence of function calls (or a specific program
control flow)

In the above example, we were looking for the Program to come to a specific memory (Trace PC) location.
But, in many cases, a program can come to a specific location through various paths. For example, consider
the function outbyte(). Various functions like print(), xil_printf() or printf() could al call the function
outbyte(). Let us say, we want to monitor the behavior of outbyte() ONLY in the case of the following
program flow: xil_printf->xxx->yyy->outbyte(), we can do that using the Sequential Triggering
functionality in ChipScope cores.

Open the Trigger Setup window of the MicroBlaze Trace ILA by clicking “Trigger Setup” in
the left side system tree in ChipScope Pro Analyzer

Setup the Trigger condition as shown in the screen capture below. The main trigger conditions
are:

0 Modify match condition M 0 to “0000_0A54”
Thiswill match whenever the program enters the function xil_printf()
0 Modify match condition M 1 to “0000_0E28"
Thiswill match whenever the program enters the function outbyte()
0 Modify the Trigger Condition Equation by clicking on the previoustrigger field

In the Trigger Condition dialog, change to the “ Sequencer” tab from the
“Boolean” tab.

In the Number of Levels dropdown, select 2
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Disable the “Use Contiguous Match Events Only” checkbox

Inthe Level 1 row, click under the Match Unit column and select MO

Inthe Level 2 row, click under the Match Unit column and select M 1
The Trigger Condition Equation should be M0 -->M 1

Click Ok to set this Sequential Trigger

Thiswill match whenever the program enters the function outbyte() from
xil_printf().
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Click the left side tree and Open the Waveform and Listing Views again
Select Trigger Setup > Run
Notice the change in the Listing and Waveform views

0o Scroll downinthe Listing view to samples 200 to 270 to view the xil_printf function
being called followed by outbyte function call.

0 Noticethat the Storage Qualification is aso turned on and hence only one Trace PC
sampleis captured for every instruction. Try disabling storage qualification to view
the number of cyclestaken per instruction. To disable storage qualification, add the
following parameter to the chipscope ila periphera in the MHSfile:

PARAMETER C_ENABLE_STORAGE_QUALIFICATION =0
Note that the system will have to be reimplemented.

NOTE: Thereisabugin ChipScope wherein if you use any other Match Unit other than
MO or M1 for Sequential Trigger, it will givean error.
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Answers to Lab questions

1. Doyou need to set the Parameter “C_SYSTEM_CONTAINS MDM” ?
No. With the chipscope_icon vl 01 acorein EDK 8.1, this parameter is automatically calculated by
the Tcl script. This also takes care of differences between Virtex4 and other architectures with the
number of Bscan virtex primitives.

NOTE that for non-Virtex4 devices, the BSCAN_Virtex primitiveis still shared between MDM and
ChipScope ICON, but it is automatically connected by platgen and the EDK ChipScope Tcl script.

2. Arethereany other MicroBlaze Trace signals of interest ?

Yes, but other trace signals are less useful than the common Trace signals used in the Lab. The others
are:

Trace Reg Write, Trace_Reg Addr
Trace MSR_Reg
Trace Exception_Taken, Trace Jump_Taken
Trace Delay Slot
3. What other Trigger_Unit_Match_Typewould make sense for MicroBlaze Trace PC signal ?
“range” or “range with edges’.

Range type can be used to set triggersinside or outside a given PC Address range, which can be
useful when monitoring Processor Trace.

4., How do you connect the OPB_IBA tothe OPB Busin XPSin the System Assembly Panel ?

Simple! OPB_IBA is connected just like any other OPB slave, in the System Assembly panel in XPS.
Drag ‘n Drop the OPB_IBA into the System Assembly Window

5. How many cyclecs does the program take to execute the instruction below 0x598:
VWRI TE_CRC O(out put_0[0]);

3 cycles.

6. BonusQuestion!!! Can | connect a Processor’s Stop/Halt signal or Stopped/Halted signal to this
OR gatefor cross-triggering ?

No.
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Unlike the ChipScope cores, both PowerPC and MicroBlaze's Stop/Stopped signals cannot be
Enabled/Disabled at runtime from a debugger. Hence, when adding the Processor Stop/Stopped signals
to this cross-triggering connections, appropriate Enable/Disable setup must be added.
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