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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and morereliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as a reference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs, agorithms,
or circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or all of the information contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as a total system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproducein
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under alicense from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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APPLICATION NOTE

Control of aBrushless DC Motor (H8/3687)

Introduction
The H8/3687 is used to control abrushless DC motor in the way shownin Figure 1.1.

Target Device
H8/300H Tiny Series H8/3687
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Cautions

1

7.

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent, copyright,
trademark, or other intellectual property rights for information contained in this document. Hitachi bears no
responsibility for problems that may arise with third party’ s rights, including intellectual property rights, in
connection with use of the information contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you have received the
latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However, contact Hitachi’s
sales office before using the product in an application that demands especially high quality and reliability or where
its failure or malfunction may directly threaten human life or cause risk of bodily injury, such as aerospace,
aeronautics, nuclear power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly for
maximum rating, operating supply voltage range, heat radiation characteristics, installation conditions and other
characteristics. Hitachi bears no responsibility for failure or damage when used beyond the guaranteed ranges. Even
within the guaranteed ranges, consider normally foreseeable failure rates or failure modes in semiconductor devices
and employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi product does not cause
bodily injury, fire or other consequential damage due to operation of the Hitachi product.

This product is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without written
approval from Hitachi.

Contact Hitachi’ s sales office for any questions regarding this document or Hitachi semiconductor products.

Copyright O Hitachi, Ltd., 2003. All rights reserved.
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1. Specifications

1. The H8/3687 isused to control a brushless DC motor in the way shown in Figure 1.1.

2. The H8/3687 detects signals that indicate the positions of the rotor's magnetic poles and operates the motor by
producing six PWM waveforms that provide control of the rotating magnetic field according to the positional signals
from the motor. The PWM signals are output through an /O port and timer Z.

3. The H8/3687's built-in timer generates a PWM waveform that handles chopping control for the motor.

H8/3687
FTIOA1 Indicators of rotor position
FTIOB1
FTIOC1

IRQO Abnormal-state detection

C

P50 Six-phase output U

FTIOBO U

P51 \% Motor driver
and inverter BLM

FTIOCO \Y

P52

FTIODO

Note:
BLM : Brushless DC motor (120-degree type)
U : U phase
_u : U phase
\Y 1V phase
Vv :V phase
w :W phase
W : W phase
FTIOCA  :Input-capture pin A
FTIOCB :Input-capture pin B
FTIOCC :Input-capture pin C
IRQO 1 1IRQO pin (input)
TMOV : Output pin for timer V waveform
P50 to P52: Port pins P50 to P52 (outputs)

Figure1.1 Set-up for Controlling a Brushless DC Motor

Feb. 2003
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2. Design

1. The PWM waveforms for motor control are generated by timer Z and output through I/O-port and timer Z pins.

2. Intheinitia stage of the motor's operation, the motor is started by sequential switching of the excited phase on a
constant cycle and outputs the control signals from the port and timer Z.

3. After switching the excited phase 12 times, control by the CPU shifts to the procedure where control of the motor is
based on the rotor-positional signals from the motor.

4. The positional signals from the motor are taken in through the input-capture terminals of timer Z (CHO) and drive the
generation of interrupts.

5. Theseinterrupts drive switching to produce a rotating magnetic field and control phase excitation through chopping.

3. Description of Functions Used

1. Asshownin Figure 3.1, timer Z (input capture/output comparison), an I/O port (Port 5) and the IRQ (external
interrupt) perform the functions required to control the motor.

Input of rotor-positional signal

Output comparison FTIOA1 FTIOB1 FTIOC1

Input capture function

I
! Timer Z '
' 1
E Generate a constant cycle Generate input-capture 1
! to switch the rotating interrupts on the rising/falling E
! magnetic-field until the edges of the rotor-positional '
\ motor makes 2 rotations. signal. !

P50

. FTIOBO

Six-phase ‘: Pol P50§)P52 e CPU

output ' :
FTIOCO . :

<—E— Timer Z H8/3687 !

| P52 /] Six-phase output data '

-« | FTIODO \I Set the duty cycle for the chopping !

waveform, calculating the next
value from the current motor
! frequency and carrier cycle.

Detect input edges of the .

Abnormal-state- | abnormal-state-detected signal

detected | IRQO IRQO € :
signal input —E—' External interrupt from the motor driver. |
I function

"""""""""""""""""""""""" H8/3687Functions "=~ TT 7Tttt oTToTToomooooooommomoos

Figure3.1 Block Diagram of the Configuration for Controlling a Brushless DC Motor
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The tasks performed by the H8/3687 functional blocks are outlined below.

O

0

Timer Z (CH1) input capture: generates an interrupt request for the CPU on the rising and falling edges of the
rotor-positional signal.

Timer Z (CH1) output-comparison: generates an interrupt request for the CPU at the end of each magnetic-field
rotation switching cycle (period that corresponds to 60 degrees at a given motor rotation frequency) until the
motor has made two rotations.

Timer Z (CHO) PWM-maode function: Chopping waveform is generated to perform chopping-control when the
driver transistor turns on, and the data for the three negative-phase signalsis output to the driver from pins
FTIOCBO-FTIOCDO.

Port 5 function: Outputs the data for the three positive phasesto the driver.

IRQ external interrupt function: Stops the motor on detection of the abnormal -state-detected signal from the
driver.

2. Detailed descriptions of the individual functions used are given in the following pages.
1) Two functions of Timer Z (CH1) are used: input capture, to generate interrupts in response to the rising and

falling edges of the rotor-positional signal, and output comparison, to measure the magnetic-field rotation
switching cyclein theinitial stage of motor control.

The following functions are used in both the input capture and the output—comparison function of timer Z.

O
0

The system clock (¢) isthe 16-MHz standard clock that drives the CPU and peripheral functions.

Timer Counter 0/1 (TCNTO/1) of timer Z is a 16-bit readable/writable up-counter, the clock source can be
selected from among atotal of five signals: the four obtained by dividing the system clock signal by 1, 2, 4, or 8,
and an external clock. Theinput clock of TCNT1 isset by TCRT1. In thissampletask, the system clock @is
selected.

Timer Control Register 0/1 (TCRO0/1) is an 8-bit readable/writable register used to select the factor that drives
clearing of timer counter 0/1, the sense of the driving edge when an external clock is selected, and the clock that
drives counting by timer counter 1.

Timer 1/0O Control Register 0/1 (TIOR0/1) is an 8-hit readabl e/writable register that controls the general register
(GR) of general timer Z. When operation as an output-comparison register is selected, the value that is output on
acompare match is to be specified. When operation as an input-capture register is selected, the input edgeisto
be specified.

Timer Status Register 0/1 (TSR0/1) is an 8-hit readable/writable register that indicates the states of the input-
capture and output-comparison register and overflow of the timer.

PWM Mode Output Level Control Register (POCR) is an 8-bit readable/writable register that is used to select the
active level for the PWM mode. In this sample task, active-high is selected as the active output level for
FTIOB1-FTIOD1.

Timer PWM Mode Register (TPMR) is an 8-bit readable/writable register that selects the operating mode
(normal or PWM), in the output of a waveform generated by compare-matching on FTIOB — FTIOD. In this
sample task, FTIOBO — FTIODO are placed in the PWM mode.

Timer Output Enable Register (TOER) is an 8-bit readable/writable register that is used to enable and disable
output through channel 0 and 1. In this sample task, FTIOBO - FTIODO are set as output pins.

Timer Output Control Register (TOCR) is an 8-hit readable/writable register that is used to set up initial outputs
that are valid until the first compare-match occurs. In this sample task, the FTIOBO — FTIODO pins are set to
output "0".

Feb. 2003
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O Timer Interrupt Enable Register (TIER), an 8-hit readable/writable register, controls enabling/disabling of each of
the interrupt-request signals IMFA to IMFD and OVF. In this sample task, an interrupt request (IMIAL) by
IMFALlisenabled.

O Timer Start Register (TSTR) of timer Z is an 8-bit readable/writable register that starts/stops the counter
operation for channels0 and 1. In this sample task, thisregister starts counting by TCNTO/1.

2) Timer Z (CH1) input capture function provides away to generate interrupts on detecting therising and falling
edges of the rotor-positional signal. Figure 3.2 isablock diagram of how the input-capture function is used to

generate interrupt requests in response to edges of the rotor-positional signal.

O Therotor-positional signal isinput through input-capture pins A, B, and C (FTIOAL, FTIOBL, FTIOC1).

