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Inverter Motor Control Using the 8xC196MC Microcontroller Design Guide

Introduction

This application note describes how to apply the inverter motor control concept to acommon air-
conditioning system. The algorithm and software used to generate the three-phase pulse-width
modulated inverters are also presented.

Section 2.0 summarizes the inverter motor control concept and its application in an air-
conditioning system.

Section 3.0 presents an overview of an 8xC196M C controller-based inverter motor control design
inan air conditioner. The block diagram of theindoor and outdoor unit design is presented.

Section 4.0 provides an example of athree-phase inverter motor control design. This section
describes the motor control’s hardware design and describes the associated software.

The schematics and program code are included in the appendixes.

Information on related documents and customer support contacts is available in Section 5.0,
“Related Documents,” on page 32.

Inverter Motor Control Overview

Over thelast few years the number and variety of inverter motor control applications has increased
tremendoudly. A few examples include air-conditioning systems, industrial motors and a variety of
home appliances.

The inverter control air conditioner has many advantages over the traditional ON/OFF-control type
system:

* Frequency-controlled systems save energy. Most air conditioners operate with alight load. An
inverter-controlled air conditioner can adjust the compressor motor speed for a light load by
changing the frequency. This allows designers to use a high efficiency induction motor in the
air conditioner.

* ON/OFF loss in compressor is reduced. An inverter air conditioner operates the compressor
continuously with alight load. Thus, it avoids the loss of power that results from pressure
changes in refrigerant in ON/OFF control type air conditioners.

* Performance variations due to 50/60 Hz line frequencies are eliminated. Due to the different
input frequenciesin different areas, the performance of the ON/OFF air conditioner can vary.
Theinverter controlled air-conditioning system is not affected by frequency changes because
theinput AC istransformed to DC, then back to the desired AC frequency.

* Starting current is reduced. The starting current required for the inverter air conditioner is
adjusted to an optimum level to achieve the necessary torque when a compressor starts.

* Increased comfort range, decreased noise. In an inverter controlled air-conditioning system,
the temperature variation in the room and compressor noise are reduced compared to a non-
inverter system. Thisis because theinverter air conditioner drives continuously, even when the
compressor has alight load.
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2.1 What is an Inverter?

Aninverter converts DC power to AC power at a desired output voltage or current and frequency.
The two general types are voltage-fed inverters and current-fed inverters. The former has
essentially a constant DC input voltage (independent of load current drawn); the latter has a
constant supply current.

In atypical inverter application:
* A converter convertsa single phase AC with afixed frequency to a DC voltage output.
* Theinverter convertsthe DC to AC.

* The control circuits on the converter/inverter combination alow this circuit to produce a
variable frequency AC, which can drive an induction motor at varying speeds.

* Slow starting speed reduces strain on mechanical system and reduces starting current.

The basic structure of an inverter is shown in Figure 1.

Figure 1. Basic Structure of an Inverter
AC-DC DC-AC
CONVERSION CONVERSION
AC SINGLE  rr=====-ooososmememosoocoom oo : 'NI\'AD(;JTC(;'F?N
PHASE ' .
E Converter Smoothing Inverter i
| Circuit Circuit Circuit :
60 Hz
| Control Circuit |
Inverter
I /W\ Toata 82;}\ K{%i‘}i on
/\ /-\ |:> VlDC |:> ) o 71y
AC with fixed frequency DC AC with variable frequency
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Varying the switching time controls the frequency of the AC output from the inverter. The
switching time can be controlled using a sinusoidal pulse width modulated (PWM) signal as
illustrated in Figure 2.

Figure 2. Sinusoidal Waveform Generation Example
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3 phase PWM inverter

This method employs a PWM signal to enable or disable the transistors. In the example, the
8xC196M C microcontroller is used to produce the PWM signal. The switching points of the PWM
signal are determined by the intersection of the fixed-frequency triangular carrier wave and the
reference modulation sine wave. The output frequency is at the sine-wave frequency and the output
voltage is proportional to the magnitude of the sine wave.

The on-chip waveform generator (WFG) of 8xC196M C allows generation of three independent
complementary PWM pairs (with switching times determined by the method previously
discussed). The WFG is divided into three functional areas: the timebase generator, the phase
driver channel and the control section. For a detailed description of the WFG, refer to the
application note, AP-483, Application Examples Using the 8xC196MC/MD Microcontroller and to
the 8xC196 MC/MD/MH Microcontroller User Manual.

Application Note 7
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2.2

Figure 3.

Typical Air Conditioner Operation

The typical air conditioner consists of an evaporator, a compressor, a condenser, an expansion
valve and two circulating fans. The complete air-conditioning system can generally be divided into
two parts; an indoor unit that channels the air into the premises and an outdoor unit containing the
compressor — the heart of the system. The room temperature can be regulated by controlling the
compressor speed.

The basic “refrigeration” cycleis as follows:

* The compressor compresses the refrigerant (freon-22) vapor and the refrigerant becomes hot.

* The coolant passes through the condenser. In the condenser, the refrigerant gas changes into
liquid asit transfers its heat to the outside air.

* The refrigerant passes through a capillary valve and becomes cold. The capillary valveisa
narrow valve whose inside diameter is 1.0 mm to 1.5 mm. In the capillary valve, both the
pressure and temperature of the condensed liquid refrigerant decrease.

* The cold refrigerant enters the evaporator. The evaporator uses the heat of vaporization from
theinside air to evaporate the refrigerant from aliquid to a vapor. The cooled air is blown to
the inside of the room by the fan.

The vapor returns to the compressor to begin the cycle again. The cycleis shown in Figure 3.

