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Technical Notes

NEC V850ES/Fx3 Family In-Circuit Emulation
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1 Introduction

The NEC V85&S/Fx3ActivePRO PODs built arounda special EVAchip and a targgieripheraldevice. The
EVA chip emulates the CPU core aptbvidesa debug interfacedebug functionalities and theaceportwhile
the targtperipheraldevice provides a system clock amdst ofthe peripheras. Remaining peripheral functions
and data flash are emulated by the FR&®Anected to the bondodrogram flash is replaced by RAM type
overlay memory.

Debug Features

1  Unlimited executon breakpoints

1 Access breakpoints

1 Realtime access

1 Data Flash& EEPROM Emulation Support
1 Trace

1 Profiler

1 Execution Coverage
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2 Emulation Options

2.1 Hardware Options

Emulation Options |
Hardware | CPU | WeedClock | Initialization | JTAG | Synchranization |

[T Clear Emulation Memore [0 HEX
™| Erorain Target mode

Ermul atiar M eman Strad o Meman

) 256 kEptes | [z= for realtime aceess, it aval=ble

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

Cancel Help

In-Circuit Emulator Options dialog, Hardware page

Clear Emulation Memory

This option allows ya to force clearing (with the specified value)tioé emulation memoryefore debug
download.If this option is used, it is recommended to clear the emulation memory with OxFF value since it
imitates an empty flash memairythe final target application

O iISYSTEM, February 2012 3/52



2.2 CPU Configuration

Select the emulated CPU family, the POD and the target device being emulated.

Emulation Options |

Hardware CFU |"-.-"I3l3.-"|:|l:ll3k| Initializatil:unl JTAG I Synchrunizatiunl

PODACARDATAG CPU
VBROE/CG 3 UPD70F3372 a]
VAS0E /TG 4 uPD7OF3373
VORDES /P2 UPD7OF3374
CPU Setup... | WVEROES /Fx3 uPD70F3375
VORDES/SG2 uPD7OF3376
Set Default | VEROES /52 uPD7OF3377
UPD7OF3378

FD70F3379
Imitial Endiar ILittIe vI MF]M
LR FOE e ll

Cuztom CPU wariant

fidefaul] ¥l
] I Caricel | Help |

In-Circuit Emulator Options dialog, CPU Configuration page

CPU Setup

Opens the CPU Setup dialog. In this dialog, parameters like memory mapping, bank switchattyanced
operation 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 currently selected CPU. These include:
1 Vcc and clock source and frequoy

1 Advanced CPU specific options

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.

Emulation Options |

Hardwarel cPU WeooClock | Initializatil:unl JTAG I Synchrunizatiunl

— LClock — Wioo Source
(* intemal  Frequency: [4000 | kHz % [rteral
" External £ Extermal

Advanced.. | ~ oo Woltage
f*) 5y
£ 3y

] I Caricel Help

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

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 recommeseled to
the internal clock when possible. When using the clock from the target, it may happen that the emulator cannot
initialize any more.

It is dissuaded to use a crystal in the target as a clock source during the emulation. It is recommended that the
oscilator be used instead. Normally, a crystal and two capacitors are connected to the CPU's clock inputs in the
target application as stated in the CPU datasheets. A length of clock paths is critical and must be taken into
consideration when designing thegat. During the emulation, the distance between the crystal in the target and

the CPU (on the POD) is furthermore increased, therefore the impedance may change in a manner that the crystal
doesn't oscillate anymore. In such case, a standalone crystst, ciscillating already without the CPU must be

built or an oscillator must be used.

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 oretemulated CPU.
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2.4 Initialization Sequence

Primarily, initialization sequence is used on-Ohip Debug systems to initialize the CPU after reset to be able
to download the code to the target (CPU or CPU external) memory.

Typically, there is no need to usestinitialization sequence in case of theQimcuit Emulator emulating Single

Chip mode. Initialization sequenosay berequiredon some CPU families when it is required by the application
being debugged. That can be e.g. either to enable memory acties£@U internal EEPROM memory or to

some external target memory, which is not accessible after the CPU reset. In such case, the debugger executes
initialization immediately after reset and then downloads the code. Additionally, the user can also éishble C
internal COP usingnitialization sequence if there is a need for that, etc.

Note: There is no need to use the initialization sequence in order to download the code to the overlay memory
and data to EEPROM or program the data flash. However, it is rmeaded to enable read access to the data
flash (disabled after reset) in order for the debugger to display the content of the data flash and emulated
EEPROM. Refer to EEPROM Emulation chapter for more details.

The initialization sequence can be set upnio ways:

1. Set up the initialization sequence by adding necessary register writes directly in the Initialization page
within winIDEA.

Emulation Options |

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

|mitialization Ilnit zequUEnCe j |1 secamd|E|
[ Load from file I J
Address offset | 5 pecify =0 HE
[ Reset CPU after DLAreset commands [invalidates initialization]
Area |Address | Register | Data
e T o o SN

Properties. .. |
;I Remove |

] I Cancel | Help |

2. winIDEA accepts initialization sequence as a text file with .ini extension. The file must be written
accordingtothesyatx speci fied in the appeErcdrptiromithe t he har
70F3380.ini file:

/enable read access to the data flash
A PRCMD B 0x5A
A DFLCTL B 0x83
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Emulation Options

Hardwarel CPU I Yee/Clock  Initialization |JT.-5.G I S_I,Inn:hrcunizatiunl

Imitialization Ilnit FEOUENCE j |1 second|E
¥ Load from file I?DFSSED.ini J
Address offset | Specify =] o HEX

[T PReset CPU after DL /reset commands [invalidates initislization)]

Area | Address | Register | Data

Ll

o

Sdd). |
Broperties... |
Hemave |

k. I Cancel

| Help

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

There is also a third met hod, whi

ch can

be

used

too

can initialze the CPU by executing part of the code in the target ROM for X seconds by using 'Reset and run for

X sec' option.

Emulation Options

Hardwarel CPL I Yoo/Clock  Initialization | Synchrunizatinnl Pattern Generatnrl

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

=)

N

Pl

]|

Addl
Eraperties..

Hemave

|

Cancel |

Help |
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2.5 JTAG Scan Speed

Emulation Options |

Hardwarel CPL I Vcn:a’l:lu:uckl Initialization JTAG ISynn:hru:unizatiu:unI

Scan zpeed FrEeEe "I I'IEIEIEI vI kHz

[ Uz IFree j IEEIEI j kHz zcan zpeed during initialization

I | Tikiz e e single deviee i the JiGE chai
IR Prefis |0

— bulti Care Debugaing

[T Enabled  |Debug multiple cores on the same | 1R Postfis |0
chain [Luze multiple emulatars]

DR Frefix |0

[T faster  |Thiz inetance will initislize the
JTAG chain. DR Postfis [0

11T

] I Cancel | Help |

JTAG Scan Speed definition

Scan speed

JTAG Scan Speed is automatically forced to Free mode in case of V850ES/FH&PRIVPOD. Free mode
ensures that JTAG clock continuous to run even when there is no active communication on the JTAG debug
interface. Free running JTAG clock is required by the bondout device on which the POD is based.
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3 Setting CPU options

3.1 CPU Options
The GPU Setup, Options page provides some emulation settings, common to most CPU families and all

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 H|

Optians I Del:uuggingl .ﬁ.dvancedl

— Optionz
I™| BBESET Eram Target Enatled
™| Ml Enatled wihen Stepped
™ intermupts Enabled When Stopped
™| Hardlrtenupt Disatle wWhen Stopped
¥ Stop CPU Activities When Stopped
™| Tiest iode
I™ | Ezche downleadedicode anly [do nat aad b taraet]

] I Caricel Help

CPU Setup, Options page

Interrupts Enabled When Stopped

When this option is checked, user interrupts (NMI, INT) which are generated while the application is stopped are
accepted and processed.

