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Technical Notes

Freescale MPC5xx & MPC8xx On-Chip Emulation
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1 Introduction

The MPC5xx/8xx use a BDM style debug interface. A Nexusfate on the MPC56x provides faster
development access and, more importantly, instruction andrdata

The debug interface of the PowerArchitecture MPC56x core theeBDM or Nexus development port, which is
a dedicated port that needs none or minimal of the regydéem interfaces. System activity can be controlled
from the development port when the core is in debug mode. Theogenaht port is a relatively inexpensive
interface that allows the development system to operatéoater frequency than the core’s frequency (except
for Nexus that operates at the core’s frequency). lnglatode, the core fetches all instructions from the
development port. Data can be read from or written to theldewment port. This allows memory and registers
to be read and modified by a development tool (emulator) ctethéz the development port.

The Nexus/READI module interfaces to the MPC56x pramessd internal buses to provide development
support as per the IEEE-ISTO 5001 - 1999. The developmaturés supported are program trace, data trace,

watchpoint trace, ownership trace, run-time accesstdBU’s internal memory map, and access to RCPU
internal registers during halt, via the Nexus auxiliaryt.por

Debug Features

4 hardware breakpoints

Access breakpoints

Unlimited software breakpoints

Fast flash programming

Real-time memory access (MPC56x Nexus port only)
Trace (MPC56x)

Profiler (MPC56x)

Execution Coverage (MPC56Xx)
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2 Emulation Options

2.1 Hardware Options

Emulation Options |

Hardware | CPU | Initialization | JTAG |

—Debug 140 levels———  — Sampling treshald levels
CUROY F3ay O el ¥ Wze same treshold ol prabes
OISl R Fiobe 1) = 4er 02 If"l'l.?" i
Frate2l &0 ez r'l'l.? v
— Hat Attach Piohe 3 =) 4er /2 o I'I.? i
Fiobed & 4er 032 r'l'l.? i

(] 4 I Cancel | Help |
Emulation options, Hardware pane (Debug iCARD)

Emulation Options Ei |

Hardware | CPU | Initialization | JTAG |

—Debug /0 levelz:————  — Sampling treshold levels
N T e e R ¥ | Uz zame fesheld o &llprates
U o FER Probel  wef/2 iz W
Pobe2 @®ivei/z EfiF Y
_ Hot Attach Fiobedl & etz CfiE
" Het attach to target Frotied e Ser/2n s i I? .

(] 4 I Cancel | Help |

Emulation options, Hardware pane (iTRACE, iTRACE PRO, iTR&CT)

Debug /O levels

The development system can be configured in a way thaletthveg BDM signals are driven at 3.3V, 5V or target
voltage level (Vref).

When 'Vref' Debug I/O level is selected, a voltage appbetie belonging reference voltage pin on the target
debug connector is used as a reference voltage fogeditdlower, which powers buffers, driving the debug
BDM signals. The user must ensure that the target powensispgbnnected to the Vref pin on the target BDM
connector and that it is switched on before the debsgjaeis started. If these two conditions are not meat, it i
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highly probably that the initial debug connection will failegldy. However in some cases it may succeed but
then the system will behave abnormal.

Sampling threshold levels (iTRACE PRO/GT only)

Voltage levels of the debug input and output signals are setding to the setting.

2.2 Initialization Sequence

Before the flash programming or download can take placeisiemust ensure that the memory is accessible.
This is very important since there are many applicatisirggumemory resources (e.g. external RAM, external
flash), which are not accessible after the CPU reséhdt case, the debugger must execute after the CPlareset
so called initialization sequence, which configures necggsPU chip selects and then the download or flash
programming can actually take place. The user mustpsiteuinitialization sequence based on his application.

The initialization sequence can be set up in two ways:

1. Set up the initialization sequence by adding necessaryaegistes directly in the Initialization page

within winIDEA.
Emulation Options |
Hardware | CPU iJTaG |
| ritialization Ilnit FEQUENCE j I'I secomE|
™ Load from file I J
Address offset | Read from CPU ~| |0 HEX
[ Feset CPU after DLAreset commands [invalidates initialization)
Area | &ddress | Reqister |Data
Phyzical Q0ZFC114 0OR2 FFCOOO40 & Add.
Phyzical Q0ZFC110  BRZ Q0cooao:s _I _—l

Y
Properties. .. |
LI b Remove |

0k I Cancel | Help |

2. winIDEA accepts initialization sequence as a textJiteh .ini extension. The file must be written
according to the syntax specified in the appendix in théwere user’s guide.

Excerpt from example Target565_D.ini file for a FreésdaPC565 based target:

S OR2 L FFC00040 /I CS2 external FLASH, 4WS
S BR2 L 00C00003 // 4MB, 32b, U13..14
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Emulation Options

Hardware | CFU Initialization | JTAG |

| ritialization Ilnit FEOUENCE j I'I SECOnE|E|
W Load from file ITargetEEE_D.ini
Address offset | Read from CPU RRE HEX
[ Reset CPU after DLAreset commands [invealidates initialization)
Area | Address | Reqister | Data
2] . alel |
Broperties... |
;I - Hemove |
0k | Cancel | Help |

The advantage of the second method is that you can simpipulistyour .ini file among different workspaces
and users. Additionally, you can easily comment out someniile debugging the initialization sequence itself.

There is also a third method, which can be used too but itkigloly recommended for the start up. The user
can initialize the CPU by executing part of the code inahget ROM for X seconds by using 'Reset and run for

X sec' option.

Emulation Options Ei |

Hardware | CPU Initialization | JTa5 |

| nitialization IHESEl target, Run... j |2 zecand(z]
™| Laad framitie I J
Address offset | Read from CPU ~||o HE

[ Reset CPU after DLAreset commands [invalidates initialization)

Area |Address | Register |Data
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3 CPU Setup

3.1 General Options

The CPU Setup, Options page provides some emulation settorgsjon to most CPU families and all
emulation modes. Settings that are not valid for cuyeeiected CPU or emulation mode are disabled. If none
of these settings is valid, this page is not shown.

puserp |

Optiars |Del:uugging| .ﬁ.dvancedl E:-:u:eptiu:unal

— Optionz
™| BEESET| Erom Taraet Enabled

= | HEI Enabled saithen Stopped

N [rtermupts Enabledkyben Stopped

7 Hard [temupt Dizatle Wihen Stapped

[N Stop BRI Ectivities Wihen Stopped

N Testifade

[~ Cache downloaded code anly [do not load ta target?

ak. I Cancel | Help

General Options

Cache downloaded code only (do not load to target)

When this option is checked, the download files will napagate to the target using standard debug download
but the Target download files will.

In cases, where the application is previously programmed itatget or it's programmed through the flash
programming dialog, the user may uncheck 'Load code' in theeRies' dialog when specifying the debug
download file(s). By doing so, the debugger loads only the sagedebug information for high level
debugging while it doesn't load any code. However, debictibnalities like ETM and Nexus trace will not
work then since an exact code image of the executedisodquired as a prerequisite for the correct trace
program flow reconstruction. This applies also for the staltk on some CPU platforms. In such applications,
‘Load code' option should remain checked and 'Cache downloadedrdgddo not load to target)' option
checked instead. This will yield in debug information and codgeroaded to the debugger but no memory
writes will propagate to the target, which otherwise nolyriahd the code to the target.
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3.2 Debugging Options
CPU Setup ]|

Options ~ Debugging |.~’-‘-.u:|vanu:eu:|| E:-:u:eptiu:unsl

Execution BPs I Software j

Mexuz MO0 width | 3-bit VI
2-bit

QE. I Cancel | Help |
iTRACE PRO/GT Debugging Options

CPU Setup Ei |

Options ~ Debugaging |.~'1'-.dvan|:ed| E:-:u:eptiu:unal

Execution BPs | Scftware x| Debugclack  [4000  kHz

CPU clock 20000 'kHz

ak. I Cancel Help

Debug iCARD Debugging Options

Execution Breakpoints

Hardware Breakpoints

Hardware breakpoints are breakpoints that are already pdobidthe CPU. The number of hardware
breakpoints is limited to four. The advantage is that thegtfan anywhere in the CPU space, which is not the
case for software breakpoints, which normally cannatdsel in the FLASH memory, non-writeable memory
(ROM) or self-modifying code. If the option 'Use hardwhreakpoints' is selected, only hardware breakpoints
are used for execution breakpoints.
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Note that the debugger, when executing source step debug oousas one breakpoint. Hence, when all
available hardware breakpoints are used as execution bretkplogdebugger may fail to execute debug step.
The debugger offers 'Reserve one breakpoint for high-leteigigng' option in the Debug/Debug
Options/Debugging' tab to circumvent this. By default tipisom is checked and the user can uncheck it
anytime.