O Input captureregisters A, B, and C (GRA1, GRB1, GRC1) are 16-bit readable/writable registers. When an edge
is detected ininput signal A, B or C, respectively, the value of TCNT1 istransferred to GRA1, GRB1 or GRCL,
and IMFAL, IMFB1 or IMFC1 of TSR1issetto"1". In thiscase, when the value of the corresponding IMIAE,

IMIBE or IMICE bitin TIER is"1", an interrupt request is sent to the CPU.

Rotor-position :
\

—_—
T

signal

Rotor-position E

signal

Rotor-position E

_
T

signal

External ' E TS ol <! o
clock — T B P

System ___1 1]

clock (@)

Input-capture pin A
(FTIOAL)

Timer Z input capture function

Input-capture pin B
(FTIOB1)

Input-capture pin C
(FTIOC1)

Input-capture
register A
(GRA1)

Interrupt request :
by IMFAL :

- TCNT1 input-clock-source selection

TCNT input clock

Selector

FTIOA1 Storage of the value
Input edge in the timer-counter,
detection TCNT1 at edge detection.
FTIOB1 Storage of the value
Input edge in the timer-counter,
detection Input capture | TCNT1 at edge detection.
control
FTIOC1 Storage of the value
Input edge in the timer-counter,
detection TCNT1 at edge detection.
TCNT1 Selection of edge sence for
value the input-capture signals

Input-capture
register B
(GRB1)

Interrupt request i

by IMFB1

Timer counterl

Prescaler S
(PSS)

(TCNT1)

Timer control

Selection of TCNT1
input clock source

register 1 |
(TCR1) '

Input-capture
register C
(GRC1)

Interrupt request

by IMFC1 :

Timer Z interrupt ---3

Timer status

register 1

(TSR1)

|
o
[
=

=

IMFA1
IMFC1

Timer interrupt
enable registerl
(TIER1)

......................

Interrupt request

Figure3.2 Block Diagram of Interrupt Generation by the Input-Capture Function in Response to Edges of the

Rotor-Positional Signal
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3) Thetimer Z (CH1) output-comparison function is used to issue an interrupt request for the CPU at the end of
every magnetic-field rotation switching cycle (i.e., at the intervals that correspond to 60 degrees at the motor's
frequency of rotation) until the motor has gone through ten rotation. Figure 3.3 is ablock diagram of the control
of these interrupt requests by timer Z's output-comparison function. The operation of the blocks is described

below.

O Output—compareregister A1 (GRA1) is a 16-hit readable/writable register. The content of GRA1 is constantly
compared with TCNT1. When the two values match, IMFAL1in TSR1issetto"1". Inthiscase, if the OCIAE
bit of TIER is set to "1", an interrupt request is sent to the CPU.

1 r--- Selection of TCNT1 Input clock source

TCNT1 input clock

| -

Timer counterl

E | Selector
External ! I a6 <1 o
clock : - Sl B B =

L Prescaler S
System " (PSS)
clock(gp)

(TCNT1)

Output-compare
register Al
(GRA1)

l GRAL setting |

value

Compartor

Timer control

Selection of TCNT1
input clock source

register 1
(TCR1)

'
=
3
@
2
N
5
3
@
I
3
c

S
=4
o
]
=1
=3
=X

'

Interrupt request

by IMFA1

Timer status

Cycle setting  ----

register 1
(TSR1)

IMIED1

Timer interrupt
enable register 1
(TIER1)

Timer Z Interrupt request

Figure 3.3 Block Diagram of Interrupt Generation Per Magnetic-Field Switching Cycle by Timer Z's Output-

Comparison Function

4) Timer Z (CHO) is placed in PWM mode and its compare—match function is used to generate the chopping
waveform for output on the FTIOBO to FTIODO pins. Figure 3.4 isablock diagram of the control of chopping-
waveform output by timer Z's compare-match function in PWM mode. The operation of the blocks is described

below.

O Timer Counter O (TCNTO), a 16-bit readable/writable up-counter, isincremented by either an internal or external
clock input. The clock-source selection is made in bits TPSC2 to TPSCO of the TCRO register. Thevaluein
TCNTO is always readable/writable from the CPU, and is cleared by the input of an external reset signal or by
compare-match signal (GRAO, GRBO, GRCO, or GRDO0). The clearing signal is selected by bits CCLR2 to

CCLRO of TSRO.

O Genera Register (GRADO) is an 8-hit readable/writable register. The valuein GRAO is constantly compared with
TCNTO, and when the values match, IMIFA of TSR isset to "1". When IMIEA of TIEROis"1", an interrupt
request is sent to the CPU.

Feb. 2003
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O Timer Control Register 0 (TCRO), an 8-hit readable/writable register, is used to select the input clock, designate
the signal that clears the TCNTO and enable interrupt requests. In this sample task, interrupt requests by IMFA
are enabled and other interrupt requests are disabled. Compare—match IMFA is selected to drive the clearing of
TCNTO. Theinput clock source for TCNT1 is selected by the TPSC2 to TPSCO bits of TCR1.

O Timer Status Register 0 (TSRO0), an 8-hit register, is used to set the compare—-match flag and control output in
response to a compare-match. In this sample task, output of "0" is selected for compare-match B and output of
"1" is selected for compare-match A.

O Timer PWM Mode Register (TPMR) is an 8-bit readable/writable register that is used to select compare-match
output as the operating mode of the ... pins (FTIOBO to FTIODO and FTIOB1 to FTIOD1).

O Timer Output Master Enable Register (TOER) is an 8-bit readable/writable register used to enable/disable the

output setting of channels 0 and 1.

O Timer Output Control Register (TOCR) is an 8-bit readable/writable register used to set theinitial output until the
first compare-match occurs.

O The chopping waveform is output by timer Z (CHO) output pins (FTIOBO, FTIOCO and FTIODO).

External
clock

System

clock (@)

—

Prescaler S
(PSS)

92, ¢4
o8

Selection of

)

clock source

Selection of input
clock source for

TCNTO input !
clock

(GRAO: peiod,

Duty-cycle setting

Timer Z PWM-mode compare-match function

GRBO: duty cycle)

General
register BO '
. (GRBO0) H

Duty cycle setting

TCNTO counter value

Compare-match B .
0 . Timer output

| enable register

Chopping
waveform output

Timer FTIOBO i
! output pin
! (FTIOBO)

i Chopping b

' waveform H

(TOER)

i 1

FTIOBO pin

request by IMIEA.

[ TCNTO H Timer counter O output control E E
! Timer control i (TCNTO) : Ti at ist, L
! : ! ' imer status register Lo
. register 0 ! TCNTO counter value $———* TSR 9 Lo
(TCRO) T -~ (TSR) b
L] TN medtclock source settng | [ Comparator _}—— ! ] o
. — i E ) Compare-match A E Timer output control v
v Timer interrupt ' ' Cycle setting . register v
o enable register 0 X , ! ' (TOCR) v
b (TIERO) ! : ' ' o
P Clear TCNTO : General e Output contrel-- - - - - b
[ on compare-match A ' ' re%iirvo i Y ¥ i
b L Clear TCNTO , ( ) ! Interrupt request 1
[ |_Clear|ng control | T ' ) | |
. Compare-match A1 [ "7~ Cycle setting ------ Enable contro '
- ' interrupt ,

Interrupt request by IMIFA

Figure3.4 Block Diagram of Chopping Waveform Output Using the PWM-M ode Compar e-M atch Function of
Timer Z (CHO)
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5) Port 5 function is used as the output for the positive-phase components of the six-phase output. It is also used as

an input to detect the state of the motor-stop switch. Figure 3.5 isablock diagram of six-phase output and
detection of the motor stop signal by port 5. The functions of the blocks are described below.

O Port 50 pin (P50) functions as the output pin for the U phase of the motor driver.

O Port 51 pin (P51) functions as the output pin for the V phase of the motor driver.

O Port 52 pin (P52) functions as the output pin for the W phase of the motor driver.

O Port dataregister 5 (PDR5) is an 8-bit register that stores the data for each pin, P50 to P57, of port 5. When the
value in abit of the port 5 control register (PCR5) is"1", the value read from the data bit is that of the
corresponding bit in PDR5. Therefore, PDR5 is not affected by the pin states. When the valuein PCR5is"0",
the pinisan input and the value read is its state.

O Port Control Register (PCR5) provides bit-by-bit control of the input/output state of each of pins P50 to P57 on
port 5. In this sample task, pins P50 to P52 are set as output pins and P53 to P57 are set as input pins.

