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1 Introduction 

The NEC V850ES/Fx3 ActivePRO POD is built around a special EVA chip and a target peripheral device. The 

EVA chip emulates the CPU core and provides a debug interface, debug functionalities and the trace port while 

the target peripheral device provides a system clock and most of the peripherals. Remaining peripheral functions 

and data flash are emulated by the FPGA connected to the bondout. Program flash is replaced by RAM type 

overlay memory. 

Debug Features 

¶ Unlimited execution breakpoints 

¶ Access breakpoints 

¶ Real-time access 

¶ Data Flash  & EEPROM Emulation Support 

¶ Trace 

¶ Profiler 

¶ Execution Coverage 
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2 Emulation Options 

2.1 Hardware Options 

 

In-Circuit Emulator Options dialog, Hardware page 

Clear Emulation Memory 

This option allows you to force clearing (with the specified value) of the emulation memory before debug 

download. If this option is used, it is recommended to clear the emulation memory with 0xFF value since it 

imitates an empty flash memory in the final target application. 
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2.2 CPU Configuration 

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

 

In-Circuit Emulator Options dialog, CPU Configuration page 

CPU Setup 

Opens the CPU Setup dialog. In this dialog, parameters like memory mapping, bank switching and advanced 

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: 

¶ Vcc and clock source and frequency 

¶ 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. 

 

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 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 

oscillator 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 the target. 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 crystal circuit, oscillating 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 on the emulated CPU. 
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2.4 Initialization Sequence 

Primarily, initialization sequence is used on On-Chip 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 use the initialization sequence in case of the In-Circuit Emulator emulating Single 

Chip mode. Initialization sequence may be required on some CPU families when it is required by the application 

being debugged. That can be e.g. either to enable memory access to the CPU 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 disable CPU 

internal COP using initialization 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 recommended 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 up in two ways: 

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

within winIDEA. 

 

2. winIDEA accepts initialization sequence as a text file with .ini extension. The file must be written 

according to the syntax specified in the appendix in the hardware userôs guide. Excerpt from the 

70F3380.ini file: 

/enable read access to the data flash 

A PRCMD B 0x5A 

A DFLCTL B 0x83 
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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 initialization sequence itself. 

There is also a third method, which can be used too but itôs not highly recommended for the start up. The user 

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' option. 
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2.5 JTAG Scan Speed 

 

JTAG Scan Speed definition 

Scan speed 

JTAG Scan Speed is automatically forced to Free mode in case of V850ES/Fx3 ActivePRO POD. 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 CPU 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, 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 serviced while the 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: 

¶ Watch timer 

¶ 16-bit timer/counter 

¶ A/D converter 

In general, 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 active target reset until 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 the CPU is 

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 is resumed after the internal (e.g. watchdog) or external target 

reset with a minimum delay. 
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3.3 Advanced Options 

 

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 trace operation. MCU has 4GB address space (0x0000 0000-0xFFFF FFFF) while it 

has 64MB physical address space (0x0000 0000-0x3FF FFFF). It acts like only lower 26 address lines are 

connected to the physical memory. Internal RAM block is physically located down from 0x3FF F000 address 

and it is visible also at address down from 0xFFFF F000. Later address allows compiler to generate code, which 

can quickly access internal RAM (32-bit address in the RAM space can be generated by e.g. subtracting only 16-

bit address from 0). For the trace in order to resolve properly all data symbols (e.g. labels), user must set in this 

combo box at which address his data is linked in his project. 

Mask 

NMI0, NMI1, RESET, WAIT and HOLD CPU inputs can be masked. A masked CPU input has no impact on the 

CPU behavior, that is, it is ignored. When RESET is checked (masked), target reset is disabled and additionally 

CPU internal reset sources like internal watchdog timer have no effect.  
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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 real-time access to the default one that is built into the 

emulation device and controlled via the JTAG debug interface. The default one has a restriction that stalls the 

application. 

Refer to Real-Time Memory Access chapter for more details on RTR Shadow use. 