Software Breakpoints

Available hardware breakpoints often prove to be insefficiThen the debugger can use unlimited software
breakpoints to work around this limitation.

When a software breakpoint is being used, the progranmaftesnpts to modify the source code by placing a
break instruction into the code. If setting software breaieils, a hardware breakpoint is used instead.

Nexus MDO width

This setting is available only for the development systeapporting Nexus on-chip trace.

Nexus signals are located on the CPU pins, which can begoogdi for different alternate functions. The CPU
allows configuring Nexus MDO port either as 2 or 8-bittpAn 8-bit MDO implementation ensures optimum
Nexus operation. A 2-bit MDO implementation requiressI€PU signals than the 8-bit MDO but the Nexus
throughput is decreased, which is a crucial factor for cbtrace operation. Note that the trace displays errors
when the CPU doesn’t manage to send out complete Nexus mes$sdlye external development system. It's
highly probably that 2-bit MDO port will result in trace @rs while 8-bit MDO port will function flawlessly.

Debug Clock

Debug clock frequency must be selected between 4 and 18Ntz however, that the clock generation is using
a discrete divider from a 48MHz source. This, for exampleans that selected 10MHz clock will in fact be set
to 9.6MHz. Choose the debug clock frequency wisely, éslheat power-on. Typically, CPUs wake up at some
lower system frequency that is then switched up withiegidbn software or via initialization script. In genlera
the debug clock frequency must be no grater than 1/3 of stensyrequency. Note that MPC509 with 4MHz
clock source wakes up at 3MHz system clock. Set the debaok t 1MHz.

CPU Clock

This setting applies for MPC555 device only. A speciaidgivis present on the CPU to ensure the correct
programming frequency for the FLASH module, which is gategt from the CPU clock. Since the CPU clock
cannot be automatically detected, it must be set in thisgliNote that this setting affects internal FLASH
programming only.
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3.3 Advanced Options

CPU Setup |

Dptiu:unsl Debugging  Advanced | E:-:u:eptiu:unsl

— Owveride startup register values

[ PCAAR [Mext Instuction Address IFFFEID'I 00 HE:

™| SEER [Epstem Eratection Eatte] IFFFFFFBE HE=
¥ SWCR [Software ' atchdog Control] IEIDFFFFFF HE*
— Optiohg

V¥ Allow Mon-Festartable Break
F2-bit buz memory controller area Inc.ne j IEI#EIEIEIEIEIEI HE®

Register [SFR] Relocation IEIDEIEIEIEIEIEI HE*

Boot Address/E xception table lacation IFFFEIEI‘I [0 'I HEX

QE. I Cancel | Help |

Advanced Options

Override Startup Register Values

If required, the Emulator can change the checked regifitarthe CPU is released from reset. These settings
have typically to do with setting the default prograarting point and disabling the watchdog.

Allow Non-Restartable Break

In general, stopping the processor is possible and bredikaoe recognized in the core only when the RI bit in
the MSR register is set, which guarantees machine iasitéyt after a breakpoint or stop. In this working mode,
breakpoints are masked. There are times when it is pliéeto enable breakpoints even when the RI bit is clear,
even though there is a risk of causing a non-restartableineastate. Checking this option, for example, allows
stopping the CPU from an endless loop, even if the RI bie&rcl

For more info on the RI bit, please see the User Manuawf processor.
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3.4 Exceptions

CPU Setup ]|

DEbUEIEIingl &dvanced  Excephions |

Debug mode entry o

DTLEBER - Implementation Specific Data TLE Ermror =
[ ITLEER - Implementation S pecific Instruction TLE Error
DTLEMS - Implementation Specific Data TLE Mizs

[] ITLBMS - Implementation S pecific Instouction TLE Mizs
SY'SI - Swstem Call Interruipt

[] DECI - Decrementer [nterrupt

FPUYI - Floating-Paint Unavailable Interupt

PRI - Programm Interrupt

ALl - Alignment Interrupt

M ExTI - External Interupt

Exceptions menu

The 5xx/8xx BDM debug unit allows the debug mode (the procésstopped) to be entered upon the selected
CPU exceptions.
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4 Access Breakpoints

Hardware Breakpoints |
Load/Store |
— BF1

Address Data =kip
|= j J Iﬂil:cnunter IW’rite j |= j IEM'I 284 |32 bit j ID
[T Cover entire object Ii [ Signed I
I Mask Bytes: [~ LSE

— BP2
Address Data Skip

[disabled =] || [FoTesie [wite ] |- | ES [16tt ] Jo
[N Eayer entie afjest ™| Siared I
JI Mazk Butes: T T T LSE

—When Breakpoints Occur
¥ Dizplay meszage bos ¥ Beep

Wizard... | (] I Cancel Help

Hardware Breakpoints

The debug interface of the MPC5xx/8xx families include two L-Assli@omparators and two L-Data
Comparators Supporting Equal, Not Equal, Greater Than, ssglTlean. The comparators can be used in
several different ways:

2 address-only compares

2 data-only compares

2 address & data compares

1 address range (inside or outside)

1 data range (inside or outside)

1 address & data ranges
The following is a brief walkthrough of the configurablenits.
First, select a desired address comparison type.cBiggpare: disabled, =, <, >, !=, Inside, Outside. Select the
address from the list (the '..." button) or type the nunmbdirectly. Use the Ox prefix for hexadecimal numbers.
For arrays you can flag the Cover entire object optitwe. &ddress comparison type will be automatically set to
Inside. Next, select the access type, read, writ® for read or write.
For data, identical comparison types are supported: disables, >, |=, Inside, Outside. Check the Signed
checkbox to treat fixed-point numbers as signed values.tSbéaccess width, 8, 16, or 32-bit. Check the Mask

Bytes checkboxes to ignore selected bytes in a data compafFise included two event counters (Skip) further
extend above capabilities.
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Please refer also to the Development Capabilities anddotesection of the respective CPU manual.

A beep can be issued and/or a message displayed indittziren access breakpoint has occurred.

Wizard...

Use Wizard (button in the left bottom corner) in casproblems understanding and configuring the access
breakpoints dialog. It helps setting simple a breakpointata @ccess.

5 MPC56x Nexus Trace

Nexus is a message based asynchronous protocol. In cootaaskin-Circuit Emulation where all buses are
visible to the emulator and allow implementation of varicauayrer features, a Nexus based tool is limited by
the information provided through the Nexus port.
For tracking the sequence of program instructions, the Neotdroadcasts only information related to
instructions that cause a change to the normal sequexgialition of instructions. With knowledge of the source
code, which is programmed in the CPU flash, the debuggerecanstruct the path of execution through many
instructions from the recorded change-of-flow information
The MPC56x CPUs provide Nexus 2+ level on-chip trace.
Nexus Trace features (iTRACE PRO/ GT):

Compliant with Nexus standard

External trace buffer

Instruction, Data and OTM Trace

On-chip trigger and qualifier

Advanced external trigger and qualifier

Time Stamps

AUX inputs

Profiler

Execution Coverage

x| MPCS6x Nexus doesn' report
full 32-bit instruction address

Operation PowerPC | but only lower 25-bits. It is
necessary to specify the address
— Branch target address offset in the

Offset |E HEX ‘Hardware/Analyzer

Setup/PowerPC’ tab when the

Mexus trace port broadcasts lower 25 bits of the CPU code runs at offset address
ddress onfy. Offset will be added to form the full 32-bit exceeding the 25-bit address
ddress.

space. For instance, if the
address offset is not set properly
(e.g. set to 0), the profiler, trace
and execution coverage will work correctly while running atasdress (e.g. 0x800000) and incorrectly when
the code is running at e.g. OxFFF00000.
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5.1 Nexus Trace Configuration

5.1.1 Trigger Configuration

Trace |

Tiigger | Qualfier | AUX Card |

Trigger On IData.-’-‘-.u:cess j ™| Eontinueus mode
~ Executed Instruction
N OF N oF = oF
Addresz JIFuncE JI JI JI
—Data Access
Addresz D ata

[disabled =] .| [#iCounter [wite ] |- ~||ce<10000 [32tit -]
™| Cowver ertire ahiject Ii ™| Sigred I—
JI Mazk Bytes: [T T L5E
Address Data
[- I | E [wite =] |= = |[o145 [16 bt =]
" Cower ertire ohjsct Ii [ Signed I
JI Mazk Butes: [T [ [ LSE

Time Stamp ITiITlE 'I Trigger Paosition IBEgin VI
Buffer Size IME':“U'T' vI Buffer compressionlNDne VI

Wizard... | (] I Cancel Help

Recording is stopped after the trigger event occurs anttdbe buffer fills up. Number of samples recorded
before and after the trigger condition can be selectddTigger Position setting.

