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Precautions

- The contents of this document are subject to change without notice.

- The general information of operation and samples of application circuits described in this
document are mere examples of standard operation and use of semiconductor devices. They are
not intended to guarantee the device operation in actual equipment. The customer who
incorporates the operation or sample circuit described in this document in the customer's system
should design the system on the customer's own responsibility. Fujitsu will not assume
responsibility for damages resulting from the use of the information described in this document.

- The general information of operation, circuit diagrams, and other technical information described
in this document are not intended to grant the customer any license for the intellectual property
rights, such as patents and copyrights, and other rights held by Fujitsu or a third party. Also, the
information is not intended to guarantee the customer to practice any intellectual property or other
rights held by third parties. Fujitsu will not assume responsibility for infringement of any
intellectual property or other rights of third parties arising from the use of the information or
circuit diagrams.

- If any products described in this document represent goods or technologies subject to certain
restrictions on export under the Foreign Exchange and Foreign Trade Control Law of Japan, the
prior authorization by Japanese government according to the law is required for export of those

products from Japan.

Copyright© 2005 FUJITSU LIMITED All rights reserved

© Fujitsu
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Preface

Thank you for your purchase of this Starter Kit.

The Starter Kit is intended for first-time users of microcomputers. The Starter Kit is designed in
such a way that even beginners who have neither any actual experience with microcomputers nor
any knowledge about what microcomputers do and how they are used can easily learn about
microcomputers.

The Starter Kit includes a flash microcomputer and application development tools in order to
enable a user with some knowledge of C language to modify sample programs and make the
microcomputer actually perform various operations. This User's Manual gives detailed
descriptions of how to control LED operations and buzzer sounds using the microcomputer.
Even users with no knowledge about programming languages will be able to comfortably learn in
an enjoyable way about microcomputers provided they have an introductory reference book on the
C language handy.

This User's Manual has been established incorporating various recommendations of employees
who had only been engaged in microcomputer-related work for one to three years and had had
only little prior knowledge of microcomputers to begin with. Therefore, this User's Manual has
been written specifically for questions that beginners of microcomputers usually have.

The Starter Kit can be effectively used as a tool for training about electronic circuits or as
introductory education for embedded-software developers in classes at universities, technical
colleges, and industrial high schools, as well as in new-employee education programs at

corporations.

© Fuijitsu -1-
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1 Setting Up of Starter Kit

Before setting up the Starter Kit, make sure that all the components and equipment listed in Table

1.1 are ready for use.

You should install the software on your personal computer before connecting the evaluation board

to the personal computer.

The Starter Kit software is available in two versions: A CD-ROM version and a download version

(the download version is not delivered on CD-ROM).

Table 1.1 List of components and necessary equipment

Downloaded from Elcodis.com electronic components distributor

No. Item Qty Specification Remarks

1 | Board 1 | Evaluation board equipped with Fujitsu F2MC-16LX Series | See Figure 1.1.
MBO90F387 Microcomputer

2 | USB cable 1 | USB Accessory

3 | Installation | (1) | CD-ROM for installing SOFTUNE, ACCEMIC MDE, and | CD-ROM version

CD-ROM sample programs only
Related manuals are contained on the CD-ROM. The download
*User's Manual: jouet bleu_start kit manual E.pdf version has the
*USB Driver Installation Manual: same contents.
USB _driver _installation manual E.pdf
*MB90385 Series Hardware Manual: MB90385 HM_E.pdf
*MB90385 Series Data Sheet: MB90385 DS E.pdf
*Set of SOFTUNE-related manuals:
SOFTUNE¥ MANUAL folder
4 | Personal 1 | Personal computer on which Windows XP/Me/2000/98 can | To be prepared by
computer operate normally the user
USB2.0 port necessary
About 200 megabytes of free space necessary on the hard
disk
-2- © Fuijitsu
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(2)Target device expansion pin (CN2)

(2) Target device expansion pin (CN1) (13) Oscillator for
main microcomputer

(1)Target device (5)LED

° Fufm encioux|C e uoe | | 3 =
E“:—TQ o5 [FF

(10) USB host connecter

(12)
USB communication
microcomputer
©)B expansion pin
uzzer
(3)Reset switch
(4)MODE switch ]
i‘@g[ [T}
} W4 G e \ FIRMWARE | “E
CJy] ;LE‘Q m
R 161 . ETNEIEN t\
wwe. \'unhayato. co. ip/2mc/
) (11)USB communication
(6) Test switch (8)Temperature microcomputer
sensor
(7) A/D test VR (14) Oscillator for USB
Figure 1.1 Board
© Fuijitsu -3-
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Figure 1.2 is a circuit diagram for the evaluation board.
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Figure 1.2 Evaluation board circuit diagram
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Table 1.2 lists the parts of the evaluation board.

No | Item Specification Function
(1) | Target device MB90F387S Main microcomputer (MB90F387S) on this board
Target device
2) 26PINX2 1/O expansion pin of the main microcomputer
expansion pin
(3) | Reset switch A push switch Pressing this switch resets the main microcomputer.
It switches the operation mode of the main
(4) | MODE switch A slide switch
microcomputer (MB90F387S).
5 LED lamps (1 red LED lamps that are connected to the general-purpose
(5) | LED lamp
and 4 green lamps) I/O pin
Push switches for tests that are connected to the
(6) | Test switch 2 push switches
general-purpose 1/0O pin
(7) | A/Dtest VR Slide VR A slide VR that is connected to the A/D converter input
A temperature sensor that is connected to the A/D
(8) | Temperature sensor Thermistor
converter input
Kyocera's separate-excitation type piezo alarm with a
(9) | Buzzer Buzzer case (KBS-13DB-4P-2)
It is connected to the PPG timer output pin.
A USB pin to connect the evaluation board and the host
(10) | USB host connecter | MIN-B
PC
A USB communication microcomputer to connect the
USB
main microcomputer (MB90F387S) and the host PC
(11) | communication MB90F334
It contains the USB communication firmware that has
microcomputer
been developed by Interface Co., Ltd.
USB
communication An expansion pin of the USB communication
(12) 2 14-pins
microcomputer microcomputer
expansion pin
Oscillator for main Kyocera's crystal oscillator (CX-5FD)
(13) CX-5FD (4MHz)
microcomputer It is an oscillator for the main microcomputer.
Oscillator for USB Kyocera's crystal oscillator (CX-5FD)
(14) | communication CX-5FD(6MHz) It is an oscillator for the USB communication
microcomputer microcomputer.
Table 1.2 Evaluation board parts
© Fuijitsu -5-
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Figure 1.3shows the system configuration.

Prepare a personal computer by yourself.

Figure 1.3 System configuration

Connect the board to the personal computer by using the accessory USB cable.

Supply power to the board by USB bus power system.

Be sure to connect the USB cable directly to the personal computer.

cable via a USB hub.

Connect the evaluation

board to the personal

computer using the

accessory USB cable.

(Use the USB bus power as
the power supply.)
Microcontroller

evaluation board

Do not connect the USB

Downloaded from Elcodis.com electronic components distributor
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Table 1.3 shows the assignment of functions to the pins of MB90F387 microcomputer.

Table 1.3 Function assignments to the pins of F"MC-16LX Series MB90F387 Microcomputer

Pin-No. Function | Connection destination Logic Remarks
3 P50/ANO VR ANALOG | Division of power supply voltage: 0
to 100%

4 P51/AN1 TEMP.SENSOR ANALOG 1/2VCC@25°C

17 P25/INT5S SW1 Negative L level when the switch is pressed
logic

19 P27/INT7 SwW2 Negative L level when the switch is pressed
logic

20 MD2 MODE - -

21 MD1 PULL-UP - -

22 MDO MODE -- --

23 RST RESET Negative On when the output is L level
logic

29 P10/INO LEDI Negative On when the output is L level
logic

30 P11/IN1 LED2 Negative On when the output is L level
logic

31 P12/IN2 LED3 Negative On when the output is L level
logic

32 P13/IN3 LED4 Negative On when the output is L level
logic

33 P14/IN4 LEDS Negative On when the output is L level
logic

36 P17/PPG3 | BUZZER Rectangular | Initially at L level, C coupling, bias R
wave

37 P40/SIN1 RS232C -- --

39 P42/SOT1 | RS232C -- --

42 P30/SOTO0 | PULL-DOWN(50 kQ) | -- --

43 P31/SCKO | PULL-DOWN(50 kQ) | -- --

© Fuijitsu -7-
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1.1 Setting Up of Personal Computer
This section describes how to install the software required to operate the Starter Kit on the
personal computer. (Be sure to perform the software installation operation before connecting

the board to the personal computer.)

Take the following steps to set up the personal computer:

@ Installing the USB driver (See the separately provided "USB Driver Installation
Manual.")

®

Installing the integrated development environment "SOFTUNE" (limited-function
version) (See Item 1.1.2.)

Installing the demonstration version of ACCEMIC MDE (See Item 1.1.3.)

Connecting the evaluation board to the personal computer (See Item 1.1.4.)

Starting and setting up SOFTUNE (See Item 1.1.5.)

Starting and setting up ACCEMIC MDS (See Item 1.1.6.)

Terminating ACCEMIC MDE (See Item 1.1.7.)

Terminating SOFTUNE (See Item 1.1.8.)

CRSNCONGRON®)

-8- © Fuijitsu
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1.1.1  Installing of USB driver
Install the USB driver according to the content of the "USB Driver Installation

Manual".

© Fuijitsu 9-
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1.1.2  Installing of integrated development environment "SOFTUNE" (limited-function
version)

Install SOFTUNE (limited-function version).

The limited-function version of SOFTUNE is subject to the limitation on the
program size that can be debugged to 32 kilobytes. The limited-function version

cannot be used to create a program over 32 kB.

@ Insert the CD-ROM into the CD-ROM drive. When using the download
version, download the software for FMC-16LX Starter Kit (Jouet Bleu), and
open the folder where the files are decompressed.

@ Double—click on the Setup.exe icon in the ¥¥jouet_bleu ¥SOFTUNE folder to

start installation.

@ Follow the instructions on the screen to perform installation.

F2MC-16 Family SOFTUNE Professional Pack{Evaluation Yersion) Setup

Always refer to the INSTALLATION MANUAL (Release Note)
before installing this product.

Pressing [OK] will begin the installation
Pressing [Cancel] will terminate the installation and display
the INSTALLATION MANUAL (Release hlote)

] el |

Click 'OK.

-10- © Fuijitsu
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F2MC-16 Family SOFTUNE Professional Pack{Evaluation... [E

Welcome to Setup

Thiz program will install F26C-16 Family SOFTLNE
Professional PacklE valuation Wersion] on pour computer.
Itiz strongly recommended that pou exit all windowes
pragrars befare rinning this Setup proaran.

Cancel |

Click Next >.'

F2MC-16 Family SOFTUNE Professional Pack({Evaluation... 4
=CAUTION==
Thig product is the F2C-168 Famly SOFTUNE [Ewaluation wersion).

[ 1rigquiny Office ]
hittp: Afedevice. fujitzu, com A CATALOG /COMMOM /zales_e html Pw'orld-wide]

hittp: Aedevice Fujitau. comfCATALOG /COMMON /zales_j htrl [Japan)

| FstallShield

< Back

Cancel |

Click 'Next >.'

© Fuijitsu -11-
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F2MC-16 Family SOFTUNE Professional Pack({Evaluation... [E3

License Agreement #
Fleaze read the following license agreement carefully. rw

Press the PAGE DOWHM ke to gee the rest of the agreement.

I greement on Use of Evaluation Software for Supporting FUNITSU Microprocessars i‘
Motes to Users

Ewvaluation Software :
Evaluation wersion of SOFTUME Profeszsional Pack

Thiz Agreement [hereinafter refered to az "this Agreement’"] iz made by and between
uzers and FJITSU Lid. and prescribes the conditions for using Evaluation Saoftware
FUJITSU provides. ﬂ

Do you accept all the terms of the preceding License Agreement? IF pou choosze Mo, the
zetup will cloze. Toinztall F2MC-16 Family SOFTUME Professzional Pack[Evaluation Werzion),

pou must accept this agreement.

< Back ez Mo

If you accept the agreement, click 'Yes.'

(If you refuse the agreement, you cannot install SOFTUNE.)

F2MC-16 Family SOFTUNE Professional Pack(EvaIua’rion...ﬂ

Yersion information E

T

The wersion of the tools installed with this setup iz shown below.

[Contentz of thiz Profeszional Package [REY:; 30001 8-EVL])] 20085.05.09 -
This package is included the following softwares.

[T)F2MC-16 Family SOFTUNE Wiarkbench : ¥30L32-EVL

[2] F2MC-16 Family SOFTUMNE C Carnpiler : 3007 4-EWL

[31SOFTUME C Checker : %¥20L10

fazma07¥s : WaOL11

(4] F2MC-16 Family SOFTUME Assemnbler Pack  REW:300013-EVL

< Back Cancel ‘

Click Next >.'

-12- © Fujitsu
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F2ZMC-16 Family SOFTUNE Professional Pack(EvaIua’tion._.E

Choosze Destination

Select folder where Setup will install files.

Either the Fujitau zemiconductor support taol SOFTIUMNE iz already installed or the
ervironment information uzed prior to still remains.

Destination Directon: C:45 oftune

Imstall the SOFTUME T ools in the same folder.
|nztall to the above folder when continuing the enviranment infarmatian,

C:hSaftune Browse. .. |

|metallShield

" Destination Folder

< Back

Cancel |

Click Next >.'

(Do not change the installation-destination folder here.)

F2MC-16 Family SOFTUNE Professional Pack{Evaluation... E3 I
Select Components
Chooze the componentz Setup wall install,
Select the compaonents you want ta install, and clear the components you do not want to
irstall.
iE- — Description
SOFTUME 'W'Drkbech Integrated Enwvironment
SOFTUNE C Compiler(E valuation Version) Dl il Pellisn
SOFTUME Aszembler Pack(E valuation Yersion] Integrated Erviranment
[]SOFTUNE C Checker Development Platform for the
F2MC-16 Family.
Space Required on C: 144288 K
Space Available on C: 1656868 K.
| Fretal Ehield
< Back I Mesit » I Cancel
Click Next >.'
© Fuijitsu -13-
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F2MC-16 Family SOFTUNE Professional Pack(Evaluation._.. B4

Install information
7]
(3

Check: the cunent setting before starting to copy files.
Click, the [BACK] buttan to make changes. Click the [MEX=T] button to start copying files.

Current Settings:

Drestination Directary: C:\Softune J
SOFTUME *WorkbenchlEvaluation Yersion)
SOFTUMNE wWorkbench : Install
SOFTUME C Compiler(E waluation ‘Yerzian] : Install.
SOFTUME Assembler Pack[Evaluation Yersion] ; Install
SOFTUME C Checker : Ma Inztall.

ff o

< Back

Cancel ‘

Click Next >.'

F2MC-16 Family SOFTUNE Professional Pack(EvaIua‘rion_._ﬂ
Setup Status

F2C-16 Family SOFTUME Professional Pack(E valuation Yerzion] Setup is performing the
requested operations.

Instaling:  SOFTUME “arkbench
C:ASoftunetBIMYF 907z exe

The installation is executed.

-14- © Fujitsu
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F2MC-16 Family SOFTUNE Professional Pack{Evaluation V__

Setup Complete

Setup has finizhed inztaling F2MC-16 Family SOFTUME
Professional PacklEwaluation Wersion) on your computer.

[ i would lke ta view the Installation Manual file

Click Finizh to complete Setup.

< Blak I Finigh I

Click 'Finish.'
The installation of SOFTUNE (limited-function version) is completed.

Proceed to the installation of the demonstration version of ACCEMIC MDE.

© Fuijitsu -15-
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1.1.3  Installing of demonstration version (trial version) of ACCEMIC MDE
Install the demonstration version (trial version) of ACCEMIC MDE.

a program over 12 kB.

The trial version of ACCEMIC MDE is subject to a limitation on the size of the

program that can be debugged to 12 kB. The trial version cannot be used to create

@ Insert the CD-ROM into the CD-ROM drive.
version, download the software for F’MC—16LX Starter Kit (jouet bleu), and

open the folder where the files are decompressed.

@ Double—click the MDE_16LX DEMO_V22ST STARTERKIT.exe icon
¥¥jouet bleu¥MDE_16LX_DEMO_V22ST_STARTERKIT  folder to  start

installation.

