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Z SYS T E M Solutions for Embedded Systems Development V9.10.162

Technical Notes

National CR16B Family On-Chip Emulation
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1 Introduction

The CR16 family uses the standard JTAG interface.

There are two interfaces available, depending on the core used. The CR16B core uses the SDI interface; the
CR16C uses the SDI+ interface. There are changes in the structure of the interfaces; therefore two different
interfaces are available from iSYSTEM.

Debug Features

The CR16B Emulation System features:

e Up to four hardware breakpoints

e Unlimited software breakpoints, including in the internal FLASH
e Access breakpoints

e  Real-time access;

e  Fast flash programming
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2 Emulation options

2.1 Hardware Options
fmuationoptions ————___[)|

Hardware | CPU | Iniialization | JTAG |

= [Moduledpe —Debug [/0 levels
Bk ROV
% B+ S0 = 33y
BRSO - JTEE [Ease FRIE] ™ Tanget Yoo
= IEEEE probe samplingtresheld —————1 = Hot Attach
% Tange! € Eriahle: I'I.? v '

(] I Cancel Help

CR16 Emulation options, Hardware pane

Debug I/0 levels

The development system can be configured in a way that debug (BDM/JTAG) signals are driven at 3.3V, 5V or
target voltage levels. When 'Target Vcc' Debug I/0 level is selected, a voltage applied to the belonging reference
voltage pin (target debug connector) is used as a reference voltage for driving debug (BDM/JITAG) signals.
Make sure that the target reference voltage pin is connected when "Target Vcc' Debug I/0 level is selected

Hot Attach

The JTAG module supports the Hot Attach function. This is a function, which enables the emulator to be
connected to a working target device and have all debug functions available.

The procedure for Hot Attach:
1. The target application should be running.
2. Hot Attach should be selected in the software.

3. A download should be performed, but without the JTAG cable connected. The emulator will be initialized
and the ATTACH status will be shown.

4. Connect the JTAG cable.
5. Select the Attach option in the Debug menu. When this option is selected, the emulator tries to communicate
through JTAG. If it is successful, it shows the STOP or RUNNING status. At this point, all debug functions

are available.

6. When the debugging is finished, the CPU should be set to running and Detach selected from the Debug
menu. The status shown is ATTACH. Now the JTAG cable can be safely removed.
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2.2 Initialization Sequence

Before the flash programming or download can take place, the user must ensure that the memory is accessible.
This is very important since there are many applications using memory resources (e.g. external RAM, external
flash), which are not accessible after the CPU reset. In that case, the debugger must execute after the CPU reset a
so called initialization sequence, which configures necessary CPU chip selects and then the download or flash
programming can actually take place. The user must set up the initialization sequence based on his application.

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.
Emulation Options |
Hardware | CFU  Initialization | JT4G |
Initializatian Ilnit zEqUEncE j I'I second(z]
I Loadfomfie | [
Addiess offset | Specify |0 HEX
[ Reset CPLU after DLAreset commands [invalidates initialization)
Area |&ddress | Register |Data
Physical FFEOOOOD  EBI_CSRO 00402031 d Add. .
Physical FFEOOOO4  EBI_CSAA 0002021 - =
Phyzical FFEOOO20  EEBI_RCR 00000001 Propeties... |
LI T Bemoyve |
(] I Cancel | Help |

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 user’s guide.

Excerpt from EVB55.ini file for the Atmel AT91M55800 CPU (ARM7TDMI):

S EBI_CSRO L 0x00402031 /I CSO - ext. flash, 4 wait states
S EBI_CSRI1 L 0x00802021 /I CS1 - ext. SRAM
S EBI_RCR L 0x00000001 // remap internal RAM
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Emulation Options Ed |

Hardware | CPU Iniialization | JTag |

Intialization ||l - I'I zecond(z]
IV Load from file IE"»-"BEE.ini J
Address offset | Speciy |0 HEX

[~ Reset CPU after DL/reset commands [invalidates intialization]

Area | &ddress | Register |Data

| ale

F

Eroperties...
LI - Eemove
(] I Cancel | Help |

[

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

There is also a third method, which can be used too but it’s 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.

Emulation Options |

Hardware | CFU  Initialization | JT4G |

Initializatian IHESEt target, Run... j |3 second(z]
™| Loadifrom file | J
Address offset |5 pecify ~|Jo HEX
[ Reset CPL after DL/reset commands [invalidates intialization}
frea |&ddress | Register |Data

Broperties...
LI T Bemoyve
(] I Cancel | Help |

i
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2.3 JTAG Scan Speed
fmuationoptions ————___[)|

Hardwarel CFU Ilnitializatiu:un JTAG |

Scan speed IFast j |24|:”:“:| j kHz
I Usze ISIDW j IEEIEI j kHz scan speed duning initialization