The Buffer Size determines the depth of the trace buffpossible, always use smaller buffer sizes. This will
decrease the loading time and size of the Analyzer file.

With each sample recorded the snapshot of the free-ruriniegit also saved. The period of this timer can be
selected in Time Stamp box. Time stamp of the trigger saimplevays zero. Samples before trigger are marked
with negative values; samples after trigger are markédpesitive values. If you select a clock cycle thiea

CPU cycle counter is recorded.

The Trigger condition can be simple or complex. Seleaytiing' if you want recording to begin immediately.
When the trace buffer is filled the recording will stop.

In continuous mode the recording is stopped only after CPBédes stopped or the user has manually selected
stop recording in the trace window.

It is not possible to set an arbitrary trigger cowditiThe MPC5xx BDM/Nexus has limited resources that are
common to trigger and hardware breakpoints. This meah# tba many resources have been used for the
breakpoints less will be available in the trigger and viceave

Select ‘Execute instruction’ to trigger when CPU execirtssuction from the address defined in the Address
field.
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Trigger may also be set on a specific ‘Data acce$s®.debug/trace interface of the MPC56x family include two
L-Address Comparators and two L-Data Comparators SupgdEqual, Not Equal, Greater Than, and Less
Than. The comparators can be used in several different ways:

2 address-only compares

2 data-only compares

2 address & data compares

1 address range (inside or outside)

1 data range (inside or outside)

1 address & data ranges

First, select a desired address comparison type.cBt@ppare: disabled, =, <, >, !=, Inside, Outside. Select the
address from the list (the "..." button) or type the nurimbdirectly. Use the Ox prefix for hexadecimal numbers.
For arrays you can flag the Cover entire object optitwe. &ddress comparison type will be automatically set to
Inside. Next, select the access type, read, writd/ f read or write.

For data, identical comparison types are supported: disable, >, I=, Inside, Outside. Check the Signed
checkbox to treat fixed-point numbers as signed values.tSbéaccess width, 8, 16, or 32-bit. Check the Mask
Bytes checkboxes to ignore selected bytes in a data comparis
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5.1.2 Qualifier Configuration

Trace |

Trigger Gualifier |.i'-.L|>< Eardl

™ Record Owrership race messages
v Fecord Data accesses

Coal |(disabled) -l

% | memany areas

Range 1 I Read and Write j

Erom... | I#iEDunter

i “
Size Unknown [ Ertire object

Range 2 | [disabled) =]
F[u:urn...“
Ta... |
Size [Unknown [ Ertire object

Wizard... | Ok I Cancel Help

The qualifier may be set only for data accesses. Itlmaget to None, All or in selected memory areas.

Option ‘None’ effectively disables the Data Trace, tholy @xecution trace is enabled.

With ‘All’ all read-write, read-only or write-only dataccesses are traced. Please use this option with ¢aution
because Nexus Data trace FIFO inside the CPU may quigklylow.

Using the third option ‘In memory areas’ it is possibl@éorow down the data access recording by defining two
memory areas. In the above example, one area for glotiabhes, and the other for stack trace.

5.2 Trace Troubleshooting Scenarios

5.2.1 Nexus Trace

‘Nexus’ must be selected in the ‘Hardware/Analyzer Sedigdog.

Default trace configuration is used to record the continpoogram flow either from the program start on or up
to the moment, when the program stops.

The trace can start recording on the initial program Btamt the reset or after resuming the program from the
breakpoint location. The trace records and displays prodoawfriom the start until the trace buffer fulfills.

As an alternative, the trace can stop recording on a progp@n ‘Continuous mode’ allows roll over of the trace
buffer, which results in the trace recording up to the maméen the application stops. In practice, the trace
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displays the program flow just before the program stopsnébance, due to a breakpoint hit or due to a stop
debug command issued by the user.

Example: Trace records the CPU execution until the CPU is stoppeithoyr the user or the program itself in
case of a problem originating from the application.

Open theTrace configuratiordialog by pressinglardware Configuratiortoolbar in the trace window and select
‘Record everything’ operation type.

Trace configuration

Trigger |

—{" Use trigger/qualifier

Time slice Im vI |TfiQQEl List | X
] =

—% Recard everything

~— Buffer Size
& Min  Max
¥ Continuous mode

— Load tems

[~ aUX signals Larfigure... [Eapy
v Time stamp

Select Active Trggern

— Operation
[~ Auto start when CPU starts [~ On trigger break execution

aK I Cancel Help

Select minimum buffer size and check continuous mode.

With these settings, the trace records program flow, vthdeuser’s program runs. After the user’s program
stops, trace stops recording and displays the program flfarettde CPU was stopped.

Example: Trace triggers on a function Func3. Using trace, the pnodiav before the trigger event and after
the trigger event can be inspected.

This is a very often used scenario. Trace triggersspeaific function or source line and the user can inspect the
program execution before and after the trigger event.

OpenTrace configuratiordialog, select ‘Use trigger/qualifier’ operation type aefine new trigger, named
‘Example?2’.

O iSYSTEM, January 2011 16/44



Trace configuration E2
Trigger I

0 Recordevemthing —— % Use tigger/qualifisr

Buffer Size IMinimum 'l Trigger List @ 3
Buffer Compreszion INone vl = Example 2
7| e Trace File Siee |4 GEB vI

r [Eantnuouzmade

Time slice ITime 'I

— Dperation
i Configure... | Copy |

[~ On trigger break execution Select Active |

Ok, I Cancel | Help |

OpenTrigger configuration dialog by pressing the ‘Configure...’ button andndeéi trigger event.
Select trigger on ‘Executed Instruction’ and enter the addres

Trace
Trigger | Qualfier | ALK Card |

Trigger On IEHecutedInstluction j = | Comtiroms moss

i~ Executed Instruction

I or [~ OR

r
Address HIFunCS JI_ JI JI

- Data Access

Address Data
[aisabled =] ...|] JRew x| |disabled ] O
= Eavenentie aijest ’— = Signed I—
JI Mask Butes: T T L6
Address Data
[disabied =] _.|] JRew =] |disabled =] |32t =]
= Eayenentie atest ’— = Signed I—
JI Mask Bytes: [T T T LSE

Time Stamp ITime 'l Trigger Position ICenter 'l
Buitfer Size IMinimum j' Buffer compression INone 'l

Wizard. .. | 0K I Cancel | Help |

Now, define a qualifier — condition, which defines the GB/des to be recorded by the trace. Selaaalifier
tab and check ‘Record Instructions’. You may check ‘Recofdata accesses’ as well.
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Trigger  Qualifier |AU>< Eardl

™ Record Ownership race messages
T Fecord D ata accesses

= A IFlead atd Write 'l

| [ memo areas

Range 1 | [disabled) ¥
Eram... I I

.. ”
Size |Unknowm I=| Entite obiest

Fange 2 I [dizabled] ¥ l
Frar.. I I

. I
Size |UnknaEwm =] Entire ohiest

Wwizard... | Ok I Cancel | Help |

Now, executeCPU reset start trace and run the program. After Func3 is executetddirst time, winIDEAM
displays program flow before and after the entry to fundtionc3.

