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Important Notice to Users

While every effort has been made to ensure the accuracy of all information
in this document, Motorola assumes no liability to any party for any loss or
damage caused by errors or omissions or by statements of any kind in this
document, its updates, supplements, or special editions, whether such errors
are omissions or statements resulting from negligence, accident, or any other
cause. Motorola further assumes no liability arising out of the application or
use of any information, product, or system described herein; nor any liability
for incidental or consequential damages arising from the use of this
document. Motorola disclaims all warranties regarding the information
contained herein, whether expressed, implied, or statttading implied
warranties of merchantability or fitness for a particular purposéotorola
makes no representation that the interconnection of products in the manner
described herein will not infringe on existing or future patent rights, nor do
the descriptions contained herein imply the granting or license to make, use
or sell equipment constructed in accordance with this description.

The computer program contains material copyrighted by Motorola, Inc., first
published in 1997, and may be used only under a license such as the License
For Computer Programs (Article 14) contained in Motorola’s Terms and
Conditions of Sale, Rev. 1/79.

Trademarks

This document includes these trademarks:
MCUez and MCUasm are trademarks of Motorola, Inc.

Microsoft Windows, Word, Win32, and Microsoft Developer Studio are
registered trademarks of Microsoft Corporation in the U.S. and other
countries.

UNIX is a registered trademark of the Open Group in the U.S. and other
countries.

WinEdit is a trademark of Wilson WindowWare.

P&E is a trademark of P&E Microcomputer Systems, Inc.

© Motorola, Inc., and HIWARE AG., 1999; All Rights Reserved
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1.1 Contents

1.2 Introduction

MCUez HCO05 Assembler

Section 1. General Information

1.2 Introduction. . . ... ... . . e
1.3 Structure of This Manual . .......... ... . .. . . . ..

1.4 GettingStarted . .......... . e
1.4.1 Creatinga New Project ............... .. ... ...
1.4.2 Creating the Assembly Source File . . ....................
1.4.3 Assemblinga Source File . ............ ... ... .. ... .....
1.4.4 Linking an Application . ............. ... .. .. ... . . . . .. ..

Features of the MCUez assembler include:

» Graphical user interface (GUI)

* Online help

» Support for absolute and relocatable assembler code
» 32-bit application

» Compatible with MCUasim release 5.3

» Conforms to Motorola assembly language input standard and
ELF/DWARF 2.0bject code format

» ELF/DWARF 2.®bject code format
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1.3 Structure of This Manual
These topics are contained in this manual:

» Graphical user interface— Description of the assembler GUI
* Environment — Description of the assembler environment variables

» Assembler options— Detailed description of the full set of assembler
options

* Assembler syntax— Description of the assembler input file syntax

» Assembler directives— List of all directives supported by the
assembler

» Assembler messages- Description and examples produced by the
assembler

* Appendices

* |ndex

1.4 Getting Started

This section provides an example of how to get started with MCUez.
Instructions are provided to:

» Create a new project
* Write the assembly source file
» Assemble the source file

» Link the application to generate an executable file

NOTE: All directory paths and listings are examples. The user’s paths and directory
listings may change depending upon the MCUez configuration.
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1.4.1 Creating a New Project

The first step in writing an application is to define the new project. This is done
in theMCUez Shell Follow this sequence:

1. Start theMCUez Shell

el % el oL oL

mcu

ASM| DNEAUG| LINK

Figure 1-1. MCUez Shell

2. Click on theezMCU button. TheConfiguration dialog box opens.

Configuration |

— Current Canfiguration
Project Mame: Project MCU ez 2000 HC
Froject Directon: CAMCUEZNDEMON MMDS 054
Enfarce Project Directany: Ma
Environment File: DEFALILT EMW
Editor:

E ditar Project File:

Open... Change...

k. Cancel Help

Figure 1-2. Environment Configuration Dialog Box

3. Click on theNew button. TheProject Directory dialog box opens.

4. Enter the path for the new project in the edit box. For example, substitute
C:\MCUEZ\DEMO\WMMDSO05fr C:\MCUEZ\DEMO\mydir as
shown inFigure 1-3.
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Project Directory

Direstany: [0):\rmcuez\DE MO mpdid Browse...

0k, Cancel | Help |

Figure 1-3. Working Project Directory Dialog Box

NOTE: The specified directory must be accessible from the user’s PC.

5. Click on theOK button.

6. TheNew Configuration dialog box is opened. Define the editor to use
for the project.

7. Select thé=ditor tab. Select an editor from tiilitor drop down box.
In theExecutablecommand line, enter the command used to start the
editor. For exampleZ:\WINDOWS\NOTEPAD.EXEAIso, click the
Browse button to find and select the command.

Mew Configuration

Project Editor lTl:n:nls ] Paths ] .-“-‘-.-:Iditil:unall

Editor: Motepad =
Executable:  |CWINDOWS\Notepad.exe Browise...
O ptiars: k]

The options zet in the above Edit box are pazsed to MCUez
boolz to et parameters when calling the editar.

k. | Cancel Help

Figure 1-4. New Configuration Dialog Box
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8. Click on theOK button to automatically create the configuration files in

the specified project directory.

1.4.2 Creating an Assembly Source File

After defining a new project, an application can be written. For example, the
source code may be stored in a file nartestiasmand look like this:

XDEF entry

cstSec:SECTION
varl:DC.B5
dataSec:SECTION
data:DS.B 1
codeSec:SECTION
entry:

RSP

LDA varl
main:
INCA
STA data
BRA main

; Make the symbol entry visible
: for external module.
; This is necessary to allow linker to find the
; symbol and use it as the entry point for the
; application.
; Define a constant relocatable section
; Assign 5 to the symbol varl
; Define a data relocatable section
; Define one byte variable in RAM
; Define a code relocatable section

; Reset stack pointer

When writing assembly source code, pay special attention to these points:

MCUez HCO05 Assembler

All symbols referenced outside the current source file (in another source
file or in the linker configuration file) must be visible externally. For this
reason, the assembly direct¥®EF entry is inserted.

To make debugging from the application easier, defining separate
sections for code, constant data (defined Wi, and variables (defined
with DS) is recommended. This enables the symbols located in the
variable or constant data sections to be displayed in the data window
component of the debugger.

The stack pointer must be initialized when using BSR (branch to
subroutine) or JSR (jump to subroutine) instructions.
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1.4.3 Assembling a Source File

This step-by-step procedure describes how to assemble a source file.

1. Click on theezASM button in theViCUez Shellto start the macro
assembler. Enter the name of the file to be assembled in the editable
combo box as shown Figure 1-5.

AHCD5 Azsembler C:AMCUEZ\demoYwMMDS05A \project.ini
File  Aszsembler Wiew Help

Dlﬁlnl ‘?lk‘?l Itest.asm j il
Ready 130324 2

Figure 1-5. Assembler Window
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2. To generate aBLF/DWARF 2.(®bject file, the assembler must be set
correctly. Select the menu entkgsembler | Options

COptions Settngs K|

[ ]0bject File Format

[w|Generate a listing file

[10a nat prink macro call ia list file

[0 nat print macro definition in list file
[10'o not print macro expangion in hzt file
[0 nat print included files in list file

0k, I Cancel | Help

Figure 1-6. Options Settings Dialog Box
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3. IntheOutput tab, select the check box in front of the lak¥ject File
Format (shown inFigure 1-7). Select the radio buttdeLF/DWARF
2.0 Object File Formatand clickOK. The assembler is ready to

generate aELF/DWARF 2.M@bject file.

Advanced Options Settings Ed |

Ot | [rput I Host I Code Generatiunl Messagesl

Ohbject File Format

[w|Generate a lizting file

(100 not print macro call in bzt file

[0 niat print macro definition in list file
[0 nat print macro expansion in list file
[ 100 not print included files in st file

-F[&2l2): Object File Format

 ELF/D'wWARF 2.0 Absolute File
& ELF/D'wWARF 2.0 Object File Format

] 4 I Cancel Help

Figure 1-7. Selecting an Object File Format
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4. Click on theAssemblebutton to assemble the file. Seigure 1-8.

AHCO5 Azzembler C:AMCUEZ\demo\WMMD505A\project.in =

File Azsembler Yiew Help

Dlﬁlnl ?lh”l Itest.asm

= Slx| £

Top: C:NHCUEZY demo\WHMMD305SAYCest, asm

writing debug listing to C:\MCUEZYdemo'WMMD305AY test.DEG
Output £ile: "C:\MCUEZY demo’,WMMDS0OSAY test. 0™

Code Size: 11 Assemble
writing listing to test.L3T Button
Ready 120716 2

Figure 1-8. Assembling a File
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The assembler indicates success by printing the number of code bytes
generated. The message Code Size: 11 indicateethatsnwas assembled
without errors. The assembler generates a binary object file and debug listing
file for each source file. The binary object file has the same name as the input
module with an extension ob. The debug listing file has the same name as the
input module with an extension afbg

When the assembly option -L is specified on the command line, the assembler
generates a list file containing the source instruction and corresponding
hexadecimal code.

The list file generated by the assembler looks like this:

Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997
Abs. Rel. Loc. Obj. code Source line

11 XDEF entry ; Make the

2 2 : This is

3 3 ; symbol and

4 4 ; application.

5 5 cstSec:SECTION ; Define a

6 6 000000 05 varl: DC.B5 ; Assign 5 to

7 7 dataSec:SECTION ; Define a

8 8 000000 data; DS.B1 : Define one

9 9 codeSec:SECTION ; Define a

10 10 entry:

11 11 000000 9C RSP ; Reset stack

12 12

13 13 000001 C6 xxxx LDA varl

14 14 main:

15 15 000004 4C INCA

16 16 000005 C7 xxxx STA data

17 17 000008 20FA BRA main
User’s Manual MCUez HCO05 Assembler
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1.4.4 Linking an Application

Once the object file is available, link the application. The linker will organize
the code and data sections according to the linker parameter file. Follow this
procedure to link an application:

1. Start the editor and create the linker parameter file. Copy the provided
demo filefibo.prmto test.prm

2. Inthe filetest.prm change the name of the executable and object files to
test

3. Modify the start and end addresses for the ROM and RAM memory
areas.

The moduldest.prmappears as follows:

LINK test.abs  /* Name of executable file generated.*/

NAMES test.o END /* Name of the object files in the application */

SEGMENTS
MY_ROM = READ_ONLY 0xB00 TO OxBFF; /* READ_ONLY memory area */
MY_RAM = READ_WRITE 0x080 TO OxOEF; /* READ_WRITE memory area */

MY_STK =READ_WRITE 0xOF0 TO OxOFF; * READ_WRITE memory area. */
END

PLACEMENT
.data INTO MY_RAM; /*Variables should be allocated in MY_RAM */
text INTO MY_ROM,; /* Code should be allocated in MY_ROM */

Stack INTO MY_STK; /* Stack will be allocated in MY_STK. */
END

INIT entry /* entry point to the application */
VECTOR ADDRESS OxFFFE entry /* initialization for reset vector */

NOTE: Commands in the linker parameter file are described in detail in the MCUez
Linker User’'s Manual, Motorola document order number MCUEZLNK/D.
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4. Click theezLink button in theMCUez Shellto start the linker. In the
editable combo box, enter the name of the file to be linked.

5. To start linking, presEnter or theLink button.

ELF Linker C:AMCUEZ\demo\WMMDS505A\project.imi
File Linker “iew Help
D@ 2 (82| [istor o g £=|
Link
Bufton
Ready 031306 =

Figure 1-9. Linker Window

The linker window displays the link process as shown infigore 1-10
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ELF Linker C:AMCUEAAdemo\wWMMDS05A\project.ini

File Linker Yiew Help

General Information
Getting Started

[jlﬁalﬁil i?lﬂ?llmﬂpnn

= 2] =

Top: test.prm
Feading Parameters

Linking C:ZMCUEZNdemo’ WMHMMD30SA, Cest.pro
Fead EBinary Input Files

Feading file 'C:\MCUEZY dewo\WMMDS054\test. 0!
Marking BFeferenced Objects

WAENTNG: L1107: _startupData not found
WAENTHNG: Lllle: Function main not found

HMoving Objects Accross Sections
WARNTNG: L1201l: No Etack Dafinad

FReserving Memory for Startup Data
Allocating Objects

Preparing Startup Data

Generating Code

Generating 5Fecord File
Generating code

Generating Symbol table
Generating relocation tables
Generating DWARF data wversion 2.0
Generating MaP file

Ready

131357 4

Figure 1-10. Link Process
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2.1 Contents

2.2 Introduction

MCUez HCO05 Assembler

Section 2. Graphical User Interface

2.2 INtroducCtion. . . . .. 37
2.3 Starting the Motorola Assembler .. ....... ... .. ... ... .. ... ... 38
2.4  Assembler Graphical Interface . . . .......... ... ... ... 39
2.4.1 Window Title . . ... ... 39
2.4.2 Content Area . ... 40
2.4.3 Assembler Toolbar. .. ... ... .. . . . 41
2.4.4 Status Bar. . ... 42
2.4.5 AssemblerMenu Bar. ............ ... 42
2451 File Menu .. ... 43
2.4.5.1.1 Editor SettingsDialog . .......... ... ... .. .. ... ... 44
245.1.2 Save Configuration Dialog. . . ......... ... ... .. ... ... 49
2.45.2 AssemblerMenu . ........ ... 50
2.4.5.3 View Menu . ... 50
2454 Option Settings DialogBox . ... .. 51
2.4.6 Specifyingthe InputFile . .. ......... ... ... ... ... ... 52
2.4.6.1 Using the Editable Combo Box in the Toolbar. . ........... 52
2.4.6.2 Using the Entry File | Assembly ... .. .................... 53
2.4.6.3 UsingDragand Drop . ........... ... 53
2.4.7 Error Feedback. . . ... . ... . . . . 53

The MCUez HCO5 assembler uses a Microsoft Windoagplication, which
is a graphical user interface (GUI).
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2.3 Starting the Motorola Assembler

Start the assembler by clicking on teeASMicon in theMCUez Shell When
the assembler is started, a standapdof the Day window is displayed.

= Tip of the Day

@ Did you know...

You can also azsemble a file by simply dragging it from
the file manager or explorer to the assembler window.

[¥ Show Tips on StartUp

Cloze I

Figure 2-1. Tip of the Day Window

Click Next Tip to display more information about the assembler.

To disable this window when the assembler is started, unStemk Tips on
StartUp.

To re-enable the tips window, choaddelp|Tip of the Day ...and checlShow
Tips on StartUp.
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2.4 Assembler Graphical Interface

Figure 2-2 depicts the main assembler window.

AHCOS Aszembler C:AMCUEZ\demo\'WMMDS05A\project.im

Menu Bar
File Aszsembler ‘iew Help —

Dlﬁlnl ?l*?l Itest.asm j @ll il‘_

Toolbar

Content

Area

Status Bar
Ready 120324 4 lt—

Figure 2-2. Assembler Window

This window is visible only if a filename is not specified while starting the
assembler.

The assembler window provides a window title, menu bar, toolbar, content area,
and status bar.

2.4.1 Window Title

The window title displays the assembler name and project directory. If no
project is loadedDefault Configuration is displayed. An asterisk (*) after the
configuration name indicates that some values have changed. This could be
changes in options, editor configuration, or window appearance (position, size,
font, etc.).
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2.4.2 Content Area

The content area displays logging information about the assembly session.
Logging information consists of:

* Name of file being assembled

» Complete path and name of files processed (main assembly file and
included files)

» List of error, warning, and information messages

» Size of code generated during assembly

When a filename is dragged and dropped into the content area, the file is either
assembled or loaded as a configuration file. If the file hasiaxtension, it is
loaded as a new configuration file. If not, the file is assembled with the current
option settings.

Assembly information in the content area includes:

* Files created or modified
* Location within file where errors occurred

* A message number

Some files listed in the content area can be opened in the editor specified during
project configuration. Double click on a filename to open an editable file or
select a line that contains a filename and click the right mouse button to display
a menu that contains @pen ...entry (if file is editable).

A message number is displayed with message output. From this output, there
are three ways to open the corresponding help information.

1. Select one line of the message and press F1. Help for the associated
message number is displayed. If the selected line does not have a
message number, the main help is displayed.

2. Press Shift-F1 and then click on the message text. If there is no associated
message number, the main help is displayed.

3. Click the right mouse button on the message text and stdgrbn ...
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After an assembly session has completed, error feedback can be performed
automatically by double clicking on the message in the content area. The source

file containing the error or warning message will open to the line containing the
problem.

2.4.3 Assembler Toolbar

7|2 Ifil:n:u.asm E

Help

New Configuration

MCUez HCO05 Assembler

Figure 2-3illustrates the assembler toolbar.

Command Line Assemble

Context Help Stop Assembling

Options

Save Configuration

Load Configuration

Figure 2-3. Assembler Toolbar

The three buttons on the left correspond with entries irfFileemenu. TheNew
Configuration, Load Configuration, andSave Configurationbuttons enable
the user to reset, load, or save configuration files.

TheHelp button will open the assembler help file. Tentext Help button
changes the mouse pointer to a question mark beside an arrow. Then click on an
item within the application to display help information. Help is available for
menus, toolbar buttons, and window areas.

The command line box contains a drop down list of the last commands
executed. Once a command line has been selected or entered in the combo box,
click the Assemblebutton to execute the command.

TheOptions Settingbutton opens th@ptions Settingdialog box.
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2.4.4 Status Bar

Figure 2-4 shows the assembler status bar.

Ready 1:09:41 2
: 3N 4

Message Area Current Time

Figure 2-4. Assembler Status Bar

Point to a menu entry or button in the toolbar to display a brief explanation in
the message area.

2.45 Assembler Menu Bar

The entries iMMable 2-1are available in the menu bar:

Table 2-1. Menu Bar

Menu Entry Description
File Assembler configuration file management
Assembler Assembler option settings
View Assembler window settings
Help Standard windows help menu
User’s Manual MCUez HCO5 Assembler
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2.4.6 File Menu
An assembler configuration file typically contains the following information:

» Assembler option settings specified in the assembler dialog boxes
* Last command line executed and current command line

* Window position, size, and font

» Editor associated with the assembler

» Tip of the Day settings

Assembler configuration information is stored in the specified configuration
file. As many configuration files as required for a project can be defined. Switch
to different configuration files by selectimgle|Load Configuration and
File|]Save Configurationor by clicking the corresponding toolbar buttons.

For instance:

» ChooseFile|Assembleto open a standafpen File dialog box A list
of all .asmfiles in the project directory is displayed. Select an input file.
Click OK to close the dialog box and assemble the selected file.

» ChooseFile|New/Default Configuration to reset assembler options to
the default values. Default values are specified in the section titled
Command Line Options.

» ChooseFile|Load Configuration to open a standafpen File dialog
box. A list of all.ini files in the project directory is displayed. Select a
configuration file to be used by subsequent assembly sessions.

» ChooseFile|Save Configurationto store the current settings in the
configuration file specified in the title bar.

» Choosdrile|Save Configuration as ..to open a standai®ave Addialog
box and display the list of alini files in the project directory. Specify
the name and location of the configuration file. Cl@K to save the
current settings in the specified configuration file.

» ChooseFile|Configuration ... to open th&Configuration dialog box.
Specify an editor and related information to be used for error feedback,
then save the configuration.
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2.4.6.1 Editor Settings Dialog

This dialog box has several radio buttons for selecting a type of editor.
Depending on the type selected, the content below it changes.

These are the main entries:

* Global Editor (Configured by the Shell)

Configuration

Editar Settings l Save Ennfiguratian]

* Global Editor [Confiqured by the Shellf

" Local Editar [Configured by the Shell]
" Editar started with Command Line
(" Editar started with DDE

E ditar Mame |

Editar E xecutable |

E ditar Argurmentz |

uze EZf for the filename and %1 for the line number

] | Cancel Help

Figure 2-5. Starting the Global Editor

This entry is enabled only when an editor is defined irjEaktor]
section of the global initialization filexcutools.ini
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» Local Editor (Configured by the Shell)

e N |

Editar Settings | Save Eu:unfiguratiu:unl

" Global Editer [Configured by the Shell]
' L ocal E ditar [Configured by the Shellf
" Editor started with Command Line

" Editor started with DDE

Editar Mame IWinE it

Editor E xecutable IE: WA MAPPSYAIRE dit 328 inE dit &

Editor &rgurnents sz

uze Zf far the filename and %1 for the line number

k. I Cancel e[ Help

Figure 2-6. Starting the Local Editor

This entry is enabled only if an editor is defined in the local configuration
file, usuallyproject.iniin the project directory.

TheGlobal Editor andLocal Editor settings cannot be edited within
this dialog box, since they are read only. These entries can be configured
with theMCUez Shellapplication.
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o Editor started with Command Line

Configuration
Editar Settings l Save Configuration |

(" Global Editor [Configured by the Shell]
" |Local Editar [Configured by the Shell]
&+ Editar started with Carmmand Line

(" Editar started with DDE

Command Line

C:\pfinappswinedr 32 WwinE ditexe 31 A%

uze Zf far the filename and %1 for the line number

k. | Cancel Help

Figure 2-7. Starting the Editor with the Command Line

When this editor type is selected, a separate editor is associated with the
assembler for error feedback. The editor configured in the shell will not
be used for error feedback. Enter the appropriate path and command
name to start the editor. Command modifiers are specified on the
command line. For example:

For WinEditd 32-bit version
C:\WinEdit32\WinEdit.exe %f /#:%l

For Write
C:\Winnt\System32\Write.exe %f
Write does not support line number modifier.

For Motpad
CATOOLS\MOTPADWMOTPAD.exe %f::%l
Motpad supports line numbers.
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o Editor started with DDE

Configuration |
E ditar Settings | 5 ave Configuration I

"~ Global E ditor [Configured by the Shell]
= Local Editer [Configured by the Shell]
" Editar started with Cammand Line

% E ditar ztarted with DDE:

Service Mame I""'S':IEV

Topic Mame IS-"'StE'T'

Client Command I[DPEH[‘ZF]]

Lze Zf for the filename and % for the line number

ak. I Cancel Sl Help

Figure 2-8. Starting the Editor with DDE

Enter the service, topic, and client name to be used for a DDE connection
to the editor. All entries can have modifiers for filename and line number
as explained in the next example.

Example:

For Microsoft Developer Studif use this setting:
Service Name : "msdev"
Topic Name : "system"
ClientCommand : "[open(%f)]"
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CAUTION:

User’'s Manual

NOTE:

* Modifiers

When either entr§ditor Started with the Command line or Editor
started with DDE is selected, the configuration may contain modifiers
to identify which file to open and which line to select.

— The%f modifier refers to the name of the file (including path) where
the error has been detected.

— The%l modifier refers to the line number where the message has
been detected.

The editor format depends on the command syntax used to start the editor.
Check the editor manual for modifiers that can be used to define the editor
command line.

Be cautious when using té/ modifier. This modifier can be used only with an
editor that can be started with a line number as a parameter. Editors such as
WinEdit version 3.1 or lower and Notepad do not allow this kind of parameter.

When using a word processing editor, such as Microsoft WordVordpad,
make sure to save the input file as an ASCII text file; otherwise, the assembler
will have trouble processing the file.
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2.4.6.2 Save Configuration Dialog

Figure 2-9 shows the&save Configurationdialog box.

Configuration [ ] |
Editar Settings ~ 5ave Configuration I
[ternz to 5ave
.................. Jave
¥ Options
I+ Editar Configuration Save Az

¥ tppearance [Position, Size, Font)

¥ Save on Exit

All marked items are zaved. Already contained, not
changed items remain walid

| k. I Cancel Sl Help

Figure 2-9. Save Configuration Dialog Box

The second page of the configuration dialog consists of save operations. In the
Save Configurationdialog, select attributes to be stored in the projectfile. This
dialog box provides these configurations:

* Options — When set, the current option settings are stored in the
configuration file. Disable this option to retain the last saved options.

» Editor configuration — When set, the current editor settings are stored
in the configuration file. Disable this option to retain the last saved
options.

» Appearance— When set, the current application appearance, such as
the window position (only loaded at startup time) and the command line
content and history, is saved. Disable to keep previous settings.
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» Save on exit— If this option is set, the assembler will save the
configuration on exit. No prompt will appear to confirm this operation.
If this option is not set, the assembler will ignore any changes.

NOTE: Almost all settings are stored in the configuration file. Exceptions are the
recently used configuration list and all settings in this dialog. These settings are
stored in the assembler section of the mcutools.ini file.

Assembler configurations can coexist in the same file used for the project
configuration (defined by the shell application) along with other MCUez tool
specifications. When an editor is configured by the shell, the assembler can
read this information from the project file, if present. The project configuration
file created by the shell is named project.ini. Therefore, this filename is also
suggested (but not mandatory) to the assembler.

2.4.7 Assembler Menu

Table 22 depicts tle Assemblermenu that allows customization of the
assembler and setting or resetting of assembler options.

Table 2-2. Assembler Menu

ltem Description

Allows defining of the options to be activated when

Options assembling an input file

2.4.8 View Menu

This menu enables customization of the assembler window. For instance,
whether the status bar or toolbar will be displayed or hidden can be defined. The
user also can define the font used in the window or can clear the window.

» ChooseView|Tool Bar to switch on/off the assembler window toolbar.

» ChooseView|Status Barto switch on/off the assembler window status
bar.

» ChooseView|Log ...to customize the output in the assembler window
content area.
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» ChooseView|Log ...|Change Fonto open a standaf€bnt Selection
dialog box. Options selected in this dialog are applied to the assembler
window content area.

* ChooseView|Log ...|Clear Logto clear the assembler window content
area.

2.4.8.1 Option Settings Dialog Box

This dialog box enables the user to set/reset assembler options, as shown in
Figure 2-10

Advanced Options Settings |

[ ]0bject File Farmat

[ ]Generate a listing file

[]Do not print macro call in st file

[0 not print macro definition in list file
[0 not print macro expanzion in list file
[ 0o not print included fles in st fle

k. I Cancel Help

Figure 2-10. Option Settings Dialog Box
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Available options are arranged in different groups as showabte 2-3

Table 2-3. Advanced Options

Option Group Description
Lists options related to the output files generated (type
Output .
of files to be generated)
Input Lists options related to the input file
Host Lists options related to the host

Lists options related to code generation (memory

Code generation models, etc.)

Lists options controlling the generation of error

Messages
messages

An assembly option is set when the corresponding check box is checked. To
obtain more information about a specific option, select the option and press the
F1 key or theHelp button. To select an option, click once on the option text.

NOTE: Options that require additional parameters will display an edit box or an
additional subwindow where additional parameters can be set.

Assembler options specified in the project file (usingMti@Jez Shel) are
displayed automatically in th@ption Settingsdialog box.

2.4.9 Specifying the Input File

The input file to be assembled can be specified in several ways. During the
assembly session, options will be set according to the configuration provided by
the user in th®ption Settingsdialog box. Before assembling a file, make sure

a project directory is associated with the assembler.

2.4.9.1 Using the Editable Combo Box in the Toolbar

The following describes how to use thditable Combo box.

* Assembling a new file— A new filename and additional assembler
options can be entered on the command line. Click on the assemble
button or press thEénter key to assemble the specified file.
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* Re-assembling a file — The previously executed command can be
displayed by clicking on the arrow on the right side of the command line.
From the drop down list, select a command. Click orAeemble
button or press thEénter key to assemble the specified file.

2.4.9.2 Using the Entry File | Assembly ...

Select the menu entfhile | Assembleto display thd=ile to Assembledialog
box. Browse to and select the desired file. Cliggento assemble the selected
file.

2.4.9.3 Using Drag and Drop

A filename can be dragged from an external program (for exaFife,

Manager) and dropped into the assembler window. The dropped file is
assembled as soon as the mouse button is released in the assembler window. If
the dragged file has the extension, it is a configuration file and will be

loaded and not assembled.

2.5 Error Feedback

After a source file has been assembled, the content area displays a list of all error
or warning messages detected. The message format is:

>> <FileName>, line <line number>, col <column number>,
pos <absolute position in file>

<Portion of code generating the problem>
<message class> <message number>: <Message string>

Example:
>> in “C:\DEMO\fiboerr.asm”, line 76, col 20, pos 1932
BRA label

N

ERROR A1104: Undeclared user defined symbol: label

Errors can be corrected by using the editor defined during configuration. Editors
such as WinEdit version 95 (or higher) or Codewright from Premia Corporation
can be started with a line number in the command line. If configured correctly,
these editors are activated automatically by double clicking on an error
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message. The editor will open the file containing the error and position the
cursor on the line with the error.

Editors like WinEdit version 31 or lower, Notepad, or Wordpad cannot be
started with a line number. These editors can be activated automatically by
double clicking on a message. The editor will open the file containing the error.
To locate the error, use the find or search feature of the editor. In the assembler
content area, select the line containing the message class, number, and string
and press CTRL+C to copy the message. Paste the messagé-indiaialog

box of the editor to search for the error.
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3.2 Introduction

NOTE:

NOTE:

NOTE:

User’'s Manual

This part of the manual describes the environment variables used by the
assembler. Some of the environment variables are also used by other tools, for
example the linker.

Various assembler parameters may be set with environment variables.
The syntax is:
KeyName=ParameterDefinition

Example:
GENPATH=CAINSTALL\LIB;D:\PROJECTS\TEST

No blank space is allowed before and after thgequal sign) character in the
definition of an environment variable.

These parameters are defined in three ways:

1. Using system environment variables supported by an operating system
2. Putting definitions in a file nametefault.envin the default directory

3. Putting definitions in a file specified in the system environment variable
ENVIRONMENT

The default directory can be set with the environment varBRAULTDIR.