£

ADE TELE L
MO _V225T 5T,
 ARTERKITex

OF it x|

‘welcome to Accemic MDE Demo for MBA0F387 Starter kit Setup
program. This program will install sccemic MOE Dema for
MES0F387 Starter Kit on your computer.

It iz strongly recormmended that you exit all \Windows programs
befare mnning this S etup Program.

Click Cancel ta quit Setup and close any programs you have
wnning. Chok Mest to continue with the Setup program.

WARMIMNG: This program iz protected by copyright law and
international treaties.

Unautharized reproduction or distribution of this program, or any
portion of it, may result in severe civil and criminal penalties, and
will be prozecuted ta the maximum extent poszible under law,

Cancel |

Click Next >.'

Downloaded from Elcodis.com electronic components distributor
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jic MDE Demo for MBS tarter Kit

License Agreement

The following terms govern pour use of the Accemic MDE software unless you have a -
zeparate written agreement with Accemic.

PLEASE READ THIS SOFT'WARE LICEMSE AGREEMENT ["LICEMSE") CAREFULLY
BEFORE USING THE SOFTWARE. By USING THE SOFTWARE, YO ARE
AGREEING TO BE BOUND BY THE TERMS OF THIS LICEMSE. IF¥OU DO MNOT
AGREE TO THE TERMS OF THIS LICEMSE, DO MOT LISE THE ACCEMIC
SOFTWwWARE.

1. Licehse.
The zoftware, documentation and any fonts accompanying this License whether on digk,
in read only memaory, on any other media or in any other farm (the “Accemic Software''] LI

Do pou accept all the termsz of the preceding license agreement? | 2o, click on the ez push
button. If you select Mo, Setup will close,

Wiz Inztallation ‘Wizard

If you accept the agreement, click "Yes.'

(If you refuse the agreement, you cannot install ACCEMIC MDE.)

Registration Information

Thig software has already been installed by the following person. IF you are not licenzed to
uze thiz zoftware you may not install thiz zoftware onto pour computer,

TEMP
FLITSU

wize Ihatallation Wizard

< Back

Cancel |

Click Next >.'

© Fuijitsu -17-
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:,"3_- Accemic MOE Dema for MBIO

Destination Location

Setup will ingtall Accemic MDE Dermao for MB0F387 Starter Kit in the fallowing folder.
To inztall into a different folder, click Browse, and select anather folder,

rou can choose not to ingtall Accemic MDE Demao for MBA0F387 Starter Kit by clicking
Cancel to exit Setup.

C:h\Program FileshbccemichdDEZ_25E Browse. .. |

" Destination Folder

Wwize Inztallation \Wizard

< Back

Cancel |

Click Next >.'

(Do not change the installation-destination folder here.)

iic MDE Demo for MBO

Select Program Manager Group

Enter the name of the Frogram kManager group to add Accemic MDE Demo for MEBIOF3E7
Starter Kit icons to:

Accemnic MDE 2

Accemic MDE 2

Adobe

ATLAS Y100

CO%iew W8

FFFTP

FUJITSL FLASH MCU Programmer
JTrim

Lhaplus

Microzoft Office

DAK VB =l

Wize Inztallation \Wizard

< Back

Click Next >.'

-18- © Fuijitsu

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/840917/CT-161-CD.html

FUjiTSU

:I-?T. Accemic MDE Demo for MBIO il

Start Installation

Yau are now ready to install Accemic MOE Dema for MBI0F3ET Starter Kit.

Press the Mext buttan ko begin the installation or the Back button ta reenter the inztallation
infarmatiar.

Wize Inztallation \Wizard

< Back

Click 'Next >.

Accemic MDE Demo for MBSO Starter Kit
Installing
— Current File =
Copying file:

C:%Program FileshdccemicMDE 2_25kAS amplesh 1BL<NLibYR tozmd. ib

— &l Files

Tirme Remaining 0 minutes 12 seconds

Wize Inatallation 'WizardR

< Back Met | | Eancel ¢

The installation is executed.
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0F387 it ll

Accemic MDE Demo for MBIOF387 Starter Kit has been
successiully installed,

Frezs the Finish button to exit this installation.

¢ Back

Cancel |

When the installation is completed, click 'Finish >.'

Installation of the demonstration version of ACCEMIC MDE is completed.

Proceed to the setup of the evaluation board and its connection to the personal

computer.

-20- © Fuijitsu
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1.1.4  Setting up of evaluation board and connecting of board to the personal computer
After the installation of SOFTUNE and ACCEMIC MDE, perform switch setting

on the evaluation board and connect the board to the personal computer.

On the evaluation board, set the MODE selector to PROG.

PROG.

MODE selector Operation mode

PROG Flash memory serial write mode

— Used to write a program to the microcomputer

RUN Single chip mode

— Used to actually run the program written to the microcomputer

Confirm that the MODE selector is set to PROG.

Next, perform the cable connection.

© Fuijitsu -21-
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Connect the USB port of the evaluation board to a USB port of the personal
computer using the accessory USB cable. Do not connect the USB cable via a

USB hub, but connect it directly between the board and personal computer.

Connect the USB cable to a USB port of the personal computer.

For the location of USB port, refer to the manual for the personal computer.

| b
DD :.:
.I i After installing SOFTUNE

and  ACCEMIC MDE,
connect the board and
personal computer using the

USB cable.

_ USB port

e ey

The power of the evaluation board is supplied from the USB power supply (USB

bus power).

Figure 1.4 Connection of the evaluation board and personal computer

22- © Fujitsu
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1.1.5  Starting and setting up of SOFTUNE
Before the operation described below, copy the sample programs to
the hard disk of the personal computer.
Uncompress the Fujitsu_starter_kit.zip file included in the CD-ROM
or among the downloaded files in an arbitrary directory.
Start SOFTUNE (limited-function version).
From the Start menu of Windows, select Programs (P) and Softune V3, in this order,

and then click on FFMC-16 Family Softune Workbench (trial version) to start.

= SOFTUNE xbench
Bl Edi Miow Emjecl Debug Beip Wndow Eeip

EiEEEsENEE EE

Sutad || e | | e

Open the workspace file for sample programs.

= SOFTUNE Workbench

File Edit ¥iew Project Debug 3Se

e
Qpen... Cirl+0
Clase

B e E T S e

[E= |

SEE.. (SthleE
Save As..
ey =t |

=

Eririte..

Recent Text File
FecentWorkspace File

Exit
| |

Select Open Workspace (R)... from the File (F) menu.

i
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Open Workspace x|
Look i I'ﬁ Fuiitzu_starter_kit LI ﬁl

Buzzer [ special
Input Cltimer
Interrupt Clvalume

Led Start_kitwsp
Sample

sensar

File name: || Open I
Files of type: I"-.-k-"u:urk&pau:e File*.wzp) ;I Cancel |

&

In this step, the workspace file to execute a sample program is opened. (No

sample program is executed when the workspace file is opened.)

Open the Start kit.wsp file located in the Fujitsu_starter_kit folder.

The project window displays the opened workspace.

g= SOFTUME Warkbench - Start kit
File Edit “iew Propct Debug Setun  Window Help

Blelelol 2 o =2z2=E || o=E|
& [Sampl= =] [Dsbue

=] E ‘Warkzpace'Start kit'

B LED.abs - "LEDpr [Debue
B put.ass - “Tputpr” [Deb
B! Buzzerabs - " Buzzarpr]” [
B Youmeabz - "Valumepr]”
B timar.zsbs - “timarpr]” [Deb
B hterrupt.zbs — “Tnterruphpr]
B zencarabe - “zenzorprj” [

B zpecialabs - "zpecialpr]” [
B Sample.abs — “Sample|
Hj Source Files
L[ neluds Files

H% Decendencies
+-58 Debug
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Make the settings for the active project.

Multiple projects can be stored in one workspace file.

The sample programs include already created projects, including LED.prj, Input.prj,
and Buzzer.prj.

Since program debugging is performed in units of projects, you should specify the

project to be debugged as an active project.

g= SOFTUME Warkbench - Start kit
File Edit “iew Propct Debug Setun  Window Help

Elmlwerel = ol Ez=EE|| D=l
@ [ Ispl:l:inl ;“Dchus

=] E ‘Warkzpace'Start kit'

A LED.abs - "LEDpr| [Debue
B put.ass - “Tputpr” [Deb
B! Buzzerabs - " Buzzarpr]” [
B Youmeabz - "Valumepr]”
B timar.zbs - “timarpr]” [Deb
B hterrupt.zbs — “Tnterruphpr]
Bl zencarabe - “zenzorprj” [
B s

Elj Source
23 Includa Create new folder..

3158 Depenc fidd Member to project

-5 Debue Set Project..
D Samplesbs S8t Linkage order.

Make
Build

Ezecuting linker or librarian

Delet= Froject

Property..
i
_J Cpen List File
R Open HEX File

Select a project to be debugged and click the right mouse button.
A submenu appears. Select Set active project from the submenu. The project

name in the list is displayed in boldface, and debugging of the project is enabled.

© Fuijitsu
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1.1.6  Starting and setting up of ACCEMIC MDE

Use the Start_kit.wsp workspace file opened in the previous step to start ACCEMIC
MDE.

Confirm that the current active project of SOFTUNE is special.prj. Select Build

(B) from the Project (P) menu to execute a build operation.

g SOF TUME Wiork h - Start kit

File Edit “iew | Project Debug Setup Window  Help
Aotive Project 3 e
T+ e =
i) W {P - Add Projeci 3 D|= E
@ frow Add Member Y

[ - Setup Warkspace..
=] E Warkspace’

y Setup Project...
! LED.abs Cuztomize Build..
B Ihput.ah

Project Dependencies...
Contiguration

Ihzlude Dependencies

Compile
Shift+F8

IEE Sample.abz - “Samplepr]’

When the build operation is executed, the output screen of SOFTUNE displays the

messages below.

Build operation started...

start905s.asm
monitorl 6LX.asm

_FFMC16.C

PPG 01 int.c

Linked...

**% [0312L: 0 warnings were output after S.C.F check.

D: ¥jouet bleu¥fujitsu_starter kit¥special¥Debug¥ABS¥apecial.abs

I ———
<:| Confirm that no error was found.

No error was found.
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If an error is detected as shown below in the build operation, perform the software
installation again from the initial step as described in Item 1.1.2. When
reinstalling the software, be sure not to change the installation directory that is

displayed on the screen.

Build operation started...

start905s.asm

monitor16LX.asm

_FFMC16.C

**% D:¥jouet bleu¥Fujitsu_start kit¥special¥ ffmc16.c(9) E4038P: #include: File " ffmcl6.h" is

not found.

main.c

*% D:¥ouet bleu¥Fujitsu_start kit¥special¥main.c(17) E4038P: #include: File " ffmc16.h" is not
found.

monitorl 6L X.asm

B ——

Error was found.

<:| Example of error detection
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Subsequently, ACCEMIC MDE starts automatically.
Input the COM port number that is confirmed after the USB driver is installed.

Setup Serial Paort x|

Port
™ COM 1 " COMBS
™ COM 2 " COMEB
f= COM 3  COM 7
= COM 4  COM 8

Cancel |

If you need to correct settings in the 'Select Processor dialog box' because you made

an incorrect "Type" setting or for other reasons, select 'Communication..." from the

Preferences menu to display the 'Select Processor dialog box.'

coemic MOE

|Ie

Start  Wiew Toolz | Preferencez  Help
::/D ’F_F @ ? g c | Cammunicatian... 1 h, L * !
Processor..
General...

If the COM port number is unknown, use the following procedure to check the
COM port number to which the board is connected.

[Procedure for checking the COM port number]
First, click the right side of a mouse on the "My Computer", and click on

"Property(R)."

Open
Explore
Search...

tdap Hetwork Drive...
Dizconnect Metwork Drive. .

Create Shartcut
Rename
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When the Property window of the system appears, click "Hardware," and then click

"Device manager (D)."

System Properties e |

General | Metwaork |dentification  Hardware | User Profiles Advancedl

—Hardware Wizard

The Hardware wizard helps pou install, uningtall, repair,
unplug, eject, and configure your hardware.

Hardware ‘Wizard. ..

— Device M anager

The Device Manager lists all the hardware devices installed
on your computer. Use the Device Manager to change the
properties of any device.

Diriver Signing... wice hanager... I

— Hardware Profilz

Hardware prafiles provide a way for you to set up and stare
different hardware configurations.

Hardware Profiles. .. |

QK. | Cancel | Apply |

When the Device manager window appears, check the indication of "INTERFACE
USB to RS232C Converter Virtual COM Port(COMx)" under the "Port (COM and
LPT." The "(COMXx)" part indicates the COM port number.

=101 %]
Action  Wiew |J1--’ ||@|J| |
- Disk drives ;I
-- Display adapters

I8} DVD{CD-ROM drives

-2 Floppy disk contrallers

=3 Floppy disk drives

22 IDE ATA/ATAPT controllers

@2 Keyboards

Mice and other pointing devices

-- IMonitars

B8 Network adapters

- Mon-Plug and Play Drivers

% Other devices

& PCMCIA adapters

- Ports (COM & LPT)

% Cammunications Part (COML)
(;y' Communications Pork (COMZ)
BN 1 TER FACE

5 Printer Part (LPTL)
-4z SCSI and RAID controllers

H-4p|> Sound, video and game controllers

#-20 Skorage volumes

/- [B System devices

]-- Universal Serial Bus controllers =

[ e B B e W

[Note] If the assigned COM port number is 5 or higher, ACCEMIC MDE cannot be

used. Change the PC settings so that 4 or lower number is assigned to the port.
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Demo Information il

N99810k0 WLK

The following software i for demonstration purposes
only.This License allows you to install and use the
Accemic MDE monitor kernel on one target MCU at a time.
The Accemic software and all its deliverables are intended
and must only be used in an EVALUATION LABORATORY
ENVIROHMEHT.

Under no circumstances it may be used in a product.
Symbolic information is limited.

Please read our license terms for additional information.

Thank you for your fairness.

Copyright ¢ 2001 - 2003 Accernic GmbH & Co. KG. All rights reserved.

Click 'OK." (With this trial version, the OK input will take effect 10 seconds later.)
Make the settings of the target microcomputer.

When you use ACCEMIC MDE for the first time, you should download the monitor
debugger kernel. (You need not make these settings again unless you change the

target microcomputer.)

Type |LGlskElgeElsE

Here, select Fujitsu for "Manufacturer" and MB90F387 for "Type," and then click
'Next >.'

If you need to correct settings in the 'Select Processor dialog box' because you made
an incorrect "Type" setting or for other reasons, select 'Processor...' from the

Preferences menu to display the 'Select Processor dialog box.'

Accemic MDE Demo

File Start ‘“iew Tools | Preferences Help
:‘:‘ E & W ,-;5- @ | Communication.. ﬁ- 3

Gieneral...
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Setup Proc . x|
Fackage Citaeks
Crystal [MHz]:
FPT-46P-M26 |

PLL factor: |l geE=ra]

—Boat Configuration————— —Estemal Bus—— rCommunication——————————

~Mode Line—— & ot uzed U&RT—
ze INDnE TI (e B Bit data bus Humber: IEI vl

= 1B Bit data bus [~ Use external clock[SCK)

Level ILow 'l )
rResetLine—————— Eil freey kHz
rBootPing—— sz INDnE vl Tolerance: z

I~ F31=-HIGH

| PAI-HIGH Level ILow ~] || Speed 600 Bits/s

=2 Download Kemel | oK. | Cancel | Help |

When the target microcomputer is the MB90F387, select FPT-48P-M26 for
"Package" and Not used for "PLL factor." Do not change other parameters from

their defaults.

[Note] Use either "Not used" or "1" for the PLL setting. Note that the operations

are not guaranteed if any other value is entered.

After the setup, press "Download Kernel."
When ACCEMIC MDE is used for the first time, it is required to download the

monitor debugger kernel only once.

When the following information is displayed, reconfirm that the MODE selector is
set to the "PROG" side, press the RESET switch on the board, then press
"OK."

Information il

Please switch tareet to asynchronous Burn-Tn-Modet Px1=0 MDO=0 MD1=1 MD2=1}
while it ig ih reset state.

When you click OK after pressing the '/RESET' switch on the board, downloading
starts.

If the above switch operation is not performed in correct order, ACCEMIC

MDE will not start. If you fail to perform switch operation correctly, resume

the operation from the step described in Item 1.1.6.
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EE1

el i) (6P
® [t e

Reconfirm that the MODE
selector is set to the "PROG"

side.