T Port 5 function ------------m-mem ooy
P50 output
Uphase Port pin 50 data ;
E (PS0) E Stores the positve-phase
, Data for output on 1 signal data for the six-phase
: pins P50 to P52 Port data ' output
; register 5 T
: P51 output (PDRS) E
V phase | Port pin 51 data |
<—: (PSl ) Port 5 :
E Port control E
P52 output register 5 :
W phase . Port pin 52 data Setting of (PCR5) :
! (P52) P50 to P57 1/0
E pin function !
Figure 3.5 Block Diagram of Six-Phase Output on Port 5
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6) TheIRQ external interrupt lineis used to detect the abnormal-state-detected signal. Figure 3.6 isablock diagram
of how the IRQ external interrupt function is used to handle thissignal. The operation of the blocksis described

below.

O The IRQO pinisused astheinput pin for the externally generated abnormal-state-detected signal.

O AnIRQO interrupt isrequested in response to the input of an edge on the IRQO pin. Rising or falling may be

selected as the sense of the _IRQO pin.

O Interrupt Edge Select Register 1 (IEGR1) is an 8-bit readable/writable register used to designate rising- or falling-

edge detection by the _IRQO pin.

O Interrupt Enable Register 1 (IENR1) is an 8-hit readable/writable register for the enabling and disabling of
interrupts. In this sample task, IRQO interrupt requests are enabled and the direct-transition, timer A, wake-up,

IRQL, IRQ2, and IRQ3 interrupts are disabled.

O Interrupt Request Register 1 (IRR1) is an 8-bit readable/writable register of interrupt flags. When a direct-
transition, timer A, or IRQO, ..., IRQ3 interrupt is generated, the corresponding flag isset to "1". Interrupt-
request flags are not automatically cleared, even by acceptance of the interrupt. Write a"0" to clear any of the

interrupt-request flags.

IRQ external interruption function

Interrupt controller

Enable IRQ
interrupt request.

Abnormal-state i :
v _IRQO-input 1
detection IRQO pin edge detection | ; IRQ
: _ RO0) : interrupt
. ( input

Set edge sense
of _IRQ pin

Interrupt Enable
Register 1
(IER1)

IRQ interrupt request

Interrupt Edge
Select Register 1
(IEGR1)

¢ Interrupt

_ ' Priorit
' Condition Code | Interrupt enable! Irlef\J/relly

! Register )

! (CCR) ! judgment

' request

.............................................................................................

Figure3.6 Block Diagram of the Use of the IRQ External-Interrupt Function to Detect Abnormal States
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3. Table 3.1 liststhe assignment of functions to H8/3687 elements for this sample task, i.e., control of the brushless DC
motor.

Table 3.1 H8/3687 Function Assignments

H8/3687 Element  Assigned Function

FTIOAl « Rotor-positional signal input

FTIOB1

FTIOC1

TMPR *  Select operating mode of compare—match waveform output.

GRD1 e Selection of the initial switching period for the motor-rotating field

TSR1 * Reflects the presence of timer Z (CH1) interrupt requests (IMIFA to IMIFD).

TIER1 < Enable/disable interrupt requests (IMIFA to IMIFD) from timer Z (CH1).

FTIOBO e Six-phase output: negative-side signals

FTIOCO

FTIODO

TCNTO e 16-bit up-counter (timer Z: CHO).

TCNT1 e 16-bit up-counter (timer Z: CH1).

GRAO e Set the chopping waveform's period

GRBO e Setting for the chopping output waveform's duty cycle

GRCO

GRDO

TCRO e Selection of the counter-clearing signal, driving clock edge, and clock source for counter
TCNTO

TCR1 «  Selection of the counter-clearing signal, driving clock edge, and clock source for counter
TCNT1

TIOR e Set the general-register (GR) functions

TOER e Enable/disable CHO and CH1 output of timer Z

TOCR e Setinitial output until the first compare—match

P50 to P52 e Six-phase output: positive-side signals

PCR5 e Set P50 to P52 input/output pin function

PDR5 e  Storage of the data for output on the P50 to P52 input/output pins and reading of the pin levels

_IRQO «  Abnormal-state-detected signal input

IEGR1 e Selection of the input edge for detection by _IRQO

IER1 « Reflects the sources of IRQO interrupt requests

Feb. 2003
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4. Description of Operation

1. Figure 4.1 showsthe principle of operation in the initial stage of motor control (ie, switching of the rotating
magnetic-field takes place at a constant period until the motor has gone through its first ten rotations). Initia control
of the brushless DC motor is through hardware and software processing by the H8/3687 as shown in figure 4.1.

360 degrees = 60 ms

TCNT1 |
! 160 degrees = 10 ms; H : |
HEFFF Foommomeeee o b - e e e
GrRDL| o o o o o L
=H'9C40
H'0000 ? \ t 1 t
: : : : : : ; Time
P50 | : : : E :
(U phase) i : : . .
FTIOBO ! : ! !
(_U phase) ; : M ; ;
P51 1 i : : :
(V phase) . j i . | —
FTIOCO | ; ;
(_V phase) & ! ! ' H
P52 | 5 | ! !
(W phase) : ' : ' !
FTIODO | ‘
(LW phase) ! ; ; | :
N : / : : ¥
Hardware processing Hardware processing
(a) Start count-up by TCNT1. (a) Generate compare match IMIFA.
Software processin (b) Set IMIFA to 1.
P 9 (c) Clear TCNTL.
Initialization: -
(a) data for the positive-phase components of Software processing
the six-phase output in PDR5. (a) Clear IMFA to "0".
(b) data for the negative-phase components of (b) Transfer the next six-phase
the six-phase output in TOCR. output data to PDR5 and TOER.
(c) data for the negative-phase components of
the six-phase output in TOER.
(d) Set GRAL1 to the period of magnetic-field
switching for initial motor control.
(e) Enable interrupt requests by IMIFAL.
Figure4.1 Initial Control of the Brushless DC Motor: Principle of Operation
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2. Figure 4.2 shows the principle of control to make the magnetic field rotate in response to the rotor-positional signal.

Control of the brushless DC motor is through hardware and software processing by the H8/3687, based on the
detected rotor-positional signal, asis shown in figure 4.2.

FTIOAL !

(Uphase) oo |

FTIOB1 ! ! !
(V phase), . : r
FTIOC1 | ' i
(W phase), H . . A
P50 | | : ! : :
(U phase) . H , , ,
FTIOBO . A , , ,
(_U phase i i s | : —
P51 i i i |
(V phase) ' ' : ;
FTIOCO 5 | | | |
LV phase) 0 L L L
P52
(W phase) | ' ' : ;
FTIODO !
(LW phase) T | T T
| 4 | s J | |
: / ) : g
\/ / / X\ /
Hardware processing Hardware processing Hardware processing
(a) Set IMIFAL to "1". (a) Set IMIFB1 to "1". (a) Set IMIFC1 to "1".
Software processing Software processing Software processing
(a) Clear IMIFAL to "0". (a) Clear IMIFB1 to "0". (a) Clear IMIFC1 is to "0".
(b) Set the corresponding data for (b) Set the corresponding data for (b) Set the corresponding data for
the positive-phase components the positive-phase components the positive-phase components
and negative-phase components and negative-phase components and negative-phase components
of the six-phase output in PDR5 of the six-phase output in PDR5 of the six-phase output in PDR5
and TOER, respectively. and TOER, respectively. and TOER, respectively.
Figure4.2 Principle of Motor Control Based on the Rotor-Positional Signal
Feb. 2003
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3. Inthissample task, chopping control is applied when the driver transistors on the negative-phase side are turned on.
Chopping waveforms are generated by the timer Z compare—-match function and output on the FTIOBO to FTIODO
pins. Figure 4.3 shows the principle of operation for output of the chopping waveform.

Low-level width
that makes for
the required PWM

TCNTV PWM cycle = 50 ps m
HFFFF| .. bl DL e e L. R
R Te(o | A N S B S N A S L N B B
(TGRAO) / / / / /
wusl o L A L L 10 I R ) IS /S B S
(TGRBO) | | | ' : :
H'0000 L ! L | - .
v Vo A b Lo L Time
FTIOBO pin |‘| l‘| |‘| |‘| |'| |'|
. ' L ' - J |
T T T 2\ T \ I
\ >~ ! ! )
v&
Hardware processing Hardware processing
(a) Generate compare-match IMIFBO. (a) Generate compare-match IMIFAO.
(b) Output "1" on the FTIOBO pin. (b) Set IMIFAOQ to "1".