When the option is unchecked, interrupts are not servicdd thie application is stopped.

Stop CPU Activites When Stopped

When this option is checked, some peripheral functions are stopped when the application is stopped. The
following functions are stopped:

T Watch timer
 16-bit timer/counter
1 A/D converter

In geneal, it is recommended that the option is checked in order to have more predictable behaviour of the
debugged application using these peripheral functions.
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3.2 Debugging
Latch target RESET

When the option is checked (default), the debugger latches activersgeuntil it gets processed. This yields

a delay between the target reset and restart of the application from reset. If this delay is not acceptable for a
specific application, the option should be unchecked. An example is an application where tike CPU

periodically set into a power save mode and then waken up e.g. every 6ms by an external reset circuit. In such
case, a delay introduced by the debugger would yield application not operating properly.

When the option is unchecked, the application ismeslafter the internal (e.g. watchdog) or external target
reset with a minimum delay.

CPU Setup |
Options  Reset |.-i‘-.|:|vanl:ed|

™| REESET from target enabled

™| Synchronize start fram rezet on target FESET]

™| lgnore target BESET after I'IEI ms

v Latch target RESET:

[T | Stop after target BESET
BESET autput IEIpen Cirain j
RESET methad | =]

BESET duration I e
Fost BESET delay I i

] I Cancel Help
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3.3 Advanced Options

CPU Setup |

Elptin:nnsl Fegset  Advanced |

" Owernde startup register values

[ PC [program u:u:uunter]l[l HE
¥ Use handshaking during download

Internal Rak addrezsing IDEFFHH:-::-: VI HE

~ Mask ~RTR Shadow | 8 regions of 256 bytes (100h) = |~
[~ M0 Use Address / HEX Use Address / HEX

[ HMIT r [FFoomm . o
I RESET uil (I =l
™ walT ul T =
[~ HOLD r |D— I |U—

[ Use WEC real-time access outside Shadow

k. I Cancel | Help |

Advanced ActiveEmulation Options

Override startup register values

This option overrides the default Program Counter reset value with the value set.

Use handshaking during download

When this option is checked, execution of every debug command during debug download is handshaked.

Faster download is achieved by not using this option. However, if the download fails, keep the option checked.

Internal RAM addressing

This setting concerns the traoperation MCU has 4GB address space (0x0000 GOKBFFF FFFF) while it
has 64MB physical address spa@x0000 0000x3FF FFFF). It acts like onljower 26 address lineare
connectedo the physical memoryinternal RAM block is physically located down from Ox3FF FO@ddress
and itis visible also at address down from OxFFFB00. Later address allows compiler to generate code, which
can quickly access internal RAM (it address in the RAM space can be geeeraly e.g. subtracting only 16

bit address from 0). For the trace in order to resolve properly all data syfalipltabels)user must set in this
combo box at which address his data is linked in his project.

Mask

NMIO, NMI1, RESET, WAIT and HOLD CPU ingts can be masked. A masked CPU input has no impact on the
CPU behavior, that is, it is ignored/hen RESET is checked (maskeid)get reset is disabled and additionally
CPU internal reset sourchke internal vatchdogtimer have no effect.

O iISYSTEM, February 2012 1152



RTR Shadow

RTR Shadow provides 8 ranges, each covering 256 bytes of memory. Each range needs to be enabled
individually and base address of the range must be entered.

The development system provides an alternative-tie@ access to the default one that is builbitle
emulation device and controlled via the JTAG debug interface. The default one has a restriction that stalls the
application

Refer to Reallime Memory Access chapter for more details on RTR Shadow use.

4 Program & Data Flash

The target CPU features gmam and data flash. With the-@ircuit emulator, the program flash is replaced by
RAM based overlay memory and the data flash is emulated by the FPGA, which emulates the data flash memory
itself and the flash programming interface.

All code and data reding in the program and data flash amsn beloaded using the debug Download
command. Code is loaded to the overlay trough standard memory writes while the data loaded to the data flash
area is loaded using flash programming libraries and requires somfigucationwhen a new workspace is
created.

Additionally, NEC implemented EEPROM emulation, which is based on the data flash. Most users will probably
use EEPROM emulation and not directly the data flash. Refer to EEPROM Emulagipterfor more deta
on using EEPROM emulation.

Data Flash
V850ES/Fx3 series adds 32kB of Data Flash memory additionally to the Program Flash memory. The debugger

needs to be configured properly before loading the code to the Data Flash. Data Flash programming is
implementedising data flash programming libraries V2.0 provided by NEC.

Assuming that correct CPU is selected in winlDEA, lo
Setup dialog (Hardware/ FLASH Setupé). Pr esaryssettingse 06 Ed
prior to first Data flash programming.

The debuggeconfigures CPU memory interface to the Data Flasfore programming. This is done hiddeto

the user. After the download completes, the debugger resets the CPU once again in oreleistarapplication
to start from the CPU reset state

FLASH Setup H|

On-Chip | Cuigtom I

QOFF200a]

Al
Hemave |

Edit...

] I Cancel e 1] | Help |

1T Check the OErase before downloadédé option when a
debug downloadf the option is unchecked, only sectors where the code is loaded are erased.
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1 Iltisrecaonmengédt o check the o6Verifyd and é60On the flyd o
programming monitor will (while still having the data to be programmed in the monitor buffer) verify at
the end of the programming if the input data was succéggiitdgrammed. This verify is much faster
comparing to the standard Debug/Verify Download debug command and is then no longer necessary.

Deviee |

— Device — Exclusions
b anufacturer |NEE j Add..
Dievi PO FOF33ux Dat - |
evice Iu wa Data J Flemoye
Werzion I[default] j
— Dptionz — bonitor
Addresz in CPU zpace IFFBEIEIEI HE b aonitar load [Réak] address |3FFBEIEIEI HE>
[ iass erase before download [ Use monitor BAM exclusively Size [2000  HEX
[ | &llavdawnlzadianly b aximurn operation timeout IEI z
[ Cache contents [ Usze external monitor [Uk|_W850F =30 ata. 532
v ety ¥ Onthe fly Framm folder |E:'xwinIDE.ﬂ-.'x2EIEIE"sFL.-'3.SH
] I Cancel

Now the code can be loaded to the Data Flash through the debug download. Valid Data Flash region after reset is
0xFF8000-0xFF FFFF.

The O6Hardware/ uPD70F3380/ Mass Erased bontequesh al | ows

Note: Data flash is not visible after the CPU reset. Read access to the Data flash is enabled thbdtlgbTihe
register. Note that writingp this register is protected by a special sequence of instructions.

In order to see the Data flash after reset, the user can creatéiadization file which enableghe read access
after the CPU reset. The initialization sequence use is describbdptec 24. An example ofvinIDEA .ini file
which enables read access to the Data flash:

A PRCMD B 0x5A
A DFLCTL B 0x83
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5 EEPROM Emulation

As an alternative to the classical EEPROMs, where the data is stored on a fixed address and so can always be
found on he same location, NEC implemented EEPROM emulation, where the data is stored on changing
locations. Note that the EEPROM emulation is based on the data flash memory. Refer to NEC documentation to
get familiar with the EEPROM terms and the EEPROM emulatsetf.

