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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 sales 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.

You should not alter, 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. You 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. You 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 electronic appliances; machine tools; personal electronic equipment; and industrial 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; aerospace 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 healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially 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.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

(® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, it is possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Vopo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, I/O settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.
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e The information in this document is current as of 28.04, 2004. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all products
and/or types are available in every country. Please check with an NEC sales representative for
availability and additional information.

« No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that
may appear in this document.

« NEC 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 NEC Electronics products
listed in this document or any other liability arising from the use of such NEC Electronics products.
No license, express, implied or otherwise, is granted under any patents, copyrights or other intellectual
property rights of NEC Electronics or others.

« Descriptions of circuits, software and other related information in this document are provided for
illustrative purposes in semiconductor product operation and application examples. The incorporation
of these circuits, software and information in the design of customer's equipment shall be done
under the full responsibility of customer. NEC Electronics no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

« While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics
products, customers agree and acknowledge that the possibility of defects thereof cannot be eliminated
entirely. To minimize risks of damage to property or injury (including death) to persons arising from
defects in NEC Electronics products, customers must incorporate sufficient safety measures in their
design, such as redundancy, fire-containment and anti-failure features.

« NEC Electronics products are classified into the following three quality grades: “Standard”, “Special”
and “Specific”.

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated “quality assurance program” for a specific application. The recommended applications of
NEC Electronics product depend on its quality grade, as indicated below. Customers must check the
quality grade of each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement
equipment, audio and visual equipment, home electronic appliances, machine tools,
personal electronic equipment and industrial robots.

"Special™ 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, aerospace equipment, submersible repeaters, nuclear reactor control systems,
life support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is “Standard” unless otherwise expressly specified in
NEC Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in
applications not intended by NEC Electronics, they must contact NEC Electronics sales representative
in advance to determine NEC Electronics 's willingness to support a given application.

Notes: 1. " NEC Electronics" as used in this statement means NEC Electronics Corporation and
also includes its majority-owned subsidiaries.

2. " NEC Electronics products" means any product developed or manufactured by or for
NEC Electronics (as defined above).

M8E 02.10
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

e Device availability
e Orderinginformation

e Product release schedule

* Availability of related technical literature

e Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

e Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics America Inc.

Santa Clara, California

Tel:  408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC Electronics (Europe) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 1101

Fax: 0211-65 03 1327

Sucursal en Espana
Madrid, Spain

Tel: 091- 504 27 87
Fax: 091- 504 28 60

Succursale Francgaise
Veélizy-Villacoublay, France
Tel:  01-30-67 58 00
Fax: 01-30-67 58 99

Filiale ltaliana
Milano, Italy

Tel: 02-66 75 41
Fax: 02-66 75 42 99

Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-244 58 45

Fax: 040-244 45 80

Branch Sweden
Taeby, Sweden

Tel: 08-63 80 820
Fax: 08-63 80 388

United Kingdom Branch
Milton Keynes, UK

Tel: 01908-691-133
Fax: 01908-670-290

NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
Singapore

Tel: 65-6253-8311

Fax: 65-6250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

Application Note U17101EE1VOANOO



Table of Contents

Chapter 1  OVEeIVIEW . . ..t e 9
1.1 IntrodUCHioNn . .. 9

1.2 78KO Family OVervView . . .. ..o e 9

1.3  78KO/KBLDEVICES . .ottt e e e 11

1.4  Feature List 78K0 /KB L. . ... o 12
Chapter 2 Universal MOtor . ... e e e 13
2.1 Universal MotOr . ... 13

2.2 Universal Motor Speed Control . ........ .. 14

221 Phase Angle Control. . . ... 14

222 Chopper Control . . . ... . e 16

Chapter 3 System Design . . ... 19
3.1 SYStem CONCePL. . oot e 19

3.2 System Configuration . . ... .. 20
Chapter 4 Hardware Configuration. . ............ ... ... ... ... ... . . ... ... 21
4.1 Schematic Diagram . .. ...ttt e e 21

4.2 Device Configuration. . ... e 22

4.3 Peripherals and /O Usage ....... ...t e 23

4.4 16-Bit Timer FUNCLION . ... o e e e 24

45 8bitTimer/Event Counter 50 . ...ttt 26

4.6 A/ CONVEI O . ottt 27
Chapter 5 Software Process Description. .. ... 29
5. VAN . 29

5.2 MICIO 29

5.3 S AN-UP . o o e 29

54  PWM CONtrol. . ..o 30

54.1 Open/Closed loopoperation. . ... 30

5.5 DISPlaY .. 31

5.6 MEIMOIY . oot 31
Chapter6 Flow Charts. . ... . 33
6.1  Main Program . . ... 33

B.2  MICIO . . 34

6.3 S AI-UP . o oo 35

6.4  PWM Generation . . ... ... 36

6.5  DISpPlay ... 37
Chapter 7 Program Listing . ........... . 39
7.1 VAN . 39

7.2  MICIO 41

7.3 S AIN-UP - oo 50

7.4  PWM Generation . ... ... 53

7.5  DISplay .. 58

7.6  Conversion Table. ... ... 61

Application Note U17101EE1VOANOO 5



Figure 1-1:
Figure 2-1:
Figure 2-2:
Figure 2-3:
Figure 3-1:
Figure 3-2:
Figure 4-1:
Figure 4-2:
Figure 4-3:
Figure 4-4:
Figure 6-1:
Figure 6-2:
Figure 6-3:
Figure 6-4:
Figure 6-5:

List of Figures

78KO / KBL BIOCK DIagram ......ccceuviiiieieieeeeeeisssietieeeeeeeesesessssnnnsnsnneeeesaeeesesannnnnnnsnnees 11
(O aT\VCT (=T ILY, o] o] g @ 1= - 11 o] o S 13
Phase Angle Control PriNCIPIE.........ccco it e e 15
Chopper Motor Control PriNCIPIE ........ueeeiiieeeee e a e 17
Chopper Control SYStemM CONCEPL......uuiiiiieeeie it e e e s e e e e e e rnrenaeees 19
Chopper Control System Configuration............cccccviieiiiiiee e 20
Yol 0 1=] 0P [ D= Vo - o o SRR 21
16-bit Timer/Event Counter 00 BIOCK Diagram ............cooovveiiiiiiiriiee e cciiinneeeeee e 24
8-bit Timer/Event Counter 50 BlOCK Diagram .........c..uueeeieeeeeeiiiiiciiiieeereeeeee e s seesnveneeens 26
A/D Converter BIOCK DIagram .........coocuuiiiiiiieiiee e s sessieie e e e e e e s e s s e e ee e e e e e e s e annns 27
1Y = T T = o T = o P 33
Initialisation of the MICTOCONTIOIIET .........icuviiiii it 34
S = 1 T o 35
PWIM GENEIALION ...ttt ettt ettt e e sttt e e e s sbba e e e s st b e e e e s sebeeeeesans 36
D153 o] YRR 37

Application Note U17101EE1VOANOO



Table 1-1:
Table 4-1:
Table 4-2:

List of Tables

78KO0 Series, Differences between SUDSEIES ........coovviiiiii i
Device CONFIQUIALION .......ooi et e e e e e e s et eeeaae e as
Tl@ N @do]q11To U] £\ 1 o] EUU TR PPPPPRPPPTR

Application Note U17101EE1VOANOO



Application Note U17101EE1VOANOO



Chapter 1 Overview

1.1 Introduction

This application note serves as an example of a PWM control for a universal motor, using an NEC KO
8-bit microcontroller.

The aim of the application note is to provide the user with an example for driving a universal motor via
an IGBT directly from the mains, using a low-cost microcontroller.

A closed-loop control is realized by measuring the motor speed with a Hall sensor.

A suitable regulation algorithm depends largely on the final application and its requirements. Therefore
the one implemented in this Application Note has to be seen just as an example.

The software and hardware configurations published here are examples and are not intended for mass
production.

1.2 78K0 Family Overview

The heart of NEC's 78K0 family is a powerful 8-bit CPU with an excellent power/performance ratio.