When looking for an environment variable, all programs first search the system
environment, then théefault.envile, and finally the global environment file
set by ENVIRONMENT. If no definition is found, a default value is assumed.

The environment may also be changed using the -Env assembler option.
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Most environment variables contain path lists indicating where to look for files.

If a directory name is preceded by an astefigk the programs recursively

search the subdirectories of the specified directory. The directories are searched
in the order they appear in the path list. A path list is a list of directory names
separated by semicolons following this syntax:

PathList=DirSpec;DirSpec
DirSpec=*DirectoryName

Example:
GENPATH=CAINSTALL\LIB;D:\PROJECTS\TESTS

Example:
LIBPATH=*C:\INSTALL\LIB

The preferred method is to use thCUez Shellto define the environment by
means of aefault.enyile in the project directory. Separate projects can exist
in separate directories, each with its own environment file.

For some environment variables, a synonym also exists. Synonyms may be used
for compatibility with older releases of the assembler.

3.4 Line Continuation

MCUez HCO05 Assembler

It is possible to specify an environment variable over more than one line by
using the line continuation character \ (back slash):

Example:
ASMOPTIONS=\
-W2\
-WmsgNe=10

This is the same as:
ASMOPTIONS=-W2 -WmsgNe=10
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Observe the following when using the continuation character in path

definitions.

GENPATH=.\
TEXTFILE=\txt

Will result in:

GENPATH=.TEXTFILE=.\txt

To avoid syntax errors, use a semicolon (;) at the end of a path if there is a \ at

the end of the code line, such as:
GENPATH=.\;
TEXTFILE=\txt

3.5 Environment Variables Description

The remainder of this section describes each of the environment variables

available for the assembler, includifgble 3-1

Table 3-1. Environment Variables

Topic

Description

Syntax

Syntax of option in EBNF (Extended Backus-Naur Form) format

Arguments

Describes and lists optional and required arguments for the

Default

Shows the default setting for the variable, if applicable

Description

Provides a detailed description of the environment variable and
how to use it

Example

Gives an example of usage and effects of the variable where
possible. The examples show an entry in the default.env file for

a PC or in the .hidefaults file for UNIX".

Tools

Lists tools that use this variable, if applicable

MCUez Shell

Explains how the environment variable can be initialized in the
MCUez Shell

See also

Lists related sections, if applicable

User’'s Manual
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3.5.1 ASMOPTIONS

Environment Variables
Environment Variables Description

Syntax: ASMOPTIONSEoption>}
Arguments: <option>: Assembler command line option
Description:  If this environment variable is set, the assembler appends the
options to its command line each time afile is assembled. It can
be used to globally specify certain options that should always
be set, so they don’t have to be specified each time a file is
assembled.
Options listed here must be valid assembler options and are
separated by space characters.
Example: ASMOPTIONS=-W2 -L
MCUez Shell: Open th€urrent Configuration dialog box.
Select theAdditional tab.
Enter the environment variable definition in the edit box.
See also: Section 5. Assembler Options
MCUez HCO5 Assembler User’s Manual
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3.5.2 GENPATH

NOTE:
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Syntax: GENPATHE{< patt>}
Arguments: <path>: Paths separated by semicolons, without spaces

Description:  The macro assembler will look for the source or included files
first in the project directory, then in the directories listed in the
environment variable GENPATH.

If a directory specification in this environment variable starts with an asterisk
(*), the entire directory tree is searched recursively, for example, all
subdirectories are searched.

Example: GENPATH=\sources\include;...\...\headers;

MCUez Shell: Open th€urrent Configuration dialog.
Select théPathstab.
In theConfigure combo box, selecseneral Path
Enter the directories in the list box (one directory on each line).

See also: None
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Syntax:
Arguments:

Description:

Example:

MCUez Shell;

See also:

Environment Variables
Environment Variables Description

ABSPATH={<path~}
<path>: Paths separated by semicolons, without spaces

This environment variable is only relevant when absolute files
are directly generated by the macro assembler instead of object
files. When this environment variable is defined, the assembler
will store the absolute files it produces in the first directory
specified. If ABSPATH is not set, the generated absolute files
will be stored in the directory where the source file was found.

ABSPATH=\sources\bin;..\..\headers;

Open th€urrent Configuration dialog.
Select théPathstab.
In the Configure combo box, sele@bsolute.
Enter the directories in the list box (one directory on each line).

None
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3.5.4 OBJPATH
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Syntax: OBJPATH={<path~}
Arguments: <path>: Paths separated by semicolons, without spaces

Description:  When this environment variable is defined, the assembler will
store the object files it produces in the first directory specified.
If OBJPATH is not set, the generated object files will be stored
in the directory where the source file was found.

Example: OBJPATH=\sources\bin;..\..\headers;

MCUez Shell: Open th€urrent Configuration dialog.
Select théPathstab.
In theConfigure combo box, sele@bject.
Enter the directories in the list box (one directory on each line).

See also: None
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Environment Variables Description

Syntax: TEXTPATH={<patl>}
Arguments: <path>: Paths separated by semicolons, without spaces
Description:  When this environment variable is defined, the assembler will
store the listing files it produces in the first directory specified.
If TEXTPATH is not set, the generated listing files will be
stored in the directory where the source file was found.
Example: TEXTPATH=\sources\txt;..\..\headers;
MCUez Shell Open th€urrent Configuration dialog.
Select théPathstab.
In theConfigure combo box, selediext.
Enter the directories in the list box (one directory on each line).
See also: None
MCUez HCO5 Assembler User’s Manual
MOTOROLA Environment Variables 63

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Environment Variables

3.5.6 SRECORD

NOTE:

User’'s Manual

Syntax: SRECORD=RecordType

Arguments: <Record Type>: Force the type for the Motorola S record that
must be generated. This parameter may take the value S1, S2,
or S3.

Description:  This environment variable is only relevant when absolute files
are directly generated by the macro assembler instead of object
files. When this environment variable is defined, the assembler
will generate a Motorola S file containing records from the
specified type (S1 records when S1 is specified, S2 records
when S2 is specified and S3 records when S3 is specified).

When the SRECORD variable is not set, the type of S record
generated will depend on the size of the target address space
that is loaded. If the address space can be coded on two bytes,
an Slrecord is generated. If the address space is coded on three
bytes, an S2 record is generated. Otherwise, an S3 record is
generated.

If the environment variable SRECORD is set, it is the user’s responsibility to
specify the appropriate S record type. If S1 is specified while the code is loaded
above OxXFFFF, the Motorola S file generated will not be correct because the
addresses will all be truncated to 2-byte values.

Example: SRECORD=S2

MCUez Shell: Open th€urrent Configuration dialog.
Select theAdditional tab.
Enter the environment variable in the list box.

See also: None
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3.5.7 ERRORFILE
Syntax: ERRORFILE=dilename>
Arguments: <filename>: Filename with possible format specifiers

Description:  The environment variable ERRORFILE specifies the name of
the error file used by the assembler.

Possible format specifiers are:
%n: Substitute with the filename, without the path.
%p: Substitute with the path of the source file.

%f: Substitute with the full flename (path included; same as
%p%n).

Examples: ERRORFILE=MyETrrors.err
Logs all errors in the filéMyErrors.errin the current directory.
ERRORFILE=\tmp\errors
Logs all errors in the file namexirors in the directoryitmp
ERRORFILE=%f.err

Logs all errors in a file with the same name as the source file
(with extensionerr) into the same directory as the source file.
For example, if the filésources\test.asim assembled, an error
file \sources\test.ewill be generated.

ERRORFILE=\dir1\%n.err

An error file\dirl\test.errwill be generated for a source file
namedest.asm
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ERRORFILE=%p\errors.txt

An error file\dirl\dir2\errors.txtwill be generated for a source
file \dir1\dir2\test.asmlf the environment variable
ERRORFILE is not set, errors are written to the default error
file. The default error filename is dependent upon how the
assembler is configured and started. If no filename is provided,
errors are written to therr.txt file in the project directory.

Example: This example shows the use of this variable with the WinEdit
editor, which looks for an error file call&DOUT.

Installation directory: EA\INSTALL\PROG
Project sources: D:\JCUNNING
Common Sources for projects: E:\\CLIB

Entry in default.env
(D:\JCUNNING\DEFAULT.ENV):
ERRORFILE=E\\INSTALL\PROG\EDOUT

Entry in WINEDIT.INI (in Windows directory):
OUTPUT=E\INSTALL\PROG\EDOUT

MCUez Shell: Open th€urrent Configuration dialog.
Select theAdditional tab.
Enter the environment variable definition in the list box.

See also: None
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3.5.8 COPYRIGHT: Copyright Entry in Object File

MCUez HCO05 Assembler

Tools: Compiler, assembler, linker, librarian

Syntax: COPYRIGHT=copyright string>

Arguments: <copyright string>: string for the copyright entry in the object
file

Default: None

Description:  Each object file contains an entry for a copyright string. This
information may be retrieved from the object files.

Example: COPYRIGHT=Copyright by Motorola

MCUez Shell: Open th€urrent Configuration dialog.
Select theAdditional tab.
Enter the environment variable definition in the list box.

See also: 3.5.9 INCLUDETIME: Creation Time in Object File

3.5.10 USERNAME: User Name in Object File
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3.5.9 INCLUDETIME: Creation Time in Object File

Tools:
Syntax:

Arguments:

Default:

Description:

Example:

MCUez Shell:

See also:

User’'s Manual

Compiler, assembler, linker, librarian
INCLUDETIME=ON | OFF)

ON: Include time information in object file.

OF: Do not include time information in object file.
ON

Normally, each object file created contains a time stamp
indicating the creation time and data as strings. So whenever a
new file is created by one of the tools, the new file gets a new
time stamp entry.

This behavior may be undesired if a binary file compare has to
be performed. Even if the information in two object files is the
same, the files do not match exactly because the time stamps
are not the same. To avoid such problems, this variable may be
setto OFF. In this case, the time stamp strings for date and time
are “none” in the object file.

The time stamp may be retrieved from the object files using a
decoder.

INCLUDETIME=OFF

Open th€urrent Configuration dialog.
Select theAdditional tab.
Enter the environment variable definition in the list box.

3.5.8 COPYRIGHT: Copyright Entry in Object File

3.5.10 USERNAME: User Name in Object File
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Environment Variables
Environment Variables Description

3.5.10 USERNAME: User Name in Object File

MCUez HCO05 Assembler

Tools: Compiler, assembler, linker, librarian
Syntax: USERNAME<user>

Arguments: <user>: Name of user

Default: None

Description: Each object file contains an entry identifying the user who
created the object file. This information may be retrieved from
the object files using a decoder.

Example: USERNAME=MOTOROLA

MCUez Shell Open th€urrent Configuration dialog.
Select theAdditional tab.
Enter the environment variable definition in the list box.

See also: 3.5.8 COPYRIGHT: Copyright Entry in Object File

3.5.9 INCLUDETIME: Creation Time in Object File
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4.1 Contents

4.2 Introduction

4.3 Input Files

MCUez HCO05 Assembler

Section 4. Files

4.2 Introduction. . ... ... . 71
4.3 INpULt FIleS . . .. 71
43.1 Source Files .. ... 72
4.3.2 Include Files. . . ... .. . 72
4.4  Output Files. .. ... 72
4.4.1 ObjectFiles . ... .. 72
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4.4.4 Listing Files . . .. ... e 73
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This chapter describes all file types associated with the MCUez application.

The assembler accepts two forms of input files:

* Source files

e |nclude files
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4.3.1 Source Files

4.3.2 Include Files

4.4 Output Files

4.4.1 Object Files

User’'s Manual

The macro assembler takes any file as input and does not require the filename
to have a special extension. Source files will be searched first in the project
directory and then in the GENPATH directory.

The search for include files is governed by the environment varGBNMPATH.
Include files are searched for first in the project directory, then in the directories
specified in the environment variallE=NPATH.

The assembler produces six types of output files:

Object files
Absolute files
Motorola S files
Listing files

Debug listing files

S T o

Error listing files

After a successful assembly session, the macro assembler generates an object
file containing the target code as well as some debugging information. This file

is written to the directory given in the environment varigdBIPATH. Ifthat
variable contains more than one path, the object file is written to the first
directory given. If this variable is not set, the object file is written to the
directory where the source file was found. Object files always get the extension
.0.
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4.4.2 Absolute Files

4.4.3 Motorola S Files

4.4.4 Listing Files

MCUez HCO05 Assembler
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Files
Output Files

When an application is encoded in a single module and all the sections are
absolute sections, the user can decide to generate an absolute file instead of an
object file. This file is written to the directory given in the environment variable
ABSPATH. If that variable contains more than one path, the absolute file is
written in the first directory given. If this variable is not set, the absolute file is
written in the directory where the source file was found. Absolute files always
get the extensiorabs

When an application is encoded in a single module and all the sections are
absolute sections, the user can decide to generate an absolute file instead of an
object file. In that case, a Motorola S record file is generated at the same time.
This file can be burnt into an EPROM. It contains information stored in all
READ_ONLY sections in the application. The extension for the generated
Motorola S record file depends on the SRECORD variable setting.

For instance:

* If SRECORD = S1, the Motorola S record file gets the extensin
* If SRECORD = S2, the Motorola S record file gets the extensin
» |If SRECORD = S3, the Motorola S record file gets the extensi&n

* [IfSRECORD is not set, the Motorola S record file gets the extensin

This file is written to the directory given in the environment variabBSPATH.

If that variable contains more than one path, the Motorola S file is written in the
first directory given. If this variable is not set, the file is written in the directory
where the source file was found.

After a successful assembly session, the macro assembler generates a listing file
containing each assembly instruction with its associated hexadecimal code.
This file is generated when the optidn is activated, even if the macro
assembler generates an absolute file. This file is written to the directory given
in the environment variabl[BEXTPATH. If that variable contains more than one
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path, the listing file is written in the first directory specified. If this variable is
not set, the listing file is written in the directory where the source file was found.
Listing files always get the extensialst. Section 10. Assembler Listing File
describes the format of this file.

4.4.5 Debug Listing Files

After a successful assembling session, the macro assembler generates a debug
listing file, which will be used to debug the application. This file is always
generated, even when the macro assembler generates an absolute file. The
debug listing file is a duplicate of the source, where all the macros are expanded
and the include files are merged. This file (with the extendiltng) is written to

the directory listed in the environment variaBIBJPATH. Ifthat variable

contains more than one path, the debug listing file is written to the first directory
given. If this variable is not set, the file is written in the directory where the
source file was found. Debug listing files always get the externdiogn

4.4.6 Error Listing Files

If the macro assembler detects any errors, it creates an error file. The name and
location of this file depend on the settings from the environment variable
ERRORFILE.

If the macro assembler’s window is open, it displays the full path of all include
files read. After successful assembly, the number of code bytes generated and
the number of global objects written to the object file are displaiegplre 4-1

shows the different structures associated with the assembler.
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.asm

or
.abs

.dbg

1. Current dir
2. GENPATH

Files
Output Files

] 1. Current dir
-Inc 2. GENPATH

Assembler

ERRORFILE

1. OBJPATH
2. Source file path

st

1. TEXTPATH
2. Source file path

err.txt

or
EDOUT

Figure 4-1. Assembler Structural Diagram
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Assembler Options

5.2 Introduction

The assembler offers a number of options to control assembler operation.
Options are composed of a dash followed by one or more letters or digits.
Anything not starting with a dash is assumed to be the name of a source file to
be assembled. Assembler options may be specified on the command line or in
the ASMOPTIONS environment variable. Typically, each assembler option is
specified only once per assembly session.

NOTE: Arguments for an option must not exceed 128 characters.

Command line options are not case sensitie. is the same adi . For
options that belong to the same group, for examrple and-Li , the assembler
allows options to be combined, i-d.ci or—Lic instead of—Lc —Li

NOTE: ltisnotpossible to combine options in different groups, for instante, —W1
cannot be abbreviated by the terssC1 or -LCW1

5.3 ASMOPTIONS

If this environment variable is set, the assembler appends the values (options)
defined for this variable to its command line each time afile is assembled. It can
be used to globally specify certain options that should always be set, so the user
doesn’t have to specify them each time a file is assembled.
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5.4 Assembler Options

Assembler Options
Assembler Options

Table 5-1describes how assembler options are grouped abié 5-2
describes the scope of each option.

Table 5-1. Assembler Option Groups

Group Description
HOST Lists options related to the host
OUTPUT Lists options related to output file generation (type of file
to be generated)
INPUT Lists options related to input file
Lists options related to code generation (memory
CODE
models, float format, etc.)
MESSAGE Lists options controlling generation of error messages
VARIOUS Lists various options

Table 5-2gives the scope of each option:

Table 5-2. Scope of Assembler Option Groups

Scope Description
The option has to be set for all files (assembly units) of
Application an application. A typical example is an option to set

the memory model. Mixing object files will have
unpredictable results.

Assembly unit

The option can be set differently for each assembly unit
of an application. Mixing objects in an application is
possible.

None

The option is not related to a specific code part. A typical
example is options for message management.

Available options are arranged in separate groups, and a dialog box tab is
available for each group. The content of the list box depends on the tab selected
in the dialog box.
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Assembler Options

The remainder of this section describes each of the options available for the
assembler. The options are listed in alphabetical order and described by the
categories imable 5-3

Table 5-3. Assembler Option Details

Topic Description
Group HOST, OUTPUT, INPUT, CODE, MESSAGE, VARIOUS
Scope Application, assembly unit, or none
Syntax Specifies the syntax of the option in EBNF format

Describes and lists optional and required arguments for
Arguments .
the option

Default Shows the default setting for the option

Provides a detailed description of the option and how to

Description use it

Gives an example of usage and effects of the option where
Example possible. Assembler settings, source code and/or linker
PRM (parametric) files are displayed where applicable.

See also Related options
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54.1 -Ci
-Cl:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

See also:

MCUez HCO05 Assembler

Assembler Options
Assembler Options

Set case sensitivity for label names OFF
INPUT

Assembly unit
-Cl

None

ON

Switches case sensitivity OFF for label names. When this
option is activated, the assembler ignores case sensitivity for
label names.

This option can be specified only when the assembler generates
an absolute file. (Option -FA2 must be activated.)

When case sensitivity for label names is switched off, the
assembler will not generate error messages for this code:

ORG $200
entry: NOP
BRA Entry

The instructiorBRA Entry will branch on the labegntry .
By default, the assembler is case sensitive for label names. The
labelsEntry andentry are two distinct labels.

Appendix C. P&E Converter
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Assembler Options

-Env:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

See Also:

Set environment variable

HOST

Assembly unit
-Env <EnvironmentVariable=<VariableSetting>

<EnvironmentVariable>: Environment variable to be set
<VariableSetting>: Assigned value

None
Sets an environment variable
ASMOPTIONS=-EnvOBJPATH=\sources\obj

This is the same @@BJPATH=\sources\ob} inthe
default.envile.

Section 3. Environment Variables
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Assembler Options

-F: Object file format
Group: OUTPUT
Scope: Application
Syntax: -F (2] A2)
Arguments: 2: ELF/DWARF 2.0 object file format
A2: ELF/DWARF 2.0 absolute file format (default)
Default: -FA2
Description:  Defines format for the output file generated by the assembler
With the option -F2 set, the assembler produces an
ELF/DWARF 2.bject file.
With the option -FA2 set, the assembler produces an
ELF/DWARF 2.(Gabsolute file.
Example: ASMOPTIONS=-F2
See also: None
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Assembler Options

544 -H

-H: Short help

Group: VARIOUS

Scope: None

Syntax: -H

Arguments: None

Default: None

Description:  TheH option will display a short list of available options.

No other option or source file should be specified whenthe
option is invoked.
Example: The following is a portion of the list produced by opttén
MESSAGE:
-N Show Notification box in case
of errors
-W1 Don't print INFORMATION messages
-W2  Don't print INFORMATION or WARNING
messages
VARIOUS:

-H Prints this list of options
-V Prints the Assembler version

See also: None
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Assembler Options
Assembler Options

545 -L
-L: Generates a listing file
Group: OUTPUT
Scope: Assembly unit
Syntax: -L
Arguments: None
Default: None
Description:  Switches on generation of the listing file. This listing file will
have the same name as the source file, but with the
extensionst The listing file contains macro definitions,
invocation, and expansion lines as well as expanded include
files.
Example: ASMOPTIONS=-L
In the following assembly code example, the macro
cpChar accepts two parameters. The macro copies the
value of the first parameter to the second one.
When optionL is specified, the following portion of code:
XDEF Start
MyData: SECTION
charl: DS.B 1
char2: DS.B 1
INCLUDE "macro.inc"
CodeSec: SECTION
Start:
cpChar charl, char2
NOP
MCUez HCO5 Assembler User’s Manual
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Assembler Options

Generates the following output in the assembly listing file:

Motorola HC05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Contents of included files, as well as macro definition,
invocation, and expansion are stored in the listing file. Refer to
Section 10. Assembler Listing Fildor detailed information.

Abs. Rel. Loc. Obj. code Source line
1 1 XDEF Start
2 2 MyData: SECTION
3 3 000000 charl: DSB 1
4 4 000001 char2: DS.B 1
5 5 INCLUDE "macro.inc"
6 1i cpChar: MACRO
7 2i LDA\1
8 3i STA\2
9 4 ENDM
10 5i
11 6i
12 6 CodeSec: SECTION
13 7 Start:
14 8 cpChar charl, char2
15 2m 000000 C6 xxxx + LDA charl
16 3m 000003 C7 xxxx + STA char2
17 9 000006 9D NOP
18 10 000007 9D NOP
See also:

User’'s Manual
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-Lc:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

Assembler Options
Assembler Options

No macro call in listing file
OUTPUT

Assembly unit
-Lc

None

None

Switches on generation of the listing file, but macro
invocations are not present in the listing file. The listing file
contains macro definitions and expansion lines as well as
expanded include files.

ASMOPTIONS=-Lc

In the following assembly code example, the macro cpChar
accepts two parameters. The macro copies the value of the first
parameter to the second one.

When optionLc is specified, this portion of code:

cpChar: MACRO
LDA\1
STA\2
ENDM
codeSec: SECTION
Start:
cpChar charl, char2
NOP
NOP

User’'s Manual

MOTOROLA

Assembler Options 87

For More Information On This Product,

Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

Assembler Options

Generates this output in the assembly listing file:

Motorola HC05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

1 1

2 2 XDEF Start

3 3 MyData: SECTION

4 4 000000 charl: DSB 1

5 5 000001 char2: DSB 1

6 6 INCLUDE "macro.inc"
7 i cpChar: MACRO

8 2i LDA\1

9 3i STA\2

10 4i ENDM

11 7

12 8 CodeSec: SECTION

13 9 Start:

15 2m 000000 C6 xxxx + LDA charl
16 3m 000003 C7 xxxx + STA char2
17 11 000006 9D NOP

18 12 000007 9D NOP

19 13 000008 20FE main: BRA main

Contents of included files, macro definitions, and expansion
are stored in the list file. The source line containing the macro
call is not present in the listing file. ReferSection 10.
Assembler Listing Filefor detailed information.

See also: 545 -L
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Assembler Options

5.4.7 -Ld
-Ld: No macro definition in listing file
Group: OUTPUT
Scope: Assembly unit
Syntax: -Ld
Arguments: None
Default: None

Description:  Switches on generation of the listing file, but macro definitions
are not presentin the listing file. The listing file contains macro
invocation and expansion lines as well as expanded include
files.

Example: ASMOPTIONS=-Ld

In the following example, the macro cpChar accepts two
parameters. The macro copies the value of the first parameter
to the second one. When optidrd is specified, the following
portion of code:
cpChar: MACRO
LDA\1
STA\2
ENDM
codeSec: SECTION
Start:
cpChar charl, char2
NOP
NOP
main: BRA main
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Generates this output in the assembly listing file:

Motorola HC05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

1 1

2 2 XDEF Start

3 3 MyData: SECTION

4 4 000000 charl: DSB 1

5 5 000001 char2: DSB 1

6 6

77 cpChar: MACRO

11 11

12 12 CodeSec: SECTION

13 13 Start:

14 14 cpChar charl, char2
15 8m 000000 C6 xxxx + LDA charl
16 9m 000003 C7 xxxx + STA char2
17 15 000006 9D NOP

18 16 000007 9D NOP

19 17 000008 20FE main: BRA main

Contents of included files, as well as macro invocation and
expansion, are stored in the listing file. Source code from the
macro definition is not present in the listing file. Refer to
Section 10. Assembler Listing Fildor detailed information.

See also: 545 -L
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Assembler Options

-Le: No macro expansion in listing file
Group: OUTPUT

Scope: Assembly unit

Syntax: -Le

Arguments: None
Default: None

Description:  Switches on generation of the listing file, but macro expansions
are not presentin the listing file. The listing file contains macro
definitions and invocation lines as well as expanded include
files.

Example: ASMOPTIONS=-Le

In the following example, the macro cpChar accepts two
parameters. The macro copies the value of the first parameter
to the second one. When optidre is specified, the following
portion of code:
cpChar: MACRO
LDA\1
STA\2
ENDM
codeSec: SECTION
Start:
cpChar charl, char2
NOP
NOP
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Assembler Options

Generates this output in the assembly listing file:

Motorola HC05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line
1 1

2 2 XDEF Start

3 3 MyData: SECTION

4 4 000000 charl: DSB 1

5 5 000001 char2: DSB 1

6 6

77 cpChar: MACRO

11 11

12 12 CodeSec: SECTION
13 13 Start:

14 14 cpChar charl, char2
17 15 000006 9D NOP

18 16 000007 9D NOP

19 17 000008 20FE main: BRA main

Contents of included files, as well as macro definitions and
invocation, are stored in the listing file. The macro expansion
lines are not present in the listing file. RefeB&xtion 10.
Assembler Listing Filefor detailed information.

See also: 545 -L
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-Li:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

Assembler Options
Assembler Options

No included file in listing file
OUTPUT
Assembly unit
-Li
None
None

Switches on generation of the listing file, but include files are
not expanded in the listing file. The listing file contains macro
definitions, invocation, and expansion lines.

ASMOPTIONS=-Li

When option-Li is specified, the following portion of code:

INCLUDE "macro.inc"
codeSec: SECTION

Start:
cpChar charl, char2
NOP
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Generates this output in the assembly listing file:

Motorola HC05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line
1 1
2 2 XDEF Start
3 3 MyData: SECTION
4 4 000000 charl: DSB 1
5 5 000001 char2: DSB 1
6 6 INCLUDE "macro.inc"
11 7
12 8 CodeSec: SECTION
13 9 Start:
14 10 cpChar charl, char2
15 2m 000000 C6 xxxx + LDA charl
16 3m 000003 C7 xxxx + STA char2
17 11 000006 9D NOP
18 12 000007 9D NOP

19 13 000008 20FE main: BRA main

See also:

Macro definition, invocation, and expansion are stored in the
listing file.

5.45-L
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Assembler Options

-M: Memory model
Group: CODE
Scope: Application
Syntax: -M (s |
Arguments: s: small memory model
I: large memory model
Default: -Ms
Description:  The assembler for the MC68HCO5 supports two different
memory models. Default is the small memory model, which
corresponds to the normal setup, for example, a 64-Kbyte
code-address space. If a code memory expansion scheme is
used, use the large memory model.
Example: ASMOPTIONS=-Ms
See also: None
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-MCUasm: Switch ON MCUasm compatibility
Group: VARIOUS
Scope: Assembly unit
Syntax: -MCUasm
Arguments: None
Default: None
Description:  Switches ON MCUasm assembler compatibility mode.
Additional features supported are listeddippendix B.
MCUasm Compatibility .
Example: ASMOPTIONS=-MCUasm
See also: None
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-N: Displays error notification box
Group: MESSAGE
Scope: Function
Syntax: -N
Arguments: None
Default: None
Description:  Causes the assembler to display an alert box if an error occurs
during assembly. This is useful when running a makefile, since
the assembler waits for the user to acknowledge the message,
thus suspending makefile processing.
Example: ASMOPTIONS=-N
If an error occurs during assembly, this dialog box is displayed.
AHCDS Assembler |
& Eror occured while assembling 'tester asm'
See also: None
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-V.
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

Displays the assembler version
VARIOUS
None
-V
None
None

Prints the assembler version and the current directory. This
option is useful to determine the current directory.

-V produces the following list:

Common Module V-1.0.1, Date Dec 3 1997

Directory: C:\MCUEZ\DEMO\WMMDSO05A

CCPP User Interface Module, V-1.0.4, Date Jul 10 1997
Assembler Target, V-1.0.2, Date Dec 3 1997

User’'s Manual

See also:

None
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-W1: No information messages

Group: MESSAGES

Scope: Assembly unit

Syntax: -W1

Arguments: None

Default: None

Description:  INFORMATION messages are not displayed. Only

WARNING and ERROR messages are listed.

Example: ASMOPTIONS=-W1

See also: None
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5.4.15 -W2
-W2: No information and warning messages
Group: MESSAGES
Scope: Assembly unit
Syntax: -W2

Arguments: None
Default: None

Description:  INFORMATION and WARNING messages are not displayed.
Only ERROR messages are listed.

Example: ASMOPTIONS=-W2

See also: None
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-WmsgNe:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

See also:

Assembler Options
Assembler Options

Number of error messages

MESSAGES

Assembly unit
-WmsgNe<number>

<number>: Maximum number of error messages.
50

Sets the number of errors detected before the assembler stops
processing

ASMOPTIONS=-WmsgNe2
The assembler stops assembling after two error messages.

5.4.17 -WmsgNiand5.4.18 -WmsgNw
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-WmsgNi:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

See also:

Number of information messages

MESSAGES

Assembly unit
-WmsgNi<number>

<number>: Maximum number of information messages.
50

Sets the maximum number of information messages to be
logged

ASMOPTIONS=-WmsgNil10
The first 10 information messages are logged.