Data FLASH and EEPROM Emul ation window is availabl e

x

Memary Data FLASH and EEPROM Emulation I

— EEFROM —— EEELib version |2.D1

Emulation Mode |2:~;2DDEh "I

1] IE HEX  Length |0 HEX Invalidate
Data I Write

D o | Data Length
0101 O00&01DCODOOFFFFOO1Z20048500060000. .. oDi14 &
0102 O10100DDFDFFFFFF opos
0103 O001000D0OFFFFFFOOOOOOOODOODOOODOOO. .. oD14
0104 OO01000DOFFFFFFOOOOOOOODOODOOOOOO. .. oD14
0105 OOD1LO0DDFEFFFFFF opos
0106 OOD1LODDDFEFFFFFF opos LI

Load I_EEF‘_eepn:um_chtent_dataﬁle J [+ Load on download Load now
Save I J [T Auto save Save now

[T Eraseondownload  Erase now |
— Data FLASH — DFALib wersion IZ.D‘D

Load | J [T Loadondownload  Load now |
Save I J Easell} HEX Save now |

|Offset [0 | Data [32bt x| 1D Tag
0000 00140101 000&0102 00140103 00140104 1 ﬂ
1
1

ek
ek

0010 00080105 ODD&0106 DOOGB010DT FFFFFEFFF
0020 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF
0030 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF
0040 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF
0050 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF
0060 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF
0070 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF

ok b b b ek b e e
R R e R
R R e R
N e ]

[

Refresh |
Close I Eanzel | Help |

EEPROM Emulation debug window supports two EEPROM layouts: default 2 x 4000h (two sections each 16K)
and 2 x 2000h (two sections each 8KB and 16KB remainshfo data flash). Application EEPROM layout is
configured through the O6Emul ation Moded combo box.
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Note that after the CPU reset, the V850ES/ Fx3 data
flash read access before using the data$H and the EEPROM Emulation window. An example of winIDEA

.ini file which enables read access to the Data flash:

A PRCMD B 0x5A

A DFLCTL B 0x83

All EEPROM and Data flash management is done using NEC DFALIib and EEELIb libraries. A version of both
librariesis displayed in the Data FLASH and EEPROM Emulation window.

Available emulated EEPROM use cases:

1 Erase on download
Check the O6Erase on downloaddé option in order to

1 Erase onrequest
Press t he 0Rinardeeto araseitie daiadlash manually

1 Load on download
Check the d6Load on downloaddé option and specify
The file format must comply with the NEC specification of raw data format for emulated EEPROM.

1 Load on request
Specify the file to be |l oaded to the emul ated EE
must comply with the NEC specification of raw data format for emulated EEPROM.

I Upload data
reads out the complete content of the Data flasheanulated EEPROM and displays it. EEPROM
section of the window displays all data sets and Data Flash section displays Data flash memory
including ID tags, where Section header, Data zone and ID zone can be inspected too. Note that
addresses in the Daté &SH section are relative to the Data flash base address.

1 Single ID write
adds new data set to the existing ones. The user must write the data in the Data field, specify belonging
16-bit ID and 16bit Length parameter and then press Write.

1 Single ID invaidate
Specify the I D of the data set to be deleted and
specifying Length=0, entering empty Data and clicking the Write button.

i Save onrequest
Specify the file where the EEPROM content is to be storegpanke s s t he 6 Save nowb6 b
save the current EEPROM content. The generated file is compliant with the NEC specification of raw
data format for emulated EEPROM. Existing file generation assumes default 0x4000 section size.
Contact iISYSTEM if thepplication uses different EEPROM section size.

1 Auto save
Specify the file where the EEPROM content is to
This functionality is required for the-circuit emulator based debugging sessions that are continued
after a power off. In case of the-@ircuit emulator, data flash respectively emulated EEPROM is
emulated g the FPGA and thereby its content is lost when the system is powered off. Before the
winIDEA session ends, current EEPROM conteart beautomaticaly saved in the fileandlater on
loaded through the use bbad on downloadise caseFollowing actions are treated asession end:
Tools/Disconnect, File/Workspace/Close, winlIDEA exid Debug/Download
The generated file is compliant with the NEC sfieation of raw data format for emulated EEPROM.
Existing file generation assumes default 0x4000 section size. Contact iISYSTEM if the application uses
different EEPROM section size.

REMARKS:
Due to a lenghty refresh process, the EEPROM Emulation disptafreshed on demand only. On these two
exceptions however, it is refreshed automatically:
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f
f

after download

after modifying its contents in the EEPROM Emulation window uSimgle 1D write Single ID delete
Erase on requesir Load on requestse cases.

The EEPROM data to be loaded into the emulated EEPROM must be specified in a text file, which complies
with NEC EEPROM raw data format. Refer to NEC documentation for more details on the EEPROM raw data

format.

An excerpt from a sample file defining a dimglata set with ID=0x0101 and Length=0x14:

File{

}

AdministrativeSection{
SectionSize: 0x4000
Offset: 0x00

}

Record{
ID: 0x0101
Length: 0x14

Data: 0x00, 0x06, 0x01, OxOC,// (4 bytes)
0x00, 0x00, OxFF, OxFF,// (4 bytes)
0x00, 0x12, I (2 bytes)
0x00, 0x48, I (2 bytes)
0x00, 0x06, 0x00, 0x00, // (4 bytes)
0x90, OxFB, OxFF, OxFF// (4 bytes)

Emulated EEPROM can be also prograet through the data flash. More directly data flash related functions
are available in the bottom half of the dialog.

il

Load on download

Check the 6Load on downloadd option and speci fy
format is IntelHex format while the file content must comply with the NEC specification. First half of

the file content represents a directly memory addressable data afifitial presents the belonging

ID Tag for each 3ait data.

Load on request
Specifythe fletde | oaded to the data flash and press t hi

Save on request

Specify the file where the data flash content (i
button in order to save the current data flash content. The genetatedrfiat is configurable and can

be MotorolaS, IntetHex or binary format. File content structure is the same as the one described under
the 6Load on downl oad©é6.
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6 Memory Access

V850ES/Fx3 developmensystemfeatures a standard monitor memory access, whiefuire user program to be
stoppedandarealtime memory accessvhich allows reading the memory while the application is running.
6.1 Real-Time Memory Access

The user can opt for retime access provided directly by the bondout device and an alterredhtame access
based on iISYSTEM proprietary RTR technology.

Note: Realtime access ideactivatedvhile thetrace or functionalities based tretrace (profiler& execution
coverage) aractive.The reason for this is theeattime accessearevisible on the trace port angiould conflict
with thetrace reconstruction

1) Areattime access based tre bondout functionality is implemented wigmintrusion on the application

execution. It takes approximately 50 clocks to execute a singbét 82attime me mory read, yi el d
at 10MHz CPU clock. Moréheexpressions aneattime updatedmore the application will be stalled. It has

been confirmed that the application can cease to work properly due to enabladeealcess when putting for

instance a bigerstructure into the Redime Watch pane. Thereby, the user shouldthiserealtime access with

caution or use the alternative iSYSTEM solution.

Further, eal time accesgrovided by the bondowannot be performed together with the bréaiction such as
hardware execution breakpoint supported in the CPU and software break (DBTRAP instructi@y) default,

it is recommended that retiine access is disabled. Use rdale access while being fully aware of its
restrictions.

2) Sincestalling the CPU is not acceptable for mtatgetapplicationsjSYSTEM offers an alternative solution

without this restrictioncalled RTR ShadowRTR Shadow solutiois based on the bondout trace, which is

configured to trace only the data writeghe variables of interestTrace porfrom the bondouis thendirectly
connecedto the FPGA, where theRTR Shadow enginextractsthe address and the data from the individual
taccowr i te datad message and gener as,ahsichthbedcdmectoshe dat a
shadow memory. The only drawback to this solutare possible trace overflows, which cancbenpletely

avoided with rational configuration and use.

Configuring Real-Time Memory Access

Wat ¢ h wiRtMhizhp@nes can be cdglired to inspect memory in retime and optionally memory and
SFR window too.

Realtime access is enablddly checking -thme 60lMémowy reatesed 6Dpbiugn |
Options/ Memory At It @ s dirde e Acdads>Update dwhen runng 6 opt iinothe t he
0Debug/ Debug Options/ Updated tab.