(c) Output "0" on the FTIOBO pin.
Software processing
(a) Clear IMIFAQ is to "0".

Software processing

(a) None

Figure 4.3 Output of the Chopping Waveform: Principle of Operation

e Method for calculating the phase and setting the PWM duty cycle:

The value for establishing the next PWM duty cycleis calculated by the IMIFA interrupt routine and is set in GRBO.
In calculating the value for setting in GRBO, the advancement of the phase by one carrier-period is calculated from
the present frequency of the motor and carrier period.

360 degrees / (Carrier period / Frequency of motor) = Advancement of the phase by one carrier period ---(1)
Transform expression (1) to get

(360 degrees x Motor-rotation period) / Carrier period = Advancement of the phase by one carrier period
The value that corresponds to the calculated phase is obtained from areference data table and set in GRBO.

Note: In this sample task, the PWM period (GRAO setting) isfixed at 50 ps (H'320) and the low-level width that
makes for the required PWM duty cycle (GRBO setting) isfixed at 35us (H'230).

Feb. 2003
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5. Description of Software

5.1 Description of Modules
Table 5.1 describes the modules used in this sample task.

Table5.1 Description of Modules

Module Name Label Name Function

Main routine Reset Initializes the stack pointer, sets up the IRQO interrupt, the port, places CHO
of timer Z in the PWM timer mode, sets up CH1 of timer Z for output
comparison, and sets up the RAM to be used and the other interrupts.

Timer Z interrupt Timer Z This is the timer Z interrupt handler, which clears the interrupt-request flag
routine and controls the six-phase output.

IRQO interrupt IRQO The IRQO interrupt routine clears the interrupt request flag and sets the error
processing routine flag to stop the motor.

5.2 Description of Arguments
Table 5.2 describes the arguments used in this sample task.

Table5.2 Description of Arguments

Argument Name  Function Used in Size (Bytes) /0

GRA1l Initial motor control: holds the initial switching main routine 1 input
cycle for the motor's rotating field.

GRAO Chopping output waveform: period setting Timer Z 1 input

GRBO Chopping output waveform: duty cycle Timer Z 1 input

GRCO Chopping output waveform: duty cycle Timer Z 1 input

GRDO Chopping output waveform: duty cycle Timer Z 1 input

5.3 Description of Internal Registers

Table 5.3 describes the internal registers used in this sample task.

Table5.3 Description of Internal Registers

Register Name  Function Address Setting

PDR5 Port Data Register 5: H'FFD8 H'04

When P5n is "0", the level on pin P5n is "Low" (n=0 to 7).
When P5n is "1", the level on pin P5n is "High" (n=0 to 7).
PCR5 Port Control Register 5: H'FFE8 H'07
When PCR5n is "0", pin P5n is an input pin.(n=0 to 7)
When PCR5n is "1", pin P5n is an output pin.(n=0 to 7)
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Table5.4 Description of Internal Registers (Ctd.)
Register Name Function Address Setting
TCRO CCLR2 Timer Control Register O H'F700 CCLR2=0
CCLR1 (Counter clear 2 to 0): Bit 7 CCLR1=0
CCLRO When CCLR2 ="0", CCLR1 ="0" and CCLRO = "1", clearing of Bit 6 CCLRO=1
TCNTO occurs on a GRAO compare-match. Bit 5
CKEG1 Timer Control Register O H'F700 CKEG1=0
CKEGO (Clock edge 1 to 0): Bit 4 CKEGO0=0
When CKEG1 ="0" and CKEGO = "0", counting is driven by rising Bit 3
edges.
TPSC2 Timer Control Register 0 H'F700 TPSC2=0
TPSC1 (Timer prescaler 2 to 0): Bit 2 TPSC1=0
TPSCO When TPSC2 ="0", TPSC1 ="0" and TPSCO0 = "0", counting is done Bit1 TPSC0=0
by the internal clock cycle. Bit 0
TIORAO 10B2 Timer 1/O Control Register 0 H'F701 10B2=0
I0B1 (I/O control B2 to B0): Bit 6 10B1=0
I0BO When I0B2 ="0", IOB 1 ="0" and IOB 0 = "0", pin output of the GRBO Bit5 10B0=0
compare-match state is disabled. Bit 4
TIORAO I0A2 Timer 1/O Control Register 0 H'F701 I0A2=0
I0Al (I/O control A2 to A0): Bit 2 I0A1=0
I0OA0 When I0A2 ="0", IOA1 ="0" and IOAOQ = "0", pin output by GRAO Bit 1 I0A0=0
compare-match is disabled. Bit 0
TIORCO 10D2 Timer 1/O Control Register 0 H'F702 10D2=0
I0OD1 (I/O control D2 to DO): Bit 6 10D1=0
I0DO0 When 10D2 ="0", IOD1 = "0" and IODO ="0", pin output by GRDO Bit 5 10D0=0
compare-match is disabled. Bit 4
TIORCO 10C2 Timer 1/O Control Register 0 H'F702 10C2=0
I0C1 (I/O control C2 to CO0): Bit 2 10C1=0
10CO When I0C2 ="0", IOC1 ="0" and IOCO ="0", pin output by GRCO Bit 1 10C0=0
compare-match is disabled. Bit 0
TSRO IMFAO  Timer Status Register O: H'F703 0
(Input capture/output compare-match flag A) Bit 0
When IMFAQ = "0", an input capture/output compare-match has not
occurred.
When IMFAQ = "1", an input capture/output compare-match results
has occurred.
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Table5.4 Description of Internal Registers (Ctd.) (cont)

Register Name Function Address Setting
TIERO IMIEA Timer Interrupt Enable Register 0 H'F704 0
(Input capture / output compare-match interrupt A enable): Bit 0

When IMIEA ="0", ICFA interrupt requests are disabled.
When IMIEA ="1", ICFA interrupt requests are enabled.

POCRO POLD PWM Mode Output Level Control Register O H'F705 POLD=1
POLC (PWM output control register B to D): Bit 2 POLC=1
POLB When POLD ="0", POLC ="0" and POLB = "0", the FTIODO, FTIOCO Bit1 POLB=1
and FTIOBO outputs are active low. Bit 0
GRAO General Register A0 H'F708 H'320

(Input-capture/output compare-match register):

If GRAO = "H'320", an IMFAO compare-match is generated and
FTIOBO to FTIODO go low when counting by TCNT1 reaches "H'320".

GRBO General Register BO H'F709 H'230
(Input capture / output compare-match register)

: When GRBO = "H'230", if TCNT1 counts up to "H'230", IMFBO
compare-match is generated and FTIOB is high level.

GRCO General Register CO H'F70A H'230
(Input capture / output compare-match register)

: When GRCO = "H'230", if TCNT1 counts up to "H'230", IMFCO
compare-match is generated and FTIOC is high level.

GRDO General Register DO H'F70B H'230
(Input capture / output compare-match register)

: When GRDO = "H'230", if TCNT1 counts up to "H230", IMFDO
compare-match is generated and FTIOD is high level.