Refrigeration Cycle

Liquid coolant Air forced out (48 C)

4 Condenser
Liquid coolant at cooling fan
high temperature C
and pressure Outside air
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valve and pressure

accumulator 3
;_é AN Expansion Coolant in gaseous
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1 4
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state at low temperature Air delivered to
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and pressure

'« Evaporator Cooling Fan
(+3C)
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A control valveis used to switch the air conditioner from cooling mode to heating mode. The
operation of the control valve is shown in Figure 4. A typical system with acontrol valveis shown

in Figure 5.
Figure 4. Air Conditioner's Operation in Cooling/Heating Mode
[INSIDE] [OUTSIDE] [INSIDE] [OUTSIDE]
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Figure 5. Typical Air Conditioner
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2.3

Figure 6.

10

Inverter Controlled Air Conditioner

Figure 6 shows asimple block diagram of an inverter air conditioner. An inverter is used to control
the speed of the AC compressor motor by varying the supply frequency. The higher the frequency,
the faster the compressor rotates and the more the air conditioner warms or cools the air. To control
the supply frequency, a microcontroller is required to produce the three-phase complementary
PWM signals required for the transistor switching. These waveforms must be generated using the
sinusoidal PWM technique with three reference sinusoidal waveforms, each 120° apart in phase as
shown in Figure 2.

Inverter Controlled Air Conditioner

Power Relay

. . Converter ... P Inverter ...
AC Single : : : : Compressor
Phase A : | : H H H ©  Motor
sl ety
<> 8XC196KB :
: : 3 Phase
| : AC Induction
_L | : Motor
| Complementary
PWM Output
Serial
Interface | | Driver |<::‘ 8XC196MC
| |
INDOOR UNIT OUTDOOR UNIT

When the room requires only a small amount of heating or cooling, the inverter enables the air-
conditioning unit to operate at alower level, with the compressor rotating at a slower speed. The
compressor revolutions can be increased as the inside temperature rises. This cost-effective
measure consumes the minimum power level required to maintain the desired temperature.

Application Note



u
Int9| o Inverter Motor Control Using the 8xC196MC Microcontroller Design Guide

2.4 Compressor Motor (AC Induction) Speed Control

In the inverter air-conditioner control scheme, the voltage/frequency ratio is typically held
constant. As previously described, the speed of an AC motor is proportional to the supply
frequency. Asthe compressor motor speeds up (higher frequency) the motor consumes more power
(higher voltage input), thus producing a greater amount of torque. The effect of this on the PWM
switching waveforms can be observed in Figure 7.

Figure 7. Effect of Frequency Variations on the PWM Waveforms

} FREQ. = 0.6 ; |

11111

Lower Frequency (more pulses)

| VIF=
CONSTANT

f FREQ. = 0.8 f; |

| L

Higher Frequency (less pulses, pulse width bigger)

When the frequency increases, the pulse width increases and the modul ation depth, d,,, also
increases. The pulses change more rapidly and alarger change is observed. The opposite happens
when the frequency decreases.
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3.0

3.1

Table 1.

12

Desi%ning an Inverter Air Conditioner with the
MCS™ 96 Controller

Two MCS 96 controllers are used:

* An 8xC196KB contraller is used in the inside unit monitors temperature settings and controls
the fan motors

* An 8xC196MC controller is used in the outside unit controls the compressor motor speed and
the direction of coolant flow

The operation of these controllersis described in the following sections.

Inside Unit

On the inside unit, the 8xC196K B performs the following functions (see Table 1):
* Controlsflap/DC fan motors
* Monitors the setpoint of room temperature through a wireless remote controller
* Monitors room/coil temperature through the use of thermal sensors

¢ Compares the room temperature setpoint with the monitored value and sends the frequency
command to the outside unit through a serial communication line.

The flap motor is a stepping motor; the fan motor istypically a DC brushless motor which isatype
of synchronous motor with a permanent magnet. Figure 8 shows a block diagram.

Signal Descriptions for the 8xC196KB (Inside Unit)

8).(C196KB Function Description of Function
Signals
ACH.0 Monitor room temperature
ACH.1 Monitor heat exchanger temperature
A/D ACH.2 Read a setpoint value
ACH.3 Read a setpoint value
ACH.4 Monitor room humidity
ACH.5/6/7 Not used
HSO HSO.0 through 5 Drive power transistor module of fan motor
Detect induced electromagnetic voltage of fan motor to
HSI.0 . -
HSI monitor the pole position of rotor
HSI.1 Receive remote controller data
Control the DC voltage source which is supplied to the
PWM
fan motor to vary the motor torque
Port 1 Receive setpoint conditions from power select switch
Port 2 Read setpoint value
Port 3 Control LED display
RXD/TXD/ ) . . .
Communicate with the controller of outside unit
EXTINT

Application Note
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Electrical Circuit Block Diagram Of Inside Unit
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3.2

Table 2.
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Outside Unit

On the outside unit, the 8xC196M C performs the following functions (see Table 2):

* Controlsthe compressor motor, which is controlled by using the V/F control algorithm and
sinusoidal wave PWM technique.

* Monitors with thermistors the outside/compressor/heat-exchanger temperature to recognize
abnormal conditions.

* Controlsthe control valve to change direction of coolant flow.
* Controlsthe capillary valve to change the inside diameter.

A three-phase induction motor is used as compressor motor. A stepping motor controls the
capillary valve. A block diagram is shown in Figure 9.

The 8xC196MC controller has the sine table to perform the sinusoidal wave PWM and V/F pattern
in the internal memory. When the controller in the outside unit receives the frequency command
from the controller in the inside unit through the serial communication line, the outside unit’s
controller knows the output voltage of the inverter from V/F pattern and creates the equivalent
PWM pulsein sinusoidal wave using the sine table.

The PWM pulses are output from the 8xC196M C controller’s six Waveform Generate output pins.
The waveform generator can produce three independent pairs of complementary PWM outputs that
share a common carrier period, dead time and operating mode.