=
Sunhayato CT- 161 [EEEm @

wuw. sunhayato. co. jo/feme/

Press the ' RESET' switch.

cr- 101 @

wuw. sunhayato. co. jo/femc/

When downloading ends, the next information item appears. With the next
Information dialog box displayed, do not click OK immediately but perform

necessary switch operations on the board.

Infarmation ﬂ
When this dialog box is
Pleaze switch target to Mormal-ModeMDO=1 MD1=1 MD2=0} . .
while it iz in reset state, displayed, do not click

OK immediately, but

perform switch

operations on the board.
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Sunhayato CT- 161 [EEEm @

wuw. sunhayato. co. jo/feme/

Press the ' RESET' switch.

cT-
wuw. sunhayato. co. jo/femc/

Fleaze switch tareet to Mormal-Mode(MDO=1 MD1=1 MD2=0} i
@ while it iz in reset state. Now, click 'OK.

When you click 'OK"' in the Information dialog box after pressing the 'RESET'
switch on the board, ACCEMIC MDE starts.
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MDE D _18]xd
File Start View Took Preferences Help
CReR2C|P T @R SEY L VS R ARE
= Vos main o | startd05s.25m | ad_inte |
t, x
| % Sk prasie 2l
ADCR 0 {0x0000} =
4DCS siz {ox0z00; fstruct bit
1
ADER B J i) wsiened int LTdir: 1 e carivg draction of LD
AMAD 0_{0200000000) usigned int LET) irterval: 2, e toemle intena o LT
[ AMAT 0 {0x00000000) unsiened int buezer: 1; A hzzer oo oF
AMSR 0 {0x0000) Hla
i =1 e THREOFIZE e afusting refoad tine carter
lare FROOMOY
[ fink LEDBAN; e LD FE
a0 rakine
id min{voi d
e
. _HD: e interrigt for Abcenic
. st i1 (T ket idterrcpt e
o_tmr.c e fterript
[l _mb30385.h
[ 30385k o flag LED dir =03 ATDSHFE draction 0 far [&E | For right
[l _standby.h . flag LED interval <} LAt intea fad 6=l 1= & 20 2 S=returna to Js
ad_iniial.c - tlaz buezer 4} 0 stop fuzzer: | stert Bzer [
ad_inte
[ cpu_TBixh |
Address: |O0FFU250 Rledister Window %
0 LINK  #OODH
OOFFO25F : OR CCR, #40H
+ 0OFF0261:1107 Hov ILM, #O7H
00FF0263: 60550001 CLEE  O100E:0
+ 0OFF0267:4zF8 HOV A, HFSH
« [0OFF0269:755F0001 D D100H, &
0 OFFU26D: 605B0001 CLRF  0100H:3
pg_timer_iniial.c « [DOFF0271:54011F Hov I0:01H, #1EH
eload_timer_initial.c DOFF0274:54111F Hov 10:11H, #1FH
eload_timer_int.c +  DOFF0277:644502 CILL  0z43E
[5] startd05s.asm - |00FF027a: 640202 CALL 0ZDZH e o o =
: cui on joat SR ml

[State: Breaked

st & @

[INT-Level: Disable |
|| gazigbir - | Summapaerr] Smzarn

| Ejstert kit ma.. | [ dobe fere..|[@Accemic Sm AYE ms

The ACCEMIC MDE window opens.

Execute the program of the sample project "special.prj."
Select "Run" under "Start."
The LEDs 1 to 5 on the board are shifted leftward respectively at one-second

interval.

File | Start Preferencez  Help

::,D :Eﬁ_/ Dizconnect 8 o S |

E Software Reset F& I
f C FRestart F10 B

aocr » [l i =

ADCE T Step Cver Fa

ADEF 1 Step Into Fi

[3RSF & Return from Gall F6
+ B2 a Aszembler Stepping
BAP1
EAP10
BAP11

When the program is executed,
the LEDs 1 to 5 on the
evaluation board are shifted
leftward respectively at

one-second interval.
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Table 1-4 Board operations at the special.prj execution

Switch control Board operation

SW1 normal | The LED shift direction is changed.
press Shift direction: Left shift=»Right shift=>Left shift=»Right shift-

SW2 normal | The shift speed is changed.
press Shift speed: 1 second=»0.5 seconds=»0.25 seconds=>0.125

seconds=>» 1 seconds- - -

SW1 long press | It controls on and off of the buzzer.

Volume It can adjust the volume of the buzzer while buzzer sounds.

adjustment

e 31 @
] 2 URRHGR, o
)

L)

e
INTERFACE

cr- 101 T @

wuw. sunhavato. co. in/femc/

SW1 Sw2 Volume
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Stop the program as follows:

Select Stop from the Start menu to stop the sample program.

JE Demo — M

Filz | Start ‘fiew Tools Preferences Help
:D )_:ﬂ Digconnect E| o a | q
E Software Reset F& me

3 (C Restart F10
socr 1 =
ADCE E’ Step Oyver Fa
ADEF ﬁ Step Inta F7.

[ARSF Ty Return from Galll  F&
B2 |fak Assembler Steppine
B4
BAP1D

Reset the program as follows:

Select Restart from the Start menu. The program is reset.

cemic MOE Demao — L=

File | Start Wiew Tools Preferences Help

:D Eﬁ_( Disconnect e a |
E Software Feset F&

3 F!.Ee:s:t-art
apci ¥ Fun Fo -]
ADCE 8 Step Over Fa
ADEF 9 Step Into F?
ceo B Beturn from Calll FE E- =

a fzzembler Stepping
ource Files
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1.1.7  Terminating of ACCEMIC MDE

To terminate ACCEMIC MDE, select 'Exit' from the File menu.

E'_" Becemic MDE Demao — F'E'm
File Start \iew Tools Pre

YO Load File.. Cly»
Reload M

The ACCEMIC MDE window closes.

1.1.8  Terminating of SOFTUNE

After terminating ACCEMIC MDE, terminate SOFTUNE as follows:
Select 'Exit' from the File menu to terminate SOFTUNE.

pg= SOFTUNE Workbench - Start,
File Edit “iew Project Debug E

e, .

Dpen... Ctrl+0

ElEse _L,
OpenWorkspace... 22l ||
Close Waorkspace alr
Save... Ctrl+5
SR 'ﬁ
Sawe All

Bt A
Fecent Text File »
Recent'~orkspace File *

The SOFTUNE window closes.

Described above are the basic operation procedures using sample programs to start

debugging.
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1.1.9  Board operation without ACCEMIC MDE

This Starter Kit can operate the generated program on the board without using

ACCEMIC MDE. The procedure is described below.

First, start the program to be operated on ACCEMIC MDE. The procedure for
operation is described in Item 1.1.6. Confirm that the program runs on ACCEMIC
MDE normally. Then, stop the program, and select "Automatic Start" under

"Tools" in the menu. Then, the following window appears.

. Accemic MOE Demo - special.sbs
File Start View | Toplz FPreferencez  Help

Eraze Flazh i o * &E
ALtomatic Star.. tartd05s asm | ext_int
Fernel Aecess Suthorization i
Test Access Authorizati ga
[+ I:|ITI_','_|:||:| et Access Authorization... 4
& dmy_06_10 Rin Uzer Funciion.. u{:t bit
F dmy_16_14 i 1
e |LI” | wEignod it LED
Then, put a checkmark on "Automatic start after reset," and press "OK."
Tareet Infor mation EI

Current Application

Saurce file: c:hkongouthmaehezofty 1 Blxhujitzu_starter_kithzpecialhdebug |

Startaddress: O0FFO000 v Awtomatic start after resek
Date of creation:  2005/06/15 16:55: 44 [~ Kemellaccess authorization

0k I Help

It starts erasing the Flash memory and writing the program. It takes several tens
of seconds to complete the writing. Wait for a while. When the program writing

ends, the progress bar disappears.
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= —Curent Applcabon I

Savyrce fle: o \eongoumastsafty ] Bl fujitsu_starter_kit rpecialidebug |

Startaddres:: [mmm— b after rezet

Diate of creati _ authorization
e
v =0 B 5—=retrn i
! ok | hen |

ddess |00FFO280

clo0FFO25D:0S00 0 LINE  #00F

OOFFD25F : 2540 CR CCR, #40H

After the writing ends, stop ACCEMIC MDE and SFTUNE. Then, press the
"RESET" button on the board while the USB cable is connected. The same
operations as confirmed on ACCEMIC MDE are available.

Described above are the basic operation procedures by using the sample programs to

start debugging.

Next, let's try to control LED lighting!
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2 “Let's try to turn on the LED!”

LEDs appear everywhere in our everyday lives -- for example, the LEDs indicating the power-on
status of a laptop personal computer, digital camera, washing machine, air conditioner, or rice
cooker, the LEDs display indicating train departure times at a railroad station, and in traffic signals
using LEDs, which have now become widespread. This chapter explains how to control the port
output of the microcomputer to turn on an LED on the board.
2.1  Whatis an LED?
A light-emitting diode (LED) is a semiconductor device that emits light when an electric
current passes through it. The LED is represented by the symbol as shown in Figure 2.1.
An LED has two electrodes: anode and cathode. When a voltage is applied across the LED
so that the anode is at a positive potential with respect to the cathode, a current flows and the
LED emits light. In the circuit shown in Figure 2.1, the LED goes on (emits light) when the
switch (SW) is turned on and goes off when the switch is turned off. The brightness of the
LED is controlled through the adjustment of flowing current by changing the resistance. As
the current becomes larger, the emitted light becomes brighter. An LED can emit light in red,
orange, yellow, green, or blue. Since the three primary colors (blue, green, and red) of light

can be produced by combinations of the five colors, a full-color can be displayed by LEDs.

m Anode

LED

5/
SW
Cathode

Figure 2.1 LED

Compared with an incandescent lamp, the LED has lower power consumption, longer
operating life, and shorter response time. So, the LED is used in lighting equipment,
backlight for liquid-crystal display monitor, traffic signals, tail lamps of cars, and displays.
The board has red of LED3 and green of LEDsl, 2, 4, and 5 as shown in Figure 2.2.
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Figure 2.2 LEDs mounted on the board

2.2 How can the LED emit light?
The LED has a pn-junction structure, which is the most fundamental structure of
semiconductor devices. As shown in Figure 2.3, the pn-junction structure consists of a
p-type semiconductor containing many electron holes and an n-type semiconductor containing

many electrons that are joined to each other.

p type N A n type
G &> WO <0 <O
&> > @0 «O
+ electrode &> O . O +0 - electrode
> o> 0O «0O

pn-junction surface

AM— |

Figure 2.3  pn-junction structure

When a voltage is applied across the pn-junction structure so that the n-type semiconductor is
at a negative potential with respect to the p-type semiconductor, electrons move from the
n-type semiconductor to the p-type semiconductor , electron holes move in the reverse
direction, and thereby a current flows. Then, some of electron holes and electrons collide
with each other and are combined together. When an electron hole and an electron are
combined together, they lose their energy partially, and the lost energy is emitted in the form
of light. The color of emitted light depends on the material of the semiconductor. Table 2.1

shows examples of semiconductor materials and corresponding colors of emitted light.
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Table 2.1 Examples of semiconductor materials and colors of emitted light

Semiconductor material | Color of emitted light
ZnCdSe Blue

ZnTeSe Green

AlGaAs Red

2.3 How to turn on an LED by microcomputer
Figure 2.1 showed an example of circuit in which an LED is turned on and off by turning on
and off a switch.  This section explains how to control the switch using a
microcomputer.Figure 2.4shows the connection of LEDs to the microcomputer on the board.
Figure 2.5 shows a conceptual diagram of the connection. In the case of (a) in Figure 2.5,
the signal output from pin P10 is at the high level. Therefore, no current flows through the
LED and the LED is off. In the case of (b) in Figure 2.5, the signal output from pin P10 is at
the low level. Therefore, a current flows through the LED, and the LED goes on. The

switch in the microcomputer can be operated by a program that controls the microcomputer.

+5V
B3l LED

R13
T -] LEDS

SML—21BMT (Green)
wf

o

m
Z
=

4
47
45
a5
a4
43
42
4]
48
39
58
oo

Frzoscaonaoy )
1] Mo xx&&aaaaaa‘;” 35 1R1L
2 ]
£} e A

SML=218MT (Green]
ral

R11
Tt T | Lep3
SML=-218YT (RED)
o

ofes oo

=

h

I

z R1Q
TET | Leoe
SML—21BMT (Green]
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18pF

i

T | e
SML—21BMT (Green)
NS

Figure 2.4 Actual circuit diagram
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Microcomputer LED Microcomputer LED
Off On
«—]
Pin P10 Pin P10
(a) LED is off. (b) LED is on.

Figure 2.5 Example of circuit to turn on/off an LED (with a conceptual diagram of the internal circuit of

microcomputer)

The output settings of pins P10 to P14 are controlled by using the internal registers of the
microcomputer. The pins P10 to P14 are controlled by the PDR1 and DDRI registers as
shown in Figure 2.6. To use a port for output, write the value (0 [low] or 1 [high]) to be
output to the PDRI register bit corresponding to the pin, and 1 to the DDRI1 register bit
corresponding to the pin.

Registers are the memory areas to control microcomputer operation and retain microcomputer
operation status. Writing data to, and reading data from registers enables you to control the
CPU and peripheral functions of the microcomputer. Here, the term peripheral functions
means the functions of the I-O ports, timers, and A/D converter incorporated in the

microcomputer.

- For input setting, this register is used to check the input level

bt 7 6 S5 4 3 2 1 0
PDRI1 register
(I0_PDRI1.byte)

PinnameP17 P16 P15 P14 P13 P12 P11 P10

of each pin (value read from the bit corresponding to each

pin: 0 [low-level input] or 1 [high-level input]).

- For output setting, this register is used to set the output level
of each pin (value written to the bit corresponding to each

pin: 0 [low-level output] or 1 [high-level output]).
bit 7 6 S5 4 3 2 1 0

DDRI register - This register is used to specify whether each port (pin) is

(I0_DDRI1.byte used for input or output (value written to the bit

Pin nameP17 P16 P15 P14 P13 P12 P11 P10 corresponding to each pin: 0 [input] or 1 [output]).

Example of P10 setting
Input setting (DDRI1 bit0 = 0) Output setting (DDR1 bit0 = 1)

PDRI1 bit0 When 0 is read = Low-level input | When 0 is written = Low-level output
When 1 is read = High-level input | When 1 is written =» High-level output

Figure 2.6 Explanation of registers to control the output from P10 to P14
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The internal switch of microcomputer as shown in Figure 2.5 actually consists of a p-channel
type transistor and an n-channel type transistor as shown in Figure 2.7. The pin outputs a
low-level signal when the n-channel type transistor is in the on state; the pin outputs a
high-level signal when the p-channel type transistor is in the on state. You can switch the
output level of each port by setting the relevant value in the PDRI1 register of the
microcomputer. In the example shown in Figure 2.7, '0' is written to the bit 0 of PDR1to set
pin P10 for low-level output, and 'l' is written to the bit 1 of PDRI to set pin P11 for
high-level output. With these settings, LEDO is turned on, and LED1 is turned off.

Microcomputer EDO

PDRI bit0=0

<4+———>
1 0

1
_' Outpyt 1

T
n-channel t e_' [y H
transistor O)?\IK \lc
o b= DDRI bitl=1
InputF==--=-- ]

p-channel type ™0 ! LEDI
transistor ON E ’1/ : I Off
5 Outpyt” _____ ! Pin P11

Figure 2.7 LED on/off control by rewriting the PDR1 register (with a conceptual diagram of the

internal circuit of microcomputer)

On the board, the LEDs are connected to pins P10 to P14. Therefore, the five pins are set to
the output mode for controlling the LEDs. When the microcomputer is reset, all bits of DDR
are reset to 0 (initial value), which means the ports are set to the input mode. In this status,

to use a pin as an output port, be sure to write '1' to the bit corresponding to the pin.

2.4  How to create and execute a program to turn on the LED
This section explain how to create a program that actually controls a microcomputer pin to

turn on an LED.
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2.4.1  Outline of program to be created

Here, you will create a program that outputs a low-level signal from pin P14 of the
microcomputer to turn on LED5. Figure 2.8 shows the flow of the program. In the
flow, a value is set in the PDR1 register first, and then output setting is made using the

DDRI1 register. For port output, be sure to set the output level in the PDR1 register

before the output setting using the DDRI1 register. The setting operation should be

performed in this order because the initial value that is applied after the microcomputer is

reset is not defined for the PDR1 register (to set the output level).