5.4.16 -WmsgNeand5.4.18 -WmsgNw
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-WmsgNw:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

See also:

Assembler Options
Assembler Options

Number of warning messages

MESSAGES

Assembly unit
-WmsgNw<number>

<number>: Maximum number of warning messages.

50

Sets the maximum number of warning messages to be logged
ASMOPTIONS=-WmsgNw15
The first 15 warning messages are logged.

5.4.16 -WmsgNeand5.4.17 -WmsgNi
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5.4.19 -WmsgFbv -WmsgFbm
-WmsgFb:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Set message file format for batch mode
MESSAGE

Assembly unit

-WmsgFb [v | m]

v: Verbose format

m: Microsoft format

-WmsgFbm

The assembler can be started with additional arguments (for
instance, files to be assembled together with assembler
options). If the assembler has been started with arguments (for
example, from th&lake tool or with theof argument from
WinEdit), the assembler assembles the files in batch mode. No
assembler window is visible and the assembler terminates after
job completion.

If the assembler is in batch mode, assembler messages are
written to a file instead of to the screen. This file contains only
the assembler messages. By default, the assembler uses a

Microsoft message format to write the assembler messages
(errors, warnings, and information messages).

With this option, the default format may be changed from the
Microsoft format to a more verbose error format with line,
column, and source information.

Example:
varl: equ 5
var2: equ 5
if (varl=var2)

nop
endif
endif
User’'s Manual MCUez HCO5 Assembler
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By default, the assembler generates this error information if it
is running in batch mode:
XA\TW2.ASM(12):ERROR: conditional else not allowed here

Setting the format to verbose, more information is listed:
ASMOPTIONS=-WmsgFbv
>> in "X:\\TW2.ASM", line 12, col 0, pos 215
endif
endif

N

ERROR A1001: Conditional else not allowed here

See also: 5.4.20 -WmsgFiv -WmsgFim
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5.4.20 -WmsgFiv -WmsgFim
-WmsgFi:
Group:
Scope:

Syntax:

Arguments:

Default:

Description:

Example:

Set message file format for interactive mode
MESSAGE

Assembly unit
-WmsgFi [v | m]

v: Verbose format
m: Microsoft format

-WmsgFiv

If the assembler is started without additional arguments, it is in
interactive mode (a window is visible). By default, the
assembler uses the verbose error file format to write assembler
messages (errors, warnings, and information messages). With
this option, the default format may be changed from the
verbose format (with source, line, and column information) to
the Microsoft format (only line information).

varl: equ 5
var2: equ 5
if (varl=var2)
nop
endif
endif

By default, the assembler generates the following error output
in the assembler window if it is running in interactive mode.

>> in "X2\TWE.ASM", line 12, col 0, pos 215

endif

endif
AN

ERROR A1001: Conditional else not allowed here

ASMOPTIONS=-WmsgFim

Setting the format to Microsoft, less information is displayed:

XATWE.ASM(12): ERROR: conditional else not allowed here

See also:

User’'s Manual
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6.1 Contents

6.2 Introduction
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Section 6. Sections

6.2 INtroduction. . . ... .. 107
6.3 Section Attributes . . . . .. e 108
6.3.1 Data SeCtioNS . . ... i 108
6.3.2 Constant Data Sections . .............iiinn.. 108
6.3.3 Code SEeClioNS. . . ..o 108
6.4  SeCHlON TYPES . .o it e 109
6.4.1 Absolute SecCtions. . ... ... 109
6.4.2 Relocatable Sections . .......... ... .. 111
6.4.3 Relocatable versus Absolute Section. . .................... 114
6.4.3.1 Modularity. . . ... . 114
6.4.3.2 Multiple Developers . . ....... .. 114
6.4.3.3 Early Development . .. ...... ... .. ... .. ... . . . ... 115
6.4.3.4 Enhanced Portability. . . .......... ... ... .. ... .. ... ... 115
6.4.3.5 TrackingOverlaps. . . ... 115
6.4.3.6 Reusability. . . ... .. 115

Sections are portions of code or data that cannot be splitinto smaller elements.
Each section has a name, type, and attributes. Each assembly source file
contains at least one section.

The number of sections in an assembly source file is limited only by the amount
of system memory available during assembly. If several sections with the same
name are detected inside a single source file, the code is concatenated into one
large section.

Sections with the same name, but from different modules, are combined into a
single section when linked.
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6.3 Section Attributes

6.3.1 Data Sections

According to content, an attribute is associated with each section. A section may
be a:

« Data section
+ Constant data section

+ Code section

A section containing variables (variable defined usingdx8édefine space)
directive) is considered to be a data section. Data sections are always allocated
in the target processor RAM area.

Empty sections that do not contain any code or data declarations are also
considered to be data sections.

6.3.2 Constant Data Sections

NOTE:

6.3.3 Code Sections

User’'s Manual

A section containing only constant data definitions (variables defined using the
DCor DCB(define constance block) directives) is considered to be a constant
section. Constant sections should be allocated in the target processor ROM area,;
otherwise, they cannot be initialized when the application is loaded.

It is strongly recommended that separate sections for definitions of variables
and constant variables are defined. This will avoid any problems in the
initialization of constant variables.

A section containing at least an instruction is considered to be a code section.
Code sections are always allocated in the target processor ROM area.

Code sections should not contain any variable definitions (variables defined
using theDSdirective). There is no write access on variables defined in a code
section. Additionally, these variables cannot be displayed as data in the
debugger.
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6.4 Section Types

First, in an application, the programmer must decide which type of code to use:

e Absolute

* Relocatable

The assembler allows mixing of absolute and relocatable sections in a single
application and also in a single source file. The main difference between
absolute and relocatable sections is the way symbol addresses are determined.

6.4.1 Absolute Sections

The starting address of an absolute section is known at assembly time. An
absolute section is defined by the directive ORG. The operand specified in the
ORG directive determines the start address.

XDEF entry

ORG $040 ; Absolute constant data section.
cstl: DC.B  $26
cst2: DC.B  $BC

ORG $080 ; Absolute data section.
var:. DSB 1

ORG $C00 ; Absolute code section.
entry:

LDA cstl ; Load value in cstl

ADD cst2 ; Add value in cst2

STA var ; Storeinvar

BRA entry

Figure 6-1. Absolute Section Programming Example

In the previous example, two bytes of storage are allocated starting at address
$040. Symbolcstl will be allocated at addre$840 andcst2 will be
allocated at addre§941. All subsequent instructions or data allocation
directives will be located in the absolute section until another section is
specified using the ORG or SECTION directive.
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When using absolute sections, the user is responsible for ensuring that no
overlap exists between the different absolute sections defined in the application.
In the previous example, the programmer should ensure that the size of the
section starting at addre$840 is not bigger than $40 bytes; otherwise, the
sections starting &040 and$080 will overlap.

When object files are generated, applications containing only absolute sections
must be linked. In that case, there should be no overlap between address ranges
from the absolute sections defined in the assembly file and address ranges
defined in the linker parameter file.

The PRM (parameter) file used to link the examplé&igure 6-1is defined in
Figure 6-2

LINK test.abs /* Name of the executable file generated. */

NAMES

test.o /* Name of object files in the application. */
END
SEGMENTS

/* READ_ONLY memory area. There should be no overlap between this
memory area and the absolute sections defined in the assembly
source file. */

MY _ROM = READ_ONLY 0x1000 TO Ox1FFF;

/* READ_WRITE memory area. There should be no overlap between this
memory area and the absolute sections defined in the assembly
source file. */

MY RAM = READ_WRITE 0x2000 TO Ox2FFF;

END

PLACEMENT

/* Relocatable variable sections are allocated in MY_RAM. */

.data INTO MY_RAM;

/*Relocatable code and constant sections are allocated in MY_ROM. */
dext INTO MY_ROM;

END

INIT entry /* Application entry point */

VECTOR ADDRESS 0OxFFFE entry /* initialization of the reset vector */

Figure 6-2. PRM File Example Code
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The linker PRM file contains at least:

* The name of the absolute file (command LINK)
* The name of the object file that should be linked (command NAMES)

» Specification of a memory area where the sections containing variables
must be allocated. At least the predefined secté@tia , must be
placed there (command SEGMENTS and PLACEMENT).

» Specification of a memory area where the sections containing code or
constants must be allocated and at least the predefined setdiin, ,
must be placed there (command SEGMENTS and PLACEMENT).

* The application entry point (command INIT)
» Definition of the reset vector (command VECTOR ADDRESS)

For applications containing only absolute sections, nothing will be allocated.

6.4.2 Relocatable Sections

The start address of a relocatable section is evaluated at link time, according to
the information stored in the linker parameter file. A relocatable section is
defined through the directive SECTION, as illustrateBigure 6-3.

XDEF entry
constSec: SECTION ; Relocatable constant data
;section
cstl: DC.B $A6
cst2: DC.B $BC

dataSec: SECTION ; Relocatable data section.
var: DSB1

codeSec: SECTION ; Relocatable code section.
entry:

LDA cstl ; Load value in cstl

ADD cst2 ; Add value in cst2

STA var ; Store in var

BRA entry

Figure 6-3. Relocatable Section Programming Example

MCUez HCO05 Assembler User’'s Manual

MOTOROLA Sections 111

For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

In the previous example, two bytes of storage are allocated in section
constSec . Symbolcstl will be allocated at offset O ardt2 at offset 1

from the beginning of the section. All subsequent instructions or data allocation
directives will be located in the relocatable sectionstSec until another
section is specified using the ORG or SECTION directive.

When using relocatable sections, the user does not need to worry about
overlapping sections. The linker will assign a start address to each section
according to the input from the linker parameter file.

The customer can define one memory area for the code and constant sections
and another one for the variable sections or split sections over several memory
areas.

When all constant and code sections as well as data sections can be allocated
consecutively, the PRM file used to assemble the exampigime 6-3, can be
defined as follows:

LINK test.abs /* Name of the executable file generated */

NAMES

test.o /* Name of object files in the application */
END
SEGMENTS

/* READ_ONLY memory area. */
MY_ROM = READ_ONLY 0x0B00 TO OxOBFF;
/* READ_WRITE memory area. */
MY_RAM = READ_WRITE 0x0080 TO 0x008F;
END
PLACEMENT
/* Relocatable variable sections are allocated in MY_RAM. */
.data INTO MY_RAM,;
/*Relocatable code and constant sections are allocated in MY_ROM */
text INTO MY_ROM;
END
INIT entry /* Application entry point. */
VECTOR ADDRESS OxFFFE entry /* initialization of the reset vector */

Figure 6-4. Defining One RAM and One ROM Area
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According to the PRM file ifrigure 6-5

* The sectiordataSec will be allocated starting &x080 .
* The sectiorconstSec will be allocated starting &x0BO0O0 .

* The sectiorcodeSec will be allocated next to the sectimonstSec .

When the constant, code, and data sections cannot be allocated consecutively,
the PRM file used to link the example above, can be defined as follows:

LINK test.abs /* Name of the executable file generated. */

NAMES

test.o /* Name of the object files in the application. */
END
SEGMENTS

ROM_AREA_1= READ_ONLY 0xB00 TO 0xB7F; /*READ_ONLY memory area. */
ROM_AREA_2= READ_ONLY 0xC00 TO 0xC7F; /*"READ_ONLY memory area. */
RAM_AREA_1= READ_WRITE 0x800 TO 0x87F; /*READ_WRITE memory area.*/
RAM_AREA_2= READ_WRITE 0x900 TO 0x97F; *READ_WRITE memory area.*/
END
PLACEMENT
/*Relocatable variable sections are allocated in MY_RAM. */
dataSec INTO RAM_AREA_2;
.data INTO RAM_AREA_1;
/*Relocatable code and constant sections are allocated in MY_ROM. */
constSec INTO ROM_AREA_2;
codeSec, .text INTO ROM_AREA 1;
END
INIT entry /* Application entry point. */
VECTOR ADDRESS OxFFFE entry /*initialization of the reset vector. */

Figure 6-5. Defining Multiple RAM and ROM Areas

MCUez HCO05 Assembler User’'s Manual

MOTOROLA Sections 113
For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

According to the PRM file shown iRigure 6-2

* The sectiordataSec will be allocated starting @&x0900 .
* The sectiorconstSec will be allocated starting &x0CO00 .

* The sectiorcodeSec will be allocated starting &x0BO0O .

6.4.3 Relocatable versus Absolute Section

Generally, developing an application using relocatable sections is
recommended. Relocatable sections offer several advantages.

6.4.3.1 Modularity

An application is more modular when programming can be divided into smaller
units called sections. The sections themselves can be distributed among
different source files.

6.4.3.2 Multiple Developers

When an application is split over different files, multiple developers can be
involved in the development of the application. To avoid major problems when
merging the different files, attention must be paid to the following items:

* Aninclude file must be available for each assembly source file
containing XREF directives for all exported variables, constants, and
functions. Additionally, the interface to the function should be described
at that point (parameter passing rules as well as function return value).

* When accessing variables, constants, or functions from another module,
the corresponding include file must be included.

» Variables or constants defined by another developer must always be
referenced by their names.

» Before invoking a function implemented in another file, the developer
should respect the function interface; for instance, parameters are passed
as expected and return value is retrieved correctly.
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6.4.3.3 Early Development

The application can be developed before the application memory map is known.
Often the definitive application memory map can be determined only after code
and data size requirements can be evaluated. The size required for code or data
can be quantified only after the major part of the application is implemented.
When absolute sections are used, defining the definitive memory map is an
iterative process of mapping and remapping the code. The assembly files must
be edited, assembled, and linked several times. When relocatable sections are
used, this can be achieved by editing the PRM file and linking the application.

6.4.3.4 Enhanced Portability

Because the memory map is not the same for all MCU derivatives, using
relocatable sections allows the user to easily port the code for another MCU.
When porting relocatable code to another target, link the application again with
the appropriate memory map.

6.4.3.5 Tracking Overlaps

6.4.3.6 Reusability

MCUez HCO05 Assembler

When using absolute sections, the programmer must ensure there is no overlap
between sections. When using relocatable sections, the programmer does not

need to be concerned about sections overlapping. The label offsets are evaluated
relative to the beginning of the section. Absolute addresses are determined and

assigned by the linker.

When using relocatable sections, code implemented to handle a specific 1/0
(input/output) device (serial communication device) can be reused in another
application without modification.
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7.2 Introduction

An assembler source program is a sequence of source statements. Each source
statement is coded on one line of text and can be a:

« Comment line

e Source line

7.3 Comment Line

A comment can occupy an entire line to explain the purpose and usage of a
block of statements or to describe an algorithm. A comment line contains a
semicolon followed by text. Comments are included in the assembly listing, but
are not significant to the assembler.

An empty line is also considered to be a comment line.

Example:

: This is a comment line
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7.4 Source Line

7.4.1 Label Field

NOTE:

MCUez HCO05 Assembler

Freescale Semiconductor, Inc.

Assembler Syntax
Source Line

Each source statement includes one or more of these four fields:

1. Alabel

2. An operation field

3. One or several operands
4

A comment

Characters on the source line may be upper or lower case. Directives and
instructions are case insensitive. Symbols are case sensitive, except when the Cl
option (specifying case insensitivity for label names) is activated.

The label field is the first field in a source line. A label is a symbol followed by
a colon. Labels caninclude letters, underscores, periods, and numbers. The first
character must not be a number.

Labels are required on assembler directives that define the value of a symbol
(SET or EQU). For these directives, labels are assigned the value corresponding
to the expression in the operand field.

Labels specified in front of another directive, instruction, or comment are
assigned the value of the location counter in the current section.

When the macro assembler expands a macro, it generates internal symbols
starting with an underscore () . Therefore, to avoid potential conflicts, user-
defined symbols should not begin with an underscore.

For the macro assembler,.8 at the end of a label means byte and/#at the
end of a label means word. Therefore, to avoid potential conflicts, user-defined
symbols should not end witB or .W.
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7.4.2 Operation Field

The operation field follows the label field and is separated from it by a white
space. The operation field must not begin in the first column.

An entry in the operation field is one of the following:

e An instruction mnemonic
* A directive name

e A macro name

7.4.2.1 Instructions

Executable instructions for the M68HCO5 processor are define®@Ww05
Reference ManuaMotorola document order number CPUO5RM/ARble
7-1 presents a summary of available executable instructions.

Table 7-1. Executable Instructions (Sheet 1 of 5)

Instruction | Addressing Modes Description

#<immediate>
<direct or extended>
<8 or 16 bit offset>,X
X

ADC Add with carry

#<immediate>
<direct or extended>
<8 or 16 bit offset>,X
X

ADD Add without carry

#<immediate>
<direct or extended>
<8 or 16 bit offset>,X
X

AND Logical AND

<direct>
ASL <8 bit offset>,X Arithmetic shift left
X

ASLA No operands Arithmetic shift left accumulator

ASLX No operands Arithmetic shift left register X

<direct>
ASR <8 bit offset>,X Arithmetic shift right
X

ASRA No operands Arithmetic shift right accumulator
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Table 7-1. Executable Instructions (Sheet 2 of 5)

Source Line

Instruction

Addressing Modes

Description

ASRX

No operands

Arithmetic shift right register X

BCC

<PC relative offset>

Branch if carry bit clear

BCLR

Bit Number, <direct>

Clear one bit in memory

BCS

<PC relative offset>

Branch if carry bit set

BEQ

<PC relative offset>

Branch if equal

BHCC

<PC relative offset>

Branch if half carry bit clear

BHCS

<PC relative offset>

Branch if half carry bit set

BHI

<PC relative offset>

Branch if higher

BHS

<PC relative offset>

Branch if higher or same

BIH

<PC relative offset>

Branch if /IRQ* pin high

BIL

<PC relative offset>

Branch if /IRQ* pin low

BIT

#<immediate>
<direct or extended>
<8 or 16 bit offset>,X
X

Bit Test

BLO

<PC relative offset>

Branch if lower (same as BCS)

BLS

<PC relative offset>

Branch if lower or same

BMC

<PC relative offset>

Branch if interrupt mask clear

BMI

<PC relative offset>

Branch if minus

BMS

<PC relative offset>

Branch If interrupt mask set

BNE

<PC relative offset>

Branch if not equal

BPL

<PC relative offset>

Branch if plus

BRA

<PC relative offset>

Branch always

BRCLR

BitNumber,<direct>,
<PC relative offset>

Branch if bit is clear

BRN

<offset>

Branch never

BRSET

BitNumber,<direct>,
<PC relative offset>

Branch if bit set

BSET

BitNumber,<direct>

Set bit in memory

BSR

<PC relative offset>

Branch to subroutine

CLC

no operands

Clear carry bit

CLlI

no operands

Clear interrupt mask bit
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Table 7-1. Executable Instructions (Sheet 3 of 5)

Instruction Addressing Modes Description
<direct>

CLR <8 bit offset>,X Clear memory
X

CLRA No operands Clear accumulator A

CLRX No operands Clear index register X
#<immediate>
<direct or extended> .

CMP <8 or 16 bit offset>.X Compare accumulator with memory
X
#<immediate>

CMPA <direct or extended> Compare accumulator with memory
<8 or 16 bit offset>,X (alias for CMP)
X
<direct>

COM <8 hit offset>,X One’s complement on memory location
X

COMA No operands One’s complement on accumulator A

COMX No operands One’s complement on register X
#<immediate>
<direct or extended> . . .

CPX <8 or 16 bit offset>,X Compare index register X with memory
X
<direct>

DEC <8 hit offset>,X Decrement memory location
X

DECA No operands Decrement accumulator

DECX No operands Decrement index register
#<immediate>
<direct or extended> . .

EOR <8 or 16 bit offset>.X Exclusive OR memory with accumulator
X
<direct>

INC <8 hit offset>,X Increment memory location
X

INCA No operands Increment accumulator

INCX No operands Increment register X
<direct or extended>

JMP <8 or 16 bhit offset>,X Jump to label

X
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Table 7-1. Executable Instructions (Sheet 4 of 5)

Instruction

Addressing Modes

Description

JSR

<direct or extended>
<8 or 16 bit offset>,X
X

Jump to subroutine

LDA

#<immediate>
<direct or extended>
<8 or 16 bit offset>,X
X

Load accumulator

LDX

#<immediate>
<direct or extended>
<8 or 16 bit offset>,X
X

Load index register X from memory

LSL

<direct>
<8 bit offset>,X
X

Logical shift left in memory

LSLA

No operands

Logical shift left accumulator

LSLX

No operands

Logical shift left register X

LSR

<direct>
<8 bit offset>,X
X

Logical shift right in memory

LSRA

No operands

Logical shift right accumulator

LSRX

No operands

Logical shift right register X

MUL

No operands

Unsigned multiply

NEG

<direct>
<8 bit offset>,X
X

Performs a negate operation

NEGA

No operands

Two’s complement on accumulator

NEGX

No operands

Two’s complement on register X

NOP

No operands

No operation

ORA

#<immediate>
<direct or extended>
<8 or 16 bit offset>,X
X

Inclusive OR between accumulator
and memory

ROL

<direct>
<8 bit offset>,X
X

Rotate memory left

ROLA

No operands

Rotate accumulator left

ROLX

No operands

Rotate register X left
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Table 7-1. Executable Instructions (Sheet 5 of 5)

Instruction Addressing Modes Description
<direct>
ROR <8 bit offset>,X Rotate memory right
X
RORA No operands Rotate accumulator right
RORX No operands Rotate register X right
RSP No operands Reset stack pointer
RTI No operands Return from Interrupt
RTS No operands Return from subroutine
#<immediate>
<direct or extended> ,
SBC <8 or 16 bit offset>,X Subtract with carry
X
SEC No operands Set carry bit
SEI No operands Set interrupt mask bit
<direct or extended>
STA <8 or 16 bhit offset>,X Store accumulator in memory
X
STOP No operands Enable /IRQ* pin and stop oscillator
<direct or extended>
STX <8 or 16 bhit offset>,X Store index register X in memory
X
#<immediate>
<direct or extended>
SUB <8 or 16 bit offset>,X Subtract
X
SWI No operands Software interrupt
TAX No operands Transfer accumulator to index register X
<direct>
TST <8 hit offset>,X Test memory for negative or 0
X
TSTA No operands Test accumulator for negative or 0
TSTX No operands Test register X for negative or 0
TXA No operands Transfer index register X to accumulator
WAIT No operands Enable interrupts; stop processor
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7.4.2.2 Directives

Assembler directives are describediection 8. Assembler Directives

7.4.2.3 Macro Names

A user-defined macro can be invoked in the assembler source program. This
results in the expansion of the code defined in the macro. Defining and using
macros are described $ection 9. Macros

7.4.3 Operand Fields

The operand fields, when present, follow the operation field and are separated
from it by a white space. When two or more operand subfields appear within a
statement, a comma must separate them. The addressing mode notations shown
in Table 7-2are allowed in the operand field.

Table 7-2. Addressing Mode Notations

Addressing Mode Notation Example

Inherent No operands RSP

Direct <8-bit address> ADC byte

Extended <16-bit address> ADC word

Relative <PC relative offset> BRA Label

Immediate #<values> ADC #$01

Indexed, no offset X ADC X

Indexed, 8-bit offset <8-bit offset>,X ADC Offset,X

Indexed, 16-bit offset <16-bit offset>,X ADC Offset,X
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7.4.3.1 Inherent

7.4.3.2 Immediate

User’'s Manual

Instructions using this addressing mode either have no operands or all operands
are stored ininternal CPU registers. The CPU does not need to perform memory
access to complete the instruction.

Example:
CLRA
CLRX

The opcode contains the value to use with the instruction rather than the address
of this value. Thet (pound) character indicates an immediate addressing
operand.

Example:
XDEF Entry

MyData: SECTION
data: DSB1

MyCode: SECTION

Entry:
RSP ; init Stack Pointer

main: LDA #3$50
BRA main

In this example, the hexadecimal vai is loaded in registek. The code
for this instruction isA650 where A6 is the opcode of tHeDAinstruction and
$50 the immediate value to load in register

The immediate addressing mode can also be used to refer to the address of a
symbol.

Example:
ORG $80
varl: DC.B $45, $67
ORG $800
main:
LDX #varl
BRA main

MCUez HCO5 Assembler

126

Assembler Syntax MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Assembler Syntax
Source Line

In this example, the address of the variaidel ($80) s loaded in register

X. One very common programming error is to omit theharacter. This causes

the assembler to misinterpret the expression as an address rather than explicit
data.

Example:

LDA $60
means load accumulator A with the value stored at ackfi@ss

7.4.3.3 Direct

The direct addressing mode is used to address operands in the direct page of the
memory (location $0000 to $00FF). Access to this memory range (also called
zero page) is faster and requires less code than the extended addressing mode
(see the following code example). To speed up an application, a programmer
can place the most commonly accessed data in this area of memory. For most
of the direct instructions, only two bytes are required. The first byte is the
opcode and the second byte is the operand address located in page zero.

Example:
XDEF Entry

MyData: SECTION SHORT
data: DSB1

MyCode: SECTION
Entry:
RSP ; init Stack Pointer
LDA #$01
main: STA data
INCA
BRA main

In this example, the value in register A is stored in the variable data located on
the direct page. The value in A is then incremented. The section MyData must
be defined in the direct page in the linker parameter file. The opcode generated
for the instructiorSTA data is two bytes long.
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7.4.3.4 Extended

The extended addressing mode is used to access memory located above the
direct page in a 64-Kbyte memory map. For the extended instructions, three
bytes are required. The first byte is the opcode and the second and third bytes
are the most and least significant bytes of the operand address.

Example:
XDEF Entry
ORG $100
data: DSB1
MyCode: SECTION
Entry:
RSP ; init Stack Pointer
LDA #3$01
main: STA data
INCA
BRA main

In this example, the value in register A is stored in the variable data. This
variable is located at address $0100 in the memory map. The value in A is then
incremented. The opcode of the instruction STA data is now three bytes long.
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7.4.3.5 Indexed, No Offset

This addressing mode is used to access data with variable addresses through the
index X register of the controller. The index X register contains the address of
the direct data. All indexed, no offset instructions are one byte long.

Example:
XDEF Entry
RST_VECTOR: EQU $FFFE
PAGEO _RAM: EQU $80
PAGEO ROM: EQU $40
ORG RST_VECTOR ; Reset Vector
Reset: DC.W Entry :initialization
ORG PAGEO_RAM
data: DS.B 4
ORG PAGEO_ROM
Entry: RSP ; Stack pointer
LDA #$55 ; initialization

STA data+0

STA data+1

STA data+2

STA data+3
main:

LDX #data+2

INC ,X

LDX #main
JMP ,X

The value stored in memory locatidata+2 is incremented. The JMP
instruction causes the program to jump to the address pointed to by the X
register: main.
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7.4.3.6 Indexed, 8-Bit Offset

This addressing mode is useful when selecting the kth element in an n-element
table. The size of the table is limited to the first 511 bytes of memory. The sum
of the unsigned byte in the index register added to the unsigned byte following
the opcode is the conditional address of the operand.

Example:
XDEF Entry
RST_VECTOR: EQU $FFFE
PAGEO_ROM: EQU $40
TABLE_LOC: EQU $EO

ORG RST_VECTOR ; Reset Vector
Reset: DC.W Entry :initialization

ORG TABLE_LOC
TABLE: DS.B5

ORG PAGEO_ROM

Entry: RSP ; Stack pointer
; initialization
LDA #$00
STA TABLE+O0 ; initialize TABLE1
STA TABLE+1
STA TABLE+2
STA TABLE+3
STA TABLE+4
main:
LDX #2 ;value in Ais

STATABLE_LOC,X ;storedin TABLEL1[2]

INCA
BRA main

TABLEIis defined at addre$E0 in the direct memory area. All elements of this
table are first initialized to 0 using the direct addressing mode. The value in the
third element of the tabl@ ABLE[2] ) is then incremented. Register X

contains the offset of the data to access inTABLE The offset is the address

of the first element of the table in memory. Since the maximum value for the
offsetis $FF, the maximum number of elements should be $1FE. Do not overlap
the stack defined at address $FF.
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7.4.3.7 Indexed, 16-Bit Offset

This addressing mode is useful when selecting the kth element in an n-element
table. The size of the table is limited#eFFF bytes. Indexed, 16-bit offset
instructions are three bytes long. The sum of the unsigned byte in the index
register added to the two unsigned bytes following the opcode is the conditional
address of the operand.

Example:

XDEF Entry

RST_VECTOR: EQU $FFFE

ROM: EQU $B00

TABLE_LOC: EQU $C00
ORG RST_VECTOR ; Reset Vector

Reset: DC.W Entry ; Initialization
ORG TABLE_LOC

TABLE: DS.B5

ORG ROM
Entry: RSP ; Stack pointer
; initialization
LDA #3$00
STA TABLE+0 ; initialize TABLE
STA TABLE+1
STA TABLE+2
STA TABLE+3
STA TABLE+4

main:
LDX #4 rvalue in A is
STA TABLE_LOC,X ; stored in TABLE[4]

INCA
BRA main

TABLE is defined at address $CO00 in the direct memory area. All elements of
this table are firstinitialized to 0 using the direct addressing mode. The value in
the third element of the tabl€ ABLE[4] , memory locatior$CO04) is then
incremented. Register X contains the offset of the data to accessTABIeE

The offset is the address of the first element of the table in memory.
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7.4.3.8 Relative

7.4.4 Comment Field

7.5 Symbols

User’'s Manual

This addressing mode is used by all branch instructions to determine the
destination address. The signed byte following the opcode is added to the
contents of the program counter to form the effective branch address.

