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1 Introduction

Debug Features

1 Unlimited Breakpoints
1 AccessBreakpoing

1 Realtime Access

1 Trace

1 Profiler

1 ExecutionCoverage

1.1 Differences from a standard environment

The InCircuit Emulator emulatethe target CPUwhich is removedrom the target, as good as possildeside

the CPU, additional logic is integrated on the POD. The amount of additional logic depends on the emulated
CPU and the type of emulation. A buffer on a data bus is always used (minimal logic) and when reboitding

on the POD, maximum logic is used. As sootha?OD isconnected tthe target instead of the CPU, electrical
and timing characteristics are changed. Different electrical and timing characteristics of used elements on the
POD and prolonged linesdm the target to the CPU on the POD contribute to different target (the whole
system) characteristics. Consequathy, in worst caseignal crosdalks and reflections can ocodue to bad

target connectigrcapacitance changes, etc.

Beside that, pulup and pultdown resistors are added to some signals:-Upulk-down resistors are required
to define the inactive state of signals like reset and interrupt inputs, while the POD is not connected to the target.
Because of this, the POD can operate aglsiane without the target.

1.2 Common Guidelines
Here are some general guidelines that you should follow.

1 Use external (target) Vcc/GND if possible (to prevent GND bouncing),

1 Make an additional GND connection from POD to the target if the Emulator behavegestra

1 Use the reset output line on the POD to reset the target whenever Emulator resets the CPU,
1

Make sure the appropriate CPU is used on the POD. Please refer to the POD Hardware reference received
with your POD.

1 No onchip or external watchdog timersrche used during emulation (unless explicitly permitted). Disable
them all.

1.3 Port Replacement Information

In general, when emulating the single chip mode, some ports have to be rebuilt on the POD because original

ports are used for emulatidrtypically poits used as address and data bus in extended Btaddard integrated
circuits are used teebuild" | ost " ports. Rebuilt ports are |l ogicall
electrical characteristics may differ. The differences may become rélghian standard integrated circuits are

used and operating close to electrical limits, e.g. when input voltage level is close to specified maximum voltage
for I ow input | evel (A00) or specified mihatargetisn v ol t
built in the way that the maximum port input current must be considered.
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2 Emulation Options

2.1 Hardware Options

Emulation Options |

Hardware | CPU | WeedClock | Initialization | JTAG | Synchranization |

[" Clear Emulation Memong [0 HEX

™| Erorain Target mode

Ermul atiar M eman Strad o Meman

) 256 kEptes ™| z= for realtime access, i aval=ble

! 1 1Bt Addiess: IEI S H
femeps (w00 Bt

k. I Cancel Help

ActiveEmulator Options dialog, Hardware page

Clear Emulation Memory

This option allows you to force clearing (with the specifiatlie) of emulation memory after the emulation unit
is initialized.

Clearing emulation memory takes about 2 seconds per megabyte, so use it only when you want to make sure that
previous emulation memory contents don't affect the current debug session.
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2.2 CPU Configuration

With In-Circuit emulation besides the CPU family and CPU type the emulation POD must be specified (some

CPUr's can be emulated with different PODs).

Emulation Options

Hardware CFU |‘-.J'|:n:a"I:I|:u:k| Initializatiu:unl JTAG I Synchrunizatiunl

FE arnily

Fresscale B8HC12 =)

CPU Setup...

PODACARDATAG

MC351Z4DPE12
MC351Z<EF100

CPU

MC951 25401 26
M5 1244256
M5 124451 2

e

MC35124FR128
| MC3512¢B128MC35 12
MC3512:B256
| MC35124D128
MC35 125D 256
MC3S 125D G128
ISP |
kAT A5 1 XTI 2RE

Set Default

Iritial Endian I Big ~ I

Custam CPL variant

|idefaul] ¥

Cancel | Help |

o ]

ActiveEmulator Options dialog, CPU Configuration page

CPU Setup

Opens the CPU Setup dialdg this dialog, parameters like memory mapping, bank switching and advanced
pperation options are configured. The dialog will look different for each CPU reflecting the options available for
It.

Set Default

This button will set default options for curtgnselected CPU. These include:

1 Vcc and clock source and frequency

1 Advanced CPU specific options

1 Memory configuration (debug areas, banks, memory mapping)

Note: Default options are also set when the Family or a POD is changed.
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2.3 Power Source and Clock

The Vcc/Clock Setup page determines the CPU's power and clock source.

In-Circuit Emulator Options |

Hardwarel cPU WeooClock | Initializatil:unl Synchrunizatinnl Patterm Eeneraturl

— Yoo Source
dnterna £ Erequency: |4000 kHz ' |ntemal
Euternal " External

Advanced.. | — Yee Yoltage
N
o E

k. I Cancel Help

In-Circuit Emulator Options dialog, Vcc/Clock Setup page

Note: When either of these settings is set to External, the corresponding line is routed directly to the CPU from
the target system.

Clock Source

Clock source can be either used internal from the emulator or external from the target. It is recommended to use
the internal clock when possible. When using the clock from the targahhiappen that the emulatfails to
initialize.

It is dissuaded to use a crystal in the targetasexternatlock source during the emulation. It is

recommended that the oscillaisiused instead. Normally, a crystal and two capacitors are connected to the
CPU's clock inputs in the target applicatemstated in the CPU datasheet. A length of clock paths is critical and
must be taken into consideration when designing the target. During the emulation, the distance between the
crystal in the target and the CPU (on the POD) is funtieneincreasedtherefore the impedance may change in

a manner that the crystal doesn't oscillate anymore. In such case, a standalone crystal circuit, oscillating already
without the CPU must be built or an oscillator must be used.

When the clock source is set to Internhg tlock is provided by the emulator and its frequeraaybe sein
steps ofl kHz

Note: The clock frequency is the frequency of the signal on the CPU's clock input pin. Any internal manipulation
of it (division or multiplication) depends entirely on tamulated CPU.

Vcc Source

This setting dtermines whetheéhe eanulator or the target system providegower supply for the CPU.
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2.4 Initialization Sequence

Usually, here is no need to use initialization sequence when debugging withCarclit Emulator(ICE) a
single chip applicationPrimarily, initialization sequence is used on-Chip Debug systems to initialize the
CPU after reset to be able to download the code to the target (CPU or CPU external) Métham.ICE
system, thénitialization sequencmay berequiredfor instanceo enable memory access to the CPU internal
EEPROM or to some external target memory, which is not accebsillefaultafter the CPU resethe user
can also disable CPU internal COP udimitialization sequence if there &sneed for that, etc.

Initializationsequence is execut@dmediately aftethe CPUreset and then the cotedownloaded
The initialization sequence can be set up in two ways:

1. Set up the initialization sequence by adding necessary register writdlydirelse Initialization page
within winIDEA.

Emulation Options |

Hardwarel CPU I Yee/Clock  Initialization |.JT.-i'-.I3 I S_I,Inn:hrn:nnizatin:nnl

Initializatiomn Ilnit FEOUENCE j |1 seconE|
™ Loadfiamfie | 2
Address offset | Read from CPLU RARE HEX
[~ Feset CPU after DLAreset commands [invalidates initislization)
Area | Address | Reqister |Data
Logical 011a ECLKDI 1C :l fdd. .

EBroperties... |
j - Hemoye |

k. I Cancel | Help |

2. WIinIDEA accepts initialization sequence as a text file with .ini extension. The file must be written
according to the syntax specified in the appendi

Excerpt from the sampBemao.ini file:

SPTBD B 12 /lcomment
S PTBDD B FF
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Emulation Options |

Hardwarel CFU I Yoo/Clock  Initialization |JT.¢'-.G I Synchrunizatiunl

Initialization Ilnit zEqUEnCE j |1 secamd|E|
¥ Load from file IDemD.ini J
Address gffset | Read from CPU RaRE HE

[~ Reset CPU after DLAreset commands [invalidates initialization]

Area |Address | Fegister | Data

=] Selel

Eraperties.. |
w,
;I Elemave |

] I Cancel | Help |

The advantage of the second method is that you can simply distribute your .ini file among different workspaces
and users. Additionally, you can easily comment out some line while debugging the inibialsgguence itself.

There is also a third method, which can be used too
can initialize the CPU by executing part of the code in the target ROM for X seconds by using 'Reset and run for
X sec' optbn.

Emulation Options |

Hardwarel CFU I Yoo/Clock  Initialization | Synchrunizatinnl Patterm Eeneraturl

Initialization IHeset target, Run... j |3 zecond(z]
I} L zd oo e I J
Address gffset | 5 peciy ~|]o HE

[~ Reset CPU after DLAreset commands [invalidates initialization]

Area |Address | Fegister | Data

=] Sielel

e
Eraperties.. |

-
;I Hemave |

Cancel | Help |
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2.5 Synchronisation of Two or More Emulators

S12Xdevelopment system allows synchronization of two or more emulators.
There are two special pins on the POD:

1 SR-synchronous reset

I SS-synchronous stop

The corresponding pins of all Emulators must beneated together. This means that all SR pins must be
connected together, and all SS pins must be connected together (but, of course, separated from each other).