1) Additionally, in ordertouse redl i me access based on the bon-tiheeut f ur
access outside Shadowd option in the 6Hastlhbwheecked/ Emul
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x

Dpﬂunsl Reset ﬂdvancedl

" Cvemde startup register values

[~ PC {program n::cnurrter}ll} HEX,
¥ Use handshaking during download

Imtemal RAM addressing ID?:-FF:-:-:-:-; 'I HEX

~ Mask ~RTR Shadow | regions of 256 bytes (100h) = |—
[~ NMID Use Address/HEX  Uss Address/HEX

NIt ul S = s
™ RESET u T = (e
™ WAIT u T = (e
™ HOLD u (N =

[~ iUse MEC realtime access outside Shadow!

ok | canedl | Hep |

Not e: In this case, ORTR Shadow6 must not be se
Setupo. Ot herwise, the debugger (hidden from t
bytes (or single BB) shadow area(s) to cover the expressions in the Rt Watch pane.

| e
he u:

2) In order to use RTR Shadow,e | ect O RTR Sh aopgeratioh médé n t he odHacdwar e/
Setupd and uncheectki nieh ea coclksses JoTuA G i rdecausBrmeedsaond@termimet i o n .
which CPU addresses must be covered by the RTR Shadow. This can be identified easily since address is
displayed right to each variable in the Rt.Watch pane.

Il Watch M =] B3

Hame Yalue Type Address
iCounter 0=00000000 @ unsigned long (RA—FFFCY) = 03FFCO04 AI
bvTe=ztBvte. x O=00 unszighned char (E4-YFEE) = 03FFCO12 _J
byTe=ztBytel . x O=00 unszighned char (E4-7FEDY = 03FFCO13
byvTe=ztByte? . x O=00 unszighned char (E4-7FECY = 03FFCO014
bvTe=ztByted. x O=00 unszighned char (E4-7FEB) = 03FFCO15
bvTe=ztByted . x O=00 unszighned char (E4-7FEAY = 03FFCO16
wle=ztWord O=0000 unsighed short | (R4-YFF4) = D3FFCO0C
yleztWordl O=0000 unszighed short @ (R4-YFF0) = 03FFCO010
1iTAANInterruptCounter . 0xz00000000 @ unsigned long (RA—TFFEFRY = 03FFCOO0B
ylestWordOverF low O=0000 unszighed short | (R4-YFF2) = D3FFCO0E

4| » [ wiatchl ' Watch2 3, Rt'wistch 4 RtWwatch2 [« »|

Rt. Watch pane displaying variablesd ad

RTR Shadow can cover eigR56 bytes address ranges, whigalds 2kB of shadowmemory. The usecan
individually activate each range and define the base addiess t he OHar dware/ Emul at
Set up/ Ad v alm this é&@mple,adne ranges enabled and base address setOXx3FFCO000.This
configurationcovers all CPU addresses from Ox3FFCO000 to Ox3FFC@hRIeh cover all the variableBom the
exampleRt.Watch pane.

If non of the ranges is specifically selected and configured, the debugger (hidden from the user)cailjomat
tries to configure 8 available 256 bytes (or single 2kB) shadow area(s) toalbtlee expressions in the Rt
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Watch panel f shadow areas cannot cover al/l the expressi

displayed.

I n gener arécomnmerilad toekeep these shadow areas not configured and leave the configuration
to the debugger. This is especially convenient when variables or structures observed in the Rt Watch Pane
are relinked to new addresses. In this case, the debugger automatigaadjusts the configurations of the
RTR shadow areas

CPU Setup |

Elptin:nnsl Fegset  Advanced |

" Owernde startup register values

[” PC [program u:u:uunter]l[l HE
¥ Use handshaking during download

Internal RAM addrezsing IDEFFHH:-::-: "I HE

~ Mask ~RTR Shadow | 8 regions of 256 bytes (100h) 7 |~
[~ M0 Use Address / HEX Use Address / HEX

™ M1 rEE el
I RESET uil (I =l
™ walT ul T =
[~ HOLD r |D— I |U—

[T Usze MEC real-time access outside Shadow

k. I Cancel | Help |

After the CPU reset, the RTR Shadow displgysstion mark¢?)i n t he memory window
target me mor y 6 i which rhakes $ehse &¥dhere was poannite yet and the mmeorttent is
undefined After the application is run and a write occurs into the covered rangguéistion markshange into

a valid value.Question marksre displayedalso when an overflow is detected on the trace pAflt. RTR
Shadow datés invalidaed at that point sinc¢ is not known vhich and how manyracedata write messagese
lost. RTRShadowresumes with first tracéata write messaggdter the overflow message

It is also possible to combine use of both #t&ak access typdasut not before all the RTR shadow areas are

used up(including by the debugget'Wh i | e usi ng RTR Shado wtimeadtessoktside h e
Shadowd opt i on -timeaceessdgprevidedtbythelbsndoutrowsidé of regions covered by the RTR

Shadow.

6.2 Monitor Access

0l

When monitor access to the CPU6s memory is requeste:

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,
accessing memory and running the CPU is an option, which, however, affects the real time execution
considerably.

The time the CPU is stopped for is relatared cannot be exactly determined. The software has full control over

it. It stops the CPU, updates all required windows and sets the CPU back to running. Therefore the time depends

on the communication type used, PC's frequency, CPU's clock, numberatédipcemory locations (memory
window, SFR window, watches, variables window), etc.
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7 Access Breakpoints

Note: The same oeohip debug resources are shared among the trace trigger and access breakpoints.
Consequentially, the configuration dialogs look vefynigr and debug resources used by one debug
functionality are not available for the other. In practice this would mean that no access breakpoint can be set
when there is an active trace trigger and vice versa, trace trigger cannot be activated whémeztqesats are

active.

Access breakpoints are configured by openingitteedware Breakpoingglialog from the Debug menu.

Hardware Breakpoints x|

Internal I Action |

¥ Enabled

r~ Exec Watchpoints —ASIE-(HEN SEQencer
1 ISEQ SW3 'I r l"_ Address |== j ITy'pe_Pointers Break on ISW3 then 5W4 j
2 Im I-I"_ Address |== j IType_SimpIe I CounterlS—

3 Idisabled v[ r|_ Address [ == =] |
4 Idisabled 'I rl“_ Addressl:: j |

5 Idisabled v[ r|_ Address [ == =] |
6 Idisabled 'I rl“_ Addressl:: j |

7 Idisabled v[ r|_ Add,ess|== =] |
8 Idisabled 'I rl“_ Addressl:: j |

A O o e

fT=ray Bl LI

 Data Watchpoints —ASIE-{HE) Ao e Vohas DNy Mosh Ho

toreak X[ T address|—- 7] [#uTestiiord | [write =] [1sbit x| ata[-==] [ooo00124 & [o0000000
™ | Entite. Ohject

2 Idisabled 'I |_|"_ Address | == j I J IREE‘d j I_.:m._,- j Data ==j I.:..: &l.:..:.. 000

] Idisabled VI I'|n_ Address [== ﬂ I J IRead j I_.qn._,- ﬂ Data [== ﬂ I.:u:uj.j.:ujujuj & IEu:u:u:u:u:n:nj
I™ | Entire Chject

4 Idisabled VI I_I':'_ Addressl:: j I J IRead j I_.j\n._,- ﬂ Daiﬁl== ﬂ I|:||:||:||:||j|:||:||:| & Il:ll:ll:ll:ll:u:ll:ll:l

5 [ereak x| Cfp address[insice +| [ox3Frconso .| [wite =] [any =] pata [== ] 00000000 & [oooooo00
™ Entire Object

& IBreak YI rlﬂ_ Addressllnside j |Dx3FFCDDAD J I'\'.'rite j I.-‘m-_: ﬂ Data |== ﬂ|-:u:u:u:u;u;u;u;. &I|:||:||:||:||:||:||:||:|

Wizard... | Ok I Cancel | Help

Access Breakpoints

The emulator provides 8 data watchpoints aedécution (ExecjvatchpointsEvery watchpoint can be

individudly disabled or either used to break the CPU or control the sequencertWhen sequencer i s
recommended thdirst the break conditiom the SEQuencer field selectecdindthenthe watchpoints

configured

For every watchpoint an ASID (Addrespace identifier) value can be .séthen ASID is irrelevant, keep the
check box unchecked.