Since the offset is coded on a signed byte, the branching offset range is —127 to
+128. The destination address of the branch instruction must be in this range.

Example:
main:
NOP
NOP
BRA main

In this example, after the two NOPs have been executed, the application
branches at offset —2 from the BRA instruction (on |aia&in ).

The last field in a source statement is an optional comment field. A semicolon
(;) is the first character in a comment field.

Example:

NOP ; Comment following an instruction

The following sections describe symbols used by the assembler.
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7.5.1 User-Defined Symbols

Symbols identify memory locations in program or data sections in an assembly
module. A symbol has two attributes:

1. The section in which the memory location is defined

2. The offset from the beginning of that section

Symbols can be defined with an absolute or relocatable value, depending on the
section in which the labeled memory location is found. If the memory location

is located within a relocatable section (defined with the SECTION directive),
the label has a relocatable value relative to the section start address.

Symbols can be defined relocatable in the label field of an instruction or data
definition source line. In the next exampkhelx is used to represent a
symbol.

Sec: SECTION

labell: DC.B 2 ; labell is assigned offset 0 within Sec
label2: DC.B 5 ; label2 is assigned offset 2 within Sec
label3: DC.B 1 ; label3 is assigned offset 7 within Sec

Figure 7-1. Relocatable Symbols Program Example

Itis also possible to define a label with either an absolute or a previously defined
relocatable value, using a SET or EQU directive.

Symbols with absolute values must be defined with constant expressions.

Sec: SECTION

labell: DC.B 2 ;labell is assigned offset O within ;;
Section

label2: EQU 5 ;label2 is assigned value 5

label3: EQU labell ; label3 is assigned address of labell

Figure 7-2. SET or EQU Directive Program Example
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7.5.2 External Symbols

A symbol can be made external using the XDEF directive. In another source
file, an XREF or XREFB directive may reference it. Since its address is
unknown in the referencing file, it is considered to be relocatable.

XREF extLabel ; symbol defined in an other module.
; extLabel is imported in current module
XDEF label ; symbol made external for other modules
;label is exported from current module
constSec: SECTION
label: DC.W 1, extLabel

Figure 7-3. External Symbol Program Example

7.5.3 Undefined Symbols

If a label is neither defined in the source file nor declared external using XREF
or XREFB, the assembler considers it to be undefined and generates an error.

codeSec: SECTION
entry:

NOP

BNE entry

NOP

JMP end

JMP label <- Undeclared user-defined symbol : label
end: RTS

END

Figure 7-4. Undefined Symbol Example
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7.5.4 Reserved Symbols

Reserved symbols cannot be used for use-defined symbols. Register names are
reserved identifiers. Reserved identifiers for the HCO5 microcontroller are:

A, CCR, X, SP

Keywords LOW and HIGH are also reserved identifiers. They refer to the low
and high byte of any specified memory location.

7.6 Constants

The assembler supports integer and ASCII string constants.

7.6.1 Integer Constants
The assembler supports four representations of integer constants:

1. A decimal constant is defined by a sequence of decimal digits (0-9).
Example: 5, 512, 1024

2. A hexadecimal constant is defined by a dollar character ($) followed by
a sequence of hexadecimal digits (0-9, a—f, A—F).
Example: $5, $200, $400

3. An octal constant is defined by the at character (@) followed by a
sequence of octal digits (0-7).
Example: @5, @1000, @2000

4. A binary constant is defined by a percent (%) character followed by a
sequence of binary digits (0-1).
Example: %101, %1000000000, %10000000000

The default base for integer constants is initially decimal, but it can be changed
using the BASE directive. When the default base is not decimal, decimal values
cannot be represented because they do not have a prefix character.
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7.6.2 String Constants

A string constant is a series of printable characters enclosed in single (*) or
double quotes (). Double quotes are allowed only within strings delimited by
single quotes. Single quotes are allowed only within strings delimited by double
quotes.

Example
IABCDI’ IIABCDII, IAI’ IIIBII’ IIAIBII, IAIIB 1

7.6.3 Floating-Point Constants

The macro assembler does not support floating-point constants.

7.7 Operators

The following subsections describe the operators used in expressions the
assembler recognizes.

7.7.1 Addition and Subtraction Operators (Binary)

Syntax: Addition: eperand> + <operand
Subtraction: sperand — <operand>

Description:  The + (plus) operator adds two operands, whereas the
— (minus) operator subtracts them. The operands can be any
expression evaluating to an absolute or relocatable expression.

NOTE: Addition between two relocatable operands is not allowed.

Example:

$A3216 + $42; Addition of two absolute operands (= $A3258)
label - $10 ; Subtraction with value of label
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7.7.2 Multiplication, Division, and Modulo Operators (Binary)

Syntax: Multiplication: <operand> * <operand>
Division: <operand> / <operand>
Modulo: <operand> % <operand>

Description:  The * (asterisk) operator multiplies two operands, and the
/ (slash) operator performs an integer division of the two
operands and returns the quotient of the operation. The
% (percent) operator performs an integer division of the two
operands and returns the remainder of the operation.

The operands can be any expression evaluating to an absolute
expression. The second operand in a division or modulo
operation cannot be 0.

Example:
23 *4 ; multiplication ( = 92)
23 /4 ;division (=5)
23% 4 ; remainder( = 3)

7.7.3 Sign Operators (Unary)

Syntax: Plus: +<operand>
Minus: —<operand>

Description:  The + (plus) operator does not change the operand, whereas the
— (minus) operator changes the operand to its two’s
complement. These operators are only valid for absolute
expression operands.

Example:
+$32 ; (=$32)
-$32  ; (=$CE =-$32)
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7.7.4 Shift Operators (Binary)

Syntax: Shift left: <operand> << <count>
Shift right: <operand> >> <count>

Description:  The << (double less than) operator shifts left operand left by
the number of bytes specified in the right operand.

The >> (double greater than) operator shifts left operand right
by the number of bytes specified in the right operand.

The operands can be any expression evaluating to an absolute
expression.

Example:
$25 << 2 ; shift left (= $94)
$A5 >> 3 ; shift right( = $14)

7.7.5 Bitwise Operators (Binary)

Syntax: Bitwise AND: <operand> & <operand>
Bitwise OR: <operand> | <operand>
Bitwise XOR: <operand> " <operand>

Description:  The & (ampersand) operator performs an AND between the
two operands at the bit level.

The | (vertical bar) operator performs an OR between the two
operands at the bit level.

The ~ (caret) operator performs an XOR between the two
operands at the bit level.

The operands can be any expression evaluating to an absolute

expression.
Example:
$E & 3 ;= $2 (%1110 & %0011 = %0010)
$E |3 ; = $F (%1110 | %0011 = %1111)
$E~3 ;= $D (%1110 ~ %0011 = %1101)
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7.7.6 Bitwise Operators (Unary)
Syntax: One’s complement: ~<operand>

Description:  The ~ (tilde) operator evaluates the one’s complement of the
operand.

The operand can be any expression evaluating to an absolute
expression.

Example:
~$C ; = $FFFFFFF3 (~%00000000 00000000 00000000 00001100
=%11111111 11111111 11111111 11110011)

7.7.7 Logical Operators (Unary)
Syntax: Logical NOT: !<operand>

Description:  The ! (exclamation point) operator returns 1 (true) if the
operand is O; otherwise, it returns O (false).

The operand can be any expression evaluating to an absolute

expression.
Example:
I(8<5) ;=9%1(TRUE)
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7.7.8 Relational Operators (Binary)

Syntax:

Equal: <operand> = <operand>
<operand> == <operand>

Not equal: <operand> != <operand>
<operand> <> <operand>

Less than: <operand> < <operand>

Less than or equal: <operand> <= <operand>

Greater than: <operand> > <operand>

Greater than or equal: <operand> >= <operand>

Description:  These operators compare the two operands and return 1 if the
condition is true or O if the condition is false.

The operands can be any expression evaluating to an absolute

expression.
Example:
3>=4 ; =0 (FALSE)
label=4 ;=1 (TRUE) if label is 4, 0
; (FALSE) otherwise.

9< $B ;=1 (TRUE)
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7.7.9 HIGH Operator
Syntax: High Byte: HIGH(<operand>)
Description:  This operator returns the high byte of a memory address.

Example: Assumeéatal is a word located at addreb5050 in
memory.
LDA #HIGH(datal)

This instruction loads the high byte of the addd=al
($10) in registerA.
LDA HIGH(datal)

This instruction will load the direct value at the memory
location of the higher byte of the addrefstal (for instance,
the value in memory locatidsil0) into registerA.

7.7.10 LOW Operator
Syntax: LOW Byte: LOW(<operand>)
Description This operator returns the low byte of a memory address.

Example: Assumeéatal is a word located at addreb5050 in
memory.
LDA #LOW(datal)

This instruction will load the immediate value of the lower byte
of the addresdatal ($50) into registerA.
LDA LOW(datal)

This instruction will load the direct value of the lower byte of
the address afatal (value in memory locatiofi50) into
registerA.
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7.7.11 Force Operator (Unary)

Syntax:

Description:

Example:

User’'s Manual

8-bit address: <<operand>
<operand>.B
16-bit address: > <operand>

<operand>W

The< or.B operators force the operand to be an 8-bit operand,
whereas the or .\W operators force the operand to be a 16-bit
operand.

The< operator may be useful to force the 8-bit immediate,
indexed, or direct addressing mode for an instruction.

The > operator may be useful to force the 16-bit immediate,
indexed, or extended addressing mode for an instruction.

The operand can be any expression evaluating to an absolute or
relocatable expression.

<label : label is an 8-bit address.
label.B : label is an 8-bit address.
>label : label is a 16-bit address.

label.W ;label is a 16-bit address.

Operator precedence follows the rules for ANSI C operators.
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Table 7-3. Operator Precedence

Assembler Syntax
Operators

Operator Description Associativity
0 Parenthesis Right to left
< Force direct address, index or
immediate value to 8 bits
S Force direct address, index or
immediate value to 16 bits
B Force direct addressing mode for Right to left
absolute address.
Force extended addressing mode for
W
absolute address
Access 4-bit page number (bits 16-19
PAGE of 20-bit value).
~ One’s complement
+ Unary plus Left to right
- Unary minus
* Integer multiplication
/ Integer division Left to right
% Integer modulo
+ Integer addition .
- Integer subtraction Left to right
<< Shift left .
>> Shift right Left to right
< Less than
<= Less or equal to .
> Greater than Left to right
>= Greater or equal to
=, == Equal to ;
1=, <> Not equal to Left to right
& Bitwise AND Left to right
N Bitwise exclusive OR Left to right
Bitwise OR Left to right
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7.8 Expressions

An expression is composed of one or more symbols or constants, which are
combined with unary or binary operators. Valid symbols in expressions are:

* User-defined symbols
» External symbols

* The special symbol * (asterisk) represents the value of the location
counter at the beginning of the instruction or directive, even when several
arguments are specified. In this example, the asterisk represents the
location counter at the beginning of th€directive:

DCW 1,2,*2

Once a valid expression has been fully evaluated by the assembler, it is reduced
to one of three types of expressions:

1. Absolute expression — The expression has been reduced to an absolute
value, which is independent of the start address of any relocatable
section. Thus, it is a constant.

2. Simplerelocatable expression — The expression evaluates to an absolute
offset from the start of a single relocatable section.

3. Complex relocatable expression — The expression neither evaluates to
an absolute expression nor to a simple relocatable expression. The
assembler does not support such expressions.

All valid user-defined symbols representing memory locations are simple
relocatable expressions. This includes labels specified in XREF directives,
which are assumed to be relocatable symbols.
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7.8.1 Absolute Expressions

Expressions involving constants, known absolute labels, or expressions are
absolute expressions. An expression containing an operation between an
absolute expression and a constant value is also an absolute expression.

Example of absolute expression:

Base: SET $100
Label: EQU Base * $5 + 3

Expressions involving the difference between two relocatable symbols defined
in the same file and in the same section evaluate to an absolute expression. An
expression such dabel2-labell can be translated as:

(<offset label2> + <start section address >) —
(<offset labell> + <start section address >)

This can be simplified as:

<offset label2> + <start section address > —
<offset labell> - <start section address>
= <offset label2> - <offset labell1>

In the next example, the expresstabhEnd-tabBegin evaluates to an
absolute expression and is assigned the value of the difference between the
offset oftabEnd andtabBegin in the sectiobataSec .

DataSec: SECTION
tabBegin: DS.B 5
tabEnd: DSB 1

CodeSec: SECTION
entry: LDD #tabEnd-tabBegin <- Absolute expression
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7.8.2 Simple Relocatable Expression

User’'s Manual

A simple relocatable expression results from operations such as those shown
here:

» <relocatable expression> + <absolute expression>
* <relocatable expression> — <absolute expression>

e < absolute expression> + < relocatable expression>

Example:

XREF XtrnLabel
DataSec: SECTION
tabBegin: DS.B 5
tabEnd: DSB 1

CodeSec: SECTION

entry: LDA tabBegin+2 <- Simple relocatable expression
BRA *-3 <- Simple relocatable expression
LDA XtrnLabel+6 <- Simple relocatable expression

Table 7-4describes the type of expression according to the operator in an unary
operation:

Table 7-4. Expression — Operator Relationship (Unary)

Operator Operand Expression
-~ Absolute Absolute
-1~ Relocatable Complex
+ Absolute Absolute
+ Relocatable Relocatable
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Table 7-5describes the type of expression according to left and right operators
in a binary operation:

Table 7-5. Expression — Operator Relationship (Binary Operation)

Operator Left Operand Right Operand Expression
- Absolute Absolute Absolute
- Relocatable Absolute Relocatable
- Absolute Relocatable Complex
- Relocatable Relocatable Absolute
+ Absolute Absolute Absolute
+ Relocatable Absolute Relocatable
+ Absolute Relocatable Relocatable
+ Relocatable Relocatable Complex
* 1, %, <<,>> |, & ~ | Absolute Absolute Absolute
* 1, %, <<, >>, |, & * | Relocatable Absolute Complex
* 1, %, <<,>>,|, &~ | Absolute Relocatable Complex
* 1, %, <<,>>, |, & * | Relocatable Relocatable Complex

7.9 Translation Limits

These limitations apply to the macro assembler:

MCUez HCO05 Assembler

Floating-point constants are not supported.

Complex relocatable expressions are not supported.

Lists of operands or symbols must be separated with a comma.

Include may be nested up to 50.

The maximum line length is 1023.
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8.2 Introduction

This section introduces assembler directives. Functional descriptions and
examples of each directive are provided.

8.3 Directive Overview

There are different classes of assembler directivasle 8-1andTable 8-2
give an overview of the different directives.

8.3.1 Section Definition Directives
The directives imable 8-1define new sections.

Table 8-1. Section Directives

Directive Description
ORG Defines an absolute section
SECTION Defines a relocatable section
OFFSET Defines an offset section

8.3.2 Constant Definition Directives
The directives imable 8-2define assembly constants.

Table 8-2. Constant Directives

Directive Description
EQU Assigns a hame to an expression (cannot be redefined)
SET Assigns a hame to an expression (can be redefined)
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8.3.3 Data Allocation Directives

The directives inmrable 8-3allocate variables.

Table 8-3. Data Allocation Directives

Directive

Description

DC

Defines a constant variable

DCB

Defines a constant block

DS

Defines storage for a variable

8.3.4 Symbol Linkage Directives

The directives imable 8-4export or import global symbols.

Table 8-4. Symbol Linkage Directives

Directive

Description

ABSENTRY

Specify the application entry point when an absolute file is
generated

XDEF

Make a symbol public (visible from outside)

XREF

Import reference to an external symbol

XREFB

Import reference to an external symbol located on the direct
page

8.3.5 Assembly Control Directives

Table 8-5lists general-purpose directives that are used to control the assembly

process.

Table 8-5. Assembly Control Directives

Directive

Description

ALIGN

Define alignment constraint

BASE

Specify default base for constant definition

END

End of assembly unit

EVEN

Define 2-byte alignment constraint
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Table 8-5. Assembly Control Directives (Continued)

Directive Description
FAIL Generate user-defined error or warning messages
INCLUDE Include text from another file
LONGEVEN Define 4-byte alignment constraint

8.3.6 Listing File Control Directives

The directives inrable 8-6control the generation of the assembler listing file.

Table 8-6. Assembler List File Directives

Directive Description
Specify if all instructions in a conditional assembly block must
CLIST . . o
be inserted in the listing file or not
LIST Specify that all subsequent instructions must be inserted in the
listing file
LLEN Define line length in assembly listing file
MLIST Specify if macro expansions must be inserted in the listing file
NOLIST Specm_/ that a_II subsequent instructions must not be inserted in
the listing file
NOPAGE Disable paging in the assembly listing file
PAGE Insert page break
PLEN Define page length in the assembler listing file
SPC Insert an empty line in the assembly listing file
Define number of characters to insert in the assembler listing
TABS .
file for a TAB character
TITLE Define the user-defined title for the assembiler listing file
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8.3.7 Macro Control Directives
The directives inrable 8-7are used for the definition and expansion of macros.

Table 8-7. Macro Directives

Directive Description
ENDM End of user-defined macro
MACRO Start of user-defined macro
MEXIT Exit from macro expansion

8.3.8 Conditional Assembly Directives
The directives imable 8-8are used for conditional assembly.

Table 8-8. Conditional Assembly Directives

Directive Description

ELSE Alternate of conditional block

ENDIF End of conditional block

IE Star_t of _conditional block. A Boolean expression follows this

directive.

IFC Test if two string expressions are equal

IFDEF Test if a symbol is defined

IFEQ Test if an expression is null

IFGE Test if an expression is greater than or equal to 0

IFGT Test if an expression is greater than 0

IFLE Test if an expression is less than or equal to 0.

IFLT Test if an expression is less than 0

IFNC Test if two string expressions are different

IFNDEF Test if a symbol is undefined

IFNE Test if an expression is not null
User's Manual MCUez HCO5 Assembler
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8.4 ABSENTRY — Application Entry Point
Syntax: ABSENTRY<label>

Description:  This directive specifies the application entry point in a directly
generated absolute file (the option -FARF/DWARF 2.0
absolute file must be enabled).

Using this directive, the entry point of the assembly application
is written in the ELF header of the generated absolute file.
When this file is loaded in the debugger, the line where the
entry point label is defined is highlighted in the source window.

Example: If the next example is assembled using the -FA2 option, an
ELF/DWARF 2.0 absolute file is generated.
ABSENTRY entry

ORG $fffe
Reset: DC.W entry

ORG $70
entry: NOP
NOP
main: RSP
NOP
BRA main
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8.5 ALIGN — Align Location Counter
Syntax: ALIGN <n>

Description:  This directive forces the next instruction to a boundary thatis a
multiple of <n>, relative to the start of the section. The value of
<n> must be a positive number between 1 and 32,767. The
ALIGN directive can force alignment to any size. The filling
bytes inserted for alignment purpose are initialized with \O.

ALIGN can be used in code or data sections.

Example: The following example aligns thi&Xlabel to a location,
which is a multiple of 16 (in this case, location 00010 (hex))
000000 4849 4748 DC.B "HIGH"
000004 0000 0000 ALIGN 16
000008 0000 0000
00000C 0000 0000
000010 007F HEX: DC.W 127 ; HEX s allocated on an
; address, a multiple of 16.
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Syntax: BASE<n>

Assembler Directives
BASE — Set Number Base

Description:  This directive sets the default number base for constants to
<n>. The operand <n> may be prefixed to indicate its number
base; otherwise, the operand is considered to be in the current
default base. Valid values of <n> are 2, 8, 10, 16. Unless a
default base is specified using B&SEdirective, the default

number base is decimal.

Example:

4 base 10 ; default base is decimal
5 000000 64 dc.b 100

6 base 16 ; default base is hex

7 000001 OA dc.b Oa

8 base 2 ;default base is binary

9 000002 04 dc.b 100

10 000003 04 dc.b %100

11 base @12 ; default base is decimal
12 000004 64 dc.b 100

13 base $a ;default base is decimal
14 000005 64 dc.b 100

15

16 base 8 ; default base is octal

17 000006 40 dc.b 100

NOTE: Ifthe base value is set to 16, hexadecimal constants terminateioyuest be
prefixed by theb (dollar sign) character; otherwise, they are interpreted as
decimal constants in old style format. For example, constant 45D is interpreted
as decimal constant 45, not as the hexadecimal constant $45D.
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8.7 CLIST — List Conditional Assembly
Syntax: CLIST [ON | OFF]

Description:  TheCLIST directive controls the listing of subsequent
conditional assembly blocks. It precedes the first directive of
the conditional assembly block to which it applies and remains
effective until the nexCLIST directive is read.

WhenONis specified in £LIST directive, the listing file
includes all directives and instructions in the conditional
assembly block, even those that are skipped and do not
generate code.

WhenOFFis specified, only the directives and instructions that
generate code are listed. When the optidn is activated, the
assembler defaults ©LIST ON.

Example: Listing file withCLIST OFF:
CLIST OFF
Try: EQU O
IFEQ Try
LDA #103
ELSE
LDA #0
ENDIF

The corresponding listing file is:

Motorola HC05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

2 2 0000 0000 Try: EQU O

3 3 0000 0000 IFEQ Try

4 4 000000 A667 LDA #103

5 5 ELSE

7 7 ENDIF

8 8
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Listing file with CLIST ON:

When assembling the code:
CLIST ON
Try: EQU O
IFEQ Try
LDA #103
ELSE
LDA #0
ENDIF

The corresponding listing file is:

Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

2 2 0000 0000 Try: EQU O

3 3 0000 0000 IFEQ Try

4 4 000000 A667 LDA #103

5 5 ELSE

6 6 LDA #0

7 7 ENDIF

8 8
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8.8 DC — Define Constant

Syntax:

Description:

[<label>:] DC[<size>] <expression> [, <expression>]...

where
<size> =B (default),W, orL

TheDCdirective defines constants in memory. It can have one
or more <expression> operands, which are separated by
commas. The <expression> can contain an actual value
(binary, octal, decimal, hexadecimal, or ASCII). Alternately,
the <expression> can be a symbol or expression that can be
evaluated by the assembler as an absolute or simple relocatable
expression. One memory block is allocated and initialized for
each expression.

These rules apply to size specifications[MCdirectives:

» DC.B — One byte is allocated for numeric expressions.
One byte is allocated per ASCII character for strings.

« DCW — Two bytes are allocated for numeric
expressions. ASCII strings are right aligned on a 2-byte
boundary.

 DC.L — Four bytes are allocated for numeric

expressions. ASCII strings are right aligned on a 4-byte
boundary.

Example forDC.B:
000000 4142 4344 Label: DC.B "ABCDE"

000004 45
000005 OAOA 010A DC.B %1010, @12, 1, $A
000009 xx DC.B PAGE(Label)

Example foDC.W

000000 0041 4243

Label: DC.W "ABCDE"

000004 4445

000006 OOOA OO00A

DC.W %1010, @12, 1, $A

OOOO0OA 0001 OOOA

O0000E xxxx

User’'s Manual
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Example forDC.L:
000000 0000 0041 Label: DC.L "ABCDE"
000004 4243 4445
000008 0000 O00A DC.L %1010, @12, 1, $A
00000C 0000 OO00A
000010 0000 0001
000014 0000 OO0O0A
000018 XXXX XXXX DC.L Label

If the value in an operand expression exceeds the size of the
operand, the value is truncated and a warning message is
generated.
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8.9 DCB — Define Constant Block

Syntax:

Description:

Example:

[<label>:] DCB|<size>] <count>, <value>

where
<size>= B (default),w, orL

TheDCBdirective causes the assembler to allocate a memory
block initialized with the specified <value>. The length of the
block is <size> * <count>.

<count> may not contain undefined, forward, or external
references. It may range from 1 to 4096.

The value of each storage unit allocated is the sign-extended
expression <value>, which may contain forward references.
The <count> cannot be relocatable. This directive does not
perform alignment.

These rules apply to size specificationsD@Bdirectives:
« DCB.B — One byte is allocated for numeric
expressions.

 DCB.W — Two bytes are allocated for numeric
expressions.

 DCB.L — Four bytes are allocated for numeric
expressions.

000000 FFFF FF  Label: DCB.B 3, $FF

000003 FFFE FFFE DCB.W 3, $FFFE
000007 FFFE
000009 0000 FFFE DCB.L 3, $FFFE

00000D 0000 FFFE
000011 0000 FFFE
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8.10 DS — Define Space
Syntax: [<label>:]DS[.<size>] <count>

where
<size>= B (default),W, orL

Description: ~ TheéDSdirective is used to reserve memory for variables.
Contents of the reserved memory is not initialized. The length
of the block is <size> * <count>.

<count> may not contain undefined, forward, or external
references. It may range from 1 to 4096.

Example:
Counter: DS.B 2 ;2 contiguous bytes in memory
DS.B 2 ; 2 contiguous bytes in memory
; can only be accessed through the label Counter
DS.L 5 ;5 contiguous long words in memory

The labelCounter, references the lowest address of the
defined storage area.

MCUez HCO05 Assembler User’'s Manual

MOTOROLA Assembler Directives 163

For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

Assembler Directives

8.11 ELSE — Conditional Assembly

Syntax: IF <condition>
[<assembly language statements>]
[ELSE]
<assembly language statements>]
ENDIF

Description:  If <condition> is true, the statements betwEeand the
correspondindgL SE directive generate code.

If <condition> is false, the statements betwE&SE and the
correspondindgNDIF directive generate code. Nesting of
conditional blocks is allowed. The maximum level of nesting is
limited by the available memory at assembly time.

Example: The following is an example of the use of conditional assembly
directives:
Try: EQU 1

IF Try!=0
LDA #103

ELSE
LDA #0

ENDIF

The value offry determines the instruction which generates
code. As shown, theDA  #103 instruction generates code.
Changing the operand of the equ directive to 0, causddlide

#0 instruction to generate code instead.

This listing is provided by the assembler for these lines of code:
Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

1 1 0000 0001 Try: EQU 1

2 2 0000 0001 IF Try!=0

3 3 000000 A667 LDA #103

4 4 ELSE

6 6 ENDIF
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8.12 END — End Assembly
Syntax: END

Description:  TheENDdirective indicates the end of the source code.
Subsequent source statements in this file are ignorecENie
directive in included files skips only subsequent source
statements in the included file. Assembly continues in the
included file.

Example: When assembling the code:
Label: NOP
NOP
NOP
END

NOP ; No code generated
NOP ; No code generated

The generated listing file is:

Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

1 1 000000 9D Label: NOP

2 2 000001 9D NOP

3 3 000002 9D NOP
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8.13 ENDIF — End Conditional Assembly

Syntax: ENDIF

Description:  TheENDIF directive indicates the end of a conditional block.
Nesting of conditional blocks is allowed. The maximum level
of nesting is limited by the memory available at assembly time.

Example: Sed.18 IF — Conditional Assemblyfor an example of
directive.

8.14 ENDM — End Macro Definition

User’'s Manual

Syntax: ENDM

Description:  TheeNDMlirective terminates both the macro definition and
the macro expansion.

Example:
cpChar: MACRO
LDA\1
STA\2
ENDM
CodeSec: SECTION
Start:
cpChar charl, char2

6m 000000 C6 xxxx + LDA charl
7m 000003 C7 xxxx + STA char2
12 000006 9D NOP
13 000007 9D NOP
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8.15 EQU — Equate Symbol Value
Syntax: <label>EQU<expression>

Description:  The&eQUdirective assigns the value of the <expression> in the
operand field to <label>. The <label> and <expression> fields
are both required, and the <label> cannot be defined anywhere
else inthe program. The <expression> cannotinclude a symbol
that is undefined.

The EQUdirective does not allow forward references.

Example:

0000 0014 MaxElement: EQU 20
0000 0050 MaxSize: EQU MaxElement * 4

000000 Time: DS.W 3
0000 0000 Hour: EQU Time ; first word addr
0000 0002 Minute: EQU Time+2; second word addr
0000 0004 Second: EQU Time+4; third word addr
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8.16 EVEN — Force Word Alignment

EVEN

This directive forces the next instruction to the next even
address relative to the start of the sectiMENIs an
abbreviation foALIGN 2. Some processors require word and
longword operations to begin at even address boundaries. In
such cases, use of tB&ENdirective ensures correct
alignment, omission of the directive can result in an error
message.

; location count has an even value, no padding byte inserted.

; location count has an odd value, one padding byte inserted.

Syntax:
Description:
Example:
6 6 000000 ds.w 2
7 7 even
8 8 000004 ds.b 1
9 9 000005 00 even
10 10 000006 ds.b 3

; location count has an odd value, one padding byte inserted.

11 11 000009 00 even

12 12 0000 OOOA aaa: equ 10

User’'s Manual
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8.17 FAIL — Generate Error Message
Syntax: FAIL <arg> | <string>

Description:  Handling from thEAIL directive depends on the operand
specified. If <arg> is in the range [500-$FFFFFFFF], the
assembler generates a warning message, including the line
number and argument of the directive.

Example: The following code segment:
cpChar: MACRO

IFC "\1", ™
FAIL 200
MEXIT

ELSE
LDA\1

ENDIF

IFC "\2", "™
FAIL 600
ELSE
STA\2
ENDIF
ENDM
codSec: SECTION
Start:
cpChar charl

Generates this error message:
>> in "C:\MCUEZ\DEMOWMMDSO05A\test.asm", line 13, col 19, pos 226
IFC "\2", ™
FAIL 600
N
WARNING A2332: FAIL found
Macro Call : FAIL 600
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If <arg> is in the range [0—499], the assembler generates an
error message, including the line number and argument of the
directive. The assembler does not generate an object file.

