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Warranty and Disclaimer

The use of the deliverables (e.g. software, application examples, target boards, evaluation
boards, starter kits, schematics, engineering samples of IC’s etc.) is subject to the conditions of
Fujitsu Microelectronics Europe GmbH (“FME”) as set out in (i) the terms of the License
Agreement and/or the Sale and Purchase Agreement under which agreements the Product has
been delivered, (ii) the technical descriptions and (iii) all accompanying written materials.

Please note that the deliverables are intended for and must only be used in an evaluation
laboratory environment.

The software deliverables are provided without charge and therefore provided on an as-is basis.
The software deliverables are to be used exclusively in connection with FME products.
Regarding hardware deliverables, FME warrants that they will be free from defects in material
and workmanship under use and service as specified in the accompanying written materials for a
duration of 1 year from the date of receipt by the customer.

Should a hardware deliverable turn out to be defect, FME'’s entire liability and the customer’s
exclusive remedy shall be, at FME’s sole discretion, either return of the purchase price and the
license fee, or replacement of the hardware deliverable or parts thereof, if the deliverable is
returned to FME in original packing and without further defects resulting from the customer’s use
or the transport. However, this warranty is excluded if the defect has resulted from an accident
not attributable to FME, or abuse or misapplication attributable to the customer or any other third
party not relating to FME or to unauthorised decompiling and/or reverse engineering and/or
disassembling.

FME does not warrant that the deliverables does not infringe any third party intellectual property
right (IPR). In the event that the deliverables infringe a third party IPR it is the sole responsibility
of the customer to obtain necessary licenses to continue the usage of the deliverable.

In the event the software deliverables include the use of open source components, the provisions
of the governing open source license agreement shall apply with respect to such software
deliverables.

To the maximum extent permitted by applicable law FME disclaims all other warranties, whether
express or implied, in particular, but not limited to, warranties of merchantability and fitness for a
particular purpose for which the deliverables are not designated.

To the maximum extent permitted by applicable law, FME’s liability is restricted to intention and
gross negligence. FME is not liable for consequential damages.

Should one of the above stipulations be or become invalid and/or unenforceable, the remaining

stipulations shall stay in full effect.

The contents of this document are subject to change without a prior notice, thus contact FME

about the latest one.
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Introduction

Thank you for purchasing bits pot black (hereafter, starter kit).

This starter kit is a USB microcontroller training kit equipped with Fujitsu's microcontroller
MB91F662 (certified USB*). This starter kit provides an easy-to-understand training system for
USB microcontrollers, and is intended for students who need to know "What is a USB?", "How is
it used?", and "What is it used for?"

The starter kit includes development tools for flash microcontrollers so that students with a basic
understanding of the C language can rewrite programs to make the microcontroller perform
various tasks. Sample programs for a hygrometer and FRAM, provide the student with ample
amusement while learning how to use these functions. We hope this text will serve as a primer

for future developers of systems based on the USB.

* USB certification
Product Name: MB91660series MB91F662 Host/Peripheral Silicon
Product Test ID: 40000619
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Part and material suppliers

This board was made possible through the cooperation of these suppliers.

We express our sincere appreciation for their help.

In addition, many individuals provided tremendous help in the planning and realization of this
board.

To all of you, we express our sincere appreciation for your help.

-'-II"I'!‘Z‘]‘t‘l Murata Manufacturing Co., Ltd.

Provided free of charge: SMD Piezoelectric sounder: PKLCS1212E40A1

Monolithic Ceramic Capacitors: GCM Series
GCM188R11E104KA42D (0.1uF), GCM1552C1H180JZ0D (18pF) ,
GCM31CR71E475KA40L (4.7uF), GCM32ER71E106KA42L(10uF),
GCM155R11A473KA01D (47000pF), GCM1552C1H471JAQOD (470pF),
GCM1552C1H470JAQOD (47pF), GCM155R11E103KA01D (10000pF),
GCM155R11E223KA01D (22000pF)

[NTERFACE INTERFACE Co., Ltd.

Provided free of charge: USB control firmware

IKYOWA. KYOWAELECTRONIC INSTRUMENTS CO., LTD.
Provided at a nominal cost: Strain gauge: KFG-5-350-C1-11L1M2R

@TDI( TDK Corporation

Provided free of charge: Chip NTC Thermistor: NTCG164BH103J
Chip beads: MPZ2012S300AT

HOKURIKU HOKURIKU ELECTRIC INDUSTRY CO., LTD.
Provided free of charge: Humidity sensor: HIS06
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FU]]TSU Fujitsu Microelectronics Limited

Provided free of charge: Microcontroller MB91F662
Sensor Conditioner IC MB42M131
FRAM MB85RS256
Power Voltage Monitoring IC with Watchdog Timer MB3793-30A
Integrated Development Environment SOFTUNE Workbench

Sample programs
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1 Preparations

1.1 Checking package contents

Make sure your package contains all items listed in Table 1.1-1, Starter kit package contents.

Figure 1.1-1 shows a photo of the contents.

Table 1.1-1 Starter kit package contents

Name Qty. Specifications/Remarks
(1) | Main board 1 FUJITSU 32-bit Microcontroller, MB91F662
(certified USB) and peripherals mounted

(2) | USB Ato Mini-B cable 1

(1) Main board

siklca IURREE ™

(2)
USB A& Mini-B cable

Figure 1.1-1 Starter kit contents (photo)
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1.2  Other items required

Please have ready these additional items not included with the starter kit, as listed in Table

1.2-1.
Table 1.2-1 List of additional items required
Name Qty. Specifications/Remarks
1 PC 1 OS: Windows XP or Windows VISTA

Requires two or more USB ports.

2 Software

See "1.3 Required software".

3 USB Ato B cable

Used to test USB mouse operation (included with

sample software).

4 USB mass storage

device (memory stick)

Used to test USB mass storage sample (included with

sample software).

1.3 Required software

The software required in order to operate the starter kit are listed in Table 1.2-1. Go to the online

software purchasing website for bits pot black and download the required software.

Table 1.3-1 Required software

Name Specifications/Remarks
1 SOFTUNE Dedicated version for bits pot
2 PC writer Dedicated version for bits pot

3 Sample programs

(See list on following page.)

- 7-segment LED lighting test (Refer to Chapter 2)
- USB mouse (Refer to Chapter 5)

- Humidity sensor (Refer to Chapter 7)

- FRAM SPI (Refer to Chapter 9)

- USB Host sample (Refer to Chapter 10)
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1.4 External appearance of the starter kit board and major components

Figure 1.4-1 shows the external appearance of the starter kit board, and Table 1.4-1 lists the

major components.
(11) USB Mini-B connector
(2) FRAM
/ (10) Slider SW
= a -LI-- [TER .-}_
s
s 3L k| = rd“r. =
E.-_: = {;;:'-' -E ; + ¥ 3 =
Fgid =Sr ek g AE-HI ¢ (8 Pushbution SW
e geind TRep = Tl
(12) USB = e 14B :
B Connector = .i E ] i- - . (3) Hum|d|ty sensor
(13) USB z = (5) 7-seament LED
A connector % T ; I = q
- - — = CBR
y i = iy :
INTERFAC] il = - - (14) 4 MHz
e gy ':P - —L - oscillator
Py WAT-0 ]
) |
(6) Pushbutton SW (7) Pushbutton SW
(9) Slider SW (4) Terminal block
(for analog input)
(1) Main MCU

Figure 1.4-1 External appearance of the starter kit board
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Table 1.4-1 Major components on the starter kit board

Component

Description

Reference

(1) | Main MCU

FUJITSU 32-bit Microcontroller
MB91F662 (certified USB)

gauge) to make an electronic scale.

(2) | FRAM FUJITSU MB85RS256 Chapters 10, 11
(38) | Humidity sensor Measures humidity. Chapter 9
(4) | Terminal block Connects to plastic board (mounted with strain Chapter 7

(5) | 7-segment LED

Displays the operating results of sample

Chapter 2, etc.

programs.
(6) | Pushbutton SW Used to control the USB mouse operation. Chapter 5
(7) | Pushbutton SW Used to control the USB mouse operation. Chapter 5
Used to reset the electronic scale. Chapter 7
Used to control the counter value and operation. | Chapters 10, 11
(8) | Pushbutton SW Used during debug. Chapter 2
(9) | Slider SW Used to control the USB mouse operation. Chapter 5
(For analog input)
(10) | Slider SW Controls mode selection of the main Chapter 2
microcontroller. Appendix
(11) | USB Mini-B Connects the PC and main microcontroller with | Chapter 2
connector the USB B to Mini-B cable. Used for debugging
serial communications.
(12) | USB B connector Used to control the USB mouse operation. Chapter 5

(13) | USB A connector

Used when operating the microcontroller as a

host. This usage is not described in this manual.

(14) | 4 MHz oscillator

Generates the main clock for the sample

programs.
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1.5

Table 1.5-1 lists the parts in the starter kit.

Starter kit parts

Table 1.5-1 Starter kit parts

Part number Name Model Manufacturer
C1,C2,C4,C6,C9,
C10,C12,C13,
Murata Manufacturing
C18,C19,C37, Monolithic ceramic capacitor | 0.1uF | GCM188R11E104KA42D
Co., Ltd.
C36,C56,C58,
C60,C61
Murata Manufacturing
C3,C5 Monolithic ceramic capacitor 18pF GCM1552C1H180JZ0D
Co., Ltd.
Murata Manufacturing
C7,C11,C54,C55 Monolithic ceramic capacitor 4.7uF GCM31CR71E475KA40L
Co., Ltd.
Murata Manufacturing
C17,C32,C33 Monolithic ceramic capacitor 10uF GCM32ER71E106KA42L
Co., Ltd.
Murata Manufacturing
C14,C15,C16 Monolithic ceramic capacitor |47000pF | GCM155R11A473KA01D
Co., Ltd.
C20,C21,C22,
Murata Manufacturing
C23,C24,C25, Monolithic ceramic capacitor | 470pF GCM1552C1H471JAOD
Co., Ltd.
C26,C27,R87,R88
Murata Manufacturing
C28,C29 Monolithic ceramic capacitor 47pF GCM1552C1H470JA0D
Co., Ltd.
Murata Manufacturing
C35 Monolithic ceramic capacitor | 10000pF | GCM155R11E103KA01D
Co., Ltd.
Murata Manufacturing
C57 Monolithic ceramic capacitor {22000 pF| GCM155R11E223KA01D
Co., Ltd.
C59 Monolithic ceramic capacitor | 150uF F911A157MNC Nichicon
D2,D3,D4,D5,D6,D7 LED SML-210LT ROHM
D10,D11 Diode 1SR154 ROHM
L1,L3,L4 Chip beads MPZ2012S300AT TDK Corporation
13
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Part number Name Model Manufacturer
P_SW1,P_SW2,
P_SW3,P_SW4,
P_SW5,P_SWs, Push switch B3S-1000 OMRON Corporation
P_SW7,P_SWS8,
P_SW9,P_SW10
Q1 Digital transistor DTA114TUA ROHM
R1,R3,R4,R5,R7,R8,
R27,R28,R29,R30,
R31,R32,R33,R34, Chip resistor 10 KQ MCRO3EZPF103 ROHM
R42,R44,R45,R49,
R70,R76,R89
R9,R10,R17,R78,
R79,R84,R85, Chip resistor 0Q MCRO3EZPJ000 ROHM
R86,R87,R88
R11,R13,R15,R26,R77| Chip resistor 330Q MCRO3EZPD331 ROHM
R12,R14,R16 Chip resistor 20Q MCRO3EZPD200 ROHM
R18,R21,R22,R23,
Chip resistor 2 KQ MCRO3EZPJ202 ROHM
R25,R39,R72,R75
R19,R24 Chip network resistor 18 KQ MNR18E0APJ182 ROHM
R20 Chip resistor 2KQ MCRO3EZPF102 ROHM
R35 Chip resistor 47 KQ MCRO3EZPJ473 ROHM
R36,R37 Chip resistor 27Q MCRO3EZPJ270 ROHM
R38,R40 Chip resistor 15 KQ MCRO3EZPJ153 ROHM
R43 Chip resistor 100 KQ MCRO3EZPJ104 ROHM
R48 Chip resistor 1.5 KQ MCRO3EZPJ152 ROHM
R50 Chip resistor 2200 MCRO3EZPF221 ROHM
R51 Chip resistor 51 KQ MCRO3EZPF513 ROHM
R71 Chip resistor 24 KQ MCRO3EZPJ243 ROHM
R80,R83 Chip resistor 4.7 kQ MCRO3EZPF472 ROHM
R6,R52,R90 Chip resistor Reserved — —
Nihon Kaiheiki Industry
SW1, SW2 Switch (1 pole) SS-12SDP2
Co., Ltd.
Nihon Kaiheiki Industry
SW3 Switch (2 pole) SS-22SDP2
Co., Ltd.
SW6 Power selector switch (3 pole) MHS131 Fujisoku Corporation
TE1 Chip NTC thermistor NTCG164BH103J TDK Corporation
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Part number Name Model Manufacturer
U1 FRAM MB85RS256 FUJITSU
u2 Microcontroller MB91F662 FUJITSU
u3 Sensor conditioner IC MB42M131 FUJITSU
U4,U5 Through hole 0.8 dia. x 9 pitch:2.54 mm
U6 Terminal block PA001-2P IAVC Corporation of Japan
u7,u9 7-SEG LED LA-301VB ROHM
Murata Manufacturing
us SMD piezoelectric sounder PKLCS1212E40A0-R1
Co., Ltd.
HOKURIKU ELECTRIC
u10 Humidity sensor HIS-06
INDUSTRY CO., LTD.
un USB_A connector DUSB-ARA42-T11A-FA DDK
uU13 Regulator LT1963AEQ-3.3#TRPBF Linear Technology
u14 USB to serial converter FT232RL FTDI
u15 USB Mini-B connector 54819-0572 Molex
u16 USB_B connector DUSB-BRA42-T11-FA DDK
Power Voltage Monitoring IC with
u18 MB3793-30A FUJITSU
Watchdog Timer
u22 DC jack MJ-179P
u23 USB power switch LM3525-H National Semiconductor
ALPS ELECTRIC CO.,
VR1 Volume RD7097
LTD.
CX49GFWB04000HOPESZ
Y1 Crystal oscillator (4 MHz) KYOCERA Corporation
z
Accessory Rubber feed (rivet type) FF003-AR79 P3055 Koyo Fasteners
KYOWA ELECTRONIC
Accessory Strain gauge KFG-5-350-C1-11L1M2R | INSTRUMENTS CO.,
LTD.
Accessory USB cable USB_B to Mini-B
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1.6  Power supply methods

There are three methods for supplying power to the board, each selected using SW6 as shown

below. The Power LED lights up red when power is supplied.

Power supply

Silk printing on board

Remarks

supply (5V)

1 USB Mini-B USB Mini-B Draws bus power from the PC via the USB
connector A to Mini-B cable.
2 USB B connector USB FUNC Draws bus power from the PC via the USB
Ato USB B cable.
3 External power External Draws power from an AC adapter. (AC

adapter not included with kit.)
< Typical AC adapter models>
Model No: GF12-US0520
I/P: 100-240V 50/60Hz 0.3A
O/P: DC 5V 2.0A

o—Cc—0@
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Power supply selector SW

Lights up when power is ON

1. via USB Mini-B connector

=K1 WADED

2 MOIE1

O

HEdk-| UEHUG S0P

&
(,/:"_ J ||||||
TEEG LED  LED iy
WBY1FERZ

3. External power supply (5V) BAZNI1

STRAIN GALGE

2. via USB B connector

e Do not change the power supply selector switch while the microcontroller is operating.

e Never change the power supply selector to External when the external power supply (5V) is

not supplying power.

e Do not change the power supply selector switch to USB FUNC when the USB B connector
is disconnected.

e Do not change the power supply selector switch to USB Mini-B when the USB Mini-B
connector is disconnected.

17
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2 Setting up the PC

Install the software required to operate this starter kit to your PC.

Be sure to download the required software before starting the installation process.

The setup procedures are as follows.

Setup procedures:

- Installation of the integrated development environment SOFTUNE (bits pot dedicated version)
(Refer to Section 2.1)

- Installation of USB drivers (Refer to Section 2.2)

18
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2.1 Installing the integrated development environment SOFTUNE (bits pot dedicated version)

What is SOFTUNE?

SOFTUNE is the integrated development environment (IDE) for developing programs and
evaluating FUJITSU Microcontrollers. Developing programs for microcontrollers commonly used
in embedded devices is a repetitive cycle of coding the source, building the executable, checking
program operation (debug), and reflecting the debug results into the source code again. The
SOFTUNE IDE is a tool designed to support the development process by integrating these tasks

into a seamless systematic flow.

Il Caution !!

re-install the SOFTUNE version dedicated for bits pot.

The installation procedures for SOFTUNE (bits pot dedicated version) are described below.
Please notice that you have to register first (free of charge) to get the password which is
necessary for installation. Please see chapter “The development Software” in the Readme

document for registration information.

Unpack the downloaded files "FR_ProPack_Rev600010-BV.zip(*)" to a folder on your PC.
After the files are unpacked, double-click on "setup.exe". The setup window welcome screen
appears. Follow the instructions in the window to begin the installation.

(*) bits_pot_black/software/SOFTUNE/FR_ProPack_Rev600010-BV-ComExpansion.zip

(This explanation is described using Windows XP screens.)

FR Family SOFTUNE Professional Pack Setup x|

Always refer o the INSTALLATION MAMNUAL (Felease Moke)
! before instaling this product,

Pressing [OFK] will begin the installation.

Pressing [Cancel] will kerminate the installation and display
the INSTALLATION MANUAL (Release Mote),

(]'4 Zancel

Click "OK".

19
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FR Family SOFTUNE Professional Pack Setup |

Welcome to Setup

The InztallShield® YWizard will install FR Family SOFTUMNE
Professional Pack %6 [bitz pot wersion] on pour computer.
To continue, click Nest,

Click "Next".

FR. Family SOFTUME Professional Pack Setup

=CAUTION=
Thig iz the FR Famly SOFTUME Professional Pack, [bits pot werzion).