4 Program & Data Flash 

The target CPU features program and data flash. With the in-circuit 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 residing in the program and data flash area can be loaded 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 some configuration when 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 Emulation chapter for more details 

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 

implemented using data flash programming libraries V2.0 provided by NEC. 

Assuming that correct CPU is selected in winIDEA, óNEC uPD70F33XX Dataô device appears in the FLASH 

Setup dialog (Hardware/FLASH Setupé). Press the óEditéô button in order to configure the necessary settings 

prior to first Data flash programming. 

The debugger configures CPU memory interface to the Data Flash before programming it. This is done hidden to 

the user. After the download completes, the debugger resets the CPU once again in order for the user application 

to start from the CPU reset state. 

 

¶ Check the óErase before downloadô option when a complete Data Flash must be erased prior to the 

debug download. If the option is unchecked, only sectors where the code is loaded are erased. 
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¶ It is recommended to check the óVerifyô and óOn the flyô options. When both options are checked, flash 

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 successfully programmed. This verify is much faster 

comparing to the standard Debug/Verify Download debug command and is then  no longer necessary. 

 

Now the code can be loaded to the Data Flash through the debug download. Valid Data Flash region after reset is 

0xFF 8000-0xFF FFFF. 

The óHardware/uPD70F3380/Mass Eraseô button allows erasing the complete Program Flash on request. 

Note: Data flash is not visible after the CPU reset. Read access to the Data flash is enabled through the DFLCTL 

register. Note that writing to this register is protected by a special sequence of instructions. 

In order to see the Data flash after reset, the user can create an initialization file which enables the read access 

after the CPU reset. The initialization sequence use is described in chapter 2.4. An example of winIDEA .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 the 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 emulation itself. 

Data FLASH and EEPROM Emulation window is available through the óHardware/Toolsô menu.   

 

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 remains for the data flash). Application EEPROM layout is 

configured through the óEmulation Modeô combo box. 
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Note that after the CPU reset, the V850ES/Fx3 data flash is not visible and itôs up to the user to enable the data 

flash read access before using the data FLASH 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 DFALib and EEELib libraries. A version of both 

libraries is displayed in the Data FLASH and EEPROM Emulation window. 

Available emulated EEPROM use cases: 

¶ Erase on download 

Check the óErase on downloadô option in order to erase the data flash prior to debug download.  

¶ Erase on request 

Press the óErase nowô button in order to erase the data flash manually  

¶ Load on download 

Check the ôLoad on downloadô option and specify the file to be loaded into the emulated EEPROM. 

The file format must comply with the NEC specification of raw data format for emulated EEPROM. 

¶ Load on request 

Specify the file to be loaded to the emulated EEPROM and press the ôLoad nowô button. The file format 

must comply with the NEC specification of raw data format for emulated EEPROM. 

¶ Upload data 

reads out the complete content of the Data flash and emulated 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 Data FLASH section are relative to the Data flash base address.  

¶ 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 16-bit Length parameter and then press Write. 

¶ Single ID invalidate 

Specify the ID of the data set to be deleted and press the óInvalidateô button. It is equivalent to 

specifying Length=0, entering empty Data and clicking the Write button. 

¶ Save on request 

Specify the file where the EEPROM content is to be stored and press the óSave nowô button in order to 

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 iSYSTEM if the application uses different EEPROM section size. 

¶ Auto save 

Specify the file where the EEPROM content is to be stored and check the óAuto saveô option. 

This functionality is required for the in-circuit emulator based debugging sessions that are continued 

after a power off. In case of the in-circuit emulator, data flash respectively emulated EEPROM is 

emulated by the FPGA and thereby its content is lost when the system is powered off. Before the 

winIDEA session ends, current EEPROM content can be automatically saved in the file and later on 

loaded through the use of Load on download use case. Following actions are treated as a session end: 

Tools/Disconnect, File/Workspace/Close, winIDEA exit and Debug/Download. 

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 iSYSTEM if the application uses 

different EEPROM section size. 