=
JQ CED S T e Bl
= = = = = i
= Eid i = =
Number | Address Data Content Time o
-4| 00D00&74 905610014[90610014 stw r3, ld(rl) -500 n=
1
-3| nopoos7s 39210014pT=cy; -500 ns
39210014 la r9,14(rl)
-z| nopoos7e 51230000 |Funcd (p¥) ; -500 n=
61230000 wr I3, x9
-1| nopoossa AEFFFFAL |[AEFFFFAL bl Func3 (000006 -500 ns |}
£
» 0| 003FCFEC 0000065 Ons |2
1| 003FCFCC 00000000 250 ns [ @
z| oobooszo 7C0602A6|{ 250 ns |,
Func3 @
TCOS0246 mElr 1] 2
2
3| D0DO0sz4 90010004(90010004 sty r0,04(rl) 250 ns |G
=
(P 2 4] 00D00&ZE 39800000[7pT=0; 250 ns |8
39800000 11 rlz,on o
%
5| oopooszc 91530000 (91530000 sty rlz,00(r3) 250 ns | 3@
=
6| 00DO0&30 4EE00020 ) 250 ns  |=
Func3 EXIT g
4EE00020 blr T
Ty B e P e ———T -|E
(=] | g
| Sampling: Syn.Clk. | M1-M2: - |P: 250 ng D:-250 nis [Mz: - [M1: - IDLE n

Example: The user gets incorrect writes to a particular addresablar This example demonstrates how to
locate the code writing faulty value (0x560A) to a wordalasle wTestWord.

OpenTrigger configuration dialog by pressing the ‘Configure...’ button andnéed trigger event.
Select trigger on ‘Data Access’, enter the address;tsstie access type, enter Ox560A in the data field and

select 16-bit data siz&lake sure you always set correct data sizét must match with the variable size.
Otherwise, trace may behave strangely.
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Trigger | Qualfier | ALK Card |

Trigger On IData Access j = | Comtirame mods
i~ Executed Instruction
= oF I 0 s
Address JIFunc2 JI JI JI
- Data Access
Address Data

|= j Ij I#wTest\:\-"ord I\-\-"rite j |= jIDKEBDA |15 bit j
r LCover entire object I Signed I

JI Mask Bytes: I

Address Data
[disabled =] .| [EoTestwion [wie =1 [= =% [1Ebit =]
= Eavenentie aijest ’— = Sianed I—
JI Mask Bytes: I T LB

Time Stamp ITime 'l Trigger Pasition IBegin 'l
Buifer Size IMinimum j' Buifer compression INone 'l

Wwizard... | Ok I Cancel | Help |

Trigger set on a variable write “wTestWord==0x560A"

Below is a trigger configuration, where trace triggersion write to the wTestWord, having different value than
0x5600 - Ox56A0.

Likewise, trigger can be set on any write to the wTestiMoaving value within 0x5600 - 0x56A0 range by
selecting ‘Inside’ item in the associated combo box.

Trigger | Qualfier | ALK Card |
Trigger On IData Access j = | Comtirame mods
i~ Executed Instruction
= oF I 0 s
Address JIFunc2 JI JI JI
- Data Access
Address Data

|= j J I#wTest\:\-"ord I\-\-"rite j IDutside jIDHEBDD |15 bit j
r LCover entire object I Signed IDHEBAD
JI— Mazk Butes: [T T [T LSE
Address Data
[(isabled 31|22 JTestere [wite = [dsatiea 145 166 =]
= Eavenentie aijest ’— = Sianed I—
JI— Mazk Bytes: T LB

Time Stamp ITime 'l Trigger Pasition IBegin 'l
Buifer Size IMinimum j' Buifer compression INone 'l

Wwizard... | Ok I Cancel | Help |

Trigger set on a variable write “wTestWord<0x5600 or wTesti¥Ox56A0 ”

Now, define a qualifier. Check ‘Record Instructions’ aR@c¢ord All Data accesses’.
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Trigger  Qualifier |AU>< Eardl

IV Record Instuctions
r )

Lol | IFlead atd Write 'l

7 | memory areas

Range 1 | [disabled) ¥
Eram... I I

.. ”
Size |Unknowm I=| Entite obiest

Fange 2 I [dizabled] ¥ l

F_rom...”
. I
Size |UnknaEwm =] Entire ohiest
Wwizard... | Ok I Cancel | Help |

ExecuteCPU resetstart the trace and run the program. When faulty write ocaurace trigger event occurs
simultaneously. The trace buffer fills up and the progfiaw is reconstructed and displayed. Since pre-trigger
history is visible, the user can easily locate the cadling 0x560A to the wTestWord variable and fix the
problem.

Trigger event can be used as a breakpoint source aOlveltk the ‘On trigger break execution’ option in the
Traceconfiguration dialog. This may provide additional help to tberwas he can inspect the target application
after “problematic” trigger event, using debug windows (memwatch, SFR, call stack, etc...).

Example: In this example, tracing of so-called Ownership tracesages will be explained. The MPC56x
devices have a dedicated register, the Ownership Tracet®e@TR) located at address 0x38 002C. It is write-
only register (by the application). The trace can thacetall write cycles to this specific register. Ingahthe
trace cannot trace accesses to any other internalr&gtéter.

Let's define OTR in our application as following:

#define OTR *(volatile unsigned long *)0x38002C

Now the user can write to the OTR anywhere in the applicatiommpfysadding following source line:

OTR = 0x5;

or

OTR = otrRecursionEntry;

Such add may help out the user while debugging his applicattbowidisturbing the program execution
vitally. While the application writes various values to theRQthe trace records and displays all OTR writes.

OpenTrace configuratiordialog, select ‘Use trigger/qualifier’ operation type aefine new trigger, named
‘Example4’.

OpenTrigger configuration dialog by pressing the ‘Configure...’ button andndeéi trigger event.

Select trigger on ‘Anything’.
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Trigger | Qualfier | ALK Card |

Trigger On IAnything j r

i~ Executed Instruction

I~ O = OF i
Address JI JI JI JI

- Data Access

Address Data
Jasated =] L] [Rew x| [disabled =] ||
r [EayEn entire obest l— ™| Sigred I—
JI Mazk Butes: T T LEE
Address Data
[asabed =] .| JRew x| |disabled ] |32t =]
= Eavenentie aijest ’— = Sianed I—
JI Mask Bytes: I T LB

Time Stamp ITime 'l Trigger Pasition IEenter 'l
Buifer Size IMinimum j' Buifer compression INone 'l

Wwizard... | Ok I Cancel | Help |

Next, select ‘Record Ownership trace messages’ iQtaifier tab. Additionally, the user may check ‘Record
Instructions’ and/or ‘Record Data accesses’.

Trigger

Trigger  Bualifier |

r

¥ Record Dwnership race messages

I Record Data accesses
ol [Feadandwite 7]
= [memony arcas
Range 1 | [disabled] -
Size Wl‘ Erifire ahiest
Range 2 | [disabled] o’
Size Wr Entire abieet

0K I Cancel | Help |

ExecuteCPU resetstart the trace and run the program. All user’s writdhe@dOTR are marked as OTM
(Ownership Trace Messages) in the trace window. The ademkssat OTM cycles should be ignored.
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=

[¢-Zrom-% » 2
= N
Number | Address Data Contenk Time — %'

T 3 0| 0aooooon Q0000000 | 0TH 0 ns ..._I
1| 00000000 00000001 |0TH 5.00 us )

2| 00000000 aooo0002|0TH 6.50 1= B

a3 00000000 aoo0000:3|0TH 15.00 us %

4 00000000 Q000004 | 0TH 1a.00 us =

5| 00000000 Q000005 |0TH 6600 us é

6| 00000000 000000038 |0TH 131.00 us _%

7| 00000000 aooooo09|0TM 141.25 us %

| 00000000 aoo000001 |0TH 143,25 us %

9| 00000000 00000002 | 0TH 144,75 us %

100 Annannnn ANannAA3InTM 153.n0 na—A

|« | LI_I il
- 207725 ms D:-2. 07725 m: [ M2: - [M1: - n

5.2.2 Nexus RTR Trace

The MPC56x development system offers advanced trace ésatuhich are based on iISYSTEM Nexus RTR
technology and restricted to the program execution bus:

3-Level Trigger
Unlimited Qualifier
Watchdog Trigger
Duration Tracker

‘Nexus RTR’ must be selected in the Hardware/AnalyzeuBeialog to use these features.

Note: Nexus RTR is implemented on iTRACE GT developmesiesy only and for 8-bit MDO (CPU Nexus
port) implementation only.
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3-Level Trigger

Analyzer Setup E |

O peration |

Trace operation mode

o ]

Cancel

Help

On-chip Nexus resources don’t support two or more leiggers, which might be a showstopper sometimes.
The iISYSTEM development system offers 3-level trigggliaable to the instruction bus. Events A, B and C
can be logically combined in numerous ways, including aaumfor B event. All three events can be one or

more instruction address matches or ranges. A 2-tggger example can be found in next Qualifier chapter.