The waveform generator has three main parts: a timebase generator, phase driver channels and
control circuitry. The time base generator establishes the carrier period, the phase driver channels
determine the duty cycle and the control circuitry determines the operating mode and controls
interrupt generation. For additional information and application examples, consult AP-483,
Application Examples Using the 8xC196MC/MD Microcontroller.

Signal Descriptions for the 8xC196MC Outside Unit

8).(C196MC Function Description of Function
Signals
Ach.0 Monitor heat exchanger temperature
Ach.1 Monitor compressor temperature
A/D Ach.2 Monitor outside temperature
Ach.3 Monitor current of smoothing circuit
Ach.4/5/6/7 Read setpoint value and for test
WG (Port 6) WG1 to WG3 Drive photocoupler driver for compressor motor (three-
WG1# to WG3# phase induction motor)
Portl Read setpoint value
Port3 Control fan speed, control valve, electromagnetic valve
and similar functions
Port4 Control stepping motor of capillary valve
RXD/TXD/ . . . .
EXTINT Communicate with the controller of outside unit

Application Note
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Electric Circuit Block Diagram Of Outside Unit
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3.3

Figure 10.
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Dead Time

Dead time is defined as the time in which both transistors of the upper arm and lower arm turn off,
as show in Figure 10. The dead time isimplemented to protect the power transistor module from
through current when both transistors of a phase are turned on.

Because there is no hardware limit on minimum PWM pulse width, it is also possible to deassert
one of the WFG outputs for the entire PWM period if the total dead-time is longer than the pulse
width. For this reason, there should be a software limit check preventing the pulse width from
being less than 3x the dead time.

U-Channel Motor Driver Block Diagram

1 I
5V i
N U Phase
oVv |—
! I Ton I
Torr ! ! !
5v Ly —
oV ', U Phase
[ I
| —> I
dead time
=10 ps
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3.4 Protection Circuitry

The protection circuitry allows all WFG outputs to be simultaneously deasserted under software
control or in response to an external event. This same external event also generatesthe EXTINT
interrupt, allowing software to stage a graceful recovery from an external error condition.

Figure 11. Protection Circuitry
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4.0

Figure 12.
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Project Overview

The previous sections provided an overview of how to use MCS®96 controllers to create an
inverter controlled air-conditioning system. This section describes a demonstration unit that
provides a working example which uses the peripheralsin the 8xC196M C microcontroller to
handle inverter motor control in an air-conditioning system.

The main purpose of the Inverter Motor Control Demonstration Unit (Figure 12) isto show that the
8xC196M C microcontroller is suitable for use in an inverter controlled air-conditioner control
system. This demonstration unit consists of a control unit, a motor unit, and a host PC.

Inverter Motor Control Demonstration Unit

HOST PC CONTROL UNIT MOTOR UNIT

196MC
Control Board Sensor
Feedback

AC Induction
Motor

Generally, the host PC provides the user interface and transmits the inputs serially to the control
unit of the demonstration system. The control unit containsthe control board and power board. The
8xC196M C microcontroller, which residesin the control board, processes the transmitted request
from the host PC. The response signals output from the waveform generator of the microcontroller
drive the inverter module in the power board to produce a variable frequency signal suitable for
powering the three-phase AC Induction Motor. The effect of this change can be observed at the
output of the motor unit through the speed of the blower driven by the AC Induction Motor. The
8xC196M C controller also interprets the sensor feedback from the motor unit and displays the
motor speed on an LED display.

Application Note



u
Int9| o Inverter Motor Control Using the 8xC196MC Microcontroller Design Guide

4.1 Hardware Description

Figure 13 isablock diagram of the Inverter Motor Control Demonstration Unit. The main
component in the demonstration unit is the 80C196M C motor control demo board, which
interfaces to various subsystems through ribbon cable-compatible dual-in-line header plugs. The
subsystems include:

* A power board which drives the three-phase motor

* Switchesto enable manual user control

* Panel metersand an LCD display to show the system variables
* Sensors which feed back the state of the motor

* A Seria port for communication with the host PC

The interface signals between the systems are listed in Table 3.

Figure 13. Inverter Air-Conditioner Demonstration System Block Diagram
HF?ST ---------- | SERIAL PORT | | SEN‘SrORS —— SMF:)HT%SRE
| P6 || P2 | 0
[osryJeper —
[ CoNTRoL Do, L] S
| BOARD
EEE o
B [ ps ] AC IEPUT
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Table 3.

Figure 14.
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Connector Signal Description

PLUG

DESCRIPTION

P1

60-pin connector containing, among other signals, the output signals of Port 3 and Port 4.
These ports drive the 4-line by 20-character LCD display. The connections are shown in
Figure 13.

P2

10-pin connector with signals for monitoring the digital motor sensors to measure position and
RPM. The sensor interfaces the microcontroller through Port 1.2, Port 1.3, Port 2.2, and Port
2.4. The current software only implements the input to Port 1.2 for the motor RPM.

P6

50-pin connector providing general I/O plug which links the microcontroller and the serial port.
Port 2.1 is the RXD pin and Port 2.6 is the TXD pin.

P8

16-pin connector providing the interface to the control pushbuttons and switches. Its
connections are shown in Figure 14.

P9

16-pin connector that interfaces PWMO (P9-8) and PWM1 (P9-9) to the panel meters that
display frequency and volts/Hz ratio.

P10

40-pin connector containing the motor control signal routed to the power board.

