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Warranty Information

The debugger hardware is sold with a six-month warranty starting from the date of purchase. Any de-
fective component under warranty will either be repaired or replaced at | CE Technology’ s discretion.

Seehau software is sold with no warranty, however upgrades can currently be obtained from the
ICE Technology site: http://www.icetech.com.

ICE Techology makes no other warranties, express or implied, including, but not limited to the implied warranties
of merchantability and fitness for a particular purpose. In no event will ICE Technology be
liable for consequential damages.

Warnings

To avoid damage to the debugger hardware or to your target, do not connect the debugger hard-
ware to your target when the target power is on.

Do not apply power to your system unless you are sure the target connector is correctly
oriented. Failing to do so can cause damage to your target.

About This Guide

The EMUL-ARM is a PC-based hardware debugger for the ARMa Core, available for the
ARM7TDMI, ARM710T, ARM720T, ARM922, ARM940T, ARMOES and ARM9x6. This guide helps
you to get started with the basics of setting up, configuring, and running the Seehau software and de-
bugger.

The EMUL-ARM Getting Started Guide isintended for both novice and advanced users. This guide
introduces the following tasks:

Installing and configuring the Seehau software
Installing the debugger hardware
Starting the hardware and Seehau software

Shutting down Seehau

To open an eectronic verson of this guide, do the following:
1. From the Start menu, select Programs and then select Documentation

2. Click on Getting Started on the left



1 OVERVIEW OF THE EMUL-ARM EMULATOR SYSTEM

Software

The debugger is configured and operated by the SeehauARM user interface. Seehau is a high-level lan-
guage user interface that allows you to perform many useful tasks, for example:

Editing code in the Source Window and building projects using the Nohau Project Manager.

Loading code, running, and stepping programs. Additiona documentation for programming the
ARM core is available from ARM. Contact support@icetech.com Technical Support if you have questions.

Modifying and viewing memory contents including genera -purpose regiters.
Setting multiple breakpoints.
Displaying program flow with the optiona trace module.

System Requirements

CAUTION

Like all Windows applications, the Seehau software requires a minimum amount of free operating
system resources. The recommended amount is at least 40%. (This is only a guideline. This per-
centage might vary depending on your PC.) If your resources are dangerously low, Seehau might
become slow, unresponsive or even unstable. If you encounter any of these conditions, check your
free resources. If they are below 40%, reboot and limit the number of concurrently running applica-
tions. If you are unable to free at least 40% of your operating system resources, contact your sys-
tem administrator or Nohau Technical Support at support@icetech.com.

The following are minimum system requirements:
Pentium 200 (Pentium 1 or faster is recommended)
USB Port
Windows 98 / ME, or 2000 PRO / XP

Random Access Memory (RAM)
— For Windows 98: 64 MB
— For Windows 2000/ ME / XP: 128 MB



Hardware

The basic hardware for the EMUL-ARM debugger system is the EMUL—PC/
USB-JTAG. At present, EMUL-ARM supports the ARM7 and ARM9 families.

Refer to Chapter 3, “Installing the Hardware” for a detailed hardware information overview.

European CE Requirements

We have included the following information in order to comply with European CE requirements.

User Responsibility
The in-circuit debugger application, as well as al other unprotected circuits, need special mitigation to
ensure Electromagnetic Compatibility (EMC).

The user has the responsibility to take required measures in the environment to prevent other
activities from disturbances to the debugger application according to the user and instalation manud.

If the debugger is used in a harsh environment (field service applications for example), it isthe user’s
responsibility to control other activities so that thereis no risk for personal hazard/injuries.

Special Measures for Electromagnetic Emission Requirements

To reduce the disturbances to meet conducted emission requirements, it is necessary to place a ground
plane on the surface under the JTAG cable and the connected processor board. The ground plane shall
have alow impedance ground connection to the host computer frame. The insulation sheet between the
ground plane and circuit boards shal not exceed 1mm of thickness.

Documentation

Electronic copies of the documentation are available. Go to the Start menu and select Programs, then
Documentation. Thiswill open an HTML page, which is a guide to the documentation.

Y ou can also access electronic copies of the documentation with Windows Explorer by browsing to the
directory: <install drive>\Nohau\SeehauARM\Documents.



2 INSTALLING THE SEEHAU SOFTWARE

Installing the Seehau Software From the CD

To ingtal the Seehau software, do the following:
1. Insert the Seehau CD into your CD ROM drive. The installation process will start automatically.

2. Click Install Seehau Interface for EMUL-ARM and follow the ingtructions that appear on
your screen.

If the installation does not start automeatically, you might have your Windows Autorun festure disabled.
Y ou will then need to do one of three things:

Use Windows Explorer and navigate to the CD root directory. Double-click Autorun.exe. The
Windows Ingtdl Shield will start the installation process.

Right-click on the CD ROM symbol while running Windows Explorer and select AutoPlay to start
the installation process.

From the taskbar, select Start, then Settings. Click on Control Panel, then Add/Remove
Programs, and then Install. The installation process will start when you select the correct path to
the CD.



Downloading and Installing the Seehau Software From the Internet

1.

10.

11.

Go to the Nohau web site (http://www.icetech.com). Click Downloads. The Nohau Software
Downloads page opens.

Click Current Seehau Software. The Seehau Software Status page opens.

Locate the EMUL-ARM product listing. There will be two listings: one for documentation and one
for software.

Click Information and Download (Seehau).
Review the information on the page.