Qualifier

— Trigger

Ia‘-‘m_l,lthing

n“B

A orn'B

A and n"B

A then n"B
Aorn®B arC

|4 and "B and C
B or [n"B and C)

A then n"B then C
& then Bl ar C
| & then 0B or C]
(& or n"B] then C
[& and n"B) then C
A-»B duration tracker

.ﬁn_l,lthing_

=

Filter is equivalent term to the Qualifier. To make thest of the trace buffer limited in depth, a qualifiétef)
can be used, which allows the trace to record only CPU ewasiiching the qualifier condition(s) and thus
saving memory space for important information only. TypycaQ Event' selection is used when using qualifier

and can be configured for one or more instruction address matcrages.
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— Clualifier
1 between B.C eventz j

[ Event
Source Lines
Source Lines &WD 0 il
Source Lines OR O
Cand0

Corfd

[ between B.C events
{BorCord -
—JAorBorCorl) L

Evemthing

A so called Pre/Post Qualifier is available besides timepqualifier. Pre Qualifier can record up to 8 CPU
cycles before the qualifier event and Post Qualifier Up®PU cycles after the qualifier event.

— Eualifier

III! Event j

Record

IEI 'I zamples before 0
I':I ]' zamples after

Time Stamp I Tirne - I

Thereby, the qualifier can be configured in a standardamaythen additionally up to 8 CPU cycles can be
recorded before and/or after the qualifier. For instance alfows recording of a function or just its entry point
and few instructions recorded before make possible to deterwtiiezh code (e.g. function) actually called the
inspected function.

Next example demonstrates 2-Level Trigger, Qualifier ardRralifier use.
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Example: Let’s recordFunc3 execution after th&ype_Pointers  function is executed and then 4-times

Type_Enum function is called.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add a new trigger and
open ‘Trigger and Qualifier Configuration’ dialog.

Select ‘A then n*B’ for the trigger condition, specifype_Pointers  for the event A address,
Type_Enum for the event B address and set B counter to 4. Don’t fooggt Control bus to

‘Executed’ for both, A and B events.

Next select ‘Q Event’ for the Qualifier. Speciync3 for the Q event address and don't forget to
‘Check entire object range’ option. By doing so, the debuggieextract the size of theunc3 and

configure address range end address accordingly.

Trace Address Item Ed |

—(* Hange

Frarm... I IFur‘u:B _I:IK
v Cover ertire object range Cancel |

|44 [0x2C] bytes
i, | |

i Mask

31E28 2?E24 23E2EI 19E1E

MMV FMFFF MWV VKV

15 | 12 11Ea P FALR - T A
FFFF FFFF FFEFFF FFFF

Finally, configure ‘Record 4 samples before Qualifier'tie Qualifier filed.

Following picture depicts current trace settings.
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Trace Ed

Trigger and Qualifer |

— Optionz = o
I} Certitsus mode Address 22|08 Data  PE|R] Control 2|88 aUx o L
¥ Enhable pipeline analiss Type_Pointers E<ECUTE
™| Eelative Timer

Buffer Size  |Minimurn =

Output Signal m
~ Trigaer — B |4 3:
| & then n'E =] ﬁTdydpr:isE — || Data EE| EEDQEEIUHT?I!:EI ALl R L
Position m

= bt Thime 1< I—
I e T I— -

Address 22| Data EE|E| Contal 22]] AUz -
I Baichdag |
— Bualifier
I':! Event j :
Fecaord
E o 2w pata 2] Contel ] AL = ]

|4 'I zamplez before Qual Func3 [size]
IEI 'I zamples after Qual

Time Stamp I Tirne vI

E=ECUTE

Qk. I Cancel Help

Initialize the complete system, start the trace andhemprogram. Following picture shows the trace record.
Green colored line depicBunc3 entry point and yellow colored lifeunc3 exit point.

The user is able to determine which code actually calleifeunc3 function by clicking on any of four lines
beforeFunc3 entry point.
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xecuted
59| 000000&d) 4ES000Z0|\Funci EXIT 15.910075 ms
AES00020 blr

Executed

Example: Let's use the trace to measure the time betweeRéketStrX interrupt routine calls.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add a new trigger and
open ‘Trigger and Qualifier Configuration’ dialog.

Select ‘Anything’ for the trigger condition, specify Qdnt for the Qualifier and then define the Q
event.

Following picture depicts current trace settings.
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Trace

Trigger and Clualifer |

— Optionz —
"/iC i Address )| Data FE]E| Contiol E2[RE] AL pE|
W | Enable pieline
™| Belative Timer
Buffer Size IMinimum "l
Output Signal ITrigger "l
— Trigger rBT I-I 3‘
I,-’.'n.n_-,-thing j Address gilE| Data  B2lEE| Contol B[R] AL G|
Pasition I Canter - |
= | Wit Time < I
2} &z Tiime > I — L
Address ﬁlﬁl Data  B2[P2| Conbol ZEEE] ALl PR
[T wiatchdag |
— Gualifier
IE! Ewent j 5
Record
ek Address -¢IE| Data E|E| Contral %?lml Al Bt |22
IU "'I samples befare Gual [FPTT EXECLITE
IU 'I samples after Qual
Time Stamp ITimE vl
] 8 I Cancel Help

Initialize the complete system, start the trace andtihenprogram. Following picture shows the trace record.
Time between two consecutive function calls can be easiasuned by selecting ‘Relative time’ from the trace

window local menu.
|- Z PO THB-CEEEZWE Y
== == == == == —
== = = == == ;|
Humber | Address Data Content Time
5| ZO0DOOD9FS| 94Z1FFES|! 1858. 621718 m=
Fesetitrx
Z00009F3 Q4Z1FFES stwm
6| 200009F5| 94Z1FFES|| 282.918054 m=
Fesetitrx
200009F8 94Z21FFES =t
7| Z00009FS| 94Z1FFES| ! ZB2.927299 m=
Fesetitrx
Z00009F3 Q4Z1FFES stwm
G| 200009F5| 94Z1FFES|{ 37T.223958]1 ms
ResetitrX
200009F8 9421FFES =tmm

[«]

[

M1-M2: 0 ng [Ma)

|F': 471.533445 ms [:-34.305 |M2: 471.533445 |M1: 471.533445 IDLE
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Watchdog Trigger

A standard trigger condition, logically combined from events &AnB C, is not used to trigger directly the trace,
but it's responsible for keeping a free running tracechdadg timer from timing out. The trace watchdog time-
out is adjustable.

When the trace watchdog timer times out, the trace tsgged optionally stops the application. The problematic
code can be found by inspecting the program flow in the tnéstory.

Usage

If the application being debugged features a watchdog tthmetrace watchdog trigger can be used to trap the
situations when the application watchdog timer times ondtrasets the system.

While the application executes predictably, it periodicediifs watchdog reset routine, which resets the
watchdog timer before it times out. In case of an esiewatchdog timer being serviced (refreshed) by thestarg
signal, the external trace input (AUX) can be configured aust# a routine call.

Time-out period of the trace watchdog timer must be lessttteperiod of the application watchdog so the trace
can trigger and record CPU behavior before the applicataiohaog times out and resets the system.

Configuring Watchdog Trigger

The user needs to enter the trace watchdog time-out peribdedine the “trace watchdog reset” condition,
which can be logically combined from events A, B and C.

Check the ‘Watchdog’ option and specify the time-out period iriTttigger’ field in the ‘Trigger and
Qualifier Configuration’ dialog.

— Trigger
|4 i
Puosition I Center R I
= i Tiime: € I
™ | FEs Time = I

W wiatchdog |2_3mg|

Trigger field

Next, define the “trace watchdog reset” condition. Typijcalhly event A is selected for the “trace
watchdog reset” condition and then e.g. a reset watchdogeotesetting the watchdog, is configured
for the event A. Of course, a more complex condition can bepsestead of the event A only.
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Example: Target application features on-chip COP watchdog, wingbles the user to check that a program is

— Trigger

I.-’-'-.n_l,lthing j
s |
B

A or n*B

A and n*B

& then nB
SornBorC

|Aandn™B and C B

Ao [n"B and C)
A then nB then C

| [& then n"B)or C B
[ then 0B or C) ||

[& or n"B] then C
[& and n*B) then C
A-3B duration tracker

.-I’-'-:n_l,lthing_

Trigger conditions

running and sequencing properly. When the COP is being usedasois responsible for keeping a free

running watchdog timer from timing out. If the watchdog tiniees out it's an indication that the software is no
longer being executed in the intended sequence; thus a sysetiis iegiated.