This code segment:
cpChar: MACRO

IFC "\1", "™
FAIL 200
MEXIT

ELSE
LDA\1

ENDIF

IFC "\2", "™
FAIL 600
ELSE
STA\2
ENDIF
ENDM
codSec: SECTION
Start:
cpChar ,char2

Generates this error message:

>>in "C:\MCUEZ\DEMO\WMMDSO05A\test.asm", line 6, col 19, pos 96

IFC "\1", ™
FAIL 200

N

ERROR A2329: FAIL found
Macro Call ;: FAIL 200

If a string is supplied as the operand, the assembler generates
an error message, including the line number and <string>. The
assembler does not generate an object file.
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Example:
cpChar: MACRO
IFC "\1", ™
FAIL "A character must be specified as first parameter"
MEXIT
ELSE
LDA\1
ENDIF
IFC "\2", ™
FAIL 600
ELSE
STA\2
ENDIF
ENDM
codeSec: SECTION
Start:
cpChar , char2

Generates this error message:

>> in "C:\MCUEZ\DEMO\ WMMDSO05%#st.asm", line 7, col 17, pos 110
IFC "\1", ™
FAIL "A character must be specified as first parameter"

AN

ERROR A2338: A character must be specified as first parameter
Macro Call : FAIL "A character must be specified as first parameter"

TheFAIL directive is intended for use with conditional
assembly to detect a user-defined error or warning condition.
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8.18 IF — Conditional Assembly

Syntax: IF <condition>
[<assembly language statements>]
[ELSE]
[<assembly language statements>]
ENDIF

Description:  If <condition> is true, the statements immediately following
the IF directive generate code. Assembly continues until the
correspondindgLSE or ENDIF directive is reached. Then all
statements until the correspondiByDIF directive are
ignored. Nesting of conditional blocks is allowed. The
maximum level of nesting is limited by available memory at
assembly time.

The expected syntax for <condition> is:

<condition> ;= <expression> <relation> <expression>
<re|ati0n> :: Il:Il | ll!:" n >:ll | ll>l| | II<:II | Il<ll Il<>ll

The <expression> must be absolute. It must be known at
assembly time.

Example: This is an example of using conditional assembly directives:
Try: EQU O
IF Try!=0
LDA #103
ELSE
LDA #0
ENDIF
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IFCC — Conditional Assembly

The value ofTRY determines the instruction that generates
code. As shown, theDA #0 instruction generates some code.
Changing the operand of tB&€)Udirective to one causes the
LDA #103 instruction to generate code instead. This example
shows the listing provided by the assembler for these lines of
code:

0000 0000 Try: EQUO
0000 0000 IF Try!=0
ELSE
000000 A600 LDA #0
ENDIF

8.19 IFCC — Conditional Assembly

Syntax:

Description:

MCUez HCO05 Assembler

IFCC <condition>

[<assembly language statements>]
[ELSE]

[<assembly language statements>]
ENDIF

These directives can be replaced byiEhelirective. IfIFCC
<condition> is true, the statements immediately following the
IFCC directive are assembled. Assembly continues until the
correspondingLSE or ENDIF directive is reached, after
which, assembly moves to the statements followind@N®IF
directive. Nesting of conditional blocks is allowed. The
maximum level of nesting is limited by the memory available
at assembly time.

Table 8-9lists the available conditional types.

User’'s Manual

MOTOROLA

Assembler Directives 173

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Assembler Directives

Table 8-9. Conditional Types

IFCC Condition Meaning
IFEQ <expression> IF <expression> ==
IFNE <expression> IF <expression>1=0
IFLT <expression> IF <expression><0
IFLE <expression> IF<expression> <=0
IFGT <expression> IF <expression>>0
IFGE <expression> IF <expression>>=0
IFC <stringl>, <string2> IF <stringl> == <string2>
IFNC <stringl>, <string2> IF <stringl> != <string2>
IFDEF <label> IF <label> was defined
IFNDEF <label> IF <label> was not defined
Example: This is an example use of conditional assembly directives:
Try: EQU O
IFNE Try
LDA #103
ELSE
LDA #0
ENDIF

The value ofTRYdetermines the instruction to be assembled in
the program. As shown, théA #0 instruction generates
some code. Changing the directivdR&Q causes theDA
#103 instruction to generate code instead. This example
shows the listing provided by the assembler for these lines of
code:

0000 0000 Try: EQU O

0000 0000 IFNE Try

D OB~ DN P
(20N ¢ BEN SN ST

ELSE
000000 A600 LDA #0
ENDIF
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8.20 INCLUDE — Include Text from Another File

Syntax: INCLUDE <file specification>

Description:  This directive causes the included file to be inserted in the
source input stream. The <file specification> is not case
sensitive and must be enclosed in quotation marks.

The assembler attempts to open <file specification> relative to
the current working directory. If the file is not found, then it is
searched for in each path specified in the environment variable

GENPATH.
Example: INCLUDE "..\LIBRARY\macros.inc"
8.21 LIST — Enable Listing
Syntax LIST

Description:  Specifies that the instructions which follow must be inserted in
the listing and debug files. The listing file is generated only if
the option-L is specified on the command line.

The source text following thelST directive is listed until a
NOLIST or anENDis reached.

This directive is not written to the listing and debug file. When
neither theLIST nor theNOLIST directives are specified in a
source file, all instructions are written to the list file.
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Example: This portion of code:
aaa: nop

list
bbb: nop
nop

nolist
ccc:  nop
nop

list
ddd: nop
nop

Generates this listing file:

Motorola HC05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

000000 9D aaa: nop

11
2 2
4 4 000001 9D bbb: nop
5 5
6 6

000002 9D nop
12 12
13 13 000005 9D ddd: nop
14 14 000006 9D nop
15 15
The gap in the location counter is due to instructions defined
inside theNOLIST-LIST block.
See also: 8.27 NOLIST — Disable Listing
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8.22 LLEN — Set Line Length
Syntax: LLEN <n>

Description:  Sets the number of characters, <n>, from the source line that
are included on the listing line. The values allowed for <n> are
in the range [0—132]. If a value smaller than 0 is specified, the
line lengthis setto 0. If a value bigger than 132 is specified, the
line length is set to 132.

Lines of the source file that exceed the specified number of
characters are truncated in the listing file.

Example: This portion of code:
dcb 5
llen  $20
dc.w  $4567, $2345
llen  $17
dc.w  $4567, $2345
even
nop

Generates this listing file:

Motorola HCO05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line
1 1 000000 05 dc.b 5
3 3
4 4 000001 4567 2345 dc.w $4567, $2345
5 5
7 7 000005 4567 2345 dc.w $4567
8 8 000009 00 even
9 9 O0000A 9D nop
10 10
TheLLEN $17 directive causes the second
dc.w $4567, $2345 to be truncated in the assembler
listing file. The generated code is correct.
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8.23 LONGEVEN — Forcing Longword Alignment
Syntax: LONGEVEN

Description:  This directive forces the next instruction to the next long-word
address relative to the start of the sectiddNGEVENs an
abbreviation foALIGN 4 .

Example:

2 2 000000 01 dcb.b 1,1
; location counter is not a multiple of 4, 3 filling bytes
; are required.
3 3 000001 0000 00 longeven
000004 0002 0002 dcb.w 2,2
; location counter is already a multiple of 4, no filling
; bytes are required.
longeven
000008 0202 dcb.b 2,2
; following is for text section
s27 SECTION 27
000000 A7 nop
; location counter is not a multiple of 4, 3 filling bytes
; are required.

N
N

© 00N O O
© 00N O O

10 10 000001 0000 00 longeven

11 11 000004 A7 nop
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8.24 MACRO — Begin Macro Definition

Syntax:

Description:

<label>MACRO

Assembler Directives
MACRO — Begin Macro Definition

The <label> of the MACRO directive is the name by which the

macro is called. This name must not be a processor machine
instruction or assembler directive name. For more information
on macros, refer tBection 9. Macros

Example:

Motorola HCO05-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line
1 1 XDEF Start
2 2 MyData: SECTION
3 3 000000 charl: DS.B 1
4 4 000001 char2: DS.B 1
5 5 cpChar: MACRO
6 6 LDA\1
7 7 STA\2
8 8 ENDM
9 9 CodeSec: SECTION
10 10 Start:
11 11 cpChar charl, char2
12 6m 000000 C6 xxxx + LDA charl
13 7m 000003 C7 xxxx + STA char2
14 12 000006 9D NOP
15 13 000007 9D NOP
16 14 000008 9D NOP
17 15
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8.25 MEXIT — Terminate Macro Expansion

Syntax: MEXIT
Description:  MEXIT is usually used together with conditional assembly
within a macro. In that case, the macro expansion might
terminate prior to termination of the macro definition. The
MEXIT directive causes macro expansion to skip any
remaining source lines ahead of EdDMlirective.
Example: This portion of code:
XDEF entry
storage: EQU $00FF
save: MACRO ; Start macro definition
LDHX #storage
LDA \1
STA 0, ; save first argument
LDA \2
STA 2x ; save second argument
IFC \3'," ;isthere a 3rd argument ?
MEXIT : no, exit from macro.
ENDC
LDA \3 ;save third argument
STA 4,X
ENDM ; End of macro definition
codSec: SECTION
entry:

save charl, char2

User’'s Manual
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Generates this listing file:

Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

ADbs.

© 0O NO Ol WDN P

W W WWWWNDNDNDNDNMNMNMNMNMNNNMNNRPERPPRPRPEPRPRPEPRPERPRPREPRE
OO0k, WRFRPLROOOONOOUAA,WDNPEPOOONOOOGMWDNEO

Rel.

© 0o ~NO O WN PP

NNMNNNNRPRRRRERRRRRR
A WNRPOOOWNOOUNWRNIEREO

25
5m
6m
7m
8m
9m

10m

11m
12m
13m
14m

Loc. Ob;j.

0000 OOFF

code Source line

XDEF entry
storage: EQU $00FF

save: MACRO : Start macro definition

LDX #storage

LDA \1

STA 0,x ; save first argument
LDA \2

STA 2,x ; save second argument

IFC \3',"; is there a 3rd
MEXIT ; no, exit from macro.
ENDC
LDA \3 ;save third argument
STA 4,X
ENDM :End of macro definition

datSec: SECTION

000000
000001

charl: ds.b1l
char2: ds.b1l

codSec: SECTION
entry:

000000 AEFF

save charl, char2
+ LDX #storage

000002 C6 xxxx + LDA charl

000005 E700

+ STA 0,x ; save first argument

000007 C6 xxxx + LDA char2

00000A E702 + STA 2,x ; save second
0000 0001 + IFC ", ";is there a 3rd
+ MEXIT :no,exit from macro.
+ ENDC
+ LDA ;save third argument
+ STA 4,X

MCUez HCO05 Assembler

User’'s Manual

MOTOROLA

Assembler Directives

For More Information On This Product,
Go to: www.freescale.com

181



4\ Freescale Semiconductor, Inc.

Assembler Directives

8.26 MLIST — List Macro Expansions
Syntax: MLIST [ON | OFF]

Description:  WherONis entered with aMLIST directive, the assembler
includes the macro expansions in the listing and debug files.
WhenOFFis entered, macro expansions are omitted from the
listing and debug files. This directive is not written to the listing
and debug file, and the default valu©iN

Example: The following listing shows a macro definition and expansion
with MLIST ON:
XDEF entry
MLIST ON
swap: MACRO
LDA \1
LDX \2
STA \2
STX \1
ENDM
codSec: SECTION
entry:
LDA #3$FO
LDX #$0F
main:
STA first
STX second
swap first, second
NOP
BRA main
datSec: SECTION
first: DS.B 1
second: DS.B 1
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© 00N Ul WEPE

el el el =
W N RO

14
15
16
17
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MLIST — List Macro Expansions

The assembler listing file is:

XDEF entry
swap: MACRO
LDA \1
LDX \2
STA \2
STX \1
ENDM

codSec: SECTION
entry:
000000 A6FO0 LDA #$F0
000002 AEOF LDX #3$0F
main:
000004 C7 xxxx STA first
000007 CF xxxx STX second
swap first, second

4m O0O0OO0OA C6 xxxx + LDA first
5m 00000D CE xxxx + LDX second
6m 000010 C7 xxxx + STA second
7m 000013 CF xxxx + STX first

18
19
20
21
22
23

MCUez HCO05 Assembler

000016 9D NOP
000017 20EB BRA main

datSec: SECTION
000000 first: DS.B 1
000001 second: DS.B 1
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For the same code, wiILIST OFF , the listing file is:

Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

11 XDEF entry

3 3 swap: MACRO

4 4 LDA \1

5 5 LDX \2

6 6 STA \2

7 7 STX \1

8 8 ENDM

9 9 codSec: SECTION

10 10 entry:

11 11 000000 A6FO LDA #$FO

12 12 000002 AEOQOF LDX #$0F

13 13 main:

14 14 000004 C7 xxxx STA first

15 15 000007 CF xxxx STX second

16 16 swap first, second

21 17 000016 9D NOP

22 18 000017 20EB BRA main

23 19 datSec: SECTION

24 20 000000 first: DS.B 1

25 21 000001 second: DS.B 1
User’s Manual MCUez HCO05 Assembler
184 Assembler Directives MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Assembler Directives
NOLIST — Disable Listing

8.27 NOLIST — Disable Listing
Syntax: NOLIST

Description:  Suppresses printing of the following instructions in the
assembly listing and debug files untiLI&T directive is
reached.

Example: This portion of code:
aaa: nop
list
bbb: nop
nop

nolist
ccc:  nop
nop
list
ddd: nop
nop

Generates this listing file:

1 1 000000 9D aaa. nhop
3 3 000001 9D bbb: nop
4 4 000002 9D nop
9 9 0000059D ddd: nop
10 10 000006 9D nop
11 11

The gap in the location counter is due to instructions defined
inside aNOLIST block.
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8.28 NOPAGE — Disable Paging
Syntax: NOPAGE

Description:  Disables pagination in the listing file. Program lines are listed
continuously without headings or top or bottom margins.

8.29 ORG — Set Location Counter
Syntax: ORG<expression>

Description:  TheORCdirective sets the location counter to the value
specified by <expression>. Subsequent statements are assigned
memory locations starting with the new location counter value.
The <expression> must be absolute and may not contain any
forward, undefined, or external references. OfREdirective
generates an internal section, which is absolute.

Example:
org $2000
bl: nop
b2: rts

8.30 OFFSET — Create Absolute Symbols
Syntax: OFFSET<expression>
Synonym: None

Description:  ThéOFFSETdirective declares an offset section and initializes
the location counter to the value specified in <expression>. The
<expression> must be absolute and cannot contain references
to external, undefined, or forward defined labels.

The OFFSETsection is useful to simulate data structures or
stack frames.
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Example: The following example shows h@#FSETcan be used to
access elements of a structure.
: Test file for OFFSET

XDEF entry
0000 0C00 StackInit: EQU $C00

© 0O ~NO Ol WN -
© 0o ~NO O~ WDNBE

OFFSET 0
000000 ID: DSB 1
000001 COUNT: DSW 1
000003 VALUE: DS.L 1

10 10 0000 0007 SIZE: EQU*

11 11

12 12

13 13 DataSec: SECTION

14 14 000000 Struct: DS.B SIZE

15 15

16 16 CodeSec: SECTION

17 17 entry:

18 18 ;LDHX #Stackinit

19 19 ;TXS

20 20 ;LDHX #Struct

21 21 000000 A600 LDA #0

22 22 000002 E700 STA ID, X

23 23 000004 6CO1 INC COUNT, X

24 24 000006 4C INCA

25 25 000007 E703 STA VALUE, X

26 26

27 27 return:
When a statement affecting the location counter (other than
EVEN LONGEVENALIGN, orDS$) is encountered after the
OFFSETdirective, the offset section is ended. The preceding
section is activated again, and the location counter is restored
to the next available location in this section.
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8.31 PAGE — Insert Page Break
Syntax:
Description:

Example:

Assembler Directives

PAGE

Inserts a page break in the assembly listing

This portion of code:
codeSec: SECTION
nop
nop
page
nop
nop

Generates this listing file:

Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line
1 1 codeSec: SECTION
2 2 000000 9D NOP
3 3 000001 9D NOP

Motorola HC0O5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line
5 5 000002 9D NOP
6 6 000003 9D NOP
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Syntax:

Description:

Assembler Directives
PLEN — Set Page Length

PLEN<n>

Sets the listings page length to <n> lines. <n> may range from
10t0 10,000. If the number of lines already listed on the current
page is greater than or equal to <n>, listing will continue on the
next page with the new page length setting. The default page
length is 65 lines.

8.33 SECTION — Declare Relocatable Section

Syntax:

Description:

MCUez HCO05 Assembler

<name>SECTION [SHORT] [<number>]

This directive declares a relocatable section and initializes the
location counter for the following code. The figg#CTION
directive for a section sets the location counter to 0. Subsequent
SECTIONdirectives for that section restore the location
counter to the value that follows the address of the last code in
the section. A section is a code section when it contains at least
an assembly instruction. It is considered to be a constant
section if it contains onl{pCor DCBdirectives. A section is
considered to be a data section if it contains at least a DS
directive or if it is empty.

<name> is the name assigned to the section.

<number> is optional and is specified only for compatibility
with the MASM assembler.
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Example:

© 0N Ol WN
© 0o ~NO O WN

Example:

The following example defines a sectiaa, which is split

into two blocks with sectiobb between them. The location
counter associated with label zz is 1, because a NOP instruction
was already defined in this section at label xx.

aaa: section4
000000 9D XX:  nop
bbb: section5
000000 9D yy: nop

000001 9D nop

000002 9D nop
aaa: section4

000001 9D ZZ: nop

The optional qualifietBHORTspecifies that the section is a
short section. Objects defined there can be accessed using the
direct addressing mode.

The following example demonstrates the definition and usage
of aSHORTsection. On line number 12, the symbol data is
accessed using the direct addressing mode.

11 dataSec: SECTION SHORT

2 2 000000 data. DS.B1

3 3

4 4 codeSec: SECTION

5 5

6 6 entry:

7 7 0000009C RSP

8 8 000001 A600 LDA #0

9 9 000003 B7xx STA data
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8.34 SET — Set Symbol Value

Syntax: <label>SET <expression>

Description:  Similar to th&QUdirective, theSET directive assigns the
value of the <expression> in the operand field to the symbol in
the <label> field. The <expression> cannot include a symbol
that is undefined or not yet defined. The <label> is an assembly
time constantSET does not generate any machine code.

The value is temporary; a subsequeBf directive can
redefine it.

Example:
Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

Abs. Rel. Loc. Obj. code Source line

1 1 0000 0002 count; SET 2
2 2 00000002 loop: DC.B count
3 3 0000 0002 IFNE count
4 4 0000 0001 count: SET count - 1
5 5 ENDIF
6 6 00000101 DC.B count
7 7 0000 0001 IFNE count
8 8 0000 0000 count: SET count - 1
9 9 ENDIF
10 10 000002 00 DC.B count
11 11 0000 0000 IFNE count
12 12 ENDIF
The value associated with the label count is decremented after
eachDC.B instruction.
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8.35 SPC — Insert Blank Lines

Syntax:

Description:

8.36 TABS — Set Tab Length

Syntax:

Description:

SPC<count>

Inserts blank lines in the assembly listing. <count> may range
from O to 65. This has the same effect as manually entering
blank lines in the assembly source. A blank line is a line
containing only a carriage return.

TABS<n>

Sets tab length to <n> spaces. The default tab length is eight.
<n> may range from 0 to 128.

8.37 TITLE — Provide Listing Title

Syntax:

Description:

User’'s Manual

TITLE" title"

Prints the <title> on the head of each page of the listing file.
This directive must be the first source code line. A title consists
of a string of characters enclosed in quotes ().

The title will be written at the top of each page in the assembly
listing file.

For compatibility purposes with MASM, a title also can be
specified without quotes.
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8.38 XDEF — External Symbol Definition
Syntax: XDEF[.<size>] <label>[,<label>]...

where
<size>=B, W (default), orL

Description:  This directive specifies labels defined in the current module
that are to be passed to the linker as labels that can be
referenced by other modules linked to the current module.

The number of symbols listed in XDEFdirective is limited
by the memory available at assembly time.

Example:
XDEF Global : Global can be referenced in other module
XDEF AnyCase : Note that the linker and assembler are

; case sensitive to names.
GLOBAL: DS.B4

AnyCase NOP
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8.39 XREF — External Symbol Reference
Syntax: XREF[.<size>] <symbol>[,<symbol>]...

where
<size>= B, W (default), oL

Description:  This directive specifies symbols referenced in the current
module but defined in another module. The list of symbols and
corresponding 16-bit values are passed to the linker.

The number of symbols listed in XRREFdirective is limited
by the memory available at assembly time.

Example:

XREF OtherGlobal; Reference "OtherGlobal" defined in another

: module
See also: 8.38 XDEF — External Symbol Definition
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9.2 Introduction

This section describes how macros are used with the MCUez HCO05 assembler.

9.3 Macro Overview

A macro is atemplate for a code sequence. Once a macro is defined, subsequent
references to the macro name are replaced by its code sequence. A macro must
be defined before it is called. When a macro is defined, it is given a name. This
name becomes the mnemonic by which the macro is subsequently called.

The assembler expands the macro definition each time the macro is called. The
macro call causes generation of source statements, which may include macro
arguments. A macro definition may contain any code or directive except nested
macro definitions. Calling previously defined macros is also allowed. Source

MCUez HCO05 Assembler User’'s Manual

MOTOROLA Macros 195

For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

Macros

statements generated by a macro call are inserted in the source file at the
position where the macro is invoked.

To call a macro, enter the macro name in the operation field of a source
statement. Place the arguments in the operand field. The macro may contain
conditional assembly directives that cause the assembler to produce inline
coding variations of the macro definition.

Macro calls produce inline code to perform a predefined function. Each time the
macro is called, code is inserted in the normal flow of the program so that the
generated instructions are executed in line with the rest of the program.

9.4 Defining a Macro
The definition of a macro consists of four parts:

1. The header statementMACR@irective with a label that names the
macro

2. The body of the macro, a sequential list of assembler statements, some
possibly including argument placeholders

3. TheENDMlirective, which terminates the macro definition

4. TheMEXIT directive, which stops macro expansion

The body of a macro is a sequence of assembler source statements. Macro
parameters are defined by the appearance of parameter designators within these
source statements. Valid macro definition statements include assembly
language instructions, assembler directives, and calls to previously defined
macros. However, macro definitions may not be nested.

NOTE: Refer toSection 8. Assembler Directivésr information about thé/ACRO
ENDMMEXIT, and MLIST directives.
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Calling Macros

The form of a macro call is:
[<label>:] <name>[.<sizearg>] [<argument> [,<argument>]...]

Although a macro may be referenced by another macro prior to its definition in
the source module, all macros must be defined before their first call. The name
of the called macro must appear in the operation field of the source statement.
Arguments are supplied in the operand field of the source statement, separated
by commas.

The macro call produces inline code at the location of the call, according to the
macro definition and the arguments specified in the macro call. The source
statements of the expanded macro then are assembled subject to the same
conditions and restrictions affecting any source statement. Nested macro calls
also are expanded at this time.

9.6 Macro Parameters

MCUez HCO05 Assembler

As many as 36 different substitutable parameters can be used in the source
statements that constitute the body of a macro. These parameters are replaced
by the corresponding arguments in a subsequent call to that macro.

A parameter designator consists of a back slash character (\), followed by a digit
(0—9) or an upper case letter (A—Z). Parameter designator \O corresponds to a
size argument that follows the macro name, separated by a period (.).

Example: Consider this macro definition:
MyMacro: MACRO
DC.\0 \1,\2
ENDM

When this macro is used in a program, for instance:
MyMacro.B $10, $56

The assembler expands it to:
DC.B $10, $56
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Arguments in the operand field of the macro call refer to parameter designators
\1 through \9 and \A through \Z, in that order. The argument list (operand field)
of a macro call cannot be extended onto additional lines.

At the time of a macro call, arguments from the macro call are substituted as
literal (string) substitutions for parameter designators in the body of the macro.
The string corresponding to a given argument is substituted literally wherever
that parameter designator occurs in a source statement as the macro is expanded.
Each statement generated in the execution is assembled inline.

It is possible to specify a null argument in a macro call by placing a comma
immediately after a macro name. There should be no spaces or characters
between the comma and macro name or comma that follows an argument. When
a null argument is passed as an argument in a nested macro call, a null value is
passed. All arguments have a default value of null at the time of a macro call.

9.7 Labels Inside Macros

User’'s Manual

To avoid the problem of multiple-defined labels resulting from multiple calls to
a macro that has labels in its source statements, the programmer can direct the
assembler to generate unique labels on each macro.

Assembler-generated labels include a string of the form _nnnnn where nnnnniis
a 5-digit value. The programmer requests an assembler-generated label by
specifying \@ in a label field within a macro body. Each successive label
definition that specifies a \@ directive generates a successive value of _nnnnn,
thereby creating a unique label on each macro call. Note that \@ may be
preceded or followed by additional characters for clarity and to prevent
ambiguity.

Example:

clear: MACRO
LDX \1
LDA #16

\@LOOP: CLR 0,X
INCX
DECA
BNE \@LOOP
ENDM
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This macro is called in the application:
clear temporary
clear data

The two macro calls aflear are expanded this way:
clear temporary
LDX temporary
LDA #16
_00001LOOP:CLR 0,X
INCX
DECA
BNE _00001LOOP
clear data
LDX #data
LDA #16
_00002LOOP:CLR 0,X
INCX
DECA
BNE _00002LOOP

9.8 Macro Expansion

MCUez HCO05 Assembler

When the assembler reads a statement in a source program that calls a
previously defined macro, it processes the call as described here.

The symbol table is searched for the macro name. Ifitis notin the symbol table,
an undefined symbol error message is issued.

The rest of the line is scanned for arguments. Any argument in the macro call is
saved as a literal or null value in one of the 35 possible parameter fields. When
the number of arguments in the call is less than the number of parameters used
in the macro, the arguments (which have not been defined at invocation time)
are initialized with an empty strin¢‘().

Starting with the line following thMMACR@lirective, each line of the macro
body is saved and associated with the named macro. Each line is retrieved in
turn, with parameter designators replaced by argument strings or
assembler-generated label strings.

User’'s Manual

MOTOROLA

Macros 199

For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

Macros

Once the macro is expanded, the source lines are evaluated and object code is
produced.

9.9 Nested Macros

Macro expansion is performed at invocation, which is also the case for nested
macros. If the macro definition contains a nested macro call, the nested macro
expansion takes place inline. Recursive macro calls are also supported.

A macro call is limited to the length of one line, which is 1024 characters.
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Section 10. Assembler Listing File
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10.4.1 Absolute (Abs.) Listing . . ........... 203
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The assembler listing file is the output file that contains information about the
generated code. The listing file is generated if the option —L is entered on the
command line. If an error is detected during assembly, no listing file is
generated.

The amount of information available depends on these assembly options:

-Li, -Lc, -Ld, -Le

Information in the listing file also depends on these assembly directives:

LIST, NOLIST, CLIST, MLIST

The format of the listing file is influenced by these directives:

PLEN, LLEN, TABS, SPC, PAGE, NOPAGE, TITLE

The name of the generated listing file is <base nalste>
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10.3 Page Header
The page header consists of three lines:

1. The first line contains an optional user string defined in the directive
TITLE

2. The second line contains the vendor and target processor names
(MOTOROLA/HCO05)

3. The third line contains a copyright notice.

Example:
Demo Application
Motorola HCO5-Assembler
(c) COPYRIGHT MOTOROLA 1991-1997

10.4 Source Listing

The source listing is divided into five columns:

1. Abs.

2. Rel.

3. Loc.

4. Obj. code

5. Source line
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10.4.1 Absolute (Abs.) Listing

This column contains the absolute line number for each instruction. The
absolute line number is the line number in B&Gfile, which contains all
included files and where all macro calls have been expanded.

Example:
Abs.Rel. Loc. Obj. code Source line
11 ;
2 2 ; File: test.o
3 3 X
4 4
5 5 XDEF Start
6 6 MyData: SECTION
7 7 000000 charl: DSB 1
8 8 000001 char2: DSB 1
9 9 INCLUDE "macro.inc"

10 1i cpChar: MACRO

11 2i LDA\1

12 3i STA\2

13 4 ENDM

14 10 CodeSec: SECTION

15 11 Start:

16 12 cpChar charl, char2

17 2m 000000 C6 xxxx + LDA charl

18 3m 000003 C7 xxxx + STA char2

19 13 000006 9D NOP

20 14 000007 9D NOP
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10.4.2 Relative (Rel.) Listing

© O ~NOOTA~ WNPE

NP RPRRERPRRRRRRE
COWWOWNOUAWNLERO

User’'s Manual

This column contains the relative line number for each instruction. The relative
line number is the line number in the source file. For included files, the relative
line number is the line number in the included file. For macro call expansion,
the relative line number is the line number of the instruction in the macro
definition.

An i suffix is appended to the relative line number when the line comes from
an included file. Armsuffix is appended to the relative line number when the
line is generated by a macro call.

Example:
Rel. Loc. Obj. code Source line
1 )
2 : File: test.o
3 ;
4
5 XDEF Start
6 MyData: SECTION
7 000000 charl: DSB 1
8 000001 char2: DSB 1
9 INCLUDE "macro.inc"
1i cpChar: MACRO
2i LDA\1
3i STA\2
4i ENDM

10 CodeSec: SECTION

11 Start:

12 cpChar charl, char2
2m 000000 C6 xxxx + LDA charl
3m 000003 C7 xxxx + STA char2

13 000006 9D NOP

14 000007 9D NOP

In the previous example, the line number displayed in the coRehn

represents the line number of the corresponding instruction in the source file.
1i online number 10 denotes that the instructtp@har: MACRO is located

in anincluded file2mon line number 17 denotes that the instructi@A char

is generated by a macro expansion.
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Abs. Rel.