Click Yes | Want to Download. A Customer Information Form page opens. Complete this
form, then click Proceed. (Y ou have the option to download more than one product.) A verification
page opens with the information you have just entered. If al information is correct, select SEND at
the bottom of the page. A message will open that verifies your information has been sent.

Click Go to Download. The Available Download Areas page opens.
Click either option for a download site. The Nohau Software Updates page opens.
Click the EMUL-ARM link.

Click the ARM.exe link. The application will start downloading. Make a note of the directory for
this downloaded file.

Following the download, go to the directory which has the downloaded file. Click the ARM.exefile
and follow the ingtallation instructions.

After installing the Seehau software, the Setup Complete dialog box appears, dlowing you to view
the Readme.txt file and/or launch the SeehauARM configuration.

Note

You must launch the SeehauARM configuration before running the Seehau software.




3 INSTALLING THE HARDWARE

USB Driver

When ingtdling the USB device, you must install the Seehau software first, before connecting the No-
hau hardware (refer to Chapter 2, “Installing the Seehau Software”). This alows the computer to rec-
ognize the proper driver for the hardware.

Note:

Windows 95 or NT does not support the USB option.

The USB drivers are loaded as part of the Seehau software installation. The driver is located
in the root directory of the ingtalation CD. After ingtdlation, the driver is also located in the
SeehauARM subdirectory on your hard drive (C:\Nohau\SeehauARM). The system soft-
ware should find and load the USB driver without your intervention.

Power Supply

The EMUL-PC/USB—JTAG uses power supplied by the USB cable and the target board. The amount
of power used by the USB-JTAG interface from the target board is less than 100 pA. The power sup-
plied by the target board drives the signal from the buffer on the pod through the target connector to the
target board. The 20-pin JTAG pod draws power from the target board through Vsupply, which is
regulated to the voltage of VTref (see the diagram on the following page). Vsupply and VTref must be
between 2.3V and 5.5V. The 14-pin pod behaves similarly.

For Trace, however, the Compact Trace Module (CTM) does not use any power from the target. Also,
the CTM operates on 3.3V but can be modified for other voltages.

Figure 1: EMUL-PC/USB-JTAG



Note

The EMUL-PC/USB-JTAG is powered from the target. This allows the hardware to

operate with a wide range of target voltages.

The following diagram shows the signal layout of the target connector. Pin one is denoted by a square
around the pin in the diagram. For detailed descriptions including trace connections, please see the

document “ARM_Connections.pdf” which isincluded on the Seehau CD and isinstalled into the See-
hauARM Documentation folder.

VTref 2|| Vsupply Vce
nTRST 4 GND NTRST
TDI 6 GND TDI
TMS 8 GND ™S
TCK 10 GND TCK
RTCK 12 GND TDO 1
TDO 14| GND Vce 3
nSRST 16 GND
DBGRQ 18|| GND
DBGACK 20 GND

Refer to Figure 2 below while following the installation instructions.

1.

2.

Make sure your target is powered off.

Plug the host end (larger) of the USB cable into the computer.

GND
GND
GND
GND
GND
nSRST
GND

Plug the 20 or 14-pin EMUL—-PC/USB-JTAG seria debug connector onto your target’s header.
This connector supplies the signals needed to communicate with the EMUL—PC/USB-JTAG.

Plug the device side (smaller) of the USB cable into the EMUL-PC/USB-JTAG connector.

Power on your target.

Note

Exit Seehau and shut down the power to the target when the target is not in use.

The red wire indicates pin one on the debug connector.




Figure 2: Connections for the USB Cable and the Red Wire Pin 1



Trace Connection

To connect the trace to the target board, make sure the Mictor 38 connector is oriented in the correct
direction. The connector is keyed to prevent incorrect insertion. On the Mictor 38 target board recepta-
cle, there are two chamfered corners to alow only the correct connector orientation; the Mictor 38 male
connector connects into that receptacle. The same procedure is followed when connecting the other end
of the Mictor 38 extension cable to the bottom of the CTM. Refer to Figure 3 for a photo of the correct
way to plug the Mictor 38 connector into the target board.

Figure 3: ARM with Trace Connected to the Target Board.



4 CONFIGURING THE SEEHAU SOFTWARE

Choosing to Automatically Start the Seehau
Configuration Program

After ingtalling Seehaw, it is recommended that you automatically start the Seehau Configuration pro-
gram. Do the following steps before starting Seehau:

1. Fromthe Setup Complete diaog box, select Launch SeehauARM Configuration.

2. Click Finish.

If you do not choose to automaticaly start the Seehau Configuration Program, do the falowing:
From the Start menu, select Programs.

Select SeehauARM. then click Config to open the Emulator Configuration window displaying
the Connect tab (Figure 4). Please note that it is not necessary to be connected at this time.

Figure 4: Emulator Configuration Window Displaying the Connect Tab



Configuring the Communications Interface

Connect Tab

The graphica user interface for this tab is divided into four regions:

1.

Region 1 — Communications Interface:

Displays the three communications interface options for the ARM. The USB is for the pod only. If
you have the optiona Compact Trace Module (CTM), choose the USB-CTM (in the middle). The
third box is for the GigaTrace option.

Region 2 — Select Emulator Connection:
No action required. Default is Universal Serial Bus.

Region 3 - Select Processor:
Default is ARM7 (generic). Click on the arrow to view the drop down list for the other devices.
For ARM9, select ARM9 (generic).

Region 4 —What is your Trace Type?:
The default is Yes if trace is supported (based on earlier selections).

Click Next. The Hdw Config tab opens (Figure 5).