When COP is enabled, the program mustiRafreshCOP routine during the selected time-out period. Once

this is done, the internal COP counter resets totdreaf a new time-out period. If the program fails tothis,

the part will reset. The COP timer time-out period i6 89 in this particular example. It may vary between th
applications since it's configurable. The watchdog timeesgt within 800 ps during the normal program flow.

The trace is going to be configured to trap COP time out éfamitiates a system reset. The user can find the

code where the program misbehaves in the trace history.

Select ‘Use trigger/qualifier’ operation type in the ‘@eaconfiguration’ dialog, add a new trigger and

open ‘Trigger and Qualifier Configuration’ dialog.

Select ‘A’ for the trigger condition, check the ‘Watchdog’ioptand enter 840 ps for the trace

watchdog timer time-out period.

SpecifyRefreshCOP function call for an event A (reset sequence). Dongdoto select ‘Executed’

for the Control bus.

Below picture depicts current trace settings.
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Trace Ed

Trigger and Qualifer |

— Optionz = o
T Eortinuews mede Addrezs Data  E2|E] Contral =5[] AL o L
¥ Enatle pinelne analiss RefreshCOP EXECUTE
™| Eelative Timer

Buffer Size  |Minimurn =

COutput Signal ITrigger "I
— Trigger - BT I-I 3:
B B Addiess 22| Data  B2R5] Contol 22[E5] AU ||
Puosition I Center B I
= bt Thime 1< I

I e T I -

Addiess 22|WE| Data  BE|R| Contral 22[RE] aUx ]
V¥ watchdog |84I2Ius
— Bualifier

IEver_l.Jthing j
Record s
£COr
Address zaliE| pata 2| conwol 22 U pa| o]
IEI 'I zamplez before Qual
IEI 'I zamples after Qual
Time Stamp ITime VI

Qk. Cancel | Help |

While the application operates correctly, the trace neiggers. The trace triggers when the application
misbehaves, that is wh&efreshCOP is no longer called within 840 ps, and record the prodrenavior
before that. The user can find out why the watchdog wasmiced by analyzing the trace record.

If longer trace history is required, select mediunmaximum trace buffer size and position the trace trigger at
the end of the trace buffer.

Example: The application features (external) target watchdogrtimkeich is normally periodically reset every
15 ms by the WDT_RESET target signal.

The trace needs to be configured to trap the targehdagctimer time out before it initiates a system ré@$ein
the user can find the code where the program misbehavestlsitrgce history.

The WDT_RESET target signal is connected to one ofvhiéadble external trace inputs (e.g. AUXO0). Refer to
the hardware reference document delivered beside the @nugstem to obtain more details on locating and
connecting the AUX inputs.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add a new trigger and
open ‘Trigger and Qualifier Configuration’ dialog.

Select ‘A’ for the trigger condition, check ‘Watchdog’ optiand enter 14 ms for the trace watchdog
timer time-out period.
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Configure AUX0=1 for the event A.

The trace will trigger as soon as the target WDT_RESBiial stops resetting the target watchdog within 14 ms
period. Below picture depicts current trace settings.

Tace

Trigger and Qualifer |

— Options A
= Eottirueusmode Address S8 Data  BE2|E] Contol 25|BE] Al gz| ]
¥ Enatile pipeline analisis [T |
I Eelative Timer

Buffer Size | Minimum =

Output Signal ITrigger "I
— Trigger — B |1 3:
| . 2 fddress gale] Data B2 Cantol B2)EE] Al g2
Position I Center B I
=} kit Thime < I

= = Time >| -
Address || Data E2]%| Control 22)5| AU g2 |
v wiatchdog |14m$

— Qualifier

I Evemthing j -

R d
= &ddress #2)i| pata aIEI Cartral aIml &L ra| |
IU 'I zamples before Qual

IEI 'I zamples after Cual
Time Stamp ITime VI

QE. I Cancel | Help |

While the application operates correctly, the trace neiggers. The trace triggers when the application
misbehaves, that is wh&efreshCOP is no longer called within 840 ps, and record the prodrenavior
before that. The user can find out why the watchdog wasmiiced by analyzing the trace record.

If longer trace history is required, select mediunmaximum trace buffer size and position the trace trigger at
the end of the trace buffer.

Duration Tracker

The duration tracker measures the time that the CPU spenrdating a part of the application constrained by
the event A as a start point and the event B as an end Ppgpitally, a function or an interrupt routine is an
object of interest and thereby constrained by evergad®B. However, it can be any part of the program flow
constrained by events A and B.

Both events can be defined independently as an instructidnffeim the specific address or an active trace
auxiliary (AUX) signal.
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— Trigger
I.-’-".->B duration tracker j

Puosition End w7
[ Min Time < I
[T Max Time 3 I

[ watchdog I

Trigger field

Duration Tracker provides following information for the aza&lg object:

Minimum time

Maximum time

Average time

Current time

Number of hits

Total profiled object time

Total CPU time
Duration tracker results are updated on the fly withawtigion on the program execution. The duration tracker
can trigger when the elapsed time between events A and B exbedinits defined by the user. Then the code
exceeding the limits can be found in the trace window. MarinfMax Time) or minimum time (Min Time) or
both can be set for the trigger condition.

Set maximum time when a part of the program e.g. a functigt be executed in less thap.k time units.

Set minimum time when a part of the program e.g. atimmd¢aking care of some conversion must finish the
conversion in less thanyk time units.

Max Time is evaluated as soon as the event B is deteftedhe event A or simply, Current Time is compared
against Max Time after the program leaves the object liedoged.

Min Time is compared with the Current Time as soon asuéete\ is detected or simply, Current Time is
compared against Min Time as soon as the program entersjdoe loeing tracked.

Based on the trace history, the user can easily findthénprogram executed out of the normal limits. Trace
results can be additionally filtered out by using the qualifie

Example: There is a&imer2Int  interrupt routine, which terminates in 428 under normal conditions. The
user wants to trigger and break the program execution whénntee2Int  interrupt routine executes longer
than 420rs, which represent abnormal behaviour of the application.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add a new trigger and
open ‘Trigger and Qualifier Configuration’ dialog.

Select maximum buffer size and position the triggereetid of the buffer.

Select, ‘A->B duration tracker’ for the trigger condition.
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Next, we need to define the object of interest. Selegter2int  entry point for the event A and
Timer2Int  exit point for the event B. Make sure you select ‘Fetaitess type for the control bus for
both events since the object of our interest is the code.
Check the ‘Max Timer >’ option and enter 428 for the limit.

Below picture depicts current trace settings.

Trigger and Qualifer |

— Optionz — &
I} Certitsus mode Address 22|08 Data  PE|R] Control 2|88 aUx o L
¥ | Eriable pipelite analisi Timerelnt
™| Eelative Timer

Buffer Size  |Minimurn =

COutput Signal ITrigger "I
~ Trigger — B |1 3,

[A28 duration backer 7] Address S| Data 22|E| Contral 22| aUx oh L

Timner2int_ExIT_
Position |Eenter 'I

r bin Time < |20us

v dax Time>|42l]us = C
Addiess )| Data 2| Control 2[5 aUx ]
[ wiatchdog I

— Bualifier

I Evemnthing j 5

A d
= Lddress #1| pata aIEI Contral aIEI &l L]
IU 'I zamples before Qual

IEI 'I zamples after Qual
Time Stamp ITime VI

Qk. I Cancel | Help |

Before starting the trace session, open Duration TrackémsSBar using the trace toolbar (Figure 34). Existing
trace window is extended by the Duration Tracker StatusvBach displays results proprietary for this trace
mode.

- Z)oR-FeaEE twey « |
Duration Tracker Status Bar toolbar

The trace is configured. Initialize the system, stagtttace and run the application.