 

REMARKS: 

Due to a lenghty refresh process, the EEPROM Emulation display is refreshed on demand only. On these two 

exceptions however, it is refreshed automatically: 
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¶ after download 

¶ after modifying its contents in the EEPROM Emulation window using Single ID write, Single ID delete, 

Erase on request or Load on request use 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 single data set with ID=0x0101 and Length=0x14: 

File{  

 AdministrativeSection{ 

  SectionSize: 0x4000  

  Offset: 0x00 

 }  

 Record{ 

  ID: 0x0101 

  Length: 0x14 

     Data:   0x00, 0x06, 0x01, 0x0C,  // (4 bytes)  

             0x00, 0x00, 0xFF, 0xFF,  // (4 bytes) 

             0x00, 0x12,              // (2 bytes) 

             0x00, 0x48,              // (2 bytes) 

             0x00, 0x06, 0x00, 0x00,  // (4 bytes)  

             0x90, 0xFB, 0xFF, 0xFF   // (4 bytes) 

             }  

}  

Emulated EEPROM can be also programmed through the data flash. More directly data flash related functions 

are available in the bottom half of the dialog. 

¶ Load on download 

Check the ôLoad on downloadô option and specify the file to be loaded into the data flash. The file 

format is Intel-Hex format while the file content must comply with the NEC specification. First half of 

the file content represents a directly memory addressable data and the 2
nd

 half represents the belonging 

ID Tag for each 32-bit data.   

¶ Load on request 

Specify the file to be loaded to the data flash and press the ôLoad nowô button.  

¶ Save on request 

Specify the file where the data flash content (including ID tags) is to be saved and press the óSave nowô 

button in order to save the current data flash content. The generated file format is configurable and can 

be Motorola-S, Intel-Hex or binary format. File content structure is the same as the one described under 

the óLoad on downloadô. 
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6 Memory Access 

V850ES/Fx3 development system features a standard monitor memory access, which require user program to be 

stopped and a real-time memory access, which allows reading the memory while the application is running.  

6.1 Real-Time Memory Access 

The user can opt for real-time access provided directly by the bondout device and an alternative real-time access 

based on iSYSTEM proprietary RTR technology. 

Note: Real-time access is deactivated while the trace or functionalities based on the trace (profiler & execution 

coverage) are active. The reason for this is that real-time accesses are visible on the trace port and would conflict 

with the trace reconstruction. 

1) A real-time access based on the bondout functionality is implemented with an intrusion on the application 

execution. It takes approximately 50 clocks to execute a single 32-bit real-time memory read, yielding 5Õs stop 

at 10MHz CPU clock. More the expressions are real-time updated, more the application will be stalled. It has 

been confirmed that the application can cease to work properly due to enabled real-time access when putting for 

instance a bigger structure into the Real-time Watch pane. Thereby, the user should use this real-time access with 

caution or use the alternative iSYSTEM solution. 

Further, real time access provided by the bondout cannot be performed together with the break function such as 

hardware execution breakpoint supported in the CPU and software break (DBTRAP instruction), etc. By default, 

it is recommended that real-time access is disabled. Use real-time access while being fully aware of its 

restrictions. 

2) Since stalling the CPU is not acceptable for most target applications, iSYSTEM offers an alternative solution 

without this restriction, called RTR Shadow. RTR Shadow solution is based on the bondout trace, which is 

configured to trace only the data writes to the variables of interest.  Trace port from the bondout is then directly 

connected to the FPGA, where the RTR Shadow engine extracts the address and the data from the individual 

trace ówrite dataô message and generates address, data and necessary control signals, which then connect to the 

shadow memory. The only drawback to this solution, are possible trace overflows, which can be completely 

avoided with rational configuration and use. 

Configuring Real-Time Memory Access 

Watch windowôs Rt.Watch panes can be configured to inspect memory in real-time and optionally memory and 

SFR window too. 

Real-time access is enabled by checking the óAllow real-time memory accessô option in the óDebug/Debug 

Options/Memory Accessô tab and  the óReal-time Access->Update when runningô option the in the 

óDebug/Debug Options/Updateô tab.  