Figure 5: Emulator Configuration Window Displaying the Hdw Config Tab



Hardware Configuration Tab
Theinitia configuration settings are read from the Startup.bas file when the debugger initializes.
After theinitid startup and configuration of Seehau, the configuration parameters are saved in the
Startup.bas file (located in the Macro subdirectory). The next time the emulator is started, the configu-
ration parameters are read from the Startup.bas file and compared with the default parameters on the
chip.
Processor:
Shown for reference only. Thisis the selected processor. If you need to change the processor,
click Prev.

Clock(MHz):
Thisis used for the trace timestamp only. Enables you to set the clock speed.

Delay after Reset (ms):
Used to set the time to wait after reset before accessing the hardware. This alows the target to
complete reset operations such as loading the logic into an FPGA.

Remap:

Thisis used in the ARM chip for remapping the starting address of RAM. When this is selected,
the remap bit will be set at reset. On devices that do not provide this, it is not set and will therefore
be grayed out.

Reset Method

— HW — Hardware Reset:
Sets a hardware break at address 0 and asserts reset.

— HWC — HW w Catchpoint:
Inserts a jump to itself at the address specified.

— HWB — HW wBreak:
This reset method asserts reset, waits for the set time as determined by the Delay after Reset,

then stops execution.

— SIM — Simulated Reset (set PC):
This reset method sets the Program Counter to 0 and does not assert hardware reset.

Note

For a more detailed description of the Reset Method, refer to the Reset Method
document called ARM_Reset located in the document folder.

JTAG Clock Speed

— Auto Speed at Reset:
Allows EMUL-ARM to bring the target up to full speed automatically. Not implemented for dl
MCUs.

— Slow Target:
A gpecia dow target communication mode is entered. Do not use this unless really necessary,
since it will dow down target communication significantly. This does not affect the JTAG
clock.



— JTAG Clock (KHz):
Sets the JTAG clock speed.

Endian Mode: Thisis used to configure the endianess -- byte ordering -- for your chip.
— Big (MSB First):
Select thisif your target has the Most Significant Byte (MSB) first.

— Little (LSB First):
Select thisif your target has the Least Significant Byte (LSB) first.

Figure 6: JTAG Chain Setup Screen. Figure 7: Setup Screen with Two Devices

JTAG Chain configuration is used if the ARM deviceis not the only chip connected to the JTAG,
or if the chip has multiple JTAG controllers (Figure 5).

— Number of JTAG devices:
Thisisthe total number of devices connected to the JTAG Scan Chain. If only one device is
present, nothing needs to be configured.

— Configure:
This button is used to configure the number of devices and the Instruction Length for each

device. Thisisonly available during the intia configuration. If you click the Configure button,
Figure 5 or Figure 6 appears depending on the number of devices that were entered.

— Number of Devices:
Thisis used to set the total number of devicesin the JTAG Scan Chain (Figure 6).

— Active Device Position:
Thisis used to set which device in the ARM chip the JTAG will connect to.

Instruction Reg Size: There will be adrop down list for each of the devices. If the number of
devicesis set to more than one, there will be adrop down list for each device (Figure 6).
— Devicel (Active):
The Instruction Register size for the active device, which is automatically configured. (ARM7
=4, ARM9 =5)
— Device2(Bypass):
This is where the Instruction Register Length is set for the device in the chain that will be
bypassed.

When you click Finish, Seehau starts to load. For more information about starting Seehau, see the
“Starting Seehau” section at the end of this chapter.



Configuring the Emulator Options From Within Seehau

In Seehau, open the Emulator Configuration window. From the Config menu select Emulator. The
Emulator Configuration window opens displaying the Hdw Config tab (Figure 8).

Only the differences from the initial configuration will be discussed here.

The Emulator Configuration window contains three tabs. When selected, each tab allows you to
st the following options:

Hdw Cfg: Set up emulator hardware options.
Misc Setup: Select reset options.
Map Config Used to manually set the address ranges where Thumb code is stored.

Buttons Common to All Tabs

OK:
Saves the settings for the tab and exits the dialog box.

Apply:
Saves the settings for the tab.

Cancel:
Exits without saving the settings for the dialog box.

Help:
Displays the Seehau Help file.
Refresh:
Allows you to retrieve and view the current emulator hardware configuration
settings.
Mizz Setup ; Map Config ; !
15 S “EndianMode
BB 1iotorola MACTTT1
& Big (MSB First)
Clock(kHz) Delay after Resetims)
’ fsoo € Litle (LSB First
'"RESET MethDd..._..._._.__.__._._...___......_._ S b b LN T Vi P _I e ( = )
& Hyy' - Hardware Reset ; R L B
 HWC-HWw Catchpoint  Address |0 e

£ HwWE - HW w. Break
" Sl - Simulated Reset (set PC)

|| Mumber Of tag Devices
=l

r' SlCIW Target ! B N T A e T I T T T
JTAG Clock (MHzZ)

Ok Apply Lancel J Help BRefresh

Figure 8: Emulator Configuration Window Displaying the Hdw Config Tab



Hardware Configuration Tab
JTAG Chain

— The View button is used to check the current configuration. The configuration can only be
changed during the initia configuration.

Miscellaneous Setup Tab
The Misc Setup tab (Figure 9) is accessible only after the initial software configuration.

Reset chip after load file:
Sets the ARM core to issue areset after the code is loaded.

Override at Reset

— TheProgram Counter option selects the value that the program counter will be set to after
the reset sequence has completed. Enter the program counter value in the box.