The 78KO0 series is a highly integrated 8-bit single-chip microcontroller family.

It features CPU, ROM, RAM and peripheral functions such as A/D converter, UART, 12C and serial inter-
faces as well as many dedicated ASSP peripheral functions.
All devices offer a range of on-chip memory options, both as Flash and Masked ROM.

The 78K0 core provides four register banks, each with 8-bit general registers that can be concatenated
to form a 16-bit register, supporting 16-bit operations.

A total of 63 instructions are available. Bit manipulation operations are supported on all registers and
the entire RAM address space.

Application Note U17101EE1VOANOO 9



Chapter 1 Overview

Table 1-1: 78KO0 Series, Differences between Subseries
Function Timer V
ROM 8-bit | 10-bit | 8-bit . bD | External
. Serial Interface | /O | MIN .
Subseries Name Capacity | g-pit |16-bit| WT | wDT | A/D | AD | D/A value |EXPansion
UPD78075B  [32K to 40K
3 ch (UART: 1 ch)
uPD78078
88 | 1.8V
48K to 60K 3ch (UART: 1 ch,
UPD78078Y 2
4 ch I1C: 1 ch)
UPD78070A 3 ch (UART: 1 ch)
PD78070AY - 2ch [3¢ch (UART: 1 ch,| 61 |27V
H 1ch 8 ch - |ZC: 1 Ch)
3 ch (time-divi- x
HPD780058 sion UART: 1 ch)
Controller 24K to 60K 1ch | 1ch 3, ch (time-divi- 68 | 1.8V
uPD780058Y sion UART: 1 ch,
12C: 1 ch)
UPD780065 |40K to 48K 4 ch (UART: 1 ch)|l60 2.7V
uPD780078 2ch 4 ch (UART: 1 ch,
48K to 60K 2¢ch 8ch 5 52
uPD780078Y 1“C: 1 ch)
UPD780034AS " |4ch| _ |[3ch(UART:1ch,| 39 -
2003 8 ch time-division 1.8V
UPD7 4A c .
8K to 32K 1ch 8-wire: 1 ch)
UPD780034AY - 8 ch 3 ch (UART: 1 ch, 51 x
UPD780024AY gch | - 1C: 1 ch)
78K0/KB1 8K to 24K | 3 ch - 4 ch 22
_ |78ko/kC1 1ch 3ch (UART: 2 ch)| 32
On-chip 8K to 32K -
power-on [78K0/KD1 1ch - - 39 [ 2.7V
reset 4 ch 1ch 8 ch
78KO/KEL 8K to 60K 4 ch (UART: 2 ch)| 22
2ch
78KO/KF1 24K to60K 5 ch (UART: 2 ch)| 22 x

10
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Chapter 1 Overview

1.3 78K0/KB1 Devices

KB1 devices are part of the 78K0 microcontroller family.

With their many different integrated peripherals these devices are ideal for industrial and household
appliances.

The KB1 series consists of four devices that differ mainly in RAM and ROM size.

For further details refer to the block diagram in Figure 1-1 and the feature list in section 1.4 “Feature
List 78K0 / KB1" on page 12.

Figure 1-1: 78K0/KB1 Block Diagram
22 x 1/0 ports |nterrulrt
ROM/Flash RAM Controller

4 x 10-bit
A/D converter

8/16/24 Kbytes

1xCSlI

1 x LIN UART

512/768 Kbytes

78K0

8-bit CPU Core

1* x UART

Main clock
2-10 MHz

1 x 16-bit timer

On-chip osc.
240 kHz

Note:

* - depending of the actual device

Application Note U17101EE1VOANOO

3 x 8-bit timer
. Power-on clear
Watchdog timer (POC/POR)
Clock monitor Low-voltage
indicator
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Chapter 1 Overview

1.4 Feature List 78K0/KB1

» 8-bit CISC CPU core

» Hardwired instructions for bit manipulation, multiplication and division
» 10 MHz max. clock frequency (200 ns min. instruction cycle time)
* On-chip oscillator

» Various memory configurations (including flash memory)

* Clock monitor

« Power-on clear (POC/POR) with RESET output

* Low-voltage indicator

» 4-channel A/D converter, 10-bit resolution

» Advanced UART (highly flexible, supports LIN by hardware)

» Standard UART (except pPD780101)

» 3-wire serial interface (CSI)

* 3 x 8-bit timers, 16-bit timer

» Watchdog timer

» 221/0s

e Operating voltage: 2.7t0 5.5V

» Operating temperature: -40 to +125°C (device dependent)

» Package: 30-pin SSOP

12 Application Note U17101EE1VOANOO



Chapter 2 Universal Motor

2.1 Universal Motor

Universal motors are used in applications where speed control and high torque are required.
Typical applications are in the field of white goods or power tools.

This motor can run on either DC or AC power, which is why it is called a universal motor.

The universal motor consists out of three main parts.

e Stator: contains the field windings to generate the radial magnetic flux

¢ Rotor: armature winding supplied with current via the carbon brushes to generate magnetic flux

« Brushes: mechanical linking of power supply and rotor windings

If a DC power is connected to a universal motor, the coils of the stator behave as if they were perma-
nent magnets and the universal motor behaves like a DC motor, with one exception: it does not reverse
direction when the current passing through it is reversed. It will continue to rotate in the same direction,
because reversing the current through the rotor also reverses the current through the electromagnets.
In effect, every pole of the motor changes from north to south or from south to north. As all the poles

change their polarity, the motor will continue turning in the same direction.

As the universal motor always rotates in the same direction irrespective of the direction of the current, it
works also when connected to AC power.

In order to change the motor’s direction of rotation, the coils of the stator must be rewired, because this
reverses the poles and thus the direction of rotation.

When running a universal motor on AC power, the motor experiences no torque during current reversal,
but the average torque is sufficient to turn the motor as if it were connected to a DC power supply.

Figure 2-1: Universal Motor — Operation

Power
(AC or DC)
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Chapter 2 Universal Motor

2.2 Universal Motor Speed Control

One major requirement for electromotors used in domestic appliances is the ability to control its speed.

Two electronic solutions, phase angle control and chopper control, are widely used in industry today to
realize speed control.
Both solutions have their strengths and weaknesses.

2.2.1 Phase Angle Control

Phase angle control is a simple and cost-effective solution to change the speed of a universal motor by
using a triac.

The gate of the triac can be controlled directly by the output ports of a microcontroller and the whole cir-
cuitry is usually connected directly to the mains.

The advantages of this solution are:
« simplicity
» cost effectiveness

 full speed control

On the other hand, the drawbacks are:
« high brush noise
« short lifetime

 high current ripple

* poor EMI behaviour

14 Application Note U17101EE1VOANOO



Chapter 2 Universal Motor

Figure 2-2: Phase Angle Control Principle

(a) Block Diagram

78K0 MCU

(b) Timing
bug
SR B S ot
I Phase Angle |+
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Chapter 2 Universal Motor

2.2.2 Chopper Control

PWM control is another solution for controlling the speed of a universal motor.

The AC voltage from the mains is rectified and then switched at a high frequency by a Power MOSFET
or an IGBT.

The switching frequency is usually in the range of 10 to 20 KHz.

PWM control is the more advanced solution for controlling the speed of a universal motor.
Driving a universal motor in PWM mode results in lower current ripple, which reduces the harmonics
and therefore results in much better EMI behaviour.

The reduction of harmonics compared with phase angle control also reduces the copper and iron
losses, which results in higher motor efficiency.

Running a motor in chopper mode also reduces acoustic noise, which is an important factor nowadays
that should not be underestimated.
The advantages of this solution are:

* higher motor efficiency

» lower acoustic noise

* smooth current behaviour

On the other hand, the drawbacks are:

¢ more components needed
« price disadvantage
« filtering of chopper frequency required

16 Application Note U17101EE1VOANOO



Chapter 2 Universal Motor

Figure 2-3: Chopper Motor Control Principle

(a) Block Diagram

Mains
253;’% ...................... A

uPD78F0103

reerencel — D@E ﬁ]

mﬂﬂnm mwﬂﬂmﬂﬂm “ﬂﬂ“ﬂm, t
- ~— 7
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Chapter 3 System Design

3.1 System Concept

The aim of this application note is to provide a speed regulation example realized by chopper control,
using an 8-bit microcontroller from NEC's 78K0 family.