Emulation Options |

Hardwarel CRU I VC-:HI:Il:u:kl Initializatil:-nl JTAG

RESET synchronization FundStop synchronization
[ Master [ ddaster
[T Slave [T Slave

k. I Cancel Help

Synchronization Options

The Emulator operation is specified in a special dialog, the 'Haedwanircuit emulation/Synchronization' tab.
Both, SR and SS line can operate independent of each other as master or slave. The user must specify the
operating mode in the 'Synchronization' tab.

Synchronous Reset (SR) line

1 Master: when the CPU resets, tieset will also be broadcast on the SR ling;

1 Slave: only monitors the activity on the SR line.

Synchronous Stop (SS) line

1 Master: when the program stops, this will be broadcast on the SS line;

1 Slave: monitors the activity on the SS line and automatisatlys or goes into running depending on
the messages received on the line.

Both lines, synchronous reset and synchronous stop are open drainifime=ans that they can operate as input
or output. If you define the Emulator as master, open drair{f3$iRe SS) operates as output and if you define the
Emulator as slave it operates as input.
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RESET Emulator Target

ENtry run- resem) Immediate Immediate

EXit reseT- RUN) 150 E cycles Immediate

Note: If you are using two emulators wi12X CPUrunning on the same clock, they will start synchronously.
Also the RESET output line on the POD is delayed until the CPU starts. Yiawsedhis line to synchronize a
third CPU.

Run/Stop Emulator

Entry (RUN- WAITING) On next source line

0-12ms

EXit waming- ruN)
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3 Setting CPU options

3.1 CPU Options

The CPU Setup, Options page provides some emulation settings, common to most CPU fadirélies a
emulation modes. Settings that are not valid for currently selected CPU or emulation mode are disabled. If none
of these settings is valid, this page is not shown.

CPU Setup |

Option: I.ﬁ.dvancedl b ernon Mappingl

— Optionz
[~ RESET From T arget Enabled

™| Wil Enatled wiken Stepped

[ Intermupt: Enabled ‘when Stopped

™| Hardlrtenupt Disatle when Stepped

I™ | Stop BRI Setivities s hen Stopped

™| Tiest iode

I” | Eache downleadedcode anly [de naf [ead e taraet]

k. I Cancel Help

CPU Setup, Options page

RESETfrom Target Enabled

When checked, the targatsetlineis sensed, which can theeset the CPU while the CPU is running.

Interrupts Enabled When Stopped

Source step debug command is considereslsas op mode f r om t h althaughtitisgger 6 s st
implemented by setting breakpoirftsdden to the usgon adequate addressa®l running the program up to

them This particular option refers to the stop mode, but it really impacts source step behaviour only. When the
program is stopped, the CPU enters ircatbted BDM mode in which the CPU cannot senacg interrupt. Any

pending interrupts are serviced after the program is resumed.

When this option is checket(Interrupt Mask) flag in the CCR registisrnot modified by the emulatoit

means that fven the user program is stoppedstepped througiné sourcs | flag is not affected by the

emulator For instanceif interrupts are enabled and there is an active interrupt request, it will be serviced during
source step.

When this option is unchecked, the interrupts are disablstbp modeAfter theuser program is stoppgthe
emulator hidden from the usememorizeghecurrent | (Interrupt Mask) flag state and sets it, which result in
disabled interruptdVhen theuserprogram isesumedthe emulatofirst restoresoriginal | flag and then
resunes the program.

There is no problem when the 6Rund command is being
when a single step command is being used.

While in stop and executing a single step in the disassembly window there are no prDloléngssingle step in
the disassembly window the emulator itself detects any instruction that changes thel dtageanfd handles it
correctly. For example, interrupts are active and the program is stopped. The ematatmizeshe | flag state
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anddisables interrupts. Now the user executes single steps in the disassembly window and, for example, once

the SWI instruction (software interrupt) is stepped. At this moment, the CPU pushes the content of the CCR

register to the stack, where the Interruptile flag is stored and jumps to the address where the interrupt vector
points to. Before the userds program wasclemrddaqpmped (f
after the program was stopped, they were disabled (58adpy theemulator. Therefore an incorrect | flag value
(CCRregiste} is now pushed to the stack. Since the emulator can detect such an instruction it modifies the stack
with the propet flag value. If this would not be done, the program execution would be chafigedRETI

instructionis executed osoftware interrupt routinexit. I nterrupts in the userods pr
and not enabled as before while the program was running.

But when using step in the source wind{smurce stepthe aboveroblembecomes relevant and the user should
never forget it. The source step is actually executed with RUN command with prior setting breakptist
required source lire If for instanceSWI (software interrupt) occurs duritige source stegxecutionthe CCR
valuewith disabled interrupts will be pushed to the stack and after returningfiesoftware interrupt routine
(RETI) the same value is popped up from the stack. When theassenedis program, interrupts are disabled
and not enabled, daksey were before the program was stopped.

During the source step the emulator cannot detect instructions that changes the state of | flag as it is the case with
single step in the disassembly window.

3.2 Debugging Options

CPU Setup H|

Optionz  D'ebugging I.-'-‘-.dvanc:edl Memar_l,ll

Execution Bz =

k. I Cancel Help

Debugging options

Execution Breakpoints

The development system can use two types of breakpoints:

1 ‘'Internal CPU' specifies the usage of the internal CPU breakpoint logic (also referretidodasare
breakpoints), which featuregour breakpoints. The main advantage of this option is that theisoute
beingmodified;the program memory is only used for program storage.

Note that the debugger, when executing source step debug command, uses one breakpoint. Hence, when all
available hardware breakpoints are used as execution breakpoints, the detmgél to execute debug

step. The debugger offers 'Reserve one breakpoint fodéngh debugging' option in the Debug/Debug
Options/Debugging' tab to circumvent this. By default this option is checked and the user can uncheck it
anytime.
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1 'Emulator' specifies the usage of emulator breakpoints (also referredswfimsgre breakpoints). This is
done by code modification, where break instructions are inserted, where a breakpoint is required. The
number of breakpoints is unlimited and unnoticeable ta#lee, unless the code integrity is being checked.

3.3 Advanced Options

CPU Setup |

Dptinnsl Debugging  Advanced | Memnr_l,ll

— Operation mode
&+ Single Chip Synchronize start from reset

on T f [watzhd f
IEmuIate internal FLASH j ﬁssﬂ.r;e ?;rEIQEEt[:EgETDQ] (R

" Espanded [ Other (default =
I Ermulate internal FLASH j

IJze COP
[T Stop when XGATE stops COPCTL |0 HE

Advanced operation I Synchronization/Trace break. j

Clock zelection I Full swing Pierce osc. or external clock zource "I

] I Cancel | Help |

Advancedoptions

Operation Mode
The POD supports single chimd expanded mode

Single chip mode can be emulaiadwo ways:

U pEration mons e e
1 Useinternal FLASH - ™ Single Chip :
E Ermulate intemal FLASH j :

In this case, Synchronization of mpl& emulators, Task . ~
breakpoints and Bek on trigger functionalities are not available!

1 Emulakinternal FLASH- Internal flash is replaced by RAM S T
overlay memory. .

In this case, Synchronization of multiple emulators, Task breakpoints and Break on triggenilities

are available only when emulator breakpoints are used!

Due tothe CPU pitfall, S12XDP512 mask L15Y runs only up to 33MHz (ECLK) when running from the

overlay memory (Emulate internal FLASH). If the target application runs at higher frequenéyUs e | nt er
F L A SrHodlemust be used!

This option is not available for S12XEP100, S12XF512 and S12XHZ512 ActivePRO PODs only

Expanded mode can be emulated by

9 running from internal FLASH (CPU is = Operationmode —————————-+-
running without wait states) ' Single Chip

Emulate internal FLASH j :

i Evpanded

I Emulate internal FLASH j ;

1 running from external FLASH (CPU is i-—Llse Internal FLASH
running with wait states) : | :E rrilate internal FLASH

1 emulation of internal FLASHCPU is
running without wait states)

I1ze Target FLASH
<o JEmulate Target FLASH
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1 emulation of external FLASH (CPU is running with wait states)

When the CPU is runningdm internal FLASHthe FLASH is programmed during download. When FEAS

(internal or external) is emulated it is replaced b

Stop when XGATE stops

If this option is checked, the X12 program is stopped when XGATE stops.

Synchronize start from reset on

The target reset signal resets the CPU immediately. Hoywehen the target reske becomes inactive, the
CPU resetine is belayedfor few hundred milliseconds by the emulator.