[f pou would like to know mare about SOFTUME products or services,
pleaze contact your nearest Fujitzu Microelectronics office.

|etallShield

¢ Back < Meut » Cancel

Click "Next".
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Licenze Agreement

Pleaze read the following licenze agreement carefully. I S il

FR Family SOFTUME Professional Pack Setup 1 |

Frezs the PAGE DIwWM key to see the rest of the agresment.

[®greement an Use of Evaluation 5oftware Far Supporting FUJITSL Microcontrallers j

Motes ta User

Thiz agreement [“Agreement''] iz made by and between Fujitzu Microglectronics Limited
["FML"] and any person [ *User] wiling o use this evaluation werzion of SOFTUME
Praofessional Pack, ['Evaluation Software''], a zet of support tools for developing

application software ["Application''] for the microcontrollers manutactured and zald by

FrL, to prescribe the terms and conditions under which Uger iz entitled to by this
free-of-charge Evaluation Software under the laws of Japan. j

Do you accept all the terms of the preceding Licenze Agreement? [f pou choose Mo, the
zetup will cloze. Tainstall FR Family SOFTUME Professional Pack W6 [bitz pot version), you

must accept this agreement.
[stall5hield

¢ Back ez Mo

If you agree with the usage license, click "Yes".

FR. Family SOFTUNE Professional Pack Setup 3 ﬂ

Yersion information

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

[Contentz af this Profeszional Package [REY:E00010-B%]] 2008.7.24 -
Thiz package iz included the following softwares.
[11FR Family SOFTLUME " orkbench : VEOLOS-BY
Customize Bar : Y01L05
Communication module for EazpCODE ; WOTLO3
Communication module for Z1PC : YO1LO7
FLASH Loader : WO3L0Z
[21FR Family SOFTUME CAC++ Compiler ; YEELOS
[3]1 FR Family SOFTUME Aszzembler Pack  RENW:E00010 _Iﬂ
4] b

[mstallEhield
= =
< Back " Cancel |

Click "Next".
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FR Family SOFTUME Professional Pack Setup

Choosze Destination Location

Select folder where Setup will inzstall files,

Either the Fujitzu Microelectronics support tool SOFTLME Y6 iz already installed or the
environment information used priar to sl remains
.Destination Directon: C:A\Softunes

Inigtall the SOFTUME Tools in the same folder,
Inztall to the above folder when continuing the environment information.

C:ASoftunes Browse. .. |

| etallShield

|' Destination Folder

¢ Back Meut » Cancel |

Click "Next". Leave the destination folder at the default, "C:¥Softune6".

Confirm the components selected for installation. "Customize Bar" is not checked by default so
place a check in it.

FR. Family SOFTUME Professional Pack Setup ) : ﬂ

Select Components
Choose the components Setup will install

Select the components you want ta install, and clear the components you do not want to
iniztall.

— Descriphon

v SOFTUME “Workbench
H S [

orkbench Custorn Bar

Reqiztrare debugging function

icaton module for EaseCODE Tl A T

= Communization madule far £IPC
5----|:| FLASH Loader
] SOFTUME C/C++ Cornpiler

] SOFTUME Aszembler Pack

Space Reguired on E: 117160 k.
Space Available on E: BEER3E E.
[hetallshield
< Back < et > Cancel
22
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Verify the details of the installation are acceptable.

FR Family SOFTUNE Professional Pack Setup .

Inztall information

Check the current zetting befare starting to copy files.
Click, the [BACE] button to make changes. Click the [ME=T] button to start copying files.

Current Settings;

Deztination Directory:C:ASoftuneb ;I
SOFTUME *warkbench
SOFTUME “Workbench : Inztall
Customize Bar : Inztall
Communication module for EasyCODE : Mo Install
Communication module for ZIPC ; Mo [nstall
FLASH Loader : Ma Install
SOFTUME CAC++ Compiler : Install
SOFTUME Aszembler Pack : Install.

i o

InstallShield
< Back et > Cancel |
If there are no problems, click "Next".
Wait for the installation to complete.
FR Family SOFTUNE Professional Pack Setup N x|

Setup Status

FR Family SOFTUME Frofessional Pack %6 [bitz pot version] Setup iz performing the requested
operations.

Inztalling; SOFTUMNE “Warkbench
E:ASoftuneBhib 91 1AFSFIUME . HLP

— 9%

|mstallShield

Cancel
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Click the "Finish" button to complete the installation of SOFTUNE.

FR Family SOFTUNME Professional Pack Setup

InstallShield Wizard Complete

Setup has finizhed instaling FR Family SOFTUME Profeszional
Pack W& [bitz pot verzion] on your computer,

[T 1 would like ta view the Installation Manual file.

e —

< Back ’ Earzel

Downloaded from Elcodis.com electronic components distributor

24



http://elcodis.com/parts/2881892/SK-FR80-120PMC-USB.html

[e®)
FUJITSU

2.2 Installing the USB driver

The starter kit is equipped with a USB-to-serial converter IC (made by FTDI) between the USB

Mini-B connector and microcontroller. This USB driver must be downloaded from the FTDI
website. The driver can be also found on the CD-ROM in folder CD:/USB-Driver/CDM 2.04.16
WHQL_Certified.zip. Please check FTDI website for latest release.

Download the driver software to a folder on your PC from the URL listed below beforehand.

FTDI (Future Technology Devices International Ltd.)
Virtual COM Port Drivers
http://www.ftdichip.com/Drivers/VCP.htm

Documents
Resources
Projects
Support
Knowledgebase
Sales Network
Web Shop

Design Services
Corporate
Press

FTDI Newsletter
Contact

VCP Drivers

Wirtual COM port (WCF) drivers cause the USE device to appear as an additional COM port available to the PG Application softwar
access the USH device in the same way as it would access a standard COM port

Operating System Devices Supported Driver Version Release Date

Wyindows Server 2005
Windows Server 2008
xbd

Wyindows Yista
Wyindows Yista #64
Windows P
Wyindows XP 64
Wyindows 2000
Windows Serer 2003
Wyindows Server 2003
b4

FT232R, FT245R,
FT2232, FT2328,
FT2458, FTEU2324M,
FTBLZ4EAN

2.04.06

20th March 2008

The driver can be downloaded from here.

Comments

Microsoft YWHOL certified.

Also available as a setup executat
default 1D and PID values.

Faor custom ¥ID and PID combinat
AMNZIZR-03.

Cormbined driver model (D23 and
Devices programmed as YCP will
COM port, as will Ab and B devi
Belease Motes

The version number as of September 2008 is "2.04.06".
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Once the driver has been downloaded and unpacked, the starter kit is ready to be connected
to the PC using the supplied USB cable. However, before doing so, check the switch settings on

the board. Figure 2.2-1 and Table 2.2-1 show the switch settings to use when installing the USB

driver.
o (2) Set MODEO to "RUN".
(1) Set to "USB Mini-B".
(3) Set MODE1 to "Debug".
u BUZZER
SN WIDEL E
g| smwmEl
o [
i .
- €L oy
(4) Set to "FUNC". VB 1Fe62
- VB42M1 31
)
SAE P §
Figure 2.2-1 Switch settings when installing the USB driver
Table 2.2-1 Switch settings when installing the USB driver
Silk printing on board | Setting Remarks
(1) | SW6 USB Mini-B | Enables communications using USB Mini-B.
(2) | Swi1 RUN Specifies user execution mode.
(3) | Sw2 Debug Specifies debug mode.
(4) | SW3 FUNC Specifies USB function mode.

26
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After setting the switches on the board, connect the PC and board using the USB A to Mini-B
cable supplied with the starter kit.

i WARER

v |

SN2 MODE 1

L)

RESET DEBUG STOP

‘ 1
AAAAAAAAAAAAAAAAAAAAAAAA ) z = TSEG LED LED Hu![ler
"USB FUNC" or "USB HOST". 1 NEYTFEG2
; VB4

e
=

ONONO |

P ST P 5

When you connect the board to the PC, the PC will recognize the new hardware and display

messages prompting you to install the driver. Follow these steps to install the driver.
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This procedure will explain how to install the driver software previously downloaded instead of
connecting to Windows Update.

Found Mew Hardware Wizard

Welcome to the Found New

:{? Hardware Wizard

Thiz wizard helps pou install software for:

FT232R USE UART

f;':_i If your hardware came with an inztallation CD
= or floppy dizk. insert it now.

What do you want the wizard to do?

" Install the software automatically (Recommended)
nistall from a list or specific location [Advanced)

Click Mext to continue.

{Back( Mext > |> Cancel

Select "Install from a list or specific location (Advanced)", and click "Next".

Found Mew Hardware Wizard |

Pleaze chooze your search and installation options. :§

%" Search for the best driver in these lacations.,

IUze the check boxes below to limit or expand the default search, which includes local
pathz and removable media. The best driver found will be installed.

[ Search removable media [floppy, CO-ROM..]

FHOL Certifiediig

" Dan't search. | will choose the driver ko install,

v Inchude thiz location in the search;

Chooze thiz option to zelect the device driver from a list. Windows does not guarantee that
the driver vou choose will be the best match for your hardware.

< Back ( Mest » Cancel
=
Click "Browse" and specify the folder "CDM 2.04.06 WHQL Certified" downloaded earlier, then
click "Next".
28
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Found Mew Hardware Wizard )

Pleaze wait while the wizard installs the software. ..

% LISE Senal Converter

-7 L/
FTLang.dll
To D:NWwINDOWShaystem32

< Back [t Cance|

Wait for the "USB Serial Converter" installation to complete.

Found Mew Hardware Wizard i

Completing the Found New
Hardware Wizard

5

The wizard hasz finizhed inztalling the software for;

% IUSE Serial Converter

Click Finizh to close the wizard.

Click "Finish" to complete the installation of "USB Serial Converter".
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Next, install the "USB Serial Port".

Found Mew Hardware Wizard

Welcome to the Found New
:‘:?\ Hardware Wizard

Thiz wizard helps vou install software for:

IISE Senal Port

I'.\':] If your hardware came with an installation CD
~ug= or floppy disk, insert it now.

What do pau want the wizard to do?

£ |nstall the software automatically [Fecommended)

nztall from a st or specific location [Advanced)

Click Mest to continue,

<.Bac|<‘ i Mest » |> Cancel

Select "Install from a list or specific location (Advanced)", and click "Next".

Found Mew Hardware Wizard |1

FPleaze choose yowr search and installation options. %

' Search for the best driver in these locations.,

Uze the check boxes below to limit or expand the default zearch, which includes local
pathz and removable media. The best driver found will be installed.

[™ Search removable media [floppy, CO-ROM...]

e ~

" Don't zearch. | will choose the driver to install,

V¥ Include this location in the search:

Choose thiz option to zelect the device driver from a list. Windows does not guarantee that
the driver pou choose will be the best match for your hardware.

< Back Mext » Cancel
V'
Click "Browse" and specify the folder "CDM 2.04.06 WHQL Certified" downloaded earlier, then
click "Next".
30
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Found Mew Hardware Wizard )

Pleaze wait while the wizard installs the software. ..

,?) LISE Serial Part
=

-7 L/
ftzeruiz2.dl
To D:NWwINDOWS haystem32

< Back | [t [kl Cance|

Wait for the "USB Serial Port" installation to complete.

Found Mew Hardware Wizard i

Completing the Found New
% Hardware Wizard

3

The wizard hasz finizhed inztalling the software for;

g IUSE Serial Port

Click Finizh to close the wizard.

< Back (

[Eance]

Click "Finish" to complete the installation of "USB Serial Port".

This completes the installation of the USB driver.

31

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/2881892/SK-FR80-120PMC-USB.html

[e®)
FUJITSU

3 Launching SOFTUNE and using the monitor debugger

3.1 Launching SOFTUNE

After installing SOFTUNE and the USB driver, launch SOFTUNE by clicking Windows [Start] -
[All Programs] - [SOFTUNE V6] - [FR Family SOFTUNE Workbench].
Figure 3.1-1 shows the screen layout when SOFTUNE starts up.

Menu bar

= SOFTUNE Workbench L
e Edit_Vizw Project Debug Setun Window Heln

Tool bar

Jl= )

[ E H|
O(@(E] &2 o] &Rl === mm|
T — T T
A A2 A2 A ALA

Project

window

Output window

——
) [ [ [ [ — A-

A

Status bar

Figure 3.1-1 Screen layout at SOFTUNE startup

The SOFTUNE window is comprised of a menu bar, tool bar, project window, edit window,

output window, and status bar.
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Menu bar Contains menu items for the SOFTUNE application.

Tool bar The tool bar has groups of buttons for frequently used
commands. You can move the tool bar anywhere on the screen
by clicking inside the group frame with the left mouse button and
dragging it.

Project window Displays a tree view of the name of the currently open project
and the files registered to the project.

Edit window This is the window used to display and edit source files.

Output window

This window shows version information and error messages

generated by the compiler during the make and build process.

Status bar

The status bar shows the current status of SOFTUNE.

IWHINT !t

You can move the position of the tool bars and resize windows freely to match your

preferences.
Grab the edge of the tool bar to move it.
= SOFTUNE Workbench = i .-_Lglﬂ
File Edit View Project Debug Setup Window Help
Elelelolo| B 2ol =EEE | sl B |
Dls(@| sl olo| slalwlel )| (s ml elnalal
W [ o V) P e B |

Project

window

TRl B e

Output window
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Unpack the downloaded sample programs. Samples programs can be found on CD-ROM at
CD:/Examples/sample_program_e.zip. Please see also Readme document chapter , Tools and
Software Examples® for details.

Open "sample.wsp (*)". From the "File (F)" menu, click "Open (O)", select "Workspace/project
file", then select "sample.wsp" and click OK.

(*) bits_pot_black/sample_program/project/sample.wsp

ITHINT !!

You can also open a workspace file by dragging and dropping the "sample.wsp" file from
Explorer onto the SOFTUNE window.
When "sample.wsp" opens, a tree view showing the registered projects in the sample programs

appears in the project window. Table 3.1-1 shows the projects in the workspace.

Elﬂ Workspace'sample'
F_lﬁ io_rnb31660,.rel - "io_mb3l660.pri" [Debug]
=8 sample_LED.abs - "sample_LED.pri” [Debug]
=123 Source Files
o [main. c
e |ﬁ_h| skartup.asm
----- r,__l Include Files
E—]% Dependencies
..... W _fr.h
[ mbo1660.h

=-£3 Debug
i M sample_LED.sup

B3] io_mbI1660,pri

-8l sample_skelston, abs - "sample_skeleton.pri® [Debug]
-8 sample_USE.abs - "sample_LUSE.pri" [Debug]

H
H
il sample_humidity, abs - "sample_humidity,pri® [Debug]
H
H

-8l sample_FRAM_SPI.abs - "sample_FRAM_SPLpri" [Debug]
-8 sample_strain_gauge.abs - "sample_strain_gauge.pri’ [Debug]

- E-E-E

Figure 3.1-2 Contents of "sample.wsp"

Table 3.1-1 List of projects in sample.wsp

Project name Description Reference
io_mb91660 CPU register definitions file | —
sample_LED 7-segment LED program Chapter 2 (this chapter)
sample_skeleton For creating new programs | Appendix
sample_USB USB mouse Chapter 5
sample_humidity Hygrometer Chapter 9
sample_strain_gauge Electronic scale Chapter 7
sample_FRAM_SPI Counter using FRAM Chapter 11
34
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In order to confirm everything has been setup properly, we will use the sample program
"sample_LED" to flash the letters "FJ" on the 7-segment LED on the starter kit board.

Make sure "sample_LED.abs — “sample_LED.prj"[Debug]” is set as the active project and

appears in bold type.

"Set as Active Project”. The active project appears in bold type.

Click the [+ next to "Source Files" and check the registered files. Double-click the file name to

view it in the edit window

= SOFTUNE Workbench - sample - [main.c] i —[al x|
Tl File Edt %ew Project Debug Setup Window Help & =]

Bl oot B 2alw 2EEE B | | | | |[ample LED =][Debua j‘
o= »[=e] oo ol e | | &lal 1@ elzlslmim] A
D e e e e i W e |

=B Workspace'sample’ 1
io_mb91660.rel - 'io_mb91660.pri” [Debug] 1|F== THIS SAMPLE CODE IS PROVIDED AS IS. FUJITSU WICROELECTRONICS et
c sample_LED.abs - "sample_LED.pri" [Det 2|/#= ACCEPTS MO RESPONSIBILITY OR LIABILITY FOR ANY ERRORS OR OHMMISSIONS *x/
i a g|/=% ALL RIGHTS RESERVED, COPYRIGHT(C) FUJITSU LIMITED *xf
8|7
B i e i 5[ = Date : 2088/85/22
{1 Include Files 6| = Project : sample
=8 Dependencies 7| =
C R frh 8(tinclude " _fr_h"
- mbatesoh 9|#include "mon.h"
| LR monh :1“
228 Debug 12|/
- oI samplaEDsip 13[/= define »/
“ B io_mb91660.pr 1|y
<) sanmple_skeleton.abs - "sample_skelston,pr” [0 15
B! sample_UUSE.abs - "sample_USE.pri" [Debug] 16
IB) sample_humidity.abs - "sample_humidity pri* [0 17|/ 7
1) sample_FRAM_SPIabs - "sample_FRAM_SPT.pr 18/* fFunction =/
~[B) sample_strain_gauge.abs - "sample_strain_gau 19|/ f
208(__interrupt void dummy{void);
21
22
23(/* global =/
24|/ !
25
26
27
28 /
29(/* Main Routine =/
38|/ /
31[void main({void)
141 _>l_I
o | 5 o e e
ske .o

| Fele ] ] e el e

meatFeez [ | |
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Next, we will compile the program.

Click the "Build" button to compile, and verify there were no errors in the compilation results in

the output window.