P10 outputs: Waveform generator outputs which drives the power board
* WG1# and WG1 produce AHI# and ALO# on P10-14 and 16
* WG2# and WG2 produce BHI# and BLO# on P10-20 and 22
* WG3# and WG3 produce CHI# and CLO# on P10-26 and 28
P10 inputs: Feedback and status signal from the power board
* RUNNING (P10-4) goes to the 80C196MC EXTINT pin
* CPU Requested (P10-6) goes to the 80C196MC Port 2.0
* |A, IB and IC are the analog phase currents on P10-34, 36 and 38
* ISEN on P10-32 is the amplified sum of the three phase currents

P1 to Display Wiring

P1 DISPLAY
2 — Vcc
4 — DO 7
6 —— DI —— 8
30k
8 — D2 — 9
0 —— D3 — 10
12— p4 — 11 8
14— D5 — 12 N
6 —— D6 — 13 T
2Pk 4+
18— D7 — 14 R
20 — COMMON —1,5 g
22— D8 — 6 7
30k
24— D9 — 4
55 — .V
3
15
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Figure 15. P8 Control Switches Interface

P8 STOP PB

Vce
4 —— ACHS3 S Increment PB
6 —— ACH4 —— — Decrement PB
8 —— ACH5 —— ——| Freq./ Slope SW
10 —— ACH6 —— —— Disable/Enable SW
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Figure 16. Inverter Air-Conditioner Demonstration Set (Top View)
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4.1.1

Note:

Table 4.

Inverter Motor Control Using the 8xC196MC Microcontroller Design Guide

80C196MC Motor Control Board Logic
The Motor Control Board schematic and the component layout diagram are included in
Appendix A, “Schematics.” The reset circuit causes a chip reset in four ways: at power up, from

the reset pushbutton, from an external input on RESET#, or internally from the 80C196MC. The
timings for the demo board are based on the 16 MHz X1, circuit.

Board locations referenced in this section are shown in the schematicsin Appendix A.

The 80C196M C has seven |/O ports: Port O - Port 6:
* Port 0isused as an analog input-only port. Signals at this port are connected as follows:

1/0O Port Connections

Signal Connection
ACHO, ACH1, ACH2 Any three of ISEN, IA, IB, or IC (as selected by jumpers E8, E9 and E10)
ACH3 Increment Switch
ACH4 Decrement Switch
ACH5 Frequency / Slope (volts/hz) Switch
ACH®6 Enable / Disable Switch
ACH7 Forward / Reverse Switch

* Port 1 containsfive additiona anal og/digital input-only bits. P1.0 isaseria input on plug P3.
P1.2 and P1.3 go to plug P2 from digital motor sensors. The demo system only uses the P1.2
input, which gives the motor RPM. These signals appear on the general purpose plug, P6.

* Port 2 is the capture/compare /O associated with EPA. P2.0 is used for CPU_REQ while P2.2
and P2.4 are the other motor sensor inputs. The current demo does not implement these two
sensor feedback. Meanwhile, P2.5 provides the additional PWM signal needed to control the
RPM panel meter. P2.1 and P2.6 are involved in the serial interface modul e as the receiving
and transmitting pin respectively. All these port 2 signals also appear on plug P6.

* Port 3isthe low-order address/data lines for the externa bus. Thereis no external bus during
demo operation and these lines are the data interface to the LCD display. These lines have
pull-up resistors and appear on plug P1.

* Port 4 isthe high-order address/data lines for the external bus. P4.0 switches between data
(P4.0 = 1) and commands (P4.0 = 0) for the LCD display. P4.1 isaload enable (1) / disable (0)
signal for the display. These lines have pull-up resistors and appear on plug P1.

* Port 5 signals control the external bus and appear on plug P1. The demo unit does not use the
external bus.

* Port 6 contains signals corresponding to Waveform Generator (WG) and PWM logic. The WG
signals control three-phase voltages to the AC motor and appear on P10 after U6 buffers them.
The PWM signals appear on P9 and go to the panel meters indicating frequency and voltsHz.

One last block of logic involves U7. This“wired-or” circuit can shut off the motor by deasserting
RUN#. There are two sources:
* When the WG turns on both outputs of a complementary output pair at the sametime

* The RESTART button is pressed

The fact that thereis so little circuitry on the 80C196M C demo board demonstrates how well-
integrated the 80C196MC is. The only external circuits needed are the U6 buffersand U7 interlock.
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4.1.2 Motor Control Power Board

Figure 17. Motor Control Power Board
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The Motor Interface Schematic is available in Appendix A, “Schematics.” Sheet 1 shows the
schematic for the AC to DC conversion portion of theinverter circuitry. The AC provides high-
voltage (approximately 340 V) at TP26. J1 can be used to enable avoltage doubler circuit. A
low-voltage regulator circuit providesa+15 V. supply voltage at TP4. The logic devices on this
board operate at +15 V p for improved noiseimmunity. Ratings and notes for the power board are
listed on Sheet 3 of the schematics.

On sheet 2, U5 and U6 form the protection circuitry. The compliment of RUNNING enablesthe
three-phase driver logic. The enable signa from the demo board, RUN# = 0, turns on the U5 flip-
flopswhich resultsin CPUREQ = 0 and RUNNING = 1. When RUN#goesto a1, RUNNING goes
to a0 and CPUREQ goesto a 1. Also, when the total phase current goestoo high, it turns off the
RUNNING flip-flop while leaving CPUREQ= 0. The CPUREQ signal is helpful for debug, asit
shows whether an over-current error or a CPU request turned the motor off. ISENSE is an analog
output showing the sum of the current through the lower transistors.

Sheets 3 to 5 contain the phase driver electronics. Since these sheets are similar, we will only
discuss Sheet 3. The high and low phase enable signals go to U1 and continues to the high and low
drivers, Q1 and Q4. Q1 suppliesthe high voltage drive available on TP25. Q4 supplies the common
low drive at TP24. The buffered phase current appears at TP15. TP15 - TP17 contain the phase
current signal test points.
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4.1.3

Figure 18.