— The Stack Pointer option selects the value that the stack pointer will be set to after a reset.
Enter the stack pointer value in the box.

Figure 9: Emulator Configuration Window Displaying the Misc Setup Tab



MAP CONFIG TAB

Figure 10 is accessible only after theinitial software configuration. The file loader will automatically
map THUMB regions defined in the output file. This mapping window provides a manua override for
THUMB regions. The large open area displays the address ranges that contain THUMB code.

The Add button is used to add a range of memory that is used for THUMB code.
The Edit button is available only when arange is selected. The range values may be changed.
The Remove button is used to delete one memory range from the table.

The Remove All button is used to delete al the memory ranges from the table.

Figure 10: Emulator Configuration Window Displaying the Map Config Tab



Starting Seehau

After you configure the Seehau software, you have the option of starting Seehau. The Non-Demo
Mode assumes you have an emulator and target connected to your PC. The Demo Mode is not a simu-
lator, but alows atour of the Seehau user interface.

Non-Demo Mode

To start Seehau in Non-Demo mode, do the following:

1.

3.

Double-click the SeehauARM icon. The Seehau main window opens (Figure 11). Seehau will load
its configuration from the Startup.bas file. Notice that the word "macro” is displayed in red at the
bottom of the main window while Startup.bas is running.

When the software startup is complete, you can position and resize the main window to your
preference. At thistime, you will need to load code.

To open new windows, select the window you want to open from the New menu.

Demo Mode

To start Seehau in Demo mode, do the following:

1.

Double-click the Demo icon. After Seehau is loaded, a box with the message "This is a Demo
version of Seehau. This Demo is not a simulator" opens. The Seehau main window opens
(Figure 11). Seehau will load its configuration from the Startup.bas file. Notice that the word
"macro” isdisplayed in red at the bottom of the main window while Startup.bas is running.

When the software startup is complete, you can position and resize the main window to your
preference. At thistime, you will need to load code.

To open new windows, select the window you want to open from the New menu.



Figure 11: Seehau for EMUL-ARM



Flash Programming / Load Control

EMUL-ARM supports loading and executing programs (and data) into Flash. Conceptualy, thisis han-
dled as any normal load (into RAM). However, there are some specia considerations; most importantly

how to define the target. It is currently not possible to write flash from a Data Window.

For many MCUs with internal memory and some popular evaluation boards, support for Flash Pro-
gramming is built-in. For other boards, you will have to do some work to enable Flash Programming

(fully documented in “ARM_Flash.pdf”).

By default, Flash Programming is disabled to prevent erasing the Flash by mistake. It can be enabled
and configured using the menu: Config | Emulator and the Misc Setup tab which has the following

(partid) didog:

—Overide at Reset

[~ Program Courter ||:|
[0 | Benmap after reset
[ Stack Painter ||:|

~Load Control
v Reszet chip after load file

[+ tonitar load [faster & allows flash pragramming]

[+ Flash writter as BAM, i.e Flash Pragramming is disabled

Target Clock Speed at Reset IB

T arget Definition File

IE:HN ohauhSeshausRMA\Logic MACTT11 . mou _I
Load Offzet ID—

Load Limits Fram ||:| o] ||:|

How to Quickly Enable Flash programming:
Make sure there already is a“ Target Definition File’. Otherwise, continue as follows:

Uncheck “Flash Written as RAM”.

Load afileusing File | Load —thiswill cause the Flash to be erased and written to.



The Load Control section controls Flash Programming and other issues related to loading.

First, check the section showing the “Target Definition File’ —without a file name, there can be no
Flash Programming. For supported MCUs with interna Flash, it is automatically set up; for selected tar-
get boards, it is set up during the initial configuration after selecting the processor.

Select Processon
3 | &trnel AT 31R 40008 =

Select Target Board
EB 404 Flash Addr 1000000

If the “ Target Definition File” is not automatically set up, you will need to consult the document entitled
ARM_Flash.pdf for additiond information.

Reset chip after load file

When checked, the debugger will issue areset after loading afile. Note that when using
“Simulated Reset”, the reset signa will not be asserted. When this option is not checked, the
PC keeps it value from before the load.

Monitor load
When checked, EMUL-ARM will use a monitor that executes in the target during load to in-
crease download speed and implement Flash Programming.

Flash written as RAM
When checked, Flash Programming is disabled. This option alows for two things:

— Disabling Flash Programming in generd;

—  Switch back and forth between using and not using Flash Programming (for boards that
have switches for one or the other, and when using specia debug hardware with RAM
where there normally would be Flash, without having to change much configuration).

Target Clock Speed at Reset
For some MCUs with interna flash, it is required that the MCU clock frequency is known (cur-
rently Philips LPC21xx and MAC71xx series). Enter the frequency in MHz here.

Target Definition File
This file defines where the target has Flash and RAM, and what sort of Flash memories are
used.

Load Offset
A positive or negative offset that is added to the address of data to be loaded. Does not affect
addresses of symbols.

Load Limits
A low and high address defining limits for what is loaded. Data/code outside the limits is not
loaded.



Erasing the Flash

During aload, Flash sectors are erased as needed. For example, if we are loading into a sector, it will
be erased automatically. Additionally, Seehau alows erasing Flash manually, using the menu Tools |
Flash Programming.



Troubleshooting

If there is a problem with target communication, an error message like this one will appear.

Seehau - Unrecoverable Error

Seehau will attempt Lo eXxit without =Savihg any
settings!