= SOFTUNE Workbench - sample - [main.c]

T Fle Edt View Project Debug Setup WWindow Help

"Build" button

=10l x|
=18|x|

Bl oot B 2alw 2EEE

SMEEEER
Vb W e W e

5B Workspace'sample’ T e
) io_mb31660.rel - "io_mb91660.pri” [Debug] 1| THIS SAHPLE CODE IS PROVIDED AS IS. FUJITSU HICROELECTRONICS s
ﬁ sample_LED.abs - "sample_LED.pri" [Det 2|/#= ACCEPTS MO RESPONSIBILITY OR LIABILITY FOR ANY ERRORS OR OHMMISSIONS *x/
[=-Z3 Saurce Files 3|/=* ALL RIGHTS RESERVED, COPYRIGHT(C) FUJITSU LIMITED wxf
I 0 u|/
§ Up. 3sm 5| = Date 2088/05/22
{1 Include Files 6| = Project sample
=168 Dependencies 7| =
D E frh 8|#include * fr.n”
[ mbatssnh 9[#include "mon.h
| LR monh :1“
5-4& betug 12|/
- oI samplaEDsip 13[/= define »/
“ B io_mb91660.pr 1|y
<) sanmple_skeleton.abs - "sample_skelston,pr” [0 15
B! sample_UUSE.abs - "sample_USE.pri" [Debug] 16
I sample_humidity abs - “sample_humidity pri* [0 17 ’
1) sample_FRAM_SPIabs - "sample_FRAM_SPT.pr 18[/% Function =/
~[B) sample_strain_gauge.abs - "sample_strain_gau 19 f
208(__interrupt void dummy{void);
21
22 !
23| /= global =/
24|/ !
25
26
27
28 /
29(/* Hain Routine =/
38 /
31[void main(void)
il _>l_I
< | 3| o I
SRC 1 mainc
e e e el
main.c Al
Now linking...
D:AD: and g p ple_progi ple_LED\DebugyABSisample_LED.abs
Now starting load module converter...
DD and Seti ini . LED\DebugiABSisample_LED.mhx

< No Error. >

meatFeez [ |

If the compilation was successful, proceed to setup and launch the monitor debugger.
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3.2  Setting and launching the monitor debugger

Explanation of the monitor debugger

The monitor debugger allows developers to debug the program loaded on a production
microcontroller with built-in FLASH memory. Installing a monitor program with the application
program provides access to debug functions. (Read also the monitor debugger explanation

given in the Appendix at the end of the manual.)

Click the [+ next to "Debug" to setup the monitor debugger. Right-click on "sample_LED.sup"

and select "Change settings" to launch the setup wizard for the debugger.

#= SOFTUNE Workbench - sample - [main.c] =10 x|
T File Edit Yiew Project Debug Setup Window Help 1@ x|

5 i M s = e = 2 2 Y = | =]
OB =8| 2l &5 =] Y I Y e iy S

212 22l 212] AAl AlA|

=87 Workspace'sample 1 =
&1 ) fo_mb1660.rel -"ia_mb91660.pri" [Debug] 1|7%% THIS SAMPLE CODE 15 PROVIDED @S 15. FUJITSU WICROELECTRONICS xf
&1 ) sample_LED.abs - "sample_LED.pr1" [Det 2|/#= ACCEPTS NO RESPONSIBILITY OR LIABILITY FOR ANY ERRORS OR OMMISSIONS **/
£ 53 Source Flles 3|/#x ALL RIGHTS RESERVED, COPYRIGHT(C) FUJITSU LIMITED
main.c u|/
[ startup.asm 5| = Date 1 2008/85/22
(2 Include Fies 6| = Project : sample
(=48 Dependencies T 3
B _frh 8| #include “_fr.h"
B mbisen.h ¢|#include “mon.h"
& monh 1:‘
Dehug 5l
-~ I SR, 13| /% define =/
ﬂ io_mb3 147
B sampl; = ' [D) 15
g oo Wil i
B sample_hur dity. pri* [D 17|/
P sample_FRi | FRAM_SPLpr 18|/ Function =/
- B sample_str__TOPEY Bl eman_gau 19|/
20|__interrupt uvoid dummy(uoid);
21
22 /
23|/% global =/
24|/ /
25
26
27
28/
29|/= Hain Routine =/
30|/
21|void main(void)
o o
Kl | S8 | M L =]

SRE 1 mainc

e ) el e e el e

main.c |
Now linking...
4D and Seti ini | _LED\Debug\AB . LED.abs
Now starting load module converter...
Dy and Si Desktop) le_| i le_LED\Debug\ABSisample_LED.mhx
No Error.
Stark setup wizard and change settings [ wesiFsez | | B 4

37
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The setup wizard for the debugger starts up.

Setup Wizard

uze the 'Setup Wizard',

Puzh 'Mest’ ta start making settingz.

You can eazily zet for debuagger, when

4 Back Mest » ity

Cancel

Click "Next".

Select "Monitor Debugger" for debugger type.

Setup Wizard

Flease select debug type

Debug Type

Ernulator Debugger
Sirnulator D ebugger

Cancel

e
¢ Back Firnzty

Click "Next".

38
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Select "RS" as the Type and specify the COM port the board is connected to. Leave the baud
rate at "256000".

Setup Wizard il x|

Please select device type.

— Type

Device Marme: @’

— Detail

Part: ‘ >

Baud B ate: <| JREOOD * !7’)

o 00 =
¢ Back ’ Eirmzts l/ ncel |
Click "Next". /

Refer to Appendix 2 in this manual to
verify COM ports.

39
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Setup Wizard i x|

Setting batch file Far just after the start of
the debuagger.

Batch file: | Bru:uwse...l

|' Specification batch file.

< Back W' Finizh Cancel

Click "Next".

Make sure the option "Auto load when starting debug." has a check in it, and that the batch file
for "Before" is set to "FshLdWrt.prc".

"FshLdWrt.prc" is a batch file for writing user programs to the FLASH memory on the board.

Setup Wizard i x|

h ake zettings for the target fils.

@Autu lnad when starting debua.

— Specification batch file beforedafter load. —

Before: n:uwse...l
ster | Eee

< Back Pewt > m’ Cancel

Check the settings and click "Finish" to complete the setup wizard.
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Before launching the debugger, check the switch settings on the board and the connection with

the PC. If the settings and connections are correct, press the Reset switch.

to other sample programs as well.

Do not connect the cable to SEG LED  LED pywipgry
' i NEYIFER?

W42

o] [o] o] o]

P_SAT P SN P_SNO P SWID

@
@

Figure 3.2-1 Connections when launching the monitor debugger

Table 3.2-1 Switch settings when launching the monitor debugger

Silk printing on board Setting Remarks

SWe6 USB Mini-B | Enables USB Mini-B.

SWA1 RUN Operates the microcontroller in user mode.

SwW2 Debug Operates the microcontroller in debug mode.

SW3 FUNC Uses the microcontroller's USB FUNCTION.
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From the SOFTUNE "Debug" menu, select "Start debug".

= SOFTUNE Workbench - sample - [main.c] ) =10f x|
T Fle Edt View Frojct | Debug Setup Vindow Help =l@ix|
3
sl Bl ﬂ S| || |[sompe 0 =][Debug ||
Df{E] E[E[@ | Fe o Comm| | &R < @] _slZsltloel ] Al
Brekagints.,
5 BT warksgace'sansie’ Event.. t . . . . L L 2
o mbatssturel -t 1|/x=  THIS SAHPLE CODE IS PROUIDED AS IS. FUJITSU MICROELEGTRONICS %/
[ sample_LED.abs  © 2|/*= ACCEPTS NO RESPONSIBILITY OR LIABILITY FOR ANY ERRORS OR OMMISSIONS *x/
123 Source Files e 3|/xx ALL RIGHTS RESERUED, COPYRIGHT(C) FUJITSU LIMITED wxf
: ; al7
&) ctartup.ast 5| = Date :  2008/85/22
(3 nelude Fles el 6| * Project :  sample
23 Dependencies =70 7| i
frh 8| #tinclude “_fr.h"
B mb660, 9|#include “mon.h"
B monh 3l
88 Debug
12|/ /
[T sample_LED.sup =
= 13| /* define =,
B io_mbo1660.pri 14 ; .4 ’
sample_skeleton,abs - "sample_skelston.pr” [D
le_skeleton,abs - "sample_skek g 15
) sample_USB.abs - "sample_USB.pri' [Debug] 16
) sample_hurmidity, abs - “sample_humidity.pri’ (D 17|/ /
) sample_FRAM_SPLabs - "sample_FRAM_SPLpr 18|/ Function =/
sample_strain_gauge.abs - "sample_strain_gau 19|/ /
I bs - "sampl
20|__interrupt void dummy(void);
21
22|/
23| /= global =/
24|/
25
26
27
28|/ /
29|/= Hain Routine =/
30|/ 7
31|void main{void)
kil _'l_I
4] | L | 1 e
sec -

Fs Wi FAEz EviFC

main.c -]
Now linking...
Dy and Settings\Admini Desktop) le_| i le_LED\Debug\ABS\sample_LED.abs
Now starting load module converter...
AD: and ing ini: p ple_prog ple_LED\Debug\ABS\sample_LED.mhx
No Error.
Startfend debug VEstFeez | | =1 4

If the settings were made correctly, the batch file for "Before " in the setup wizard will run.
When the dialog bar is showing, the program is being downloaded to the FLASH memory on the

microcontroller. Do not disconnect the USB cable from the board or the PC during the download.
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If the debugger does not launch
Check the following.
1. Board settings.
e |s the USB cable properly connected to the board and PC?

e Are the switches on the board set properly?

2. Setup wizard settings.

e  Are the COM port and baud rate settings correct?

3. Ifboth 1 and 2 are correct but the debugger still does not launch, the monitor program may
be corrupt. Refer to Appendix 3 to write the monitor program using the PC Writer, and then

launch the debugger.
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3.3  Using the monitor debugger

The debugger will launch when the download to the FLASH memory on the microcontroller
completes. The debugger should be pointing to the starting address of the user program.
o]

F]Fle Edt View Project Debug Setup ‘Window Help =lEi x|
2] o] e e N |
D\ =2 ol &l = &IaI— 15| elelslsln] &

2P| 2| AP| AA 2|

=B Workspace'sample 37: j

- ) io_mb31660.rel - "io_mb31660.pri" [Debug] 3@ _ start:
- [E sample_LED.abs - "sample_LED.pri" [Det 39: ;
53 Source Flles 40: ; set stack pointer register
e a:
®B up.asm e 42z #stack_top, 3
(23 Include Files H 00080400: SFEFOD0IAFFC IDI:32  #00034FFC,RLS
=48 Dependencies 43:
B _frh
i e : zero clear of DATA section
a6: ;
be D@EhT;"'h 47: gmacro FILLO4 src_addr ]
48: #local 10, L1, L2, LE
T sample_LED.sup 19: ldi:s  #0, 10
- 831 io_mbo1660.pri 50z 1di #oizeof sre_addr e-0x3, Ll
[ sample_skeleton,abs - "sample_skelzton.pri” [D 51t ldi #orc_addr, 13
B sample_USE.abs - "sample_USB.pri’ [Debug] 52: cup #0, £l
B sample_humidity .abs - "sample_humidity. pri* [D 59: beg Ll
B sample_FRAM_SPLabs - "sample_FRAM_SFL.pr 54: LD
Bl sample_strain_gauge.sbs - "sample_strain_gau 55: addz  #-4, 1l
56z bnerd L0
57 st 0, @(rl3, rl) [%
58: L1
59: 1di:6  #sizeof src_addr & 0x3, rl
60z 1di #orc_addr + (sizeof src_addr & -0x3), rl3
61z enp #0, rl
62: beq LE
63: L2
64z addz  §-1, rl
652 bnerd L2
66: sth 0, @icl3, cl)
67: LE:
68: #endn

s FTLINA DaTA §
FT— | | i
5 [ znEs] 1 maine] ] mane (7] stortupssm | 5] Command | 8] Assembly

CsFI CNFzDvIc

main.c -]
Now linking...
AD: and g p ple_prog| ple_LED\DebugaBSisample_LED.abs
Now starting load module converter...
4D and Seti ini | _LED\Debug\ABSisample_LED.mhx
No Error.
Ereak st 00034026 by breskpoint DEBUG [MBS1FE62  |MON [Ereak 1P=00080400 7
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Run the program by clicking the "Run continuously" button in the upper left of the SOFTUNE

#= SOFTUNE Workbench - sample : Debug - [startup.asm] ] =10 x|
T Edit View Project Debug Setup ‘Window Help =& x|

) M o o e 5 s | T j|
&lal 1@ el ml
2121 212 22| 2] 2zl
E] ﬁ ‘Workspace'sample' 37 j
Bl io_mbS1660.rel - "io_mbS1660.pri" [Debug] a8: _staru: =
- sample_LED.abs - "sample_LED.pri" [Det 39: ;
=53 source Files 40: ; set stack pointer register
E ar:
[) startup.asm 42: 1di #stack_top, sp
- (2 Include Files H 00080400: SFEFO00IAFFC IDI:32  #00034FFC,RLS
=458 Dependencies 432
B frh a4
B mboteenh 45: ; zero clear of DATA section
a6z :
Sem D@EhZ’;’"'h 47: #uscro FILLO4 src_addr L]
48: #local 10, Ll, L2, LE
- sample_LED.sup a9: 1di:8  #0, 0
BB io_mbo1660.pri 50z 1di #oizeof sre addr e-lx3, rl
) sample_skeleton.abs - "sample_skeleton.pri” [D 51t ldi ferc_addr, £l
B sample_USE.abs - "sample_USE.pri’ [Debug] 521 cop #0, rl
) sample_humidiy. abs - "sample_humidity.pri” [D 53: beq LL
B sample_FRAM_SPIabs - "sample_FRAM_SFL.pr 54: LD:
) sample_strain_gauge.abs - "sample_strain_gau 55 addz #-4, rl
56z bne:d L0
57 st 0, B(rl3, rl) R
58: L
59z ldi:s #sizeof src_addr & O0x3, rl
60z 1di #src_addr + (sizeof src_addr & -0x3), rld
61t cnp #0, rl
62: beq LE
63: L2
64z addz  #-1, tl
652 bnerd L2
661 sth ro, @irl3, rl)
67: LE:
68: #endn
69:
mn: FTILNG DATA
FT— RO K -
5w )8 =] maine mane (7Y startup.zsm | 5] Command | &1 Assembly

CsFI CNFzlCvilc

main.c |
Now linking...
AD: an ing: pisample_prog ple_LEDDebug\AB ple_LED.abs
Now starting load module converter...
AD: and Settings\Admini Desktopy le_| \ le_LED\Debug\ABSisample_LED.mhx
No Error.
Ereak o 00034026 by breakpoint DEBUG [MBS1FE62  MON [Break 1P=00080400
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Execution is successful if the letters "FJ" appear flashing on the 7-segment LED.

BUZZER

i WARER

o

SN2 MODE 1

L)

RESET DEBUG STOP

EGLED L0 pumiiTy
T

VB 2ZM1 31

e 200000000

THA [N GALK

o
]

] [o] (o]

WOLIME P ST P SNE P SN
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To stop program execution, press the "DEBUG STOP" button on the board. The flashing "FJ" will
stop when the DEBUG STOP button is depressed. Depending on the timing, the program may

stop with FJ still showing.

Program stops by pressing
DEBUG STOP

BUFZIER

i WA RED

Ol

bits po — -
blagk 542 WOIDE 1

O

RESET Dul.

LED pumipiry
MEY1FER2

VB4 ZM1 31

@ |G
@

] (o] o] [®

P S#T P SND P SN9 P SWID

To resume program execution, click "Run Continuously" in the upper left of the SOFTUNE

window.
In addition to running continuously, SOFTUNE also allows "Step Execution" and "Run to Cursor".

The basic functions in SOFTUNE are listed below.
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(1):(2),(3),(4)

= SOFTUNE W orkbench - sample : Debug - [main.c]

(5):(6)

=10/
=18] x|

=l
] izl sl

A workspace'sample’ [ ooosoapa: srao HOP zl
B io_mbatee0.rel - "io_mbo1660.pr" [Debug] 728 wait nopi):
[l sample_LED.abs - “sample_LED.pr” [Det| | 145 Jonosoans: sran wop
E14EH Source Files 738 3
i g : 2FFC D B(R14,-4) R1Z
&) startup.asm — : ADLC ADDN #1,R12
{22 tncluce Fles : 1 3FFC T R12,8(R1d,-4)
-8 Dependencies L : ZFFO i B (R1d,-4) RO
frh WS04z0: colc DI #01,R1Z
-8 b31660.h (8) (9) ;_éuuusuqsz: BSAC L5L2 #14,R12
< b ’ J000B04E4: AACD cip R12,R0
8 pebug ‘:uuusszm: EAF3 BLT 000804CE
B E;;;”li:aﬁ A I I0_FDRZ.byte = 0x7F; /* LED ALL off */
) sample_skelston.abs - "sample_skeleton.pri* [D ~’§Eﬂiﬂﬁi EE; I,;ﬁém? :E’gész
BB sample_USB.abs - "sample_USB.pri" [Debug] 76: 10 PDR3.byte = 0x7F; /7 LED ALL off %/ | R
B sample_humidity, abs - “sample_humidiey.pri” [0 | K Jonoso4Ec: 1403 DHOVE  R13,8003 :
1 sample_FRAM_SPI.abs - "sample_FRAM_SPLpr 77 Iniine Assemble. .
) sample_strain_gauge.abs - “sample_strain_gau 78: for (i=0;i<0x100000;i++ { e
000804EE: 3FF2 5T Rz,0(R14,-4) i
(_J0n0a04F: ZFFC D B(R14,-4) ,RlZ Find...
(_J000804F2: AALC e R1,Rl2 Jump,
J000804F4: EEEL BGE 00080488 s
gL WAlE BOp(): ot DeFinfion
Y Jooos04rs: SFan HOE
3z &0z __wait nop(); Ereakpoirt SetfReset Fa
> Jonosoare: sFa0 HOE Breakpoint Enable/Disable
7 8l: __wait nopi):
(3 Jooos0ara: SFA0 HOR Break...
&2 __wait_nop(}; Watch...
(= Jonna04rc: SFAD HoR Stack...
83: _ wait nopi):
(> Jooosoare: SFan HOP (10) AR
R4: 1 5
ol e | | T P -
e[ aws) T wehe ] mainc [ dtetup.asm] 5] Command | 4] Aserbly
CskFI FNCzCvFC ~ Activate when stop
Clase
main.c |
Now linking...
Dy and Settings\Admini Desk le_LED\Debug\ABS\sample_LED.abs

Now starting load module converter...
1D " fho

and

No Error.