First, let's assume that the application behaves afelbr and the trace triggers. It means that the CPU spent
more than 42@rs inTimer2Int  interrupt routine. Let's analyze the trace content (E@5h).
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Humber Ad&ress Content Time

-5 00000395 | 000005898 S00E0OO4 lwe -976 ns
-4 0000089 C (0000039C YCOS03A6 mtlr -976 ns
-3 0o0008A0 (00000540 S3EEFFFC lu=z -963 n=
= 0o0o0o0ga4 00000544 YDA15ETE nr -983 ns
-1 000008345 TimerEZInt EXIT -951 ns

ooooogas 4EG000Z0 blr

T i 0000035C|Type Enumi ) ; 0 ne
00000350 48000551 bl

1 000003AC 1§ 662 ns
Type_ Enum
000003AC 9421FFDE stum

2 000008ED |(O00005ED YCOS0ZA6 mflr 675 ns

3 00000854 00000354 23E10024 stw 675 ns

Trace Window results

Go to the trigger event by pressing ‘J’ key or selectingnjidwo Trigger position’ from the local menu. The trace
window shows the code being executed #R@fter the application enter&tmer2int  interrupt routine.

By inspecting the trace history we can find out whyTheer2Int  executed longer than 42@. Normally, the
routine should terminate in less than 420

Next, let's analyze duration tracker results displayetiénDuration Tracker Status Bar.

Duration tracker statistics Count |27 *
Miry 54.950 us Current  |[#16.850 us Tatal |27.884550 ms
Max 416850 us fiverage 235895 us Tatal region |5.369216 ms [22.84%)

Duration Tracker Status Bar
Duration Tracker Status Bar reports:
Timer2Int  minimum execution time was 54.9%
Timer2Int  average execution time was 235r80
Timer2Iint  maximum and current execution time was 41685

Last execution of th&imer2int  took longer than 4260s, since we got a trigger, which stopped the program.
This time cannot be seen yet since the program stidpgire the function exited. The Status Bar displays last
recorded maximum and current time.

Timer2Int  routine completed 27 times.

The CPU spent 6.37 ms in the Timer2Int routine bein§%2a. of the total time.

The duration tracker ran for 27.88 ms.
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If the Timer2Int  routine doesn’t exceed Min Time or Max Time values, #lgudger exhibits run debug
status and the duration tracker status bar displaysrdwstatistics about the tracked object from the start on.
Status bar is updated on the fly while the applicationmnging.

Note 1: Events A and B can also be configured on externallsignaase of an airbag application, the event A
can be a signal from the sensor unit reporting a car crasth@redent B can be an output signal to the airbag
firing mechanism. Duration tracker can be used to mediaréme that the airbag control unit requires to
process the sensor signals and fire the airbags.&uapplication is very time critical and stressed. It can be
tested over a long period using Duration Tracker, which $tepapplication as soon as the airbag doesn't fire in
less than fn and display the critical program flow.

Note 2: Duration Tracker can be used in a way in whictoitke/like the execution profiler (one of the analyzer
operation modes) on a single object (e.g. function/routingfjtimg two things, the results can be uploaded on
the fly while the CPU is running and the object can beked over a long period. Define no trigger and the
duration tracker updates statistic results while the progtas.
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6 Profiler

From the functional point of view, profiler can be usedrtdfife functions and/or data.

Functions Profiler

Functions profiler helps identifying performance bottlésedhe user can find which functions are most
time consuming or time critical and need to be optimized.

Its functionality is based on the trace, recording enamesexits from profiled functions. A profiler area can
be any section of code with a single entry point and one or mitrneaénts. Existing functions profiler
concept does not support exiting two or more functions tirdlne same exit point. Exit point can belong to
one function only. In such cases, the application needsrwwb#ied to comply with this rule or
alternatively data profiler with code arming can be useatder to obtain functions profiler results.

The nature of the functions profiler requires quality high-leleddug information containing addresses of
function entry and exit points, or such areas must be sedampially. Profiler recordings are statistically
processed and for each function the following informatioraisutated:

- total execution time

- minimum, maximum and average execution time

- number of executions/calls

- minimum, maximum and average period between calls

Data Profiler

While functions profiler is based on analyzing code exenutiata profiler performs time statistics on the
profiled data objects, which are typically global variablagical use cases are task profiler and functions
profiler based on code instrumentation.

When an operating system is used in the application, taskepredin be used to analyze task switching.
When the task profiler is used in conjunction with the functpoéiler, functions’ execution can be
analyzed for each task individually.

The development system features a so called real-tiafideprand off-line profiler. Off-line profiler is ently
based on the trace record. It first uses trace to recooanplete program flow and then off-line, functions’ entry
and exit points are extracted by means of software, thistités run over the collected information and finally
the results are displayed. Real-time profiler is based ¥8TEM RTR technology, which allows the profiler to
capture only functions’ entry and exit points and not coreghedgram flow. This way, profiler session time is
increased in most cases. Note that total session tipgnds on the application and amount of profiled objects.

Refer to a separate document titled Profiler Useuigl€&for more details on profiler and its use.

Nexus RTR is implemented on iTRACE GT for 8-bit MDOx\e port only.
Trace, Profiler and Execution Coverage functionalities cebeaised at the same time since they are all based
on the trace. Single functionality can be used at the dinhe

Be careful when including source lines in the offline profilesource line can often consists of a block of
sequential instructions, which have all the same timepstaformation due to the trace based on branch-trace
concept. For instance, first instruction of the source lingyeand last instruction (exit) will have the same time
in such case and the profiler would display zero time dpehe source line although this is not the case in
reality.
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Typical Use

To use off-line profiler, select ‘Nexus’ trace operatinade and working profiler buffer size in the
‘Hardware/Analyzer Setup’ dialog. Keep ‘Buffer Compressget to None as this will provide the most
accurate results.

Analyzer Setup x|

Operation | PowerPC |

~Trace
QOperation mode

—Profiler
Buffer size [ 1%

Buffer compression IN:::nE

L L L

Time Stamp I'I'lme

~ Execution Coverage
Operation mode IOFF-Iine

Led Lol

Buffer size | 10%

Cyde duration I Ons

isdaimer: due to On-Chip and RTR pipelines, recorded
times do not exactly match CPU core execution timings

QK I Cancel Help

For real-time profiler use, select ‘Nexus RTR’ trapemtion mode and working profiler buffer size in the
‘Hardware/Analyzer Setup’ dialog.

Nexus doesn’t report full 32-bit instruction address but tmler 25-bits. It is necessary to specify the address
offset in the ‘Hardware/Analyzer Setup/PowerPC’ tab nvthee code runs at offset address exceeding the 25-bit
address space. For instance, if the address offset $enptoperly (e.g. set to 0), the profiler, trace and
execution coverage will work correctly while running aé @ddress (e.g. 0x800000) and incorrectly when the
code is running at e.g. OxFFF00000.

Analyzer Setup |

Operation  PowerPC |

— Branch target address
Offset |E HEX

Mexus trace port broadcasts lower 25 bits of the CPU
ddress onhy. Cffset will be added to form the full 32-bit
ddress.

Next, select ‘Profiler’ window from the View menu and configprefiler settings (see next figure). Select
‘Functions’ option in the ‘Profile’ field when profiling funatis. In order to profile a data variable, ‘Data’
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should be checked instead. For instance, Data Profiler caselddeas a Task Profiler, when the operating system
writes a unique task ID to a particular global variailevery task switch. The Profiler is then configured t
profile that particular variable.

When using functions profiler in an application with operatiggtem, the task switch variable ABSOLUTELY
& UNCONDITIONALLY MUST be profiled too! Data profiler muse used to profile task switches.

Make sure that ‘Keep history’ option is checked if Higteiew is going to be used during the results analysis. If
the option is unchecked, all recorded profiler data are diedaafter the statistic information is calculated and
history view shows no results.

Finally, profiled functions are selected by pressigw...” button. It's recommended that ‘All Functions’
option is selected for the beginning.

The debugger extracts all the necessary information fromdebeg info, which is included in the download file
and configure hardware accordingly.

Analyzer Tools |

Profiler |

Praofile Skark at

Innything j I J

[lpata [T Include 05 ohjects

V¥ Keep histary ™ Ignore urknown Funckions
[~ ko skark with CPU [ allow functions without exits
[ Limit session duration I 30 5 [ Ignore Functions which exit on entry

[™ Load last session when opening workspace

I Functions Data !

address_DifferentFunctionParameters
address_cGlobalvatiables
Address_TestScopes

CPU_Init

~ Areas

-
Remove |
CPI_Pointers Edit
CPU_Recursion Bl |
E:Ic_ltEIiealsmsm ~|  Selectal., |
I Include Function lines
I S [ |

j MNew, .. |
I~ allow jumps on funckion M
(04 I Cancel | Apply | Help |

Profiler configuration settings

Profiler is configured. Reset the application, stadfier and run the application. The Profiler will stop
recording data on a user demand or after the profiler bloéfeomes full. While the buffer is uploaded, the
recorded information is analyzed and profiler resultpldiged.
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7 Execution Coverage

Execution coverage records all addresses being executth allows the user to detect the code or memory
areas not executed. It can be used to detect the sd ‘@dlad code”, the code that was never executed. Such
code represents undesired overhead when assigning codeymesuarrces.