The =zoftware has failed to comrunicate with the pod.
Clicking 'Help' mway give more informatioh.

Debug state could not bhe entered.
Cmd: Cfg InitPodl

Core: 0O

Date: 1/13/2004 Time: 5:07:27 PH

Selecting OK will close the application; Full Reset will reset the target and restart communication. To
troubleshoot low-leve target communication, press Troubleshoot to bring up the window below.
(Normally, this does not happen if you have been successfully debugging in the past.)
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5 RUNNING PROGRAM EXAMPLES

We provide severa C program examples located at: C:\Nohau\SeehauARM\Examples\

Start Seehau by following the instructions in the “ Starting Seehau” section in Chapter 4. Then do the
following to run the test program:

Loading an Example Program
1. Resizethe windows on your screen.

2. From the File menu select Load Code. The Open didog box opens (Figure 12).

3. Select one of the program example files. For the ARM EVALUATORTT open the folder called
7Segment_Eval 7 and load 7segment.elf.

Figure 12: Open Dialog Box Displaying the Program Example Directories



Figure 13: Program Example in Source Only

4. Highlight the program example file and click Open. The source file automatically displays the pro-
gram example in source only (Figure 13).

5. Tosngle-step in mixed mode, click the Assembly Step Into or Step Over button. You will see
the assembly code mixed in with the associated source lines (Figure 14).

6. Tosngle-step in source only mode, first click the Source window. Select the 7segment.c tab.
Right-click to verify that mixed mode is cleared. Then point to the Setting sub-menu item, and se-
lect Lock Tabs.



Figure 14: Program Example in Mixed Mode



Using SFRs

SFR isan acronym for Specia Function Register. For some microprocessor families, this has a precise
meaning spelled out in the microprocessor documentation. For other families, it is used very imprecisaly,
but aways refers to registers in the system being emulated.

All directly supported MCUs (e.g. selectable during the initial configuration) have built in support for
SFRs. For other MCUs, when you configure for “ARM-7 (Generic)”, you need to define SFRs yourself
(see “ Seehau_RegisterFiles.pdf”). It is aso possible to define SFRs for your board.

The Seehau Register Window can be modified to show SFRs by:

Right click the Register window, and select Add SFR. Thiswill add the SFR to the list of
registers in Seehau.

To makeit vighle, right click again. Thistime sdect Modify Display to remove/add registers

to show.
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5P Curr

LE Curr
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Add Special Register{3FR). ..
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Trace Example

Figure 15: EMUL-ARM Screen with Trace

To run the trace on the EMUL-ARM, make sure to have the emulator and trace set up and running.
See Figure 16 as an example of the screen. For illustration purposes, we have chosen to run the

Philips. Go to the File menu, click on Load Code.... Inthe Select File to Load window, click on
your trace type. See Figure 16 below. After opening the correct folder, click on the Timer folder. Then
double click on the correct .€f that matches your trace. We clicked on Timer LPC2106 _|AR.€lf. You

will see the code is now loaded.

Figure 16: Selecting Philips as an Example



The trace will automatically start when the GO button is pressed.
To run the trace without a break, do the following:

Open the Trace window by clicking on the TR in the main menu bar with the blue window below it.
Thiswill open the Trace_1 window. Next click on the GO button on the main menu bar. The user ap-
plication should now be running. To stop the trace and see al of the recorded instructions, click on the
TR with the green box below it. Thiswill stop the trace. All of the instructions that were recorded will
show up in the Trace window.

To run the trace with a break, do the following:

In the Source_1 window, you will see agrayed out bar on the far left, there will aso be a blue box
somewhere in the grayed out bar. Click further down on the same grayed out bar (below the blue box)
and you will see ared box where you clicked. The points in between the blue and red box are what will
be recorded. Next, go to the menu bar and click on the TR with the blue window below it to open up the
Trace window. Click the GO button on the menu bar. After a short while, you will see dl of the infor-
mation that was recorded in the Trace window. See Figure 17 below.

Figure 17: Setting a Break



6 ARM TRACE

Trace Overview

EMUL-ARM has support for the ARM ETM (Embedded Trace Macrocell).

This document describes the CTM interface.

ARM ETM Trace vs. Nexus Trace

There are currently two different specifications / implementations for the ARM Trace:
ETM — Embedded Trace Macrocell developed by ARM
Nexus — A general standard for debug

EMUL-ARM currently supports ARM ETM Trace and NEXUS Trace, with support for ARM Nexus
Trace under development.

JTAG Trace

Traditionaly, JTAG debuggers have not had the capability to support trace. Thisis not a design choice
by the debugger designer, but instead is determined by the MCU design. Historically, Trace support ca-
pability was only available with In-Circuit Emulators which rely on the availability of "bond-out” chips,
however there are no bond-out chips for ARM at thistime.

To facilitate tracing capabilities, ARM has created the ETM, which adds a logic block inside the MCU
and a number of pins (4, 8 or 16 data bits + 4 status bits) that send out the information. The more pins,
the more information can be transferred. With fewer pins, and while trying to trace too much informa-
tion, there will be an overflow internaly in the MCU. Regardless of the implementation, the ETM isd-
way's capable of tracing program flow if al other options are disabled.

An MCU manufacturer that wants to use the ETM needs to license it from ARM, and then design it in
their MCU. Thisresults in licensing fees, additiona silicon area and pins. Philips NXP has released their
LPC210x MCU with ETM, Atmel has announced a new ARM9-based device with ETM, and there are
more devices that are not yet announced.