_LED\Debug\ABSisample_LED.mhx

Display souree and assemble

DEEUG [ME9IFGEZ  [MON [Ereak IP=000204DC %

Function

Description

(1

Run Continuously

Executes program continuously from the current position in the

program counter (PC).

Step In

Executes the step and moves the PC to the address of the next

instruction and stops.

Step Over

Executes the step and moves the PC to the beginning of the next

instruction and stops.

(4)

Step Out

Executes to the end of the current function, returns to the caller
function, moves the PC to the address of the next instruction, and

stops.
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(5) | Make Compiles/assembles only the source files that have changed. Then,

links all objects and libraries to generate the target program.

(6) | Build Compiles/assembles all source files registered in the project, whether
they have changed or not, then links all objects and libraries to

generate the target file.

(7) | Customize Bar This function allows you to register a shortcut to a batch file, or a
Workbench menu item, that can be used while the debugger is
running.

This starter kit comes with a batch file that "returns to the starting
address of the user program". You can register and use this function
by registering start.prc by referring to "(4) Customize Bar" under

"Appendix 1. Creating projects/sample programs as new projects".

(8) | Run to Cursor Executes the instructions up to the address where the cursor is,

moves the PC to the address of the cursor, and stops.

(9) | Break Point Places an x mark where you wish to stop the program.

(10) | Mix display Right-click on the program showing in the debug window and select
"Mixed display" from the popup menu. A check next to "Mixed display”
will show the source code in both C language and reverse assembler

code.

- Stop To stop a continuously running program, press the "DEBUG STOP"

button on the board.

49

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/2881892/SK-FR80-120PMC-USB.html

[e®)
FUJITSU

(1) (12) (13)

=10j x|

- snFTuNE Workbench - sample : Debug
File  Edit wek Project Debug Setup Window Help

s o = = o R 7 T

| e | J

ENEVIN
= Ut
DI sum | o ] [ T — AAMM
Assembly | ’
Bl e B e
S BTw  Memery
2 Local 560.prj" [Debu
E Watch » n|:|_]ﬂ[,_m--gg“| S _000804D4: 100100000 R2: 00000000
& Trace N =y i —_wait nop{]; : 0 R4:00000000 RS: 00000000
e FJooosndns: arko HOE RE:0000800§ R7:00034l6A R&:00000000
S : ) 9100000000\ R10: 00000000 R11: 00000000
e In BiR14,-4) R1Z R12: 00000001 \R13: 0000DODE R14: 00034FEC
i i sond L RL5:00034FES NDH: 00000000 HDL: 00000000
Foie T Bl G R RP: 00080496 ODLFOO19  PC:000804DC
Rep Checher 1> BiRL4,-4) RO SP:00000000 S3P:00034FES CCR:---IN--C  S:0
" Ipmgl  40UGR1Z Il Wl C:1 SCR:i--- DL:0
T L: 1512 #14,R12
£ w Status Bar cne R1Z,R0 |
v Tab BLT 000804CE
g Fort. iple_skeleton,pri” D I0JPDR2.byte = 0x7F: /* LED ALL off #/
£ Cutmbr s | et Do) oo e
= - mple_humidiy.pry* [D .
[l sample_FRAM_SPLabs - "sample_FRAM_SFLpr B PDR:”'}’Y‘:M;‘I_:”F'R(; EE‘SSML OEE 34
) sample_strain_gauge.abs - "sample_strain_gau + byte = H'6L

bit = struct (...}
FDRZ7 = H'00
PDRZ6 = H'01
FDRZS = H'01

fu[ (i=0; 1<Dx1EIEIEIEIEI i
LAIR14.-a)

ddress  +0 +1 42 +3 +4 +5 +6 +7 +8 +9 44 +B +C 4D +E +F Ascii % FDRZ4 = H'O0
00080493 A0 DO 03 9F 20 200 17 81 OF 02 . PDE23 = H'00
00080443 0Z 1A 03 SF 61 0z CF FO 16 10 PDRZZ = H'00
Fivitiacy (roioteets 1 e o ezl
000804D3 A0 9F A0 OF A0 1C 3F FC 2F FO PDRANTEHL 0L
DODBD4E3  4C AR CO EA F3 0z 1A 03 3F F2 = bitc = struct {...}
000504F3 1C EB EL1 SF A0 AD 9F A0 SF A0 PDRZ7 = H'00
10080503 1C 3F FC 2F FO 4C BA CO EA F3 FDRZ6 = H'01
30 FF PNR?E = H!NL j
“ | 2 = -
o) [mes) tattup.asm | 5] Command | §] Assembly H Regiter | B Watch1 | [&] Memory
CsFI MNCzlCvWMC
main.c |
an linking...
and pisample_prog ple_LED\DebugiAB ple_LED.abs
an starting load module converter...
AD and Settingsiadmini Desktop} le_| \ le_LED{Debug\ABSisample_LED.mhx
No Error.
DEBUG WESiFeez  Mon [Bresk | [P=000S0HC
(11) | Memory window Shows the memory contents during debug. If the window is not
showing, click "View" - "Memory" to show it.
(12) | Register window Shows the register contents during debug. If the window is not
showing, click "View" - "Register" to show it.
(13) | Watch window Displays a tree view of the specified variable values. If the

window is not showing, click "View" - "Watch" to show it. There
are four types of watch windows available. The windows can be
shown or hidden by categorizing and registering variables to

each window.
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3.4  Exiting monitor debug

To end debugging, ¢ 9] prog

on the board . Then, click "Debug" - "End Debug".

=10
Fil. Edit Wiew Project |Debug Setup Window Help =13l x|

OFTUNE Workbench - sample : Debug

JE] g e e e E|
O] [ [Es(m|_Fechve S [ [ Y e
PR e

=BT workspace'sample g (_D00804D4: SFAD HOP zl
2

=)
&
B
3

B io_mbateso.rel - i T 3 728 __wait_nop();
B sample_LED.abs Y D00s04ps: SFAD Hop
= 000804D8: ZFFC w B (R14,-4) Rl2
) startup, as M %unusumm A0LC ADDN #1,R12
12 tnelude Files Clear cal 000804DC: 3FFC 5T R12,0(R14,-4)
5 Dependencies  Yestar . Joos04pE: ZFF0 1 B (R14,-4) R0
5 oooso4z0: coic IDI:B  #01,R12
% n{;;;sﬁnm hasifieppliiits j(‘uuusuqsz: Bs4C 1512 #14,R12
e 000804E4: AACO cie R12,R0
Crdla et : EAFS BLT U00B04CE
I sample_LED sup ;? I0_FDRZ.byrte = 0x7F; /7 LED ALL off &/
153 fo_mba16e0.pri 000804E8: CTFD ID1:8  #7F,R13
B sample_skeleton.abs - "sample_skelton.prf” [D jéguwwﬁm 1a02 DHOVE  RL3,B002
) sample_UUSE.abs - “sample_L158.pri’ [Debug] 762 I0_PDR3.byte = 0x7F; /* LED ALL off %/
) sample_humidity.abs - "sample_humidiy.pri’ [0 | > Jonosoagc: 1a03 DMOVE R13,[003
) sample_FRAM_SPL.abs - “sample_FRAM_SPLpr 7%
) sample_strain_gauge.abs - "sample_strain_gau e for (i=0:i<0x100000:i++ {

000804EE: 3FF2 5T RZ,@(R14,-4) i
J000B04F: ZFFC i B(R14,-4) ,RlZ

_J000804F2: AALC e R1,R1Z

J000804F4: EEEL EGE 00080483

79: __walt_nopi);
[ JoD0804FE: 9FAD wop
a0: __wair_nopi):
[ )0D0804FE: SFAD NOF
3 al: __wait nopi):
[ Jooos0aFA: 9FAD HOR
i 82: __wait nopi):
(3 Jooosoarc: 9FAD HOR
83: _ wait nopi);
(> Jonos0arE: 9FA0 HOR
Fide 1 -
ETi— E==_| LT o
sec)[ans) 1 mai maine stattup, sm | B Command | & Assembly | B whatchi | ] Memory
CskFiI FNCzCvMC
main.c |
Now linking...
AD: and Settings\Admini Desktopy le_| \ le_LED\Debug\ABSisample_LED.abs
Now starting load module converter...
DADocuments and Settingstadmini: ktoph ple_program\ ple_LED\DebugABSisample_LED.mhx
No Error.
Startfend debug DEEUG MB9IFee2  |MON [Break P=D00E04EC 7

Refer to the monitor debugger limitations provided in the Appendix.
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4 What is a USB?

4.1  Whatis a USB?

USB stands for Universal Serial Bus.

In 1993, engineers from Compagq, Intel, Microsoft, and NEC gathered and jointly developed a
peripherals interface for next-generation PCs. This led to their release of the first USB 1.0
specifications (standards) in 1996. USB 1.1 was released in 1998 and USB 2.0 was released in
2000. For many years, the RS-232C and printer ports served as the main interface for
connecting peripherals to a PC. The problem with these legacy interfaces was that they were
limited to low transfer rates, allowed only one device to be connected per port, and thus required
an increase in ports to connect more devices.

This lead to an extensive array of connectors occupying the rear panels of PCs, including
separate ports for the keyboard, mouse, and display. The USB was developed to consolidate

these interfaces into a single connector that would allow connection of various peripherals.
4.2 Features of the USB
The USB has these features.

1. Ease of use

USB supports Plug-and-play and Hot Swapping, and Bus Power, making it easy to expand
PC peripherals and communicate between embedded devices.

Plug-and-play refers to the mechanism for automatically recognizing a device and installing
the proper driver when it is plugged in to the PC.

Hot Swapping is a general reference to the ability of plugging or unplugging devices with the
PC power still on. That is, the PC power does not have to be turned off or rebooted during or
after the device is plugged or unplugged.

Bus Power refers to the standard for supplying from the PC via the cable. (The opposite of

this is referred to as "Self-powered".)

2. Single master system

USB follows the single master system for transferring data.

We will explain using the PC as an example. The peripherals to a PC are controlled by the PC
(host), and data is exchanged between the peripheral and the host. Peripherals cannot transfer
data directly to another host. Furthermore, a peripheral cannot request a data transfer to the host.
The peripheral must perform data transfers at the request of the host. Because there is only one

host in each of these examples, the system is called a single master system.
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Today, printers and digital cameras are also equipped with USB, not just the PC.

These devices can transfer data between themselves without going through a host PC using a
hosting function called USB Mini-Host.

The MB91F662 installed on this board is equipped with the Mini-Host function.

3. Signal lines

USB cables are inexpensive to make, using only two signal lines and two power lines.

The two signal lines carry 3.3 V differential signals (D+ and D-). The two power lines are
labeled Vbus (5V), and GND. Connected devices can draw up to 500 mA of power, allowing
manufacturers to develop devices that do not require external power supplies.

(This board can supply power from the USB.)

Plug types are discussed in Section 4.4.
4.3 Connection formats
The three functions explained here form a USB system.
<Host>
PCs are equipped with the host function as shown in Figure 4.3-1.
The number of devices (or functions), including the hub, that can be connected to a single host
is 127. (The hub is treated as a function.)
<Hub>
The hub is used mainly to increase the number of ports. With PCs, some monitors and

keyboards are equipped with USB hubs.

<Function>

Functions are provided on the peripheral. In a PC, the keyboard and mouse are functions.

The host and function are connected in a so-called star topology, which means simply that

functions are directly connected to the host via a hub for communicating on a 1:1 basis.
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—| Keyboard | —| Printer | —| Digital camera |

(Host) | Mouse | Web camera | USB memory |

—‘Hubi

Figure 4.3-1 USB Connection Example

PC

4.4 Plug

Each end of the USB has a plug with a different shape. One end is called the A plug, the other
the B plug. A smaller connector is used on embedded devices and is called a Mini-A plug and
Mini-B plug, to distinguish from the standard plug size. The cable supplied with this board has an
A plug and a Mini-B plug.

The USB device on a host is always equipped with an A plug. The plugs are shaped differently

to prevent incorrect insertion.

Mini-B plug

Figure 4.4-1 USB connector shapes used on this board

Flost 4' B Function |
A 4' B Function | _| B Function |
A B Hub A

A 4{ B Function |

Figure 4.4-2 Relation between connections and connectors
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4.5 Transfer rate

USB transfer rates are standardized as shown below.

Table 4.5-1. USB Transfer rates

Low Speed Full Speed High Speed
UsSB 1.0/1.1 1.5 Mbps 12 Mbps -
USB 2.0 1.5 Mbps 12 Mbps 480 Mbps

The MB91F662 supports only Full Speed.

4.6 Transfer rate detection

The USB standard requires that USB devices allow for the automatic detection of their data
transfer rate when connected to the host by using a pull-up resistor.

- A Full Speed device pulls up the D+ signal line with a 1.5 kQ (R2) resistor.

- A Full Speed device pulls up the D- signal line with a 1.5 kQ (R2) resistor.

(Transfer rate types will be discussed later.)

After the USB device is connected, the host detects whether it is the D+ signal line or D- signal
line that is pulled up, and selects its data transfer rate accordingly.

Additionally, cable lengths are standardized to a maximum of 5 meters for Full Speed rates, and

a maximum of 3 meters for Low Speed rates.

< Full Speed @ble and resistor connection>

D+ 12Mops J_%E[L
FS/LS USB = l:O y FS/LS USB
transceiver RIT | D | transceiver
% i MaxSom
R~ Zo=902 +15% Hub
up stream port./
R2= 5K
< ow Speed able and resistor connection ==
, L R LS USB
L.EB R :(] ): transceiver
transceiver buffier
e Ma)%m
Host hub port %;155% Low speed function

Figure 4.6-1 Differences in connection based on transfer rates
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4.7

Transfer methods

Several transfer methods are specified for the USB.

Table 4.7-1 below summarizes the USB transfer methods.

Table 4.7-1 USB transfer methods

Isochronous transfer

Interrupt transfer

Bulk transfer

Control transfer

This is the most
preferred transfer method
for the USB. This transfer

A feature of this
method is that the
delay time is

This method is
used with devices
that transfer large

This method is
used to send and
receive

Typical method has a guaranteed |guaranteed, thus volumes of data, |configurations and
o bandwidth and is used requiring quick such as printers, | messages from the
application where real-time transfers | responses. Keyboards, |scanner, digital USB device.
are required, such as audio | game pads or consoles | cameras.
equipment, telephones, use this transfer
etc. method.
< Transfer rates>
12 Mbps
Supported Supported Supported Supported
(Full Speed)
1.5 Mbps
Not supported Supported Not supported Supported
(Low Speed)
< Data transfer volume per packet>
12 Mbps
1 to 1023 bytes 1 to 64 bytes 1 to 64 bytes 1 to 64 bytes
(Full Speed)
1.5 Mbps
Not supported 1 to 8 bytes Not supported 1 to 8 bytes
(Low Speed)
< Transfer direction>
Host ->
Supported
Function
Function ->
Supported
Host
Retry request
None Yes
for data errors
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4.8 Configuration of a device

The host communicates by specifying addresses and endpoint numbers that it assigns to each
USB device.

When the USB device is connected, the host assigns a unique address to each function and
hub. At the beginning of the connection, the device is always assigned to address "0". Thereafter,
the host assigns an address from 1 to 127. Each function and hub has several buffers for
transferring data over the USB called endpoints. A full speed device can have up to 16 endpoints,
while a low speed device can have up to three. Each endpoint is defined with an endpoint
number, transfer direction, transfer method, and maximum packet size. Each definition uses a

specific endpoint. All USB devices must have endpoint 0 to support control transfers.

USE device

Address X

N/OUT Endpoint 0
Control Endpoint 1
Endpoint 2

Endpoint 3

Figure 4.8-1 Addresses and endpoint numbers
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4.9 Enumeration

Enumeration refers to the process that begins by the host recognizing the device connected to
the bus, specifying an address, and fixating the descriptor information received from the device.
The USB device uses the descriptor to inform the host of its attributes. There are several types of
descriptors that the host can request. In turn, the device returns information that describes itself

to the host. The USB device is ready to be used by the host when it has been assigned an

address and its configuration has been recognized. (Refer to Figure 6 below)

Devics insertion J

Get desonptor

Addressing ]

|

Conhiguration

[
|
(
| Get descriptor
[
[ Readyto use

L

Descriptors

Dewvice descriptor
ex L5B Revision device class. verdor 1D

Confhiguration descriptor

ex Type of power. max power corTsURpiiom

Interface descnptor
ex {iess code murber of endpeirt s

Endpoint descriptor

ex fransfer direction rate max pachkel size

7

Figure 4.9-1 Enumeration
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USB transmissions are managed by dividing time into frames that repeat every 1 ms, and

allocating small portions of this transmission time to each device within each frame. The host

starts a frame by sending the SOF packet every 1 ms. This is followed by a token packet sent

from the host, which informs the device of the transfer type, device address, and end point.

Devices may respond to the data and handshake packet only if they have been addressed.

The ACK packet is issued when the data transfer completes, while the NAK packet is issued

when no endpoints are available (requesting the host to resend). STALL is issued when the

endpoint cannot be used.

M |
SOF | Token Data Handshake Token | Data Hand
packet |packet packet -shake

Start of
frame packet

Specifiez address,
endpoint number,
and transfer direction
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The packets shown in Figure 4.9-3 are combined to form a frame for transferring over the USB.
Each packet will be explained.
All packets begin with a SYNC field. This is an 8-bit field used to synchronize the input data and
local clock on the input circuit. The SYNC field is used only for synchronizing. The frame starting
packet contains an SOF (Start of Frame) field after the SYNC field.

SOF is a type of PID (Packet ID), but used only for the frame starting packet. The Frame
Number field is for counting the number of frames.

The CRC (Cyclic Redundancy Check) field is used to detect transmission errors.

An EOP (End of Packet) is sent at the end of each packet.

In the token packet, the PID is followed by a 7-bit address and 4-bit endpoint number, plus a
5-bit CRC for detecting transmission errors.

In the data packet, the PID is followed by a 16-bit CRC for detecting transmission errors.

The side that receives the data sends a handshake packet.