The uPD78F0103 was selected for this application example.

The universal motor runs on rectified main voltage that is PWM-modulated.

An IGBT switches the rectified mains voltage via a suitable driver.

The PWM is generated by NEC'’s 8-bit microcontroller.

The motor speed can be controlled by changing the duty cycle of the generated PWM signal.

The motor speed is measured via a Hall sensor. A potentiometer, connected to the A/D converter of the
microcontroller, delivers the reference value for the speed control function.

A closed-loop system is realized by comparing the reference and measured value.

Depending on the calculation results, the duty cycle of the PWM signal, controlling the power switch, is
adapted to achieve a stable motor speed.

Figure 3-1: Chopper Control System Concept

Mains
Rectifier
= ] Measured
Value
5 '\)/ /15Vv Reference NEC Power
ower Value Microcontroller Switch
Supply
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Chapter 3 System Design

3.2 System Configuration

The system configuration and the relationship between control software and hardware of the chopper
controlled Universal Motor is shown in detail in Figure 3-2.

Figure 3-2: Chopper Control System Configuration

10-bit w reference ~ ® measured 16-bit Hall
A/D Converter Timer 00 Sensor
Aw
8-bit PWM Power
Pot Meter Regulator Timer 50 Switch

The motor speed information is given by the output signal of the Hall sensor. This signal is measured by
the 16-bit timer/counter, operating in pulse-width measuring mode.

The reference value for the closed-loop control system is given by an analog potentiometer, connected
to the on-chip A/D converter of the microcontroller.

The speed reference value is compared with measured value to generate the input signal to the regula-
tor.

The output signal of the regulator itself changes the duty cycle of the 8-bit PWM counter in a way that
constant motor speed is achieved.

The function of each of the peripheral units is described in the next chapter.
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Chapter 4 Hardware Configuration

4.1 Schematic Diagram

The diagram shows the chopper motor control design using a WPD78F0103 microcontroller.

Figure 4-1:

Schematic Diagram
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Switch S1 allows the selection between closed-loop and open-loop system operation.
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Chapter 4 Hardware Configuration

4.2 Device Configuration

The configuration and operating environment of the pPD78F0103 is shown in Table 4-1.

Table 4-1: Device Configuration

Operating clock 10.00 MHz
Operating voltage 5V
Internal ROM 24 KB
Internal RAM 768 Bytes
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4.3 Peripherals and 1/0 Usage

Table 4-2 shows the microcontroller’s I/O pins.
The pins used in the application and their functions are listed.

Table 4-2: 1/0O Configuration

Pin No.: Pin Name Signal Name Function
1 P33 LED
2 P32 LED
3 P31 LED
4 P30 LED
5 IC Vpp Programming
6 Vss Ground
7 Vbp Vbp
8 X1 Main crystal
9 X2 Main crystal
10 RESET System reset
11 P03 LED
12 P02 LED
13 PO1 LED
14 P00 TI000 Speed measure
15 P10 LED
16 P11 Not used
17 P12 Not used
18 P13 Not used
19 P14 LED
20 P15 LED
21 P16 LED
22 P17 TO50 PWM out
23 P130 Debugging
24 P23 Not used
25 P22 Not used
26 P21 Not used
27 P20 ANIO Speed reference
28 AVREE 5V A/D reference
29 AVgg oV Analog ground
30 P120 I/O Switch
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4.4 16-Bit Timer Function

As shown in Figure 3-2, “Chopper Control System Configuration,” on page 20, the 16-bit timer is used

to measure the motor speed.
The 16-bit timer (TMO0O0) of the uPD78K0103 has several operating modes:

Interval timer
- Generates interrupt request at the preset time interval

 PPG mode
- Outputs a square wave, output pulse and frequency can be set

* Pulse width measurement
- Measures pulse width of an external signal

« External event counter
- Measures the number of external pulses

» Square wave output
- Generates a square wave signal with an programmable frequency

Figure 4-2: 16-bit Timer/Event Counter 00 Block Diagram

S Internal bus S
Capture/compare control >
register 00 (CRCO00)
S
8 INTTMOO00
Noise 16-bit timer capture/compare L
T1010/TO00/P01 ©—={elimi- register 000 (CR000)
nator
U Match
fx — ‘
b2? g bit t TOO00/TI010/
/28 9 16-bit timer counter 00 I:Clear
"j (TMO00) :l Output Pol
[ L controller
f Noise ) Match
x— elimi- Output latch
nator (PO1) PMO1
I Noise 16-hit timer capture/compare
T1000/P00 © elimi- 1™ register 010 (CRO10)
] »lgl INTTMO10
CRCO002 —
PRMO01|PRM000 [Tmcoos|Tmcoo2 iTmcooovFoo| JospTonjospEoo TocoodLvSo0 |LvRo0 TOC00LTOE0O|
16-bit timer mode 16-bit timer output
Pre‘scaler mode control register 00 control register 00
register 00 (PRMOO) 1 (TMC00) (TOCO00)
S Internal bus S
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The 16-bit timer is set to pulse width measurement mode to measure the frequency of the square wave
signal.

A magnetic ring with eight pole pairs is mounted on the axis of the motor rotor.
The Hall sensor, mounted close to the magnetic ring, generates a square-wave signal.

The generated frequency of the Hall sensor is in the range of 300 Hz at low speed and increases to a
maximum speed of 1800 Hz.

The count clock frequency of the 16-bit timer is programmable. In this application example, a frequency
of 39 KHz is selected to measure the pulse width of the Hall sensor signal.

The pulse-width measurement is performed in a so-called “by means of restart” mode.
The speed measurement in this application example is not interrupt-controlled but performed in free-
running mode.

The 16-bit timer is triggered by the rising edge of the Hall sensor signal.
A rising edge transfers the value of the 16-bit timer/counter to the CR010 capture/compare register and
automatically clears and restarts TMOO for the next measurement.

This has the advantage that the last measured speed value is always available in CR010 and can be
used at any time for the speed control algorithm.
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45 8 bit Timer / Event Counter 50

This timer is used to generate a PWM signal that controls the speed of the motor via the IGBT driver
and IGBT. The PWM signal is varied by modifying the duty cycle.

The timer provides the following functions:
* interval timer
» external event counter

e square-wave output
* PWM output

Figure 4-3: 8-bit Timer/Event Counter 50 Block Diagram

2 Internal bus 2

8-bit timer compare
register 50 (CR50) : INTTM50

Mask circuit

TISO/TOS0/P17 ©—= Match Note 1 To TMHO
iy ] 1 To UARTO
X — 9 S = To UART6
/22 —= 3 — Q s TO50/
fsze I % *8-b|tt|mer OVF D»INV S T|o/p17
fx28 —| @ | |counter 50 (TM50) R 3
fx/213 —f
Clear ]
Note 2 Output latch PM17
P17
3 S |, | Invert (1)
R level
Selector]———
—— |
[reLsozlteLso]eLsod [TCEB0 [TMC506 |LVS50] LVR50|TMC501 TOE50)
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)
Internal bus 2

Notes: 1. Timer output F/F
2. PWM output F/F

PWM output mode is selected and an output frequency of 10 KHz. The duty ratio of the 10 KHz signal
is determined by the value of the 8-bit timer compare register 50 (CR50).

The calculation result of the speed control algorithm can be set on the fly, i.e., the CR50 register can be
set at any time without stopping the PWM mode of the 8-bit timer.

A subroutine structure is used to modify the duty cycle by rewriting the CR50 register.
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4.6 A/D Converter

The on-chip A/D converter has 4 input channels and a 10-bit resolution.