Various logic conditions can be set for the address including address match, address mismatch, range match and
range mismatch. Finally, address can be enteregbhgsical address or as a symhahoseaddresss extracted
from the debug information included in the download file.

Data watchpoints allow selecting memory access type, access size and optionally data value that can match or
mismatch.
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Sequencer can betsg from up to 4 statesach controlled by a watchpoidtdditionally, amatching condition
from the sequencer can lieked to the counter with a preset value.

Letdéds take a |l ook in the | ast screenshot for a coupl

1 Data watchpoint stops the CPU when 0x12A is written into aldi6global variable named
wTestWord

1 Data watchpoint 5 and 6 define an event, which stops the CPU when a read access occurs in the
memory range from Ox3FFC080 to Ox3FFC100.

1 Executionwatchpoints 1 and 2 controlhe sequencer configured for a c
Counter set to 5. It means that the output from the sequencer comes true when Type_Simple function is
executed after Type_Pointers and when this happens five, tineeSPU stog

8 OSEK Debug Support

EnableOSEK supporby lecingé ORTI ( OSEK, CMX)téh es edlDeecbtuigd nOpier at i ng S
then press the 06Setupdé button.

Operating system |

Operating System I

[ORTI [OSEK.ChX)

Hardware T azk debugging
™| Enatled [stepping, breakpoints. ...
™| nalvzer functions (race, profien, .|

Debugoged T ask I j

k. | Cancel | Ll Help

Specify the path to the OSEK ORTI fjl&vherethe necessary debug information is kept
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05 Setup
ORTI [OSEK, CHX) ]
ORTI file

|Ds.-’-'-.r|:hitecture.|:|rt

Prafile these 05 objects

w|Tazks [RUMHINGTASE]
Current zervice  [SERVICETRACE]
w|Services [CURREMTSERYICE]
ISRz [RUMMNIMGISR]

= e |

Cancel | | Help |

1 Openthe OSEK OS wimv from View/Operating System.

vz TERMIMATION
vy SCHEDIULE
vz |JSESFF

= T_CvCLIC
STATE
vz BASEFRIORITY
vy DISPATCHPRIORITY
wi ACTIVATIONS
vz TTPE
vy RESOURCES
vy EVEMTS
vz TERMIMATION
vy SCHEDIULE

vs_UUSESFP
+-T_MP
+1_J558
+1_LU5512

Hame | Yalue I:
=I-0ORTI [DSEE. Chix) rta_orti
+-RTAOS s
=l ozek_idle_tazk TASE
STATE RUMNMIMNG
vz BASEPRIORITY IDLE
vz DISFATCHPRIORITY IDLE
vz ACTIMATIOMS 1
vz TPE ECC1
vz RESOURCES RES_SCHEDULER
vz EWEMTS EV_IDLE_EP PS5k EY_IDLE_SYSTEM_RESET

HE AW

preemptable

falze e
TASE,

SUSPEMDED

L31]

100

2

BCCz2

RES_SCHEDULER

LIGHT
non-preemptable
falze

TASE,

ISR

I5R1 ﬂ
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9 Trace

The VB50ES/Fx3 development system is based on a bondout d&¥@echip) which does not deliver the CPU

buses externally to the emulator. The trace is based on ttlgipirace (OCT) concept, which we find GRUs

with on-chip debugsupportincluding also the traceupportt e . g. ARM ETM, Freescale MP
The onchip trace is based on messages and has its limitations comparing teitceitremulator where the

complete CPU address, data and contraliblavailable to the emulator in order to implement exact and

advanced trace features.

Due tothelimited OCT featuresSYSTEM offers functionalities based time proprietarytrace Reallime
Reconstruction (RTR), which restores the original CPU exechbtispwhich is otherwise embedded deeply in
the CPU silicon, in the development syst&kith this technology, advanced trace functions, extended profiler
and execution coverage become available.

9.1 On-Chip Trace Concept

For program tracerace porsends a mssag®nly for every executed nesequential instruction, which changes
the program flow. Each message contains the instruction type information and a destination program counter.
Some messages include also the source program coBased on thisnformation the debugger reconstructs
complete program flow by adding sequential instructions between the recordsdquamntial instructions. This

can work as long as the debugger Aasmplete code image of the applicat{dilownload file)in order to know
which sequential instructions are located between thesaquentialFor this reason, self modifying code

cannot be traced

Only transmitted addressémessagegjontainrelativelyvalid time stamp informatioftime of message, not of
execution) All seqiential instructiondeing reconstructed by the debugger relyinghmtode image and

inserted between the recorded addressesptdcontainexacttime information. Any interpolation with the
recorded addresses containing valid time stampld bemislealing for the userThereby, several displayed
frames, that isall sequential instructions between the two-sequential instructions, have the same time stamp
value.

Data trace can record all data access cycles issued by the CPU however it cannataraoeeds cycles issued

by DMA unit. Additionally, no access to the CPU core registersRR01 FEPC, CTBP,Traée) can
port bandwidth becomeguickly restrictivewith the data tracenabledsince data trace mostly generates 2

messages for argyle traced data acces®¥hen the number of trace messages exceeds the trace port bandwidth,

an overflow message is sent out in order to inform the user that some messages Vieoaridlat point on

until the next valid message, the user will find ¢jag inthetracd. t 6 s up to the wuser then
traced data accesses, which yields less mesaadebus no trace overfloar to turn on the nereaktime trace

mode, which stalls the CPid order forthe trace port to transmit all the magss in the internal trace pipeline

without lossNonr eal ti me trace mode is turned on by checkin
Trigger configuration dialog.

Besides the program execution reconstructed from the recorded branch mehsagasdout offers a so called

OpCode trace, which when activated generates two messages for every executed instruction. One message
contains the program counter and the other OpCode of the executed instingti@atice his would result in
immediateoverflows In order to avoid overflows, he debugger automatically forec
overfl owsd option when the ©6Opclogeperaltie@pCale tfaSshamltl | s CP |
not be used due to its limitation edn be usd to verify the trace record collected with the regular trace
operation where the program is reconstructed. Not e
any program reconstruction as all the necessary information (PC and OpCodegdy edicorded by the trace

storage memoty

9.2 On-Chip Trigger and Qualifier Configuration
See AccesBreakpoints chapter on brief explanation of the trigger dialog resoasties same owthip debug

resources are used fivacetrigger and access breakptsiand therebyccess breakpoints and trace trigger
dialogare alike
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Qualifier pane defines which CPU cycles are recorded by the €aceplete pogram flow can be either
recorded or not. Data accesses canlbecordedo ut it 6s hi g leywillyipld tade averfloyws t hat t
(see example i chapter 8.3or more explanation on overflows). As an alternative, 8 address ranges can be

defined for the data area. The followitvgo picture depict possible settings:

Trigger GQualifier |.-'-‘-.U>< Eardl

¥ Record program fow

— 1 Becord all data accesses JRaw ~]—
Address ASID (HEX) Mask address Access
1 I [wTestword o o = [rew =]
2 ¥ [HiCounter O o =] fwie =]
3 IV [HbyTesyte O Jrene =] [Read 7]
4 [ [oearroon O Jen = [rw =
5 [ | rf e = Jrew =l
5 | P L O e I T |
7 L e A Jrew =]
8 [ Lrf e -] [Rew =

Trace Qualifier pané 4 data rangesonfigured

Trace will record read and write accesses thit&TestWord global variable.
Trace will record write accesses to-Bi2 iCounter global variable.