If there is an activexternal watchdog, the CPU restart must be synchronized with the external watthéag
this option and 'REET From Target Enabled' option must be checked.watchdog timer event allows reset
synchronization on the rising edge of external watchdog (target) reset. Note that the external watchdog must be a
periodic signal (while forcing the CPU to a reset $taAdter the
CPU starts, the external watchdog must be refreshed by the

application, which ensures the target reset line not to be active. T LS Sielt T2 2 £ 31—

[T Target [watchdog) reset
Azzume target BESET
[Other (defaut) 7]

Assume target RESET
Whenthe CPU is reset by an intern@PUreset sourcée.g. COP)

F TR d

. K . . . (Uther [default 5
the CPUreset line is driven diwely. Thisresetcan bedetected by | fail ;
the emulator which extends this reset to be abieitialize andstart | I COP Failure
theemulationcorrectly.At that point original reset sourcis no S o

longerknown to the emulator and there is no way for the emulator to
figure it out However, this informatiors required for the emulatoo fetch the program counter froaproper
vector. 60 As sume dlaws theeuser tB EpEcyTwhichagsdt vedsdetcheal afterthe CPU
reset.Theemulator can assume that targeset is generated because of:

1 external resetwhich yieldsPCfetchfrom OXFFFE
9 Clock monitor failure which yieldsPCfetchfrom OXFFFC)
1 COP Failurewhich yieldsPCfetchfrom OxFFFA)
The emulator allows testing of single internal reset sourtfeeaametime.

When the reset is issued by the emulator (debug reset), it will always fetch the PC from OxXFFFE.

Use COP

The CPU has an internal watchdog, that must be refreshed periodically, or the CPU resets. The COP can be
disabled in STOP (while the CPUs®pped by BDN), which is necessary for debugging. Since the register,
which turns off COP is a writence register, the whole register must be written.

Use COP is a global option with which the COP usage is selected. If this option isletfablaption to insert
COPCTL is available. If COP is enabled, the software presets the
COPCTL register (address 0x003C) with the value, entered into the :
COPCTL field. It makes sure automatically that RSBCK (ihehat ~ Vil D
disables COP when the user's pargrstoppedespectivelywhen the CPU COPCTL laﬁ HEx
is in the BDM mode) is always active.

WhenCOP is enablednd usedthe 'RESETFrom TargeEnabledoption (chapter 3.1nust be enabled. At
COP reset the CPUdrives the CPUesetline, which the emulatocanonly recogize as target reset.

When experiencing problems with the emulator when using COP, check, whether you have a correct/valid
interrupt vector table. If for instance COP interrupt vector is defined by mistake as a watchdog interrupt vector, it
may look likethe COP resets the CPU when the interrupt occurs.
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Advanced Operation

If software breakpoints are used, the program memory can be used in two ways:

1 Task debugging This operation mode
enables task breakpoints. These are :
breakpoints, available only in @rtain task, election sk debuaang
which can be set in the 'Debug/Operating —
System' dialog.

Advanced operation | Synchronization/ Trace break j

1 Synchronization/Trace break Normally, there is a delay when the stop command is used. This mode
minimizes the time needed to stop the CPU and is used for quickly stopping the CPU.

6Adwced Operationd setti

g is available only when 6
6Use emul ator breakpointso

n
S is selected for the exec!

Clock Selection

The CPU haa XCLKS pin, whichcontrols whether a crystal in cémnation with the internal loop controlled
Pierce oscillator is used or whethall swing Pierceoscillator/external clock circuitry is used. The XCLKS pin
selects the oscillator configuration during

RESET low phase. e g ot e e et S

Using the development system, XCLKS
signal from the target is not connected to
the CPU since the same pin is used for
other purposes when the CPU is operating . T e

in the emulation mode. Instead, the user must define which clock type is |mplemented in the target using Clock
Selection setting.

Makesur e t hat O6Full swing Pierce oscill at emulatorr ext ern
clockis used

3.4 Memory Expansion

This page configures the mode of thedip memory expansion unit.

CPU Setup ]|

I:Iptil:unsl Del:uuggingl Advanced  Memomny | Esternal WDT I

¥ tdemony expansion enabled
[~ ROMHM - FLASH anly in second half of memany map

¥ Eraze FLASH before download

—Bark FO' mapping

(' 4000 - FFFF Custam mode I default "I

k. I Cancel | Help

Memory Expansion
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Memory Expansion Enabled

If Memory Expansion is being used, this option must be checked. According to this selection, the mapping on
the POD is automatically configured.

ROMHM

This option sets the ROMHM bit in the MISC register. With this bit turned on, access to the Flash Memory in
the area of 0x4000x7FFF is turned off.

ROMHM=0 - The 16K byte of fixed FLASH EEPROM in location 0x40087FFF can be accessed

ROMHM=1 - disables direct access to 16K byte FLASH EEPROM from Ox4J0ff in the memory map.
The physical location of this 16Byte FLASH can still be accessed through the Program Page window.

The option must be checked, if direct access to FLASH 0x0QW@6FF is disabled. The ROMHM must have
the same value as the user uses in his application.

Erase FLASH before download

When theoption is checkeda mass erase of the internal flash is performed prithedebug download. When

the option is unchecked, the debugger erases only sectors which need to be programmed during the debug
download. This behaviour is typically required whgngram flash isdditionallyused for the EEPROM
emulation where it may be undesiréd loose the EEPROM emulation data stored in the flash due tiashe
mass erase performed before the debug download.

Note: This option is available for S12XEP100, EB12 and S12XHZ512 ActivePRO PODsly.

Bank FD Mapping

S12X0xFD bank pank addresOxFD800C0xFDBFFF) is a mirror picture adlogic area 0x400@x7FFF. Tk
same memorgrea can baccessed either abankOxFD or asalogical area0x400Q The user mst select this
setting based on how the application is linkBidce, profiler and execution coverage results rely on this setting.
Wrong setting will yield bad results in the trace, profiler and execution coverage.

4 Debugging Interrupt Routines

An interrupt routine can only be debugged when the interrupt source for this routine hakdabdéed otherwise
you will keep reentering the routine and thus run out of system stack.

For example, there is an i ntassumetigthenteraupt toitineds callédt h 1 0
periodically byafree running timer. A breakpoint is set on the first source line in the interrupt routine. Program
execution stops at the breakpoint. Now source step is executed. Source step is actually execiRedNusing
command with prior setting of breakpoint on adequate source line. In this particular case, while source step is
executed, the CPU executes the code and b#fesmurce stepctually completesanew interrupt calls

generated by the time€onsequetally new values are pushed onto the stack and the CPU stops on breakpoint
again. If you repeat source steps in such interrupt routine new values are pushed to the stack and you can easily
run out of stack.

An interrupt source can be disabled in two ways:

1 Disable the interrupt procesgen the program is stoppestdp modgi refer to chapter 3.1 describing
6l nterrupts Enabl eSiopWieinentSéedavhepethb 6PUasstbpped mnd the
emulator remains in stop mode until the Run comniaigkecuted. (During Step, Step over, etc. commands,
stop mode persists).
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1 Do not place a breakpoint on any instruction in the interrupt routine where interrupts are not yet disabled.
Y ou shouldalsonot step over any instruction thateaablegheinterrupt, but run the prograwnly up to
that point.
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5 Memory Access

S12Xdevelopment system feature standard monitor memory access, which require user program to be stopped
and realtime memory access based on BDM interface, which allows reading and writimggthery while the
application is running.

Real-Time Memory Access

All S12Xdevelopment systems feature réaie memory access. The debugger can accessn@hbry

without disturbing the program being executed. Using hardware commands-ahthddDM firmware, the
debugger can access required resources in real time. In geneshlpdDM firmware uses CPU dead cycles,
when realtime read or write memory access is required. In worst case, some CPU cycles might be stolen.

Note: Realtime access is availabtaly for memory, which can be accessed through single memory read/write
access.

Watch window, memory window and SFRs window can be updated in real time.

Monitor Access

When monitor access to the CPU&s me monstyctsiit® readelgpue st e
requested number of bytes.

Since all accesses are performed using the CPU, all memory available to the CPU can be accessed. The
drawback to this method is that memory cannot be accessed while the CPU is running. Stopping the CPU,
aacessing memory and running the CPU is an option, which, however, affects the real time execution
considerably.

The time the CPU is stopped for is relative and cannot be exactly determined. The software has full control over
it. It stops the CPU, updates edquired windows and sets the CPU back to running. Therefore the time depends
on the communication type used, PC's frequency, CPU's clock, number of updated memory locations (memory
window, SFR window, watches, variables window), etc.
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6 Access Breakpoints

The same oithip debug resources are shared among hardware execution breakpoints, access breakpoints and
on-chip trace trigger. Consequentially, debug resources used by one debug functionality are not available for the
other two debug functionalities. practice this measthat no trace trigger can be set for instancaron

instruction address, when four execution breakpoints are set already.

Dn-Ehipl
— Comparatar
CRU Address Area Type Access Data I ask
4 [s12¢ =] [oxt020 o [Bank =] faccess 7] [wite =] [<= =] [0 Jo HEx
B |S12>< j IEI:-:'ID4D J IBank j I.ﬁ.ccessj IWrite j Sizel.ﬂ‘«n_l,.l j
c I [s12¢ =] [o101D L [Bark =] [pecess o] [wie =] [= <] 15 [FF Hex
o |S12I>< j | J IBank j IAccenj IAn_I,J j Sizel.i\ny j
~ Match ————— - State
MatchﬂllnsideA-B 'l 51 I.f-\n_l,l tatch > FINAL j
Match 1 [Ma 52 [any Match > 51 4|
MatchEIComparalorC -] 53 |Any match - 51 =]
Match 3 [Comparator D FINAL [break 512+ and XGATE =l
0k I Cancel | Spply | Help |

Access Breakpoints dialog

Four hardware comparator combinations are available, including a match and statentamhéach
comparator, the appropriate core (S12X or XGATE) can be selected and the address, area, type, access type, data
and mask can be specified.