4.2

42.1

Inverter Motor Control Using the 8xC196MC Microcontroller Design Guide

Serial Port Module

The module comprises an RS-232 driver (MAXIM 233) and a 9-pin female connector. The
received or transmitted data at the serial connector enters the RS-232 driver through the R2IN and
leaves through the TIOUT pin. The receive datais buffered to obtain the output at the R1OUT pin
whilethe T1IN input is buffered to produce the TIOUT transmit data. In the demonstration system,
the R1IOUT output is connected to P2.1 of the 80C196M C, which serves as the seria receive
channel, while the transmitting channel, T1IN, is currently not implemented. The T2IN pinis
connected as the input for the Ring Indicator and R20UT is the status pin which contains the Data
Carrier Detect (DCD) signal. These two signals are aso not implemented on the current demo.

9-Pin Female Connector

Pin Name Description

1 CD Carrier Detect

2 RXD Receive Data

3 TXD Transmit Data

4 DTR Data Terminal Ready
5 GND System Ground

6 DSR Data Set Ready

7 RTS Request to Send

8 CTS Clear to Send

9 RI Ring Indicator

Software Description

The software portion of the Inverter Motor Control Demonstration System consists of two parts:
the operation code for the 8xC196M C written in assembly language (Appendix B) and a program
created using Borland* C++ to handle the user interface at the host PC. The Borland C++ program
can establish a serial link with the control board, which enables the user to communicate with the
microcontroller. Please refer to Appendix C for the source code.

Serial Communication Module

This serial communication modul e sets up a software serial datatransmission and reception on the
8xC196M C microcontroller. A software approach had to be used since the microcontroller does not
have a hardware serial port. Thisisachieved by utilizing the Peripheral Transaction Server ‘s Serial
Input Output (PTS SIO) mode, together with an EPA channel. In the programs created, Port 2.1
(EPA Capture Compare Channel 1, EPA CapCompl) is set up as the receiving channel while Port
2.6 (EPA Compare Only Channel 2, EPA Compare 2) is used as the transmitting channel. The
protocol for this asynchronous data communication is 7 data bits, 1 start bit, 1 parity bit and 1 stop
bit at a baud rate of 9600 bit/s. Odd parity is used.
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4.2.2

Equation 1.

Example 1.

26

Asynchronous Serial Data Transmission

The EPA Compare 2 channel is set up to generate the time base for outputting the serial data, thus
determining the baud rate. Transmission is started by clearing the output pin, which generates the
“start” bit (0). The EPA Compare 2 module isloaded with the time at which the first data bit should
be driven to the port. This time must correspond to 1 “bit time” for the baud rate being used. The
formulaused to thisis:

VALUE = Fy7aL / (4 X BAUD RATE x EPA_PRESCALE)

Each time a timer match is made between EPA Compare 2 and Timerl, an interrupt is generated.
The PTS outputs the next bit of data on the output pin; in this case, P2.6. The asynchronous
transmit mode automatically transmits the 7 data bits followed by a parity bit, and terminated by a
“stop” bit (1). A maximum of 16 bits can be transmitted (data + parity + stop = 16 max.). To
transmit 7 data bits with parity, atotal of 9 PTSinterrupt and one conventional (end-of-interrupt)
cycles occur.

Note that the data to be transmitted isright-justified in the PTSCB DATAQO register, and is shifted
out least significant (right-most) bit first. For example, an ASCII character “1” is transmitted as
below using this asynchronous serial transmission program:

Binary representation for ASCIl “1” — 011 0001 (31h)

Start Bit Data Flow Stop Bit

< | Parity Bit

v

p——

1:0:/0{0{1:/1:0:0:1

0

Thefinal interrupt is called the end-of PTS interrupt. Thisinterrupt occursimmediately after the
stop bit is outputted, and takes the conventional interrupt vector to COMPARE2_INT, where the
PTS control block is serviced. In this program, the DATAO_WO_L isloaded with the next data
byte, PTSCOUNT is reloaded with 9, and PTSCON10 is reloaded. Then, clearing the P2.6 creates
the “start bit” for the next data word to be transmitted. The EPA Compare 2 channd isinitialized,
and COMPARE_TIME iswritten to, establishing the time which the first bit of the next word isto
be driven out. A total of 4 bytesis transmitted in this program.
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4.2.3 Asynchronous Serial Data Reception

In the program devel oped, the EPA CapComp 1 channel isinitially used in the capture falling edge
mode to receive the data “ start” bit input (afalling edge transition from “1” to “0”) on P2.1. This
generates a conventional interrupt (the same as the “end-of PTS interrupt) which starts the
asynchronous receive process.

Thisinitial interrupt changes the CapComp 1 module to the compare mode, sets the time of the
next compare to 1.5 bit times and enables the PTS. Thus, at exactly 1.5 bit times from the
beginning of the start bit the first PTS cycle will sample the input data on P2.1 and shift it into the
DATA1 WO register. This software a so uses the majority sampling mode, thus an additional
sample is taken. If the two samples are different, the datais sampled one more time to determine
which polarity is correct. The time between samplesis controlled by the value of the SAMPTIME
register in the PTSCB.

Each PTS cycle samplestheinput data at P2.1 and shifts the value into DATA1_WO register. The
timeinterval between the cycle establishes the baud rate. To receive 7 data bits with parity, a total
of nine PTS cycles and two conventional interrupts occur. During the conventional interrupt, the
CAPCOMPL1_CON register isread to determineif it isthe initial or final (end-of PTS) interrupt.
This could be achieved by determining when the software isin the capture or compare mode. Thus,
when the capture mode is active — indicating that thisisthe initial “start” bit interrupt — the
CapCompl moduleis switched to the compare mode, and CAPCOMPL_TIME is |oaded with the
time to sample thefirst databit (1.5 bit times). The PTSisenabled, and the routine returnsto aloop
waiting for the rest of the data bits to be received. Else, if the compare mode is selected indicating
afinal (end-of PTS) interrupt, checking for parity and framing error is done and DATAL1 WO
(which contains the incoming data) is stored in the RECEIVE buffer. Then the moduleis re-
initialized and EPA CAPCOMP1_COM is set to the capture falling edge mode, thus readying P2.1
to wait for the next start bit. A total of 4 bytes are received.
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4.3

Figure 19.