Trace will record read accesses tbiBwTestWord global variable.

= =4 =4 =4

Trace will record read andrite accesses to the data area Ox3FFAD@IFFCOFF.

Recorder | Trigger Qualifier | AUX Card |

¥ Record program flow

—1 Record all data accesses ]
Address ASID (HEX) Mask address Access
1 ¥ [y Testbye L TR frone =] [wie =]
2 W [aCourter R Jon =] [Red ]
3 W [am_byTest | frone =] [Read ]
4 [ [BwTestWord A o = [rw =]
5 I [swTestWord2 A Jo = [rw =
6 M [aTasdmemptCounter .| T o =] [wie =]
7 ManvintemptCourter | T o =] [wie =]
8 W [aCourter LICE Jon =] Jwie =]

Trace Qualifier pané 8 data ranges configured
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9.3 Troubleshooting Scenarios
9.3.1 On-Chip Trace
Sel ect -6OICF®é Onn the Har dwar e/ An adhiptzaeerfeatdrest up di al og v

Analyzer Setup |

Operakion |

— Analyzer
Qperation mode IOCT,I'Dn-Chip

L

— Prafiler

Operation mode IEnI:r';.-',l'Exit

Buffer size I 100%:

Buffer compression INDne

I 8 S I X O

Tirme Skamp ITime

Stall CPU r

~ Execution Coverage

Cperation mode IOFF-IinE j
Buffer size I 100%: j
Cyele duration I 0ns

isclaimer: due to On-Chip and RTR. pipelines, recorded
kimes do not exactly match CPU core execution timings

Ik I Cancel Help

First exampleexplains howto recorda completeprogram flow either from thapplicationor tracestart on or up

to the moment, when the program stdpdirst case, lte tracevould record and display program flow from the

start until the trace buffer fulfillAlternatvely, thet r ace can stop recording on a
mo d @ptionallows roll over of the trace buffer, which results in the trace recording up to the moment when the
application stops. In practice, the trace displays the program flow jiaselibe program stops, for instance, due

to a breakpoint hit or due to a stop debug command issued by the user.

Example 1: Trace records therogramexecution (instructiog) no data accesses) until the CPU is stopped.
Select the ORecondtbeebp¥thgggd b dmeninundandcheokghe Set b uf

6Cont i nuo us Inoneaskduer sizerlyiwben more program history requiredsince the trace
upload time gesup with larger buffer size
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ace T |

Trigger I
—{* Record evervthing — " Use triggerjqualifier
Buffer Size IMinimum j W |Trigger 1 ] e

Buffer Compression |N|:||'|E vl
T Mewfrom template... |
" | peep Trace File Size I 4 GE vl |

[elete...

=t Lonfigure...
Time slice ITime "I
]

[Capy

T'J Carvert to Hormal

 Cperation

[T auto skark when CPU starks
[~ On trigger break execution Select Active | Template Editar. .. |

(0] 4 I Cancel | Help |

Before the program is set torrer while it is running already, activatee tracaecordingbytheé Tr ace begi n«
tool bar orbelongingshortcut ke CTRL+B). Thetracestops recording when the program execution is stopped.
After thetracestops recording, the collected informatioraislyzed and displayed.

Uncheck the 6Continuous moded option when the trace

O0Record everythingd modwithatdwad aws aceesses. ptsgr amrf lgg
when data accessesads to be recorded too.

Example 2: Tracetriggers whenfunctionType_Simple is called and program is recorded around the trigger
event.

Select the 6Use trigger/qualifierd mode i friggeti@. 6 Tr i (
race T |

Trigger I

—{" Record everything —i* Llsetrlgger,l'quallﬁer

Buffer Size IMinimum 'I % _|Trigger 1 [ New...
Buffer Compression INone "I

7| Hew from template,
" | beep Trace File Size I 4 56 "I

™ | Continuous mode

i Configure. ..
Time: slice ITimE vl = L

|
X Delete. |
|
|
|

] Copy
— Operation T | ConwerttoHomal
[~ auto skart when CPU starks
™ on trigger break execution Select Active | Tiermplate Editar. .. |

[n] 4 I Cancel | Help |

Configure the triggbdialogby i nvoking the O6Trigger
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First,c on f i

gur e

Trigger - [Trigger 1]

Recorder I Trigger | Qualifier | AU Card |

Start
Trigger Position
Bulffer Size

Buffer Compression

[onTigger 7]
l Minimum ¥ l

[~ Deep Trace File Size |4 GE 'l

Time Stamp

60n

Triggerd

I Time Y, l

for

St art

event

t hen

tab and check E n a b Ithe @fbtopicarner. NexdonfigureExec (executionyvatchpoint 1 for Trigger
conditionand then eterType_Simple address in the address fidtt Execwatchpoint 1Keepdefault settings

int he 0 Q talgWwhicliyield recordng program flow only.
Trigger - [Trigger 1]
Recorder  Trigger | Qualifierl Al Eardl
[V Enabled
— Exec Watchpoints —ASHE-HES) SEQencer
1 ITrigger 'I rlﬂ_ Address|== j IType_SimpIe u Trigger on |5W4 j
2 [diabled v| T[0T addess[== =] | | H ez
3 Idisahled 'I I-ID_ ﬂddress|== j I J
4 [disabed =] [0 Addess[= -] | |
5 Idisahled 'I |_|U_ Address|== =] | J
6 Idisahled 'I I'|u_ ﬂddressl:: j | J
7 [dsabled »] [0 Addess[= =] | B
8 Idisahled 'I I_IU_ Addressl:: j | J
~ DiataWatchpoints -A5{E-HEN) ocoss Sizs oo fHE—HoahHES
1 [diabled =] [0 addess[= 7] | | [resd =] [ary >] pats[- <] [oo000000 & [ooooooon
I™ | Erttire Object
2 [diabled =] [0 Addess[—= 7] | .| [Read = [arw =] Data]— ~] [oo0ooooo  x [o00ooooo
3 [disabled =| [0 addess[= || | [Fesd =] [an =] Data[=="=] [o0000000 ¢ [ooooooon
I™ | Erttire Dhject
4 [diabled | [0 Addess|= 7] | | [Fesa =] [ary =] Data[== <] [oo000000 & [ooooooo
5 [diabled =] [0 addess[= 7] | .| [Read =] [arw =] Data[- ~][00000oo0  x [000ooooo
™ | Ertire. [hiect
6 [disabled =| [0 addess|= ]| .| [Fesd =] [ory =] Data|— -] 00000000 & [o00000o0
e iizard... | 0k | Cancel | Help
Trigger settings
Letds acti vat e prognaen. Whenahe gigger event eceurs, the traee will stop recording and

di spl ay

t he

recorded

progr am.

Letds take a | ook

comparing to the standard-@ircuit emulator trace, where the progrélow is obtained by recording activities
directly on the CPU bus.
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=i =i i EH
Humber | Address | Data Content Time

=1| 000019CC|3F0640 Epoplpn -2.481 us

40063F00 DISPOSE 0O,R31,[R31]
[T 2 0| 000019ED|00000L 0 ns

1/ 00002022 106704 byTestEytedt: 00 n=
0da71l080 LD.E S0l0[R4],R12

2| 00002026 006241 (4162 ADD 0l,BRls S00 ns=

3| 00002028 106744 44571080 ST.E Rl1z,8010[R4] 00 n=

4| 0000202C | 126F24 wTestllord++ 2 LO00 ns=
246F1Z80 LD.H -7FEE[R4],R13

5| 00002030 |006044] (416h ADD 0l,B13 500 n=

6| 00002032 | 126Fad|pdaFl=2680 ST.H BEl3,-7FEE[R4] S00 ns=

P 3 7| 00002036 |AAFFEF |[Type Simple() ; 500 ns

EFFFLLFY JARL Type Simple |

8| DOOOL9ED|0025E5 [void Type Simple ) 1.000 us
Type_ 3Fimple
ESZ5 EBRE 000o01la=c

9 00001AZC|ELOQVS0(S00YELFL PREPARE ER25,Rad,B25 R 3.500 us

10| 00001A30 000095 950D ER 000o0l19E: 3.500 us

Trace results

When the trigger occurgiace porutputsa special trigger message called Matchp(atme 0) which is
detected by thexternaltrace hardwarand recorded astrigger event This messageontaingprogram counter
value at which the message was gener&edorded trigger message is depicted with a red frarie trace
window.