Please, refer tthe 7.1 On-Chip Traceand the 7.2 Oi€Chip Trace & Access Breakpoints Troubleshooting
Scenarios setions on how to configureccessreakpointsTrace trigger and access breakpoints use the same
debug resource and consequentially, the dialogs look alike. The only differencénaltbetion which iseither

a program break or a trace trayg
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7 Trace

The development systefeaturedull CPU bustracenamed Active Trace, which implemented externally to
the CPU sHlimifedoto the S12X buand does not allowecordng of XGATE activity. Additionally the
development system supportsahmip trace, which allows recording of botB12X and XGATE activityOn-
chip trace has many drawbacks comparing toAitteve Trace smalltrace bufferyery limited data traceno
time stamps, limited trigger and no qualifatrall

Per default, Active Trazis recommended to be usétdnakes sense to use-ohip trace only when XGATE
activity must be analyzedraceoperation modés selectedim he o6 Har dwar e/ Anal yzer 6 di

Analyzer Setup |

Operation |

Trace operation mode

I.ﬁ.cti'-.-'e j

0k, I Cancel Help

All address entries in the trace trigger & qualifier dialogs take bank addyedefault unless there is memory
area selection next to the address item.

7.1 On-Chip Trace

The same owechip debug resources are shared among hardware execution breakpoints, access breakpoints and
on-chip trace trigger. Consequentially, debug resourceshsede debug functionality are not available for the
other two debug functionalities. In practice this would mean that no trace trigger can be set for instance on
instruction address, when four execution breakpoints are set already.

S12X onchip trace feares 64 x 8 Bytes trace buffer, which can record X12 and XGATE program changes.

Trace uses braneghr ace mechani sm. Then ités up to debugger to
instructions from a local image of program memory contents. $nvihiy, the debugger can reconstruct the full

program flow. Trace can record 128 program changes when recording only X12 or only XGATE activity. 64
program changes can be recorded when recording both, X12 and XGATE activity.

Reconstructed program normadlgntains over 100programinstructions, which may sound a lot boitpractice
i t 6 s neowosiderimgithhatthe code is written in C languagecamdparing to thaize ofthe Active Trace
buffer.

Trace can record in three modes:

1 Normal mode records atbbde fetches when the program fetches
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1 Loop mode records all program fetches except if there are two or more consecutive

1 Detail mode records 64 data accesses. Each data access is identified by address, data, and access type
(RD/WR). It cannot be found owmthich code caused each data access since no code fetches are

recorded.

Pretty complex events (state machine) can be configurextfigger event. Depending on whether the user
needs to look forwards or backwards, the trigger can be located at the bggairthe end or in the middle of

the trace buffer.

Frame 0 in the traceecordpoints to the first program change after the trigger event. Thereby, the trigger event
itself isaheadrom the frame 0. Moreover, the trigger event itself may naJsavisible in the trace record.
For instance, if a trigger is set amlata access and trace records code fetches (normal mode), no data accesses

and thus no trigger event are recorded.

Traceand access breakpoints configuratiialog entirely follows the tracdescription in the CPU datasheet and
there should be no indistinctness on how to set up a trigger after reading the €U 6 s.

Trace

Internal |

manu al

o

— Comparator

CPU Address Area Type Arocess [ata b azk

A [512¢ =] [sendCanmsg o] [eank =] Jreteh =] [am =] [ =] [0 [FREE HEX
B [51zx 7] | L] [Bak =] [Fetch ] [amw =] Sies[emw 7]
cl|sizx x| | | [eak =] [Fetch =] Jae = [-==] [0 [FFFF HEX
DI [s1z2 =] | o] [Bak =] [Feteh ] [am =] Sieefan =]

— Match ——— = State — Trace Filker

MalchUIComparator.ﬁ\ "I 51 IAn_l,l Match - FINAL j Stare |S12><.'ac:tivit_l,l j
Match 1 II:u:umparatcurB 52 I.-’-'n.n_l,l Match -» 51 j Range I.-’-'n.II j
MalchEICDmDafathE "I 53 IAn_l,l match -> 51 j Trace Mode INu:urmaI ﬂ
Malch3|EDmparatDrD FIM&L InD break j Trigger pozition IBBgin j

ak I Cancel | Help

Trace configured to trigger ddendCANMsgexecution and to record S12X activity only (no XGATE).

Trace Filter

The setings in this section are used to filter out unwanted results.

Store

1 Si12X activityi stores only S12X activity

I Si12X and XGATE activity stores S12X and XGATE activities
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Range

Specifies the range of data to be saved.
1 AllT all data is saved

1 From 0x000000a Comparator D all data from the beginning to the address specified in Comparator
D is saved

1 From Comparator C to Ox7FFFFEll data from the address specified in Comparator C to OX7FFFFF is
saved

1 From Comparator C to Comparatofi @ll data between theddresses specified in Comparator C and
Comparator D is saved

Trace Mode

Defines the normal capture, the Loop 1 or Detail capture, as per Freescale specifications.

Trigger Position

1 Begin- yields maximum post trigger size (7/8 after the trigger)

1 End- yields maximum pre trigger size (1/8 after the trigger)

7.2 On-Chip Trace & Access Breakpoints Troubleshooting
Scenarios

Following examples demonstrate-chip trace se. Note that the samegamples applyalsofor theaccess
breakpoints where a trigger event bews a breakpoint evertrace Trigger and Access Breakpoints dialage
almost identicasince the same echip debug resourceseused to break the CPU (access breakpoint) or trigger
the trace.

First, -Grilp&tt id@mne o per atefAmalyzerBetupealialadhis setting is hbarelaanta
for access breakpoints use.

Analyzer Setup |

Operation |

Trace operation mode

ak. I Cancel Help
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Example: The application writes ta memory rang@®x10200x1040 althougmormallyi t s h.oul dn o6t

Trace will triggeron first CPU write into the memory range from 0x1020x@040. Setting Mask to O ignores
specific Data value.

Trace E2

Internal |

[ Trigger Immediately

— Comparator
CPU Address Area Type Ancess Diata tlask
& s1z¢ =] [osinen | [eark =] [access =] [wie =] [===] [o [ HEx
B & |S12>< j IUH1U4U J IBank j I.&ccessj I\A-"lite j Sizel.t’-‘-.ny 'I
cl [s1z¢ o | ) ek =] [Feen A [ =200 [FFFF Hex
DI [s12¢ =] | | [eark =] [Fech = [ere =] siefany <]
— hatch — State — Trace Filter
Match 0 [inside 4 -6 =] S1 |any Match > FINAL =l | Store [512¢ activity =~
tatch 1 IN;’.-’-‘« 52 I."-‘-.n_l,J atch -» 51 j Range I.-’-‘«II j
Match 2 Il:ompalatnl C 'I 53 I.t’-‘-.ny match - 51 j Trace Mode INDrmaI j
Match3|ComparatorD FIMAL Ino break j Trigger pasition IBegin j

QK I Cancel | Help |

Trace configuration

Hardware Breakpoints
On-Chip |
¥ Enabled
— Comparator
P Address Area Type Access Data tlazk
4 s12¢ =] o020 o [Bank =] [bccess 7] [wite =] [===] o o HEx
B IS'I2>< j IEI:41EI4EI J IBank j I.&ccessj I\A-"rite j SizelAn}l 'I
e sz = | [ank =] [Fecn < Jaw A [-=x] 0 [FFFF Hex
DI [s1z¢ =] | | [Bank =] [Fech <] Jaw =] ses[a <]
— Match ————  ~ State
MatChUIInside.&-B 'I 51 I.t’-‘-.n_l,J Match -» FINAL j
Match 1 [H78 52 [any Match > 51 =]
MatchZIEomparatan 'I 53 IA”-'" match -> 51 j
Match3|CnmparatorD FIMAL Ibreak 512 and XGATE ﬂ

QK. I Cancel | A Help

Equivalent acess breakpoints configuration
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Example: The applicatiormisbehaves wheam unexpected 0x08 byisawritten to address 0x1064.