C START )

|
Set LEDS to on.
Set P14 output level to low (PDR1.bit4=0). (1)
|
Set P14 to output mode
(DDRI bitd=1) &)

Infinite loop

Figure 2.8 Flow of the program to turn on the LED

3)

2.4.2  Creating and executing of program
Let us now create the actual program. According to the procedure described in
Appendix A.1, open the source file "main.c" stored in ”sample.prj”, and input the program
portion enclosed by dotted line in Figure 2.9. Use the files other than "main.c" without
modification. After the input of the program, build the program according to the
procedure described in Appendix A.2. If an error message is output, check that the
content of the input program is exactly the same as the description shown in Figure 2.9.
When the build operation ends successfully, ACCEMIC MDE starts automatically.
After the ACCEMIC MDE window appears, execute the program and check its operation.
For how to execute the program, see Appendix B.1. While the program is executed,

you can see that LEDS goes on on the board.
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void main(void)

i I0_PDRI.byte=0XEF; | <@ (1)LEDS on setting (P14=Low, P10 to P13=High)
i I0_DDRI.byte=0x1F; i ‘ (2) P10 to P14 output setting

L Yh_lle_(_l 2 > g ‘ (3) Infinite loop
} Program to be added

Figure 2.9 Program to turn on the LED

Descriptions ”I0_XXX.byte” and ”IO_YYY.bit” included in the above program code are
the convenient formats of description defined in the I-O header file. For further

information, see Appendix B.1.

2.5 How to create and execute a program to make the LED blinking

This section explains how to create a program that makes the LED be blinking.

2.5.1  Outline of the program to be created
Here, you will create a program that switches the output from pin P14 of the
microcomputer between the low and high levels repeatedly to make LEDS turn on and
off repeatedly. While 0 and 1 are written alternately to the bit 4 of the PDR1 register ,

LEDS is blinking as shown below.
On off

’—> LEDS5 is on. (LEDI to LED4 are off.) = LEDS is off. (LED1 to LED4 are off) —‘

Figure 2.10 shows the flow of the program. The only difference of this program from
the LED lighting program shown in Figure 2.8 is that this program has additional steps
of LED off and LED on/off time count processing. The LED on/off time count
processing is described by the for-statement as shown below to enable you to visually
confirm the on/off operation of the LED. You can vary the on/off time by changing
the currently set value (30000).

- On/off time count for(i=0;i<30000;i++);
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( STITRT >

Set LEDS to on.

Set P14 output level to low (PDR1.bit4=0). M
[
Set P14 to output mode 2)
(DDR1.bit4=1)
Count reached 300007 (3)
Set LEDS to off. (4)
Set P14 output level to high (PDR1.bit4=1).
Count reached 30000? ®)
Set LEDS to on. (6)
Set P14 output level to low (PDR1.bit4=0).
|

Figure 2.10 Flow of the program to make LEDS5 blinking

2.5.2  Creating and executing of program

Let us now create the actual program. According to the procedure described in
Appendix A.1, open the source file "main.c" stored in ”sample.prj”, and input the program
portion (after "while (1)") enclosed by dotted line in Figure 2.11 to the LED lighting
program created in Section 2.4.2. Use the files other than "main.c" without modification.
After the input of the program, build the program according to the procedure described in
Appendix A.2. If an error message is output, check that the content of the input program
is exactly the same as the description shown in Figure 2.11. When the build operation
ends successfully, ACCEMIC MDE starts automatically.

After the ACCEMIC MDE window appears, execute the program and check its operation.
For how to execute the program, see Appendix A.3. While the program is executed, you

can see that LEDS goes on on the board.
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void main(void)

I0_PDRI1.byte=0xEF; <@ (1) LEDS on sctting (P14=Low, P10 to P13 =High)
I0_DDRI.byte=0x1F; <@ (2) P10 to P14 output setting
cowhile()
int i;

for(i=0;i<30000;i++); <8 (3) LEDS on time count

I IO_PDR1.byte=0xFF; | <@ (4) LEDS off setting (P10 to P14 =High)

for(i:O;i<30000;i++); « (5) LEDS off time count

10_PDR1.byte=0xEF; @8 (6) LEDS on setting (P14=Low, P10 to P13=High)

y T Program to be added o=

Figure 2.11 Program to make LEDS blinking
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3 “Let's try to control the LED by switch operation!”

This chapter explains how to control LEDs by operating the push switches on the board and how

to create a program that controls LEDs based on switch operations.

3.1  How the microcomputer detects switch operation
The board of the Starter Kit has two switches (SWs) as shown in Figure 3.1. The switches
are connected to pins P25 and P27 of the microcomputer. The following explains how the

microcomputer detects your operation of these switches.

= i
Y o

oms.mn-m_
wuw. sunhayato. co. jo/f2mc/
Figure 3.1 Switches on the Starter Kit board

Figure 3.2 shows a conceptual diagram of the connection of SW1 on the board. On the board,
SW1 is connected to pin P25, which is a general I-O port of the microcomputer. While SW1
is released (off state), the voltage applied to pin P25 of the microcomputer is Vec (5 V), which
is the high-level input. When SW1 is pressed (on state), the input to pin P25 becomes the
low level because the voltage at pin P25 becomes GND. Thus, the input status at pin P25 of
the microcomputer changes depending on the state of SW1. The same mechanism applies to
SW2, except that SW2 is connected to pin P27, which is a general I-O port of the

microcomputer. Therefore, the input status at pin P27 changes when SW2 is operated.

EWhen SWI is off BWhen SWI is on
Microcomputer Vee Microcomputer Vee
Pin P25 Pin P25
===~ I====7
| |
— powi —— swi
PDR?2 register GND PDR2 register GND

Figure 3.2 Connection of SW1 to microcomputer pin (conceptual diagram)
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The change of pin status can be detected by a program running on the microcomputer The
microcomputer of the Starter Kit can determine the status of pins P25 and P27 from the
corresponding values in an I-O port register (PDR2). Register values can be read using
instructions of a microcomputer program. In other words, the microcomputer can determine
the operation state of a switch by reading the corresponding value from PDR2 by the program.
Let us explain some specifications of PDR2. PDR?2 is the 8-bit register that indicates the
status of port 2 pins (P20 to P27). Figure 3.3 shows the association of the pins at port 2 with
the bits of PDR2.  When a pin is at the high level, the corresponding bit is 1; when the pin is
at the low level, the bit is 0. Therefore, the status of pin P25, or the operation state of SW1,
can be known when the value of the bit 5 of PDR2 is read. Similarly, the operation state of
SW2 can be known when the bit 7 of PDR2 is read.

Inside of
Bit 0 1 2 3 4 5 6 7
or2| | | | | | [ | |
] ] ] ] ] ] ] ]
] ] ] ] ] ] ] ]
vV vV vV VvV V V V¥
Bit 0 1 2 3 4 5 6 7
*PDR value
or2| | | | [ | | ] hen toweo
[} [} [} [} [} [} [} [}
Port 2 pins P20 P21 P22 P23 P24 SW2

SW1
P25

Figure 3.3  Outline of PDR2 and DDR?2 registers (conceptual diagram)

When using port 2 pins, you must specify whether they are used for input or they are used for
output. DDR2 is the 8-bit register to switch the signal direction (between input and output)
of each pin at port 2. The association of the bits of DDR2 with the pins at port 2 is as shown in
Figure 3.3.  To use a pin for output, 1 should be written to the corresponding bit of DDR2; to
use the pin for input, 0 should be written to the corresponding bit of DDR2. Here, P25 and
P27 are used as input pins to input signals from SW1 and SW2. Therefore, 0 should be
written to the bits 5 and 7 of DDR2.

The above explanation can be summarized into the following processes to detect the switch

state by a microcomputer program:

(1) Write '0' to DDR2 bits 5 and 7, and set port 2 pins P25 and P27 to input mode.
(2) Read the values of PDR2 bits 5 and 7.
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- When the read value is '0,' the switch can be determined to be in the on state.
- When the read value is '1,' the switch can be determined to be in the off state.
3.2 How to create and execute a program to control LEDs by switch operation
This section explains how to create a program to detect the switch operation state. The
program also controls LED operation to enable you to visually know that the switch operation
state is detected. The program applies the method of turning on the LED described in the

previous chapter.

3.2.1  Outline of program to be created
The operation of the program to be created is as described below. Figure 3.4 is the flow

of the program that performs the operation.

(1) When SW1 is pressed, LED1 is turned on.

(2) While SW1 is in the on state, LED1 is kept lighting.

(3) When SW1 is released (set to off), LEDI is turned off.

(4) Similarly, LED2 is turned on and off according to the SW2 state.

< ST/lRT )

Set output pins for LED1 and LED2
(PDR1.bit0=1, PDRI.bitl=1)

'

Set input pins for SW1 and SW2
(DDR2.bit5=0, DDR2.bit7=0) |  commmmmmemme ?2)

»
>

) 4
. &) PDR2.bit5 =1
SW1 input state?

PDR2.bit5 =0 l

T A

Y
) (6) pDR2bI7=1
SW2 input state?

PDR2.bit7 =0 l

Figure 3.4 Flow of program
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This program first sets the output pins for the LEDs, and then sets the input pins for the
switches. The necessity of these settings was explained in the previous section. The
program subsequently reads the value of the bit 5 of PDR2 to detect the state of SW1I.
The program turns on or off LED1 according to the read value. To turn on and off
LED1, the program writes 0 or 1, respectively, to the bit 0 of PDR1. Also for SW2, the

program performs the similar processing and controls LED2.

3.2.2  Creating and executing of program

Let us now create the actual program. According to the procedure described in
Appendix A.1, open the source file "main.c" stored in “sample.prj”, and input the program
portion enclosed by dotted line in Figure 3.5. Use the files other than "main.c" without
modification. After the input of the program, build the program according to the
procedure described in Appendix A.2. If an error message is output, check that the
content of the input program is exactly the same as the description shown in Figure 3.5.
When the build operation ends successfully, ACCEMIC MDE starts automatically.

After the ACCEMIC MDE window appears, execute the program and check its operation.
For how to execute the program, see Appendix A.3. After executing the program, press

SWI1 or SW2. IfLEDI1 or LED2 goes on, the program operation is correct.

void main(void)
{
_set il (M
_EIO;
10_PDRI1.byte = 0x00;
10_DDRI1.byte = 0x1F;

‘ (1) Port 1(LED control) output setting

‘ (2) Port 2 (SW input) input setting

(3) SW1 input state ?
(4) LED1 on

<4m (5 LEDIoff
(6) SW2 input state ?
(7) LED2 on

@m (3 LED20ff

I0_DDR2 byte = 0x00;

[}

1

1

1

1

1

1

1

i

while(1) i
{ i
if(10_PDR2.bit.P25==1){ i
I0_PDRLbitP10=1; |

} i

else{ |
10_PDR1bit.P10=0;

} i
:

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

if(I0_PDR2 bit.P25==1){
10 PDR1.bitP10=I;
}

else{
I0_PDRI1.bit.P10 = 0;

Program code added

Figure 3.5 Sample program code (main routine)
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Descriptions ”1I0_XXX.byte” and ”IO_YYY.bit” included in the above program code are
the convenient formats of description defined in the I-O header file. For further

information, see Appendix B.1.

© Fuijitsu -53-

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/840917/CT-161-CD.html

[e®)
FUJITSU

4 “Let's try to sound a buzzer!”

Our daily life is full of sounds. Many of them are not natural sounds but artificial sounds that
give us signals, draw our attention to something, and give us information. The loud sound of the
alarm clock wakes us up every morning. The cooking timer buzzer sounds to let us know when
to stop boiling eggs for our favorite softness of yolk. We are surrounded and given much
information by artificial sounds varied in loudness and tone, including those of microwave ovens,
level crossing alarms, and automobile horns.

Microcomputers are often used to produce these artificial sounds. A microcomputer can be used
to control the timing, tone, and pitch of a sound. This chapter explains how to control a buzzer

sound simply by using microcomputer functions.

4.1  Devices used for buzzer

Before explaining the mechanism of a buzzer, this section describes the piezoelectric device
that is used for a buzzer.

A piezoelectric device is a circuit element that uses a piezoelectric effect. The piezoelectric
device incorporates a substance characterized by the piezoelectric effect (which causes a
voltage when an impact or pressure is applied) or the inverse piezoelectric effect (which
causes a crystalline distortion when a voltage is applied).

A quartz oscillator is a familiar example of piezoelectric device that uses the piezoelectric
characteristics. The buzzer to be controlled by the microcomputer of the Starter Kit
incorporates this piezoelectric device. Piezoelectric devices are also used for piezoelectric

loudspeakers, crystal earphones, vibration sensors, and microphones.
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4.1.1  Crystalline characteristics of piezoelectric device

A piezoelectric device uses a substance that has a polarization characteristic.

Some crystals have an electrical deflection as an inherent characteristic.  This
characteristic is called "polarization," and the crystal having this characteristic is called a

"polarized crystal." More specifically, the polarized crystal contains polarized molecules

as shown in Figure 4.1.

In the figure, the direction of polarization is represented by the green arrow indicating the

direction from the positive (+) pole to the negative (-) pole.

()

Figure 4.1 Polarization of molecules and crystal

4.1.2  Piezoelectric characteristics

As shown in Figure 4.2, a crystal sometimes has a characteristic that expands the crystal
when a voltage is applied in the direction of polarization (direction of green arrow). This

characteristic is called the piezoelectric effect. When a piezoelectric crystal is given a

voltage in the reverse direction of polarization (reverse direction of green arrow), the
crystal contracts.

|
A\ 28 AR AR /
—— |
— —_
vivi v|ly
Expansion Contraction
Figure 4.2 Piezoelectric crystal
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4.1.3  Principle of piezoelectric device

When an AC voltage is applied across a piezoelectric crystal, the crystal contracts or
expands alternately each time the direction of current is reversed as shown in Figure 4.3.
The cycle of contraction and expansion changes when the frequency of AC voltage is
varied. This characteristic can be used to vibrate the crystal at various frequencies. If

the vibrational energy of the crystal is large, the crystal can generate an aerial vibration,

which makes a sound. Piezoelectric buzzers use this principle.

- -

v

Contraction Expansion

Figure 4.3 Principle of piezoelectric device

4.2 Microcomputer and piezoelectric buzzer

A piezoelectric buzzer uses a piezoelectric device as described above. To produce a sound

from the piezoelectric buzzer, you should apply a changing voltage, e.g., AC or pulse voltage,

to the buzzer. Here, let's sound a piezoelectric buzzer by using a pulse wave (pulse voltage)

output from the microcomputer.

A
’f —— ]

Pulse input

ppmipips

Vibration

7777

Figure 4.4 Buzzer using a piezoelectric device
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4.2.1  Self-excited and separately excited vibrations

Buzzers are classified into two types. One type, called a self-excited buzzer, generates
only one sound by the self-resonance of the crystal when a voltage is applied. The other
type, called a separately excited buzzer, generates different kinds of sound according to
the frequency of applied voltage. The self-excited buzzer can generate only one kind of
buzzer sound based on the self-resonant frequency of the crystal. The separately excited
buzzer can generate the buzzer sound that varies depending on the frequency of applied
voltage. Therefore, the separately excited buzzer enables to vary the sound in a wide
range of frequencies.

The board of the Starter Kit has a built-in buzzer, the KBS-13BB-4P-2 made by Kyocera
Corporation. Since this buzzer is of separately excited type, it can be used to produce

various tone colors of sound in principle.

buzzer

www. sunhayato. co. jo/famc/

Figure 4.5 buzzer

4.2.2  Pulse wave generated by the microcomputer

The microcomputer can output a pulse wave in several ways. The basic method to
output a pulse wave is to use a built-in timer and the setting of H-level and L-level widths.
The microcomputer has different built-in timers that can be used for different purposes.
Here, use the programmable pulse generator (PPG) timer, which is convenient for pulse

output, to output a simple pulse wave for sounding the buzzer.

4.3 How to sound the buzzer by PPG
The programmable pulse generator (PPG) enables you to obtain the output of various widths
of pulse from the microcomputer through programming. You can basically output a pulse
wave from the microcomputer when you make the following settings on the PPG timer:
»  Setting of L-level and H-level duration
»  Setting of PPG count clock

© Fuijitsu -57-

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/840917/CT-161-CD.html

[e®)
FUJITSU

The following sections sequentially explain how to use the PPG timer:

43.1  Setting of L-level and H-level duration

L-level duration H-level duration

Figure 4.6 Cycle of pulse and L-level and H-level duration

To output a pulse wave based on the PPG timer, you should set the duration of L-level and
H-level signals as the counts by the PPG timer. For example, when you specify 300 as
the count of L-level duration and 500 as the count of H-level duration, the PPG outputs
the L-level signal while the PPG timer counts 300 and the H-level signal while the PPG
timer counts 500 alternately from the PPG output pin. The counting by the PPG timer is
called "PPG counting."