In thisexample we can see that actual Type_Simple function call can eBskeamesafter the Matchpoint
mesage This is due to @elay between the time when the instruction was executed and the time when
belonging message broadcasted externally.ifused s ¢ amseagcHonthe code thaactuallygenerated
the triggemessagePC aldress recorded with the trigger messaddat¢hpoin) eases theéask The distance
from the O frame (Matchpoint) to the actual trigger point in the reconstructed pratgadepends on the
number of sequential instructions following the trigger event.

Next, the usemaynoticethat there are several instructions with the same time stamp. The delrayds the
time stamp informatiofor every recorded messaged these areroadcasted for thexecutechon-sequential
instructiors only. All the reconstruad sequential instructions have no time information and for these
instructions the debuggebtainsthe time stamp from the first following nesequential instruction, which has
valid time stamgnformation Displaying anything else would be misleading.
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Example 2: The tracewill start recording (instructions and data accesses) after the fundiyme_Simple is
executed for the fifth time.

Select the 6Use trigger/qualifierd mode in the O0Tri (
60Tr ilgdg.er

Letds reuse the settings from t he [Exeevatchpoin@ismowa mpl e.
configured for the sequencerspectivelySW4 state of the sequencer instead for the trigger. The user can
configureasequence ofupto 4 &8 (SWiSW4) i n t he 6 S etgprighhsecton Addifionalyl d i n 1

enable the counter, which conneitt® the output of the sequencer and set its value to 5. Below picture depict
current settings.

Trigger - [Trigger 1]
Recorder  Trigger | Qualifierl Al Eardl

[¥ Enablsd

— Exec Watchpoint: —ASHE-HES SEQencer
1 ISEQ Swid VI rlﬂ_ Address |== j IT_I,Ipe_SimpIe Trigger on ISW4 j
2 [disabed =] T[0T addess[= -] | W Courter[5 |

3 Idisabled 'I I'Iu_ Address|== j |
4 [deabled 7| [0 Address [ =]

5 Idisahled vI I'|u_ Address == j|
6 [dsabed =] [0 addess[= <] |

7 Idisahled v| I'|u_ gdd,esg|== j|
8 [disabed =] [0 addess[= -] |

Fet| T =Y

— Data watchpoints 55000

1]
1 [disabed =] T[0T addess[= <] | | [Fesd = [

I™ | Entire Object

2 Idisahled 'I rlﬂ_ Addressl:: j | J IHeadj IAW
3 Idisabled vI |-|D_ .ﬂddressl:: j | J IHeadj IAny

™ Erttire Dhject

4 Idisahled 'I rlﬂ_ .&ddressl:: j | J IHeadj IAW
§ [disabled =| [0 addess[= || .| [Fesd =] [ere =] Data|— -] 00000000 & [o0000000

I™ | Ertire Object

6 [disabled v| [0 addess|= || .| [Feaa =] [ore
/ Wizard... I Ok I Cancel I Help

) E ) ] Eg T e

et} Loom (LN hdmal (LTS
[Ty Py s ey (= e

Data|== | Joooooooo & [00000000

L

L

Data|== | Joooooooo & [00000000

L

Data|-= | Joooooooo & [o00oooao

L

Data|-= ~| Joooooooo & Jooooooao

L

L

Data |== —|[oooooooo & [o00o0oao

Trigger settings

Next, open the Qualifiergne in order to enable the data access recording besides the program.
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Trigger - [Trigger 1] [ %]

Fiecorderl Trigger Qualifier |.QU>< Eardl

¥ Record program flov [ Dpcode Trace [Stalls CPLU)

=A%

Le

Address ASID [HEX) Mask address Access

1 e L i
Ao e L i
ol e B o il e
N e s i
sF— [T [ =
Lol e N o il
2 ol m— o I P
L et L i

I~ Stall CPU to prevent overflows

2| £

I

!

:

z

JJ143Jd

Ve Wizard... 0K I Cancel Help

Qualifier settings

Now,lebs st art the trace and r u'ywe Simge issepeputedficedines, then f r om
trace will trigger and normally display the progranound the trigger messadee t 6 s anal yze the t
ltés highly probably that the trace record wil!/l cont
data trace. Occurrence of overflows depends on the code, which can generate essrdatalaccesses. If the

CPU accesses the data very ofitea short timeit can producesuch amount ofmnessagethat the trace FIFO

buffer can no longer handle. If that happens, an overflow message is sent out signaling the external trace

hardware thathe trace information is lost and no longer valid. From that moment on the debugger can no longer
reconstruct the program flow properly until the trace Flit@fer regains the necesgaspace for upcoming

messages, which are broadcasted without loss. Hnersvo solutions for this problem now.
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Iim

Iim

Content

Number| Address ata Time

-3| 0000D0eEZ OO00E&RAL |1 -629 n=
A1EhL ADD 0l,BzZ9

-2 00000eE4 O000E&G| ! -629 ns
6dEL CHP 04,Bz228

-1| 00000EER O000FSEBS EGFE ELT goooosce -629 ns=
Owerflow (40

1| 00000778 gooooool 540 n=

Z| 00000COA  FETEFFEF Type Erum () : 1.000 us
EFFF7EFE JARL Type Enum (00000788),R31

3| O3FFC205 goooocla 1.000 u=s

4| Q3FFC208 goooosls 1.000 u=s

5| O3FFCZ208 goooos19 1.000 u=s

6| O3FFC208 gooolsls 1.000 u=

7| 03FFCO04 00001233| iCounter 1.000 u=

G| 03FFCO04 N0001232| iCounter 1.000 us

9| Q3FFC20C Qo000CoA 1.000 u=s

10| ooooozes N00015C5[woid Type Enum() 1.040 us=s

Type Enum

Trace results

First one is to use the ngaattime trace mode, which stalls the CPU until the FIFO buffer becomes ready for
new messages and then resumes the execution. This trace mode is turned on by theckilg&t a | |

over f

ows 0

option

i n

a recommended solution unless the user is fully awatfee@nsequences.

CPU

t h e inffusionn the realtimeaprogram eSeicution @ ismoh i s

Second solution is to limit the amounttbé generated data access messages. Our existing trace configuration

record all data accesses although the user may be interested only in data accesses to a specific (limited) region or

even just to a few variables.

Below qualifier pane setting configuréhe trace to record only data accesses tolat2fobal variable named

iCounter.

Trigger - [Trigger 1]

Fecarder I Trigger Qualifier I Al Card I

¥ Record program flow

I Opcode Trace [Stall: CPIU)

t
i

<

1 Becord all data accesses m—
Adddress ASID [HEX)  Mask address Access
1 I [#iCounter Ll i faawe=] [Fe =]
2 ] e Jrere = [Rew =
3 e Jrere = [Few =
4 L rE e = [Few =
5 | e Jrere = [Few =
8 T e Jrere = [Rew
r e Jrere = [Rew =
8 ] e Jrere = [Rew =

[T Stall CPU to prevent overflows
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Qualifier settings

This setting yields the trace record without any overflows.