Following traceconfiguration wil record program around the evéntite 0x08to the address 0x1064

Trace
Internal ]
[ Trigger Immediately
Comparator
CFU Addrezs Area Type Arccesz Data h ask.
A W [s12¢ 7| [os1084 | [eark =] [pccess =] [wite =] | =] [osoo " [Froo  HEx
BT o1z =] | | [Bank =] [ecoess =] [wte =] sie
CIsiz¢ -] | | [Banc =] [Feten =] fery =] [ | JFFFF  HEX
DI Js1z¢ | | —| [Bank =] [Feten =] [y =] sie
tatch State Trace Filter
Match 0| Comparatar & = 51 |.f1‘n.ny Match > FINAL j Stare |S12>< activity ﬂ
Match 1 [Comparatar B 52 |ﬁ1‘m_l,J Match -» 51 j Range |.~’-‘-.II j
Match 2 | Comparator C |7 53 |.f1‘n.ny match - 51 ﬂ Trace Mode |anmal ﬂ
Match 3 |Comparator D FINAL |n0 break. ﬂ Trigger pozition |Begin ﬂ
ok | Cancel | Help |
Trace configuration
Hardware Breakpoints
On-Chip |
v Enabled
Caormparatar
CFU Addrezs Area Type Arccers Data b ask,
AW [512¢ 7] [ow10es o [Bank =] [access =] [wite =] [==1=] [0800 " [FFo0 " HEX
B Js1ze =] | o [Bank =] [access ] [wite =] sis
CI sz =] | | [eank =] [Fereh =] [ane =] [~ =1 | [FFFF - HEX
DI Jsiz¢ | | oo [Bank =] [Feeh =] [ =] sie
fatch State
Match O | Comparator & | = 51 |.f1‘n.n_l,J Match -» FIN&L ﬂ
Match 1 |Comparator B 52 |.f1‘n.ny Match -» 51 j
Match 2 | Comparator C | 53 |J¢;-._r-,_.|J match -> 51 j
Match 3 |Comparatar D FIMNAL |break 512 and =GATE j
Ok | Cancel Help
Equivalent access breakpoints configuration
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Example: In the application, munexpected 0x15 byte written at address 0x101D.

This example differs from th@reviousexamplein theaddress alignmenthe on-chip comparator configuration
is different when settingace trigger or access breakpantanodd oraneven address.

Trace E
Intemal |

[ Trigger Immediately

— Comparator
CFU Address Area Type Access Data M azk
& T [s1z¢ x| [osi0s4 | [eark =1 [ccess =] [wite =] [-= =] [s00 [FFoo— Hex
B [T |S12I>< j I J IBank j IAccessj IWrite j SizeIAny j

C M |s1zx =] [osioiD

J IBank j I.ﬁ.ccessj IWrite j |==j |'|5 IFF HE=

oI [s1zx =] | oo [Bank =] [Feen =] [amy =] sisfany 7]
- Match ———— [ State — Trace Filter
Match 0 [Comparater 4 ] 51 [Match2 > FINAL =l | Store [5125¢ activity =l
batch 1 IEomparator B 52 Ihny tatch -» 51 j Range Iﬁ-" j
tatch 2 IComDaralOF C 'I S3 I.&n_l,l match -3 51 j Trace Maode INDlmaI j
tatch 3 ICnmparator D FINAL Ino break j Trigger position IBegin j
Ok I Cancel | Help |

Trace configuration

Below acessbreakpoints configuration stgphe application orfirst CPU byte write 0x15 to the address
0x101D.

Dn-Ehipl
¥ Enabled
— Comparatar
CRU Address Area Type Access Data I ask
& T [s12¢ | [os1084 | [Bark =] [bocess 7] [wiite =] [= =] [Fo0 [JFFo0— HEx
B |S12>< j I J IBank j IAccessj IWrite j Sizel.t’-‘m_l,.l j
L [s12¢ =] [o101D o [Bank =] faccess =] [wite = [== =] [15 [ooFF HEx
DI [s1z¢ =] | B R EET B o R s e T T
~ Match —————————— | State
Match O [Comparator & ] 51 |Match2 > FINAL =
Match 1 IComparator B 52 I.&n_l,l Match - 51 j
Match2|E0mparatorE vl 53 I,.f_\n_.,. match -» 51 j
Malch3|EompalatolD FIMAL Ibreak 512< and ©GEATE j
ak I Cancel | Lol Help

Equivalent access breakpoints configuration
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Example: |l 6m getting an unexpected Ox150A word written

Following trace configuration recosthe program around the evemtord write 0x150Ato the address 0x1280

Trace E2 I

Internal |

[™ Trigger Immediately

— Comparator
CFU Address Area Type Access Data b azk.
AW [s12¢ 7| o200 | [eark =] [pccess =] [wite =] [ =] [150a " [FFFF  HEX
B |S12>< j I J IBank j I.&ccessj IWrite j Size I.-’-‘-.n_l,J 'I
C |S12.‘>< ﬂ I J IBank ﬂ I.&ccessj IWrile ﬂ |==j |15 IFF HEx
DI [sizx -] | | [eark =] [Feteh =] [ere =] Sieefaw =]
— Match — State — Trace Filter
Matchﬂl[lnmparator.& "I 51 I.fi‘n.ny Match -» FINAL j Store |S12>< activity j
Match 1 [Comparator B 52 |Any Match -> 51 =] Range |4l =]
MatchEICUmDafalDfE 'I 53 I.i‘n.ny match > 51 j Trace Mode INolmaI j
[ [

Match 3 IEomparatnr B FIMeL Ino break,

Trigger position IBegin

ok I Cancel | Help |

Trace configuration
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7.3 Active Trace Troubleshooting Scenarios

Active Trace operation modaustbes el ect ed i n the O6Hardware/ Anal yzer 6
Analyzer Setup |
Operation |

Trace operation mode

k. I Cancel Help

First configuration is used to record the conthus pogram flow either from the program start or up to the
moment, when the program stops.

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

As an alternative, the trace can stop recording on
trace buffer, which results in the trace recording up to the moment when the amplétafis. In practice, the

trace displays the program flow just before the program stdpesprogram can stop due td@eakpoint hitan

erratic state of the CPbr a stop déug command issued by the user.

Example: The application enters unexpectedhaihalted mode (sleep mode, power down mode) during normal
program execution. Such cases can be investigated only by using the trace since the CPU is no longer under the

debugger s contr ol whil e in halted rnhelklakbed mddsentnygs t he
recorded and the source of the unexpected entry can be found.

1T Select 6Record everythingd operation type in th
6Continuous moded option i s cdhoeerwhidedecdrding thermninge t
program. The trace will stop as soon as the program execution is stopped.

e
hat

1 Select minimum or maximum buffer size depending on the required depth of the trace record. Have in mind
that the minimum buffer uploads fasternhthe maximum.

With these settings t he trace records program flow while itos
mode or is stopped due to any other reason, the trace stops recording. The source of the problem can be analyzed
easily since the pgram flow before the program stop is recorded.
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Trace configuration |

Trigger |

—1{% Record everthing — " Use tigger/qualifier

Time zlice ITime "I Trigger List @ b4
I'IEIns

— Buffer Size

& Min

— Load Itermz ——————— :
i [EariiEure... [Eapy |
W AL signals
W Time stamp Select Active Tager |
— Operation

[ fusto start when CPU starts [ Or higger break execution

k. I Cancel Help

Trace Configuration dialog

Simple triggersand/or qualifierset on alatabeing accessed or an instruction being executed are desicribed
the followingfive examplesl f i t 0 that thetrpeeitriggeedent breaks the programh eck t he 60On t
break executiond option in the O0Trace Configurati on:¢

Example: The trace starts recording after figpe Struct  function is called for the fifth time.

T Select 6Use triggen/ gthel 6Tracé cepefaguoattpypé dial
(e.g. AddressTrigger), and open 6Trigger and Qual.
Trace configuration |
Trigager |
—1" Record everthing —— [ Use tigger/qualifier
Time zlice ITime "I Trigger List ﬁ by
|-| s = |&ddressTrigger
—Buffer Size—————
£ Wi %1 fey
P | Eonfinusus mades

— Load ltemns ——— :
) LCanfigure. .. Copy |
WV AL signals
W Time stamp Select Active Trigger |
— Operation

[ Auta start when CPU starts [™ On trigger break execution

(] I Cancel Help

Trace Configuration dialog
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condiui red ., \dkeédéedctame bt

t he r
gger condition field.

Select 6n*B6 for tr
*B6 in the

i gge
instead of 6n tri

SetType_Struct entry point for the event B and set 5 in the counter field.

When configuring an -€0®Et FehchoOcadegegssetgpe OHOP tt
correct results, which may otherwise be distorted
Writed or O6Data Readd access type when configurinec

If the minimum buffer size is selected (default selection) and the trace bufdilled completely, then a first
half of the trace buffer contains program executed before the trigger and a second half contains program
executed after the trigger.

When a maximum buffer is selected, the trigger position can be set at the beginnigocanend of the trace
buffer. Set the position based on your particular case since the code being of interest can be executed after or
before the trigger event.