About Trace Functionality

A traceis an optiona part of an emulator system that supplies advanced debugging capabilities that in-
clude:

Storing the execution of instructions so that the history of execution that led up to an error Situa-
tion can be analyzed.

Storing only a small portion of the program execution, which can be applied on address range,
among others. Thisfunction is called filtering which alows the user to display only the infor-
mation that is of interest at any given point (for example, to alow solving a specific software

bug in a specific function).

Setting complex conditions that identify very specific events caused by the microcontroller and
which then can stop the trace (triggering).

Storing timestamp information for every recorded "frame", allowing you to measure how long it
takes to execute certain functions.

General Features

The trace size is 128K frames — which trandates to approximately the same number of instructions —
available in the execution history buffer.



Using Trace

Activating Trace

The Trace functiondlity is activated by choosing the menu New | Trace, or clicking the Trace Win-
dow button (marked TR) on the toolbar. It is possible to open more than one Trace Window.

Mew Bum  Breakpoints  Tools

Source

Data

Inspeckatch ., Chrl+I
Reqister

Trace

Figure 18: Activating Trace Functionality

Starting / Stopping Trace

Trace is started and stopped when execution is started and stopped. But it can aso be started and
stopped independently. This is done by choosing the menu Run | Trace Start/Stop, or the corre-
sponding button on the toolbar.

Run Breakpoints Tools Config Sou I
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Force Hardware Step
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Figure 19: Trace Start and Stop



Trace Window

Figure 20: Trace Window

The picture above shows the Trace Window with al following columns visble:

Frame

Frame Number. Frame 0 always represents the trigger frame. If thereis no trigger, frame-1is
the last frame in the buffer.

Time

Absolute or Relative time stamp (see below)

Address
Address of the bus cycle

Status
Traced instruction execution status

Opcode
Machine language instruction

Instr
Disassembled instruction

Data
Data accesses

Function
Function to which the ingtruction belongs

Symbol
Symbol associated with the trace line

Time Stamp displays one of the following, based on what you sdect in the Trace Menu:

Relative Time
Amount of elapsed time for the current instruction

Absolute Time
Amount of elgpsed time since the beginning of execution



Relative Cycle
Number of CPU cycles for the current instruction

Absolute Cycle
Tota number of CPU cycles since the beginning of execution

Symbols are shown with markers as follows:

Branch
Shown with an arrow in front, for instance “==> OSTaskldleHook”

Symbol
Shown with a‘:’ after it, for instance “init :”

Data Item Address
Shown within brackets, for instance [OSTasklD]

Trace Window Colors

Frame number colors indicate status; for an explanation of the color-coding, make the Status field visi-
ble.

Trace information in green indicates that there is a source line for that address.



Trace Menu

The Trace Menu can be accessed when the Trace Window is active, achieved by right-clicking any-
where in the Trace Window.

Go ko Frame number. ..
Find Trigger Point
Zero Time at Cursor Chrl+Z
v Synchronize Source Window
Display mode r

Eind. .. Ckel4+F
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Find Bresiaus AlEHES
Show Source Line

Bookmarks *
File 3

Show TimesStamp
Relative Timestamp
Corvert Cywcles ko Time
Show Misc. Data

v Show Data
Show Skakus

v Show Function/Symbal
all Dptions. ..

Trace Config...
Settings g
Change Caption. ..

Figure 21: Trace Menu

Go to Frame number
Opens adiaog box where a specific frame number for display can be entered

Find Trigger Point
Displays the trigger point (frame zero)

Zero Time at Cursor
Changes the timestamp at the selected frame to zero and makes al other timestamps relative to
the selected frame

Synchronize Source Window

Automatically aigns the display of code in the Source window as you scroll through the As-
sembly code in the trace buffer. Y ou must use the up/down arrow keys in conjunction with this
feature.

Display Mode
Opens a submenu that allows you to select which code to display:

— Trace Only: Displays Assembly code only in the trace buffer



— Mixed: Displays both C and Assembly code in the trace buffer
— Source Only: Displays C source code only in the trace buffer

Find
Opens the Find Address dialog box where you can search the trace buffer for an address or
arange of addresses and a cycle type

Find Next
Click to find the next frame match

Find Previous
Click to find the previous frame match

Show Source Line
Displays the associated source code for the current frame. The frame address must match a
source line address.

Bookmarks

Operates with bookmarks for easy navigation through out the trace buffer. The bookmarks ap-
pear as blue rectangles on the Ieft margin. Clicking on a frame number will highlight it and alow
quick return. All the functiondity is doubled by using the bookmark buttons on the tool bar. The
tool bar will be visible when the first bookmark is set. All bookmarks will be lost when a new
trace buffer is recorded. The following are sub-items:

— Toggle Bookmark (Ctrl-F2)
Toggles the bookmark on the selected trace frame. It can aso be done by left mouse-
clicking on the margin.

— Toggle Named Bookmark
Toggles the bookmark and alows you to set a specific name for it. Unnamed book-
marks are named by their frame number. This can aso be done by holding down the
Alt key and left mouse-clicking on the left margin.

— Next Bookmark (F2)
L ocates the next bookmark down the trace buffer.

— Previous Bookmark (Shift F2)
L ocates the previous bookmark on the trace buffer.

— Go To Bookmark (Shift-Ctrl-F2)
Lists dl the existing bookmarks and can jump to the one specified.

— Delete All Bookmarks (Shift-Ctrl-F2):
Deletes al bookmarks.