TCR1 CCLR2 Timer Control Register 1 H'F710 CCLR2=1
CCLR1 (Counter clear 2 to 0): Bit 7 CCLA1=1
CCLRO When CCLR2 ="1", CCLR1 ="1" and CCLRO ="0", a GRDO Bit 6 CCLA0=0
compare-match clears TCNTO. Bit 5
CKEG1 Timer Control Register 1 H'F710 CKEG1=0
CKEGO (Clock edge 1 to 0): Bit 4 CKEGO0=0
When CKEGL1 ="0" and CKEGO = "0", counting is driven by rising Bit 3
edges.
TPSC2 Timer Control Register 1 H'F710 TPSC2=0
TPSC1 (Timer prescaler 2 to 0): Bit 2 TPSC1=0
TPSCO When TPSC2 ="0", TPSC1 ="0" and TPSCO = "1", counting is done Bit 1 TPSCO0=1
by the divided-by-two internal clock (¢/2) cycles. Bit 0
Feb. 2003
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Table5.4 Description of Internal Registers (Ctd.) (cont)
Register Name Function Address Setting
TIORA1 10B2 Timer 1/O Control Register Al HF711 10B2=1
I0B1 (I/O control B2 to B0) Bit 6 10B1=0
I0BO When IOB2 ="1", IOB1 ="0" and I0OB0 = "0" input capture to GRB1 is Bit5 10B0=0
done on the rising edge. Bit 4
TIORA1 I0A2 Timer 1/O Control Register Al HF711 I10A2=1
I0AL (I/O control A2 to A0) Bit 2 I0A1=0
IOAO When IOA2 = "1", IOA1 = "0" and IOAQ ="0", input capture to GRA1 Bit1 I0A0=0
is done on the rising edge. Bit 0
TIORC1 10D2 Timer 1/0O Control Register C1 H'F712 10D2=0
I0D1 (I/O control D2 to DO) Bit 6 10D1=0
I0D0 : When 10D2 ="0", IOD1 = "0" and 10DO0 = "0", pin output by GRDO  Bit5 10D0=0
compare-match is disabled. Bit 4
TIORC1 10C2 Timer 1/0O Control Register C1 H'F712 10C2=1
I0C1 (I/O control C2 to CO) Bit 2 10C1=0
I0Co When IOC2 ="1", IOC1 ="0" and I0OCO = "0", input capture to GRC1 Bit1 10C0=0
is done on the rising edge. Bit 0
TSR1 IMFA1  Timer Status Register 1 H'F713 0
(Input capture/output compare-match flag A): Bit 0
When IMFAL = "0", an input capture/output compare-match has not
occurred.
When IMFAL ="1", an input capture/output compare-match has
occurred.
IMFB1  Timer Status Register 1 H'F713 0
(Input capture / output compare-match flag B): Bit 1
When IMFB1 ="0", input capture / output compare-match has not
been generated.
When IMFB1 = "1", input capture/output compare-match has been
generated.
IMFC1  Timer Status Register 1 H'F713 0
(Input capture / output compare-match flag C) Bit 2
: When IMFC1 ="0", input capture/output compare-match has not
been generated.
: When IMFC1 ="1", input capture/output compare-match has been
generated.
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Table5.4 Description of Internal Registers (Ctd.) (cont)

Register Name Function Address Setting
TSR1 IMFD1  Timer Status Register 1 H'F713 0
(cont) (Input capture / output compare-match flag D) Bit 3

: When IMFD1 ="0", input capture/output compare-match has not
been generated.

: When IMFD1 ="1", input capture/output compare-match has been
generated.

GRD1 General Register H'F71E H'9C40
(Input capture / output compare-match register):

If GRD1 = "H'9C40", an IMIFD1 compare-match is generated when
counting by TCNTL1 reaches "H'9C40".

TSTR STR1 Timer Start Register H'F720 1

(Counter start 0, 1): Bit 1
When STR1 ="0", counting operation by TCNT1 is disabled.
When STR1 ="1", counting by TCNTL1 is enabled.

STRO Timer Start Register H'F720 1
(Counter start 0, 1) Bit 0
: When STRO ="0", counting by TCNTO is disabled.
: When STRO ="1", counting by TCNTO is enabled.

TPMR PWMDO Timer PWM Mode Register H'F722 1

(PWM mode): Bit 2
When PWMDO = "0", FTIODO operation is in the normal mode.
When PWMDO = "1", FTIODO operation is in the PWM mode.

PWMCO Timer PWM Mode Register H'F722 1
(PWM mode) Bit 1
: When PWMCO ="0", FTIOCO is normal mode.
: When PWMCO = "1", FTIOCO is PWM mode.

PWMBO Timer PWM Mode Register H'F722 1
(PWM mode) Bit 0
: When PWMBO = "0", FTIOBO is normal mode.
: When PWMBO ="1", FTIOBO is PWM mode.
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Table5.4 Description of Internal Registers (Ctd.) (cont)

Register Name

Function Address

Setting

TOER EDO

Timer Output Master Enable Register H'F724
(Master enable FTIODO): Bit 3

When EDO = "0", enabling or disabling of the FTIODO pin output is
according to the settings of TPMRE, TFCR and TIORCL1.

When EDO ="1", FTIODO pin timer output is disabled, regardless of
the setting of TPMR, TFCR and TIORC1 (the FTIODO pin functions as
an /O port pin.)

In setting of WKP4N input, when inputting low level to WKP4N, "1" is
set.

0

ECO

Timer Output Master Enable Register H'F724
(Master enable FTIOCO) Bit 2

: When ECO ="0", FTIOCO pin output is enabled according to the
setting of TPMRE, TFCR and TIORCL1.

: When ECO ="1", FTIOCO pin timer output is disabled regardless of
the setting of TPMR, TFCR and TIORCL1. (FTIOCO pin functions as
I/O port.)

When WKP4N is input, if inputting low level to WKP4N, "1" is set.

EBO

Timer Output Master Enable Register H'F724
(Master enable FTIOBO) Bit 1

: When EBO ="0", FTIOBO pin output is enabled according to the
setting of TPMRE, TFCR and TIORCL1.

: When EBO ="1", FTIOBO pin timer output is enabled regardless of
the setting of TPMR, TFCR and TIORC1. (FTIOBO pin functions as
I/O port.)

When WKP4N input is set, if inputting low level to WKP4N, "1" is set.

TOCR TODO

Timer Output Control Register H'F725
(Output level select FTIODO): Bit 3
When TODO = "0", "0" is output on FTIODO.

When TODO ="1", "1" is output on FTIODO.

TOCO

Timer Output Control Register H'F725
(Output level select FTIOCO) Bit 2

: When TOCO ="0", "0" is output from FTIOCO.

: When TOCO ="1", "1" is output from FTIOCO.

TOBO

Timer Output Control Register H'F725
(Output level select FTIOBO) Bit 1

: When TOBO ="0", "0" is output from FTIOBO.

: When TOBO ="1", "1" is output from FTIOBO.
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Table5.4 Description of Internal Registers (Ctd.) (cont)

Register Name Function Address Setting
IEGR1 IEGO Interrupt Edge Select Register 1 H'FFF2 0
(IRQO edge select): Bit 0
When IEGO = "0", the falling edge of the signal on the IRQO pin is
detected.
When IEGO = "1", the rising edge of the signal on the IRQO pin is
detected.
IENR1 IENO Interrupt Enable Register 1 H'FFF4 0
(IRQO interrupt enable): Bit 0

When IENO = "0", IRQO interrupt requests are disabled.
When IENO = "1", IRQO interrupt requests are enabled.
IRR1 IRRIO Interrupt Request Register 1 H'FFF6 0
(IRQO interrupt request flag): Bit 0
When IRRIO = "0", IRQO interrupts are not requested.
When IRRIO = "1", IRQO interrupts are not is requested.

5.4 Description of RAM
Table 5.5 describes the RAM used in this sample task.

Table5.5 Description of RAM Usage

Label name Function Used in

cnt Counter for switching of the output waveform every 60 degrees. Timer Z

rot Counter for the motor's initial operation cycle. Timer Z

mode Flag to indicate switching of the motor from initial to normal operation. Timer Z
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6. Flowchart

1. Main routine

( Relset )

Initialize stack pointer

Disable interrupts

Set the FTIOBO, FTIOCO and FTIODO
PWM output pins as outputs.

Select the rising edge as the
IRQO input edge sense by
setting IEGR1 to H'01.

Set the positive-phase side of the
six-phase output:
set P50 to low, P51 and P52 to high.

Enable IRQO interrupts

request by setting IENR1 to H'01.

Make the initial PWM output
low by setting TOCR to H'00.
I

Set P61, P62 and P63 to low when
there is output on the negative side
port of the six-phase output.

Select the compare-match clear
mode of GRAO by setting
TCRO to H'20.

Start TCNTO and TCNT1 counting
by setting to H'FF in TSTR.

Set the carrier cycle
for GRAO to 50 us.

Set the high-period value
in GRBO-GRDO to make
the duty cycle 30%.

Set a 60-degree cycle in GRD1.

Enable interrupts

[
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2. Timer Z interrupt processing routine

| Register save. |

mode = H'00?

Yes

Yes |

No Set P50 to high and
P51 to low.

Yes
No TPMR = H'89
FTIOBO: Enabled
FTIODO: Disabled

cnt=17? |

Yes

No Set P51 to high and
P52 to low.

27
|

8?2 Yes |

No TPMR = H'8A
FTIOCO: Enabled
FTIOBO: Disabled

=47 Yes |

No Set P52 to high and
P50 to low.

A AA

Yes

NoO TPMR = H'8C
FTIODO: Enabled
FTIOCO: Disabled

cnt=cnt+1

=67
cnt=67 No

Yes

rot=rot+1 cnt=0 |

©
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IMIFB1

IMIFAL = "1"?

IMIFC1 =

Yes
No
=
Yes
No

Clear IMIFC1 to "0".