28

Inverter Air-Conditioner Demonstration Unit Software
Control Module

Figure 19 provides an overview of the complete software control module. Appendix B providesthe
program source code for this software.

Software Block Diagram

BEGIN
ENABLE SWITCH OFF

COMPAREOQO_INT

Update wave generator
compare registers

RESTART A

INITIALIZE | = e e e = = -
REGISTERS

CHANGE_FLAG TIMER_OVERFLOW

IDLE TIME <---P» BYTE €---- INT
LOOP
<€ -

ENABLE SWITCH OFF

GET NEW

REQUEST CAPCOMPL_INT

ENABLE SWITCH ON

| Serial Data Input

The complete software uses three interrupts: the EPA Compare Module O Interrupt, EPA Capture
Compare Module 1, and Timer Overflow interrupt. The EPA Compare Module O interrupt is used
to update the waveform generator compare registers after each carrier period. Thisis necessary for
the generation of a sinusoidal PWM waveform because the duty cycle is continuously changing.
The EPA Capture Compare Module 1 interrupt is used for asynchronous seria data reception from
the host PC and the Timer Overflow interrupt keeps track of real time. The blocks of software
communicate through the CHANGE_FLAG byte.

Generally, the software entersthe IDLE_TIME_L OOP after completing the initialization routines.
The software remains in thisloop until a software (serial port) or hardware (push-button switches)
input occurs. Upon getting an input, it recal cul ates the system variables for thisnew condition. The
peripherals, such as the Waveform Generator, PWM Generator and EPA modules, react
accordingly, based on the condition conveyed through the CHANGE_FLAG byte. Upon
completion, the software continues to cycleinthe IDLE_TIME_L OOP, awaiting the next external
request.
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Detailed Description of the Software Listing

Appendix B contains the complete source listing of the Inverter Motor Control Demonstration Unit
Software module. The DEF196M C.INC defines the 80C196M C Input/Output and Special
Function registers. It also declares some items as public, for the use of other modules, and defines
all interrupt and PTS vector locations. The PTS control block and its corresponding windowed
locations are defined here too.

The following are the few associated concepts in the main program code:

* Memory location 40h through 58h contains the variables used for the serial reception and
decoding of the data from the host PC. The RECEIVE array contains the datain bytesthat is
successfully received without parity or framing array. Variable R_COUNT controls the
number of bytes received in one cycle and HZ contains the decoded frequency (x 100) input.

* A sinelookup table contains 960 word entries. THETA_360 is the number of sample timesin
360 degrees and THETA_60 is the number of sample timesin 60 degrees. The motor control
parameters have limits and the program has many min_xxxx and max_xxxx constants. The
constants half_xxxx corresponds to half cycles.

* The program defines aavariable named VOLTZ_HZ along with its associated max/min
constants. Asthe frequency of the motor increases, the applied voltage must be adjusted to
compensate for the changing motor reactance. VOLTZ_HZ is the value that sets the slope of
the volts applied as frequency increases and roughly corresponds to the torque. Controlling the
rate of frequency change avoids excessive currents by ensuring the motor does neither stalls
nor becomes a generator. In inverter motor, thisVOLTS_HZ ratio is usually set as a constant.

* The frequency value which corresponds to the speed of the AC compressor motor is stored in
the program in the HZ_OUT variable. The value stored is the frequency x 100, not the actual
frequency. Thisisto enable higher precision of speed control of the AC motor. HZ_x100
contains the frequency x 100 values inputted by the user, viahardware or software. The
restricted value, taking into account the limits of the motor, is stored in the HZ_OUT variable.
Thisis the frequency at which the motor is operating.

The main program starts at location 2080h, to which the processor branches following the reading
of the CCB bytes. The subsequent code contains the BEGIN software, the RESTART software and
the IDLE_TIME_L OOP software. Here, the software looks for the input from the push buttons or
the host PC, and sets flags that determine what the program will do next. The flags are set by the
interrupt routines and the software code. The remainder of the source code contains the program
subroutines and the interrupt service routines. The sine lookup table starts at location 3800h in the
program and contains 2048 bytes of data.

When the demo first is powered-up, the BEGIN software is executed. This softwareinitiaizes the
LCD and clears the register RAM (location 40h to EOh). This BEGIN software needs to be
executed only once.

Next, the RESTART software initializes the system variables and operating modes. This software
isre-executed every time therestart button is pressed. First, the interrupt is disabled and the
interrupt mask registers are cleared. Then, the INITIALIZE_REG subroutine is called before the
software stops to wait for the enable switch to be turned on.

Inthe INITIALIZE_REG subroutine, the C8h that goesinthe TO_ CONTROL register enables the
timer/counter as an up counter, sets the clock source to external, and sets the resol ution to the

250 ns maximum. Setting T1L_CONTROL to a C1h selects an up count, internal clock source, and
500 nsresolution. The next instruction setsthe PWMO and PWM 1 period to 256 states. Then a
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section initializes the wave generator and associated variables. Finally, the software clears any
pending interrupts and initializesthe TMP_OVR_CNT and the debug pointer. It then returns
control to the RESTART software.

The software waits until the enable switch isturned on and the motor is stopped. This prevents
damage that can occur when the motor runs while applying a voltage at avery different frequency.
Assuming that the conditions are met, the program sets up for motor control with acall to
GET_VALUES, which consists of the following code:

GET_VALUES:

CALL  VALUE CHANGE

CALL  SET_FREQ W TH_PUSHA
SET_FREQ W TH_PUSHA:

PUSHA

BR  SET_FREQUENCY

This structure is only used during initialization and does not occur again after the program is up
and running. The above code uses the interrupt run-time subroutines during the startup phase
before enabling interrupts.