FH Start of frame packet
Bbit 8bit 11 bit Sbit 2bit

SYNC SOF Frame Number CRCS EOP

&) Token packet

8bit 8bit Thit 4bit Sbit 2hit
SYNC {%PID ADDR ENDP CRCSH EOP
<@ Data packet
8hit Bhit 0~1023byte 16bit 2bit
SYNG PID DATA CRC16 EQP

«“I4 Handshake packet
8bit 8bit 2bit

SYNC FID EOP

Figure 4.9-3 USB packet format
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Table 4.9-1 shows the PID types (which indicates the status of the packet being sent) defined

for USB.
Table 4.9-1 PID types
PID type PID name | PID[3:0] | Description
Notification from the host to the function that it is about to send
ouT 0001b
data.
Notification from the function to the host that it is about to send
Token IN 1001b
data.
SOF 0101b | Notifies the start of a frame.
SETUP |1101b |Notification for starting control transfer.
DATAO 0011b | Data packet (even)
Data
DATA1 1011b |Data packet (odd)
ACK 0010b | Notification that the data packet was successfully received.
Notification that the data packet was not received successfully,
NAK 1010b
Handshake or is unable to communicate.
Notification that the specified endpoint has an error, and that
STALL 1110b
action is required of the host.
Special* PRE 1100b | Naotification that the host is about to start Low Speed transfer.

* Not supported by the MB91F662.

4.10 Device class

In the USB standard, devices that have common functionality, and that are capable of using the

same driver are defined as a device class. Examples of device classes are printers, monitors,

hubs, memory devices (HAD and USB memory devices). Mice and keyboards are defined as an

HID (Human Interface Device) even though they don't have the same number of keys, because

they have the same functionality. This allows developers to develop new devices for a given

device class without developing a new device driver.
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5 Let's make a USB mouse

This sample program will provide USB communications that a USB mouse uses (HID class) by
utilizing the USB function controller in the microcontroller (MB91F662) installed on the starter kit.
When the starter kit board is connected to the PC, the PC will recognize the board as a USB
mouse (HID class). Operating the pushbutton switches and slider switch on the board will

simulate the operation of a mouse.
5.1 Overview of the USB sample program

This sample program simulates a USB mouse (HID device) on the MB91F662. Figure 5.1-1
shows the operation and details of the sample program. When the starter kit board running the
sample program is connected to the PC, the PC recognizes the MB91F662 on the board as a
USB mouse (HID device). After the PC completes the connection and recognition process, the
pushbuttons on the board can be used to move the cursor or perform click operations on the
PC screen. The slider switch on the board can be used to scroll windows on the PC. The

program periodically scans the pushbuttons and slider switch to detect these status changes.
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<Sample program target project>

sample_USB.abs - “sample_USB.prj” [Debug]

< Sample program execution procedures>

1. Set the switches on the board to execute the program in debug mode, then connect the
starter kit to the PC using the USB cable.

Press the reset switch.

Launch the monitor debugger and execute the USB sample program.

The PC will recognize the board as an HID class device.

o 0NN

Operate the pushbutton switches and slider switch to control the cursor and scroll bar
on the PC.

BUZZER
5K WIDED

SN2 MOIDE

RESET DEBUG STOP

i
TEEG LED  LED puwioiry
NEQIFE62

ME4ZM1 31

Lo
STRA IN GALIGE

Cursor moveme . o] (o] (o]

7 w4 PN P EKID

Uses USB-Function T \
Uses USB-Vbus Window scroll

Left button click Right button click
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Part name Silk printing on Description
board

Pushbutton SW P_SW3 Moves PC cursor left
Pushbutton SW P_SwW4 Moves PC cursor up
Pushbutton SW P_SW5 Moves PC cursor right
Pushbutton SW P_SWe6 Moves PC cursor down
Pushbutton SW P_Sw7 Left button click
Pushbutton SW P_SW8 Right button click
Slider SW VR1 Slide volume left to scroll up, slide to right to scroll down
USB port USB FUNC Uses USB-Function, USB-Vbus pins (PH3)

Figure 5.1-1 Operation and details of the USB sample program
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5.2 Overview of USB communications flow

This section explains the USB communications flow performed by the sample program. Details
on the USB communications protocol have been omitted. Refer to the USB and HID class

specifications for details.

5.2.1  Overview of USB communications flow

This sample program provides communications with the PC (USB host) as shown in the
following flow diagrams. Figures 5.2.1-1 and 5.2.1-2 show the configuration process when
the USB is connected. Figure 5.2.1-3 shows an overview of the communications flow after
the USB connection is completed. The -> arrow indicates data is being sent from the PC to
the starter kit (USB Function), and the <- arrow indicates data is being sent from the starter

kit to the PC. The contents of the data will be explained in the next section.
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Starter kit (USB Function)
PC (USB host) [EPO]

he USB sample program recognizes the USB connection|
using the V-bus connection terminal (PH3).

Get Descriptor (Device) request >
P Device Descriptor response
e——_____lssuebusresetsignal ________________ >
The MB91F662 USB function controller responds to the]
SET_ADDRESS request automatically at the hardware]
level.
Set Address request
0 byte data response
Get Descriptor (Device) request >
P Device Descriptor response

Figure5.2.1-1 USB (mouse) communications flow (Configuration 1)
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PC (USB host)

Starter kit (USB Function)
[EPO]

Get Descriptor (Configuration) request >

Configuration Descriptor response

Interface Descriptor response

HID Class Descriptor response

Endpoint Descriptor response

A A A A

Set Configuration request

The MB91F662 USB function controller responds to the]
[SET_CONFIGURATION request automatically at thel

hardware level.

s

0 byte data response

A

Set Idle request

0 byte data response

A

Get Descriptor (Report) request o

Report Descriptor response

A

Figure5.2.1-2 USB (mouse) communications flow (Configuration 2)
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PC (USB host) Starter kit (USB Function)
[EP1]

~—

Configuration completed (recognizes|
board as a USB mouse)

Notification of Report data

A

Notification of Report data

A

The PC (USB host) periodically issues interrupt (IN)
transfer requests. If the status of the USB device
has changed (mouse pointer information, etc.), the

USB device responds with Report data.

Notification of Report data

A

Figure5.2.1-3 USB (mouse) communications flow (After configuration)
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5.2.2 Device request (PC -> Starter kit)
In this sample program, the data received by the starter kit is called a device request. The
format of data in a device request is standardized. The device requests received by the

starter kit are shown below.

Table 5.2.2-1 Device request (GET_DESCRIPTOR (Device))

Byte Iltem Description Value
1 bmRequestType Type of request 80h
(Transfer direction: Device -> host / type: standard/ receive:
device : 80h)
1 bRequest Request (GET_DESCRIPTOR: 06h) 06h
2 wValue Requested descriptor type and index value 00h
(Descriptor type (device): 01h) 01h
2 windex 0 or language ID 00h
00h
2 wLength Number of bytes for requested descriptor (YYXXh) XXh
YYh
Table 5.2.2-2 Device request (SET_ADDRESS)
Byte Iltem Description Value
1 BmRequestType Type of request 00h
(Transfer direction: Host -> device/ type: standard/ receive:
device : 00h)
1 Brequest Request (SET_ADDRESS: 05h) 05h
2 WValue Device address (address: YYXXh) XXh
YYh
2 Windex 0 00h
00h
2 WLength 0 00h
00h
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Table 5.2.2-3 Device request (GET_DESCRIPTOR (Configuration))

Byte Iltem Description Value
1 BmRequestType Type of request 80h
(Transfer direction: Device -> host / type: standard/ receive:
device : 80h)
1 Brequest Request (GET_DESCRIPTOR: 06h) 06h
2 WValue Requested descriptor type and index value 00h
(Descriptor type (configuration): 02h) 02h
2 Windex 0 or language ID 00h
00h
2 WLength Number of bytes for requested descriptor (YYXXh) XXh
YYh
Table 5.2.2-4 Device request (SET_CONFIGURATION)
Byte ltem Description Value
1 BmRequestType Type of request 00h
(Transfer direction: Host -> device/ type: standard/ receive:
device : 00h)
1 Brequest Request (SET_CONFIGURATION: 09h) 09h
2 WValue Configuration value (: YYXXh) XXh
YYh
2 Windex 0 00h
00h
2 WLength 0 00h
00h
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Table 5.2.2-5 Device request (SET_IDLE)

Byte ltem Description Value
1 BmRequestType Type of request 21h
(Transfer direction: Host -> device / type: class/ receive:
interface : 21h)
1 Brequest Request (SET_IDLE: 0Ah) O0Ah
2 WValue 0 00h
00h
2 Windex 0 00h
00h
2 WLength 0 00h
00h
Table 5.2.2-6 Device request (GET_DESCRIPTOR (Report))
Byte ltem Description Value
1 BmRequestType Type of request 81h
(Transfer direction: Device -> host / type: standard/ receive:
interface: 81h)
1 Brequest Request (GET_DESCRIPTOR: 06h) 06h
2 Wvalue Requested descriptor type and index value 00h
(Descriptor type (report): 22h) 22h
2 Windex 0 or language ID 00h
00h
2 WLength Number of bytes for requested descriptor (YYXXh) XXh
YYh
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5.2.3 Descriptor (PC <- Starter kit)

In this sample program, the data returned from the starter kit to the PC (USB host) is called
a descriptor. A descriptor contains information about the device, such as characteristics and
attributes. The format of data in a descriptor is standardized. The descriptors returned from

the starter kit to the PC (USB host) are shown below.

Table 5.2.3-1 Device Descriptor

Byte ltem Description Value
1 bLength Descriptor size (12h) 12h
1 bDescriptorType Descriptor type (10h) 01h
2 bcdUSB USB version (Rev. 1.01) 01h

01h
1 bDeviceClass Class code (00h: no class) 00h
1 bDeviceSubClass Subclass code 00h
1 bDeviceProtocol Protocol code (00h: unique protocol unused) 00h
1 bMaxPacketSize0 Max. packet size for endpoint 0 40h
2 idVendor Vendor ID (04C5h: Fuijitsu) C5h
04h
2 idProduct Product ID (2019h: USB starter kit) 19h
20h
2 bcdDevice Device version FFh
FFh
1 iManufacture Index of a string descriptor that represents the manufacturer 00h
1 iProduct Index of a string descriptor that represents the product 00h
1 iSerialNumber Index of a string descriptor that represents the serial number 00h
1 bNumConfigurations Number of configurations supported 01h
72
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Table 5.2.3-2 Configuration Descriptor

Byte ltem Description Value
1 bLength Descriptor size (09h) 09h
1 bDescriptorType Descriptor type (configuration: 02h) 02h
2 wTotalLength Descriptor size returned for this configuration 22h

(Total size including configuration, interface, HID class, and
endpoint descriptor) oon
1 bNuminterfaces Number of interfaces supported 01h
1 bConfigurationValue Parameter to pass to Set_Configuration, which is used to select | 01h
this descriptor
1 iConfiguration Index of a string descriptor that represents this configuration 00h
1 bmAttributes Device power supply (08h: use bus power) 80h
1 bMaxPower Max. bus current consumption (32h: 100 mA) 32h
Table 5.2.3-3 Interface Descriptor

Byte ltem Description Value
1 bLength Descriptor size (09h) 09h
1 bDescriptorType Descriptor type (interface: 04h) 04h
1 binterfaceNumber 0-based index value used to identify the interface supported by this | 00h

configuration
1 bAlternateSetting Value used to select an alternate setting for the interface 00h
1 bNumEndpoints Number of endpoints used by this interface 01h
1 binterfaceClass Class code (03h: HID class) 03h
1 binterfaceSubClass Subclass code (01h: supports boot protocol) 01h
1 binterfaceProtocol Protocol code (02h: mouse) 02h
1 iinterface Index of a string descriptor that represents this interface 00h
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Table 5.2.3-4 HID Class Descriptor

Byte ltem Description Value

1 bLength Descriptor size (09h) 09h
1 bDescriptorType Descriptor type (HID descriptor: 21h) 21h
2 bcdHID HID class version (Ver. 1.01 -> 01h01h) 01h

01h
1 bCountryCode Country identification code (00h: no identification) 00h
1 bNumDescriptors Number of class descriptors 01h
1 bDescriptorType Class descriptor type (22h: HID report) 22h
2 wDescriptorLength Remote descriptor size 34h

00h

Table 5.2.3-5 Endpoint Descriptor

Byte ltem Description Value
1 bLength Descriptor size (07h) 07h
1 bDescriptorType Descriptor type (endpoint: 05h) 05h
1 bEndpointAddress Endpoint address (81h: IN direction/EP1) 81h
1 bmAttributes Endpoint attribute (03h: interrupt transfer) 03h
2 wMaxPacketSize Max. packet size for endpoint 04h

00h
1 binterval Polling interval for endpoint (64h: 100 ms) 64h
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Table 5.2.3-6 Report Descriptor 1

Byte Item Description Value
2 UsagePage Page usage (Generic Desktop Control) 05h
01h
2 Usage Item usage (Mouse) 09h
02h
2 Collection Collection item tag (Application) A1h
01h
2 UsagePage Page usage (Pointer) 09h
01h
2 Collection Collection item tag (Physical) A1h
00h
2 UsagePage Page usage (Button) 05h
0%h
2 UsageMinimum Minimum number of items used (1) 19h
01h
2 UsageMaximum Maximum number of items used (3) 29h
03h
2 LogicalMinimum Minimum value the item can report (0) 15h
00h
2 LogicalMaximum Maximum value the item can report (1) 25h
01h
2 ReportSize Data field size to be reported (1 bit) 75h
01h
2 ReportCount Number of data fields to be reported (3) 95h
03h
2 Input Input item tag (Data, Variable, Absolute) 81h
02h
2 ReportSize Data field size to be reported (1 bit) 75h
01h
2 ReportCount Number of data fields to be reported (1) 95h
01h
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Table 5.2.3-7 Report Descriptor 2

Byte Item Description Value
2 Input Input item tag (Data, Variable, Absolute) 81h
01h
2 UsagePage Page usage (Generic Desktop Control) 05h
01h
2 Usage Item usage (X direction) 09h
30h
2 Usage Item usage (Y direction) 09h
31h
2 Usage Item usage (Wheel) 09h
38h
2 LogicalMinimum Minimum value the item can report (-127) 15h
81h
2 LogicalMaximum Maximum value the item can report (127) 25h
7Fh
2 ReportSize Data field size to be reported (8 bit) 75n
08h
2 ReportCount Number of data fields to be reported (3) 95h
03h
2 Input Input item tag (Data, Variable, Relative) 81h
06h
1 EndCollection EndCollection COh
1 EndCollection EndCollection COh
Table 5.2.3-8 HID Device Report Data
Byte ltem Description Value
1 Button status Click status of right or left button 0to3
1 X axis travel Mouse movement in X axis (horizontal) -127 to 127
1 Y axis travel Mouse movement in Y axis (vertical) -127 to 127
1 Wheel Scroll wheel movement -127 to 127
5.3 Sample program sequence

This section describes the operation of the sample program.
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5.3.1  Main routine
The operation of the main routine is shown below. Note that the following conditions are

assumed when operating this sample program.

<MB91F662 operating conditions>
B FLASH access settings
FLASH access size setting: 32 bits (no changes to default value)
FLASH wait setting: 1 wait

B MCU clock setting (set in the monitor debugger/no setting necessary)
CLKB (CPU): 32 MHz (External clock 4 MHz x PLL-8 multiplier setting)
CLKP (peripheral): 32 MHz (External clock 4 MHz x PLL-8 multiplier setting)
USB CLK: 48 MHz (external clock 4 MHz x PLL-24 multiplier x 2 frequency divider
setting)

77

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/2881892/SK-FR80-120PMC-USB.html

[e®)
FUJITSU

[ Start j

A 4
Flash wait setting (1 wait)

|

Set USB clock

Enable interrupt

|

Initialize 1/0 port

- SW port: input
- Slider SW port: Use A/D (ch 15)
- USB port: use USB

|

Initialize A/D converter

(use chO, conversion time: 32.625 us, interrupt

unused)

|

USB (Function) initialization process

<

v

SW operation detection process *2

Figure 5.3.1-1 Operating flow of the main routine (main.c, usb_mouse_ctrl.c)

*1 This sample program assumes a startup routine will be executed before the main routine. Note,
however, the details of the startup routine are omitted in this document.

*2 Details explained in Section 5.3.6.

78

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/2881892/SK-FR80-120PMC-USB.html

[e®)
FUJITSU

5.3.2 USB initialization process

The figure below shows the details of the USB initialization process.

=)

v
USB operation enabled (USBEN=1)

Bus reset (RST=1)

|

USB register initial settings

- Bus power supply (PWC=0)
- EPO setting (64 bytes)
- EP1 setting (INT-IN transfer/ 64 bytes)

|

Release bus reset (RST=0)

|

Clear EPO/EP1 receive buffer

|

Set V-BUS detection pin (PH3)

No

V-BUS detected?

l Yes

Connect to HOST (HCONX = 0)

l

Enable USB Function interrupt

|
=)

Figure 5.3.2-1 Operating flow of the USB initialization process (usb_mouse_ctrl.c)
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5.3.3 USB interrupt processing

The figure below shows the details of the USB interrupt processing. The USB function in
the MB91F662 processes status interrupts and interrupts EP1 to EP5. However, this sample
program uses only the status interrupt.

After connecting to the PC, the status interrupt routine in the USB function will process
responses to requests from the PC (USB host) to EPO.

[ Status interrupt processing j

.

EPO data received? No

SETUP interrupt received? Yes
y
EPO data receive process Setup command receive process
Suspend interrupt? Yes
\ 4
Clear SUSP flag
@ * If the power must be suspended, processing is performed to

move into standby mode in addition to clearing the SUSP flag.

Figure 5.3.3-1 Status interrupt 1 (usb_mouse_ctrl.c)
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Suspend interrupt? Yes

A 4

Clear SOF flag
SOF interrupt? Yes
A 4
Clear SOF flag
Bus reset interrupt? Yes
No
A 4
Clear BRST flag

A

ST

Figure 5.3.3-2 Status interrupt 2 (usb_mouse_ctrl.c)
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5.3.4 EPO data receive process

The figure below shows the details for the EPO data receive process.