No

Yes

Enable FTIODO output.
Disable FTIOCO output.

| Reverse 10CO. |

| Clear IMIFB1 to "0".

CH1l10BO="1"7

Enable FTIOCO output.
Disable FTIOBO output.

| Reverse I0BO0.

Yes

| Clear IMIFA1 to "0".

CH1I0A0="1"7

Enable FTIOBO output.
Disable FTIODO output.

Enable FTIORAL,
FTIORB1 and FTIORC1
rising-edge interrupts.

Set mode = H'55 to
switch to input capture.

| Reverse I0OAO0.
P52: high output
P50: low output
| Reverse I0AQ. |

P52: high output
P50: low output

| Reverse 10BO. |

P52: high output
P50: low output

| Reverse 10CO. |

( RTE
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3. IRQO interrupt processing routine

( IRQO

Clear IRRIO to "0".

Disable FTIOBO,
FTIOCO and FTIODO output.

P50, P51, P52: 0 output.

Disable IMIFA,

IMIFB and IMIFC interrupts.

( RTE
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7. Program Listing
INIT. SRC (program listing)

EXPORT  _INIT

IMPORT  _main

. SECTION P, CODE
INT:

MOV, W #H FF80, R7

LDC. B #B' 10000000, CCR
JWP @main
. END

[ A KA K KA K KKK KKK KKK F KA KA KKK KA KKK IR KKK KKK KKK KKK KA K KK I * K [

/*

/* H8/300HN Series -H3/3687-

/* Application Note

/*

/*' DC brushl ess notor control

/*

/* Function

/* :Timer Z PWM node & nput
/*

/* External O ock :16MHz
/* Internal O ock :16MHz

/* Sub Cock :32.768kHz

/*

function'

capture

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

[ A KKK KK AR KKK KKK KKK F KA KKK KA KKK IR KKK KKK KKK KKK KA KKK F* K [

#i ncl ude <nmachi ne. h>

[ A KA K KRR KKK KKK KKK IR KKK KA KK A KKK IR KKK KKK KKK KKK KA KR K F ok k[

/*Synbol Definition

*/

[ A KKK K AR KKK KKK KKK IR KKK KKK A KKK IR KKK KKK KKK KA KR AR KK h ok k[

struct BIT {

unsi gned char b7:1; /*bit7 */
unsi gned char b6:1; /*bite */
unsi gned char b5:1; /*bit5 */
unsi gned char b4:1; /*bit4 */
unsi gned char b3:1; /*bit3 */
unsi gned char b2:1; /*bit2 */
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unsi gned char b1:1; /*bitl */