1) Additionally, in order to use real-time access based on the bondout functionality, the óUse JTAG real-time 

access outside Shadowô option in the óHardware/Emulation Options/CPU Setup/Advancedô tab must be checked. 
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Note: In this case, óRTR Shadowô must not be selected for the Trace operation mode in the óHardware/Analyzer 

Setupô.  Otherwise, the debugger (hidden from the user) automatically first tries to configure 8 available 256 

bytes (or single 2kB) shadow area(s) to cover the expressions in the Rt Watch pane. 

2) In order to use RTR Shadow, select óRTR Shadowô for the Trace operation mode in the óHardware/Analyzer 

Setupô and uncheck the óUse JTAG real-time access outside Shadowô option. Next, the user needs to determine 

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.  

  

Rt.Watch pane displaying variablesô addresses 

RTR Shadow can cover eight 256 bytes address ranges, which yields 2kB of shadow memory. The user can  

individually activate each range and define the base address in the óHardware/Emulation Options/CPU 

Setup/Advancedô tab. In this example, one range is enabled and base address set to 0x3FFC000. This 

configuration covers all CPU addresses from 0x3FFC000 to 0x3FFC0FF, which cover all the variables from the 

example Rt.Watch pane.  

If non of the ranges is specifically selected and configured, the debugger (hidden from the user) automatically 

tries to configure 8 available 256 bytes (or single 2kB) shadow area(s) to cover all the expressions in the Rt 
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Watch pane. If shadow areas cannot cover all the expression, question marks or óCannot access targetô are 

displayed. 

In general itôs even recommended to keep 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 automatically adjusts the configurations of the 

RTR shadow areas. 

 

After the CPU reset, the RTR Shadow displays question marks (?) in the memory window and óCan not access 

target memoryô in the Rt.Watch pane, which makes sense as there was no write yet and the memory content is 

undefined. After the application is run and a write occurs into the covered range, the question marks change into 

a valid value. Question marks are displayed also when an overflow is detected on the trace port. All RTR 

Shadow data is invalidated at that point since it is not known which and how many trace data write messages are 

lost. RTR Shadow resumes with first trace data write message after the overflow message. 

It is also possible to combine use of both real-time access types but not before all the RTR shadow areas are 

used up (including by the debugger!). While using RTR Shadow, check the óUse JTAG real-time access outside 

Shadowô option in order to use real-time access provided by the bondout outside of regions covered by the RTR 

Shadow. 

6.2 Monitor Access 

When monitor access to the CPUôs memory is requested, the emulator stops the CPU and instructs it to read the 

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 relative and 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, number of updated memory locations (memory 

window, SFR window, watches, variables window), etc. 
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7 Access Breakpoints  

Note: The same on-chip debug resources are shared among the trace trigger and access breakpoints.  

Consequentially, the configuration dialogs look very similar 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 when access breakpoints are 

active. 

Access breakpoints are configured by opening the óHardware Breakpointsô dialog from the Debug menu. 

 

Access Breakpoints 

The emulator provides 8 data watchpoints and 8 execution (Exec) watchpoints. Every watchpoint can be 

individually disabled or either used to break the CPU or control the sequencer. When the sequencer is used, itôs 

recommended that first the break condition in the SEQuencer field is selected and then the watchpoints 

configured. 

For every watchpoint an ASID (Address space identifier) value can be set. When 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 entered as a physical address or as a symbol, whose address is 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 be set up from up to 4 states, each controlled by a watchpoint. Additionally, a matching condition 

from the sequencer can be linked to the counter with a preset value. 

Letôs take a look in the last screenshot for a couple of possible settings: 

¶ Data watchpoint 1 stops the CPU when 0x12A is written into a 16-bit global variable named 

wTestWord 

¶ Data watchpoint 5 and 6 define an event, which stops the CPU when a read access occurs in the 

memory range from 0x3FFC080 to 0x3FFC100. 

¶ Execution watchpoints 1 and 2 control the sequencer configured for a condition óSW3  then SW4ô and 

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 times, the CPU stops. 

8 OSEK Debug Support 

Enable OSEK support by selecting óORTI (OSEK,CMX)ô selection in the óDebug/Operating Systemô dialog and 

then press the óSetupô button. 