© O ~NOOOUTA~ WNPE
O© o0 ~NO O, WNPE

NP RPRRRERRERRER
QOO ~NOUDWNIERO
= e ol

bw%"?mn—xof@@t‘
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.) Listing

This column contains the address of the instruction. For absolute sections, the
address is preceded by the letteand contains the absolute address of the
instruction. For relocatable sections, this address is the offset of the instruction
from the beginning of the relocatable section. This address is a hexadecimal
number coded on 6 digits. A value is written in this column in front of each
instruction generating code or allocating storage. This column is empty in front
of each instruction that does not generate code (for example, SECTION,
XDEF, etc.).

Example:

Loc. Obj. code Source line

’

: File: test.o

XDEF Start
MyData: SECTION
000000 charl: DSB 1
000001 char2: DSB 1
INCLUDE "macro.inc"
cpChar: MACRO

LDA\1
STA\2
ENDM
CodeSec: SECTION
Start:
cpChar charl, char2
000000C6 xxxx + LDA charl
000003C7 xxxx + STA char2
0000069D NOP
0000079D NOP

In the previous example, the hexadecimal number displayed in the caloenn
is the offset of each instruction in the sectiodeSec . There is no location
counter specified in front of the instructiddCLUDE "macro.inc” because
this instruction does not generate code. The instrut#acharl is located
at offset 0 from theodeSec section start address. The instruct®PA char2
is located at offset 3 from tloedeSec section start address.
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10.4.4 Object (Obj.) Code

This column contains the hexadecimal code of each instruction in hexadecimal
format. This code is not identical to the code stored in the object file. The letter

x is displayed at the position where the address of an external or relocatable

label is expected. Code at thgosition is determined at link time.

Example:

Abs. Rel. Loc. Obj. Code Source Line
11 ;
2 2 ; File: test.o
3 3 ;
4 4
5 5 XDEF Start
6 6 MyData: SECTION
7 7 000000 charl: DS.B 1
8 8 000001 char2: DSB 1
9 9 INCLUDE "macro.inc"

10 1i cpChar: MACRO

11 2i LDA\1

12 3i STA\2

13 4i ENDM

14 10 CodeSec: SECTION

15 11 Start:

16 12 cpChar charl, char2

17 2m 000000 C6 xxxx + LDA charl

18 3m 000003 C7 xxxx + STA char2

19 13 000006 9D NOP

20 14 000007 9D NOP
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10.4.5 Source Line

This column contains the source statement. This is a copy of the source line
from the source module. For lines resulting from a macro expansion, the source
line is the expanded line as a result of parameter substitution.

Example:
Abs. Rel. Loc. Obj. code Source line
1 1 ;
2 2 ; File: test.o
3 3 ;
4 4
5 5 XDEF Start
6 6 MyData: SECTION
7 7 000000 charl: DSB 1
8 8 000001 char2: DSB 1
9 9 INCLUDE "macro.inc"
10 1 cpChar. MACRO
11 2i LDA\1
12 3i STA\2
13 4i ENDM
14 10 CodeSec: SECTION
15 11 Start:
16 12 cpChar charl, char2
17 2m 000000 C6 xxxx + LDA charl
18 3m 000003 C7 xxxx + STA char2
19 13 000006 9D NOP
20 14 000007 9D NOP
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11.2 Introduction

This section provides operating procedures for the MCUez assembler.

11.3 Working with Absolute Sections

An absolute section is a section in which the start address is known at assembly
time. (See moduldg#oorg.asmandfiboorg.prmin the demo directory.)

11.3.1 Defining Absolute Sections in the Assembly Source File

An absolute section is defined using the direc®G The macro assembler
generates a pseudo section na®@&EG <index>, where< index> is an integer
that is incremented each time an absolute section is encountered.

Example:

Defining an absolute section containing data:
ORG $A00 ; Absolute constant data section
cstl: DC.B $A6
cst2: DC.B $BC
ORG $800 ; Absolute data section
var. DS.B 1

In the previous portion of code, the labstl will be located at address
$A00, and labetst2 will be located at addreA01, as shown in the next

code listing.

1 1 ORG $A00 ; Absolute

2 2 a000A00 A6 cstl: DC.B $A6

3 3 a000A01 BC cst2: DC.B $BC

4 4

5 5 ORG $800 ; Absolute data

6 6 a000800 var. DSB 1
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Defining an absolute section containing code:
ORG $CO00 ; Absolute code section
entry:
LDA cstl ; Load value in cstl
ADD cst2 ; Add value in cst2
STA var ; Storeinvar
BRA entry

In the previous portion of code, the instructioRAwill be located at address
$CO00, and instructiorADDat addres$C03, as shown in the code listing

here.
8 8 ORG $CO00 ; Absolute code
9 9 entry:

10 10 a000C00 C6 0A00 LDA cstl ; Load value
11 11 a000C03 CB 0A01 ADD cst2 ; Add value
12 12 a000C06 C7 0800 STA var ; Store in var
13 13 a000C09 20F5 BRA entry

14 14

To avoid problems during linking or executing an application, an assembly file
should at least:

* Initialize the stack pointer. The instructi®®SPcan be used to initialize
the stack pointer t§00FF .

* Publish the application entry point usikEFE

The programmer should ensure that the addresses specified in the source file are
valid addresses for the MCU being used.
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11.3.2 Linking an Application Containing Absolute Sections

Applications containing only absolute sections must be linked. The linker
parameter file must contain at least:
» Name of the absolute file

* Name of the object file that should be linked.The specification of a
memory area where the sections containing variables must be allocated.
For applications containing only absolute sections, nothing will be
allocated there.

» Specification of a memory area where the sections containing code or
constants must be allocated. For applications containing only absolute
sections, nothing will be allocated.

» Specified application entry point

» Definition of the reset vector
The minimal linker parameter file will look like this:

LINK test.abs /* Name of the executable file generated. */

NAMES

test.o /* Name of the object files in the application. */
END
SEGMENTS

/* READ_ONLY memory area. There should be no overlap between this
memory area and the absolute sections defined in the assembly
source file. */

MY_ROM = READ_ONLY 0x1000 TO Ox1FFF;

/* READ_WRITE memory area. There should be no overlap between this
memory area and the absolute sections defined in the assembly
source file. */

MY_RAM = READ_WRITE 0x2000 TO Ox2FFF;

END

PLACEMENT
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[*Relocatable variable sections are allocated in MY_RAM.*/

.data INTO MY_RAM,;
/*Relocatable code and constant sections are allocated in MY_ROM */

text INTO MY_ROM,;
END

INIT entry /* Application entry point */
VECTOR ADDRESS O0xFFFE entry /* initialization of the reset vector */

NOTE: Allow no overlap between the absolute section defined in the assembly source
file and the memory area defined in the PRM file.

Since the memory areas (segments) specified in the PRM file are used only to
allocate relocatable sections, nothing will be allocated there when the
application contains only absolute sections. In that case, specify invalid address
ranges in the PRM file.

The moduldiboorg.asmlocated in the demo directory is a small example of
using absolute sections in an application.

11.4 Working with Relocatable Sections

Arelocatable section is a section whereby the start address is determined at link
time. (See modulefibo.asmandfibo.prmin the demo directory.)

11.4.1 Defining Relocatable Sections in the Assembly Source File
A relocatable section is defined using the direcBE#CTION
Example:

Defining a relocatable section containing data:
constSec: SECTION ; Relocatable constant data section
cstl: DC.B  $A6
cst2: DC.B $BC

dataSec: SECTION ; Relocatable data section
var. DSB 1
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In the previous portion of code, the lalmsitl  will be located at offset O from
theconstSec section start address, and labst2 will be located at offset 1
from theconstSec section start address.

Defining a relocatable section containing code:
codeSec: SECTION ; Relocatable code section
entry:

LDA cstl : Load value in cstl
ADD cst2 ; Add value in cst2
STA var : Store in var

BRA entry

In the previous portion of code, the instructiddA will be located at offset O
from thecodeSec start address, and instructidBDat offset 3 from the
codeSec start address.

To avoid problems during linking or executing an application, an assembly file
must:

* Initialize the stack pointer. The instructi®tSPcan be used to initialize
the stack pointer t8§00FF.

» Publish the application entry point usik®EF.

11.4.2 Linking an Application Containing Relocatable Sections

Applications containing relocatable sections must be linked. The linker
parameter file must contain at least the:

* Name of the absolute file, which is the name of the object file that should
be linked

» Specification of a memory area where the sections containing variables
must be allocated

» Specification of a memory area where the sections containing code or
constants must be allocated

» Specification of the application entry point

+ Definition of the reset vector
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The minimal linker parameter file will look like this:

LINK test.abs /* Name of executable file generated */

NAMES

test.o /* Name of object files in the application */

END
SEGMENTS

/* READ_ONLY memory area. */

MY_ROM = READ_ONLY 0x0B00 TO Ox0BFF;
/* READ_WRITE memory area. */

MY_RAM = READ_WRITE 0x0800 TO 0x08FF;

END
PLACEMENT

/* Relocatable variable sections are allocated in MY_RAM. */
data INTO MY_RAM,;

/* Relocatable code and constant sections are allocated in MY_ROM */
dext INTO MY_ROM;

END
INIT entry

/* Application entry point */

VECTOR ADDRESS OxFFFE entry /* initialization of the reset vector */

NOTE:

MCUez HCO05 Assembler

The programmer should ensure that the memory ranges specified in the
SEGMENT block are valid addresses for the MCU being used.

The moduldibo.asmlocated in the demo directory is a small example of using
the relocatable sections in an application.
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11.5 Initializing the Vector Table

The vector table is initialized in the assembly source file or in the linker
parameter file (PRM).

The interrupt and reset vectors location in memory are bound to the specific
processor. In this section, the M68HCO05C9 is used for all examples. The reset
vector for this derivative is located at address $3FFE-$3FFF.

These sources can generate interrupts:

Software interrupt (SWI), interrupt vector locati®8FFC-$3FFD
External interrupt, interrupt vector locati88FFA-$3FFB

Capture/compare timer interrupt, interrupt vector location
$3FF8-$3FF9

Serial communication interface interrupt (SCI), interrupt vector location
$3FF6-$3FF7

Serial peripheral interface interrupt (SPI), interrupt vector location
$3FF4-$3FF5
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11.5.1 Initializing the Vector Table in the Linker PRM File

Initializing the vector table from the PRM file allows initialization of single
entries in the table. All or some of the entries can be initialized in the vector
table.

The labels or functions inserted in the vector table must also be implemented in
the assembly source file. All these labels must be published; otherwise, they
cannot be addressed in the linker PRM file.

Example:

XDEF XIRQFunc, SWIFunc, ResetFunc
DataSec: SECTION SHORT
Data: DS.W5 ; Each interrupt increments an element of the table
CodeSec: SECTION

; Implementation of the interrupt functions.
XIRQFunc:
LDA #0
BRA int
SWIFunc:
LDA #4
BRA int
ResetFunc:
LDA #8
BRA entry
int:
LDX #Data ;Load address of symbol Data in X
; X <- address of the appropriate element in table
Ofset: TSTA
BEQ Ofset3
Ofset2:
INCX
DECA
BNE Ofset2
Ofset3:
INC O, X : table element is incremented
RTI
entry:
RSP
CLRX

CLI ; enables interrupts

MCUez HCO05 Assembler User’'s Manual

MOTOROLA Operating Procedures 217

For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

Operating Procedures

loop: BRAloop

NOTE: The functionsXIRQFunc, SWIFunc, ResetFunc are published. This is
required because they are referenced in the linker PRM file. All interrupt
functions must be terminated with an RTI (return-to-interrupt) instruction.

The vector table is initialized by the linker command VECTOR ADDRESS.

Example:

LINK test.abs
NAMES
test.o
END
SEGMENTS
MY_ROM =READ_ONLY 0x0800 TO 0x08FF;
MY_RAM = READ_WRITE 0x0B0O TO OxOCFF;
Z RAM =READ_WRITE 0x0080 TO 0x00DO;
MY_STACK = READ_WRITE 0x0D00 TO OxODFF;
END
PLACEMENT
.data INTO Z_RAM;
text INTO MY_ROM,;
.stack INTO MY_STACK;
END
INIT ResetFunc
VECTOR ADDRESS 0x3FFA XIRQFunc
VECTOR ADDRESS 0x3FFC SWIFunc
VECTOR ADDRESS 0x3FFE ResetFunc

NOTE: The statemeniNIT ResetFunc defines the application entry point. Usually,
this entry point is initialized with the same address as the reset vector. The
statemenVECTOR ADDRESS 0x3FFA XIRQFunc specifies that the
address of functioX/RQFunc should be written at addre$x3FFA.
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11.5.2 Initializing Vector Table in Assembly Source Files Using a Relocatable Section

XDEF ResetFunc

Initializing the vector table in the assembly source file requires that all entries
in the table are initialized. Interrupts that are not used must be associated with

a standard handler.

The labels or functions, which should be inserted in the vector table, must be
implemented in the assembler source file or an external reference must be
available for them. The vector table can be defined in an assembly source file
in an additional section containing constant variables.

Example:

DataSec: SECTION SHORT

Data: DS.W5
CodeSec: SECTION

XIRQFunc:
LDA #0
BRA int
SWIFunc:
LDA #4
BRA int
ResetFunc:
LDA #8
BRA entry
SCIFunc:
LDA #16
BRA entry
DummyFunc:
RTI
int:
LDX #Data

Ofset: TSTA
BEQ Ofset3

MCUez HCO05 Assembler

;Each interrupt increments an element of the table.

;Implementation of the interrupt functions.

; Load address of symbol Data in X
; X <- address of appropriate element in table
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Ofset2:
INCX
DECA
BNE Ofset2
Ofset3:
INC 0, X ; table element is incremented
RTI
entry:
RSP
CLRX

CLI ; enables interrupts
loop: BRA loop

VectorTable: SECTION

; Definition of the vector table.
SClInt: DC.W SCIFunc
RTIInt: DC.W DummyFunc
XIRQInt: DC.W XIRQFunc
SWIint: DC.W SWIFunc
Resetint: DC.W ResetFunc

NOTE: Each constantin the sectidrectorTable s defined as a word (2-byte
constant) because entries in the HCO5 vector table are 16 bits wide. In the
previous example, the constaXtRQ/nt is initialized with the address of the
label XIRQFunc. The constanRT/Int is initialized with the address of the
label DummyFuncbecause this interrupt is not in use. All the labels specified
as initialization values must be defined, published (using XDEF), or imported
(using XREF), before the vector table section.
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The section should now be placed at the expected address. This is performed in
the linker parameter file.

Example:

LINK test.abs
NAMES
test.o
END
SEGMENTS
MY_ROM = READ_ONLY 0x0800 TO Ox08FF;
MY_RAM = READ_WRITE 0x0B0O TO OxOCFF;
Z RAM =READ_WRITE 0x0080 TO 0x00DO;
MY_STACK = READ_WRITE 0x0D00 TO OxODFF;
/* Define the memory range for the vector table */
Vector = READ_ONLY O0x3FF6 TO Ox3FFF;
END
PLACEMENT
.data INTO Z_RAM;
text INTO MY_ROM,;
.stack INTO MY_STACK,;
/* Place the section 'VectorTable' at the
appropriate address */
VectorTable INTO Vector;
END
INIT ResetFunc
ENTRIES

*

END

The statemenVector = READ ONLY O0x3FF6 TO Ox3FFF defines the
memory range for the vector table. The statenvaattorTable INTO

Vector specifies that the vector table should be loaded in the read-only
memory area vector. This means the cons&®wnt will be allocated at
address Ox3FF6, the constaRi/int  will be allocated at address 0x3FF8, the
constantX/RQInt will be allocated at address Ox3FFA, the const&wv/int

will be allocated at address 0x3FFC, and the consiedet/int  will be
allocated at address Ox3FFE. The statemEMTRIES * ENDswitches smart
linking OFF. If this statement is missing in the PRM file, the vector table will
not be linked with the application because it is never referenced. The smart
linker only links the referenced objects in the absolute file.
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11.5.3 Initializing the Vector Table in the Assembly Source File Using an Absolute Section

Initializing the vector table in the assembly source file requires that all entries
in the table are initialized. Interrupts that are not used must be associated with
a standard handler.

The labels or functions that are inserted in the vector table must be implemented
in the assembly source file or an external reference must be available for them.
The vector table can be defined in an assembly source file in an additional
section containing constant variables.

Example:

XDEF ResetFunc
DataSec: SECTION SHORT
Data: DS.W5 ;Each interrupt increments an element of the table
CodeSec: SECTION

;Implementation of the interrupt functions

XIRQFunc:

LDA #0

BRA int
SWIFunc:

LDA #4

BRA int
ResetFunc:

LDA #8

BRA entry
SCIFunc:

LDA #16

BRA entry
DummyFunc:

RTI
int:

LDX #Data ;Load address of symbol Data in X

;X <- address of the appropriate element in table

Ofset: TSTA
BEQ Ofset3
Ofset2:
INCX
DECA
BNE Ofset2
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Ofset3:
INC 0, X ;table element is incremented
RTI
entry:
RSP
CLRX
CLlI ;enables interrupts

loop: BRA loop

ORG $3FF6

;Definition of vector table in absolute section
; starting at address $3FF6.

SClint; DC.W SCIFunc

RTIInt: DC.W DummyFunc

XIRQInt: DC.W XIRQFunc

SWIint: DC.W SWIFunc

Resetint: DC.W ResetFunc

NOTE: Each constantin the sectidrectorTable s defined as a word (2-byte
constant) because the entry in the HCO5 vector table is 16 bits wide. In the
previous example, the constéC/Int s initialized with the address of the
label SCIFunc , the constanRTI/Int is initialized with the address of the
label DummyFunc etc. Labels specified as initialization values must be
defined, published (using XDEF), or imported (using XREF) before the vector
table section. The statemeDRG $3FF6 specifies that the following section
must start at address $3FF6.
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The section should be placed at the expected address. This is done in the linker
parameter file.

Example:

LINK test.abs
NAMES
test.o
END
SEGMENTS
MY_ROM =READ_ONLY 0x0800 TO 0x08FF;
MY_RAM =READ_WRITE 0x0B00 TO OxOCFF;
Z RAM = READ_WRITE 0x0080 TO 0x00DO;
MY_STACK = READ_WRITE 0x0D00 TO 0xODFF;
END
PLACEMENT
.data INTO Z_RAM,;
text INTO MY_ROM,;
.Stack INTO MY_STACK;
END
INIT ResetFunc
ENTRIES

*

END

NOTE: The statemerENTRY * ENDwitches smart linking OFF. If this statement is
missing in the PRM file, the vector table will not be linked with the application,
because it is never referenced. The smart linker only links objects referenced in
the absolute file.
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11.6 Splitting an Application into Different Modules

A complex application or application involving several programmers can be
split into several simple modules. To avoid problems when merging modules,
for each assembly source file one include file must be created containing the
definition of the symbols exported from this module. For symbols referring to
code label, a small description of the interface is required.

An example of an assembly fil€€stl.asmis:

XDEF AddSource
XDEF Source

DataSec: SECTION
Source: DSW1
CodeSec: SECTION
AddSource:
RSP
ADD Source
STA Source
RTS

an example of a corresponding include filegt1.ing is:

XREF AddSource
; The function AddSource adds the value stored in the variable
; Source to the content of register A. The result of the computation
; is stored in the variable Source.
; Input Parameter : register A contains the value, which should be
; added to the variable Source.
; Output Parameter: register A contains the result of the addition.
XREF Source
; The variable Source is a word variable.

Each assembly module using a symbol defined in another assembly file should
include the corresponding include file.
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An example of an assembly fil&€st2.asmis:

XDEF entry
INCLUDE “Testl.inc”

CodeSec: SECTION
entry: RSP
LDA #$7
JSR AddSource
BRA entry

The application PRM file must list both object files used to build the
application. When a section is present in the different object files, the object file
sections are concatenated in a single absolute file section. The different object
file sections are concatenated in the order the object files are specified in the
PRM file.

An example of a PRM fileTest2.prmis:

LINK test2.abs /* Name of executable file generated */

NAMES

testl.o test2.0 *Name of object files building the application*/
END

SEGMENTS
MY_ROM = READ_ONLY 0x0B00 TO OxOBFF; /* READ_ONLY memory area */
MY_RAM = READ_WRITE 0x0800 TO Ox08FF; /* READ_WRITE memory area */
END

PLACEMENT
DataSec,.data INTO MY_RAM,; /* variables are allocated in MY_RAM */
CodeSec,.text INTO MY_ROM,; /* code and constants */

* are allocated in MY_ROM */

END
INIT entry /* Definition of the application entry point */
VECTOR ADDRESS 0OxFFFE entry /* Definition of the reset vector */

NOTE: The statemenVAMES testl.o test2.0 END lists the two object files
building the application. A space character separates the object flenames. The
sectionCodeSec is defined in both object files. lastl.o , the section
CodeSec contains the symbadlddSource . In test2.o0 , CodeSec
contains the symbantry . According to the order in which the object files are
listed in the NAMES block, the functidx@dSource will be allocated first (at
address 0xB00) and symbattry will be allocated next to it.
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11.7 Using Direct Addressing Mode to Access Symbols

The various ways to inform the assembler to use the direct addressing mode on
a symbol are discussed here.

11.7.1 Using Direct Addressing Mode to Access External Symbols

External symbols that should be accessed using the direct addressing mode
must be declared using the directkifEF.B in place ofXREFE

Example:

XREF.B ExternalDirLabel
XREF ExternalExtLabel

LDA ExternalDirLabel ; Direct addressing mode is used

LDA ExternalExtLabel ; Extended addressing mode is used

11.7.2 Using Direct Addressing Mode to Access Exported Symbols

Symbols that are exported using the direct2EF.B, will be accessed using
the direct addressing mode. Symbols that are exported using the dipebisfe
are accessed using the extended addressing mode.

Example:

XDEF.B DirLabel
XDEF ExtLabel

LDA DirLabel ; Direct addressing mode is used

LDA ExtLabel ; Extended addressing mode is used
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11.7.3 Defining Symbols in the Direct Page

Symbols defined in the predefined section BSCT are always accessed using the
direct addressing mode.

Example:
BSCT
DirLabel: DS.B 3

dataSec: SECTION
ExtLabel: DS.B 5

codeSec: SECTION
LDA DirLabel ; Direct addressing mode is used

LDA ExtLabel ; Extended addressing mode is used

11.7.4 Using a Force Operator

A force operator can be specified in an assembly instruction to force direct or
extended addressing mode.

Supported force operators are:
* <or.B to force direct addressing mode

* > or.Wto force extended addressing mode

Example:

dataSec: SECTION
label: DS.B 5

codeSec: SECTION

LDA <label ; Direct addressing mode is used
LDA label.B; Direct addressing mode is used

LDA >label ; Extended addressing mode is used
LDA label.W ; Extended addressing mode is used
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11.7.5 Using SHORT Sections

Symbols defined in a section with the qualifs8#i ORTare always accessed
using the direct addressing mode.

Example:

shortSec: SECTION SHORT
DirLabel: DS.B 3

dataSec: SECTION
ExtLabel: DS.B 5

codeSec: SECTION
LDA DirLabel ; Direct addressing mode is used

LDA ExtLabel ; Extended addressing mode is used

11.8 Generating an .abs File Directly

The assembler generates.ahsfile directly from an assembly source file. A
Motorola S file is generated at the same time and can be directly burnt into an
EPROM.
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11.8.1 Assembler Source File

When anabsfile is generated using the assembler (no linker), the application
must be implemented in a single assembly unit and contain only absolute
sections.

Example:

ABSENTRY entry ; Specifies the application Entry point
ORG $FFFE ; Reset vector definition
Reset. DC.W entry

ORG $40 ; Define an absolute constant section
varl: DC.B5 ; Assign 5 to the symbol varl

ORG $80 ; Define an absolute data section
data: DS.B1 ; Define one byte variable in RAM
address 40

ORG $B00 ; Define an absolute code section
entry:

RSP ; Load stack pointer

LDA varl
main:

INCA

STA data

BRA main

When writing an assembly source file for direct absolute file generation, pay
special attention to these points:

* The directiveABSENTRYS used to write the entry point address in the
generated absolute file. To set the entry point of the application on the
labelentry in the absolute file, this code is needéBSENTRY
entry

* The reset vector must be initialized in the assembly source file,
specifying the application entry point. An absolute section is created at
the reset vector address. This section contains the application entry point
address.

To set the entry point of the application at address $FFFE on the label
entry , this code is needed:

ORG $FFFE ; Reset vector definition
; Reset: DC.W entry
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» ltis strongly recommended to use separate sections for code, data, and
constants. All sections used in the assembler application must be
absolute. They must be defined using @R Glirective. The address for
constant or code sections has to be located in the ROM memory area,
while the data sections have to be located in RAM (according to the
hardware being used). Also, ensure that no sections overlap.

11.8.2 Assembling and Generating the Application

Once the source file is available, it can be assembled.

1. Start the assembler by clicking #®@ASM icon in the MCUez
toolbar. Enter the name of the file to be assembled in the editable

combo box, for examplabstest.asm

AHCO5 Azzsembler C:AMCUEZ\demo\WMMD505A\project.im =
File  Azzembler “iew Help

O 2| &| W] [abstest.asm = x| A
Ready 132240 2

Figure 11-1. Starting the MCUez Assembler
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2. Select the menu entdssembler | Optionsto display theOptions
Settingsdialog box.

Options Settings E |

[]0bject File Format

[w|Generate a lizting file

100 not print macro call in lizt file

[ 1Da nat print macra definition in list file
[0 nat print macro expanzion in list file
[ 100 not print included files in st file

0k, I Cancel Help

Figure 11-2. Options Setting Dialog Box
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3. In theOutput folder, select the check box in front of the label
Object File Format.

Advanced Options Settings E |

Output | It I Hast I Code Generatianl Messagesl

Ohbject File Format

[w]|Generate a listing file

[10a niat prink macro call i list file

100 not print macro definition in ligt file
[1Da nat print macra expangian in lisgt file
[0 nat print included files in list file

-F[&212]: Object File Format

& ELF/DWwWARF 2.0 Absolute File
" ELF/D'wARF 2.0 Object File Format

0k, I Cancel Help

Figure 11-3. Selecting the Object File Format
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4. Select the radio buttdeLF/DWARF 2.0 Absolute File and click
OK to generate an absolute file. Click on Assemblebutton to
assemble the file. The assembly process is showigime 11-4

AHCO5 Aszzembler C:AMCUEZ\demo\WMMDS05A\project.ini *

File Azsembler Yiew Help
Dlﬁlnl ?lkﬂl Iabstest.asm j @llﬂ

Top: C:ANHCUEZY demo\WMMDI054AYabhstest, asn

writing debug listing to C:\MCUEZYdewo\WMMDE05AYabstest.DEG
Output £ile: "C:\MCUEZY dewo)\WMMDI054Y abhstest.abs"™

Output £ile: "C:\MCUEZY demo', WMMDS0OSAY abatest, 5K

Code 3ize: 11

writing listing to abstest.L3T

Ready 132867 2

Figure 11-4. Generating an Assembler .abs File

The generated absolute filabg is used with the target board or emulator. The
file can be downloaded directly to the HCO5S target. The target must be reset.
Select menu entriiMDS0508 | Resebefore running the application. Thex

file that is generated is a standard Motorola S record file. This file can be
directly burnt into an EPROM.
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12.2 Introduction

12.2.1 Warning

12.2.2 Error

12.2.3 Fatal

Freescale Semiconductor, Inc.

Assembler Messages
Introduction

The assembler can generate three types of messages:

1. Warning
2. Error
3. Fatal

A message will be printed and assembly will continue. Warning messages are
used to indicate possible programming errors to the user.

A message will be printed and assembly will stop. Error messages are used to
indicate illegal language usage.

A message will be printed and assembly will be aborted. A fatal message
indicates a severe error that will stop the assembling.

12.3 Message Codes

MCUez HCO05 Assembler

If the assembler prints out a message, the message contains a message code (A
for assembler) and a 4- to 5-digit number. This number may be used to search
for the indicated message in the manual. All messages generated by the
assembler are documented in increasing order for easy and fast retrieval.

Each message also has a description and, if available, a short example with a
possible solution or tips to fix a problem. For each message, the type of message
is also noted.
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12.3.1 A1000:; Conditional Directive not Closed

Type:

Description:

Example:

Tip:

Example:

Be careful:

Example:

User’'s Manual

Error

A conditional block is not closed. A conditional block can be
opened by one of these directives:

IF, IFEQ, IFNE, IFLT, IFLE, IFGT, IFGE, IFC,

IFNC, IFDEF, IFNDEF

IFEQ (defineConst)
constl: DC.B1
const2: DC.B 2

Close the conditional block with an ENDIF or ENDC directive.

IFEQ (defineConst)
constl: DC.B1
const2: DC.B 2

ENDIF

A conditional block that starts inside a macro must be closed
within the same macro.

The following portion of code generates an error because the
conditional blocKFEQ is opened within the macidyMacro
and closed outside the macro.

MyMacro: MACRO
IFEQ (SaveRegs)
NOP
NOP
ENDM
NOP
ENDIF
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12.3.2 A1001: Conditional Else not Allowed Here
Type: Error
Description: A second ELSE directive is detected in a conditional block.

Example:
IFEQ (defineConst)

ELSE
ELSE

ENDIF

Tip: Remove the extra ELSE directive.

Example:
IFEQ (defineConst)

ELSE

ENDIF
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12.3.3 A1051: Zero Division in Expression
Type: Error
Description: A zero division is detected in an expression.