[ EPO data receive process j

Get length of received data bytes

l

Get received data

(read from EPODT register)

l

Clear DRQO flag

SR

Figure 5.3.4-1 EPO data receive process (usb_mouse_ctrl.c)
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5.3.5 Setup command receive process
The figure below shows the details for the EPO Setup command receive process. The

Setup command receive process also handles responses for the received Setup command.

[ Setup command receive process j

Get received data byte length

!

Get receive data

(read from EPODT register)

v

Clear SETP flag

v

Clear DRQO flag

SET IDLE received? Yes

'

Clear DRQI flag

Figure 5.4.5-1 Setup command receive process 1 (usb_mouse_ctrl.c)
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GET DESCRIPTOR (device)

received?

No

GET DESCRIPTOR (config) Yes

received?

No

GET DESCRIPTOR (report)

received?

Yes

'

Return Device Descriptor

(write to EP1DT register)

|

Clear DRQI flag

!

Return Configuration Descriptor

|

(write to EP1DT register)

Clear DRQI flag

Yes

v

No

Return Report Descriptor

(write to EP1DT register)

}

Clear DRQI flag

AAAA

=)

Figure 5.3.5-2 Setup command receive processing 2 (usb_mouse_ctrl.c)
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5.3.6  Switch operation detection process

The figures below show the details of the switch (pushbuttons and slider) operation

detection process. The device issues an HID data notification to the PC when it detects

switch operation. The sample program ignores simultaneous operation of multiple switches.

=)

\ 4

Get SW input status

SW4 (up) input?

No

SW6 (down) input?

No

SWS5 (right) input?

SW3 (left) input?

Yes
A 4
Update mouse travel (X=5, Y=0)
Yes
Update mouse travel (X=-5, Y=0)
Yes

l

Update mouse travel (X=0, Y=-5)

Yes

l

Update mouse travel (X=0, Y=5)

Clear mouse travel (X=0, Y=0)

Figure 5.3.6-1 Switch operation detection process 1 (main.c)
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SWO (left click) input? Yes
No A\ 4
Update click information (Bottom = 01h)
SWA0 (left click) input? Yes
\4
Update click information (Bottom = 00h) Update click information (Bottom = 02h)

A

Figure 5.3.6-2 Switch operation detection process 2 (main.c)
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l

A/D conversion start (AD-ch15)

A/D conversion complete?

Get A/D conversion value

(ad_data=(A/D conversion value & 0x03EQ) >> 23)

.

ad_data > ad_data_old ?

Yes

A 4

Update scroll data (wheel = 50)

v

Yes ad_data_old = ad_data

ad_data > ad_data_old ?

No v

Update scroll data (wheel = -50)

Update scroll data (wheel = 0) +
ad_data_old = ad_data

A A

A4

HID data notification process

Figure 5.3.6-3 Switch operation detection process 3 (main.c)
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5.3.7 HID data notification process

The figure below shows the details of the HID data notification process.

=)

i ) No
Configuration completed?
IN requested to EP1? No
DRQ=1?
No

HID data updates?

Write HID data to be notified to PC (Host) in the

EP1DT register (button information, X/Y travel,

wheel movement)

|

Clear IN request flag to EP1 (DRQ=0)

AAA

=)

Figure 5.3.7-1 HID data notification process (usb_mouse_ctrl.c)
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6 Humidity sensor

6.1 What is humidity?

In the winter, our hands and skin tend to dry, and our throats easily become sore.
Conversely, in areas where rain season occurs, the humidity tends to cause discomfort.
And those who hang dry their laundry no doubt pay attention to the humidity level in
weather reports.

Humidity represents the ratio of moisture in the air. The history of hygrometers used
to measure humidity is said to have started with the hair hygrometer, which utilizes the
elasticity of hair. Today, in addition to hair hygrometers, inexpensive wet and dry bulb
hygrometers are available and used in common households.

Humidity is often referred to in units of "relative humidity" (units: %RH), which is
defined as the ratio of water vapor pressure in air at a prescribed temperature, to the
saturated vapor pressure at the same temperature, expressed as a percentage.
Weather forecasts usually mention "percentage” alone, but the abbreviation for relative
humidity is implied.

Other units used to refer to humidity include, wet-bulb temperature (units: °C), dew
point temperature (units: °C), and water vapor content (units: ppmV for ratio by volume,
and ppmW for volume by weight).

This text will express humidity in terms of relative humidity (%).

6.2 What is a humidity sensor?

The humidity sensor was developed as a replacement for the hygrometer. Humidity
sensors are used in air-conditioner temperature controls for offices and factories.
Recent air conditioners for homes with dehumidifier and humidifier functions also make
use of humidity sensors. Some microwave ovens use humidity sensors to control
cooking temperature and time by detecting the amount of water vapor emitted from the
heated food.

A humidity sensor uses the change in electrical properties caused by absorbing and
releasing moisture in the air. Because the sensor is constantly exposed to air, it is easily
affected by changes in its own materials caused by substances in the air, sometimes
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leading to performance loss. The material used in the sensor to detect humidity defines
its type, such as high-molecular, metallic oxide, or electrolytic.

We will explain the most common type of humidity sensor, the high-molecular sensor.
The high-molecular film absorbs and releases moisture, thus creating a change in its
permittivity which is used to measure the relative humidity in air.

One way of making this sensor is to place the high-molecular material between two
electrodes, much like a capacitor. The permittivity change in the high-molecular film
creates a measureable change in the capacitor's capacity. The electrodes are made of
an extremely thin metal film that permits the passage of moisture as it is absorbed or
released by the high-molecular film. A high-molecular humidity sensor can be of the
capacity changing or resistance changing type. The explanation thus far is for a capacity
changing type. The resistance changing type is made by affixing moisture sensitive
material on a comb-like electrode and is simpler in construction than the capacity type.
An added benefit of the resistance type is that it is not affected by the capacity of the
wire leads, allowing wiring lengths to be as long as necessary.

A

\

High-molecular

| 0
High-molecular

/ material /

Substrate (moisture sensitive Substrate

\ f material) material)
Electrode \ /

Electrode (comb-like)

material

(moisture sensitive

Capacity type Resistance type

Figure 8.2-1 Structure of a humidity sensor

The starter kit board has a humidity sensor device (HOKURIKU ELECTRIC
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INDUSTRY CO., LTD) mounted to it. This is a resistance changing humidity sensor that
uses a moisture sensitive polymer. This device must be driven by an alternating voltage
as a constantly applied direct voltage can affect the device's properties.

In the next Chapter, we will explain the hygrometer program and power driving

method as well as some cautionary notes.
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7 Let's make a hygrometer
This sample program will create a hygrometer using the AD converter and base timer (PPG) in
the microcontroller (MB91F662) installed on the starter kit, and the humidity sensor also mounted
on the starter kit.
7.1 Overview of the sample program
This sample program measures humidity using the AD converter and base timer (PPG) in
the microcontroller (MB91F662), and the humidity sensor mounted on the starter kit. The

measured result is displayed on the 7-SEG LED on the starter kit. Figure 9.1-1 shows the

operation and details of the sample program.
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<Sample program target project>

sample_humidity.abs - “sample_humidity.prj” [Debug]

< Sample program execution procedures>
1. Connect the starter kit to the PC with the USB cable.
2. Run the humidity sensor sample program.

3. The humidity is displayed in the 7-SEG LED.

You can view how the humidity

changes by touching the sensor.

BUZZER

FESET DEBUG siuv

Towa LED LEo HUMIDITY
MEY1FER2

Humidity —
readout ] |
ONO MO MO
P_SHT P_SND P_SNO P_SEID
Part name Silk printing on Description
board
Humidity sensor HUMIDITY Detects humidity.
7-segment LED 7-SEG LED Displays humidity.

Figure 9.1-1 Operation and details of the humidity sensor sample program
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7.2 Details on the humidity sensor

7.2.1 Wiring the humidity sensor

The humidity sensor on the starter kit board is wired as shown below.

3.3V(Vin)

[

MB91F662

PPGO

output port

A/D9

input port

PPG1

output port

Humid

ity sensor

Resistor 47 kQ (Rs)

Figure 9.2.1-1 Schematics of humidity sensor
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722 Driving the humidity sensor

The humidity sensor must be driven as follows.

¢—— P} 1kHz (Duty:50%)

+3.3V
PPGO output waveform
oy — i
! 1
! 1
+3.3V —
PPG1 output waveform
ov

1/2 to 2/3 of theitiming when PPGO is high
‘ ’ 1

1
A/D conversion timing (PPG2) I |
1
1
1
1
1
1
1
1
1
1
1

1
Start A/D onlead edge of PPG2

L

Figure 9.2.2-1 Driving the humidity sensor

A/D conversion
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(1) Based on a setting in the MB91F662, PPGO will output a pulse waveform at 1 kHz, 50%
duty. PPG1 will output the phase-inverted waveform of PPGO.
This will produce an alternating current of £3.3 volts at the equivalent of 1 kHz between
the output pins of PPGO and PPG1.

(2) The leading edge of PPG2 will trigger the A/D conversion.
The lead edge of PPG2 occurs when PPGO is in its high phase, and allows reading of
the A/D input waveform when it is stable and near peak. This timing is about 1/2 to 2/3

the way along the pulse width of PPGO.

7.2.3  Humidity sensor characteristics
The voltage dividing characteristics of the humidity sensor on the starter kit are shown

below.

Figure 9.2.3-1 Voltage dividing characteristics of the humidity sensor 1

Voltage dividing characteristics data

— 5T
500 —10C
15°C

: =
1.0C //,///// e

40°C
0.00 - - —45T
0 20 40 50 20 00

Relative humidity (%RH)

((A) sonsusroereys Buipiaip abeljon

Voltage dividing characteristic V is calculated as V = Vin x Rs / (Rs + RH) where Vi is the input
voltage, RH is the impedance characteristic of the humidity sensor device, and Rs is the voltage
dividing resistance.

In the above formula, input voltage Vin = 3.3V, and dividing resistance Rs = 47 kQ.
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This sample program is designed for a fixed temperature of 22°C.

The voltage dividing characteristics at 22°C is given below.

Table 9.2.3-2 Humidity sensor voltage dividing characteristics table 2

Voltage Voltage Voltage Voltage
Relative Relative Relative Relative
dividing dividing dividing dividing
humidity humidity humidity humidity
characteristics characteristics characteristics characteristics
(%RH) (%RH) (%RH) (%RH)
V) V) V) V)
90 3.17 70 2.80 50 1.47 30 0.16
89 3.16 69 2.76 49 1.38 29 0.13
88 3.15 68 2.72 48 1.28 28 0.11
87 3.14 67 2.68 47 1.19 27 0.09
86 3.13 66 2.64 46 1.10 26 0.07
85 3.12 65 2.59 45 1.02 25 0.06
84 3.11 64 2.54 44 0.93 24 0.05
83 3.10 63 2.49 43 0.85 23 0.04
82 3.08 62 2.44 42 0.77 22 0.03
81 3.06 61 2.38 41 0.70 21 0.02
80 3.05 60 2.32 40 0.62 20 0.02
79 3.03 59 2.55 39 0.56 19
78 3.01 58 2.18 38 0.50 18
77 2.99 57 210 37 0.44 17
76 2.97 56 2.02 36 0.39 16
75 2.95 55 1.94 35 0.34 15
74 2.92 54 1.85 34 0.30 14
73 2.89 53 1.76 33 0.26 13
72 2.86 52 1.66 32 0.22 12
7 2.83 51 1.57 31 0.19 1"

* The figures in bold are the values used in this sample program.

Contact HOKURIKU ELECTRIC INDUSTRY CO., LTD., for the characteristics at temperatures
other than 22°C.

<Contact>

Sales support division, Head office, HOKURIKU ELECTRIC INDUSTRY CO., LTD.

E-mail: info-sales@hdk.co.jp
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7.3 Sample program operating details

This section describes the operating details of the sample program.

7.3.1 Main routine

The operating conditions (setting conditions) for the peripheral functions of the MB91F662

used in this sample program are outlined below. The figure below shows the details of the
main routine.

<MB91F662 setting conditions>
B FLASH access settings

FLASH access size setting: 32 bits (no changes to default value)
FLASH wait setting: 1 wait

B MCU clock setting (set in the monitor debugger/no setting necessary)
CLKB (CPU): 32 MHz (External clock 4 MHz x PLL-8 multiplier setting)
CLKP (peripheral): 32 MHz (External clock 4 MHz x PLL-8 multiplier setting)
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Figure 9.3-1 shows the flow of the main routine. This sample program measures time using the
interrupt of reload timer ch0. Processing for humidity calculation and LED display alternate every

two seconds so that changes can be observed in the LED display.

=)

\ 4
| Set Flash wait |

|

| Enable interrupt |

|

- Initialize PPG ch0, ch1, ch2

(enable interrupt for PPG ch2)
- Initialize A/D converter
(enable interrupt, use FIFO)
- Initialize reload timer ch 0 (enable interrupt)

|

| Enable operation of PPG ch0, ch1

!

| Adjust PPG ch2 timing |

A\ 4
Enable operation of PPG ch2

P
)l

No
2 sec elapsed?

Yes

Calculate humidity

\4
7-SEG LED display process

Figure 9.3.1-1 Operating flow of main routine

* This sample program assumes a startup routine will be executed before the main routine. Note, the

details of the startup routine are omitted in this document.
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7.3.2  A/D converter interrupt processing
When 10 converted data values are written to the FIFO buffer, an A/D interrupt is
generated so that interrupt processing can take place. The interrupt processing routine
fetches 10 A/D conversions from the FIFO buffer, and averages them. This is treated as the
acquired value (value used to determine humidity) from the humidity sensor. The figure

below shows the details of the A/D converter interrupt processing routine.

[ A/D converter interrupt processing ]

- Stop A/D converter

- Clear interrupt causing bit

\ 4
Get 10 A/D conversion results from FIFO

'

Calculate average (ad_average) from A/D

conversion results

\4
Clear FIFO

l
ST

Figure 9.3.2-1 A/D converter interrupt processing
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7.3.3 Humidity calculation process
The figure below shows the details of the humidity calculation process. The voltage divisor
is obtained by multiplying the A/D conversion average by 0.00322 (= 3.3 volts / 2'°), because
the A/D converter has 10 bits of resolution. The humidity is found by looking up the voltage

divisor in Table 9.2.3-2, Humidity sensor voltage dividing characteristics table 2

[ Humidity calculation process ]

Calculate voltage divisor.

(= ad_average x 0.00322)

\ 4

Obtain humidity by looking up the voltage divisor in the

humidity sensor voltage division characteristics table.

'
ST

Figure 9.3.3-1 Hygrometer calculation process
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8 What is an FRAM?
Do you know what FRAM is?

Although many types of memory devices are available today, they are largely separated into
two groups.
(1) memory that loses its contents when power is lost (volatile)
: SRAM, SDRAM, etc.
(2) memory that retains its contents even when power is lost (non-volatile)

: EEPROM, FLASH memory

FRAM (Eerroelectric Random Access Memory) is non-volatile like (2) and can be used as
random access memory like (1). The FRAM market has expanded over the last few years with
applications that require security and authentication as in ID cards, and as a replacement for
EEPROM. Given the way in which information has become so easily accessible on the Internet,
it is not an overstatement to claim that FRAM has become an indispensable device for realizing

security and authentication functions.

DRAM _ . Data Volatile
= Volatile + RAM Need of P P—
SRAM {Random Access Memory) |99 0T Fower supplyl
Writing is slow
Flash Non ROM {Need to Erase and Boost)
E2PROM ~  \Volatile (Read Only Memory) [Data writing limit

f {Time and frequency)

v FRAM has a very well balanced combinatio ([
of features of RAM $nd ROM<Y

\b \k RAM

Non
F —  Volatile T (Random Access Memory)

Figure 10.1-1: FRAM characteristics
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The characteristics of the FRAM are the very reason they are ideal for security-dependant
applications such as those in the figure below (train and bus passes, electronic money,
membership cards used to record profiles and preferences in addition to member information,
etc.). The following are typical examples.

- Unlike FLASH/EEPROM memory, FRAM does not require special command sequences such
as used for deleting data

(Data can be read and written just like RAM by specifying an address.
Data can be overwritten in units of bytes.)
- FRAM provides improved tamper-proofing of electronic key data for authentication
(Compared to FLASH and EEPROM, data on FRAM is difficult to read even when subject to
physical analysis)
- Authentication key data can be updated frequently and randomly.
- Requires less writing time after the FRAM power is switched from ON to OFF.
(The high-speed writing capability of the FRAM allows writing immediately after the power is
turned ON/OFF)

il
Emploves
identification

Prepaid cards
13

WrlaThE

- Electronic money s

IT-equipped urban e
research operations m

EsfRIChE=F
©owa

e

- Mabile phones
Local citizen cards oy
]
e

Figure 10.1-2. IC card applications such as electronic money

To learn more about FRAM,
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Visit the Fujitsu website listed below.

http://jp.fujitsu.com/microelectronics/

The starter board is equipped with a stand-alone FRAM MB85RS256.
In the next Chapter, we will explain a program that accesses the FRAM using microcontroller

communications.
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9 Let's make a counter

This sample program explains how to make a simple counter using FRAM. The counter
functionality is achieved by using the SPI communications function on the multifunction serial
interface (MFS), on the microcontroller (MB91F662) on this starter kit, to access the stand-alone
FRAM MB85RS256 (256 kbit).

9.1 Overview of the sample program

This sample program creates a counter using the FRAM and the functions of the serial
interface on the MB91F662. The FRAM is used to store counter data, while the pushbutton
switches are used to increment and clear the count, and toggle the 7-SEG LED display ON or
OFF.

Because the count is stored in FRAM, even if the power is turned off during operation by
disconnecting the USB cable, the counter will resume counting, when power is restored, exactly

from where it left off before losing power.

Figure 11.1-1 shows the operation and details of the sample program.
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<Sample program target project>
sample_FRAM_SPl.abs - “sample_FRAM_SPI.prj” [Debug]

< Sample program execution procedures>
1. Connect the starter kit to the PC with the USB cable.
2.  Run the FRAM sample program.

3. Pressing the pushbutton switch increments the count. (The count is retained even after
power is turned OFF.)

Y “IE:E 'J_-1
=
OF
= S0 MODE L ™
S OF
_|; | .