4.3.2  PPG count clock

To output a pulse wave based on the PPG timer, you should also set the speed of PPG
counting. The PPG count per second (that is, the frequency of PPG counting) is called
the "PPG count clock."

The PPG count clock is set on the basis of the CPU clock (internal operating frequency)
of the microcomputer. In details, the PPG count clock is set to the divide-by-1,
divide-by-2, divide-by-4, divide-by-8, or divide-by-16 (whole, one half, one quarter,...)
frequency of the CPU clock.

When the PPG count clock is set, the cycle of pulse set in Item 4.3.1 is determined.

4.4  How to create and execute a program to sound the buzzer
Here, let's create a program to actually control the operation of the PPG timer in the

microcomputer and sound the buzzer.
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4.4.1  Outline of the program to be created

( START >
v

Perform initial setting.

Enable PPG output pin. ~ ---F- (1)

Set PPG count clock. -----(2)

v

Set pulse duration.

Set L-level duration count. ----(3)

Set H-level duration count. -----(4)

v

Start operation.

Enable PPG operation. -—+-(5)

Infinite loop ===, 6)

Figure 4.7 Flow of program to sound the buzzer

The following describes the detailed method of PPG setting:

Let's try to make the settings of L-level duration, H-level duration, and PPG count clock
as described in Items 4.3.1 and 4.3.2. To make these settings, write values to the
registers dedicated to PPG setting in the microcomputer. Writing a value to a register is
a programmed operation in by which the value is set in the register according to an
instruction.

Here, try to make settings for the output of a 4 kHz pulse wave as an example. To make
the setting easier, specify an equal count for L-level and H-level duration, and specify the
PPG count clock same as the internal CPU operating frequency. The CPU operating
frequency is 2 MHz. Therefore, the counts of L-level and H-level duration should be 250
as shown in Table 4.1.

In addition to the above pulse information, you should make settings to enable PPG pin

output and PPG operation. Table 4.1 shows all the necessary register settings.
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Table 4.1 Register settings

o Register for setting (bit) Value to be set (meaning of
Setting item )
Register name setting)
) PRLL (bits 0 to 7) OxFA
L-level duration
PPG reload register (L) (Count: 250)
) PRLH (bits 0to 7) 0xFA
H-level duration
PPG reload register (R) (Count: 250)
PPG (bits 0 to 7) 0x00
PPG count clock (Same as internal operating
PPG count clock selection register
frequency)
. , PPGC (bit 13) o
Enabling PPG pin 0 (disabling)
PPG operation mode control .
output 1 (enabling)
register
. PPGC (bit 15) B
Enabling PPG 0 (disabling)
. PPG operation mode control i
operation 1 (enabling)
register

4.4.2 Creating and executing of program

Let us now create the actual program. According to the procedure described in
Appendix A.1, open the source file "main.c" stored in “sample.prj”, and input the program
portion enclosed by dotted line in the figure below. Use the files other than "main.c"
without modification. ~After the input of the program, build the program according to the
procedure described in Appendix A.2. If an error message is output, check that the
content of the input program is exactly the same as the description shown in the figure
below.  When the build operation ends successfully, ACCEMIC MDE starts
automatically.

After the ACCEMIC MDE window appears, execute the program and check its operation.

For how to execute the program, see Appendix A.3.

The PPG count clock is set to 2 MHz, equal to the CPU operating frequency. The pulse
duration count is set to 0OXFA (250) for both L and H levels. Therefore, the total count of
a cycle is 500, and the pulse wave at 4 kHz will be output. The pulse frequency is
calculated as follows:

2 MHz + 500 (count) =4 kHz
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Table 4.2 Correspondence of counts and pulse frequencies (with operating frequency at 2 MHz)

Count per cycle (L-level duration +
] Pulse frequency
H-level duration)

125 16 kHz
250 8 kHz
500 4 kHz
1000 2 kHz

After the PPG pulse output is started by the program and the buzzer starts sounding, the
buzzer sound cannot be stopped even when the stop button on the ACCEMIC screen is
clicked. This is because the PPG timer continues operation and pulse output is not
stopped even when the CPU stops. To stop the buzzer, press the stop button and then

reset the microcomputer.

void main(void){
__set_il(7);
e O_PP ORI .; .............
10_PPG23.byte=0x00;

(1) Enabling PPG pin output
(2) PPG count clock setting

10_PRL23.byte.PRLL3=0xFA,;
I0_PRL23.byte. PRLH3=0xFA,;

(3) PPG timer count for L-level
(4) PPG timer count for H-level

¢+ ¢t t¢

10 PPGC23.bit.PEN1=0x01; (5) Enabling PPG
E .................. Program code added

while(1); (6) Infinite loop

}
Figure 4.8 Program to sound the buzzer
Descriptions ”I0_XXX.byte” and ”IO_YYY.bit” included in the above program code are
the convenient formats of description defined in the I-O header file. For further
information, see Appendix B.1.
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4.4.3 Changing the tone of a buzzer sound

Try to vary the setting of pulse duration to check how the buzzer sound changes. Our
audible frequencies are said to range from 20 Hz to 20 kHz. Try to confirm the range of
audible frequencies by changing the buzzer sound. Also, the buzzer sound will change

when the PPG count clock is varied. Try to find the reason for the change.
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5 “Let's try to control the LED by interrupt.”

A method to detect the switch operation state was described in Chapter 3. There are also other
methods to detect switch operation than the one described in Chapter 3. One of the other
methods is to use an external interrupt input. This chapter explains how to detect switch
operation by using an external interrupt input.
5.1  What is an interrupt?
Let's begin with a brief explanation of interrupts. The word "interrupt" is popularly used in
daily life, and the meaning of the word is similar when the word is used in the world of
microcomputers. Imagine that you are studying at home on the day before an examination
day. You need to focus on study but are disturbed by a telephone call from a friend or an
unexpected visitor. The telephone call and visitor are interrupts. The microcomputer
terminology names the events like the telephone call and visitor as "interrupt factors" and the
handling of such events as "interrupt processing." Of course, the interrupts in the world of
microcomputers are not telephone calls and visitors but the on/off operation of a switch,
reception of communication data, generation of a timer event, and other various events typical

for microcomputers.

Cn, moo

H@

Figure 5.1 Cases of interrupt

In the field of microcomputer and embedded system, using interrupts in programs is generally
regarded as an efficient programming method. In the real word, you cannot predict when
you will receive telephone calls and visitors. You cannot focus on study if you have to often
look at the telephone or get the door to check to see if there is a visitor. Therefore, you
usually keep concentrating on study and interrupt it only when you receive a telephone call or
visitor actually; this is more efficient.

The microcomputer is provided with a mechanism that notifies the microcomputer program of

a switch on/off operation, communication data reception, timer event, or the like
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(corresponding to the telephone call or visitor in the real world) when the event occurs. This
mechanism is the interrupt. A program can be efficient when it uses interrupts. The sample
program described in Chapter 3 uses a procedure for checking the on/off state of the switches
cyclically. However, an interrupt is used in the program, the microcomputer can be notified
of a switch on/off operation by the interrupt when the operation occurs. Therefore, the
processing to cyclically check the on/off state of the switches can be eliminated, and the
efficiency of the program can be increased thereby. This chapter explains how to detect

switch operation by using an interrupt and how to create the program for the operation.

5.2 How to detect a switch operation by interrupts

As described in Chapter 3, the board of the Starter Kit has two switches that are connected to
pins P25 and P27 of the microcomputer. Pins P25 and P27 connecting the switches were
used as input ports in the program example described in Chapter 3. These pins can be used
also as external interrupt input pins (INTS and INT7). The following describes how to detect
switch operation (pressing of a switch) by using an external interrupt input.

Figure 5.2 shows an outline of SW1 connection circuit on the board of the Starter Kit. SW1
is connected to pin INTS of the microcomputer as shown in Figure 5.2. While SW1 is
released (in the off state), the voltage at pin INTS of the microcomputer is Vcc (5 V), and the
signal input to pin INT7 is at the high level. When SW1 is pressed (in the on state), the
voltage at pin INTS becomes the GND level, and the signal input to pin IN5 changes from the
high level to the low level. When SW1 is released subsequently, the signal input to pin INTS
changes from the low level to the high level. When the external interrupt function of pin
INTS of the microcomputer is used, an interrupt can be generated when the pin status is
changed. In short, this mechanism enables the microcomputer to be informed of switch
operation by the interrupt. SW2 can be handled in a similar way to handle SW1. Because
SW2 is connected to pin INT7 of the microcomputer, an external interrupt is generated at pin

INT7 when SW2 is operated.

Starter Kit board

Microcomputer Vee %
"""""""""""""""""" L_

1

1 [} [}

| ELVR [ | | PinINTS ]

) . 4 |- SW1
I IR = A

1

' ENIR i GND
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Explained next is the procedure for using pin INTS as an external interrupt pin. To use pin
INTS for the input of external interrupt, you should set the I-O direction of the pin to input by
using the port 2 register "DDR2." Handling of DDR2 was described in Chapter 3.  Write '0’
to the bit 5 of DDR2. You should also set necessary values in external interrupt registers
"EIRR," "ENIR," and "ELVR" for using pin INTS as the external interrupt input pin. EIRR
is an 8-bit register that indicates external interrupt factors. ENIR is an 8-bit register that
enables and disables external interrupts. ELVR is a 16-bit register that specifies the

conditions for external interrupt detection.

Assume the processing to detect the SW1 operation from the off state to the on state by using
an interrupt.  When SW1 is pressed, the signal input to pin INTS changes from the high level
to the low level (as described before). When values are set in external interrupt registers in
steps (1) to (4) below, the external interrupt function enables the microcomputer to detect the
change (falling edge) of the signal input to pin INT5 from the high level to the low level. In

this way, the on operation of SW1 can be detected as the generation of an interrupt.

(1) Write '0' to the bit 5 of both EIRR and ENIR (to disable the external interrupt via
INT5)

(2) Write 'l' to the bits 10 and 11 of ELVR (to generate an external interrupt when a
falling edge is detected)

(3) Write '0" to the bit 13 of both EIRR and ENIR (to clear the INTS5 interrupt factor)

(4) Write '1' to the bit 5 of both EIRR and ENIR (to enable the external interrupt via
INT5)

5.3  How to create and execute a program to control the LED by switch Input operation
This section explains how to create a program to detect switch operation by an external
interrupt. The program is also designed to operate an LED to enable you to visually see the
detection of switch operation. The program incorporates the method to turn on an LED

explained in Chapter 2.

5.3.1  Outline of the program to be created
Let's create a program to better understand the operation of interrupt processing. This
program will be very similar in contents to the LED control program created in Chapter
2, except that this program will have an additional portion to process the interrupt

generated by switch operation. The main operation by the program is as described
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below. Figure 5.3 shows the flow of the program.

(1) When the program starts, LED]1 starts blinking.
(2) When SW1 is pressed, LED3 goes on.
(3) Each time SW1 is pressed, LED3 goes off and on alternately.

The main processing by the program begins with the setting of LED output and switch
input pins. This setting was described in Chapter 3. Next, the program makes the
settings related to the external interrupt and enables the external interrupt. Then, the
program makes LEDI1 be blinking. Blinking of LED1 continues until the stop or reset
button is pressed on the ACCEMIC screen. When SW1 is pressed after the external
interrupt is enabled, an INTS interrupt is generated, and an interrupt routine is called.
The interrupt routine clears the interrupt factor and switches LED3 between on and off
states. In summary, this program makes LED1 blinking processing usually as the main
processing, and switches LED3 between the on and off states only when the interrupt is

generated by switch operation.

Start of main processin,
C P £ > Interrupt generated by SW1
|
|
Set output pins for LED1 and LED3 ;
(PDR1.bit0 =0, DDRL.bit0 =1, Start of external interrupt processing
PDR1.bit2 = 0, DDR1.bit2 = 1) ---(1) C >
¢ Clear external interrupt factor
Set input pin for SW1 (ENRR.bitS =0) - (7)
(DDR2.bit5 = 0) ---(2) l
- l Turn on or off LED3
Set external interrupt of SW1 (PDR1.bit2 = |(PDR1.bit2)) - (8)
(ENIR.bit5 = 0,
ELVR.bit10 = 1, ELVR.bitl1 =1, ---(3)
ENRR.bit5 = 0) @nd of external interrupt processinD
Enable interrupt.
(ENIR.bit5 = 1) ---4)

»le
P&

—
3000 counted? —_—

Turn on or off LED1
(PDR1.bit0 = !(PDR1.bit0)) ---(6)

Figure 5.3 Flow of the program
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5.3.2  Creating and executing of program

Let us now create the actual program. According to the procedure described in
Appendix A.1, open the source file "main.c" stored in ’sample.prj”, and input the program
portions enclosed by dotted line in Figure 5.4 and Figure 5.5. Use the files other than
"main.c" without modification. After the input of the program, build the program
according to the procedure described in Appendix A.2. If an error message is output,
check that the content of the input program is correct. When the build operation ends
successfully, ACCEMIC MDE starts automatically.

After the ACCEMIC MDE window appears, execute the program and check its operation.
For how to execute the program, see Appendix A.3. After the program starts normally,
check LED1. LEDI is blinking when the program is operating normally. Also, press
SWI to check for normal interrupt operation. The interrupt operation is normal if LED3

goes on and off alternately each time SW1 is pressed.

voi main(void)

{
_set_il (7);
_EIQ;

------------- Program code added -=

10_PDRI1.byte = 0x00;

10_DDR1.byte = 0x1F; ‘ (1) Port 1 (LED control) output settin}

L]

Q) IDIDTC: Joyie = UL, ‘ (2) Port 2 (switch input) input setting

10_ICR06.byte=0x00
10_ENIR bit.EN5=0;
10_ELVA.word=0x0800;
10_ENRR bit.ER5=0;

‘ (3) Interrupt-related processing
Setting to use external interrupt

(INT5)

10_ENIR.bit. EN5=1; @ (4) Enabling interrupt

while(1)
{

for(i=0;i<30000;i++); ‘ (5) LED on/off time count

I0_PDR1.bit.P10 =~I0_PDR1.bit.P10;

‘ (6) LED state change

Figure 5.4 Sample program code (main routine)
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__interrupt void ext_int(void)

‘ (7) Interrupt factor clearance

10_EIRR bit.ER4=0x0;
‘ (8) LED on/off switching

1I0_PDRI1.bit.P12=~I0_PDR1.bit.P12;

_——————d

i tessssEaas Program code added

Figure 5.5 Sample program code (interrupt routine)

The ext_int function is called when the external interrupt (INTS) is generated. If you
program the above operation without using this sample project, you should register the
interrupt routine in the vector table so that the ext int function will be called when the
external interrupt (INTS) is generated. You need not perform the registration when you
use this sample project in which the interrupt routine has already been registered.

Descriptions ”I0_XXX.byte” and ”IO_YYY.bit” included in the above program code are
the convenient formats of description defined in the I-O header file. For further

information, see Appendix B.1.
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6 “Let's blink the LED by using a timer interrupt.”

The procedure for controlling the LED blinking is described in Item 2.5 in Chapter2. There are
some other methods to control the LED blinking other than the method described in Chapter 2.
One of them is the method using a "timer interrupt." This chapter describes the method to control

the LED blinking by using a 16-bit reload timer.

6.1  What is a timer?

Let's begin with a brief explanation of the "timer." The word "timer" is often heard in daily
life, such as a recording timer of VCR, a start timer or sleep timer of the audio system, a
kitchen timer for cooking, or the timer function of an alarm clock. The function of the timer
contained in the microcomputer is the same as those timers. Let's take the alarm clock timer
as an example to explain the timer function. Most of the people set the alarm clock timer for
a certain time and wake up at the sound of the alarm every morning. What would happen if
there was no alarm timer function? People would be bothered about the time to wake up
once the dawn breaks and could not keep relaxing and sleeping. People can re-realize that
the timer function of the alarm clock allows us to sleep tight until the time to get up.