Figure 4-4: A/D Converter Block Diagram

© AVREr
ADCS bit —

ANIO/P20 ©— o oo
Sample & hold circuit P
ANILP216——] 5 . Voltage comparator ' 5
g o T IR
ANI2IP22@—{ & T ; IR
i ' =N
ANI3/P23 ©—] H AVss ! LS H
ERREEEEEEEEEEEEEEE ' Successive D
approximation ! ! AVss
register (SAR) L ﬁ oo
— INTAD
Controller =
.
A/ID conversion result Power-fail comparison
5 register (ADCR) threshold register (PFT)
|ADSl ‘ ADSO| |ADCS‘ FR2 ‘ FR1 ‘ FRO ‘ADCEl PFEN
Analog input channel A/D converter mode Power-fail comparison
specification register register (ADM) mode register (PFM)
(ADS)
S Internal bus S

In the example, channel one (ANIO) is connected to a potentiometer connected between Vpp and

ground.
The A/D converted potentiometer value represents the reference value for the speed control algorithm
for regulating the speed in the closed-loop system of this example.

The A/D conversion process is continuous and always the last converted value can be read out from the
ADCR register of the uPD78F0103.

The conversion time of the yPD78F0103 is 28.8 ps.

Analog reference AVpp and analog ground of the A/D converter are connected respectively to Vpp and
VSS.
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5.1 Main

The main program provides the framework within which the subroutines execute the various tasks of
the closed-loop motor control application example.

The main program starts by initializing the stack pointer and device-specific IMS register settings,
before invoking the global initialization subroutine called Micro.

The start-up routine performs a soft start-up of the universal motor until the reference speed is reached.

The endless loop of the main program consists of the PWM generation and the Display subroutine.

5.2 Micro

The Micro subroutine is responsible for initializing the system after a system reset.

It configures the basic clock settings of the device, selects the oscillators running the device during the
different operating modes and initializes the used peripherals.
It has the following sections:

» Watchdog timer

« Initialization and switching of CPU clock

* Initialization of I/O ports

» A/D converter settings (reference value generation)
* PWM timer initialization (PWM generation)

« Timer 00 setting (speed measurement)

5.3 Start-up

This routine performs a soft start-up of the universal motor.

The A/D converter delivers the reference value of the motor speed.

After determining this value, the PWM register of Timer 50 is set to minimum speed.
Timer 50 generates the PWM signal for controlling the motor speed.

PWM generation of Timer 50 is enabled and the PWM register, containing the minimum speed value, is
incremented to increase the motor speed until the reference speed is reached.

To achieve a soft start-up, a delay is executed after each change in the PWM duty cycle.

Application Note U17101EE1VOANOO 29



Chapter 5 Software Process Description

5.4 PWM control

This subroutine controls the motor speed.

In this application, controlling the motor speed means comparing reference and measured speed and
calculating the speed error from the difference.

Speed error in this context means the motor is either running too fast, too slow or runs exactly at refer-
ence speed, in which case the speed error is zero.

Depending on the calculated speed error, the duty cycle of the generated PWM signal is modified by
rewriting the CR50 register of Timer 50.

Modifying the PWM signal basically means incrementing or decrementing the corresponding variable
(PWM_reference) in dependency on the calculated speed error.

The reference speed in this application is given by a potentiometer.

The A/D converter continuously converts its input value, i.e., approx. every 30 us a new reference
speed value is provided to the ADCR register for further calculations.

The A/D converter has a 10-bit resolution, which in this application is standardized to 8 bits.

The motor speed is measured with Timer 00 of the uPD78K0103.
Like the A/D converter, the speed measurement resolution is also standardized to 8 bits.

The timer runs in a so-called “pulse width measurement by means of restart” mode, i.e., the timer
clears and starts its counter function automatically at the specified edges and provides the counter
value for further calculation in its CRO0O register.

A magnetic ring with eight pole pairs is mounted on the rotor of the universal motor.
A Hall sensor, mounted close to the ring provides speed information to Timer 00.

While calculating a new PWM duty cycle it is very important to check whether any underflow or overflow
of the system limit values has been occurred.

‘Regulation delay’ is a function implemented in the PWM control subroutine. This is necessary to opti-
mize the control performance of the whole system.

By changing the constants ‘regulation_delay const out’ and ‘regulation_delay_const_in’ this scheme

can easily be adapted for transfer to other systems.

5.4.1 Open/Closed loop operation

This motor control application can run either in closed-loop or in open-loop mode.

The modes are selected via a switch connected to port P120.

In closed-loop operation the regulation algorithm as described above is performed.

In an open-loop system, this algorithm is switched off and basically the reference value provided in the
ADCR register is transferred directly to the CR50 register of Timer 50, which specifies the duty cycle

and thus the motor speed.

To achieve similar speeds in closed- and open-loop operation requires a conversion table with refer-
ence values.

The reason for that is in the different control characteristic curves in open- and closed-loop operation
within this application.
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5.5 Display

Display is a subroutine that in closed-loop operation indicates the regulation accuracy.
In open-loop mode the display is switched off.

The accuracy of the regulation is calculated from the reference and measured speed values.
11 LEDs indicate the regulation accuracy in 2% steps.
The green LED on port P16 indicates 100% accuracy. The red LEDs on ports P30, P31, P32, P33 and

P01, P02, P03, P10 indicate the accuracy in 2% steps in positive and negative direction, respectively.

The yellow LEDs on port P15 and P14 indicate an accuracy of less than 8% in positive and negative
direction, respectively.

5.6 Memory

These application example provides an approach to a basic chopper control system suitable for imple-
mentation with NEC’s 78K0 8-bit Microcontroller family.

The memory requirements for these example are as follows:

* 78K0 — puPD78F0103

CODE memory 16 Kbytes available, 679 bytes used
DATA memory 768 bytes available 21 bytes used

The 78K0 Microcontroller used for this application example provides further resources for additional
user functions or/and adaptions to the regulation algorithm.
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6.1 Main Program

Chapter 6 Flow Charts

Figure 6-1: Main Program

Initialize
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6.2 Micro

This Module executes the initialisation of the microcontroller

Figure 6-2: Initialisation of the Microcontroller

Initialise
WatchDogTimer
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Initialise / Switch
Oscillators

'

Initialise
/0

'

Initialise
A/D Converter

Initialise
Timer 50

'

Initialise
Timer 00
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6.3 Start-up

This module performs soft start-up up to reference speed.

Figure 6-3: Start-up
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6.4 PWM Generation

This module calculates out of reference and measured speed the new duty cycle of the PWM signal

driving the Universal Motor.

Figure 6-4: PWM Generation
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6.5 Display

This module gives in 2% steps an indication on the achieved accuracy while running the application in

closed loop mode.

Figure 6-5: Display
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7.1 Main

Chapter 7 Program Listing

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

[* File:

/* Project:
/*

/*

/*
[* History:
/*

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

Description:

mai n. asm
Mot or Control ( chopper ) - startup

Contai ns power-on reset initialisation and the idle |oop.

031103 creation

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

; Environent Devi ce: uPD78F0103
; Assenbl er: A78000 V3. 21A 386
; Conpi | er: | CC78000 V3. 21A 386
; Li nker: XLI NK V4.51J/ 386
; Changes
NANMVE Mai n ; nmodul e name
; P780103 ; target device
#i ncl ude "df 0103. h" ; header file
; EXPORT LI ST
; Constants:
; Vari abl es:
; Fl ags:
; Label s:
PUBLIC Start ; reset entry address
; | MPORT LI ST
; Constants:
; Vari abl es:
; Fl ags:
; Label s:
EXTERN InitMcro ; fromMcro
EXTERN Startup ; fromStartup
EXTERN | oop ; from PWM gener ati on
EXTERN Di spl ay ; from Di spl ay
org 0000H
dw Start
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; Segnent nane:
; Segnent type:
; Address area:

rel ocat abl e code segnent
internal ROM area

RSEG CODE

; Block type: Programidl e | oop

; Purpose: Initilisation

;I nput none

; Qut put none

Start nmvw AX, #0FE20h ; set stackpointer
nmovw SP, AX
nov | VS, #06H
di ; disable Interrupts
call InitMcro ; switching ring -> main oscillator
call Startup