Example:

label: EQU 0;
label2: EQU $5000

LDX #(label2/label)

Tip: Modify the expression or specify it in a conditional assembly
block.

Example:

label: EQU 0;
label2: EQU $5000

IFNE (label)

LDX #(label2/label)
ELSE

LDX #label2
ENDIF
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12.3.4 A1052: Right Parenthesis Expected
Type: Error

Description: A right parenthesis is missing in an assembly expression or
expression containing a HIGH or LOW operator.

Example:

MyData: SECTION
variable: DS.B 1

label: EQU (2*4+6
label2: EQU PAGE (variable
label5: EQU HIGH (variable

Tip: Insert the right parenthesis at the correct position.

Example:

MyData: SECTION
variable: DS.B 1

label: EQU (2*4)+6

label2: EQU PAGE(variable)
label5: EQU HIGH (variable)
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12.3.5 A1053: Left Parenthesis Expected
Type: Error

Description: A left parenthesis is missing in an expression containing a
reference to the page (bank) where an object is allocated.

Example:

MyData: SECTION

variable: DS.B 1

label3: EQU PAGE variable)
label5: EQU HIGH variable)

Tip: Insert the left parenthesis at the correct position.

Example:

MyData: SECTION
variable: DS.B 1

label3: EQU PAGE (variable)
label5: EQU HIGH (variable)
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12.3.6 A1054 References on Non-Absolute Objects not Allowed When Options -FAL or
-FA2 Are Enabled

Type: Error

Description A reference to a relocatable object has been detected during
generation of an absolute file by the assembler.

Example:
XREF extData
DataSec: SECTION
datal: DSW1
ORG $800
entry:
LDX #datal
LDX extData

Tips:
*When generating an absolute file, the application should be
encoded in a single source file, and should only contain a
relocatable symbol.
*To avoid this message, define sections as absolute sections and
remove all XREF directives from the source file.
Example:
ORG $B00
datal: DS.W 1
ORG $800
entry:
LDX #datal
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12.3.7 A1101: lllegal Label: Label is Reserved
Type: Error

Description:  Areserved identifier is used as a label. Reserved identifiers are:

* Mnemonics associated with target processor registers are
A, CCR, SP, X.

* Mnemonics associated with special target processor
operator are HIGH and LOW.

Example:

A: NOP
NOP
RTS

Tip: Modify the name of the label to an identifier that is not
reserved.

Example:

ASub: NOP
NOP
RTS
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12.3.8 A1103: lllegal Redefinition of Label

Type: Error

Description:  The label specified in front of a comment, assembly
instruction, or directive is detected twice in a source file.

Example:
XDEF Entry

DataSecl: SECTION
labell: DS.W 2
label2: DS.L 2

CodeSecl: SECTION
MySub: LDX #labell
CPX #3$500
BNE label2
NOP
NOP
NOP
label2: RTS

Entry: RSP

main: BSR MySub
BRA main

Tip: Rename one of the label names.

Example:
XDEF Entry

DataSecl: SECTION
DataLabl: DS.W 2
DataLab2: DS.L 2

CodeSecl: SECTION
MySub: LDX #DatalLabl
CPX #3$500
BNE CodLab2
NOP
NOP
NOP
CodLab2: RTS

Entry: RSP

main: BSR MySub
BRA main
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12.3.9 A1104: Undeclared User-Defined Symbol <symbolName>
Type: Error

Description:  The label <symbolName> is referenced in the assembly file,
but it is never defined.

Example:
Entry:
LDA #56
STA Variable
RTS

Tip: The label <symbolName> must be defined either in the current
assembly file or specified as an external label.

Example:
XREF Variable

Entry:
LDA #56
STA Variable
RTS
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12.3.10 A2301: Label is Missing

Type: Error

Description: A label name is missing at the front of an assembly directive
requiring a label. These directives are SECTION, EQU, and

SET.
Example:
SECTION 4
EQU $67
SET $77
Tip: Insert a label in front of the directive.
Example:

codeSec: SECTION 4
myConst: EQU $67

mySetV: SET $77

12.3.11 A2302: Macro Name is Missing
Type: Error
Description: A label name is missing in front of a MACRO directive.

Example:
MACRO
LDA\1
ADD \2
STA\l
ENDM

Tip: Insert a label in front of the MACRO directive.

Example:
AddM: MACRO
LDA\1
ADD \2
STA\1
ENDM
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12.3.12 A2303: ENDM is lllegal

User’'s Manual

Type: Error

Description:  An ENDM directive is detected outside a macro.

Example:
AddM: MACRO

LDA\1
ADD \2
STA\l

ENDM

NOP

AddM datal, data2

ENDM

Tip: Remove the superfluous ENDM directive.

Example:
AddM: MACRO

LDA\1
ADD \2
STA\1

ENDM

NOP

AddM datal, data2
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12.3.13 A2304: Macro Definition Within Definition
Type: Error

Description: A macro definition is detected inside another macro definition.
The assembler does not support this.

Example:

AddM: MACRO
AddX: MACRO
LDX\1
INCX
STX\1

ENDM
LDA\1
ADD \2
STA\l1

ENDM

Tip: Define the second macro outside the first one.

Example:

AddX: MACRO
LDX \1
INCX
STX\1

ENDM

AddM: MACRO
LDA\1
ADD \2
STA\l1

ENDM
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12.3.14 A2305: lllegal Redefinition of Instruction or Directive Name

User’'s Manual

Type: Error

An assembly directive or an HCO5 instruction name has been
used as a macro name. This is not allowed. The assembler
cannot determine if the symbol refers to the macro or the

instruction.

Description:

Example:
ADDD: MACRO

LDA\1

ADD \2

STA\l1
ENDM

Tip:
Change the name of the macro to an unused identifier.

Example:
ADDM: MACRO

LDA\1

ADD \2

STA\l1
ENDM
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12.3.15 A2306: Macro not Closed at End of Source
Type: Error

Description: ~ An ENDM directive is missing at the end of a macro. The end
of the input file is detected before the end of the macro.

Example:

AddM: MACRO
LDA\1
ADD \2
STA\1
NOP
AddM datal, data2

Tip: Insert the missing ENDM directive at the end of the macro.

Example:

AddM: MACRO
LDA\1
ADD \2
STA\1
ENDM
NOP
AddM: datal, data2
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12.3.16 A2307: Macro Redefinition
Type: Error

Description:  The input file contains definitions for two macros with the
same name.

Example:

AddM MACRO
LDX\1
INCX
STX\1

ENDM

AddM MACRO
LDA\1
ADD \2
STA\l1

ENDM

Tip: Change the name of one of the macros to generate unique
identifiers.

Example:

AddX MACRO
LDX\1
INCX
STX\1

ENDM

AddM MACRO
LDA\1
ADD \2
STA\l1

ENDM
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12.3.17 A2308: Filename Expected
Type: Error

Description: A filename is expected in an INCLUDE directive.

Example:
xxx: EQU $56
INCLUDE xxx
Tip: Specify a filename after the INCLUDE directive.
Example:
Xxx: EQU $56

INCLUDE “xxx.inc”

12.3.18 A2309: File not Found

Type: Error

Description: ~ The assembler cannot locate a file specified in the INCLUDE
directive.

Tip: If the file exists, check if the directory is specified in the

GENPATH environment variable. Ensure that the project
directory is correct and default.envile exists. The assembler
looks for include files in the project directory and directories
listed in the GENPATH environment variable. If the file does
not exist, create it or remove the include directive.
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12.3.19 A2310: lllegal Size Character
Type: Error

Description:  Aninvalid size specification character is detected in a DCB,
DC, DS, FCC, FCB, FDB, RMB, XDEF, or XREF directive.

For XDEF and XREF directives, valid size specification
characters are:

» .B for symbols located in a section where direct
addressing mode can be used

W for symbols located in a section where extended
addressing mode must be used

For DCB, DC, DS, FCC, FCB, FDB, and RMB directives,
valid size specification characters are:

» .B for byte variables
W for word variables

» .L forlong variables

Example:

DataSec: SECTION
labell: DS.Q 2

ConstSec: SECTION
label2: DC.1 3, 4, 6

Tip: Change the size specification character to a valid one.

Example:
DataSec: SECTION
labell: DS.L 2

ConstSec: SECTION
label2: DC.W 3, 4, 6
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12.3.20 A2311: Symbol Name Expected
Type: Error

Description: A symbol name is missing after an XDEF, XREF, IFDEF, or
IFNDEF directive.

Example:

XDEF $5645
XREF ; This is a comment
CodeSec: SECTION

IFDEF $5634

Tip: Insert a symbol name at the requested position.

Example:

XDEF exportedSymbol
XREF importedSymbol; This is a comment
CodeSec: SECTION

IFDEF changeBank
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12.3.21 A2312: String Expected
Type: Error

Description A character string is expected at the end of an FCC, IFC, or
IFNC directive.

Example:

expr: EQU $5555
expr2: EQU 5555

DataSec: SECTION
label: FCC expr

CodeSec: SECTION
IFC expr, expr2
Tip: Insert a character string at the requested position.

Example:
expr: EQU $5555
expr2: EQU 5555
DataSec: SECTION
label: FCC “This is a string”
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12.3.22 A2313: Nesting of Include Files Exceeds 50
Type: Error

Description:  The maximum number of nested include files has been
exceeded. The assembler supports up to 50 nested include files.

Tip: Reduce the number of nested include files to 50.

12.3.23 A2314: Expression Must be Absolute
Type: Error

Description:  An absolute expression is expected at the specified position.

Assembler directives expecting an absolute value are:
OFFSET, ORG, ALIGN, SET, BASE, DS, LLEN, PLEN, SPC,
TABS, IF, IFEQ, IFNE, IFLE, IFLT, IFGE, IFGT.

The first operand in a DCB directive must be absolute:

Example:
DataSec: SECTION
labell: DS.W 1
label2: DS.W 2
label3: EQU 8
codeSec: SECTION
BASE labell
ALIGN label2
Tip: Specify an absolute expression at the specified position.

Example:
DataSec: SECTION
labell: DS.W 1
label2: DS.W 2
label3: EQU 8
codeSec: SECTION
BASE label3

ALIGN 4
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12.3.24 A2316: Section Name Required
Type: Error

Description: A SWITCH directive is not followed by a symbol name.
Absolute expressions or strings are not allowed in a SWITCH
directive.

The symbol specified in a SWITCH directive must refer to a
previously defined section.

Example:

dataSec: SECTION
labell: DS.B 1

<.:.<.3deSec: SECTION
SWITCH $A344
Tip: Specify the name of a previously defined section in the
SWITCH directive.

Example:

dataSec: SECTION
labell: DS.B 1

codeSec: SECTION

SWITCH dataSec
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12.3.25 A2317: lllegal Redefinition of Section Name

Type:

Description:

Example:

Tip:

Example:

MCUez HCO05 Assembler

Error

The name associated with a section is previously used as a label
in a code or data section or is specified in an XDEF directive.

dataSec: SECTION
secLabel: DS.B 1
labell: DS.B 2
label2: DS.B1

secLabel: SECTION
LDA #1

Change section name to a unique identifier.

dataSec: SECTION
data: DS.B1
labell: DS.B 2
label2: DS.B1

codeSec: SECTION
LDA #1

Message Codes

The macro assembler does not allow a section name to be
exported or to use the same name for a section and a label.
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12.3.26 A2318: Section not Declared
Type: Error

Description:  The label specified in a SWITCH directive is not associated
with a section.

Example:

dataSec: SECTION
labell: DS.B 1

codeSec: SECTION
SWITCH daatSec
Tip: Specify the name of a previously defined section in the
SWITCH directive.

Example:

dataSec: SECTION
labell: DS.B 1

codeSec: SECTION

SWITCH dataSec
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12.3.27 A2320: Value too Small
Type: Error
Description:  The absolute expression specified in a directive is too small.

This message can be generated when:

* The expression specified in an ALIGN, DCB, or DS
directive is smaller than 1.

* The expression specified in a PLEN directive is smaller
than 10. A header is generated at the top of each page of
the listing file. The header contains at least six lines, so a
page length should be larger than 10 lines to be useful.

* The expression specified in a LLEN, SPC, or TABS
directive is smaller than O (negative).

Example:

PLEN 5
LLEN -4
dataSec: SECTION
ALIGN O

labell: DS.W 0
Tip: Modify the absolute expression to a value in the correct range
(seel2.3.28 A2321: Value too Big

Example:

PLEN 50
LLEN 40
dataSec: SECTION
ALIGN 8

labell: DS.W 1
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12.3.28 A2321: Value too Big

Type:

Description:

Example:

Tip:

Example:

User’'s Manual

Error

The absolute expression specified in a directive is too big.

This message can be generated if:

The expression specified in an ALIGN directive is
greater than 32,767.

The expression specified in a DS or DCB directive is
greater than 4096.

The expression specified in a PLEN directive is greater
than 10,000.

The expression specified in an LLEN directive is greater
than 132.

The expression specified in an SPC directive is greater
than 65.

The expression specified in a TABS directive is greater
than 128.

PLEN 50000
LLEN 200

dataSec: SECTION

ALIGN 40000

labell: DS.W 5000

Modify the absolute expression to a value in the range specified
in the bullet list here.

PLEN 50
LLEN 40

dataSec: SECTION

ALIGN 8

labell: DS.W 1
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12.3.29 A2323: Label is Ignored
Type: Warning

Description:  Alabel is specified in front of a directive that does not accept a
label. The assembler ignores such labels. These labels cannot
be referenced anywhere else in the application.

Labels will be ignored in front of these directives:
ELSE, ENDIF, END, ENDM, INCLUDE, CLIST,
ALIST, FAIL, LIST, MEXIT, NOLIST, NOL, OFFSET,
ORG, NOPAGE, PAGE, LLEN, PLEN, SPC, TABS,
TITLE, TTL.

Example:

CodeSec: SECTION
LDA #$5444
label: PLEN 50

label2: LIST

Tip: Remove the label that is not required. If a label was needed at
that position in a section, define the label on a separate line.

Example:

CodeSec: SECTION
LDA #$5444
label:
PLEN 50

label2:
LIST
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12.3.30 A2324: lllegal Base (2, 8, 10, and 16)

User’'s Manual

Type: Error

An invalid base number follows a BASE directive. Valid base
numbers are 2, 8, 10, or 16. The expression specified in a BASE
directive must be an absolute expression and must match one

of the values listed here.

Description:

Example:
BASE 67

dataSec: SECTION
label: DS.B 8

BASE label

Tip: Specify a valid value in the BASE directive.

Example:
BASE 16

dataSec: SECTION
label: EQU 8

BASE label
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12.3.31 A2325: Comma or Line End Expected

MCUez HCO05 Assembler

Type:

Description:

Example:

Tip:

Example:

Error

An incorrect syntax has been detected in a DC, FCB, FDB,
XDEF, PUBLIC, GLOBAL, XREF, or EXTERNAL directive.

This error message is generated when the values listed in one
of these directives are not terminated by an end of line
character or separated by a comma.

XDEF aal aa? aa3 aa4
XREF bbl, bb2, bb3, bb4 This is a
comment

dataSec: SECTION
dataLabl: DC.B2|4|6|8
dataLab2: FCB 45, 66, 88 label3:DC.B 4

Use a commato separate items in the list or insert an end of line
character at the end of the list.

XDEF aal, aa2, aa3, aa4
XREF bbil, bb2, bb3, bb4 :‘This is a
comment

dataSec: SECTION
dataLabl: DC.B 2, 4,6, 8
dataLab2: FCB 45, 66, 88
label3: DC.B 4
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12.3.32 A2326: Label is Redefined
Type: Error

Description: A label redefinition has been detected. This message is issued
when:

» The label specified in front of a DC, DS, DCB, or FCC
directive is already defined.

* One of the label names listed in an XREF directive is
already defined.

» The label specified in front of an EQU directive is
already defined.

» The label specified in front of a SET directive is already
defined and not associated with another SET directive.

* A label with the same name as an externally referenced
symbol is defined in the source file.

Example:

DataSec: SECTION
labell: DS.W 4

BSCT
labell: DSW 1

Tip: Modify source code to use unique identifiers.

Example:

DataSec: SECTION
data_labell: DS.W 4

BSCT
bsct_labell: DSW 1
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12.3.33 A2327: ON or OFF Expected

Type: Error

Description:  The syntax for an MLIST or CLIST directive is not correct.
These directives expect a unique operand with a value of ON or

OFF.
Example:
CodeSec: SECTION
éLIST
Tip: Specify either ON or OFF after the MLIST or CLIST directive.
Example:

CodeSec: SECTION

CLIST ON

12.3.34 A2328: Value is Truncated

MCUez HCO05 Assembler

Type: Warning

Description:  The size of one of the constants listed in a DC directive is
bigger than the size specified in the DC directive.

Example:
DataSec: SECTION
cstl: DC.B $56, $784, $FF
cst2: DC.w $56, $784, $FF5634
Tip: Reduce the value of the constant to the correct value specified
in the DC directive.
Example:

DataSec: SECTION
cstl: DC.B $56, $7, $84, $FF
cst2: DC.W $56, $784, $FF, $5634
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12.3.35 A2329: FAIL Found
Type: Error

Description:  The FAIL directive followed by a number smaller than 500 has
been detected in the source file. This is normal for the FAIL
directive. The FAIL directive is intended for use with
conditional assembly to detect a user-defined error or warning
condition.

Example:
cpChar: MACRO

IFC "\1", ™
FAIL 200
MEXIT

ELSE
LDA\1

ENDIF

IFC "\2", ™
FAIL 600
ELSE
STA\2
ENDIF
ENDM
codeSec: SECTION
Start:
cpChar, char2
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12.3.36 A2330: String is not Allowed
Type: Error

Description: A string has been specified as the initial value in a DCB
directive. The initial value for a constant block can be any byte,
word, or long absolute expression or a simple relocatable
expression.

Example:

CstSec: SECTION
label: DCB.B 10, “aaaaa”

Tip: Specify the ASCII code equivalent for the characters in the
string.

Example:

CstSec: SECTION
label: DCB.B 5, $61
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12.3.37 A2332: FAIL Found
Type: Warning

Description:  The FAIL directive followed by a number larger than 500 has
been detected in the source file. This is normal for the FAIL
directive. The FAIL directive is intended for use with
conditional assembly to detect a user-defined error or warning
condition.

Example:
cpChar: MACRO

IFC "\1", ™
FAIL 200
MEXIT

ELSE
LDA\1

ENDIF

IFC "\2", ™
FAIL 600
ELSE
STA\2
ENDIF
ENDM
codeSec: SECTION
Start:
cpChar charl
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12.3.38 A2333: Forward Reference not Allowed

MCUez HCO05 Assembler

Type: Error

Description: A forward reference has been detected in an EQU instruction.
This is not allowed.

Example:

CstSec: SECTION

label: DCB.B 10, $61

equlLab: EQU label2

label2: DC.W $6754
Tip: Move the EQU instruction after the label definition it refers to.
Example:

CstSec: SECTION
label: DCB.B 10, $61

label2: DC.W $6754

equLab: EQU label2 + 1
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12.3.39 A2334: Only Labels Defined in the Current Assembly Unit Can Be Referenced

in an EQU Expression

Type:

Description:

Example:

Tip:

Example:

User’'s Manual

Error

One of the symbols specified in an EQU expression is an
external symbol, which was previously specified in an XREF
directive. This is not allowed due to a limitation in tBeF file
format.

XREF label
CstSec: SECTION
lab: DC.B 6
equlLabel: EQU label+6
EQU label containing a reference to an object must be defined

in the same assembly module as the object it refers to. Then the
EQU label can be exported to other modules in the application.

XDEF label, equlabel
CstSec: SECTION
lab: DC.B 6
label: DC.W 6

equLabel: EQU label+6
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12.3.40 A2335: Exported Absolute EQU Label is not Supported
Type: Error

Description: A label specified in front of an EQU directive and initialized
with an absolute value was previously specified in an XDEF
directive. This is not allowed due to a limitation in tReF file
format.

Example:

XDEF equLabel
CstSec: SECTION
lab: DC.B 6

equLabel: EQU $77AA
Tip: EQU labels initialized with an absolute expression can be

defined in a special file, which can be included in each
assembly file where the labels are referenced.

Example: Fileconst.inc
equLabel: EQU $77AA
File Test.asm
INCLUDE “const.inc”

CstSec: SECTION
lab: DC.B 6
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12.3.41 A2336: Value too Big

Type:

Description:

Example:

Tip:

Example:

User’'s Manual

Warning

The absolute expression specified as an initialization value for
a block defined by DCB is too big. This message is generated
when the initial value specified in a DCB.B directive cannot be
coded on a byte. In this case, the value used to initialize the
constant block will be truncated to a byte value.

constSec: SECTION

labell: DCB.B 2, 312
In the previous example, the constant block is initialized with
the value $38 (= 312 and $FF).

To avoid this warning, modify the initialization value to a byte
value.

constSec: SECTION

labell: DCB.B 2, 56
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12.3.42 A2338: <Message String>
Type: Error

Description:  The FAIL directive followed by a string has been detected in
the source file.

This is normal for the FAIL directive. The FAIL directive is
intended for use with conditional assembly to detect a user-
defined error or warning condition.

Example:

cpChar: MACRO
IFC "\1", ™
FAIL "A char must be specified as first parameter”
MEXIT
ELSE
LDA\1
ENDIF

IFC "2", ™
FAIL 600
ELSE
STA\2
ENDIF
ENDM
codeSec: SECTION
Start:
cpChar, char2
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12.3.43 A2341: Relocatable Section not Allowed: Absolute File is Generated

User’'s Manual

Type: Error

Description: A relocatable section has been detected while the assembler
tries to generate an absolute file. This is not allowed.

Example:

DataSec: SECTION
datal: DS.W 1
ORG $800
entry:
LDX #datal

Tips:

*When generating an absolute file, the application should be
encoded in a single assembly unit and should not contain a
relocatable symbol.

*To avoid this message, define all sections as absolute sections
and remove all XREF directives from the source file.

Example:
ORG $B00
datal: DS.W 1
ORG $800
entry:
LDX #datal

MCUez HCO5 Assembler

276

Assembler Messages MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Assembler Messages
Message Codes

12.3.44 A13001: lllegal Addressing Mode

MCUez HCO05 Assembler

Type: Error

Description:  Anillegal addressing mode has been detected in an instruction.
This can be generated when incorrect code is used for an
addressing mode.

Example:

LDA X,0
LDA ,X,0
AND OxFA

Tip: Use valid notation for addressing mode encoding.

Example:

LDA 0,X
AND #$FA
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12.3.45 A13005: Comma Expected

User’'s Manual

Type: Error

Description: A comma (,) is missing between two instructions or directive
operands. This error occurs when the comma is missing in a
memory block definition using DCB or comparing strings
using the directives IFC or IFNC.

Example:

MemBlock: DCB.B 8 $00
or:
test: MACRO
IFC\1 "c"
nop
nop
ENDIF
ENDM

Tip: Use a comma to separate instruction operands.

Example:

MemBlock: DCB.B 8,$00
or:
test: MACRO
IFC\1,"c"
nop
nop
ENDIF
ENDM
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12.3.46 A13007: Relative Branch with lllegal Target
Type: Error

Description:  The offset specified in a PC relative addressing mode is a
complex relocatable expression, a symbol defined in another
section, or an externally defined symbol.

Example:

XDEF Entry

XREF MySubRoutine
DataSec: SECTION
Data: DS.B 1
CodelSec: SECTION
Entry1:

NOP

LDA #3$60

STA Data
CodeSec: SECTION
Entry:

LDA Data

CMP #3$60

NOP

BNE Entryl

NOP

BSR MySubRoutine

NOP
main: BRA main
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Tip: The assembler does not support complex relocatable
expressions. If a branch on an externally defined symbol or
symbol defined in another section is needed, use the JMP or
JSR instruction. If the branch label and instruction are located
in the same assembly module, define the instruction and
corresponding label in the same assembly SECTION.

Example:
XDEF Entry
XREF MySubRoutine
DataSec: SECTION
Data. DSB 1
CodeSec: SECTION
Entry1:
NOP
LDA #$60
STA Data
Entry:
LDA Data
CMP #3$60
NOP
BNE Entryl
NOP
JSR MySubRoutine
NOP
main: BRA main

User’'s Manual MCUez HCO5 Assembler

280 Assembler Messages MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Assembler Messages
Message Codes

12.3.47 A13008: lllegal Expression

Type: Error
Description:  An illegal expression is specified in a PC relative addressing
mode.

Example:

CodeSec: SECTION

Entry:

BRA #$200

Tip: Change the expression to a valid expression.

12.3.48 A13101: lllegal Operand Format

Type: Error
Description:  An operand in the instruction is using an invalid addressing
mode.
Example: This code generates an error message.
Entry:
ADC X+
Tip: Use an allowed addressing mode for the instruction.
Example:
Entry:
ADC X
ADC X
ADC #$5
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12.3.49 A13102: Operand not Allowed
Type: Error

Description:  This error message is issued for instructions BCLR or BRSET
when the operand is not DIRECT or EXTENDED.

Example:
Entry:
BRCLR 7, X
BRCLR 7, SP
BSET 7, X
Tip: Use an allowed addressing mode for the instruction.

12.3.50 A13106: lllegal Size Specification for HCO5 Instruction
Type: Error

Description:  Asize operator follows an HCO5 instruction. Size operators are
coded as a period followed by a single character.

Example:

MyData: SECTION
data: DS.B1
MyCode: SECTION
entry:
ADC.B data
ADC.L data
ADC.W data
ADC.b data
ADC.| data
ADC.w data

Tip: Remove the size specification following the HCO5 instruction.

Example:
MyData: SECTION
data: DS.B1
MyCode: SECTION
entry:
ADC data
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12.3.51 A13108: lllegal Character at the End of Line
Type: Error

Description:  Aninvalid character or sequence of characters is detected at the
end of an instruction. This message is generated if:

« A comment does not start with the comment character
G)-

» An additional operand is specified in the instruction.

Example:

MyData: SECTION
data: DS.B1

MyCode: SECTION
entry:
LDA data, #$7
CLRA A
CLR 0,X This is a comment

Tips:
* Remove invalid characters.
* Insert comment character at beginning of comment.

* Remove the extra operand.

Example:

MyData: SECTION
data: DS.B1

MyCode: SECTION
entry:
LDA data
CLRA
CLR 0,X ;This is a comment
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12.3.52 A13109: Positive Value Expected
Type: Error

Description: ~ Whenusing the instructions BSET, BCLR, BRSET or BRCLR,
this error occurs if the specified value for the bit number is
negative.

Example:

MyData: SECTION

data: DS.B1

NEG EQU -2

MyCode: SECTION

entry:
BCLR -7, data
BRCLR -4, data, entry
BSET -3, data
BRSET NEG, data, entry

Tip: Use a positive value for the bit number.

Example:

MyData: SECTION

data: DS.B1

POS EQU2

MyCode: SECTION

entry:
BCLR 7, data
BRCLR 4, data, entry
BSET 3, data
BRSET POS, data, entry

User’'s Manual MCUez HCO5 Assembler

284 Assembler Messages MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Assembler Messages
Message Codes

12.3.53 A13110: Mask Expected

Type: Error

Description: ~ When using the instructions BSET, BCLR, BRSET, or
BRCLR, this error occurs if the specified value for the bit
number is not DIRECT or EXTENDED.

Example:
MyData: SECTION
data: DS.B1

MyCode: SECTION
entry:

BCLR #%$7, data
BRCLR #$4, data, entry
BRSET #$3, data, entry
BSET #3$2, data

Tip: Use a correct value for the bit number 0, 1, 2, 3,4, 5, 6, or 7.

Example:
MyData: SECTION
data: DS.B1

MyCode: SECTION
entry:
BCLR 7, data
BRCLR 4, data, entry
BSET 3, data
BRSET 2, data, entry
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12.3.54 A13111: Value Out of Range
Type: Warning

Description: ~ When using the instructions BSET, BCLR, BRSET, or
BRCLR, this error occurs if the specified value for the bit
number is greater than seven.

Example:
MyData: SECTION
data: DS.B1

MyCode: SECTION
entry:

BCLR 20, data
BRCLR 70, data, entry
BSET 9, data

BRSET 200, data, entry

Tip: Use a correct value for the bit number: 0, 1, 2, 3,4,5,6 or 7.

Example:
MyData: SECTION
data: DS.B1

MyCode: SECTION

entry:

BCLR 7, data
BRCLR 4, data, entry
BSET 3, data
BRSET 2, data, entry
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12.3.55 A13201: Lexical Error in First or Second Field
Type: Error

Description:  An incorrect assembly line is detected. This message is
generated if:

* An assembly instruction or directive starts on column 1

* Aninvalid identifier has been detected in the assembly
line label or instruction part. Characters allowed as the
first character in an identifier are:

A.Z a.z

Characters allowed after the first character in a label,
instruction or directive name are:

A.Z a.z 0.9,

Example:
CodeSec: SECTION

LDA #3$20
@label:
4label:

Tips: Depending on the reason why the message was generated, take
these actions:

* Insert at least one space in front of the directive or in-
struction.

* Change the label, directive, or instruction name to a valid
identifier.