File | Save to File
Opensthe Save Trace To File dialog box where you can save the
contents of the trace buffer as text to afile.



File | Print
Allows you to send the trace buffer to a printer

Show TimeStamp
Displays the timestamp which represents the number of machine cycles that have elapsed since
the beginning of program execution

Relative TimeStamp
Displays the timestamp as the number of machine cycles that have elapsed since the execution
of the previous instruction

Convert Cycles to Time
Converts the timestamp from machine cycles to actua time based on the MCU clock

Show Data
Data accesses to/from memory

Show Status
Traced instruction execution status

IE__ —Instruction Executed — ARM mode.

IE_T — Instruction Executed — Thumb maode.

IN__ —Instruction NOT Executed — ARM mode.

IN_T —Instruction NOT Executed — Thumb mode.
BE__ - Branch executed.

BE_T - Branch executed (THUMB mode).

ID__ - Instruction executed with Data.

ID_T - Instruction executed with Data (THUMB mode).
BD__ - Branch executed with Data.

BD_T - Branch executed with Data (THUMB mode).
TR —Trigger occurred on this clock cycle.

-TD- Trace Disabled (should have been filtered out).
WT__ Wait, i.e. dataonly frame (should have been filtered out).

Show Function/Symbol
Function to which the ingtruction belongs

All Options
Opensthe Display Options window where you can select or clear trace optionsin asingle
update

Trace Config
Opens the Trace Configuration diaog box.

Settings
Opens a submenu that allows you to set up Trace window attributes

Change Caption
Allows you to change the Trace window caption in the title bar



Synchronize Source Window

The output in the Trace can be synchronized with the Source window, which alows following the flow
of execution when scrolling in the Trace Window. This feature is enabled/disabled on the Trace Menu.

Display Mode

The Trace Window can show Trace Only (disassembly), Mixed Mode or Source Level only. Thisis
controlled by the Trace Menu, or clicking in the lower left corner of the Trace Window (where it says
“TRACE ONLY").

Trace Filtering

Filtering means to store only a smdll portion of the program execution, which can be applied on
address range, among others. Seehau has the ability to configure one address range to filter using the
GUI.

To use it, position the cursor where the filtering should start, right-click in the Source window and se-
lect Filter | Begin Here. Repeat for Filter End. Alternatively, Trace Filtering can be set up using
the Trace Configuring menu, Config | Trace.

Thisresultsin afilter being set up. The picture below shows what this might ook like. The “F’
indicates Filter.
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Figure 22: Trace Filtering

Trace Triggering

Trace triggering is Smilar to breakpoints, but will only stop the trace by default. (It can optionaly stop
execution.) Thisis useful, for instance, when the system under debug does not lend itself to breaking
execution. Seehau has the ability to configure one trigger range to filter using the GUI.

To useit, position the cursor where the trigger should occur. Right-click in the Source window and se-
lect Trigger | Toggle Here. Alternatively, Trace Filtering can be set up using the Trace
Configuring menu, Config | Trace.

Thisresultsin atrigger being set up. The picture below shows what this might ook like. The “T”
indicates Trigger.
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Figure 23: Trace Triggering
Advanced Features

Trace Chart (EMUL-ARM-PRO only)

A graphical representation of function calling captured in the trace memory is available from the View
— Trace Chart menu item. Thiswindow can be scaled and markers are available for measuring times
within thiswindow. Thiswindow shows graphically the function calling pattern of a program and gives
a compact display of the general pattern of execution of the program under test.

Thiswindow is a graphical overview of the trace memory data. The same datais displayed in detail in
the Trace window.

The function column shows the names of the C functions that have executions recorded in the graph
window. The function execution order is displayed from left to right. A heavy line shows the function
being executed.

The Scale fidd alows sdlection of the time scale factor, and the horizontal scroll bar at the top of the
graph section of the window alows scrolling the window.

After clicking the Set Markers button, the first marker is set at the trace frame corresponding to the
location in the graph window of the next mouse click. The ending marker is set by the next mouse click
after that in the graph window.

As each marker is st, the frame number, time and function for the marker are displayed. The markers
can be moved by using the increment and decrement buttons in the Frame# field.

When both markers are s, the Time field to the right of the Set Markers button displays the time dif-
ference between the markers.



Figure 24: Trace Chart (EMUL-ARM-PRO only)

Trace Configuration

About Trace Configuration

We have aready shown how to use the GUI-based configuration (for instance, how to set afilter
using the Source Window).

However, for more advanced Trace Configuration, we offer a Trace Configuration didog box
which is opened using the Config | Trace menu.

Standard / Advanced Mode

Trace Configuration operates in two different modes (not available for ARM Nexus Trace yet):
Standard Mode — with a minimum of details
Advanced Mode — dlows al available configuration options

The example below shows the trace configuration in Advanced Mode. Change Mode by pressing the
Standard button located to the bottom right in the diaog.

The picture below isfor the ETM trace, but the principle for Standard and Advanced Mode is the same
for both ETM and Nexus Trace.



Figure 25: Advanced Trace Configuration



ARM ETM Trace Configuration

Config Tab — ETM Standard Mode

Figure 26: ETM Trace Configuration

ETM Version
Shows the ETM version reported by the MCU.

Post Trigger Count
Number of frames to record after trigger occurred

ETM Port Size

The ETM uses 4, 8 or 16 hits to transfer information for each clock cycle. Seehau will default
to the highest number of bits for any given MCU. If your target board is designed with less than
maximum, you will need to configure accordingly.