During normal operation, the VALUE_CHANGE routine executes as a part of the
GET_NEW_REQUEST routine. During initialization, there isno “new” request, so
VALUE_CHANGE executes directly. This routine controls the PWMO and PWM1, which serves
asindicators of frequency (HZ_x100) and the slope of the output volts to output frequency ratio
(VOLTS_HZ). VALUE_CHANGE checks these variables for an overflow condition and routes
frequency to PWMO and slop to PWM 1. These sighals go the panel meters. Subsequently,
VALUE_CHANGE compares the present output frequency, HZ_OUT, with the new input,
HZ_x100. If they are equal, no action is necessary. Otherwise, the program calculates the new
values of the associated variables, sets CHANGE_FLAG.0, and outputs the new valuesto the LCD
display. The LCD display module is separated from the motor control module and is optional.

Next, the subroutine SET_FREQUENCY, part of the COMPAREOQO_INT interrupt subroutine, is
executed. The reason for the above initialization code is now apparent: we have caused the
software to execute part of the interrupt code even though no interrupt has occurred. The wave
generator register buffer update occurs and if PERCENT_PWR is too high, the software calls the
ERROR routine. In the error routine, the error will be trapped until the enable switch isturned off.
The program then branches to RESTART. Either action will shut the motor down. If the value in
PERCENT_PWR is acceptable, the software cal culates the new PWM phase values, checks their
integrity, and stores them to await the next COMPAREOQ_INT. If the reverse switch isin the reverse
position, the software swaps the values of phases B and C.

The initialization process continues with the receive modeinitiaization. First, the PTS control
block isset up for the asynchronous serial data reception mode. Majority sampling is enabled and a
16-state sampling timeis set. The EPA Capture Compare 1 module and its corresponding P2.1 port
pinisused for data reception. The EPA CAPCOMP1 is programmed to capture anegative edge to
mark the beginning of areception. A baud rate of 9600 bit/sec is selected by writing DOh to the
BAUDCONST1_WoO register. Seven data bits, one stop bit and one odd parity bit isto be received.
Only 1 byteisreceived in one cycle.

Finally, the RESTART software writes to the interrupt mask register to enable the respective

interrupts. The motor power board and the interrupts are enabled and the motor enters the
IDLE_TIME_LOOP software.
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AttheIDLE_TIME_LOOP, RXDDONE is checked to seeif any data has been received. Each byte
of datais sent three times from the host PC to ensure precise communication. A variable, TIMES,
is used to indicate the number of times a particular byte is received. Upon receiving three bytes of
data, the program enters a validation process. First, it will determine the number of valid data bytes
that have been received. A databyte isvalid if thereis no framing or parity error. This check is
done at the EPA CapCompl module used for the seria /O as part of its interrupt service routine.
The implementation of the EPA CapCompl module for the asynchronous serial datareception is
discussed in detail in Section 4.2.3.

If there are two or three valid data bytes, they are compared with one another to determine if they
are the same. If there is amatch between two received data bytes, then that data byte is used. If they
do not match, the error routine is called to indicate a serial communication error. When thereis
only one valid data byte, then this byte would be used. The error routine isalso called if there are
no valid data bytes. Upon obtaining the correct data byte, a decode routine is called to convert the
received ASCII byte into a hexadecimal digit. The decoded value is stored in the HZ_IN register.
The serial receive mode is re-initialized to wait for the next data byte. When four data bytes are
verified and decoded successfully, the value of HZ_IN istransferred in the HZ register. The value
in this register is the software frequency input from the host PC. Again, if the enable switch is off,
the program restarts and all registers are cleared.

The CHANGE_FLAG.1 indicates whether there is atimer overflow. IDLE_TIME_LOOP waitsfor
the timer overflow and fetches any new request after eight timer overflows. Every second, 61 timer
overflows occur, causing execution of the rest of the idle time loop.

The GET_NEW_REQUEST subroutines execute every eight timer overflowsto fetch any new
request. This subroutine first checks for a software input, then checks the panel switches for a
hardware input. Input from either of these sources causes the program to increment or decrement a
corresponding variable. Values must be within the maximum and minimum limits. Note that the
software input has a priority higher than the hardware input in this demonstration unit. After
servicing the serial input and switches, the VALUE_CHANGE portion of the
GET_NEW_REQUEST subroutine starts the system with the initial parameter constants. After the
next CompareQ interrupt, nothing changes until the operator activates either the increase or
decrease push button while the enable switch is on.

The wave generator compare registers changes only at the beginning of the compare0 interrupt
service routine, COMPAREOQ_INT. After processing all the parameters, checking all possible error
conditions, and processing the serial and push button requests, the software updates the three wave
generator compare registers.
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5.0 Related Documents
Document Title Order Number
8xC196MC, 8xC196MD, 8xC196MH Microcontroller User’s Manual 272181
AP-483: Application Examples Using the 8xC196MC/MD Microcontroller 272282
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Appendix A Schematics

The following pages contain schematics for the Motor Control Demonstration Board discussed in
this application note.