 
 

Specify the path to the OSEK ORTI file, where the necessary debug information is kept.  
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¶ Open the OSEK OS window from View/Operating System. 

 

 

 



 

Ò iSYSTEM, February 2012  23/52 

9 Trace 

The V850ES/Fx3 development system is based on a bondout device (EVA chip) which does not deliver the CPU 

buses externally to the emulator. The trace is based on the on-chip trace (OCT) concept, which we find on CPUs 

with on-chip debug support including also the trace support (e.g. ARM ETM, Freescale MPC5500 Nexus, é). 

The on-chip trace is based on messages and has its limitations comparing to the in-circuit emulator where the 

complete CPU address, data and control bus is available to the emulator in order to implement exact and 

advanced trace features. 

Due to the limited OCT features, iSYSTEM offers functionalities based on the proprietary trace Real-Time 

Reconstruction (RTR), which restores the original CPU execution bus, which is otherwise embedded deeply in 

the CPU silicon, in the development system. With this technology, advanced trace functions, extended profiler 

and execution coverage become available. 

9.1 On-Chip Trace Concept 

For program trace, trace port sends a message only for every executed non-sequential 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 counter. Based on this information, the debugger reconstructs 

complete program flow by adding sequential instructions between the recorded non-sequential instructions. This 

can work as long as the debugger has a complete code image of the application (download file) in order to know 

which sequential instructions are located between the non-sequential. For this reason, a self modifying code 

cannot be traced. 

Only transmitted addresses (messages) contain relatively valid time stamp information (time of message, not of 

execution). All sequential instructions being reconstructed by the debugger relying on the code image and 

inserted between the recorded addresses, do not contain exact time information. Any interpolation with the 

recorded addresses containing valid time stamp would be misleading for the user. Thereby, several displayed 

frames, that is, all sequential instructions between the two non-sequential instructions, have the same time stamp 

value. 

Data trace can record all data access cycles issued by the CPU however it cannot trace data access cycles issued 

by DMA unit. Additionally, no access to the CPU core registers (R0-R31, FEPC, CTBP, é) can be traced. Trace 

port bandwidth becomes quickly restrictive with the data trace enabled since data trace mostly generates 2 

messages for a single traced data access. When 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 were lost. From that point on 

until the next valid message, the user will find the gap in the trace. Itôs up to the user then to either limit the 

traced data accesses, which yields less messages and thus no trace overflow or to turn on the non-real-time trace 

mode, which stalls the CPU in order for the trace port to transmit all the messages in the internal trace pipeline 

without loss. Non-real time trace mode is turned on by checking the óStall CPU to avoid overflowsô option in the 

Trigger configuration dialog. 

Besides the program execution reconstructed from the recorded branch messages, the bondout 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 instruction. In practice this would result in 

immediate overflows. In order to avoid overflows, the debugger automatically forces the óStall CPU to avoid 

overflowsô option when the óOpcode Trace (Stalls CPU)ô option is checked. In general, the OpCode trace should 

not be used due to its limitation but can be used to verify the trace record collected with the regular trace 

operation where the program is reconstructed. Note that in case of the OpCode trace, the debugger doesnôt make 

any program reconstruction as all the necessary information (PC and OpCode) is already recorded by the trace 

storage memory.   

9.2 On-Chip Trigger and Qualifier Configuration 

See Access Breakpoints chapter on brief explanation of the trigger dialog resources as the same on-chip debug 

resources are used for trace trigger and access breakpoints and thereby access breakpoints and trace trigger 

dialog are alike. 
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Qualifier pane defines which CPU cycles are recorded by the trace. Complete program flow can be either 

recorded or not. Data accesses can be all recorded but itôs highly probably that they will yield trace overflows 

(see example 2 in chapter 8.3 for more explanation on overflows). As an alternative, 8 address ranges can be 

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

 

Trace Qualifier pane ï 4 data ranges configured 

¶ Trace will record read and write accesses to 16-bit wTestWord global variable. 

¶ Trace will record write accesses to 32-bit iCounter global variable. 