The microcomputer has the timer interrupt function that performs as an alarm timer function.
In this case, the timer interrupt is used for the LED-on time count and the LED-off time count.
Because the LED blinking control described in Item 2.5 in Chapter2 counts the LED-on time
and LED-off time by executing the CPU instruction, the CPU is always required to perform
the processing for controlling the LED blinking. Figure 6-1 LED blinking processing
without using the timer interrupt shows the LED blinking processing without using the
timer interrupt.  This figure shows that the CPU must always control the LED and there is no

time for other processing.

LED-on LED-off LED-on LED-off

A
\

LED-off time coyn} | LED-on time count
<—>f >

ON/OFF switching PPN/OFF switching T JON/OFF switching‘y’_

LED-on time count

'
'

'

'

»'
Lt

'

'

D

1
1
CPU processin i
|
1

Figure 6-1 LED blinking processing without using the timer interrupt

When a timer is used, the timer can take the processing of counting the LED-on and -off
time that is described in Figure 6-1 so that the CPU does not have to count the LED-on and
-off time. The CPU can perform processing other than the LED blinking control accordingly.
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Figure 6-2 shows the LED blinking processing with using the timer.

LED-on LED-off { | LED-on LED-off
> > e e
Count not required Count not required{ | Count not required,
. > P -
CPU processing
ON/OFF switching ’_ON/OFF switching {ON/OFF switching‘;
Interrupt processing Hlnterrupt processin; Interrupt processing "
Cleared by
( Timer interrupt factor | Cléared by software i Cleared by software ftware

Number of counts

Timer < Timer counter

v

e——— e @
o

iIC
L

\

Count clock cycle™ | i

Figure 6-2 LED blinking processing with using the timer

To use the timer to count the LED-on and -off time, the count clock and the number of the
counts need to be specified. The LED-on and -off time can be calculated by using the
following expression. Using the timer, as just described, has the advantage of enabling the

accurate time count.

LED-on and -off time period = count clock cycle x number of counts

6.2 How to create and execute a program to control the LED blinking by using a timer
interrupt
This section explains how to create a program to control the LED blinking by using a timer

interrupt. The 16-bit reload timer is used for the timer of this program.

6.2.1  Outline of the program to be created
In Chapter 2, the LED blinking time is controlled by a WAIT of the loop processing.
In this section, a program that uses the 16-bit reload timer interrupt to count the LED blinking
time is created. The LED operation of this program is the same as that of the program
created in Chapter 2. However, as the operation of the microcomputer, the 16-bit reload

timer instead of the CPU is used for counting the LED-on and -off time. The CPU is not
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required for counting the LED-on and -off time.

Figure 6-3 Flow of the program shows the flow of the program.

-

Start of main processing

>

Set LEDS to "on."

Set P14 output level to "Low."

0]

Set P14 to output mode.
(DDR1.bit4 = 1)

@

Set CPU interrupt level.

| ®

Set interrupt permission.

| @

Set timer interrupt level.

Set timer count value.

| ©

Set timer count clock.

| @

Set timer count repeat.

| ®

Timer interrupt permission

| ©

| Timer operation permission (wait for a start factor) | 10)

| Software start factor of timer (starts operation) | @an

Infinite loop

12)

Timer interrupt is generated.

v

(Timer interrupt processing staﬁs.)

| Timer interrupt factor is cleared. | (13)
|

| ON/OFF switching of LED5 | a14)

CTimer interrupt processing ends.>

Figure 6-3 Flow of the program

The program created in this section goes into an infinite loop (No. 12 in the flow of the

program) after a sequence of the processing. During this infinite loop processing, the

CPU can execute any processing other then the LED processing. Table 6-1

Register

setting of 16-bit reload timer shows the register of the 16-bit reload timer that is set in

the program created in this section.

Suppose the LED-on and -off time is one second.

The value to be set for the counter of the 16-bit reload timer can be calculated by using

the following expression accordingly.

LED -on and -off time period = Count clock cycle (16 ps) x Number of counts  (62500)

=1s

© Fujitsu

Downloaded from Elcodis.com electronic components distributor

71-


http://elcodis.com/parts/840917/CT-161-CD.html

[e®)
FUJITSU

Table 6-1 Register setting of 16-bit reload timer

Setting item Reglst-er ngme Setting value (meaning)
Setting bit
Timer count value TMRLR -I'CgIStCIj 0 x F424 (62500 counts)
DO to D15 (bit0 to bitl5)
Timer count clock TMCSRO r'eglster' 10 (count clock cycle: 16 ps)"
CSL0, CSL1(bit10, bitll)
TMCSRO register 0 (Timer stops at an interrupt generation.)
Timer count repeat i i i i
ul p RELD (bit4) 1 (Timer count is reset gt an 1nte}*rupt generation and
the operation continues.)

Timer interrupt TMCSRO register 0 (Timer interrupt permitted)
permission INTE (bit3) 1 (Timer interrupt not permitted)
Timer interrupt TMCSRO register 0 (There is no timer interrupt factor.)

factor UF (bit2) 1 (There is a timer interrupt factor.)
Timer operation TMCSRO register 0 (Not permitted)
permission CNTE (bitl) 1 (Permitted)
Timer software start TMCSRO register 0 (No effect)
TRG (bit0) 1 (Start)

* Count clock cycle (16 ps) = 32 / Internal operation frequency (2 MHz)

6.2.2  Creation and execution of the program

Let us now create the actual program. According to the procedure described in
Appendix A.1, open the source file "main.c" in sample.prj and input the program that is
the circled part in Figure 6-4 Example of program code (main routine) and Figure 6-5
Example of program code (interrupt routine). Use all files except main.c without any
changes. After the program is input, "build" the program according to the procedure
described in Appendix A.2.

If an error is output, reconfirm that the program accords to the contents of Figure 6-4
Example of program code (main routine) and Figure 6-5 Example of program code
(interrupt routine). When the "build" is succeeded, "ACCEMIC MDE" starts
automatically.

When the "ACCEMIC MDE" window appears, execute the program and check the
operation. For the procedure of the program execution, see Appendix A.3. When the

program starts correctly, check LEDS. Blinking LEDS indicates the normal operation.
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void main(void)

I0_PDRI1.byte=0xEF; ‘ (1) LEDS on setting P14=Low

10_DDR1.byte=0x1F; ‘ (2) P10 to P14 output setting
set_il(7); ‘ (3) CPU interrupt level setting
__EI();

10_ICR03.byte=0x06;

‘ (4) Interrupt permission
‘ (5) Timer interrupt level setting

10_TMR[0]=0xF424; « (6) Timer count value setting

10_TMCSRO0.bit.CSL=2; « (7) Timer count clock setting

10_TMCSRO0.bit.RELD=1; « (8) Timer count repeat setting

I0_TMCSRO.bit.INTE=1; ‘ (9) Timer interrupt permission

(10) Timer operation permission (wait for
' a start factor)

(11) Software start factor of timer (starts

10_TMCSRO.bit.CNTE=1;
I0_TMCSRO.bit. TRG=1;

operation)

‘ (12) Infinite loop

while(1);

} -------- Program code to be added -=

Figure 6-4 Example of program code (main routine)

__interrupt void reload_int(void)

i I0_TMCSRO.bit.UF = 0; i ‘ (12) Clearing interrupt factor
: IO_PDRIbltP14:NIO_PDR1b1tP14, i ‘ (13) LED—on/offswi[ching
} _________ Program code to be added

Figure 6-5 Example of program code (interrupt routine)

The reload int function in Figure 6-5 Example of program code (interrupt routine) is
to be executed when an interrupt of the 16-bit reload timer is generated. It is normally
required to register the interrupt routine on the vector table so that the reload_int function
is executed when an interrupt of the 16-bit reload timer is generated. In this sample
project, however, it has already been registered, so it can be used without registration.

In the above code, there are some expressions such as "I0_XXX.byte" and "IO_YYY.bit".
These are the useful description formats, which are defined in the 10 header file. For

more information, see the Appendix.
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7 “Let's use the A/D converter.”

This section describes the processing to convert the analog signals input to the microcomputer into
the digital signals by using the A/D converter and to load the digital signals into the
microcomputer.

This Starter Kit can control the value of the voltage applied to the analog pin for the A/D converter
by using the volume tab mounted on the board. Let's input the analog signal to the
microcomputer by using this tab. The input analog signal can be converted into the digital signal

by the A/D converter and processed by the microcomputer.

Volume tab for

adjusting applied voltage

Figure 7-1 Adjustment of applied voltage with volume tab

7.1  Analog and Digital
Do you know the difference between analog and digital? Those are explained as follows in a

dictionary.

Table 7.1 Analog and digital

Definition in a dictionary

Expressing states of a material or system according
Analog . . . . :
to its physical quantity that varies continuously

o Expressing states of a material or system according
Digital

to discrete signals such as numbers or characters

Although you read the above definitions, you may have a hard time picturing them.
Intuitively speaking, initially, everything is in analog value. At the moment a person tries to
determine the size or variety of the analog value, the quantity becomes digital value. In other
words, a digital value exists only when an analog value exists. A digital value is what an

analog value is divided into some levels for easier handling and converted to easier
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understandable form.
Figure 7-2 Low accurate digital conversion shows an example of analog and digital
signals. The blue line indicates an analog signal, and the black line indicates a digital signal.

The digital signal in this figure is a low accurate A/D conversion result.

Figure 7-2 Low accurate digital conversion

7.1.1  Outline of A/D converter

A digital value is a value into which an analog value is divided according to a standard
based on a certain rule. The A/D converter is mounted on the microcomputer to
perform this conversion. For this conversion, the important factor is resolution. This
resolution is, like the resolution of photograph, a scale of how small the analog value is
to be resolved and converted to the digital value. For example, a school record that is
evaluated on a scale of one to five can be a poor accurate digital value. In contrast, a
school record that is evaluated on full mark of a 1000-point scale can be a highly
accurate digital value.

The microcomputer mounted on this Starter Kit contains the A/D converter that has
10-bit resolution (8-bit resolution is also available). Having the 10-bit resolution
means that it can resolve an analog value into 210, or 1024, levels to convert it to a
digital value (with 8-bit resolution, the value is resolved into 28, or 256, levels). The
higher the resolution is, the more highly the A/D conversion can be accurate. The
following shows the 1-bit voltage accuracy (at 5 V) with 10-bit resolution and 8-bit

resolution.

1-bit voltage accuracy (at 5 V)
10-bit resolution: 5 V/1024 = approximately 0.00488 V
8-bit resolution: 5 V/256 = approximately 0.01953 V
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7.1.2  Scheme of volume tab
Figure 7-3 Variable resistor shows the symbol of a variable resistor. The volume is
the variable resistor that you use in an experiment in a science class. This Starter Kit

uses the circuit configuration shown in

Figure 7-4 Peripheral circuitry of voltage adjustment. By using this tab, the
voltage is changed and applied to the target pin of the A/D conversion. The applied

voltage is digitized into 1024 levels so that it can be used as an internal signal.

Figure 7-3  Variable resistor

Starter Kit board

. Vce
Microcomputer

Pin AN1

: !
1 1
i ADCR i GND;E GND

(Variable resistor)
Volume

Figure 7-4  Peripheral circuitry of voltage adjustment tab

7.2  How to create and execute a program to display potental
Let's create a program to display the potential based on the contents so far. Input the
adjusted voltage, convert the analog signal to digital, and obtain the digital value. Also, light

the LED to display the potential.

7.2.1  Outline of program to be created
Let us now create the actual program. The contents of the program are to use the A/D
converter to digitalize the potential of the applied voltage and to determine the number
of LEDs to be lighted according to the potential. The main operation of the program is
described below. The flow of the program is shown in Figure 7-5 Flow of the

program .
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(1) Perform initialization (such as initial settings of the A/D converter).

(2) Start the A/D conversion (to obtain the applied voltage by using the A/D
converter).

(3) The A/D conversion is completed. (The A/D converted values are obtained.)

(4) Light the LEDs according to the obtained A/D converted values.
number of LEDs to be lighted.)

(5) Then, repeat (2) to (4).

(Determine the

First, in the program, set up the output pin of the LED and the input pin to be used for the
A/D converter. Then, make the settings regarding the A/D converter operations such as
the sampling time of the A/D conversion, operation mode, and A/D input channels. In
this section, the sampling time is set to 128/¢, the comparing time is set to 176/¢, the
resolution is set to 8-bit, and the A/D conversion channel to be used is set to ChO only,
and the operation mode is set to the continuous conversion mode. "¢" indicates the
internal operation frequency of the microcomputer. Table 7.2 Register settings of

A/D converter shows the values to be written to the register for the settings.

Table 7.2 Register settings of A/D converter

Item Register (bit) Setting value (contents)

A/D conversion started ADCS: H (bit 9) 1 (A/D conversion started)

A/D interrupt permission ADCS:H (bit 13) 1 (permitted), O (not permitted)

A/D interrupt factor ADCS: H (bit 14) 0 (factor cleared)

cleared

A/D conversion stopped ADCS:H (bit 15) 0 (A/D conversion is forcibly

stopped)
A/D conversion end Ch ADCS: L (bits 0 to 2) 0 (Select Ch0)
A/D conversion start Ch ADCS: L (bits 3 to 5) 0 (Select Ch0)

A/D conversion mode

ADCS: L (bits 6 to 7)

2 (Continuous conversion mode)

setting
Comparing time selection | ADCR: H (bits 11 to 12) | 3 (176/¢)
Sampling time selection ADCR: H (bits 13 to 14) | 3 (128/¢ ¢)

A/D resolution selection

ADCR: H (bit 15)

1 (8-bit resolution)

Analog input permission

ADER (bits 0 to 7)

0lh (Input permitted from ChO

only)
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*The sampling time includes the time for loading the A/D input voltage after
the A/D conversion starts.
*The comparing time is the time to perform comparison operations of the sampled A/D voltage

and the standard voltage of the A/D converter and to convert it to a digital value.

After that, permit interruptions of A/D converter. This is the end of the operation
settings of the A/D converter. Start the A/D conversion. In this program, the operation
mode of the A/D converter is set to the continuous conversion mode. The operation of

the A/D converter is as follows accordingly.

A/D converter is activated (A/D conversion starts) = A/D conversion ends = A/D
conversion starts - - -

The operation repeats as shown above. When the A/D conversion ends, an interrupt of
the A/D converter is generated, and an interrupt routine is called. In the interrupt routine,
the interrupt factor is cleared, the A/D value is obtained, and the LEDs are lighted
according to the obtained A/D value, which is the volume size. The correspondence
between the volume size and the number of LEDs lighted is as shown in Table 7.3 LED

lighting according to volume .

Table 7.3 LED lighting according to volume level

Applied voltage Obtained A/D value LED lighting

0t00.83V 0to43 I:”:”:”:”:'

No LED is on.

0.83t01.67V 43 to 85 DDDDD

LEDI1 is on.

1.67 to 2.50 V 85to 128 DDDDD
LEDs 1 to 2 are on.

2.50t03.33V 128 to 171 DD.DD
LEDs 1 to 3 are on.

333t04.17V 171 to 213 DD.DD
LEDs 1 to 4 are on.

4.17t05.00V 213 to 255 E”:lll:”:l

All LEDs are on.
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Interrupt occurs by A/D conversion end

< Start of main processing ) i
.

v
External interrupt processing sta@

Set output pins of LED1 to LEDS.
(PDR1.byte = 0x1F,

DDR1.byte = 0x1F) €)) External interrupt factor is cleared.

T (ADCS:H.bit14 = 0) @)

Set an input pin of AN1 i
(DDR5.bitl = 0) @) Turns on/off LED3.

i (PDR1.bit2 = !(PDR1.bit2)) 8)
Stop A/D converter. 3) i
(ADCS:H.bit15 = 0) Obtain A/D value.