— s mt e Huumm

= 05 N3 1FEG2
Counter readout B
md M2

P58

ﬁ

- e e

Wil IIUF PO PPN PR

Increment data
Toggles 7-SEG LED display
ON/OFF

Clear data
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Part name Silk printing on Description
board

FRAM FRAM Stores data.
Pushbutton SW P_Sw7 Increments data by 1.
Pushbutton SW P_Sw8 Clears data.
Pushbutton SW P_SwW10 Toggles 7-SEG LED display ON/OFF.
LED Flashes while program is running.
7-segment LED 7-SEG LED Displays counter value.

Figure 11.1-1 Operation and details of the FRAM sample program
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9.2 Details on the FRAM MB85RS256

The MB85RS256 is a stand-alone FRAM device with a 256-Kbit capacity that supports the SPI
interface. The features are listed below.

<Features>

- Bit configuration: 32,768 words x 8 bits

- Operating power supply voltage: 3.0 V to 3.6 V

- Operating frequency: 15 MHz (Max)

- Serial Peripheral Interface: SPI

- Operating temperature range: -20°C to 85°C

- Data retention: 10 years (+ 55°C)

- Read-write cycles: 10" cycles/bit (min)

- Package: 8-pin plastic SOP (FPT-8P-M02)

<Connections>

Figure 11-2 shows a sample method of connection with the microcontroller (MCU).

SCK » SCK
MCU
SO SO FRAM
CS(GPIO) » CS
HOLD(GPIO) » HOLD

Figure 11.2-1. FRAM connection with the microcontroller (MCU)
<OP-CODE>
The MB85RS256 accepts six commands specified in op-code. These commands are used to

access the FRAM. The commands are listed below.

Table 11.2-1 MB85RS256

Code name Description Op-code (Hex) (binary)
WREN Set Write Enable Latch 0x06 (0000110g)
WRDI Reset Write Enable Latch 0x04 (0000100g)
RDSR Read Status Register 0x05 (0000101)
WRSR Write Status Register 0x01 (0000001g)
READ Read Memory Code 0x03 (0000011g)
WRITE Write Memory Code 0x02 (0000010g)
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The commands listed above are input to the FRAM synchronized with the clock (SCK) after
the trailing edge of the CS signal.
Reading is done by inputting the READ command followed by a 16-bit address. In response,
MB85RS256 outputs the 8-bit data synchronized with the clock. Thereafter, the address can be
incremented automatically to read 8 more bits of data repeatedly by inputting 8 clock pulses

before raising the CS signal.

CS
1

Clock (8 cycles);

Sl i
—— N ~ J
Command 0x03 Address (16-bit)

SO

Address can be incremented automatically to \ ]

read another byte of data by inputting 8 cycles .

Data (8-bit) Data (8-bit)
of SCK before raising CS.

Figure 11.2-2. Example of waveform when reading
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Writing is done by inputting the WRITE command followed by a 16-bit address, followed the
data to write in 8-bit units synchronized to the clock bit. Thereafter, the address can be
incremented automatically to continuously write 8 more bits of data by inputting data for every 8
clock pulses before raising the CS signal.

Before sending WRITE commands, writing must be enabled by issuing the WREN command.

CS

SCK

[
Clock (8 cycles)

o LI L

- — ——/ J

~
Command 0x06 Command 0x02  Address (16-bit) Data (8-bit)

SO

Additional bytes of data can be written to the next

automatically incremented address by inputting 8 cycles of

SCK and 8 bits of data before raising CS.

Figure 11.2-3. Example of waveform when writing
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9.3 Explanation of the sample program

This section explains the program for writing data to the FRAM using the SPI multifunction
serial interface on the MB91F662. Also refer to the actual sample program.

This sample program is only intended for a simple operation check and thus does not use the
multifunction serial interrupt function. The interrupt function including error processing should be

used when considering a system design.

This program was written based on the hardware connections shown in Figure 11.3-1.

MBO1F662 (MCU) FRAM  MB85RS256

SCK9 (P46) : Tpin » SCK

SIN9 (P45) : 6pin <—>C Sl

SOUT9 (P44) : bpin SO
P43 : 4pin > CS
P47 : 8pin » HOLD
P42 : 3pin > WP

Figure 11.3-1 Connections between the MB91F662 and MB85RS256

1M1
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9.3.1 Main routine

The operation of the main routine is shown below. Note that the following conditions are

assumed when operating this sample program.

<MB91F662 setting conditions>
B FLASH access settings

FLASH access size setting: 32 bits (no changes to default value)
FLASH wait setting: 1 wait

B MCU clock setting (set in the monitor debugger/no setting necessary)
CLKB (CPU): 32 MHz (External clock 4 MHz x PLL-8 multiplier setting)
CLKP (peripheral): 32 MHz (External clock 4 MHz x PLL-8 multiplier setting)

Figures 11.3.1-1 to 11.3.1-3 show the flow of the sample program.

=)

v '

Initialize PORT (LED output) Set CPU interrupt level

Enable interrupt

| v

| Set Flash wait | Invert LED

! ’

| Initialize external interrupt |

Software loop

l (wait for SW input)
| Initialize MFS (SPI mode) |

!

Initialize FRAM (set control signals,

issue WRSR command)

Figure 11.3.1-1 Counter operation flow (main.c Extint.c, sio.tx.c, fram_init.c)
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( Start interrupt routine >

v
Set CPU interrupt level

(external interrupt level mask)
v
Read from FRAM address

0x0000

No

SW7 input?

Yes

Clear interrupt flag No

Yes

LED_data < 997

| Clear interrupt flag

! '

LED_data = LED_data +1 | | LED _data=0 | Issue WREN command to FRAM
l¢ |
*‘

Issue WREN command to FRAM l

Write 0x00 to FRAM address 0x0000

|

Write LED_data to FRAM address

0x0000

|A

*‘
7-SEG LED output

|

Set CPU interrupt level

(enable external interrupt level)

( End of interrupt routine >

Figure 11.3.1-2 Counter operation flow (Switch operation) (Extint.c, sio.tx.c)
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No

Yes

Clear interrupt flag |

Lighting = 0 ? | Lighting = 1

Lighting=0

Issue WREN command to FRAM

|

Write Lighting to FRAM address

0x0001

Figure 11.3.1-3 Counter operation flow (Extint.c, sio.tx.c)
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10 USB Host function (mass storage SW-sample)

This sample program explains how to use the USB Host functionality of MB91F662. A mass
storage device (e.g. memory stick) can be connected to the starterkit’'s USB-Host connector and
access to the memory stick is shown by this sample program. The sample program shows the
implementation of a USB Mass Storage Class driver and gives an idea how to use the driver from
application software.

The software utilizes USB Host functionality of MB91F662 processor. The driver makes use of
the calls and interface provided by Thesycon’s™ Fujitsu USB Mini Host Application Package
“‘FUMA” that can be downloaded from the Thesycon’s website:

http://www.thesycon.de/eng/fuma.shtml

Also in this sample a FAT16 file system is used what can be downloaded from the developer’s
Website: http://elm-chan.org/fsw/ff/00index_e.html.

10.1  Overview of the sample program

The sample program uses USB Host functionality to get access to a mass storage device. The
pushbutton switches are used to make a file “fujitsu.txt” or folder “FUJITSU” on the connected
mass storage device and/or delete the created file or folder.

The 7-segment LED and LED D2, D3, D4, D5, D6 indicates the current system status. For more

detailed information about the different system status please see table 12.1.
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<Sample program target project>

sample_USB_mass_storage.abs - “sample_USB_mass_storage.prj” [Debug]

< Sample program execution procedures>

1. Set USB-switch (SW3) to “Host”

2. Connect the starter kit to the PC with the USB cable.
3. Reset starterkit

4. Run the USB mass storage sample program.

5. Plug the USB mass storage device (memory stick) to USB host connector

6. Use Pushbuttons for access to mass storage device.

CAUTION: Do not unplug the memory stick while monitor debugger is running.

5K WODED

Status indication 52 MODET
USB Switch set to “Host”
HUMIDITY

USB Host connector

@

STRAIN GAUGE

- @

VOLUME el PI P

Make file: fujitsu.txt
Delete folder: FUJITSU
Delete file: fujitsu.txt Make folder: FUJITSU

Figure 12.1-1 Operation and details of the USB mass storage sample program
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Part name Silk printing on board Description
7-segment LED 7SEG LED Gives Status information:
“Go”: System is working properly
“Er”: An error occured
LED D6 OFF = no error; ON = error
LED D2 ON = “Ready”
LED D3 ON = “Connected USB-device found”
LED D4 ON = “Mass storage initialized” '
LED D5 ON = “Current action finished” '
LED D2 ON = “Mass storage initialized failed” 2
LED D2 and D3 ON = “Device class not supported” ?
LED D2, D3 and D4 ON = “USB Hub not supported” *
Pushbutton SW P_SwW7 Make file “fujitsu.txt”
Pushbutton SW P_Sw8 Delete file “fujitsu.txt”
Pushbutton SW P_SwW9 Make folder “FUJITSU”
Pushbutton SW P_SW10 Delete folder “FUJITSU”
USB Host connector | USB HOST Connector to plug in the USB mass

storage device

! 7-segment = “Go” and D6 = OFF
% 7-segment = “Er” and D6 = ON

Table 12.1-1: Operation and details of the USB mass storage sample program
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10.2 Detailed sample program description

When the program has started properly D2 illuminates and indicates that the system is ready for
plugging in the mass storage device to the USB Host connector. After a memory stick was
plugged and was initialized properly D3 and D4 also illuminate.

Pressing the pushbutton SW7 makes the file “fujitsu.txt” on the memory stick. Pressing the
pushbutton SW9 makes the folder “FUJITSU”. The pushbuttons SW 8 and SW10 delete the file
or rather the folder. Aimost all memory sticks have an integrated LED which indicates if the stick
is busy or not. Please wait after the execution of a make- or delete-command until the process is
finished before you start the next access to the memory stick.

Before unplugging the memory stick please press pushbutton “DEBUG STOP” to break the
current debugging session. Then end the debugging session in Softune Workbench.

Now unplug the memory stick from SK-FR80-120PMC-USB and plug it to a USB port of a

computer to check if the file and/or folder were made correctly.

File Edit Wiew Favorites Tools  Help
Q=0 9 5 X9

Address |<= E:)

/ ) Search [{_" Folders

Folders ¥ || Mame = | Size | Type

(& Deskrop (C)FUIITSL File Folder

hrJ My Documents r;] Fuijitsu, bzt 1KE Text Docurent

= -j My Computer
ﬁ. 314 Floppy (A2
e HARDDISK-C (C))

s DVD Drive (D)

o

rable Disk (E:)

Figure 12.2-1 Mass storage device with created file and folder
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10.3 Additional option: Using terminal program for interaction

The sample program provides also the possibility to do user interaction via a terminal program
which is running on a computer (e.g. SKwizard which can be found on this CD). To make this
work the sample program uses a further USART I/F for communication.

To connect this USART I/F with a computer the user has to build up a simple circuit which
contains a true RS-232 transceiver (e.g. maxim MAX3232) for converting the voltage levels of a
computer COM-port to the MCU USART voltage levels and vice versa. The MCU USART-pins
SOUT1 and SIN1 are routed to Pin 9 and Pin 10 of the connector USER_CN on the starterkit.
Pin 9, Pin 10 and also Pin 1(GND) of connector USER_CN have to be connected to the
transceiver device. The transceiver is also connected to TXD and RXD of the COM-port.

Please see also the schematic of the starterkit and datasheet of the transceiver device for more

details.
33V USART I/F RS232 / COM port
GND
T RS232 Db
souT rue
/77 Transceiver RXD
SIN
USER CN

Figure 12.3-1 Principle circuit diagram for connecting the RS232 transceiver
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When the SK-FR80-120PMC-USB is connected properly to the computer, please start your
terminal program and do following settings: Number of COM-port which is connected to the
RS232 transceiver, 115.200 Baud and 8N1, then click the connect button.

Plug the mass storage device to USB Host connector of the starterkit and press reset - the

terminal program window will come up with the main menu which is shown in figure 12.3-2.

= . Starterkit Wizard ¥2.6 ] [
Mode Help

e o)
”E = g @ 0 @ | Plain Terminal =~ m
N~—"

———

Fujit=u Microelectronics GmbH — USB-Hos=t Mass Storage Demo.

TSE Library initialized. Plea=e connect USBE-Sticlk.

MATH MEHU

0. Format USB-Stick
1. .Read

2. . CreatesNrite

3. . Delete~sRenamne

4. Dirli=t

5. . Disk Space
6. . EXIT

|Connected | | | ﬂl%su‘ A

Figure 12.3-2 Terminal program after reset of SK-FR80-120PMC-USB

The sample program provides a menu-structure to do different operations on the mass storage
device. With the menu some more operations are possible than with the pushbuttons only. For
example the names of created folders or files can be chosen by the user and typed in by the

terminal program.
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Appendix
1 Creating projects/sample programs as new projects

This Appendix will explain the settings to be made in order to create and debug new projects
and sample programs using the monitor debugger. The "Sample_skeleton" project file supplied
with the sample programs will be used for this explanation.

1.1 Sample project configuration

The "Sample_skeleton" folder is configured as shown below.

Sample_skeleton

— Debug ABS sample_skeleton.abs
— sample_skeleton.dat — LST* sample_skeleton.bin
— sample_skeleton.prj — OBJ* sample_skeleton.mhx
—— start.prc — OPT*

— flash_erase_sec.bin — sample_skeleton.sup

— flash_write.bin

— FshLdWrt.prc

— startup.asm * Only files necessary for the explanation are shown here.
Files in the LST/OBJ/OPT folders have been omitted.

— Mon.h

L— main.c

Figure 1 File organization in the sample project
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Launch SOFTUNE WORKBENCH, then from "File" - "Open Workspace" select sample.wsp in

the sample folder, or drag and drop the sample.wsp file onto the SOFTUNE workspace.
Clicking the + button next to "sample_skeleton.abs" will reveal the registered files as shown

below. Right-click on sample_skeleton.abs and select "Set as Active Project".

g= SOFTUNE Workbench - sample - [main.c]
"1 File Edit View Project Debug Setup  Window  Help

Elslwldlo] 2 2lop =& =&
D@ % [|=e] 9|e| &6 =
212 22 22 2A 22

EI_E Workspace'sample' =
ﬁ io_mb91660.rel - "io_mba1660.pri" [Debug]
I8 sample_LED.ahs - "sample_LED. pri" [Debug)
Elﬁ sample_skeleton.abs - "sample_skeleto
-3 Source Files

main,

it [ startup.asm

[—]% Debug

...... M sample_skeleton,sup
..... B3 io_mb91660.pr

(Rl s TS P T~ - B

e tad N I [y IRV ) P S |

1.2  Explanation of the program

(1) startup.asm

This program contains code to set the stack pointer, define memory allocation, and initialize the

data area. (These parts of the code do not require changes and should be used as is.)
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(2) main.c

The user program executes from the main () function.

Type your program from the line after the comment /* user program */.

Do not delete the code for internal FLASH memory access or the interrupt settings.

28
29
30
31

33
34
3h
36
37
38
349
40
41
42
43
44
45
46
47
48
44
all]
b1

SRR R R OO RO RO KRR ROCRRORE /|
/% Main Routine x|
RO R RO RO O R ROKOR R /|
vaid main(vaid)

321

-

>

*
—

P
-

B onhe, B TR b BEOW TR Uhe B8 TR b B

=

67
B8
B9
70

i

12
73
4
75
76
X
78

Seepeex Flash access wait setting e/
[0_FCTLR.bit.FWC = 1;4 Set Flash wait

Aeeeek Interrupt Set soerrk/),

_set_i [ {0x1F); /% ILM = 37 %/
« 3]

/% user program %/

Set CPU interrupt servicing

e

(0 /% Interrupt erable *fi level/ enable interrupt

} User program goes here

Thile(1){¢

_wait_noe();
_wait_rop();
_wait_noe();
_wait_rop();
_wait_noe();

/% Rezet Vector Table */
RO OO RO R

extern

Brragma
kpragma
Bprazma
kpragma
kpragma
Horazma
Horagma

_interrupt wvoid _start (vaid) ;|

zection [NTYECT,attr=CONST, |ocate=0x80000
intvect _start 0

intvect DBGLH™ 0x09

intvect STR_H™ 0x0C

intvect ABT_H" 0x0F monitor program
intvect ABT_H™ 0x13

defvect dumms

Interrupt vector definitions for
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The monitor program is designed to allow communications with the PC at a peripheral clock
speed of 32 MHz.

Two header files are defined at the beginning of the program.
_fr.h defines the 1/O registers for MB91F662.

(For details, refer to "ioregj.txt" in the sample program folder "IOH_MB91660_V01L02".)
mon.h is required to use the monitor program.

Interrupt vector definitions used by the monitor program are defined at the end of main.c. Do

not delete these definitions.

(3) FshLdWrt.prc / flash_write.bin / flash_erase_sec.bin
Files with the .prc extension are referred to as "procedure files (or batch files)".

These files can be invoked as "commands" while SOFTUNE is running.

FshLdWrt.prc is the command file for writing files created in SOFTUNE to the MB91F662
FLASH memory.
This file executes the flash_erase_sec.bin (FLASH sector erase command) and flash_write.bin

(FLASH write command) programs.

This file can be used without any modification for programs created using the
"sample_skeleton" project. (Note, the DATA_SIZE (*1) must be changed if the data size exceeds,
0x00004000.)

If you create a new workspace or project, the code indicated in italics (red) must be edited.

(All lines after the # are treated as comments.)

#
#

set variable WRITE_SIZE = 0x00008000 # Data size to be written to FLASH
set variable DATA_SIZE = 0x00004000 #data size to initialize in FLASH (*1)

(Erases the sector that includes this range.)
set variable WRITE_ADR = 0x00080000 #Starting address in FLASH memory to write to

#Write data

set variable DATA_FILE = Debug¥ABS¥sample_skeleton.bin #Specify using relative path
(*2)

(- omitted -)

= load/debug Debug¥ABS¥sample_skeleton.abs #Specify using relative path (*2)

#

(*1) Must be changed if the data size exceeds, 0x00004000.