¶ Trace will record read accesses to 8-bit wTestWord global variable. 

¶ Trace will record read and write accesses to the data area 0x3FFC000-0x3FFC0FF. 

 

 
 

Trace Qualifier pane ï 8 data ranges configured 
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9.3 Troubleshooting Scenarios 

9.3.1 On-Chip Trace  

Select óOCT/On-Chipô in the Hardware/Analyzer Setup dialog when using on-chip trace features. 

 

First example explains how to record a complete program flow either from the application or trace start on or up 

to the moment, when the program stops. In first case, the trace would record and display program flow from the 

start until the trace buffer fulfills. Alternatively, the trace can stop recording on a program stop. óContinuous 

modeô option allows 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 just before the program stops, for instance, due 

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

Example 1: Trace records the program execution (instructions, no data accesses) until the CPU is stopped.  

Select the óRecord everythingô mode in the óTrigger Listô dialog. Set buffer size to minimum and check the 

óContinuous modeô option. Increase buffer size only when more program history is required since the trace 

upload time goes up with larger buffer size. 
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Before the program is set to run or while it is running already, activate the trace recording by the óTrace beginô 

tool bar or belonging shortcut key (CTRL+B). The trace stops recording when the program execution is stopped. 

After the trace stops recording, the collected information is analyzed and displayed. 

Uncheck the óContinuous modeô option when the trace should record only until the trace buffer gets full.  

óRecord everythingô mode always records program flow without data accesses. Use ótrigger/qualifierô mode 

when data accesses needs to be recorded too. 

Example 2: Trace triggers when function Type_Simple is called and program is recorded around the trigger 

event.  

Select the óUse trigger/qualifierô mode in the óTrigger Listô dialog and configure a new trigger called óTrigger 1ô. 

 

Configure the trigger by invoking the óTriggerô dialog.  
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First, configure óOn Triggerô for Start event, then set trigger position and trace bugger size. Next, go to Trigger 

tab and check óEnabledô in the left top corner. Next configure Exec (execution) watchpoint 1 for Trigger 

condition and then enter Type_Simple address in the address field for Exec watchpoint 1. Keep default settings 

in the óQualifieró tab, which yield recording program flow only. 

 

Trigger settings 

Letôs activate the trace and run the program. When the trigger event occurs, the trace will stop recording and 

display the recorded program. Letôs take a look at the trace record as there are some differences in the display 

comparing to the standard in-circuit emulator trace, where the program flow is obtained by recording activities 

directly on the CPU bus. 
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Trace results 

When the trigger occurs, trace port outputs a special trigger message called Matchpoint (frame 0), which is 

detected by the external trace hardware and recorded as a trigger event. This message contains program counter 

value at which the message was generated. Recorded trigger message is depicted with a red frame in the trace 

window.  

In this example, we can see that actual Type_Simple function call can be seen 8 frames after the Matchpoint 

message. This is due to a delay between the time when the instruction was executed and the time when 

belonging message is broadcasted externally. It is userôs concern to search for the code that actually generated 

the trigger message. PC address recorded with the trigger message (Matchpoint) eases the task. The distance 

from the 0 frame (Matchpoint) to the actual trigger point in the reconstructed program also depends on the 

number of sequential instructions following the trigger event. 

Next, the user may notice that there are several instructions with the same time stamp. The debugger records the 

time stamp information for every recorded message and these are broadcasted for the executed non-sequential 

instructions only. All the reconstructed sequential instructions have no time information and for these 

instructions the debugger obtains the time stamp from the first following non-sequential instruction, which has 

valid time stamp information. Displaying anything else would be misleading. 
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Example 2: The trace will start recording (instructions and data accesses) after the function Type_Simple is 

executed  for the fifth time. 

Select the óUse trigger/qualifierô mode in the óTrigger Listô dialog and configure a new trigger called e.g. 

óTrigger 1ô. 