The development system features a so called off-lineutia® coverage and real-time execution coverage.

Off-line execution coverage is entirely based on theetracord. It first uses trace to record the executed code
(capture time is limited by the trace depth) and theimeféxecuted instructions and source lines are extlacte
by means of software and finally the results displayed.

Real-time execution coverage is based on a hardwaig lwhich in real-time registers all executed program
addresses. It features statement coverage but no decisierage since it keeps the information on all executed
program addresses but without any history, which wouldwhkich address was executed when and in what
order.

The major advantage of the real-time execution coverathatist can run indefinitely, which does not apply for
the off-line coverage. On the other hand, off-line execution cgeepaovides decision coverage metrics which
real-time execution coverage doesn’t. It's up to the umaT Which one to use.

Refer to a separate Execution Coverage User’s Guide for detads on execution coverage configuration and
use.

Nexus RTR is implemented on iTRACE GT for 8-bit MDOx\e port only.
Trace, Profiler and Execution Coverage functionalities cebeaised at the same time since they are all based
on the trace. Single functionality can be used at the dinhe

Typical Use

To use off-line execution coverage, select ‘Nexus’ tgueration mode and working execution coverage buffer
size in the ‘Hardware/Analyzer Setup’ dialog.

Analyzer Setup x|
Operation |

—Trace
COperation mode IOCT {On-Chip

rFrofiler
Buffer size [ 100 % R
Buffer compression I j
Time Stamp ITime j

—Execution Coverage
Operation mode IOH’-IinE j
Buffer size [ 100 % =
Cyde duration I Ons

times do not exactly match CPU core execution timings

r]isdaimer: due to On-Chip and RTR. pipelines, recorded

QK I Cancel Help
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For real-time execution coverage use, select ‘Nexus RBBeé operation mode. Buffer size setting is not
applicable for this mode.

Nexus doesn’t report full 32-bit instruction address but tmler 25-bits. It is necessary to specify the address
offset in the ‘Hardware/Analyzer Setup/PowerPC’ tatewthe code runs at offset address exceeding the 25-bit
address space. For instance, if the address offset sethptoperly (e.g. set to 0), the profiler, trace and
execution coverage will work correctly while running aé @ddress (e.g. 0x800000) and incorrectly when the
code is running at e.g. OxFFF00000.

Analyzer Setup x|

Operation  PowerPC |
r Branch target address

Offset |E HEX

Mexus trace port broadcasts lower 25 bits of the CPU
ddress onhy. Cffset will be added to form the full 32-bit
ddress.

Next, select ‘Execution Coverage’ window from the View mand configure Execution Coverage settings.
Normally, ‘All Downloaded Code’ option has to be checked ofhe debugger extracts all the necessary
information like addresses belonging to each C/C++ function frendebug info, which is included in the
download file and configure hardware accordingly.

x

Configure |

— Coverage scope — Rangeset

" Entire memary

" Usze rangeset

— Coverage level

¥ Statement coverage

¥ Decision coverage

— Operation
[ Auto start when CPU starts
IV Auto update when CPU stops Set fichve |

0k I Cancel | Help |

Execution Coverage is configured. Reset the application,EBstadution Coverage and then run the application.
The debugger uploads the results when the trace buffer bebdhwsyhen requested by the user.

[Eonfigure... | Copy |
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Execution Coverage results

8 Getting Started

Before powering on check the Power supply setting in Btinl Options/Hardware. Default is 3.3V, note
however that certain newer devices operate at lower voleagemay no longer be 3.3V-tolerant. Use ‘Target’
setting in such case. Target board should provide its |/@erefe voltage on the debug connector.

Disable watchdog with the option described above. Usuallwé#tehdog timer will timeout after just a few
seconds after reset is released, leaving very little for user intervention. At the same time, don’t fotge
disable or adequately service the watchdog timer in ydtwaie.

To enable code download user should provide some minimum mextaeygs configuration. This can be trivial
by merely setting the appropriate chip-select registgrfish or SRAM, or complicated and lengthy for
DRAM. Note that there’s no need for that with the 5xx/8xat tiave internal RAM sufficient for small test code.

See notes above for setting debug clock and reset delay.

In case the debugger won't start, disable initializaticsh@hconfigurable options except disabling the
watchdog. Check if the CPU stops at reset vector OXFFRQ@t®x100 if MSR is 0.

It is recommended that CPU clock PLL is not modified initiitéalization sequence as this may cause CPU
debug port to fail. Instead, user code should do this ircass.

Under Emulation Options/CPU Setup check all exceptions tirét dave a handler in your code. This is a good
means to detect early when your code strays away.

9 Troubleshooting

Q: We noticed that our MPC565 application is running faster whedebugger is connected than when it's
running in stand-alone. We are using iTRACE PRO/GT Nexusaawvent system. What could be the
reason for this behavior?

A: Most probably your application doesn't set the ISCT_SER fielkdeol CTRL (debug) special purpose
register. After reset, the microcontroller runs fullyiazézed and show cycles are performed for all fetched
instructions (ISCT_SER = b000). When the debugger is conndotkaving ISCT_SER values are set:

- 5 to facilitate 565 Nexus trace operation, before chigsi@viD

- 6 to facilitate 565 Nexus trace operation, with and aftasien D
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- 7 for all MPC5xx/8xx BDM and Nexus without trace
In your case, the application (e.g. startup code) should &dt ISER to 7. Refer to the Development
Support chapter in the 565 Reference Manual for more sletaithe ISCT_SER field.

When attaching an emulator to the MPC5xx/8xx, some specifisiderations are called for:

1.

Actively drive the DBGC (D9,D10) and DBPC (D11,D12), H&elset Configuration Word bits onto
the bus to select the Multifunction I/O pin selectiontboget and Development Port. The values
required to be driven onto these pins are based on the sigaileate been routed to the 10-pin BDM
connector. This doesn't apply to MPC505/509.

There are two BDM 'Freeze' signal schemes. Optionrécemmended for Trace option. But, Option B
may also be used as an alternative when target desigi?@G3CIA Port B. Option B requires that the
bit SIUMCR.FRC=0. For BDM operation alone it is irrelevantivbption is used. With the exception
of MPC505/509 the emulator uses BDM software commarmsteblish CPU's run status.

Physically locate the 10-pin connector as close as pegsilthe processor to minimize trace length and
crosstalk onto the BDM signals. Do not run high-speed clockgynals adjacent to the BDM
communication signals.

Ensure that the emulator /[HRESET connector pin is connectattigito the /HRESET signal of the
processor. This will provide the ability for the emulatodtive and sense the status of /HRESET. The
target design should only drive the /HRESET with operect$f or open drain type devices.

/HRESET should not be tied to /PORESET. The emulateesithe /HRESET and DSCK to enable
BDM operation.

To guarantee that the JTAG Mode is not accidentally invad@thect a pull down (~10K) resistor on
the /TRST signal and a pull-up (~10K) on the TMS signal. WtherMPC's development port (BDM)
is used, JTAG functionality is disabled. Designs that rednoth, should have a Reset configuration
scheme to support the two modes. We use 10k pulldown2#b duffer that drives DBPC=00 and
enables BDM functionality. And if a JTAG tester is connedtedercomes the pulldown to a logic
high and the DBPC=11 enabling JTAG pins.

Known Issues

Problem: Download fails with verify errors.

Solution: For example, program segments A, B and Graced together in a download file. But the B
segment is mapped to a non-existent memory region. Thisrincauses failure in writing the first 8
bytes of the segment C. Of course, the solution isnays check the Load Map and make sure that the
program is linked to valid memory regions.

Problem: I'm trying to inspect the floating-point regirs. How do | do that?

Solution: Open the SFR window and expand the Floatingt R&gister group. If the MSR.FP floating
point enable bit is zero, all floating-point registerd display zero.

Disclaimer: iISYSTEM assumes no responsibility for amgrs which may appear in this document, reserves the
right to change devices or specifications detailed hereinyatime without notice, and does not make any
commitment to update the information herein.

iISYSTEM. All rights reserved.
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