EndLess: nop ; endl ess | oop
call | oop
call Di spl ay
nop
br EndLess
END

40
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7.2 Micro

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

/* */

[* File: m cro.asm */
[* Project: Mot or Control ( chopper ) - startup */
/* */
/* Description: Initilization of CPU and peripherals */
/* */
/[* History: 031103 creation */

/* */
/*************************************************************************/
;. Environment Devi ce: uPD78F0103

; Assenbl er: A78000 V3. 21A/ 386

; Conpi | er: | CC78000 V3. 21A 386

; Li nker : XLI NK V4.51J/ 386

NANVE mcro ; modul e nane
; P780103 ; target device

#i ncl ude" df 0103. h" : header file

; Constants:
; Vari abl es:
; Fl ags:
; Label s:
PUBLIC InitMcro ; - nodule initilization

; Constants:
; Vari abl es:
; Fl ags:

; Label s:

; Segnent nanme: CODE
; Segnent type: relocatable code segnent

; Address area: internal ROM area
RSEG CODE
; Bl ock type: gl obal standard subroutine
; Purpose: Initilization for chopper node notor contro
;I nput: none
; Qut put: none
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InitMcro: call I ni t WDTM ; Begin
cal | InitGCsc ;
cal | InitlO ;
cal | I nit AD ;
cal | I nit TMbO ;
cal | I ni t TMDO ;
ret ; End
; Block type: | ocal standard subroutine
; Purpose: Initilization / Switching of CPU clock
;I nput: none
; Qutput: none
cPCCi ni equ 00000000B ; processor clock control register
SERNRRRNE
SERNRRRNE PCCn f CPU
S N N e R
R 000 fx
SRR 001 fx/2
RN 010 fx/ 4
RN 011 fx/8
RN 100 fx/ 16
SRR
RN ot her settings prohibited
SRR
R R e fixed to O
I R T fixed to O
I T fixed to O
LT fixed to O
e fixed to O
cRCM ni equ 00000000B ; Ring-Osc nobde register
SRR
SRR RSTOP
R
R R R 0 Ri ng- OSC wor ki ng
SERNRRRN 1 Ri ng- GSC st opped
SERNRRRN
R R R fixed to O
R fixed to O
R R fixed to O
R e T fixed to O
I fixed to O
R LR fixed to O
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cMCM ni

cMOCi ni

cOSTC ni

cOSTSi ni

equ

equ

equ

equ

4 ————————o0O

i

+——— T O

R LR MCS, [0]
LR fixed to
Fomee - fixed to
L fixed to
R R fixed to
------------------ fixed to
------------------- fixed to

4 ———————0O

. fixed to
e e e e e e e mm - fixed to
o e e o - fixed to
T fixed to
B fixed to
o e e e e e oo - fixed to
__________________ fixed to

(0]0] =3 ;. Main Gsci
|l
I

+——— 77— O

00B ; Main Clock Mbde Register
N
I

oo s MCMD, [0] Ring-OSCinput,[1] x1 input

Ring-0SC or [1] x1 working

[cNeoNeoNeoNeNe]

[cNeoNeoNeolNoNoNo

| ator Control Register

................... MSTOP, [0] x1 osc,

o e e e e e e e e e m = = fixed to
.................. fixed to
................... fixed to

+——— T O

s fixed to
L fixed to
R LT fixed to
------------------ fixed to
------------------- fixed to
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0
0
0

[cNeoNeoNeNe]

204. 8us
819. 2us
1. 64ns
3.27ns
6. 558

204. 8us
819. 2us
1. 64ns
3.27ns
6. 558

[1] x1 stopped

1B ; Osc. Stab. Tine Sel ect register
I
I
I

ot her settings prohibited

0B ; Osc. Stab. Time Counter status reg.
I
I
I
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I ni t Osc:

wai t:

; Block type:

; Purpose:

[ ni t WDTM

44

nov

ret

PCC, #cPCCi ni
RCM #cRCM ni
MCM #cMCM ni
MOC, #cMOCi ni

CSTS, #cOSTSi ni ;

OSTC. 4, wai t
MCM 0O

fx=10MHz sel ectiert

Ri ng- OSC wor ki ng

Ri ng- OSC supplied to CPU

x1 wor ki ng

6,5ns stabilization tinme sel ected

check stabilization tine
after stabilization tinme switch to x1

| ocal standard subroutine
Initilization Watchdogti ner

none
none

01111111B ; Watchdog Ti ner Mode register
ERERRN

NEREERR WDCSn Ri ng- OSC x1 OSC
IR R
[TI]-----mmmm- - - 000 8. 53nms 819. 2us
[11T11 001 17.07ns 1. 64ms
[11T11 010 34.13ms 3.28ns
[11T11 011 68. 27ms 6. 558
[11T11 100 136. 53ns 13. 11ns
[11T11 101 273.07ns 26.21ms
[11T11 110 546. 13ns 52. 438
[11T11 111 1. 09s 104. 86ns
[111]

[ 1111 WDCSn  cl ock sel ection
R T

NI EEEEEEEEEEEEEEE 00 fr Ring-OSC cl ock
[11 01 fx Main Oscillator
[1] 1x Wat chdog timer stopped
[

[|+-----mmmmmm oo - fixed to 1

R T fixed to 1

R LR TR fixed to O

WDTM #cWDTM ni
I M5, #06H

; Watchdog tiner stopped

Application Note U17101EE1VOANOO



Chapter 7 Program Listing

; Block type
; Purpose:

cPMi ni

cPMLi ni

cPMBi ni

cPML2i ni

Initl G

| ocal standard subroutine
Initilization of I/O Ports
none
none

equ

equ

equ

01B ; Port Mode Regi ster
N
I

A PMD3
R unused, fixed to 1

00B ; Port Mode Regi ster
N
I

00B ; Port Mode Regi ster
N
I

A PMB3
R unused, fixed to 1

111111108B ; Port Mode Regi ster

NERRRRN
[T+ me e e PML20
R S s o 1 o SRR unused, fixed to 1

; PWky [0] = output node
; [1] = input node

PMD, #cPMDi ni ; Port output node
PML, #cPMLi ni ; Port output node
PMB, #cPMBi ni ; Port output node
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| ocal standard subroutine
Initilization of A/D Converter

none
none
10000001B ; A/D Converter Mde Register
[ETTTTT
[T+ - - ADCS, [0] stops conversion
[1] enabl es conversion
[T+ - - unused, fixed to O
[T +-------------- unused, fixed to O
[T
[ 1111 FRn Conversion tinme
[ R LR R R
[|+44--mmm e - - 000 288/ f x
| 001 240/ f x
| 010 192/ f x
| 010 144/ f x
| 101 120/ f x
| 110 96/ f x
| +--m e - unused, fixed to O
R ADCE, ref.volt.gen.,[0] off,[1] on

; Block type

; Purpose

;I nput

; Qut put

CcADM ni equ

CADSI ni equ

I ni t AD: nov
nov
ret

46

00000000B ; Anal og I nput Channel Specification Register

NERRRRN

NEREERR ADSN i nput channe
R SRR R LR R
[]]]] +++-----mm - - - 000 ANI O

[ 1111 001 ANl 1

[ 1111 010 ANI 2

[ 1111 011 ANI 3

[T

[T

[+ - - unused, fixed to O
[ +-------emm- - - unused, fixed to O
[|4-------mmmm - - unused, fixed to O
[+---cmmm e - unused, fixed to O