Letôs reuse the settings from the previous example. All remains the same except that Exec watchpoint 1 is now 

configured for the sequencer respectively SW4 state of the sequencer instead for the trigger. The user can 

configure a sequence of up to 4 states (SW1-SW4) in the óSequencerô field in the top right section. Additionally, 

enable the counter, which connects it to the output of the sequencer and set its value to 5. Below picture depict 

current settings. 

 

Trigger settings 

Next, open the Qualifier pane in order to enable the data access recording besides the program. 
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Qualifier settings 

Now, letôs start the trace and run the application from reset on. After Type_Simple is executed  five times, the 

trace will trigger and normally display the program around the trigger message. Letôs analyze the trace record. 

Itôs highly probably that the trace record will contain the overflow messages. That happens due to the enabled 

data trace. Occurrence of overflows depends on the code, which can generate more or less data accesses. If the 

CPU accesses the data very often in a short time, it can produce such amount of messages that the trace FIFO 

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

hardware that the 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 FIFO buffer regains the necessary space for upcoming 

messages, which are broadcasted without loss. There are two solutions for this problem now.  
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Trace results 

First one is to use the non-real-time 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 checking the óStall CPU to avoid 

overflowsô option in the Trigger pane. Since this is a severe intrusion in the real-time program execution it is not 

a recommended solution unless the user is fully aware of the consequences. 

Second solution is to limit the amount of the 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 configures the trace to record only data accesses to a 32-bit global variable named 

iCounter. 
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Qualifier settings 

This setting yields the trace record without any overflows. 

 

Trace results 
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Example 3: In this example, an óillegalô write to a 16-bit wTestWord variable occurs while running the target 

application. The variable gets a value 0x1233, which is invalid for the application and hangs the application.  

Select the óUse trigger/qualifierô mode in the óTrigger Listô dialog and configure a new trigger called e.g. 

óTrigger 2ô. 

First, define data watchpoint 1. Define the address by adding the wTestWord symbol from the symbol browser 

and limit access type to óWriteô only. In order to specify the data value, the user needs to know how the 32-bit 

CPU handles a 16-bit data access.  Depending on the address at which the 16-bit variable is linked, the variable 

can occur as MSB aligned word or LSB aligned word on the 32-bit data bus. See below picture for valid trigger 

setting for this particular case. 

 

Trigger settings 

Next, we need to define also a qualifier. Keep the óRecord program flowô option  checked and add wTestWord 

for the qualifier. It is not recommended to use the óRecord all data accessesô option as described in the previous 

example since itôs highly probably that it will yield trace overflows. 
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Qualifier settings 

Now, letôs start the trace and run the application from reset on. The trace triggers when the application writes 

0x1233 to wTestWord and displays the program around the trigger message. If there is no such event, the trace 

will remain in ówaiting for triggerô state. Letôs analyze the trace record. We can see that Matchpoint holds the 

Address=0xBF2. Searching further down for this Address we can find an instruction writing 0x1233 to 

wTestWord at frame 7. 

 

Trace results 
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Example 4: In this example, the trace will record all data access to the TAA0InterruptCounter variable. Since 

in our example application, this global variable is written only by the timer TAA0  interrupt routine, we can 

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

Select the óUse trigger/qualifierô mode in the óTrigger Listô dialog and configure a new trigger called e.g. 

óTrigger 3ô. 

Start óImmediatelyô is configured in the Recorder tab however it can be defined if required. 

 

Trigger settings 

Letôs configure the qualifier pane to record only all data accesses to the TAA0InterruptiiCounter variable. We 

can disable program flow recording in order to save trace buffer for data access messages. This will yield longer 

recording that is longer total record time. 



 

Ò iSYSTEM, February 2012  36/52 

 

Qualifier settings 

Following picture depicts the trace results and shows that TAA0InterruptiiCounter variable is written every 43.7 

ms. In our case, this is also the time between two TAA0 interrupt routine calls. 

 

Trace results 

The user may notice that the Store cycle is displayed before the Load, which doesnôt make sense. In reality, the 

CPU first loaded the variable value 0, incremented it and then stored the value 1. Next, it loaded 1, incremented 

the value and stored the value 2. Note that the trace engine broadcasts 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 the bondout documentation): 


