— ¥ This iz the single device in the JTAG chain
~ Multi Core Debugging IR Prefis

IEI
[T Enzbled |Debug muliple cores on the same | IR Paostfiz IEI
II:I
ID

chain [use multiple emulatars]
DR Prefis

[ Haster  [This instance will initialize the
JTAG chain, DR Paostfix

Cancel | Help |

JTAG Scan Speed definition

Scan speed

The JTAG chain scanning speed can be set to:

e Slow - long delays are introduced in the JTAG scanning to support the slowest devices. JTAG clock
frequency varying from 1 kHz to 2000 kHz can be set.

e  Fast — the JTAG chain is scanned with no delays.
e Burst — provides the ability to set the JTAG clock frequency varying from 4 MHz to 100 MHz.
e Burst+ - provides the ability to set the JTAG clock frequency varying from 4 MHz to 100 MHz

Slow and Fast JTAG scanning is implemented by means of software toggling the necessary JTAG signals. Burst
mode is a mixture of software and hardware based scanning and should normally work except when the ITAG
scan frequency is an issue that is when the JTAG scan frequency used by the hardware accelerator is too high for
the CPU. In general, selecting an appropriate scan frequency usually depends on scan speed limitations of the
CPU. In Burst+ mode, complete scan is controlled by the hardware accelerator, which poses some preconditions,
which are not met with all CPUs. Consequentially, Burst+ mode doesn’t work for all CPUs.

In general, Fast mode should be used as a default setting. If the debugger works stable with this setting, try Burst
or Burst+ mode to increase the download speed. If Fast mode already fails, try Slow mode at different scan
frequencies until you find a working setting.

Note: Burst and Burst+ modes are implemented for PowerPC and ARM CPUs, including XScale.

Use — Scan Speed during Initialization

On some systems, slower scan speed must be used during initialization, during which the CPU clock is raised
(PLL engaged) and then higher scan speeds can be used in operation. In such case, this option and the
appropriate scan speed must be selected.
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3 CPU Setup

3.1 General Options

CPU Setup |

Dptiors |Del:uugging| .ﬁ.dvancedl

— Dptiohz
= | BEESET Eram Tiarge! Enatled
= | I Enatled siben Stopped
= | [rtemupts Enatiled ke Stopped
™ | Herd lntermpt Misable When Stopped
W Stop CPU &ctivities \When Stopped
7| Test Made
[~ Cache downloaded code only [do not load ta target)

ak. I Cancel Help

CR16 Debugging options dialog

Stop CPU Activities When Stopped

When the option is checked, all internal peripherals like timers and counters are stopped when the application is
stopped. Otherwise, timers and counters remain running while the program is stopped. Usually, when the option
is checked, the emulation system behaves more consistently while stepping through the program. While being
aware of the consequences, it is up to the user whether the option is checked or not.

For instance, it’s is recommend that a timer, which generates interrupts, is stopped when the application is
stopped. Otherwise, the CPU would first service all pending interrupts (generated by the timer while the
application was stopped) after the application is resumed. Such behaviour is far away from the actual behaviour
of the target application.

Cache Downloaded Code only (do not load to target)

When this option is checked, the download files will not propagate to the target using standard debug download
but the Target download files will.

In cases, where the application is previously programmed in the target or it's programmed through the flash
programming dialog, the user may uncheck 'Load code' in the 'Properties' dialog when specifying the debug
download file(s). By doing so, the debugger loads only the necessary debug information for high level
debugging while it doesn't load any code. However, debug functionalities like ETM and Nexus trace will not
work then since an exact code image of the executed code is required as a prerequisite for the correct trace
program flow reconstruction. This applies also for the call stack on some CPU platforms. In such applications,
'Load code' option should remain checked and 'Cache downloaded code only (do not load to target)' option
checked instead. This will yield in debug information and code image loaded to the debugger but no memory
writes will propagate to the target, which otherwise normally load the code to the target.
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3.2 Debugging options

CPU Setup |

Options ~ Debugging | Advanced |

E xecution breakpoints

= Hardware breakpoints

CPU clock, |4EIEIEI kHz

ak. I Cancel Help

CRI16 Debugging options dialog

Execution breakpoints
Hardware Breakpoints

Hardware breakpoints are breakpoints that are already provided by the CPU. The number of hardware
breakpoints is limited to four. The advantage is that they function anywhere in the CPU space, which is not the
case for software breakpoints, which normally cannot be used in the FLASH memory, non-writeable memory
(ROM) or self-modifying code. If the option 'Use hardware breakpoints' is selected, only hardware breakpoints
are used for execution breakpoints.

Note that the debugger, when executing source step debug command, uses one breakpoint. Hence, when all
available hardware breakpoints are used as execution breakpoints, the debugger may fail to execute debug step.
The debugger offers Reserve one breakpoint for high-level debugging' option in the Debug/Debug
Options/Debugging' tab to circumvent this. By default this option is checked and the user can uncheck it
anytime.

Software Breakpoints

Available hardware breakpoints often prove to be insufficient. Then the debugger can use unlimited software
breakpoints to work around this limitation. Note that the debugger features unlimited software breakpoints in the
CR16B internal flash too.