e e T unused, fixed to O

ADM #cADM ni ; start A/ D Converter
ADS, #cADSi ni ; select anal og input channel AN O
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; Bl ock type: | ocal standard subroutine
; Purpose: Initilization of Timer 50 ( PWM out )
;I nput none
; Qut put none
CcTCL50i ni equ 00000100B ; Timer O ock Sel ection Register 50
ARRRERN
[TTTTT1] TCL50n count cl ock sel ection
LETEIITT 000 mmeeeeeccccccccccccccccaaccnee
[1L]] 4+ - - 000 TI50 fallinge edge
[1111 001 TI50 rising edge
[1111 010 10 MHz (fx)
HRRN 011 5 MHz
HRRN 100 2.5 MHz
[T 101 156. 25 kHz
[T 110 39.06 kHz
[T 111 1.22 kHz
HRRN
[[]]+-=---ccmmemnn-- unused, fixed to O
[ || +---ccmccmmenans unused, fixed to O
[ | 4---cccmccmmenans unused, fixed to O
| 4---mcemmeeee e unused, fixed to O
Foe e unused, fixed to O
cTMC50i ni equ 01000010B ; format Tiner Mode Control register
ARRRERN
[TLTI]] - TCE50, counter [0]stopped, [1]starts
[TII]]+-mmmmme - TMC506, [O]clear & start, [1] PWM node
HRRNE
[T LVS50 LVR50 Timer output F/F status
[N mmmmmm e
B RESEEEEEEEEEEEEE 0 0 no change
(111 0 1 output F/F reset (0)
[T11] 1 0 output F/F set (1)
[T 1 1 Setting prohibited
HRRN
[ || 4---ccmccmmenan- unused, fixed to O
[ | 4---cccmccmmemans unused, fixed to O
[ 4= - TMC501, active,[0]high,[1]] ow
Fom e TOES0, out put,[0]disabl ed, [1] enabl ed
I ni t TMBO: nmov TCL50, #cTCL50i ni ; count clock selection
nmov TMC50, #cTMC50i ni ; select PWM npde, output enable
ret

Application Note U17101EE1VOANOO 47



Chapter 7 Program Listing

; Block type

; Purpose

cCRCOO0i ni

cTOCOO0I ni

equ

equ

| ocal standard subroutine
Initilization of 16bit Timer 00 ( notor speed counter )
none

none
00001010B ; 16bit Timer Mode Control Register
ERERRER
[ITTII]+-mmmmm - - ; OVF00, Overflow detected,[0]no, [1]yes
[T
[TITT] ti mer operating nodes
R
[]]+++-mmmmmme e - - 000 operating stop
(1111 001 operating stop
[111] 010 free runni ng node
[111] 011 free runni ng node
[111] 100 clear and start valid edge
[111] 101 clear and start valid edge
[111] 110 clear and start match TM CR
[111] 111 clear and start match TM CR
[T1]]
NI EAEREEEEEEEEEEEEE unused, fixed to O
[|4---cccmccmmcenann- unused, fixed to O
| +---mccmmeeeeeaas unused, fixed to O
Foe e unused, fixed to O
00000111B ; Capture/ Conpare Control Register
ERRRRER!
ERERRRN operating node sel ection
[ITEIT 4o CRC0D00, operates [0] conpare [1]capture
[T
[TI11]] capture trigger selection
REER EAEREEEEEEEEEE CROD00, capture [O]valid[1]reverse edge
(11111
[ 11111 operating node sel ection
[1]]+---mmmmmm - CRC010, operates [0] conpare [1]capture
[[]]+-==--ecmmeman-- unused, fixed to O
[ || 4---ccmccmmenann- unused, fixed to O
[|4---cccmccmmcenann- unused, fixed to O
| +---mccmmeeeeeaas unused, fixed to O
Foo e unused, fixed to O
00000001B ; 16-bit Timer Qutput Control Register
ERERRER
[TETII] - - - TOE0O, [0] disables, [1] enables outp
REER EAEREEEEEEEEEE TOC001, [ 0] disables [1] enables inv
(11111
[T LVSO0 LVROO Timer output F/F status
[
[[[]++---mmmmmm e - - 0 0 no change
[11] 0 1 Timer output F/F
[11] 1 0 Ti mer output F/F set
111 1 1 Setting prohibited
111
NI EAEREEEEEEEEEEEEE TOC004, [0]disables,[1]enables inv. op
[|4---cccmccmmcenann- unused, fixed to O
| +---mccmmeeeeeaas unused, fixed to O
Foo e unused, fixed to O
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cPRMDOI ni

I ni t TMDO:

equ

0B ; Prescal er
I
I
I

unused,
unused,

+————— " O

—_—————— 0
_—_———— 5
_—_——— 5
—_—_——

Mbde Regi ster 00

PRMDO1 PRMDOO count cl ock sel ection

fx (10Miz)

fx/4 (2.5MHz)

fx/ 256 (39.06kHz)
TI 000 valid edge

fixed to O
fixed to O

[ 111 ES001 ES000 TI000 valid edge sel ect

+ —
+

S

falling edge

ri sing edge
setting prohibites
bot h edges

ES101 ES100 TI 010 valid edge sel ect

no change

Ti mer output F/ F
Timer output F/F set
Setting prohibited

TMC00, #cTMO00i ni ; count clock selection
CRC00, #cCRCOO0i ni ; select PWM npde, output enable

TOC00, #cTOCOOi n
PRMDO, #cPRMDOI ni
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7.3 Start-up

/*************************************************************************/
/* */
/* File: Startup.asm */
/* Project: Mot or Control ( chopper ) - start-up */
/* */
/* Description: Contains power-on reset initialisation and the idle |oop.*/
/* */
/* Hi story: 031103 creation */
/* */
/*************************************************************************/

; Environent Devi ce: uPD78F0103

; Assenbl er: A78000 V3. 21A/ 386
; Conpi | er: | CC78000 V3. 21A/ 386
: Li nker : XLI NK V4.51J/ 386
; Changes
NANVE Startup ; nmodul e name
; P780103 ; target device
#i ncl ude "df 0103. h" ; header file
;. EXPORT LI ST
; Constants:
; Vari abl es:
; Fl ags:
;. Label s:
PUBLI C Startup
;| MPORT LI ST
; Constants:
; Vari abl es:
; Fl ags:
;. Label s:

50 Application Note U17101EE1VOANOO



Chapter 7 Program Listing

;. Segnent name:  UDATAO
; Segnent type: relocatable data segnent
; Address area: short address RAM area

(1)

; (1) segnent starts at even address

EVEN
startup_delay_in
startup_del ay_out
startup_reference_v
startup_neasured_v

R RR

; Bl ock type: St andard Subpr ogram

; Purpose: Startup

;I nput none

; Qut put none

RSEG CODE

Startup: nmovw AX, ADCR ;
nov startup_reference_v, A ;
nov A, #0COH ;
setl TCES0 ;
setl TOES0 ;

cont _startup: nov CR50, A ;
cnp A startup_reference_v ;
bz retur ;
dec A
cal startup_del ay ;
nmov B, A
novw AX, ADCR ;
nov startup_reference_v, A ;
nmov A B
br cont _startup

retur: ret

AD , speed reference val ue
store speed reference val ue
PWM start value (lower linit)
count operation start

out put enabl e

set with decrenented PWM val ue
check startup stop val ue

i f PWWEreference | eave startup

startup delay tine constant

AD , speed reference val ue
store speed reference val ue
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; Block type
; Purpose

startup_del ay:

| oop_out:

| oop_in:

52

St andard Subroutine
Startup Regul ation Tining
none

AX
startup_del ay_out, #060H

startup_del ay_i n, #6000H
startup_delay_in

| oop_in
startup_del ay_out
| oop_out

AX
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7.4 PWM Generation

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

/* */
/* File: PWM Control . s26 */
[* Project: Mot or Control ( chopper ) - startup */
/* */
/* Description: Single phase Mbtor w th chopper control */
/* Thi s software exanpl e provides a basic PW control al gorithm*/
/* for Universal Mdtor control. Timer_50 is used to generate a */
/* 10kHz PWM signal. This PWMsignal is switching via an | GBT */
/* the rectified Iine voltage and therewith the speed of the */
/* Universal Mdtor. Via a switch, it can be sel ected whet her */
/* the systemruns in closed or open | oop node. */
/* The speed can be controlled by a potneter, connected to the */
/* m crocontrollers 5V Vdd. The adjusted DC | evel is */
/* AD converted and therewith giving the reference speed val ue */
/* A magnetic ring with eight pol pairs is nmounted on the notor*/
/* rotor axis to nmeasure the speed. */
/* */
/*************************************************************************/
/* */
[* History: 031103 creation */
/* */