unsi gned char bO: 1; /*bit0 */

#define TCRO *(vol atile unsigned char *)0xF700 /*Timer Control Register 0 */
#define TCRO_BIT (*(struct BIT *)0xF700) /*Timer Control Register O */
#define CCLR2_0 TCRO_BIT. b7 /*Counter Clear 2 */
#define CCLR1_O TCRO_BIT. b6 /*Counter Clear 1 */
#define CCLRO_O TCRO_BIT.b 5 /*Counter Clear 0O */
#define CKEGL_O TCRO_BIT. b4 /*Cl ock Select 1 */
#defi ne CKEQD_O TCRO_BIT. b3 /*Cl ock Select 0 */
#define TPSC2_0 TCRO_BIT. b2 /*Timer Prescaler 2 */
#define TPSC1_O0 TCRO_BIT. bl /*Timer Prescaler 1 */
#define TPSCO_O0 TCRO_BIT. b0 /*Timer Prescaler O */
#define TIORAO *(vol atile unsigned char *)O0xF701 /*Timer 1/0O Control Register A0 */
#define TIORAO_BIT (*(struct BIT *)0xF701) /*Timer 1/0O Control Register A0 */
#define 10B2_0 TI ORAO_BI T. b6 /*1/0 Control B2 */
#define 10B1_0 TI ORAO_BIT. b5 /*1/0O Control Bl */
#define 10BO_O TIORAO_BIT. b4 /*1/0O Control BO */
#define 10A2_0 TI ORAO_BIT. b2 /*1/0O Control A2 */
#define 1 0A1_O TIORAO_BIT. bl [*1/0 Control Al */
#define 10A0_0 TI ORAO_BIT. bO /*1/0O Control A0 */
#define TIORCO *(vol atile unsigned char *)O0xF702 /*Timer 1/0O Control Register CO */
#define TIORCO_BIT (*(struct BIT *)0xF702) /*Timer 1/0O Control Register C0 */
#define 10D2_0 TI ORCO_BIT. b6 /*1/0O Control B2 */
#define 10D1_0O TI ORCO_BIT. b5 /*1/0O Control Bl */
#define 10D0_0 TI ORCO_BIT. b4 /*1/0O Control BO */
#define 10C2_0 TI ORCO_BIT. b2 /*1/0O Control A2 */
#define 10C1L_0 TIORCO_BIT. bl /*1/0O Control Al */
#define 10C0_0 TI ORCO_BI T. bO /*1/0O Control AO */
#define TSRO *(vol atile unsigned char *)0xF703 /*Timer Status Register 0 */
#define TSRO_BIT (*(struct BIT *)0xF703) /*Timer Status Register 0 */
#define UDF_O TSRO_BI T. b5 /*Under Flow Fl ag */
#define OVF_O TSRO_BIT. b4 /*CQver Flow Fl ag */
#define IMFD_O TSRO_BIT. b3 /*1 nput Caput ure/ Conpare-match Flag D */
#define IMFC 0O TSRO_BIT. b2 /*1 nput Caputure/ Conpare-match Flag C */
#define IMFB_0O TSRO_BIT. bl /*1 nput Caputure/ Conpare-match Flag B */
#define IMFA O TSRO_BIT. b0 /*1 nput Caputure/ Conpare-match Flag A */
#define TIERO *(volatile unsigned char *)0xF704 /*Timer Interrupt Enable Register 0 */
#define TIERO_BIT (*(struct BIT *)O0xF704) /*Timer Interrupt Enable Register O */
#define OVIE_O TIERO_BIT. b4 /*Over Flow Interrupt Enable */
#define IMED O TIERO_BIT. b3 /*I nput Capture/conpare-match Interrupt Enable D */
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#define IMEC_O TIERO_BIT. b2 /*1 nput Capture/conpare-match Interrupt Enable C */
#define IMEB_O TIERO_BIT. bl /*I nput Capture/conpare-match Interrupt Enable B */
#define M EA_O TIERO_BIT. b0 /*1 nput Capture/conpare-match Interrupt Enable A */
#define POCRO *(vol atile unsigned char *)0xF705 /*Port CQutput Level Control Register */
#define POCRO_BIT (*(struct BIT *)0xF705) /*Port Qutput Level Control Register */
#define POLD_0 POCRO_BIT. b2 /*PWM Mode Qutputr Level Control Register D */
#define POLC_O POCRO_BIT. bl /*PWM Mode Qutputr Level Control Register C */
#define POLB_O0 POCRO_BIT. b0 /*PWM Mode Qutputr Level Control Register B */
#define TCNTO *(vol atile unsigned short *)O0xF706 /*Ti mer Counter O */
#define GRAO *(vol atile unsigned short *)0xF708 / *CGeneral Register A0 */
#define GRBO *(vol atile unsigned short *)0xF70A / *General Register BO */
#define GRCO *(vol atile unsigned short *)0xF70C /*CGeneral Register Q0 */
#define GRDO *(vol atile unsigned short *)0xF70E / *General Register DO */
#define TCRL *(vol atile unsigned char *)O0xF710 /*Timer Control Register 1 */
#define TCRL_BIT (*(struct BIT *)0xF710) /*Timer Control Register 1 */
#define CCLR2_1 TCR1_BIT. b7 /*Counter Clear 2 */
#define CCLR1_1 TCR1_BIT. b6 /*Counter Clear 1 */
#define CCLRO_1 TCR1_BIT. b5 /*Counter Clear O */
#define CKEGL_1 TCR1_BIT. b4 /*Cl ock Select 1 */
#define CKEQD_1 TCR1_BIT. b3 /*Cl ock Select 0 */
#define TPSC2_1 TCR1_BIT. b2 /*Timer Prescaler 2 */
#define TPSC1_1 TCR1_BIT. bl /*Timer Prescaler 1 */
#define TPSCO_1 TCR1_BIT. b0 /*Timer Prescaler 0O */
#define TIORAL *(vol atile unsigned char *)O0xF711 /*Timer 1/0O Control Register Al */
#define TIORAL_BIT (*(struct BIT *)0xF711) /*Timer 1/0 Co ntrol Register Al */
#define 10B2_1 TIORAL_BIT. b6 /*1/0O Control B2 */
#define 10B1_1 TIORA1_BIT. b5 /*1/0 Control Bl */
#define 10B0_1 TIORAL_BIT. b4 /*1/0O Control BO */
#define 10A2_1 TIORAL_BIT. b2 /*1/0O Control A2 */
#define 10A1_1 TIORAL_BIT. bl /*1/0O Control Al */
#define 10A0_1 TI ORAL_BIT. b0 /*1/0O Control AO */
#define TIORCL *(vol atile unsigned char *)O0xF712 /*Timer 1/0O Control Register Cl */
#define TIORCI_BIT (*(struct BIT *)0xF712) /*Timer 1/0O Control Register Cl */
#define 10D2_1 TIORCL_BIT. b6 /*1/0O Control D2 */
#define 10OD1_1 TIORC1_BIT. b5 /*1/0 Control D1 */
#define 10D0_1 TIORCL_BIT. b4 /*1/0O Control DO */
#define 10C2_1 TIORCL_BIT. b2 /*1/0 Control C2 */
#define 10C1_1 TIORCL_BIT. bl /*1/0O Control C1 */
#define 1000_1 TIORCL_BIT. b0 /*1/0O Control CO */
#define TSRL *(vol atile unsigned char *)O0xF713 /*Timer Status Register 1 */
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#define TSRL_BIT (*(struct BIT *)0xF713) /*Timer Status Register 1 */
#define UDF_1 TSR1_BIT. b5 /*Under Fl ow Fl ag */
#define OVF_1 TSR1_BIT. b4 /*Over Flow Fl ag */
#define IMFD_1 TSR1_BIT. /*1 nput Caput ure/ Conpare-nmatch Flag D */
#define IMFC_1 TSR1_BIT. b2 /*1 nput Caput ure/ Conpare-match Flag C */
#define IMFB_1 TSR1_BIT. bl /*1 nput Caputure/ Conpare-nmatch Flag B */
#define IMFA_1 TSR1_BIT. b0 /*1 nput Caputure/ Conpare-match Flag A */
#define TIERL *(vol atile unsigned char *)0xF714 /*Timer Interrupt Enable Register O */
#define TIERL_BIT (*(struct BIT *)0xF714) /*Timer Interrupt Enable Register 0 */
#define OVIE_1 TIERL_BIT. b4 /*CQver Flow Interrupt Enable */
#define IMED_ 1 TIER1_BIT. b3 /*1 nput Capture/conpare-match Interrupt Enable D */
#define IMEC 1 TIERL_BIT. b2 /*I nput Capture/conpare-match Interrupt Enable C */
#define IMEB_1 TIER1_BIT. bl /*1 nput Capture/conpare-match Interrupt Enable B */
#define IMEA_ 1 TIERL_BIT. bO /*I nput Capture/conpare-match Interrupt Enable A */
#define POCRL *(vol atile unsigned char *)0xF715 /*Port Qutput Level Control Register */
#define POCRL_BIT (*(struct BIT *)O0xF715) /*Port CQutput Level Control Register */
#define POLD_1 POCR1_BIT. b2 /*PWM Mode Qutputr Level Control Register D */
#define POLC_1 POCRL_BIT. bl /*PWM Mode Qutputr Level Control Register C */
#define POLB_1 POCR1_BIT. b0 /*PWM Mode Qutputr Level Control Register B */
#define TCNT1 *(vol atile unsigned short *)OxF716 /*Timer Counter 1 */
#define GRAL *(vol atile unsigned short *)0xF718 /*General Register Al */
#define GRBL *(vol atile unsigned short *)0xF71A / *CGeneral Register Bl */
#define GRCL *(vol atile unsigned short *)0xF71C /*General Register Cl */
#define GRDL *(vol atile unsigned short *)0xF71E / *CGeneral Register D1 */
#define TSTR *(vol atile unsigned char *)0xF720 /*Timer Start Register */
#define TSTR BIT (*(struct BIT *)0xF720) /*Timer Start Register */
#define STRL TSTR BIT. bl /*Counter Start 1 */
#define STRO TSTR BIT. bO /*Counter Start O */
#define TMDR *(vol atile unsigned char *)0xF721 /*Ti mer Mbde Regi ster */
#define TMDR BI T (*(struct BIT *)0xF721) /*Ti mer Mode Register */
#define BFDL TMDR BI T. b7 /*Buffer Register D1 */
#define BFCL TMDR BIT. b6 /*Buf fer Register DO */
#define BFDO TMDR BI T. b5 /*Buffer Register Cl */
#define BFCO TMDR BI T. b4 /*Buf fer Register CO */
#defi ne SYNC TMDR BI T. b0 /*timer Synchonus Mode */
#define TPMR *(vol atile unsigned char *)O0xF722 /*Ti mer PWM Mode Regi ster */
#define TPMR BIT (*(struct BIT *)0xF722) /*Ti mer PWM Mode Regi ster */
#defi ne PWWDL TPMR BI T. b6 / *PWM Mode D1 */
#defi ne PWMCL TPMR BI T. b5 /*PWM Mode C1 */
#defi ne PWVBL TPMR BI T. b4 / *PWM Mode Bl */
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#define PWWDO TPMR_BI T. b2 /*PWM Mode DO */
#define PWMCO TPMR BIT. b1l / *PWM Mode CO */
#def i ne PWWBO TPMR_BI T. b0 /*PWM Mode BO */
#define TFCR *(vol atile unsigned char *)O0xF723 /*Timer Function Control Register */
#define TFCR BIT (*(struct BIT *)0xF723) /*Ti mer Function Control Register */
#define STCLK TCER BI T. b0 /*External O ock Sel ect */
#defi ne ADEG TCER BI T. b2 /*A D Egde Trigger Select */
#define ADTRG TCER BIT. b1l /*A/ D Trigger Disable */
#define OLS1 TOER BIT. b0 /*Qut put Level Select 1 */
#define OLSO TOER BIT. b2 /*Qut put Level Select O */
#define CVMDL TOER BIT. bl / *Conbi nati on Mode 1 */
#define CVMDO TCOER BI T. bO / *Conbi nati on Mode 0O */
#define TOER *(vol atile unsigned char *)0xF724 /*Ti mer Qutput Master Enable Register */
#define TOER BI T (*(struct BIT *)0xF724) /*Timer Qutput Master Enable Register */
#define EDL TOER BIT. b7 / *Mast er Enabl e D1 */
#define ECL TCER BIT. b6 /*Master Enable Cl1 */
#defi ne EBL TOER BI T. b5 / *Mast er Enable Bl */
#define EAL TCER BIT. b4 /*Master Enable Al */
#define EDO TOER BI T. b3 / *Mast er Enabl e DO */
#define ECO TCER BI T. b2 /*Master Enable CO */
#define EBO TOER BIT. bl / *Mast er Enable BO */
#define EAO TCER BI T. b0 /*Mast er Enable A0 */
#define TOCR *(vol atile unsigned char *)0xF725 /*Ti mer Qutput Master Enable Register */
#define TOCR BIT (*(struct BIT *)0xF725) /*Timer Qutput Master Enable Register */
#define TODL TOCR BIT. b7 /*Qut put Level Select D1 */
#define TOCL TOCR BIT. b6 /*Qut put Level Select Cl1 */
#define TOBL TOCR BIT. b5 /*Qut put Level Select Bl */
#define TOAL TOCR BIT. b4 /*CQut put Level Select Al */
#define TODO TOCR BIT. b3 /*Qut put Level Select DO */
#define TOCO TOCR BIT. b2 /*CQut put Level Select CO */
#define TOBO TOCR BIT. bl /*CQut put Level Select BO */
#define TOAO TOCR BI T. bO /*CQut put Level Select A0 */
#define |EGRL *(vol atile unsigned char *)OxFFF2 /*Interrupt Edge Sel ect Register 1 */
#define 1EGRL_BIT (*(struct BIT *)OxFFF2) /*Interrupt Edge Select Register 1 */
#define | EQ | EGRL_BIT. b0 /*1 RQO Edge Sel ect */
#define 1 ENRL *(vol atil e unsigned char *)0xFFF4 /*Interrupt Enable Register 1 */
#define ENRL_BIT (*(struct BIT *)O0xFFF4) /*Interrupt Enable Register 1 */
#define 1 ENO | ENRL_BI T. b0 /*IRQ Interrupt Enable */
#define IRRL *(vol atile unsigned char *)0xFFF6 /*Interrupt Flag Register 1 */
#define IRRL_BIT (*(struct BIT *)OxFFF6) /*Interrupt Flag Register 1 */
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#define IRRIO | RRL_BIT. b0 /*1 RQ Interrupt Request Flag */
#define PVMRL *(vol atile unsigned char *)OxFFEO /*Port Mbde Register */
#define PVMRL_BIT (*(struct BIT *)O0xFFEO) /*Port Mode Register */
#define 1RQQ PMRL_BIT. b4 /*IRQQ Pin Select */
#define PDR5 *(vol atile unsigned char *)0xFFD8 /*Port5 Data Register */
#define PDRS_BIT (*(struct BIT *)OxFFD8) /*Port5 Data Register */
#defi ne P5B2 PDR5_BI T. b2 /*Qut put Level Select D1 */
#define P5B1 PDR5_BIT. bl /*CQut put Level Select Cl1 */
#defi ne P5B0 PDR5_BI T. b0 /*Qut put Level Select Bl */
#define PDR6 *(vol atile unsigned char *)OxFFD9 /*Port6 Data Register */
#define PCR5 *(volatile unsigned char *)O0xFFE8 /*Port5 Control Register */
#define PCR6 *(volatile unsigned char *)OxFFE9 /*Port6 Control Register */