When a software breakpoint is being used, the program first attempts to modify the source code by placing a
break instruction into the code. If setting software breakpoint fails, a hardware breakpoint is used instead.

Using flash software breakpoints

A flash device has a limited number of programming cycles. Belonging flash sector is erased and programmed
every time when a software breakpoint is set or removed. The debugger sets breakpoints hidden from the user
also when a source step is executed. In worst case, a flash may become worn out due to intense and long lasting
debugging using flash software breakpoints.
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CPU Clock

The CPU clock must be set here. A special counter is present on the CPU to ensure the correct programming
frequency for the FLASH module, which is generated from the CPU clock. Since the CPU clock cannot be
automatically detected, it must be set in this dialog.

Note: This setting only affects FLASH programming.

3.3 Advanced Options
cPUsewp [

Dptiu:unsl Debugging  Advanced |

— Owemide startup regizter values

[ PC - Program Counter IEI HE

— FLASH Breakpointz
 |ge mass erase % 4 evecution breakpaints
" Use block erase ™ 3 execution + 1 access BP

W Erase before download

— Prezet reqgister
JTAG JSSR |2 HE*

QFk. I Cancel Help

Advanced BDM Emulation options

Override startup register values

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

Breakpoints

Hardware breakpoints are breakpoints that are already provided by the CPU. The number of hardware
breakpoints is limited to four. Available on-chip debug resources can be configured either all for four execution
breakpoints or one access breakpoint and three execution breakpoints. The access breakpoint is configured in the
‘Debug/Hardware Breakpoints’ dialog.

FLASH

The way the FLASH is erased can be selected in this menu, whether block erase or mass erase is required.
Regardless of the setting the whole FLASH is always erased.

Erase before download

If this option is selected, the FLASH is erased prior to every debug download. If this option is not selected, the
data will be programmed during the debug download without prior erase.

Preset Register — JTAG JSSR

Certain CPUs have a special JSSR register, available only through JTAG. With this register the CPU can be
started in different modes, certain self-test functions can be performed, watchdogs enabled or disabled, etc. The
value of the register is set here.
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4 FLASH programming

The internal CPU FLASH is programmed through standard debug download. The debugger recognizes which
code from the download file fits in the internal CPU FLASH. All necessary FLASH programming settings are

done in the ‘CPU Setup/Advanced’ dialog.

Standard FLASH setup dialog is required only for programming external flash devices.

5 Real-Time Memory Access
With this type of CPUs, real-time memory access is available. Watch window’s Rt. Watch panes can be
configured to inspect memory without stalling the CPU. Optionally, memory and SFR windows can be

configured to use real-time access as well.

Please refer to the Software User's Guide for more information on Real-Time watches.
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6 Access Breakpoints

Four hardware breakpoints are available which can be used either as 4 execution breakpoints or 3 execution
breakpoints and 1 access breakpoint. If a breakpoint operates as access breakpoint, the access type can be
defined (read, write or read/write).

Hardware Breakpoints Ed |

Address |

Address... | | 1445

— Access Type ——————— B EEEsE Wl
™ Dizabled ") Bpte
" Read % o
8 _Write
& |

—%hen Breakpoints Ocour
V¥ Display meszage box ¥ Beep

Ok Cancel Sl Help

Hardware Breakpoints menu, CR16B
Address

The address of the access breakpoint should be entered here.

Access Type

The Access Type for the Access breakpoint is defined here. The access can be disabled, read only, write only or
read/write.

Access Width

The Access Width can be a byte or a word long. In BDM/JTAG emulation, it is set automatically.

When Breakpoints Occur

A beep can be issued and/or a message displayed indicating that an access breakpoint has occurred.
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7 Getting Started

1) Connect the system

2) Make sure that the target debug connector pinout matches with the one requested by a debug tool. If it
doesn't, make some adaptation to comply with the standard connector otherwise the target or the debug
tool may be damaged.

3) Power up the emulator and then power up the target.

4) Execute debug reset

5) The CPU should stop on location to which the reset vector points

6) Open memory window at internal CPU RAM location and check whether you are able to modify its
content.

7) If you passed all 6 steps successfully, the debugger is operational and you may proceed to download the
code in the internal CPU flash.

8) Check the ‘Erase before download' option and ‘Use mass erase’ option in the ‘FLASH’ section in the
'CPU Setup/Advanced' tab.

9) Specify the download in the 'Debug/Files for download/Download files' tab.

10) Execute Debug download, which should download the code in the internal CPU flash.

8 Troubleshooting

When performing any kind of checksum, remove all software breakpoints since they may impact the checksum
result.

Make sure that the power supply is applied to the target JTAG connector when ‘Target VCC’ is selected for
Debug I/0 levels in the Hardware/Emulator Options/Hardware tab, otherwise emulation fails or may behave

unpredictably.

Try ‘Slow’ JTAG Scan speed if the debugger cannot connect to the CPU.

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

© iSYSTEM. All rights reserved.
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