Example:
CodeSec: SECTION

LDA #$20

_label:

_4label:
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12.3.56 A13202: Not an HCO5 Instruction or Directive
Type: Error

Description:  The identifier detected in an assembly line instruction is neither
an assembly directive, HCO5 instruction, nor user-defined

macro.
Example:
CodeSec: SECTION
LDAA #$5510
Tip: Change the identifier to an assembly directive, HC05
instruction, or name of a user-defined macro.
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12.3.57 A13401: Value Out of Range — 128...127
Type: Error

Description:  The offset between the current PC and the label specified as the
PC relative address is not in the range of a signed byte (smaller
than —128 or bigger than 127). An 8-bit signed PC relative
offset is expected with the following instructions:

e Branch instructions:
BCC, BCS, BEQ, BHCC, BHCS, BHI, BHS, BIH, BLO,
BLS, BLT, BLS, BMC, BMI, BMS, BNE, BPL, BRA,
BRN, BSR

» Third operand in BRCLR and BRSET instructions

Example for branch instructions:

DataSec: SECTION
varl: DSB1
var2: DS.B?2
CodeSec: SECTION
entry:
LDA varl
BNE label
dummyBI: DCB.B 200, $9D
label STA var2

Tip: If BRA or BSR is used, replace it with IMP or JSR. Otherwise,
the conditional branch instructions should first branch on a
jump instruction linked to the desired label.

Example:

DataSec: SECTION

varl: DSB1

var2: DS.B?2

CodeSec: SECTION

entry: LDA varl
BNE label
BRA dummyBI

label: JMP label2

dummyBI: DCB.B 200, $9D

label2: STA var2
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12.3.58 A13403: Complex Relocatable Expression not Supported
Type: Error

Description: A complex relocatable expression is detected when the
expression contains:
* An operation between labels located in two different sec-
tions
* A multiplication, division, or modulo operation between
two labels
» The addition of two labels located in the same section

Example:

DataSecl: SECTION

Datalbll: DS.B 10

DataSec2: SECTION

Datalbl2: DS.B 15

offset: EQU DatalLbl2 — DatalLbl1

Tip: The assembler does not support complex relocatable
expressions. The corresponding expression must be evaluated
at execution time (works for labels located on page zero).

Example:

DataSecl: SECTION
Datalbl1l: DS.B 10
DataSec2: SECTION
Datalbl2: DS.B 15
offset: DS.B1

MyCode: SECTION
EvalOffset:
LDA #DatalLbl2

SUB #DatalLbl1
STA offset
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12.3.59 A13405: Code Size Per Section is Limited to 32 Kbytes

Type: Error
Description: A code or data section defined in the application is larger than
32 Kbytes.
Example:
cstSec: SECTION
noptable: DCB.L 4000, $9D
DCB.L 4000, $9D
DCB.L 4000, $9D
DCB.L 500, $9D
Tip: Split the section into sections smaller than 32 Kbytes. The

order that the sections are allocated can be specified in the
linker parameter file. Specify that the sections are allocated
consecutively.

Example of an assembly file:

XDEF entry
cstSec: SECTION
noptbl: DCB.L 4000, $9D
DCB.L 4000, $9D
cstSecl: SECTION
noptbll: DCB.L 4000, $9D
DCB.L 500, $9D
entry: BRA entry

Example of a parameter file:

LINK
test.abs

NAMES test.o END

SECTIONS
MY_RAM = READ_WRITE 0x0051 TO 0x00BF;
MY_ROM = READ_ONLY 0x8301 TO 0x8DFD;
ROM_2 = READ_ONLY 0xC000 TO OxC1FD;

PLACEMENT
DEFAULT_ROM INTO MY_ROM;
DEFAULT_RAM INTO MY_RAM,;
cstSec, cstSecl INTO ROM_2;

END

INIT entry

VECTOR ADDRESS OxFFFE entry
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12.3.60 A13406: HIGH with Initialized RAM not Supported
Type: Error

Description:  The assembler does not support the use of the HIGH operator
with initialized RAM.

Example:

MyData: SECTION
table: DS.W 1
DC.B low(table)

12.3.61 A13407: LOW with Initialized RAM not Supported
Type: Error

Description:  The assembler does not support the use of the LOW operator
with initialized RAM.

Example:

MyData: SECTION
table: DS.W 1
DC.B high(table)

12.3.62 A13601: Error in Expression

Type: Error
Description:  An error has been detected by the assembler while reading the
expression.
Example:
MyCode: SECTION
entry:
BRA #$200
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12.3.63 A13602: Error at End of Expression

Type: Error
Description:  An error has been detected by the assembler at the end of the
expression.
Example:
label: EQU 2*4)+6
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The MCUez HCO5 assembler has been extended to ensure compatibility with
the MASM assembler.

A line starting with an asterisk () character is considered to be a comment line.
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A.4 Constants

For compatibility with MASM, these integer constant notations are supported:

» Decimal constants are a sequence of decimal digits (0-9) followeld by
orD.

» Hexadecimal constants are a sequence of hexadecimal digits (0-9, a—f,
A-F) followed byh or H.

» Octal constants are a sequence of octal digits (0—7) followes by q,

or Q.
* Binary constants are a sequence of binary digits (0—1) followéddoy
B.
Example:

512d ; decimal representation
512D ; decimal representation
200h ; hexadecimal representation
200H ; hexadecimal representation
10000 ; octal representation
10000 ; octal representation
1000q ; octal representation
1000Q ; octal representation

1000000000b ; binary representation
1000000000B ; binary representation
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A.5 Operators

For compatibility with the MASM assembler, the operator notation shown in
Table A-1is supported.

Table A-1. Operators

Operator Notation

Shift left I<

Shift right 1>

Bitwise AND I

Bitwise OR I+

Bitwise XOR Ix, IX
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Table A-2lists directives supported by MCUez for compatibility with MASM.

Table A-2. Directives

Operrato Notation Description

RMB DS Defines storage for a variable

ELSEC ELSE Alternate of conditional block

ENDC ENDIF End of conditional block

NOL NOLIST Specmes_that all s_ubseqL_lent m_structlons must
not be inserted in the listing file

TTL TITLE Deflngs the user-defined title for the assembler
listing file

GLOBAL | XDEF Makes a symbol public (visible from outside)

PUBLIC | XDEF Makes a symbol public (visible from outside)

EXJEI_R XREF Imports reference to an external symbol

XREEB XREEB Imports ref_erence to an external symbol located
on the direct page

SWITCH Allows _swnchmg_to a section that has been
previously defined

ASCT ASCT: SECTION Creates a predefined section with name id
ASCT

. Creates a predefined section with name id
BSCT BSCT: SECTION BSCT. Variables defined in this section are
SHORT ; . .

accessed using the direct addressing mode.

cscT CSCT: SECTION Creates a predefined section with name id
CSCT

DSCT DSCT: SECTION Creates a predefined section with name id
DSCT

IDSCT IDSCT: SECTION Creates a predefined section with name id
IDSCT

IPSCT IPSCT: SECTION Creates a predefined section with name id
IPSCT

PSCT PSCT: SECTION Creates a predefined section with name id
PSCT
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B.1 Contents

B.2 Introduction. . ... .. .. .. 299
B.3 Labels . ... . 299
B.4  SETDIrective . . ... .. 300
B.5 Obsolete Directives. . . ... 300

B.2 Introduction

The MCUez HCO5 assembler has been extended to ensure compatibility with
the MCUasm assembler. MCUasm compatibility mode can be activated by
specifying the option -MCUasm.

B.3 Labels
When MCUasm compatibility mode is activated, labels must be followed by a
colon, even if they start on column one.
Example:
label: NOP
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B.4 SET Directive

When MCUasm compatibility mode is activated, relocatable expressions are

allowed in a SET directive.

Example:

label: SET *

If MCUasm compatibility mode is not activated, the SET label refers to absolute
expressions.

B.5 Obsolete Directives

Table B-1lists directives that are not recognized if MCUasm compatibility
mode is activated.

Table B-1. Obsolete Directives

Operator Notation Description
RMB DS Defines storage for a variable
NOL NOLIST AIIiEliﬁzelgﬁiigtfii?ztructions will not be inserted
TTL TITLE Defines title for assembler listing file
GLOBAL XDEF Makes a symbol public (visible from outside)
PUBLIC XDEF Makes a symbol public (visible from outside)
EXTERNAL XREF Imports reference to an external symbol
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C.13.2 QSUffiX ..o 321
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C.15 Directivesinthe FirstColumn . ........... ... .. ... ........ 321
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C.17 MacroDeclaration ............. . e 322
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C.2 Overview

This appendix describes the P&E to MCUez assembler converter. The
converter is designed to convert P&E Microcomputer Systems Inc.’s assembler
source files to MCUez assembler files.

The P&E to MCUez assembler converter offers a command line interface and
an interactive interface. If an argument is not entered on the command line, a
dialog box opens and prompts for the information.
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C.3 Input Files

The converter requires a valid P&E assembler input file, but does not require a
specific file extension. The default input file extensiorbis

The conversion process does not alter the input file. The P&E assembler syntax
in the input file is converted to MCUez assembler syntax in a separate output
file. Specific syntax conversions are describe@.® Converter

Environment.

C.4 Output Files

When a valid input file is converted successfully, the converter generates an

output file in MCUez assembler syntax and saves the output file in the directory
that contains the input file. The output file has the same name as the input file,
but with the extensiorasm

C.5 Error Listing File

If the converter detects any errors, it will create an error listing file. The name
and location of this file depends on settings in the environment variable
ERRORFILE.

C.6 Converter Environment

The converter must be associated with a project directory to execute correctly.
A project directory contains all files needed to configure a development
environment.

During the MCUez installation process, the project directory is automatically
set toC:\MCUEZ\DEMO\HCO5 This default project directory contains
initialization files that must be present in the MCUez environment.
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C.7 Converting a P&E Assembler Source File

The following steps explain how to convert an example file to MCUez
assembler syntax. The example file is narte=st.sand is located in the project

directory.

1.
2.

Activate theMCUez Shell

Select th&XLATE icon from the shell toolbafF{gure C-1). When the
converter is started, Bp of The Day dialog is opened. This dialog
contains the latest information. Cli€koseto close this dialog.

MCUez Shell [_ [

il @ el || B | e

mcu ASM| AWTE| DEBUG| LINK
kS

Converter |

Figure C-1. XLATE Icon

3. Type inthe P&E assembler source filename in the command line. Press

Enter or theConvert button to start the conversion. By default, the
output file contains the same name as the input file witlsanextension.
The user can specify the option on the command line to specify a new
name for the output file. For example,

test.asm -o=convfile.asm . Figure C-2 shows an example of
the conversion process.

Window Title ¢

PLE to MCUez Assembler Converter C:AMCUEZ\demoY HCOS \project.imi [_ O]
File Conwverter “iew Help
0 | Iﬁ‘l El % | N?l tests -o=convfile.asm =] ;@ll il
Input File: C:Z\MCUEZYdemo%HCOSYtest.s Convert Button

Feady A

Conwversion in Progress...
0utput File: C:iZMCUEEhZdemo“\HCOSYZconwfile.asm

T 121657 4

Status Bar ‘ Content Area

User’'s Manual

Figure C-2. Converter Window
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C.7.1 Window Title

C.7.2 Content Area

NOTE:

MCUez HCO05 Assembler

Freescale Semiconductor, Inc.
P&E Converter

4. The converter generates ttenvfile.asnfile in the project directory.
This file can be assembled using the MCUez assembler. When the output
file location appears, the conversion has completed successfully.

The window title displays the application name and project name. If no project
is loadedDefault Configuration is displayed. An asterisk (*) after the
configuration filename indicates that some values have changed.

The content area displays information about the conversion. Information
includes:

» Complete name, including path, of the file processed

» List of error, warning, and information messages

» Complete name, including path, of the converted file
A P&E source file also can be converted by dragging the source file from
another application (for instancé&ile Manager or Explorer) and dropping it

into the content area. The user also can drag and drop configuration files
(.ini extension) to load a different configuration.

Text in the converter window content area can have related information that
consists of:

» Filename including a position inside the file

* Message number

Error feedback is performed automatically for some files listed in the content
area. Double click on a message or filename in the content area to open the file
in the editor specified during project configuration. The source file containing
the error or warning message will open to the line containing the problem. The
user can also select a line that contains a filename and click the right mouse
button to display a menu that containsgCgren ..entry (if file is editable).
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A message number is displayed with message output. From this output, the
corresponding help information can be opened three ways:

1. Select one line of the message and press F1. Help for the associated
message number is displayed. If the selected line does not have a
message number, the main help is displayed.

2. Press Shift-F1 and then click on the message text. If there is no associated
message number, the main help is displayed.

3. Click the right mouse button on the message text and stdgrbn ...

C.7.3 Toolbar

Figure C-3 illustrates the toolbar.

D) 2| (e = ol £

e i

command line Convert
context help Stop Conwersion
online help option settings

save the current configuration

load a configuration

new configuration

Figure C-3. Toolbar

The three buttons on the left are linked with the corresponding entries of the file
menu. TheNew Configuration, Load Configuration, andSave

Configuration buttons allow the user to reset, load, and save configuration files
for the converter.

TheHelp button opens the help file.
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Ready
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TheContext Help button opensielp file information for a specific item. Click
this button and select an item. Specific help is provided for menus, toolbar
buttons, or window areas.

The editable combo box contains a list of commands executed. Once a
command line has been selected or entered in this combo box, cliClothesrt
button to execute this command. T@p Conversionbutton aborts the
current conversion.

The Advanced Optionsbutton opens thAdvanced Optionsdialog box.

The status barHjgure C-4) displays the current converter status or help
information. Point to a menu entry or button in the toolbar to display a brief
explanation in the message area.

134719

|

message area

|

current tirme

Figure C-4. Status Bar

C.8 Converter Menus

MCUez HCO05 Assembler

These four menus are available in the menu bar:

1. File — Contains entries to manage converter configuration files

2. Converter — Contains entries to set converter options

3. View — Contains entries to customize the converter window output
4

Help — Standard windowselp menu
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C.8.1 File Menu

TheFile menu allows the user to convert a P&E assembler source file and save
or load converter configuration files..Ai configuration file contains this
information:

» Converter option settings

» List of commands previously executed and the current command line
* Window position, size, and font

» Editor associated with the converter

» Tip of the Day settings
Configuration files are text files with.ai extension. The user can define as
many configuration files as required for a project. Load different configuration

files by using thd-ile | Load Configuration andFile | Save Configuration
menu entries or corresponding toolbar buttons.

Table C-1. File Menu Entries

Menu Entry Description

Opens a standard Open File dialog box and displays
a list of all files with extension .slocated in the
project directory. Select and open a file to begin the
conversion process.

Convert

New/Default Configuration | Resets converter option settings to default values.

Opens a standard Open File dialog box and displays
a list of all files with extension .ini located in the

Load Configuration project directory. Configuration data stored in the
selected file is loaded and will be used by the next
conversion.

Save Configuration Saves the current settings

Save Configuration Opens a standard Save As dialog box. Current

as... settings are saved in the specified configuration file.

Opens the Configuration dialog box to specify the
Configuration... editor used for error feedback and type of
information to be stored in the configuration file.

1. .... project.ini Recent project list. Select a file from this list to reopen
2. a recently opened project file.
Exit Closes the converter
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C.8.2 Converter Menu

Use this menu to customize the converter.

Menu Entry Description
Advanced Defines options to be activated when converting an input file
Stop Converting Stops the current conversion

Figure C-5shows théAdvanced Optionsdialog box. Use this dialog box to set
and reset converter options.

Advanced Options Settings Ed |

[ M arne for output file

] 4 I Cancel Help

Figure C-5. Advanced Options Dialog Box

Group Description
Output Lists options related to generated output files
Messages Lists options that control the generation of error messages
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C.8.3 View Menu

This menu allows customization of t@®nverter window.

Menu entry Description
Toolbar Displays or hides toolbar in the converter window
Status Bar Displays or hides status bar in the converter window

Customize output in the content area. Following entries are

Log... available when Log... is selected.

Opens a standard font selection dialog box. Options

Change Font selected in this dialog box are applied to the content area.

Clear Log Clears the converter window content area.

C.9 Defining Environment Variables

This section explains the methods, syntax, paths, and line continuation symbols
used to define an environment variable. Environment variable definitions are
entered on the converter command line.

The three methods used to define environment variables are:

1. Use system environment variables supported by the operating system.
2. Put definitions in the project directory filprject.ini).

3. Put definitions in the file specified in the system environment variable
ENVIRONMENT.

The converter first searches the system environment for environment variables,
then theproject.inifile, and finally the file specified in the ENVIRONMENT
system variable. The converter uses a default definition for undefined
environment variables.

The most effective method of defining environment variables is by putting them
in aproject.inifile in the project directory. The user can have a different
project.inifile in separate directories. This allows the user to store a unique
environment for separate projects.
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C.9.1 Syntax for Variable Definition

The syntax used to define a variable is the environment name followed by an
equal sign and the variable definition.

GENPATH=C:\INSTALL\LIB;D:\PROJECTS\TESTS;\usr\local\lib;

NOTE: Do notinclude a space character before or after the equal sign.

C.9.2 Specifying Paths in Variable Definition

Most environment variables include a path list of directory names separated by
semicolons. The path list determines where the converter searches for project
files.

The syntax used to create a path list is the environment name followed by the
equal sign and directories.

GENPATH=C:\INSTALL\LIB;D:\PROJECT\TEST;
The converter searches the directories in the order they appear in the list.

If a directory name in the list is preceded by an astetigkh(e converter
searches that directory and its subdirectories.

GENPATH=*C:\INSTALL\LIB

C.9.3 Line Continuation in Variable Definition

The line continuation charactey ( is used to define an environment variable
over multiple lines in thelefault.enfile.

Exercise caution when using this feature with paths.

GENPATH=.\
ERRORFILE=.\txt

Will be interpreted as:

GENPATH=.ERRORFILE=.\txt
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To avoid such problems, use a semicolonafter the line continuation
character.

GENPATH=.\;
ERRORFILE=.\txt

C.10 Environment Variables

This section describes how to define the environment variables that control the
P&E to MCUez assembler converter. They are:

* ENVIRONMENT
« ERRORFILE
« GENPATH

C.10.1 ENVIRONMENT

Description:  Specifies the environment file for the MCUez assembler,
linker, and debugger. The converter normally searches for the
environment file default.eny in the current directory.
ENVIRONMENT allows the user to specify a different
filename for the environment file.

Syntax: ENVIRONMENT<file>
Arguments: <file>: Filename with path specification, without spaces
Example: ENVIRONMENT=\MCUEZ\prog\global.env

NOTE: ENVIRONMENT is a system-level environment variable and cannot be
specified in a default environment file such as default.env.
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C.10.2 ERRORFILE
Tools:

Syntax:

Arguments:

Default:

Description:

Example:

MCUez HCO05 Assembler

P&E Converter

Assembler and linker

ERRORFILE=file>

<file>: Filename with possible format specifiers
EDOUT

The environment variable ERRORFILE specifies the name of
the error file.

Possible format specifiers are:
%n — Substitute with the filename, without path
%p — Substitute with the path of the source file
%f — Substitute with the full flename, including path (same
as %p%n)

ERRORFILE=MyErrors.er— Writes all errors to the file
MyErrors.errin the project directory

ERRORFILE=\tmp\errors— Writes all errors to the filerrors
in the \tmp directory.

ERRORFILE=%f.er— Writes all errors to a file with the
same name as the source file, but with extenston This file
is placed in the same directory as the source file.

If the environment variable ERRORFILE is not set, errors are
written to the default error file. The default error filename
depends on the way the converter is started.

If no filename is provided on the converter command line,
errors are written to the filerr.txt in the project directory.

The following example uses this variable with the WinEdit
editor. This editor looks for an error file callE®@OUT.
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Example:

C.10.3 GENPATH

Description:

Syntax:

Arguments:

Example:

C.11 Command Line Options

Installation directoryE:\INSTALL\PROG
Project sourcesD:\MEPHISTO
Common Sources for project&:\CLIB

Entry indefault.env file (D:\MEPHISTO\DEFAULT.ENV):
ERRORFILE=E\INSTALL\PROG\EDOUT

Entry inwinedit.inifile (in Windows directory):
OUTPUT=E\INSTALL\PROG\EDOUT

Defines paths to search for input files. The converter searches
for input files in the project directory, then in the directories
indicated by GENPATH. If a directory name in the path list is
preceded by an asterisk)(the converter searches that
directory and its subdirectories.

GENPATH=path>
<path>: Paths separated by semicolons, without spaces

GENPATH=\obj;...\...\lib;

The P&E to MCUez assembler converter offers a number of command line
options to control the converter. These options are entered on the command line
and consist of a dash (-) followed by an argument. The argument is made up of
1 to 128 letters and/or digits. Command line options are not case sensitive.

This section describes each command line option available for the converter.
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C.11.1 -H

The-H (help) option displays the list of command line options with a short
description.

PLE to MCUez Azzembler Converter C:AMCUEZ\demo\WMMD505A \project.ini [l[=] E3

File Conwverter “iew Help

D|=[@] 2% [ =l 2l

OUTPIT:

-0 MName for output file

MESSAGE:

=N Show notification box in case of errors

-l Don't print INFORMATION messages

-z Don't print INFORMATION or WARNING messages

-Mm=gFh Zet meszsage file format for batch mode
-TsgFbv: werbose format
-lMmsgFbn: Microsoft format [default)
-MagFi Set message format for interacitve mode
-TMuzgFiv: Verbose format (default)
-MusgFim: Microsoft format

-Mmzglle Maxinum manber of errors [-imsgle<mmber>) , default 50
-Mmsgli Maxinum munber of informations (-nsgli<number>), default 50
-Tmaglw Maxinum manber of warnings [-Tmsglw<tunber>), default 0
-Tn=g3d Set message to disable [ -Tusgid<numbers>)

-llm=gSe Set message to error [ -Tmsgle<nunber-)

-Mmagii Set message to information [(-Tmesgli<numbers-)

-Mmagiw Set message Lo warning [-Tmagiw_mnber:)

WARTOMS:

-H Prints this list of options

-V Prints wersion information

Ready 130439 2

Figure C-6. Command Line Options
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c.11.2 -V

The-V (version) option displays the converter version number and location of
the project directory.

P4E to MCUez Assembler Converter C:AMCUEZ\demo\wWMMD505A\project.ini [Wl[=] E3

File Corwerer iew Help

D> 2[w] [ = =z

Common Module W-1.0.1, Date Feb & 1998

Directory: C:WMCUEZ deno, WMMDS05A

PzE to MCUez AZM Conwerter, ¥-1.0.Z, Date Feh & 19985
CCPP User Interface Module, ¥-1.0.5, Date Feh & 1995

Ready 120826 2

Figure C-7. Version Number and Project Directory

C.11.3 -0
Syntax: -O=<filename>

Arguments: <filename>: Name of the MCUez assembler source file to be
generated by the conversion

Description:  Defines the name of the output file

PLE to MCUez Azzembler Converter C:AMCUEZ\demo\wWMMD505A project.ini =] E4

File Conwverter “iew Help

D | ﬁl El ? | .F?l test.azm -o=convlile. azm j @ | | il

Input File: C:A\HMCUEZY demo’ZWHMMDIO0SANtest,asm

Conwersion in Progress...
Output File: C:\MCUEZ demo\WMMDSO0S54AYconwEile. asm

Ready 121657 2

Figure C-8. Output File Definition
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The-N (notify) option enables the converter to display an alert message if an
error occurs during conversion. This is useful when running a makefile, since
the converter waits for the user to acknowledge the message, thus suspending
the makefile process.

C.12 Ambiguities in P&E Assembler Syntax

P&E assembler syntax contains three ambiguities that may affect the
conversion process:

1. Dashes in labels
2. Percent characters in macros

3. Labels in macros

C.12.1 Dashes in Labels

MCUez HCO05 Assembler

Problem:

P&E assembler syntax allows the dagh ¢haracter in label names. The
presence of a dash can lead to ambiguity when converting label names. For
examplelabl-lab2  may refer to a label calleldbl-lab2  or two labels,
labl andlab2 .

Solution:

If an expression contains a dash and begins on the first column of the input file,
the converter assumes the expression is a label. In the output file, the converter
substitutes the underscore charactérfor dashes used in labels and adds a
comment. For example:

; CONV_01: Dash detected in Label
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In the next example, the labddb-lab2  andlabel2-3  need to be
converted:

P&E input file:
$macro macrol
lab-lab2

Ida lab-lab2

Ida label2-3

Ida label2
$macroend

ORG ROM
labell:

Ida label2-label3

Ida label2-3
label2:

nop
label3:

nop
label2-3:

nop

MCUez output file:
macrol: MACRO
\@lab_lab2 ; CONV_01: Dash detected in Label. ;
CONV_03: Label detected in Macro.
Ida \@lab_lab2 ; CONV_01: Dash detected in Label.

; CONV_03:Label

detected in Macro.

Ida label2_3 ; CONV_01: Dash detected in Label.

Ida label2

ENDM

ORG ROM
labell:
Ida label2-label3
Ida label2_3 ; CONV_01: Dash detected in
Label.
label2:
nop
label3:
nop
label2_3:; CONV_01: Dash detected in Label.
nop
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The dash in the linkla label2-label3 does not change because the
expression does not begin in the first column. The dash in the following line
changes because the exprestatnel2-3  was defined in the previous lines.

C.12.2 Percent Characters in Macros

Problem: In macro definitions, the P&E assembler syntax perceives the
percent character (%)as a macro parameter number. This
creates ambiguity in the output file. In MCUez assembler
syntax, an expression suchlaisel%2 may refer to
appending the parameter number to the stabgl or the
remainder of the variabléapel ) divided by two.

Solution: The converter replaces the percent character with the back
slash {) character and adds a comment. For example:
; CONV_02: Percent detected in Label

Therefore, the P&E assembler code:

#macro mymacro parl par2 ; my comment
Ida #%1
nop
ldx %2

#macroend

Converts to the MCUez code:

mymacro: MACRO ;parl par2 ; my comment
Ida #\1 ; CONV_02: Percent detected

in Macro.
nop
ldx \2 ; CONV_02: Percent detected
in Macro.
ENDM
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C.12.3 Labels in Macros

Problem: In P&E assembler syntax, a suffix is added to all labels defined

within a macro. During conversion, the converter must
determine whether to add a suffix to a label referenced in a
macro definition.

Solution: The converter determines where the label is defined. If the label

is defined inside a macro, the préf@ is added to the label.
This generates unique labels when the macro is expanded
several times in a source file. The converter also adds a
comment:

; CONV_03: Label detected in Macro

In this P&E assembler code, the lalmelp is defined inside
the macro:
#macro mymacro
nop
loop:
nop
bra loop
#macroend

The converter converts this macro declaration to:
mymacro: MACRO

nop
\@loop: ; CONV_03: Label detected in Macro.
nop
bra \@loop ; CONV_03: Label detected
in Macro.
ENDM
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C.13 Modifications During Conversion

The following information explains syntax changes that are made during the
conversion process.

C.13.1 Constants

The P&E assembler uses suffixes to indicate the type of number a constant
represents. The MCUez assembler uses different suffixes to represent the same
information.

C.13.2 Q Suffix

The suffixQindicates a binary integer in P&E syntax. The converter substitutes
the MCUez suffixB for the P&E suffixQ.

C.13.3 T Suffix

The suffixT indicates a decimal integer in P&E syntax. The converter
substitutes the MCUez suff@ for the P&E suffixT.

C.14 Default Base

The P&E assembler uses base 16 as its default base number. The converter uses
base 10 and inserts the directBASE $10at the beginning of each output file.

C.15 Directives in the First Column

In P&E assembler syntax, directives start with a symbpl:#, $, or. in
the first column. In MCUez assembler syntax, only labels can begin in the first
column.

To distinguish directives from labels, the converter replaces the symbol in front
of each directive with a space character.
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C.16 Expressions

Where the P&E assembler uses curly bracketsd} , the MCUez assembler
uses parenthesésand) . The converter simply replaces brackets with
parentheses.

C.17 Macro Declaration

To define a macro with P&E assembler syntax, follow this format:

#macro mymacro
nop
nop
nop
#macroend

The converter replaces the P&E macro definition directives with the appropriate
MCUez assembler directives:

mymacro: MACRO
nop
nop
nop

ENDM

P&E assembler syntax also allows the user to specify parameters on the macro
definition line:

#macro mymacro parl par2 ; my comment
nop
nop
nop

#macroend

The converter carries the parameters over to the converted code and places them
in the appropriate position:

mymacro: MACRO ; parl par2 ; my comment

nop
nop
nop
ENDM
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The P&E assembler usesas the shift left operator while the MCUez assembler

uses<<. Similarly, the shift right operator in P&E syntax¥swhile itis >> in
MCUez syntax.

The converter replaces with << and> with >>.

C.19 Unsupported Commands

MCUez HCO05 Assembler

The P&E assembler commangscle_adder_on |, cycle_adder_off
andsubheader are not supported by the MCUez assembler.

The converter replaces the symbols in front of these commahdg; $,
or. with a semicolon;j . The semicolon in the first column converts the
commands into comments.
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C.20 Supported Commands

The MCUez assembler supports many P&E assembler commands. The
converter replaces these P&E commands with the matching MCUez

commands.
Table C-2. Supported Commands
P&E Assembler Syntax MCUez Assembler Syntax

DB DC.B

DW DC.W

EJECT PAGE

ELSEIF ELSE

HEADER TITLE

[= IFEQ

IFNOT IFNE

PAGELENGTH PLEN

PAGEWIDTH PLEN

SET <label> <label>: SET 1

SETNOT <label> <label>: SET 0
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Need to know more? That’s ez, too.

Technical support for MCUez development tools is available through your regional
Motorola office or by contacting:

Motorola, Inc.

6501 William Cannon Drive West
MD:0E17

Austin, Texas 78735

Phone (800) 521-6274

Fax (602) 437-1858
CRC@CRC.email.sps.mot.com
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may be provided in Motorola data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All
operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does not convey
any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in systems
intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of the
Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such unin-
tended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death as-
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