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

; Enviroment Devi ce: uPD78F0103

; Assenbl er:  A78000 V3. 21A/ 386
; Conpi | er: | CC78000 V3. 21A 386
; Li nker: XLI NK V4. 513/ 386
; Changes
NANVE PWM Cont r ol ; nmodul e nane
; P780103 ; target device
; EXPORT LI ST
; Constants:
; Vari abl es:
; Fl ags:
; Label s:
PUBLI C | oop
PUBLI C speed_reference_val ue
PUBLI C speed_neasured_val ue
PUBLI C PWM r ef erence
PUBLI C Moni t or _ADCR
PUBLI C Moni t or _CRO10
PUBLI C Moni tor A
PUBLI C Moni t or _CR50
PUBLI C speed_delta
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; | MPORT LI ST
; Constants:
; Vari abl es:
; Fl ags:
. Label s:
EXTERN Tabl e ; from Tabl e
; I NCLUDE FILE LIST
#i ncl ude "df 0103. h" ; header file
LSTOUT-
$df 0103. h
LSTOUT+
COL 132

; Segnment nane: UDATAO
; Segnment type: relocatable data segnent
; Address area: short address RAM area

RSEG UDATAO (1) ; (1) segment starts even address
SADDR
; 4 oba
EVEN
Moni t or _CRO10 DS 2
Moni t or _ADCR DS 2
Moni t or _CR50 DS 1
Moni tor _A DS 1
speed _reference_val ue DS 1
speed_neasured_val ue DS 1
PWV r ef er ence DS 1
speed _delta DS 1
EVEN
regul ati on_del ay const _in DS 2
startup_delay_in DS 2
regul ati on_del ay_const _out DS 1
startup_del ay_out DS 1
RSEG Dat a ; segnent starts at even address
SADDR
; enpty
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; Segnment narme:
; Segnent type:
; Address area:

Bl TVARS
rel ocatabl e bit segnent
short address RAM area

RSEG Bl TVARS ; segnent starts at even address

SADDR

; enpty

; Segnment name: | NTVEC

; Segment type: interrupt vector

; Address area ROM 0x0000. . . 0x003f

COVVON | NTVEC ; should be |ocated at 0000H in *.xcl file

; enpty

; Segnent nanme: CODE

; Segnent type: relocatable code segnent

; Address area i nternal ROM area

RSEG CODE

; Bl ock type: St andard Subroutine

; Purpose: startup and cl osed | oop regul ation

;I nput none

; Qut put none

| oop:

ref erence_speed: novw AX, ADC ; capture speed ref. val ue
novw Moni t or _ADCR, AX ; ( watch function )
cnp A, #015H
BC set _to USL ; set to Upper Speed Limt
cnp A, #080H
BNC set to LSL ; set to Lower Speed Limt
nov speed_reference_value, A ; store speed ref. val ue
BR neasur ed_speed

set to_ USL: nov speed_reference_val ue, #015H
BR neasur ed_speed

set to LSL: nov speed_reference_val ue, #080H

measur ed_speed: novw AX, CRO10 ; nmov measured speed to AX
novw Moni tor _CRO10, AX ; help word ( watch function )
xch A X
nov speed_neasured_val ue, A ; speed neasured val ue

del t a_speed: sub A speed_reference_val ue
nov speed_delta, A ; speed difference
bz speed_stabl e ; delta=0, speed ok go to stable
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bnc speed_to_sl ow ; C=1 neans speed to high
speed_t o_hi gh: cnp PWM r ef erence, #0COH, check | ower speed limt
bc i ncrenment ; if no, increment PWM val ue
nov A, #0COH ; if yes, set lower speed |imt
nov PWM r ef erence, A
br set _new PWM
i ncrenent: i nc PWM r ef erence ; inc PWref => decrease speed
i nc PWM r ef erence
i nc PWM r ef erence
cnp PWV r ef erence, #0COH ; check | ower speed linit
bc set _new PVW ;
nov A, #0COH ; reset low limt if overflow
nov PWV r ef erence, A
br set _new PVW
speed to _slow cnp PWV r ef er ence, #020H;, check if PWM bel ow upper linit
bnc decr enment ; if yes decrement PWM val ue
nov A, #020H ; if yes, set PWMto upper limt
nov PWV r ef erence, A
br set _new PVW
decrenent: dec PWV r ef er ence ; dec PWMref => increase speed
dec PWV r ef er ence
dec PWV r ef er ence
cnp PWM r ef er ence, #020H ; check upper speed linit
bnc set _new PVW
nov A, #020H ; reset up. limt if underflow
nov PWV r ef erence, A
set _new_PWM nmov A, PWM r ef erence
BT P12. 0, c_I| oop ; sel cl osed/ open | oop operation
nov A speed_reference_val ue
nov B, A ; speed ref to B for Table calc.
novw HL, #Tabl e
nov A [ HL+B] ; mov corresponding PMMto A
nov P13, #1 ; generation of reference pul se
nop
nov P13, #0
c_|l oop: nov CR50, A ; set new PWM val ue
nov Moni t or _CR50, A ; help register ( watch func. )
nov PWV r ef erence, A ; store new PWM val ue
speed_stable: call regul ati on_del ay ; regulation tinme constant
ret
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; Block type
; Purpose

St andard Subroutine
Adj ust nent Regul ati on Ti m ng

none
none

regul ati on_del ay:

| oop_reg out:

| cop_reg_in:

; Note: setting 15-01-04 01 0040 _upper 040_6000_I ower

nop

novwr egul ati on_del ay_const _i n, #0040H

dec
nop
BNz
dec
BNz
ret

END

regul ati on_del ay _const _in
loop_reg in

regul ati on_del ay_const _out
| oop_reg_out

Application Note U17101EE1VOANOO

330usec

nov regul ati on_del ay_const_out, #01H, 02 0080
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7.5 Display

/*************************************************************************/
/* */
/* File: di spl ay. asm */
/* Project: Mot or Control ( chopper ) - startup */
/* */
/* Description: Contains power-on reset initialisation and the idle |oop.*/
/* */
/* Hi story: 031103 creation */
/* */
/*************************************************************************/

; Environent Devi ce: uPD78F0103

; Assenbl er: A78000 V3. 21A 386
; Conpi | er: | CC78000 V3. 21A/ 386
: Li nker : XLI NK V4.51J/ 386
; Changes
NAME Di spl ay ; nmodul e nane
; P780103 ; target device
#i ncl ude "df 0103. h" ; header file
; EXPORT LI ST
; Constants:
; Vari abl es:
; Fl ags:
; Label s:
PUBLI C Di spl ay
; | MPORT LI ST
; Constants:
EXTERN speed_neasured_val ue; Vari abl es:
EXTERN speed_reference_val ue
; Fl ags:
; Label s:
EXTERN PWM gener ati on ; from.......
EXTERN InitMcro ; fromMcro
EXTERN | oop ; from PWM generati on

; Segnment nanme: CODE
; Segnment type: relocatable code segnent
; Address area: internal ROM area
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; Block type
; Purpose:

to fast:

to_sl ow

Y_sl ow.
Y fast:
G eenLED:
LEDP30
LEDP31

LEDP32

: Subpr ogr am

Di spl ay speed error

none

none

; clear ports

nov P3, #00H
clrl PO.1
clrl PO.2
clrl PO.3
clrl1 P1.0O
clrl P1.6
clrl PL.5
clrl P1.4
BF P12. 0, skip ; check open / closed | oop
nmov A speed_neasured_value ; cacul ate speed difference
sub A speed_reference_val ue
bz G eenLED
bnc to_sl ow
cnp A, #0F9H ; select accuracy LED
bnc LEDPO3
cnp A, #0F3H
bnc LEDPO2
cnp A, #0EDH
bnc LEDPO1
cnp A, #0E7H
bnc LEDP10
br Y _fast
cnp A #07H ; select accuracy LED
bc LEDP30
cnp A, #0DH
bc LEDP31
cnp A, #013H
bc LEDP32
cnp A, #019H
bc LEDP33
br Y_sl ow
setl Pl.5 ; accuracy > 8%
ret
setl Pl.4 ; accuracy > 8%
ret
setl Pl.6
ret
setl P3.0
ret
setl P3.1
ret
setl P3.2

ret
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LEDP33
LEDPO3
LEDPO2
LEDPO1