Data Tracing
Select to Trace data writes, address and/or data. Note that not all ETM's allow data tracing,
and that the buffers internally in the MCU may overflow if datatracing is enabled.

Break Emulation On Trace Trigger
When enabled, execution will stop at trigger. Otherwise, execution will continue as if nothing
happened.



Trigger at Address
Select an address at which the trigger shall be active

Enable Trigger
Chheck to enable triggering

Config Tab — ETM Advanced Mode
See the Standard Mode Config Tab.

Figure 27: ETM Advanced Mode

Comparator Tab — ETM Advanced Mode

There are from 1 to 8 comparator pairsin the ETM depending on the processor chip configuration. Only
comparators that are available for a specific processor will be displayed. A comparator pair consists of
alow address, high address and data comparator, if supported by the processor. Unsupported data
comparators will have “not implemented” in the data and data mask fields. The low and high addresses
specify arange that can be used to trigger an event, e.g. trace recording enable, trace trigger, etc. The
low and high address comparators can be used for single address comparison if not required for range.
The size mask, access type and data comparison fields must match for range comparison, but need not
match for single address comparison.



Figure 28: ETM Advanced Mode Comparator Tab

Events Tab — ETM Advanced Mode

An event is a combination of conditions that when met will cause something to occur in the trace outpuit.
An example is atrace trigger when an instruction at a specific address is executed. An event register
contains two conditions to be evauated and sdlectable logic field to combine the two conditions and
cause the event to occur. A condition can be an address comparison, watchpoint, counter has reached
zero, externa input, map decode, sequencer state, or externa input. The condition index selects the spe-
cific source of the condition to be evaluated. Only available conditions will be displayed.

Thelogic field is used to evaluate the two conditions for the event to occur. The logic field can select
condition A only or acombination of A and B. The boolean expression of the two condition fields is se-
lected for a condition true (E.G. A) or False (E.G.! A). For an event to be programmed to aways oc-
cur, aspecia combination of externa input with index of True is selected with the logic field set to A, an
event to aways be false would be !A.

Figure 29: ETM Advanced Mode Events Tab



Misc Tab — ETM Advanced Mode

The Misc Tab shows advanced topics. These registers are used by the trace configuration software.
The only register of interest to the user is the counter initial value registers. Theinitia valueis loaded
into the specific counter on trace start or when the specific counter reload event occurs.

Used for the ETM Counter and the ETM Context Comparator.

Figure 32: ETM Advanced Mode Miscellaneous Tab



ARM Nexus Trace Configuration

Config Tab — Nexus

Trace Configuration

Config |

Output kMode Control Trace Mode

IHeduced Part made j IF'rn:ngram Trace enabled j
FCKDO Clock Freq Control Eragranm race Shart

I'I ¥ processor clock freq j ITrigger dizabled j
EVTO Contral Eragram race End

L
k=

I Lpah W atchpaoint accurence I Triager dizabled

Pragram Trace in Thumb kMode Stop on Trace Buffer Full

k=
L

IBrann::h Higtary meszages Ir'u:n

YWatchpaint Trace —Uzer Baze Addres
Imessages dizabled j Address I
Qverun Control [~ Enabled
Igenerate Owerun messages j —Client Select Cantral
EVTI Contral Address I
IF'rn:ngram Trace synchronization j - e

ok, Apply LCancel Help BRefresh

Figure 33: Nexus ARM Trace Configuration

Output Mode Control
Based on the micro's abilities you will have one or two options:

— Reduced Port mode - 2 pins are used
— Full Port mode - 8 pins are used (only on devices that support this operation.)

MCKO Clock Freq Control
Thisisthe clocking control for the trace. This means the trace receives data at the speed you
have selected in reference to the MCU's clock.

EVTO Control (Event Output)
Two options are available here for the event output pin to send asigna to some device like a
Logic Analyzer or scope.

— upon Watchpoint occurrence



— upon Debug mode entry

Program Trace in Thumb Mode
Only one mode is currently supported: “Branch History messages’.

Watchpoint Trace
Thistells the micro to either generate or not to generate the event message when a watchpoint
has been hit.

Overrun Control
This feature can either generate a message that an overrun has occurred in the message queue
in the microcontroller, or halt the MCU until the message queue can accept more messages.

EVTI Control (Event Input)
Three options are available here for the event-input pin to supply the trace with one of two
events, or you can also disable this feature.

—  Program Trace synchronization

— Debug mode request (The current revision of the micro does not support this fea-
ture.)

— Disabled

Trace Mode
Three options are available to control how the trace will function.

— Program Trace enabled - Trace program execution flow

— Ownership Trace enabled - Trace based on the Ownership control of the microcon-
troller.

Note: Must be used with User Base Address (UBA) so that the system can track the access
to the ownership trace.

Program Trace Start
Thisis used in conduction with the Ownership Trace, and tells the MCU to start generating
messages for the program flow at this point.

— The available options are to use either watchpoint 1 or 2.

Program Trace Stop
Thisis used in conduction with the Ownership Trace, and tells the MCU to stop generating
messages for the program flow at this point.

— Theavailable options are to use either watchpoint 1 or 2.



Stop on Trace Buffer Full
This feature will stop the trace recording when the trace buffer is completely filled with data.

User Base Address (UBA)

Ownership Trace Messaging is implemented using the Nexus defined User Base Address
Register. The User Base Address Register defines the memory mapped base address for the
Ownership Trace Register (OTR). The operating system writes the ID for the current
task/process in the OTR.

Client Select Control
This tells the debug system which client in the debug chain is under development.