The trace is configured. Initialize the complete system, start the trace and run thenprogra

Trace E |

Trigger and Clualifer |

— Optionz — A

= | Eorfirueus made Address zilE] Data E2|E| Contral gaE] s L
¥ Enatile pipeline aralisis
= Belstive Timer

Buffer Size Minirurm | =

Output Signal | Trigger | ™

— B |5 3:
Addiess S| Data  2EE] Control o A == o]
Type_Struct FETCH

— Trigger
In“E

Position I Begin - I
= Wit Timeis I
=} 1 2 Thirme: >| = C

S

Address gl Data EIEI Control ] I e L
I™ iwatchdog |
— Qualifier
IEver_l,Ithing j a
Hecord Address 22 nas EIEI Coantral o S T z2| ]

IEI *I zamples before Qual
IEI 'I zamples after Qual

Time Stamp I Tirne ¥ I

(] I Cancel Help

Trigger and Qualifier Configuration dialog

Let 6s i ns p &rigder poilt @grame 8)halds fifthype Struct  function entry.
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e £ 5 EE EE
Mumber | Address | Data Content Time
-7 3FFE nooa -233 ns
-G 3FFE nooa -1585 ns
-5 FOAG 1625 |Type_Struct(); LA2 -153 n=
JaR Type_ Struct [Fil:
-3 FOLE 13Fz -121 n=
-2 FOALL F3l& -65 n=
-1 3FFE FOALL -33 n=
0 FZlz 1B3D|void Type Jtruct() 0 ns
Type_3truct
LEALS -0011,5F
1 Fzl4 EFFl 33 n=
2 FZla 20FC|if (iFezul tOE==0x7CD4) 65 na
LDD iResultlE (200C)
3 FZla GCOC|CED #TCDR 115 n=
4 Fzli DATC 150 n=

Example: The code writing 0x166 to thi€ounter

Trace Window results

variable needs to be analyzed. The same trace

configuration can be used to verify that the variable never gets written 0x166 as for instance expected from the
application. In such case, the trigger would never occur normally.

n

1T Select 6Use trigger/ qual i fi er Oialay,medraadwitrigger ahdyper i
0Trigger and Qualifier Configuration6 dialog.
T Select 6Ad for the trigger condition.
1 Configure 0x166 memory write to th€ounter variable as the event A. S€ounter address in the
0Address |t em@edOelrogegnand eclheébglkect ranged option.
Trace Address Item |

—i% Range

L A

Erarp... | IﬂiEn:nunter

[¥ Cover entire object range

|2 [Ox2] bytes

Cancel |

[ L

1 Mask
)| F 2a
FFFF FFFF
15 E 12 11 F a
| 2 8 2 i o

E?EH ESFED

W I ¥

7 1% 4
WV

1EE1E

T g

BED

MV

Event A Address Item dialog
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T Next write a value in the o6Data |temd dialog and s
limited by the CPU architecture. Only 8 andHi6values are valid and can be monitopedperly in case of
16-bit CPU. Correct triggering on 34t variable requires code arming.

Trace Data Item |

e

=
Erom... | [0x166

Lo ||

— 1 Mazk

31E28 2?&2423EED 1EIE1E

FVFIF FVVV FFIVV VIV

15E1211EE?E4 SED

FFFFV MMMV FEVV VKV

— Duata Size [hits]
" 8 hits
= 1F bits

™ Monitor data value change

] I Cancel

Event A Data Item dialog

T Set 6Memory Writed cycle type in the 6Control I ter

The trace is configured. Initialize the complete system, start the tracaratite program.
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Trace |

Trigger and Clualifer |

— Options

]

[V | Eratle pipeline analisis
™| Eelative Timer

Buffer Size I kdin - I
Dutput Signal ITrigger "I
— Trigger - BT I-| 3:
B ] tddiess B2|0E] Data  BE|E] Contol 22[0E] AU L

Positian I Center s I
= | ki Tiime < I

=t = Time > I —C
Addiess B2|E] Data  BE|E] Conmol 22| AL L
[ watchdog I
— Bualifier
IEver_l,lthing j

— O
R d
= dddress EEFE] Data  EE\E] Control 2B Al pa|m|
IEI 'I zamples befare [
IEI vl zamples after 0
Time Stamp ITime vI

] 4 I Cancel Help

Trigger and Qualifier Configuration dialog

If a 0x166 write to théCounter variable occurs, the trace triggers and disptagscode that caused the write

== E= E= == EE T
EE =H = == E= —E-
Mumber | Address | Data Content Time ALK
-6 3FFa oo7a -250 n=| 0000
-5 2000 0000 |iCounter -200 n=| 0000
iCounter+l
-4 FOSE 3100 =167 ns| 0000
PUOLY
-3 FOSE 3100 -133 n=| 0000
-2 FO70 373D |CPT_Recursion EXIT -83 n=| 0000
RT3
-1 FO7& 0aCEH -50 n=| 0000
] 2000 0le6 |iCounter 0 n=| 0000
iCounter+l
1 2000 0000 |iCounter 33 ns| 0000
iCounter+l

Trace results

O iISYSTEM, February 2012 3170



Example: Timer2Int  routine only is recorded.

1

Select oUgematiifgge 6 operation type in the &é6Trace
6Trigger and Qualifier Configurationé dialog.

Select O6Anythingd for the trigger condition and 06C(

DefineTimer2Int  routine for the event QVhen configuring Address Item for the event Q, select
Timer2int r outine from the Symbol Browser and check
the Address Item is configured on a range boundetimgr2int  entry point andlimer2Int  exit

point. A range size is displayed below the option, being 150 byteBifoer2int  routine.

6C

Trace Address Item |
1% Range
Eru:um...I ITimer2Int
¥ Cover entire object range Cancel |

[150 [0x35] bytes

Al

i Mask

31E28 2?E24 EEEED 1EE1E

MMMV FVMFF VMV KMV

15|§12 11Ea 7ol 4 3 |7
vl 2 2 R vl vl v R vl vl v R v v v v

Event Q Address Item dialog

The trace is configured.
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Trace |

Trigger and Qualifer |

— Options — A

Conti { Address BI|BD| Data  EE|FE| Contal B[R] ALls #2] ]
¥| Enatle pipeline analyss
™| Belative Timer
Buffer Size LER -
Output Signal | Trigger | ™

—B“I'I E:

Address B2|08| Data  E2]0E| Contal 22| AL ealia]

— Trigger
I.-“-‘-.n_l,lthing

Position I Begin i I
| kit Tiimnen < I

| b & Timmen I —C

Address BI|BS| Data  EE|BE| Contal 2[R Alls 22| ]
T atchdog I
— Qualifier
b

A

E -
IE! wenht J .

R d
e Address =5 Data = Contral 2718 Al B L
TimerZint [zize

I':' 'I zamplesz befare [
k. I Cancel Help

I':' :Iv zamples after [
Trigger and Qualifier Configuration dialog

Time Stamp ITime TI

Initialize the complete system, start the trace and run the progranrateeaecord3imer2int  routine
activity only.

Example: Trace monitors the value @@ounter variable while the application is running.

1T Select 6Use trigger/qualifierd operation type in t
O0TriaggderQual i fier Configurationd dialog.

1T Select 6Anythingd for the trigger, 6Q eventd for t

1 Configure write taCounter variable as the event Q. S€punter addr ess in the O6Addr e
and check O6Cover entire object ranged6 option.

T Nextset O6Memory Writed for the bus cycle type in th

The trace is configured.
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Trace

Trigger and Qualifer |

— Optioks — A
; Addrezs B3|EE] Data  EE[BE) Control BE[FE] AL AL
¥| Enatle pipeline analyss
™| Belative Timer
Buffer Size kit -
DumutS@nleﬁgger 'I
— Trigoer r |1 E
[Angthing ] Addiess 22]08| Data  22]98] Contiol 22]08] AU il
Position I Begin i I
I it Tien < I
= bl Tiirmer = I -C
Address BI|BS| Data  EE|BE| Contal 2[R Alls 22| ]
= aatehidog I
— Qualifier
IE! Ewent j =
Fecord
= Address 2% Data 25| Contral 22 AL o2 ]
I':' =] samples before @ HiCounter [siz: MEM W
I':' :Iv zamples after [
Time Stamp ITimE vI
k. I Cancel Help

Trigger and Qualifier Configuration dialog

Initialize the complete system, start the trace and run the program. The trace records all \Qitestey

varable

a0 2000 005E |iCounter 79.313000 ms
iCounter+l

41 2000 005F|iCounter 79, 453752 m=s
iCounter+l

4z 2000 0060 |iCounter 79.505588 ms
iCounter+l

43 2000 006l |iCounter T9. 670320 ms
iCounter+l

Trace results
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Example: In this example, the trace triggeysrising edge ofn externasignal The trace can trigger on an
external event through an optional AUX Card, where the external signal must be connected.

condi

r

T Sel ect 6Use tpreirqqgearo/ng u alpief iienr @ he é6Trace confi
6Trigger and Qualifier Configurationd dialog.
T Sel e@tc dmfartheétiiggerand keep def aul t fobtRevQualifiet hi ng o
1 Configure AUX condition withinthe & vent area. 6106 matches with
edge of the external AUX signal.
Trace |
Trigger and Qualifer |
— Options — A
= Cerfifiews mede Address S| pata H2eBE] Contral SelEE] s g3l
¥ | Eriabile pipeline analpsis [z ]
™| EEltive Timer
Buifer Size ~
Dutput Signal ITrigger VI
— Trigger - B° |1 3:
B = Address z2|i| Data  E2|R5| Contral o] L =] ]
Posjtion |Center 'I
= i Tlimers I
=} b2 Tiime >| —
Addreszs 2| pata  B2EE| Contal galmm] a [
[ watchdog I
— Eualifier
IEver_l,lthing j 0
A d
e Address aIEI Data aIBI Control EIE' Al ﬁIEI
IU ""I zamples befare Qual
ID "I zamples after Qual
Timne Stamp ITime vl
(]9 I Cancel Help
Trigger and Qualifier Configuration dialog
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Advanced Triggers

The development system offers several advanced traggequalifier configurations
1 Watchdog Trigger
91 Duration Tracker

T QbetweenBandC

=

Pre/Post Qualifier

1 Data Change

Watchdog Trigger

A standard trigger condition, logically combined from events A, B and C, is not used to trigger directly the trace,
but itdés r es pon sunrngacefwatchdok grempfron tomingoutf Thetece watchdog time
out is adjustable.