(AD_DATA = ADCR:L.byte)

Initialize the A/D converter. i _______________________________________________________ -E
Set the channel. (ADER byte=0x01) : D DATA—D Y ®
Set the mode (continuous conversion, ! — ; !
(ADCS:L.byte = 0x80) | N LED lighting processing |
Set the sampling conditions. ! (PDR1.byte = 0x1F) !
(ADCR:H.byte = 0xF8) ) | [ !
1 Y 1
¢ ! AD DATA<84 — !
A/D converter interrupt permission i N — - i
(ADCS:H.bytel3 = 1) B) LED lighting processing H
! (PDR1.byte = 0x1E) !
1 1
, i Y >
A/D conversion started | AD DATA<126 |
(ADCS:H.byte9 = 1) ©) ~ v d
1
! N LED lighting processing E
! (PDR 1.byte = 0x1C) :
| [ |
Infinite | : Y ik
nimite 100p 1 AD_ DATA<168 —¢ |
1 — 1
1 1
i N LED lighting processing i
i (PDR1.byte = 0x18) i
i | o
1 Y L BRI
i AD_DATA<210 —¢ !
1 1
| N — , !
H LED lighting processing H
' (PDR1.byte = 0x010) i
! | )
| LED lighting processing i
' (PDR1.byte = 0x00) i
i i
1 1
1 1
1 1

<Extemal interrupt processing ends)

Figure 7-5 Flow of the program
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7.2.2  Creation and execution of the program

Let us now create the actual program. According to the procedure described in
Appendix A.l, open the source file "main.c" in the "sample.prj," and input the program
that is the circled part in Figures A.1 and A.1. Use all files except main.c without any
changes. After the program is input, "build" the program according to the procedure
described in Appendix A.2. If an error is output, reconfirm that the program accords to
the contents of Figure 6-4 Example of program code (main routine) and Figure 6-4
Example of program code (main routine). When the "build" is succeeded,
ACCEMIC MDE” starts automatically.

When the “ACCEMIC MDE” window appears, execute the program and check the
operation. For the procedure of the program execution, see Appendix A.3. When the
program starts correctly, check the operation. It can be confirmed that the LEDs 1 to 5
are lighted according to the size of the applied voltage that has been adjusted on the

volume.

voi main(void)
________________ Program code to be added -

__EI(;

10_PDR1.byte = 0x1F; ‘ (1) Port 1 (LED control) output setting|
10_DDRI1.byte = 0x1F;
10_DDRS5.bit.D50 = 0; ‘ (2) Port 5 (AD input) input setting
I0_ICRO3.byte = 0x06;

I0_ADCSH.bit. BUSY = 0; ‘ (3) Stop A/D converter.
O_ADER.byte = 0x01;
O_ADCSL.byte = 0x80;
O_ADCRLH.byte. ADCRH = 0xF8;

« (4) A/D converter initialization
- A/D converter channel setting

— =

- A/D converter mode setting
- A/D sampling condition setting

‘ (5) A/D conversion
‘ interrunt permission

(6) A/D conversion starts

O_ADCSH.bit.INTE = 1;
O_ADCSH.bit.STRT = 1;

[—

Figure 7-6  Example of program code (main routine)
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__interrupt void ADC_int(void)
{
i Program code to be added  ~-i
1
i unsigned char AD_DATA; .
U 1
! 1
0 1
i 10_ADCSH.bit.INT = 0; ! ‘ (7) Clearing interrupt factor
! 1
0 1
1
! AD DATA =10_ADCRLH.DATAS; i ‘ (8) Obtain A/D converted value.
! 1
| FTETTSEE s s e ssEEesEEessEEE =
1 . 1
0 | if(AD_DATA > 171){ . | ‘ (9) LED control based on AD value.
1
Do 10_PDR1.byte =0x1F; | !
1
by '
! | elseif(AD_DATA > 142){ L
1 1
Do 10_PDR1.byte = 0x1E; 1 !
1
P Do
! i else if(AD_DATA > 113){ P
P I0_PDR1.byte = 0xIC; 1 |
1
b o
| 1 clscif(AD_DATA > 87){ P
1
P! I0_PDR1.byte=0x18; 1 |
1
) 5
I I elseif(AD_DATA > 66){ P
1
i ; 10_PDR1.byte=0x10; ! |
1 1
1) »
11 elsef ! .
1
L I0_PDRI.byte = 0x00; ! |
I 1 1 1
] o
L 1
}

Figure 7-7 Example of program code (interrupt routine)

The ADC int function is to be executed when an interrupt of the A/D converter is generated.
It is generally required to register the interrupt routine on the vector table so that the
ADC int function is executed when an interrupt of the A/D converter is generated. In
this sample project, however, it has already been registered, so it can be used without the
registration.

In the above code, there are some expressions such as "IO_XXX.byte" or "IO_YYY.bit."
These are the useful description formats, which are defined in the IO header file. For

more information, see the Appendix.
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8 “Let's use the temperature sensor.”

Most of the microcomputer application systems contain various sensors to detect the external
information. There are various sensors for different purposes and requirements, and one of those
various sensors is the temperature sensor. The temperature sensor is, as its name suggests, a
sensor to detect changes in temperature. Examples of what the temperature sensor is used for
include the temperature control features of air conditioners and refrigerators. In this way, various
sensor s are used for household appliances.

This Starter Kit contains the temperature sensor. This chapter describes how to detect

temperature by using this temperature sensor.

8.1  What is a temperature sensor?
The temperature sensor is a sensor to detect temperature changes. Simply stated it is a
thermometer to measure temperature. There are various methods to measure temperature. One
of those methods uses a mercurial thermometer, and another one uses a radiation thermometer
that enables contactless measurement. Table 8.1 Temperature measuring method shows
the general methods for measuring temperature. Of course it depends on the purposes or
requirements, however, most of the systems containing microcomputers use the thermocouple

thermometer or thermistor. This Starter Kit also uses the thermistor as its temperature sensor.

Table 8.1 Temperature measuring method

Category Method and its feature

Mercurial/alcohol This method uses thermal expansion of mercury or alcohol to detect
thermometer temperature. This method is used for many thermometers and

clinical thermometers.

Thermocouple This sensor uses the Seebek effect. It contains the two-contact
thermometer circuit using two different metals, and when there is a difference in
temperature between two contact points, it generates thermal

electromotive force. It can measure the wide-range temperature.

Thermistor This sensor uses the resistance thermometer bulb that uses the

temperature characteristic of semiconductor. It is in heavy usage.

Radiation The infrared energy emitted by an object varies with temperature.

thermometer The radiation thermometer uses this principle for measuring

temperature. It enables contactless measurement.
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The thermistor is the resistor using the temperature characteristic of semiconductor. The
resistance value of the temperature sensor varies with temperature. This Starter Kit contains
the TDK's NTC thermistor (NTCG164BH103) for its temperature sensor. NTC stands for
Negative Temperature Coefficient, and this thermistor has negative characteristic of the
resistance value, which is reduced as the temperature rises. This section describes the

concrete method of detecting temperature by using this temperature sensor.

Temp. sensor

www. sunhayato. co. jp/Famc/

Figure 8-1 Temperature sensor (NTCG164BH103)

8.2  How to detect temperatures by using "temperature sensor"
To use the temperature sensor and detect temperature, it is necessary to understand the
specifications of the sensor. The specifications of the sensor to be used (NTCG164BH103)
can be confirmed on the sensor data sheet, which is issued from the manufacturer. The data
sheet of the temperature sensor contains the information required for measurement. For this
time, the relationship between the measured temperature and the state of the sensor (resistance
value) is especially important. According to the data sheet, the relationship between the
temperature from 5 to 50 °C and the resistances are shown in Table 8.2 Relationship

between measured temperature and resistance of NTCG164BH103.

Table 8.2 Relationship between measured temperature and resistance of NTCG164BH103

Temperature[°C] | Resistance value[kQ)] | Temperature[°C] | Resistance value[kQ]
5 26.250 30 7.997
10 20.390 35 6.437
15 15.960 40 5.213
20 12.590 45 4.248
25 10.000 50 3.481
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Figure 8-2 Peripheral circuit diagram of ""temperature sensor" (image)
shows the peripheral circuit diagram of the "temperature sensor" on the Starter Kit board. In this
circuit, when the resistance of the "temperature sensor" changes, the input voltage of the A/D
converter of the microcomputer also changes. Suppose the resistance of the "temperature sensor" is
Rz . Then, the input voltage of the A/D converter V,y; can be calculated by using the following

formula. (The necessary knowledge to calculate it is only Ohm's law.)

Starter Kit board

Vce

Microcomputer

Pin AN1 R=10kQ

Temperature
sensor

GNDI GN

Figure 8-2 Peripheral circuit diagram of "temperature sensor" (image)

[Input voltage of the A/D converter]

According to the Ohm's law, the current in the circuit / is as shown below:

_ Vee
R+R,, Vee=5.0[V]
Therefore, V,y; is R=10[kQ]
\Y 1
R X V ANI1
Vi = Ry x 1 = —H Roy
R+R,,
GN

Because R=10[kQ] and Vcc=5.0[V],
the input voltage to the A/D converter V,y;[V] can be obtained by using the following

formula.

_ 5.0xRy,
10000+ R,

AN1

Table 8.3 Relationship between the measured temperature of Starter Kit and A/D input

voltage summarizes the relationship between the measured temperature from 5 to 50 °C and
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the input voltage of the A/D converter. By measuring the input voltage of the A/D converter,

the temperature can be known accordingly.

Table 8.3 Relationship between the measured temperature of Starter Kit and A/D input voltage

Temperature [°C] A/D input voltage: Temperature [°C] A/D input voltage:
Vavi[V] VanilV]
5 3.62 30 2.22
10 3.35 35 1.96
15 3.07 40 1.71
20 2.79 45 1.49
25 2.50 50 1.29

8.3  How to create and execute a program to display temperature
The following section explains how to create a program to detect temperature by using the
sensor. For how to use the A/D converter, apply the contents of the previous chapter. For

checking the detected temperature visually, the lighting of the AD input LED is controlled.

8.3.1  Outline of the program to be created
Let us now create the actual program. The contents of the program are to use the A/D
converter to obtain the temperature information of the sensor, and to control the lighting
of the LED (to change the lighting pattern) according to the obtained value. For
processing related to the A/D converter, create the program based on the program of the
volume control A/D converter that is created in the previous chapter. The main
operation of the program is described below. The flow of the program is shown in

Figure 8-3 Flow of the program

(1) After the program is started, performs the initialization (such as initial settings of the
A/D converter).

(2) Starts A/D conversion (to obtain the sensor information using the A/D converter).

(3) The A/D conversion is completed. (The A/D converted values are obtained.)

(4) According to the obtained A/D converted values, controls the LED lighting.

(5) Then, repeat (2) to (4).
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In the flow of the main processing of the program, first set up the output pin of the LED
and the input pin to be used for the A/D converter. The settings of the pins are explained
in the previous chapter. Then, make the settings related to the A/D converter. The
settings to be made are about the same as the previous chapter. The only difference is
that the channel of the A/D converter to be used is set to "1" (Channel 0 is used in the
previous chapter). The operation mode of the A/D converter is set to the continuous
conversion mode that is also used in the previous chapter. The operation of the A/D

converter is as follows accordingly.

A/D converter is activated (A/D conversion starts) = A/D conversion ends = A/D
conversion starts - - -

When the A/D conversion ends, an interrupt of the A/D converter is generated, and an
interrupt routine is called. In the interrupt routine, the interrupt factor is cleared, the A/D
value is obtained, and the LEDs are lighted according to the obtained A/D value. The
LED lighting processing is as shown in Table 8.4 LED lighting processing.

Table 8.4 LED lighting processing

Obtained A/D value LED lighting Remarks
0t0 65 BEl BN 50 °C or higher
All LEDs are on.
66 t0 86 BEl BN 40 °C or higher but lower than 50 °C

LEDs 1 to 4 are on.

870 112 BRIl 30 °C or higher but lower than 40 °C

LEDs 1 to 3 are on.

113 to 141 DDDDD 20 °C or higher but lower than 30 °C

LEDs 1 to 2 are on.

142 to 170 DDDDD 10 °C or higher but lower than 20 °C
LED 1 is on.

171 to 255 LIOCEE] Lower than 10 °C

No LED is on.
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Interrupt occurs by A/D conversion end

v

< Start of main processing ) i
.

@ternal interrupt processing sta@
Set output pins of LED1 to LEDS. l
(PDR1.byte = 0x1F,
DDRI byte = 0xIF) €)) External interrupt factor is cleared
T (ADCS:H.bit14 = 0) @)
Set an input pin of AN1. @) i
(DDR5.bitl = 0) Turns on/off LED3
i (PDR1.bit2 = !(PDR1.bit2)) 8)
SEOAP];gesAH/?’ t?? VerOt;r ) Obtain A/l i d val
:H.bitld> = tain A/D converted value.
(AD_DATA = ADCR:L.byte)

Initialize the A/D converter. i __________________________ ; ____________________________ -E
Set the channel (ADER byte = 0x02) ! AD DATAS17] ) !
Set the mode (continuous conversion ! = ; !

(ADCS:L.byte = 0x89) ! N LED lighti : i
ghting processing

Set the sampling conditions i (PDR1.byte = 0x1F) i

(ADCR:H.byte = 0xF8) ) | | !
1 Y 1

¢ H AD _DATA>142 —¢ H

A/D converter interrupt permission i N — - i
(ADCS:H.bytel3 = 1) 5) LED lighting processing !
. (PDR1.byte = 0x1E) '

! Ny o

A/D conversion started (6) i AD_DATA>113 i
(ADCS:H.byte9 = 1) 1 ; |
i N LED lighting processing E

! (PDR1.byte = 0x1C)) :

| | |

Infinite loo : Y 7

P ! AD_DATA>87 4 i

1

1 1

i N LED lighting processing i

. (PDR1.byte = 0x18) |

! I !

| Y N

| AD_DATA>66 —¢ |

1 1

| N — - !

H LED lighting processing H

H (PDR1.byte = 0x010) i

! | i

| LED lighting processing i

' (PDR1.byte = 0x00) i

i i

1 1

1 1

1 1

@xtemal interrupt processing ends)

Figure 8-3 Flow of the program
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8.3.2  Creation and execution of the program
Let us now create the actual program. According to the procedure described in Appendix

A.1, open the source file "main.c" in "sample.prj," and input the program that is the
circled part in Figure 8-4 Example of program code (main routine)

and Figure 8-5 Example of program code (interrupt routine)

Use all files except main.c without any changes. After the program is input, "build" the
program according to the procedure described in Appendix A.2. If an error is output,
reconfirm that the contents of the program are correct. When the "build" is successful,
"ACCEMIC MDE" starts automatically.

When the "ACCEMIC MDE" window appears, execute the program and check the
operation. For the procedure of the program execution, see Appendix A.3. When the
program starts correctly, check the LEDs. When the temperature of the room where the
operation is performed is between 10 and 20 °C, LED 1 and LED 2 are supposed to be on.
The number of LEDs lighted varies with the temperature detected by the sensor. For
example, warm up the sensor part using your fingers. When warming up the peripheral
part of the sensor, be aware of the temperature. When it gets hot, it may damage the
board.

voi main(void)
X Program code to be added =7
~set il(7);

__EI();

I0_PDRI1.byte = 0x1F; «( 1) Port 1 (LED control) output setting
10_DDRI1.byte = 0x1F;

10_DDRS5.bit.D51 = 0; « (2) Port 5 (AD input) input setting
I0_ICRO3.byte = 0x06;
10_ADCSH.bit BUSY = 0; @ (3) Stop A/D converter
10_ADER.byte = 0x02;
I0_ADCSL.byte = 0x89;
10_ADCRLH.byte. ADCRH = 0xF8;

« (4) A/D converter initialization
- A/D converter channel setting
- A/D converter mode setting
- A/D sampling condition setting

A/D S
O_ADCSH.bit.INTE = 1; (5) A/D conversion

O_ADCSH.bit.STRT = 1;

— =

interrupt permission
(6) A/D conversion starts.
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__interrupt void ADC_int(void)
{
i Program code to be added  ~-i
1
i unsigned char AD_DATA; .
l :
0 1
: 10_ADCSH.bit.INT = 0; ! <@ (7)Clearing interrupt factor
! 1
0 1
1
! AD DATA =10_ADCRLH.DATAS; i ‘ (8) Obtain A/D converted value
! 1
| FTETTSEE s s e ssEEesEEessEEE =
1 1
0 | if(AD_DATA > 171){ . | ‘ (9) LED control based on AD value
1
Do 10_PDR1.byte =0x1F; | !
1
by '
! | elseif(AD_DATA > 142){ L
1
Do I0_PDRI.byte =OxIE; | !
1
P Do
' | elseif(AD_DATA > 113){ P
1
P I0_PDR1.byte = 0xIC; 1 |
1
) B
| 1 clscif(AD_DATA > 87){ P
1
P! I0_PDR1.byte=0x18; 1 |
1
o |
I I elseif(AD_DATA > 66){ P
1
i ; 10_PDR1.byte=0x10; ! |
1 1
A P
| 1 elsed ! .
1
Ly I0_PDRI.byte = 0x00; ! |
P! b g
1
I o
L 1
}

Figure 8-5 Example of program code (interrupt routine)

The ADC _int function is to be executed when an interrupt of the A/D converter is generated.
It is normally required to register the interrupt routine on the vector table so that the
ADC _int function is executed when an interrupt of the A/D converter is generated. In this
sample project, however, it has already been registered, so it can be used without
registration.
In the above code, there are expressions such as "IO _XXX.byte" or "IO_YYY.bit." These are the
useful description formats, which are defined in the IO header file. For more information, see the

Appendix.
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A Appendix (Program Creation P

A.1  Program Creation Procedure

This appendix explains the procedure you should
First, start up SOFTUNE as instructed in Item 1.
(pages 15 to 17), and open the Start kit.wsp file.
creation of software.