DISFPOSE
Matchpoint

Instruction

Instruction

Instruction

Instruction

Instruction

Instruction

Trace results
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Example3:1 n t hi s

e x amp | eal6ltmTesdt\Vdrd varigbie lodturswuhile tuening tioe target

application. The variable gets a value 0x1233, whidhvalid for the application and hangs the application.

6Use

Sel ect t he
20.

6Trigger

trigger/ qualifierd mode i

ng. t

he

OTr i

First, define data watchpoint 1. Defileeaddress by adding the wTestWord symbol from the symbol browser
t Iryopder totsmecify thiérdatd valde, tleeruderyneeds to know how-thie 32
CPU handles a6-bit dataaccess. Depending on the address at which thmt 1ariable is linked, the variable
can occur as MSB aligned word or LSB aligned word on thbiB&ata bus. See below picture for valid trigger

andl i mi t access

setting for this particular case.

Trigger - [Trigger 1]
FRecorder  Trigger | Qualifierl ALl Eardl
[¥ Enabled
— Exec Watchpoint: —ASID [HEX) SEQencer
1 [ C0 addess |- ] | Trigger on |54 =l
2 [disabed =] T[0T addess[= -] | | F oz |5
3 Idi35b|8d 'I I'Iu_ Address|== = | J
4 [diabled =] T[0  addess[== =] | ]
§ [disabled =] [0 aAddess[= - | |
6 [dsabed =] [0 addess[= <] | ]
7 [diabled x| [0 addess[= ]| |
8 [disabed =] [0 addess[= -] | |
— DatawWatchpoints -A510 [HEX) Access Size Yalue [HE=] —— Mazk [HEX) —
1 [Tigger =] C[0  addess[-= | [wTestword | [wite =] [16bi =] Data[-= =] [12330000 & [oonoFFFF
I™ | Entire Object
2 [disabled =| T[0T addess[= -] | .| [Fesd =] [ere =] Data[= -] [00000000 & [o0000000
3 [diabled =] [0 addess[—= 7] | | [Fesd =] [aw =] Data[="~] [ooo000o0 & [oooooooe
™ Erttire Dhject
4 [disabled =] [0 addess[= =] | | [Fesd =] [ay =] pata[—= <] [oooonoon & [oooonoan
§ [disabled =| [0 addess[= || .| [Fesd =] [ere =] Data|— -] 00000000 & [o0000000
I™ | Ertire Object
6 [disabled v| [0 addess|= || .| [Fesd =] [ere =] Data—= -] [ooo00000 & [o0000000
ré *wizard... I 0K I Cancel I Help
Trigger settings
Next, we need to define also a qualifier. Keep
for the qualifier. I't is not recommended to use
exampl e si nce ihatdwillyleldmabeloyerflpms.obabl y
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Trigger - [Trigger 1]

Recorder I Trigger Qualifier I AL Card I

[+ Record program o [ Opcode Trace [Stall: CPU)

1 Becord all data accesses m—
Address ASID HEX) Mask address Access
1 W [wTestword e Jo =] [weie =
2 I | ] Jrere = [Rew =]
3 ] Jrere = [Rew =]
4 | ] Jrere = [Rew =]
5 I | | Jrere = [Rew =]
g | | Jrere = [Rew =]
7 e [rere =1 [rew =
8 I | | F[ e = [Fw =

[T Stall CPU to prevent overflows

Qualifier settings

Now, l etds start the tr ac e hedrace triggawhenthe epplegiigniwitasat i on |
0x1233 towTestWord and displag the program around the trigger messdfjthere isno such event, the trace
wi || remain in oOowaiting for triggerd state. Let 6s ai

Address=0xBF2. Searching further down flois Address we can find an instruction writing 0x1233 to
wTestWord at frame7.

Nu;n_hm Adl:_lless D;ta Eur_lient Ti_n_m
-1/ 000005CC| 003F0640|  Epoplpo -129 n=
40063F00 DISPOSE 0O,R31,[R31]
[T 2 0| 00000EF2) 00000001 0 n=
1| ODOODBEZ| 80105704 byTestEyiett: 200 n=
04571080 LD.E S010[R4],RL0O
2| ODOOODBES| 00005241 4152 ADD 0l,Rl0 200 ns
5| ODOOODEES| &0105744 44571050 3T.E R10,8010[R4] 200 ns
4| ODOO0BEC| S0125F24|wTestliordit: 200 na
Z45F1Z50 LD.H -7FEE[E4],R11l
5| 03FFCO12| 00001232 wTestWord 200 ns
6| O0OOOEFOD| 00005&41 4154 ADD 0l,R11 200 ns
7| ODOOODEFZ| S0125F54 645F1250 ST.H Rll,-7FEE[R4] 200 ns
8| 03FFCO12| 00001233 wTestWord 200 ns
9| 00000BEF6| FOEAFFEF Tvpe Simple(): 200 ns

Trace results

O iISYSTEM, February 2012 34/52



Example 4:1n this example, the trace will record all data access toltA@OInterruptCounter variable. Since
in our example application, this global variable is written onlythy timerTAAO interrupt routine, we can

also use thisraice configuration in order to measure the time between the two consecutive interrupt calls..

Select the 6Use
6Triddger

trigger/ qualifierd mode in

Start Ol mmedi at e IRgcérder tatowewenitf candpe defined if required.h e

Trigger - [Trigger 1]

Recorder  Trigger | Qualifierl Al Eardl

— Exec Watchpoints —&518H

— Data ‘whatchpoints -&51E-0HE]

1 ITrigger 'I |'|n_ .ﬂddressl::

2 [diabled = [0 Address [

3 [disabled =] [0 Addwess[==

4 Idisahled YI |_|D_ Addressl::

5 Idisahled 'I rlﬂ_ .&ddressl::

6 [disabled ] 0 Addwess[—-

IR e SEQencer
1 Idisahled 'I rlﬂ_ Address|== jl J Trigger on |5W4 j
2 [diabled | T[0T addess[== =] | | H ez
3 Idisahled 'I I-ID_ ﬂddress|== j I J
4 [disabed -] [0 Addess[= -] | |
5 Idisahled 'I |_|U_ Address|== =] | J
B Idisahled 'I I'|u_ ﬂddressl:: j | J
7 [dsabled =] T[0T Addess[= =] | |
8 Idisahled 'I I_IU_ Addressl:: = | J
SIE-{HER) hanoss Sizs Volo (B hhask (HER)
| JwTestword _| [wate =] [&bi ~] pata[- <] [12330000 & [ooooFrF
I™ | Erttire Object
=l .| [Read = [arw =] Data]— ~] [oo0ooooo  x [o00ooooo
=l | [Fesd =] [an =] Data[=="=] [o0000000 ¢ [ooooooon
I™ | Erttire Dhject
=l | [Fesa =] [ary =] Data[== <] [oo000000 & [ooooooo
=l | .| [Read =] [arw =] Data[- ~][00000oo0  x [000ooooo
™ | Ertire. [hiect
=l .| [Fesd =] [ory =] Data|— -] 00000000 & [o00000o0

/ Wizard... |

oK I Cancel |

Help

Letdéds configure

can disable program flow recording in order to save trace buffer foade¢ss messages. This will yield longer

Trigger settings

the qualifi er TAAGMeeuptiGounterevariabledWeo nl y al

recording that is longer total record time.
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Qualifier settings

Following picture depicts the trace results and showsTthA&0InterruptiiCounter variable is written every 43.7
ms. In our case, this is also the gnbetween twd@AAO interrupt routine calls.

Trace results

The user may notice thdte Store cyclds displayeco e f or e t he Load, winreality,thdoesnodt
CPU first loaded the variable value 0, increneelit and then stordthe value 1Next, it loaded 1, incremented

the value and stored the valueNate thathetrace engindroadcasts above order of messages and there is no

way to align them in the way they were actually executed.

Cautions on trace display sequence (excerpt from theobdout documentation):

O iISYSTEM, February 2012 36/52



















