LEDP10
skip

60

setl
ret
setl
ret
setl
ret
setl
ret
setl
ret

END

P3. 3

PO. 3

PO. 2

PO. 1

P1.0
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7.6 Conversion Table

; Motor Control
; Table
; Conversion Table to adapt Mdtor speed in open / closed | oop operation

PUBLI C Tabl e
RSEG CONST
saddr
Tabl e:
; AD 00h
DB 018H ; AD 00
DB  018H : AD 01
DB 018H ; AD 05
DB 018H ; AD 05
DB 018H ; AD 05
DB 018H ; AD 05
DB 018H ; AD 06
DB  018H : AD 07
DB 018H ; AD 08
DB 018H ; AD 09
DB 018H ;. AD_OA
DB 018H ; AD 0B
DB 018H ; AD 0C
DB 018H ; AD 0B
DB 018H ; AD OE
DB 018H ; AD OF
: AD 10h
DB 018H ; AD 10
DB 019H ; AD 11
DB 019H ; AD_15
DB  020H ; AD_15
DB  020H ; AD_15
DB  022H ; AD_15
DB  028H ; AD 16
DB  02BH ; AD_17
DB  030H ; AD 18
DB  035H ; AD 19
DB  03CH ; AD 1A
DB  045H ; AD 1B
DB  050H ; AD_1C
DB  058H ; AD 1B
DB  O5EH ; AD_1E
DB  064H ; AD_1F
; AD 20h
DB  064H ; AD 20
DB 066H ; AD 21
DB 068H ; AD 22
DB  069H ; AD 23
DB 070H ; AD 24
DB 072H ; AD 25
DB 073H ; AD 26
DB 074H ; AD 27
DB 075H ; AD 28
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; AD 30h

; AD 40h

; AD 50h

62

SRR R R R

PEIBIBIPIRIRE DB D

PEIBIBIPIRIRED B

PEIBIBIBIE D

076H
077H
078H
080H
082H
084H
085H

085H
086H
087H
088H
089H
089H
08AH
08AH
08BH
08CH
08DH
08EH
090H
092H
094H
096H

096H
097H
098H
099H
09AH
09AH
09AH
09BH
09BH
09BH
09CH
09CH
09CH
09DH
09EH
OAOH

O0AOH
OAlH
OA1H
0A2H
0A2H
0A2H
0A3H
0A3H
0A4H
0A4H
OA5H
OAGH
O0A7H

AD 29
AD 2A
AD 2B
AD 2C
AD 2B
AD 2E
AD 2F

AD 30
AD 31
AD 33
AD 33
AD 33
AD 33
AD 36
AD 37
AD 38
AD 39
AD 3A
AD 3B
AD 3C
AD 3B
AD 3E
AD 3F

AD 40
AD 41
AD 43
AD 43
AD_44
AD 45
AD 46
AD 47
AD 48
AD 49
AD_4A
AD 4B
AD_4C
AD 4B
AD_4E
AD_4F

AD 50
AD 51
AD 55
AD 55
AD 55
AD 55
AD 56
AD 57
AD 58
AD 59
AD 5A
AD 5B
AD 5C
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; AD 60h

; AD 70h

; AD 80h

SRR

PEIBIBIPIRIIBIBY PHIEIBIBIRIRBDED

PEIBIBIPIRERED B D

O0A7H
0A8H
0A8H

0A8H
0A8H
0A8H
0A9H
0A9H
0A9H
0AAH
0AAH
0AAH
O0ABH
OACH
OACH
OADH
OADH
OADH
OAEH

OAEH
OAEH
OAFH
OAFH
0BOH
0B1H
0B1H
0B2H
0B2H
0B2H
0B3H
0B3H
0B3H
0B4H
0B4H
0B4H

0B4H
0B5H
0B5H
0B5H
0B6H
0B6H
0B6H
0B6H
0B6H
0B7H
0B7H
0B7H
0B7H
0B7H
0B7H
0B8H

. AD 5B
© AD 5E
. AD 5F

; AD_60
; AD_61
; AD 62
; AD 63
; AD_64
; AD_65
; AD_66
; AD_67
; AD_68
; AD_69
; AD_B6A
; AD_6B
; AD_6C
; AD_6B
; AD_6E
; AD_6F

. AD_70
. AD 71
. AD 72
. AD 73
: AD 74
. AD 75
. AD 76
. AD_77
. AD 78
: AD_79
. AD_7A
: AD 7B
. AD_7C
. AD 7B
. AD_7E
. AD_7F

; AD 80
; AD_81
; AD 82
; AD 83
; AD_84
; AD_85
; AD_86
; AD_87
; AD 88
; AD 89
; AD_8A
; AD_8B
; AD_8C
; AD_8B
; AD_8E
; AD_8F
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; AD 90h

; AD AOh

; AD BOh

; AD COh

64

PEIBIBIPIRIREIE PP UIBIBIBIRED

PEIBIBIPIRIRE DB

SRR

0B8H
0B8H
0B8H
0B8H
0B8H
0B9H
0B9H
0B9H
O0BAH
O0BAH
O0BAH
OBAH
O0BAH
0BBH
0BBH
0BBH

0BBH
0BBH
0BBH
0BCH
0BCH
0BCH
0BCH
0BCH
0BCH
0BDH
0BDH
0BDH
0BDH
0BDH
0BDH

0BDH
OBEH
OBEH
OBEH
OBEH
O0BFH
O0BFH
O0BFH
0COH
0COH
0COH
0COH
0COH
0COH
0COH
0COH

0COH
0COH
0COH

AD_90
AD 91
AD 92
AD 93
AD_94
AD 95
AD 96
AD 97
AD 98
AD_99
AD_9A
AD 9B
AD _9C
AD 9B
AD_9E
AD_9F

AD_AO
AD_Al
AD_A2
AD_A3
AD_A5
AD_A6
AD_A7
AD_A8
AD_A9
AD_AA
AD_AB
AD_AC
AD_AB
AD_AE
AD_AF

AD_BO
AD_B1
AD_B2
AD_B3
AD_B4
AD_B5
AD_B6
AD_B7
AD_ B8
AD_B9
AD_BA
AD_BB
AD_BC
AD_BB
AD_BE
AD_BF

AD_C0
AD_C1
AD_C2
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; AD DOh

; AD EOh

; AD FOh

PEIBIBIBIE D

PEIBIBIPIRIRED B D

PEIBIBIPIRIRERB D

SRR R R R

0COH
0COH
0COH
0COH
0COH
0C2H
0C2H
0C4H
0C6H
0C8H
0CAH
0CBH
ODOH

ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH

ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH

ODOH
ODOH
ODOH
ODOH
ODOH
ODOH
ODOH

; AD _C3
; AD C4

>
IU
3

R P BB BB
IUIUIUIUIUIUIUIUIUU
FARIBLRLRAG

; AD_DO
; AD_D1
; AD_D2
; AD_D3
i AD_D4
; AD_D5
; AD_D6
; AD_D7
; AD_D8
; AD_D9
; AD_DA
; AD_DB
; AD_DC
; AD_DB
; AD_DE
; AD_DF

. AD_EO
. AD _E1
. AD_E2
. AD E3
© AD _E4
: AD E5
. AD _E6
. AD_E7
. AD E8
: AD _E9
. AD_EA
. AD _EB
. AD_EC
. AD _EB
. AD_EE
. AD _EF

: AD_FO
. AD F1
. AD_F2
: AD F3
: AD _F4
. AD F5
. AD _F6
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ODOH . AD_F7

ODOH . AD F8
ODOH © AD_F9
ODOH . AD_FA
ODOH . AD_FB
ODOH . AD_FC
ODOH . AD_FB
ODOH . AD_FE
ODOH . AD FF
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