(*2) Change to name of program you are creating.
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(Project file name).abs will be generated after the make/build process.
The (project file name).bin file will be created from the mhx file using the converter program,

which in turn, will be created from the abs file. (This process will be described later)

This instruction in the FshLdWrt.prc file specifies the offset address of the user interrupt vector

area. Specify the same address as the starting address for the interrupt vector defined in main.c.

#

"

set register TBR = 0x00080000

#

i

1.3 SOFTUNE settings
This section explains the settings that must be made to use the monitor debugger on
SOFTUNE.
(1) Project settings
From the menu, select "Project" - "Project settings" to call up the project settings window. The

settings necessary for each tab will be explained.

(1)-1  "C/C++ compiler" tab
Select the "C/C++ compiler” tab and add the relative patch to the I/O register definition files in the

"Include path" category.

=
e st General | MCU  E/C++ Compiler |Assembler| Linker | L4] »
Debug j Categony: Ilnclude Path 'I Carnmat Dptionl
ﬂ io_mb31EED. pri
. sample_LED.prj
e Include Path:
sample_USE.prj |..\|DH_MBS1 ERO_01L02 _J

zample_hurnidity. prj
+ - sample_FRAM_SPLpr
- I8 sample_strain_gauge. pri

Include Path List: Add | Deletel (] e} | Downl

_AOH _MEBS1660 WO1L02

Optian:

3 =

W
| " \IOH_MBS1860_v01L02"
00 =~

ok I Cancel I Apply |

(1)-2 "Linker" tab

In the [Deployment/Link] category, press the "Section settings" button. The window shown in the
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figure will appear. In "/ROM/RAM area" select " _INROMO01", and in section name specify "@INIT".

Then select "const" for the content type and press the "Set" button.

This area is where initial values for the variables with initial values (INIT area) will be located.

Setup Project n

Target of setting:

Debug

H

ﬂ io_mbS1E60.prj

B sample_humidity. pri
& sample_FR&M_SPpri
B sample_strain_gauge.pr

Genelall MCU I C/C++ Eompilerl #ssembler  Linker IL‘ | L4

Categarny: I Dizposition/Connection j

Auta Digposition: IMode 2 j

‘HDMHHAMAreaList: Set.. | Delete| Up | Do |

ROMW/RAN Ar... | Svart &... | End Add... | area... |
_INRaMO1 00024000 000ZDFFT RAM

_ INROMOL ooos0000 OO0OFDFFE ROM

X

The Dizposition/Connection option iz re€et | Set Section...

ml when a ROM/RaAM area iz specified bepond the intemal
ROM/RAM range, the warning is issued.

I When sections are arranged bepond the range that the
ROM/RAM areais geetos b ot o =

Setup Section |

Option;:

:E\L2 ROM Rk Area Mame: I_INF!DMD'I j
-1a _|NRAMOT =0x0002

10 INROMOT=00006 ¢ ooy |@|N|T Set
Address: I
Contents Tupe: IEDnst j

Section Mame List:

Delete

Up |
Down |

ok I Cancel |
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(1)-3 "Converter" tab
Place a check in the "Launch load module converter", and specify "Motorola S format (f2ms)"
as the conversion format. This setting will automatically generate an mhx file from the abs file

every time the make/build command is executed. (The mhx file is created inside the ABS folder.)

x
Target of setting: Assemblerl Linkerl Librarian  Converter | Debugl 4 I 'l
Debug j W Aheolute module coreeerter iz stared
B io_mbI1860.prj Output Data Format: IMotoroIa S format [f2ms) j

[T Outputs start message W Control of default aption file
[~ Adiust 7| Start address recordioutput
B sample_hurnidity. pri _ Clutput file: format; INone j
: E samp:e_FtH.é.«M_SPl.pn . Adjust format
W& sample_strain_gauge. pri Dbt e &
Padding dater HFF Eherge. |
Other Option:
=
[
Option:
dof i’
-CWNO
-0 "D:AD ocumnents and
Settingshddministrator\Desktophsample_program'sample_ LI
0K I Cancel | Ftuju 1] |

(2) Customize build settings

From the menu, select "Project" - "Customize build" to call up the window shown in the figure.

Setup Customize Build )| I

Target of getting:

X

&

I zample_skeleton.prj

| | | | itle: MZBS
TrecMiew: 1| % |4+ | Tile:
1@l Assarbler Execute Filename: E:\SofluneE\BirT\MEB Browse... |
(23 Compiler Option: % mhs -0 % bin 1an j
12 Linker Executing Directorny: #ZhDebughaBS e |
& 2 Librarian
E1EH Corwerter
: v Enabl
(&) Before ¥ Enable
E-@ After [~ Designate additional aption when executing
-8 I Use autput window
Contents of the temporary file:
=
Export... Reset

o]

Cancel |

From the "Converter" folder in the tree view, select "After" and click the icon next to "New file".
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Enter the name as shown below.

Title: M2BS (Any name may be specified)

Execution file name: C:¥Softune6¥Bin¥M2BS.EXE

Options: %X.mhx -0 %X.bin -ran 0x00080000, 0x000FCO000
Working directory: %x¥Debug¥ABS

After entering the above, click "OK" to save these settings.
These settings will convert the mhx file to a bin file. This file is written to the MB91F662 FLASH
memory using the FshLdWrt.prc file. (By registering this file in the customize build settings, the

bin file conversion is made each time the make/build command is executed.)
(3) Setup file
The setup file (extension sup) is located in the "Debug" folder of the SOFTUNE tree window. This

file must be configured before starting debugging.

Refer to Chapter 3, Section 3.2 for configuration instructions.
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(4) Customize bar
After starting debugging on SOFTUNE, click "View" - "Customize bar" and specify "start.prc".
You can either type "start.prc” in the "Entry" box, or specify the file by clicking the button to the

right of the text box. Click "Add" to register the prc file to the corresponding number.

51
File List:
Mu.. | Enty *
1 start.pro
2
3
. L
5
3 -
ks
1| | _’I_I
Mumber: I‘I ]' Up
Kind: Batch File ¥ Down
Entry: Istalt.prc Browsze...
_I Add
Batch File
Parameter: I &I
I Parameter Setting Dialog: i
™ lconic:

This will enable the customize bar icon for the registered number. Pressing the button will
execute the prc file.
Executing start.prc returns the PC to the starting address of the program.

(Note that this only returns the PC to the start address. It does not reset the devices.)
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2 Verifying COM ports

This Section will explain how to verify the COM ports allocated on your PC.

2.1 For Windows XP
Right-click "My Computer" and then select "Properties". In the "System properties" window,

select the "Hardware" tab and click the button "Device Manager".

System Properties ] e 4

System Restore I Automatic pdates | Remate
General I Computer Mame Hardware | Advanced
—Add Hardware ‘Wizard

% The Add Hardware YWizard helpz you inzstall hardware.

Add Hardware 'Wizard

— Device Manager

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

Diriver Signing d,D evice Manager | )
\

— Hardware Profiles

Hardware profiles provide a way for you to zet up and store
different hardware configurations.

Hardware Profiles |

b
(] I Cancel | Spply |

In the device manager window, expand the "Ports (COM and LPT)" to see its contents.
Verify the number denoted by the ** in "USB Serial Port (COM**)".
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Device Manager

File  Action  Wiew Help

=101 x|

- @ FS 2 a=ma

[ i DYDYCD-ROM drives

ﬁ Floppy disk drives
[#-4= IDE ATAJATART controllers

<2z Keyboards

7y Mice and other pointing devices
§ Maonitars

HE Network adapters

- Ports (COM & LPT)

“_lf Carmmunications Port {COM1)
l EC o ' = Pn ]

C ¥ USE Serial Port(COM2)
i@, Sound, wideo and game controllers
H--=ge Storage volumes

f-- o System devices
- Universal Serial Bus contrallers

T [ [T

In this example, the COM port is assigned
to "COM2".
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3 Installation and usage of the PC writer

This starter kit is shipped with the monitor program written in the FLASH area of the
microcontroller. The monitor program must be running in order to connect to SOFTUNE, and to
use the continuous run and stop functions. If for some reason the monitor program fails to
operate correctly, the PC Writer must be used to rewrite it to the memory. We will use the PC

Writer to write the monitor program to the FLASH memory of the microcontroller.
The procedures for installing the PC writer are explained below.

Double-click "MB91F662_setup.exe" to launch the installer.

Welcome to the InstallShield Wizard for
FUJITSU FLASH MCU Programmer for FR bits
pot MBY1F662

The InstallShield{R) Wizard will install FUJITSI) FLASH ML
Programmer For FR bits pok MES1F&5Z on your computer. To
continue, click Next,

= Back ‘W' Zancel

Click "Next".
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i'-e!:“ FUJITSU FLASH MCU Programmer for FR bits pot MB91F66Z -~ Instal

Setup Type

Zhoose the setup bype that best suits vour needs,

Plzase select a setup kvpe,

{* Complete

B Al program Features will be installed. (Requires the most disk
space. )

{” Custom

Choose which program features you want installed and where they
will be installed. Recornmended For advanced users,

Installshield
= =

< Back 1“ Cancel

Click "Next".

i'-e!:“ FUJITSU FLASH MCU Programmer for FR bits pot MB91F66Z -~ Instal

Ready to Install the Program

The wizard is ready to begin installation,

Click. Install ko begin the installation.

If wou wank ko review or change any of wour installation settings, click Back. Click Cancel to
exit the wizard,

Installshield

< Back Zancel

Click "Install".
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i FUJITSU FLASH MCU Programmer for FR bits pot MB91F&E

Installing FUJITSU FLASH MCU Programmer for FR bits pot MB91F662

The program Features vou selected are being installed.

I Please wait while the InstallShield Wizard installs FLIITSU FLASH RCL
Programmer for FR bits pot MES1F&6Z, This may take several minutes,

Skatus:

Installshield

Wait for the installation to complete.

The InstallShield Wizard has successfully installed FLIITSU
FLASH MCU Programmer For FR bits pot MES1FE6Z, Click Finish
ko exit the wizard.

Click the "Finish" button to complete the installation of the PC writer.
After installing the PC writer, check the switch settings on the board before launching the

software.
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(2) Set MODEO to "PROG".
(1) Set to "USB Mini-B". (3) MODE1 to "Debug’.

BUZZER

)

1 MODED

ot :
(4) Set to "FUNC". - o B
il l

SEGLED  LED  iniTy
NBO1F 6

L

L
RESET DEBUG STOP

USB FLINC

ME42M131

o o] (@ (o]

PSHT P.SHE P SHS P SHIO

=
(2]
[
X
o
(2]
=)

oo
TRAIN GALGE

TR
= IR

135

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/2881892/SK-FR80-120PMC-USB.html

[e®)
FUJITSU

After setting the switches on the board, connect the PC and board using the USB B to Mini-B
cable supplied with the starter kit.

4 WD

L)

K2 NODE 1

el

o
=
=
b
=
=
[==]
)
=]
=
i
s

TSEG LED Y HUMIDITY
MEHFE62

42N

Do not connect the cable to z
"USB FUNC" or "USB | t

HOST". L [e] p

=-]qﬂ1§

P_SHT P_SNE PSND P_SHID
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After setting the switches on the board and connecting to the PC, launch PC Writer from the

Windows Start menu.

¢ Microcontroller with Flash Memory Programmer |Z||E|r>__(|

Target Microcontroller

Crystal Frequency

Hex Filz

Command to COM3

MBI1 FaAZ
Start Address 080000H
|4MHz |
End Address OFFFFFH
| Qpen .
Flazh Memory Size | 080000H
Option
Full Operation{D+E+B+P) ‘ Set Environment |) Help
e ——

Download |

 FR

(<8
bits pot FU][TSU

MBI FEG2

Click the "Set Environment" button and select the COM port being used. Refer to Appendix
12.1 to verify the COM port.

EHEE X]

COM PORT lSuund | Tooltips |
CoM PORT SELECT

GO - comMn

(a } " ComM2

' " COM13

- " COnM14

i " COM1E

' " COMIG

- " ComMT

' " COM1E

- " COwM19

.~ " COmM20
—

< ok ) Fet

Select the COM port and click "OK" to close the Environment Settings window.
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¢ Microcontroller with Flash Memory Programmer

M B3I1 FEG2

Tareet Microcontroller

|4 MHz -]

Fimme > o

Crystal Frequency

Hex Filz

Command to COM3

Full Operation{D+E+E+P3 ‘

Diownload | ‘ |

SIS

Start Address Q2000o0H

End Address OFFFFFH

Flazh Memory Size | 080000H

Qption

Set Environment | Help ‘
FR

hits pot FU]ITSU
MBOTFEG2

Click "Open", or drag and drop the file from Explorer onto the GUI to specify the file to write.

The monitor program file is "monitor.mhx (*)".

(*) bits_pot_black/monitor/monitor.mhx

¢ Microcontroller with Flash Memory Programmer

Target Microcontroller

|4MHz

[

|m|:|nit|:|r.mhx Qpen

Crystal Frequency

Hex Filz

Command to COM3

FEull OperationD+E+E+P3

R ——

Download | ‘ |

Start Address 0g0000H

End Address OFFFFFH

Flazh Memory Size | 080000H

Cption

Set Environment | Help ‘
FR

bitz pot FU]ITSU
MBI FE62

Click "Full Operation (D+E+B+P)".
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When the following window appears, press the reset button on the board, and then click OK on

the screen.

Please reset the microcontroller on userboard.
Then push OF button.

ol

A7)

After pressing the reset
button on the board, click

. "OK" on the PC application. —

STOF

o WED
O

K2 NODE'

hC°=" DEBLUG

‘ nnn
TEEG LED  LED piwippry

NEO1F&E62

B4 31

W T

oo
THAIN GALIG
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Wait for the monitor program to finish writing to the microcontroller FLASH memory.

11 £ 39

Full Dperation - Erasing

Writing to FLASH is complete when the message "Full Operation OK!" appears.
Click "OK" to close the window.

1024 / 1024
1)  Full Operation OK!
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4 Monitor debugger
4.1  Explanation of the monitor debugger

Microcontrollers are usually made available as an evaluation device for program development
and test evaluation (debugging), and as a production device. The evaluation device connects to
the PC via an ICE (in-circuit emulator) that allows program development and debugging using
SOFTUNE on the PC. The ICE and evaluation device are equipped with debug-specific
functions.

On the other hand, the monitor debugger allows program development and debugging on the
production device. Monitor debugger is equipped with a minimum set of functions for debugging.
The user may use other additional functions for debugging as well. Although the monitor
debugger has limited functionality compared to debugging with an ICE, it is sufficient for program
development and debugging of small programs. The monitor debugger also allows program

development and debugging without the dedicated ICE hardware.
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4.2 Resources used by monitor debugger

The resources used by the monitor debugger on this starter kit are listed in the following Table.

Resource Condition Remarks

RAM Approximately 8 Kbytes
0x3E000 to Ox3FFFF

FlashROM Approximately 8 Kbytes Monitor vector table is placed at
OxFEOO0O to OXFFFFF OxFFCOO0 to OXFFFFF

Multifunction chO0

serial I/F

Wild register 0to 16 ch Software break function

Reload timer ch2 Time measurement function

I/O port External interrupts: Forced break function

ch30 (INT30) *

General-purpose I/O port: P63 Auto-boot function

Interrupt INT9 Defines software break handler *1
(INTE command element) (dbg_h)
INT12 Defines the step trace trap handler *2
(Step trace trap element) (str_h)
External interrupt number for Defines forced break handler *3 (abt_h)
forced break Not necessary if not implementing the

force break function

* External interrupt: External interrupt channels 24 to 29, and 31 (INT24 to 29, 31) that share

the interrupt vector for ch30 (INT30) cannot be used as interrupts.
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4.3 Memory map with monitor debugger installed

The figure below shows the memory map when the monitor debugger is installed on this starter

kit.

addrezz

0024 0aao

FFFF_FFFF
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IJSER. area
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FEZErYE

External buz area

143

Built-in RAM
(48Kbyte)

Built —in ROM
(512Kbyte)


http://elcodis.com/parts/2881892/SK-FR80-120PMC-USB.html

[e®)
FUJITSU

4.4  Monitor debugger limitations
The monitor debugger provided on this starter kit is functionally limited compared to an ICE as

listed below.

- "Program stop", "Reset" must be done by pressing the switch on the board.
(This cannot be controlled from SOFTUNE on the PC.)

- The operating clock for the CPU must not be changed as the monitor debugger program
performs data communications internally with the PC using asynchronous communications.
(This does not apply when checking the operation of a completed program.)

- The resources used by the monitor debugger cannot be used by the user.

(Refer to Appendix 4.2 for resources used by the monitor debugger.)

- Monitor debugger uses the following memory area. User programs cannot use this area.

RAM: 0x3E000 to Ox3FFFF, ROM: 0xFEOOO to OxFFFFF
(Refer to Appendix 4.3 for the memory map when the monitor debugger is installed.)

- Default interrupt vector area (TBR: OxFFCO00) is used by the monitor debugger. This area
cannot be overwritten when loading the monitor debugger. Therefore, the TBR is set to
0x80000 when monitor debugger launches.

- Only 16 break points (code breaks) are allowed.

- Monitor debugger uses user interrupts for the break function, communication functions, etc.
To use these interrupts in the user program, the interrupt vector addresses must be defined
outside of the monitor debugger.

Changing interrupt levels and enabling/disabling settings for interrupts in the user program
may disable certain monitor debugger functions.

- Do not press the Reset button on the board when launching the debugger.

- Do not press the Reset button on the board during continuous execution.

144

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/2881892/SK-FR80-120PMC-USB.html

[e®)
FUJITSU

4.5 Stand-alone operation of the sample program

The starter kit can run sample programs without launching the debugger.

To run a program stand-alone, follow these procedures.

1. Make sure the program operates normally using monitor debugger.

2. Stop the monitor debugger
Change the microcontroller operation mode switch settings on the board from debug mode
to stand-alone mode. (See figure below)

4. Supply power to the board and press the Reset button to run the program.

MODEO: RUN
MODE1: Stand-alone

BUZZER

T

RESET DEBLN =

TEEG LED  LED iy
NEQIFEE2

W42

STRAIN GALGE

(This example shows the connection for supplying USB bus power via the USB Mini-B cable.)

Figure Settings to run programs stand-alone
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