#pragme interrupt (tinmerz)
#pragma i nterrupt (irqo0)

[ A K KKK KKK KKK KKK KKK F KKK KKK KA KKK IR KKK KKK KKK KKK A KKK F ok k[

/* Function Definition */
Yy

extern void INIT (void ); /*SP Set */
void main (void );

void tinmerz (void );

void irq0 (void );

[ RE Kk Rk ok kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkk [

/ *RAM def i ne */

[ RE Kk Rk ok kkkkkkkkkkkkkkkk Kk kkkkkkkkkkkkkkkkkkkkkhkkkkkkkkk k% [

unsi gned char node; /*User Flag Erea */
unsi gned char cnt; /*User Flag Erea */
unsi gned char rot; /*User Flag Erea */

extern void _INITSCT();

/**********************************************************/

/ *Vect or Address */
/**********************************************************/
#pragma section V1 / *VECTOR SECTO N SET */

void (*const VEC TBL1[])(void)={

/*0x00 - 0xOf */
INIT /*00 Reset */
}
#pragma section V2 /*VECTOR SECTO N SET */
void (*const VEC TBL2[]) (void)={
irqo /*1C I RQD I nterrupt */
}
Feb. 2003
ADE-502-119 16-bit / H8/300H Tiny

Page 31 of 36 http://www.renesas.com /




Hitachi, Ltd. Rev.1.00

#pragma section V3 /*VECTOR SECTO N SET */
void (*const VEC TBL3[]) (void)={

timerz /*38 Timer Z Interrupt */
}

#pragnme section /*P */

[ rE Kk Rk ok kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkkkkkkkkk k% [

/*Mai n Program */

[ hEFk Rk ok kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkkkkkkkkkkk [

void main (void )

{

_INITSCT();
set _i mask_ccr(1); /*Interrupt Disable */
node =0x00;
cnt =0x00;
rot =0x00;
| EQQ =1; /*_IRQ Falling Edge Detection */
I ENO =1; /*_IRQ Interrupt Reguest Enable */
I RQ =1;
TSTR =0xFC; /*Ti mer Stop */
TOCR =0x00; /*PWM I nitial Qutput "O" */
TCRO =0x21; / *GRA Conpare-match Cl ear Mde, ¢=1/2 */
POCRO =0xFF; / *FTI OBO, FTI OCO, FTI ODO Hi gh Active */
GRAO =0x320; /| *Carieer Cycle 50us */
CRBO =0x230; /*Duty 30% */
GRCO =0x230; [*Duty 30% */
CRDO =0x230; /*Duty 30% */
TCR1 =0xC2; /*GRD1 Conpare-natch O ear, ¢=1/ 4 */
TI ER1 =0x08; /*TCRD1 Conpare-match Interrupt Enable */
GRD1 =0x9c40; /*60 Degree cycle =10ns */
TCE R =0xF1; / *FTI OBO, FTI OCO, FTI ODO Cut put Enabl e */
PDR5 =0x00; / *P50, P51, P52 =Low */
PDR6 =0x00; /*P61, P62, P63 =Low */
PCR5 =0x07; /*P50, P51, P52 Qut put */
PCR6 =0xO0E; /*P61, P62, P63 Cut put */
PDR5 =0x06; /*P50 =Low, P51 =Hi gh, P52 =Hi gh */
TSTR =0xFF; /*TCNTO, TCNT1 Start */
set _i mask_ccr(0); /*Interrupt Enable */
while(1){
}
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}

[ rE Kk Rk ok kkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkkkkkkkkkkkkkkkkk k% [

/*Tinmer Z Interrupt

*/

[ rEF kR kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkhkkkkkkkkkk* [

void timerz (void)

{
if (nmode ==0x00 )
{
IMFD_1 =0; /*Clear IMFD to O */
switch(ent){
case 0x00:
P5B0 =1; /*U Phase Hi gh Qut put */
P5B1 =0; /*V Phase Low Qut put */
br eak;
case 0x01:
TPMR =0x89; /*_U Phase( FTI OB0) Qut put Enabl e */
br eak;
case 0x02:
P5B1 =1; /*V Phase Hi gh CQutput */
P5B2 =0; / *W Phase Low CQut put */
br eak;
case 0x03:
TPMR =0x8A; /*_V Phase( FTI OC0) Qut put Enabl e */
br eak;
case 0x04:
P5B2 =1; /*W Phase Hi gh CQut put */
P5B0 =0; /*U Phase Low CQut put */
br eak;
case 0x05:
TPMR =0x8C; /*_W Phase( FTI OD0) Qut put Enabl e */
br eak;
}
cnt =cnt +1;
if (cnt ==0x06)
{
cnt =0x00;
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}
rot =rot +1;
if (rot ==0x12)
{
TI ORA1 =0xCC; /*FTI OA1, FTI OB1 Rising Edge Interrupt Enable */
TI ORC1 =0x8C; /*FTI CC1 Ri sing Edge Interrupt Enable */
TI ER1 =0xE7;
nmode =0x5 5; /*Change initial rotation to nornal rotation */
}
}
el sef
if (IMFA_1 ==1){
IMFA 1 =0; /*Interrupt Flag d ear */
if(10A0_1 ==1 ){
TPMR =0x89; / *FTI ODO: di sabl e, FTI OBO: enabl e */
1 OAO_1 =0; /*Fal ling Edge Sel ect */
}
el se{
P5B2 =1; / *W phase high, U phase | ow */
P5B0 =0;
10A0_1 =1; /*Ri sing Edge Sel ect */
}
}
else if (IMFB_1 ==1){
IMFB_1 =0; /*Interrupt Flag d ear */
if(1oBo_1 ==1 ){
TPMR =0x8A; / *FTI OBO: di sabl e, FTI OC0: enabl e */
1 0BO_1 =0; /*Fal l'ing Edge Sel ect */
}
el se{
P5B0 =1; /*U phase high,V phase | ow */
P5B1 =0;
10B0_1 =1; /*Ri sing Edge Sel ect */
}
}
else if (IMFC. 1 ==1){
IMFC_ 1 =0; /*Interrupt Flag d ear */
if(1000_1 ==1 ){
TPMR =0x8C; / *FTIl OCO0: di sabl e, FTI ODO: enabl e */
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1 0C0_1 =0; /*Fal ling Edge Sel ect */
}
el se{
P5B1 =1; /*V phase hi gh, Wphase | ow */
P5B2 =0;
10C0_1 =1; /*Ri sing Edge Sel ect */
}

}

[ A KKK KA K KKK KKK KKK F KKK KKK KA KKK IR KKK KKK KKK KKK KA K KK I kK [

/*1 RQ Interrupt */

[ A KA K KA K KKK KKK KKK F R KKK KKK A KKK IR KKK KKK KKK KK KA KKK Fh k[

void irq0 (void )

{
IRRI O =0;
TOER =0xFF; /*FTI OBO, FTI OC0, FTI OD0 Cut put Di sable */
PDR5 =0x00;
TI ERL =0xEQ;
while(1){
}
}

Link Address Setting:

Section Name Address
Cvi H'0000
Cv2 H'001C
Cv3 H'0036
P H'0100
B H'FDB80
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