When the trace watchdog timer times out, the trace triggers and optionally stops the application. The problematic
code can be found by inspecting the program floth@trace history.

Typical use:

If the application being debugged features a watchdog timer, the trace watchdog trigger can be used to trap the
situations when the application watchdog timer times out and resets the system.

Typically, a sfetrda cceo nwhittcihadm gi sr econfi gured as a memor
(e.g. watchdog register), which resets the watchdog timer to the start of a nesutipeziod. In case of the

external watchdog timer being reset by the target signal, thenakteace (AUX) input, where the signal must

be connected, is configured, instead of a memory write.

Time-out period of the trace watchdog timer must be set less than the period of the application watchdog so the
trace can stop the application just beftive application watchdog times out and resets the system.

I f the application itself doesnét feature a watchdo
supervise the application. The user needs to determine a part of the code that is ereiodiedlly and its

execution period, while the program behaves expectedly. The code, resetting the trace watchdog timer, can be,

for instance, a function or data write/read access. The execution period is set for the trace watchdog-timer time
outperodWhen t he application misbehaves, the Awatchdog
execution period, the trace watchdog timer times out and the trace triggers.

The code being executed a definite time after the program start can be analyzed.
Configuring Watchdog Trigger

The user needs to enter the period of the trace wat
which can be logically combined from events A, B and C.

1) Check the &é6Watchdogdutporpitd dni rantdhe p&eTriifggdrhé ftii ened
Qualifier Configurationd dialog.
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2) Next,
wat chdog

define
reseto

— Trigger

B =l
Position |Eenter 'I

I} it Tiimmie < I
I s Time = I

¥ watchdog |2_3ms{

t he

Trigger field

fitrace

wat chdog
c 0 n d éntory write orarradet walclkedag raiting, reseding@® U m

reseto

conditio

watchdog, is configured for the event A. Of course, a more complex condition can be set up instead of the event

A only.

— Lriager

I.-'i‘-.n_l,lthing j
s
nH

A arnB

& and n"B

A then n"B
SarnBaoC

|4 and nB and C B

A ar "B and C)
& then n"B then C

& then nBlor C B
|4 then [0"B or C] ]

[& orn"EB] then C
[& and n"B] then C
A-»B duration tracker

.-:f-:n_l,lthing_

Trigger conditions

Example: MotorolaS12Xtarget application features @hip GOP watchdog, which enables the user to check
that a program is running and sequencing properly. When the COP is being used, software is responsible for

keeping a free

runni

ng

wat chdog

ti mer

f r omnthat mi

the software is no longer being executed in the intended sequence; thus a system reset is initiated.

When COP is enabled, the program must write 0x55 and OxAA (in this order) to the ARMCOP reg8&er (0x
during the selected tirmeut period. Once th is done, the internal COP counter resets to the start of a new time
out period. If the program fails to do this, the part will reset. Also if any value other than 0x55 and OxAA is

written, the part is immediately reset.

ng

The COP timer timeut period i21 ms in this particular example. It may vary between the applications since

itods

configurable.

The

wat chdog

ti mer

i s reset

The trace is going to be configured to trap COP time out and stop the program hiefoageis the system reset.
The user can find the code where the program misbehaves in the trace history.

T Select 6Use
6Trigger and
T Select 6A then

watchdog timer timeut period.

Qu aialogf i er

n*Bo f

or the

t

trigger/ qualifierd

r

oper

gger

ation type

Configurationd d

condition,
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1 Configure the event A (reset sequeiid@st part) as memory write 0x55 to the addres3FARMCOP
register)and the event B (reset sequeiecond part) as memory write OXAA to the addres$=0x
(ARMCOP register).

Following picturedepicts current trace settings.

Trace |
Trigger and Qualifer |
— Options A
I Centirusus mods Address 22|98 Data  22|%| Control o L B
¥ | Erable pipeline analysis 0x3F 055 (3B MEM WH
= Belstive Timer

Buffer Size Minirurm | =

Output Signal | Trigger | ™

—B* |1 =]
Addiess 2 wE| Data  E2]E| Contral o A == o]
0x3F Owbd (3Bi) | [MEM Wh

— Trigger
Ifi'x then n"B

Pazition I Begin i I
= Wit Timeis I
= 1 2 Thirme: >| —C

S

Address g2|e] pata  EE|EE| Contral galmm] al L
IV ufatchdog {20ms
— Gualifier
IEver_l,Ithing j 2
5] d
e Address aIBI Data 22 Contral MIEI Al aIBI

IEI *I zamples before Qual
IEI 'I zamples after Qual

Time Stamp I Tirne ¥ I

(] I Cancel Help

Trigger and Qualifier Configuration dialog

While the application operates correctly, the traceeng&iggers. When the application misbehaves, the trace
triggers and stops the program before the system reset is initiated.

If a maximum trace history is required, select maximum trace buffer size and position the trace trigger at the end
of the trace biffer.

Example: The application features (external) target watchdog timer, which is normally periodically reset every
54.7 ms by the WDT_RESET target signal.

The trace needs to be configured to trap the target watchdog timer time out and stop the pafogeatined
system reset is initiated. Then the user can find the code where the program misbehaves using the trace history.

One of the available external trace inputs (AUXO) is used, where the WDT_RESET signal from the target is
connected. Refer to the hardre reference document delivered beside the emulation system to obtain more
details on locating and connecting the AUXO input.

1T Select 6Use trigger/qualifierd operation type in
0Triggerfiaenrd Qpunafliigur ati ondé di al og.
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Sel ect O6AOb

time-out period.

f

or the trigger

stops resetting the target watchdog within 540 ms period.

Following picturedepicts current trace settings.

Trace

Trigger and Clualifer |

condi

ti on, check

— Optionz
" | Eentinueus mede

¥ Enatile pipeline aralisis
= Belstive Timer

Buffer Size Minirurm | =

Output Signal I Trigger |= I

— Trigger
[

Position |Eenter 'I
= Wit Timeis I
I 1 e T I

¥ watchdog |54Dm$

— Gualifier

IEver_l,Ithing

I
Record

IEI *I zamples before Qual
IEI 'I zamples after Qual

Time Stamp I Tirne ¥ I

- A

Address So|im| pata o] Control

o] aux AL

[Tt |

Address ﬁlﬁl [ata Elﬁl Control

galm| alx L

= C

Address 28| Data  EEDE| Contral

i L el

-

Address ﬁlﬁl Data 22 Contral

L A 2| ]

o ]

Cancel Help

Trigger and Qualifier Configuration dialog

Again, while the application operates correctly the trace never triggers. However, when the application
misbehaves, the trace triggers and stops the program before the system reset is initiated.

6Wat ct

Next, configure AUX0=1 for the event A. The trace will trigger as soon as the target WDT_RESET signal

If a maximum trace history is required, select maximum trace buffer size and position the trace trigger at the end

of the trace buffer.

Example: The code being exeted 2.3 ms after the CPU start has to be recorded.

T Select 6Use trigger/qualifierd operation typ
6Trigger and Qualifier Configurationd dialog
i Torecord part of the program, which isdisttnt om t he CPU start poi B
duration trackerd for the trigger condition,
triggers. Donét define anything f or degtimenneger A

resets and triggers on the first tivoet that is after 2.3 ms.

e in t

in a r
c heck
and E
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Ad
op

ditionally,
tion in the

t he

6Trace

trace
Con f i gnrcandé¢ used to&Gtopdtie arbgoam at arly tinnes

can st

op the

tr

Complete program flow around the trigger point can be recorded, or interesting parts only by using the qualifier.

6Q between B and CO6 qualifier type cannot be
Following picture @picts current trace settings.
Trace |
Trigger and Qualifer |
— Ophionz —
= | Eorfirous mode Address S| pata 2B Contral Sl aux HE
¥ Eratile pipeline aralpsis
= Belstive Timer
Buffer Size IMa:-:imum 'I
Output Signal ITrigger vI
— Trigger S BT |1 3‘
[o8 duation tracker 7] Address 4| Data || Control B L S oL
Position |Eenter 'I
™ Min Time < I
[ Max Time >| —C
Address g2|e] pata  EE|EE| Contral galmm] al L
¥ watchdog |2.3ms
— Gualifier
IEver_l,Ithing j 2
Record
e Address aIBI [ata EIEI Control MIEI Al aIBI
IU 'I samples before Qual
ID 'I zamples after Qual
Time Stamp ITime vI
(] I Cancel Help

Trigger and Qualifier Configuration dialog

Start the session. Initialize the system, start the trace and run the application.