To use the sample project, select "Sample.prj" in

select 'Set active project' from the submenu.

rocedure)

follow when creating an actual program.
1.5, "Starting and setting up of SOFTUNE,"

Use the sample project provided for easy

the list, right-click to open a submenu, and

Then, the string including "Sample.prj" is

displayed in boldface in the list, and debugging of the sample project is enabled.

bench - Start_kit
Diebue

File Edit iew Project

Setup  Windom

Help

1 el ot i s M M M= Nl | = =

ISampIe

D (8| & 5|@] Dlce| &8s [=[x B

22 22

E_E Waorkzpace Start kit
78 LEDuabs - “LEDprj* [Debuel

A8 Input.abs - “Tnputprj® [Debuel

B Buzzer.abs - "Buzzerpr]” [Debugl

B volumeabs - "Volumepr]” [Debugl

B timer.abs - "timerpr]” [Debugl

B Interrupt.abs — “Interruptprj” [Debue]

B =pecialabs - "specialpr]” [Debug]

B sensorahs = " i

- i) g&mple_ahs =

w

Sample project

Select 'Set active project.'

“Samplepri” [Debus

tive project
Create new folder..
&dd Member to project
Set Project..
Set Linkage order.

ke
Build

Executing linker or librarian

Delete Project

Property...

Cpen List File
Cpen HEX File

90-
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Click on "Sample.prj" to show the list of folders below. Click on "main.c" under the Source

Files folder to open the main.c file.

2~ Sample.abs — “Samplepri® [Debugl
EI‘E Source Files
ED io

[ _FFMO16C

[ monitoriGLiiasm
P [ =tartdl5s.asm
i Tnchuds Files

ﬂ@ Denendencies
=188 Debue

After the main.c file is opened, create your program in the section indicated by the red dotted

line below.

#include "_ffmc16.h"
#include "extern.h"
//#include "monitor.h"

void main(void)

1

1

1 : Input the program to be created here.
! < Input the prog

1

/* Vector Table */
#pragma section INTVECT,locate=0xfffc00

#pragma intvect _start 0x8 0x0 // Reset Vector

If another program has already been input to the main.c file, delete the lines from the above
program list section enclosed by the red dotted line before creating your new program. If
you need to save the already input program, perform the procedure below to save the program

as a backup file before deleting the program.
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<Program (source file) backup procedure>

While editing a source file, select 'Save As...(A)' from the File menu.

= SOFTUNE Workbench - Start kit — [main.c]

Mew..

Gloze

Qpen... Citrl+0

ISamp

Open Warkzpace...
Ciloge Workspace

s lim

Save

Save Al

Cirl+5

Print...

Recent Text File
Recent Workspace File

Exit

1 _FFMCI6C
[ start905z.azm
Include Files

| | la o] [2= 2 2|0
t .

P e o o — D D 00 T T e 0 o —
e

Ak THIS SAMPLE CODE
Ak ACCEPTS WO RESPONSIE
AHRRRRR R

* [ate 20085,
*  PROJECT: Samp
* Prozram: Fuji-
* CPU : FMC-
* Voot o Y=t
¥ Include: 161
* ffme
# Output : P07

AR
finclude _ffmel6.h7)

birclude “extem.hy

The dialog box below appears. Select Text file, and then click 'OK.

I
Project file :

Sanple.pri

Next, the dialog box below appears.

field, specify the file name in the File name field, and then click 'Save.'

Save As [ 2] x]

Save jn: I 3 sample

Bj=ljoj=ilEl=

File namne: Imain_old.d

Save I

Save as type: IAII Files [*.7]

;I Cancel |/

A

Select the folder to save the program in the Save in
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The saved file is still displayed. Close the displayed file.

g= SOFTUNE Workbench - Sta

:I Fil=  Edit Wiew PrDJBCp TPt
@|P}|W|{Pl*{}| EERNEE] jlal || lelm Name of the saved file
”|5an1p|= Wl o= _|‘ (main_old.c) is
Bl Workzpace Start kit i 1 displayed.

) LED.abs - "LEDpr| [Debue 1 »Ir B
B hput.abhe - “Inputpri” [Det 2 /xx HIS SAMPLE TIICE
B Buzzerabs - " Buzzarprj” [l 3| Axx ACCEPTS NO RESPCNSIE
B Volime.abs - "Valumepri” W e SR R b e o o
B timer.zb= — “timerpej” [Deb 5 # Date : 2005
E Interrupt.abs : "InterrL,pl&prj 8 % PRD\IE[T Sa'ﬂp
E zenzorabe - “zenzorpr]” [I 1 E A (o
= Sy e Tl * Frogram: Fuii
a cpecial.abs zpecialor]” [ X 4 i =
B- E Sample.abe — “Samplef 8 * LR " M-

:I ﬁ Source Files 9 X I\‘fIICC: 'F H VC::

- B 101 ¥ Include:

[ _FFMCI6D 11 * Output -

B [mainc] R e e e A P e
: ] monitor 6L aem 13 \l,
’jl;ﬁjfgf?msm 14[#include "_ffnc16.h")
bl 15/#include "extern.h™}

After closing the saved file, find the original file name of the saved file ("main_old.c in this
example) in the Source Files folder under "Sample.prj" in the list, and then click on the

original file name to open the file. In this status, you can edit the source file.
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A.2  Program Building Procedure
After creating a program, confirm that the board is connected to the personal computer by the

USB cable, and then start the procedure to build the program.

g= SOFTUNE ‘Waorkbench — Start kit

File  Edit Miew | Proect Debug Setun Window  Help

L

] =3 = A |2
I |

L

Aetive Project
gt e o e

i Add Member

- Setup Warkspace..
= E Warkzpace:

; Setup Praject .

-

E ;ED'C':': Customize Build...

B Ep“t' ' Project Dependencies...

MEZELE Configuration 3
B Yolime.

B timar.sb Iclude Dependenciss

E Interrip 7

E fl =] E=lm] ] Q:Implle

E zpecial.

R =} ampls

Ha S0
=

[ startdlfzasm
e 2 nelude Files
Tl% Denendencies
+- 8 Debue

If no error is found in the created program, ACCEMIC MDE starts automatically and displays
the information shown below for 10 s. This information is displayed only by the trial version
of ACCEMIC MDE (not displayed by the product version). An 'OK' button appears 10 s
later. Click the OK button.
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0998[Lio WLk

The ing 2 is for d ation purposes
only.Thig License allows you to ingtall and uge the
Accemic MDE monitor kernel on one target MCU at a time.
The Accemic software and all its deliverables are intended
and must only be used in an EVALUATION LABORATORY
EHVIRONMENT.

Under no circumstances it may be used in a product,
Symbolic information is limited.

Please read our license terms for additional information.

Thank you for your fairness.

Copyright ¢ 2001 - 2003 Accernic GrrbE & Co. KG. All rights reserved.

If an error is found in the created program, the error is indicated as shown below. Correct the

indicated error, and perform 'building' again.

ch - & kit = [maine] ===
—| File Edit View Project Debug Setup Window  Help o =1
El{sHe]o| & B0l =[5 | D@ e ofc] &6 [ mEE
| % ‘ISamplE | |Debue j|
o B Warkepace Start ki t ‘ ‘ ‘ ‘ . . B
3 LEDsbe - "LEDGIT Debut 10 Irclude:
B Iputabs - “Tnputpri” [Debs M * Output
) Buzzer.sbs - “Buzzerpri” (I 12 f*****************************************************************************/Jf
B volume.abs - “Volume.pri® 14 \L
) timer.abs - “timerpri” [Deb 14|t ire lude ”_Hmc]B.h”‘l(
B Iterruptabs - "Interruptpr 15 include "extern h”‘L
B sensor.abs - “sensarpr” I B LT
. . " 16|Einclude "monitor .k}
- specialabs - “specialpri” [
=B Sample.abs - “Sampley 7 ‘L . . .
=23 Source Files E \ﬁld main(vaicd) )
2007 _set_il(7):4
210" _EIO;™ /% enable interrupt (for fccemic) */4)
] manitor1 6Ly azm 79
[/ startd0Sz.asm 73
-1 Include Files a4[
Dependencies - . .
Debus %g ' N Click the error code to jump to
277 while(1);7 /% endl | */) . .
q . hitell) endless loow #/4 the line that includes the errggl
=) BT
Hy s i S|
AFHCTE.C - |
main.c
kxk ¢r¥kongou¥mas ¥soft¥ 1akdfujiteu_starter_kit¥sample¥main.c(23) EAT10C: HRIF T H' TIhEEA,
|io_tmr.c
Lio_prl23.c
Lio_prldt.c

— powormr oA B E SQWDS':
iﬂ?\&k}-l“ & 9 “ @?Z:L?Jl»(...l L‘SI?EFL-)/' A USET b | B - I @Jouet_h\eu..llw 3 idobe Ac.. Sua AQE 173

Error indication window
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A.3  Program Execution Method
Execute the created program and check that it performs the intended operation. After

ACCEMIC MDE has started, the window as shown below appears:

ic MDE Dermo - de” =101 x|

e Start View Toolz Preferences  Help

C2ERZC|rTE L @R OES L VSR RE

£ /0s mai.c |

5 O * Gfad AT |
ADCR 763 (0x0300} f’
ADCS §lz {0x0200}

Rinclude “_ffnclf o

SDER e . | | I P
| Sk Thenftor AT

Source Files d ngi n{voi d

e |

[l _f16deth : 3 Ty oy
_fime16.c
[l _ffmc1Eh . 10 PCRL bvte=laIF et AR Ryt s Mg ster) to IRtwn off L)
[H _mh30385 h . IO LR bwte=laIF et IRt Draction R ster) to IRakpd drection) -
[ a3t wile(T) St ess fowp

[6] _standby.h {

[H] cpu_16lx.h o far(i= i 30000 i+, Ak

il extemh - 10 FIFL bt =0 turn o the LT Jhd|
main.c

[a] manitortBLx. asm
[a] stat305s asm

Address: |DOFFOOCE Fieaister Window 3

S4011F

IDOFF00DO :
+ |[DOFFOOD3:54111F
+ [0OFFOOD6:DO

+« [0OFFOOD7:CEFE

* [DOFFOOD2:EEFE

« |DOFFOODB:3E307S
+ [DOFFOODE:FEOS

+ |[DOFFOOED:7355FE
.

.

[BCB [rr
00CE EFFF

00FFOO0E3: 60F 4 BRA
00FFO0ES : D0 HOVI _lll FS@) NOwE 16 w2
< | G zZO 10 s 6 relo -1

State: Breaked INT-Levek Disable | [ 4

Use the buttons shown below to control the program.

Function Button Operation (when clicked)
Continuous || Starts and runs the program continuously.
execution
Stop LI Stops the running program.
Reset C Resets the microcomputer.
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B Appendix (Method To Write/Read Values in Registers)

B.1  About the Method To Write/Read Values in Registers
The sample program codes presented in this document include such descriptions
as "I0_XXX.byte” and ”IO_YYY.bit”. These are the convenient formats of description

defined in the I-O header file. You can use these description formats after setting up Softune

Workbench, the development environment provided by the Starter Kit.

An actual C-language program contains the descriptions of instructions to write values to
various registers to specify microcomputer operation. The above description formats enable
you to write values to registers in C language. For example, assume the instruction to write
Oxff to the port 1 data register (PDR1), which is allocated at address 0x000001. The

instruction is described in C language as follows:

*((volatile char *)0x000001) = OxFF;

It is not immediately obvious what kind of processing the above description specifies. If you
use one of the description formats defined in the I-O header file, you can write the same

instruction as follows:

I0_PDRI1.byte = 0xff;

You can use this description because the following operation is defined in a separate file:

Substituting a value for variable "IO_PDR1.byte" = Writing the value to PDRI register at
address 0x000001

It is now immediately clear that the description specifies the processing to write 0xff to the
PDRI1 register. The I-O header file contains the definitions of these description formats for

the registers of the microcomputer built in the Starter Kit.
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C Appendix (Method To Change the Include Path)

C.1  About the Method To Change the Include Path
A necessary include path is specified for each sample program.
A sample program requires the specified include path to reference sample I-O register
files.
If the installation folder of SOFTUNE or ACCEMIC MDE is changed, change the include

path settings of the C compiler and the assembler before using the sample program.

~ | Project Debug  Setup  Mindow Help

B Active Project
Add Project
Add Member

etup Waorkspace...
o Project.
Customize Build...
Project Dependencies..
Configuration »

LA [ e [ = K

ibs Include Dependencies

ud BorripilE
ﬁ Make Shift+F8
Ju¢,  Build Ctrl+F8
bs i) o)
ak

ZIFC

kS EasyCODE
ot g T

T==magT T
Select "Project setting(J)" under "Project(P)."
Change the include path settings of the C compiler and the assembler as shown below.

The following window shows the include path setting of the C compiler.

Setup Froject Select this tab for setting
Tarest of setting:; General | MU @ Assembler | _Lik the include path of the C.
Debue j Category: IInc:Iude Path LI o

-8 LEDpr
Thput.prj

Buzzer pirj Ihclude Path:

B volumepr C¥Softunc¥ib¥007¥inc lude¥zample¥MBI0SEE .

B timerpri ! Delete the specified
Trterruptpr] |Inc|ude Path List: Add Delete Up )
=ENSOrpr | 1nclude path

C#¥Program Files¥AccemicMDEZ 25 K¥Sam b G LMY

: :pecialpr)
-8 Samplepr

< | ol

Optior:

e "
(—1n 1 ﬂ
-1 “C#Softune$lib¥907¥inc lude¥zample¥MBI03ZE"

-1 “C:¥Program LI

Ok I Cancel | Apply |
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Tareet of setting:

Debue

-8 LEDprj

B Buzzerprj
B volumepr
B timerpr
B hterruptpr
‘B =ensorprj
pri
pri

=-E Sample

Gategory:

|Include Path

x|

General I MGU G Compiler | Assembler I Linker I Librarian I (o] I L4

LI Common Option |

Ihclude Path:

&

|Inc|ude Path List:

g | oekte | Wb

directory.

Click this button to

select a arbitrary

Optian
- ﬂ
= 1
—0 0
—model SMALL LI
QK Cancel | Apply |
Browse for Folder [ 2] x]
Flease Select Folder
=1-F#] Desktop -
g
=4 % Flappy (&)
ER= (]
=3 Local disk [D:]
El
o
Select a folder.
X

Target of settine:

Debug

-8 LEDptj
B Ihputprj
Bl Buzzerpri
‘B Volumeprj
B timerprj
B Interruptprj
B zenzorpri
g ialpri
Bl Sampleprj

General I MGU G Gampiler | fzsambler I Linker I Librarian | et I ’I

Category:

|lnclude Path

;I Comman Dption |

Ihclude Path:

Iam Files¥AccemicMD

Samples# GLH¥Commonlne ude|

Click the Add button to
add the selected include

|Inc:|ude Path List

Add Delete Up

| Loy

Option:

path.

After setting, click the
OK button.

—E

1 1
-1 “ C¥Softune¥lib¥007¥inc lude¥sample¥ MBIOISE"
—1 “G:¥Program

e

oK | Cancel |

Apply |

T
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Use the same procedure for setting the include path of the assembler.

Setup Project Select this tab for setting
Tareet of setting: Gereral | MGU OOompiIer Li .
— I | the include path of the
i : [ - [Include Path =l &
i) LEDprj. —| assembler.
B Tputpri ;
B Buzzerpri Ihclude Path:
B volumeprj Iam Files¥AocemicMDEZ_25K¥Samples¥1 6L Commonlhclude | |
timer.prj
B Pl |Inc:|ude Path List: Add Delete Us |l Down |

B Interrupt prj
B zenzorprj

< | |

Option:

& ﬂ
w2

-1 " C:¥Program

Files¥AccemicMDE?_25K¥Samples¥6LH¥ 0o mmonlhclude” LI

(0] 4 I Cancel Bpply |
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