Next pictureshows that the assembler instructibkY, belonging to theraa; source line of th&@ype_Enum

function, is executed 2.3 ms after the program start. It may be a bit confusing since the assembler indthuction

hol stamp in

ds O ns ti

me

t he

trace

Wi

ndow. |

t 6s

used i

due

time stamp. Alrecorded frames hold time stamp values relative to the trigger event respectively trigger frame.
In this particular example, first instruction executed after reset (address 0xFO00)28Idss time stamp,
which is correct.
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OP-CODE Fetch [17)

OP-CODE Fetch [13)

OF-CODE Fetch [15)

OF-CODE Fetch [15)
OP-CODE Fetch (15)

E Fetch (13)
ead (£)

Trace results
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Duration Tracker

The duration tracker measures the time that the CPU spends executing a part of the application constrained by
the event A as a start point and the event B as an end point. Typically, a function or an interrupt routine is an
object of interest anthereby constrained by events A and 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 instruction fetch from the specific address or data write/read
to/from the specific memonpcation or an active auxiliary signal.

— Trnigger
I.-’-'-.->B duration tracker j

Fozition End il
[ Min Time < I
™ Max Time > I

[ ‘watchdog I

Trigger field

Duration Tracker provides following information for the analyzed obiject:

T Minimum time
1 Maximum time

1 Average time

1 Currenttime

1 Number of hits

9 Total profiled object time

 Total CPU time

Duration trackeresults are updated on the fly without intrusion on the real time program execution.
Additionally, the duration tracker can trigger and break the program, when the elapsed time between events A
and B exceeds the limits defined by the user. Maximum (Maxe)Janminimum time (Min Time) or both can

be set for the trigger condition.

Set maximum time when a part of the program e.g a function must be executed in lesgthEme units.

Set minimum time when a part of the program e.g. a function takingptaoene conversion must finish the
conversion in less thanyk time units.

Exceeding the limit(s) can stop the application and the code exceeding the limits can be found in the trace
window.

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

Min Time is compared with the Current Time as soon as the event A is detected or simply, Current Time is
compared against Min Time as soortlas program enters the object being tracked.
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Based on the trace history, the user can easily find why the program exacoteelctly. Trace results can be
additionally filtered out by using the qualifier.

Example: There is aimer2Int interrupt routire, which terminates in 428 under normal conditions. The user

wants to trigger and break the program execution whefiither2Int interrupt routine executes longer than 420
s, which represent abnormal behaviour of the application.

1T Select O6Uslei treg@yespegmuati on type in the 6Trace con
6Trigger and Qualifier Configurationé dialog.
1 Select maximum buffer size and position the trigger at the end of the buffer.
T Sel eetB, dwA at i on tggeacorkliidon.6 f or t he tri
1 Next, we need to define the object of interest. Seleater2int entry point for the event A afimer2int
exit point for the event B. Make sure you select ¢
the object of our iterest is the code.
T Check the O6Max Ti memnsforthelimpti on and enter 420
Following picturedepicts current trace settings.
Trace |
Trigger and Qualifer |
— Options — A
; Address 28] Data 22
¥ | Enabile pipeline analiss Timerlnt
™| Elative Timer
Buffer Size  |Max ~
Cutput Signal ITrigger "I
= | b e e &
- - Addrezs =5|B8| Data =5 ] Control =5[B8] AL HE| B
I.-’-'-.->B duration tracker J Timerzint_Exl CETCH
Position End &
™ Min Time < I
¥ Max Time » IdEEIus -r
Address B3| Data  BE|E| Control ZE[FE] Al e2lim]
[ watchdog I
— Qualifier
IEver_l,lthing j 5
R d
= tddress BEBE| Data  BEE) Contal BE[FE] Al |
I':' 'I zamplesz befare [
I':' :Iv samples after [
Time Stamp ITime vI
] I Cancel Help
Trigger and Qualifier Configuration dialog
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1 If the program must stop when the trigger condition occurs, dedkOng g eri br eak execut i

t her @ace Conf i gNotedhatithe @GR stdpis oW ©Pg cycles after the trigger event due to the
latency of the hardway@rocessing the trigger and stopping the CPU.

Trace configuration |
Trigger |
—{ Record eventhing —— &% Use tigger/qualifier ———
Time zlice ITime "I Trigger Lizt ﬁ by
o TrigQnésl 0 -]
: TraceMarmal
~ Buffer ize DataChangel
) Wi & Ky ObetweenBandC
! Continuows mode = SinglePrafiler T ypeBitfie +
Load| q |
— Load lkemns —————
— Configure... Co
W AU signals = | = |
W Time stamp Select Active Trigger |
— Operation

[ ifata start when CPU starts ¥ Or higger break execution

k. I Cancel Help

Trace Configuration dialog

Before startinghe trace session, open Duration TrackeruSt&8@ar using the trace toolbdexisting trace

window is extended by the Duration Tracker Status Bar, which displays results proprietary for this trace
configuration

- F)OR-FeEE|twe Y «©

Duration Tracker Status Bar toolbar

The tiace is configured. Initialize the system, start the trace and run the application. The application either runs
or it is stopped by the trace trigger since we ofpectheé On t ri gger break executionbd

First, | et ds as s umesalintrraaly ahdithe pragmam stops by the tace triggerhlameans

that the CPU spent more than 4®inTimer2Iinti nt errupt routi negesultd et 6s anal yz
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E z= z= E £S T
EH =H =H EH EH] —E:
Number | Address | Data Content Time ALK
-6 FZEz 14E1|LE&® D,SP -234 ns| 0000
-5 FZEz 14E1 -200 ns| 0000
-4 FZE4 ECFS |LLD 0z, 3P -150 ns| 0000
-3 SFD7 0004 -117 ns| 0000
-2 3FD7 0000 -84 ns| 0000
-1 SFD7 0000 -34 n=| 0000
[T 2 0 FZE& 5952 (431D 0 ns| 0000
1 FZE6 5982 50 na| 0000
Z FZE& 1459 (451D §3 n=| 0000
LELY D,x
3 FZE& 1459 116 ns| 0000
4 5FDE 0000 166 ns| 0000

Trace results

Go to the trigger event by peespiosgtodddkéyomrt el &
window shows the code being executed ARG@&fter the application entered Timer2Int interrupt routine.

By inspecting the trace history we can find out whyTimaer2Int executed longer than 426. Normadly, the
functionshould terminate in less than 4@9.

Next, |l etds analyze duration tracker results displ a)
Diwrahion tracker statizhics Count |2? »
Min 54950 us Curment 416850 us Total |27 884550 ms
Max 416850 us Awerage [235.896 us Tatal region [6.369216 ms [22.84%)

Duration Tracker Status Bar

Duration Tracker Status Bar reports:

T Timer2Int minimum execution time was 54.9%

1 Timer2Int average execution time was 23580

1 Timer2Int maximum and current execution time was 416185

1 Last execution of th&imer2Int took longer than 426, since we got a trigger, which stopped the program.
This time cannot be seen yet since the pnogstopped before the function exited. The Status Bar displays
last recorded maximum and current time.

1 Timer2int routine completed 27 times.

1 The CPU spent 6.37 ms in th@mner2int routine being 22.85% of the total time.

1 The duration trackesperatedor 27.88 ms.

Ifthe Timer2Intr out i ne doesnod6t exceed Min Time nor Max Ti me
and the duration tracker status bar displays current statistics about the tracked object from the start on. Status bar
is updated on theyflwhile the application is running.
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Note 1: Events A and B can also be configured on external signals. In case of an airbag application, the event A
can be a signal from the sensor unit reporting a car crash and the event B can be an output sigirdlety the

firing mechanism. Duration tracker can be used to measure the time that the airbag control unit requires to
process the sensor signals and fire the airbags. Such an application is very time critical and stressed. It can be
tested overalong periads i ng Dur ati on Tracker, which stops the a
less than TMIN and display the critical program flow.

Note 2: Duration Tracker can be used in a way in which it works like the execution profiler (one of theranalyze
operation modes) on a single object (e.g. function/routine) profiting two things, the results can be uploaded on
the fly while the CPU is running and the object can be tracked over a long period. Define no trigger and the
duration tracker updates staitistesults while the program runs.

Q between B and C events

In this configuration the trace records particular CPU cycles, which are executed within the spesafidefined
by start and stop condition

Example: The user wants to record memory writest®iCounter variablewithin the Type_Pointers function
only.

T Select 6Use trigge
i

[ gqualifierd operati
6Trigger and Qual ier

on
Configurationd di

type in t
l og

r
f a .

T Select 6Q bet we cualfidr,combo box Evant Brépresents statt &d the event C stop
trace recording condition. Recorded CPU activity can be further filtered out by the qualifier event Q.

— Elualifier
IE! between B.C events j
Recard

IU TI zamples befare 0
II:I ]T samples after G

Time Stamp ITime vI

Qualifier field

1 ConfigureType_Pointers entry point for the event B arnid/pe_Pointers exit point for the event C event.
1 Finally, configureiCounter memory write cycle for the event Q.

As soon as the event B occurs, the trace starts considering the qualifier Q and records the CPU cycles matching
with the Q condition until the event C. ButeB represent enable and event C disable condition for the qualifier

Q.
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Trigger and Qualifier Configuration dialog

Next pictureshows the trace resuli€ounter variable is modified by th&ype_Pointers function
approximately every 805.7s.

Traceresults

Due to the CPU behaviour, ités possible that the i C¢
trace settings) although being modified by the applicatioa.t ssume that we hawafollowing function:
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