Application Note 33



u
Inverter Motor Control Using 8xC196MC Microcontroller Design Guide Intel o

Figure 20. Motor Control Schematic 1/2
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Figure 23. AC Drives Technology Schematic 2/6
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AC Drives Technology Schematic 3/6

Figure 24.
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Figure 27. AC Drives Technology Schematic 6/6
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Appendix B Demonstration Unit Software Control Module

The following 21 pages contain the code listing for the demonstration unit software control

module.
Table 5. Demonstration Unit Software Control Module (Sheet 1 of 30)
MOTOR_CONTROL_i MC rev_1 MODULE MAIN, STACKSI ZE(6)
;. Main Code
$list
$I NCLUDE (def196nt. | NC) ; Include SFR definitions

CSEG AT 2018H
DCB 11111111B; CCB

DCB 20H

DCB 11011110B; CCB1 CLEAR KB, KB2 BI TS

DCB 20H

CSEG AT 5ffO0H

Application Note

at od_done_int:
capconpO_int:
conparel_int:
capconp2_int:
conpare2_int:
capconp3_int:
conpare3_int:
enpty_int_1:
enpty_int_2:
enpty_int_3:

wg_counter _int:

; PTS VECTOR ADDRESS LOCATI ONS: :

timer_ovf_pts:
at od_done_pt s:
capconpO_pt s:
conpare0_pts:
conparel_pts:
capconp2_pts:
conpare2_pts:
capconp3_pts:
conpare3_pts:
enpty_pts_1:
enpty_pts_2:
enpty_pts_3:

wg_counter_pts:
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Table 5. Demonstration Unit Software Control Module (Sheet 2 of 30)

external _pts:

nm : br $

71 I NPUTS
; PORT1. 2EPACLKO - CLOCK I N FROM MOTOR GEAR

; PORTO. OANALOG | N FROM CURRENT SENSE
; PORTO. 1ANALOG | N FROM CURRENT SENSE
; PORTO. 2ANALOG | N FROM CURRENT SENSE

; LO HI

; PORTO. 3DECREMENT NONE

; PORTO. 41 NCREMENT NONE

; PORTO. 5ADJUST VOLTS/ HZ RATI O ADJUST FREQUENCY
; PORTO. 6ENABLE PONER DI SABLE POVER

; PORTO. 7FORWARD REVERSE

T QUTPUTS

; PORT7. 0SYNC PULSE AT BEQ NNI NG OF START SI NEWAVE
; PORT7. 1LO = ENABLE H GH VOLTAGE DRI VERS

; PORT7. 2( open)

; PORT7.5(tim ng fl ag)

; PORT7. 6(timng fl ag)

; PORT7. 7(tim ng fl ag)

; PORT6. 6PWWD - PWM OUT FOR FREQUENCY | NDI CATOR
; PORT6. 7PWML - PWM OQUT FOR VOLTS/ HZ RATI O | NDI CATOR
; PORT2. 1 COWPARELl - PWM OUTPUT FOR SPEED | NDI CATOR

$ej ect

A CONSTANTS CHANGED AT COWPI LE TI ME

tab_l ength equ 2* 960 ; sine | ookup table | ength (bytes)

theta_360 equ 960* 16 ; theta for 360 degrees

theta_60 equ theta_360/ 6 ; theta for 60 degrees

m n_percent_volts equ 0600H ; Mninmnumratio

max_percent_volts equ 0AOOOH ; maximumratio, if too high algorithmfails
; max depends on PWM PER and | oading tinme

nom nal _p equ 100 ; initial nom nal hal f-pwm period
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Table 5.
hal f _m ni mum

init_dead

init_volts
mn_volts

max_vol ts

mn_hertz
max_hertz
init_Hertz
;init_Hertz

hertz_step

first_rate
first_step
second_rate
second_st ep
third_rate
hertz_scal e
vol ts_scal e

scal e equ

; Initial 10C val ues

P2DINT equ
P2MIN T equ
TOINIT equ
TLINT equ
$ej ect

rseg at 30h

EXTRN HEX_NUM

RSEG at 40H

RECEI VE
R_COUNT:
HZ:
CHANGE:
TEMPL:
TEMP2:
TEMP3:

Application Note

equ

equ

equ
equ

equ

equ
equ
equ
equ

equ

equ
equ
equ
equ
equ
equ

equ

DSB

DSW
DSW
DSW
DSW
DSW
DSW

9
8

15d8h
400h
2000H

550
10510
600
12500
200

10
10
30
10
50
1571
1808
6767/ 2

00000100b
11111011b
11001000b
11000001b

N = e e R RS

Inverter Motor Control Using 8xC196MC Microcontroller Design Guide

Demonstration Unit Software Control Module (Sheet 3 of 30)

; initial min high or lowtine for half-period

; initial dead tine

; initial volts/hz const. 3FFFh=max

; mininumvolts/hz ratio 3fffh = max

; m ni mum frequency*100 (abs m n=2. 55)

; maxi mum frequency* 100 (abs nax=163. 83)

; initial frequency in Hz

; TESTING initial frequency in Hz (8.0 M)

; max del ta between freq when slow ng

of Hz/100 for each inc/dec count
of inc/dec counts before speeding up rate
of Hz/ 100 for each inc/dec count

of inc/dec counts before speeding up rate

* O H O H

of Hz/100 for each inc/dec count
; Scale = 167117/ hz x100 (dec) at PWM I =0ffh
; Scal e = OFF0000/volts hz at PWM 2=0ffh
pwm = scal e*counts/256( 6 counts/rev)
10, 240r pm = 1024 count s/ sec (400h)

now every 2 seconds

P2. 2=i nput , others=out put
all pins except 2.2=special function
external, u/d bit, 1/1 clock

internal, u/d bit, 1/2 clock (.5us)

30h to 40h reserved for rism
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Table 5.

46

Demonstration Unit Software Control Module (Sheet 4 of 30)

max_|

val
val

val

hz_in:

VALI D
RXDDONE:
TI MES:
SI GN\:
mem

process:

pwm_nxt :
rate_nxt:
tenp:
dead_time:
nom per:
Vol ts_hz:
HZ_x100:
hz_out:

m n_nxt _HZ:

si ne_per:

percent _volts:

rate:
hal f _pwm
num per:

mn_tine:

percent _pwr:
pwm per:
m n_pwm

pwm

_a
_b:

_c:

thet a:

| oop_tinme:

of fset:

i ndx:

ptr:

ti mer0_bak:

int_

time:

t2_last:

ref _

inc_

time:

count:

DSwW

dsl

dsl

dsl

dsw
dsw
dsw
dsw
dsw
dsw
dsw

dsw

dsw
dsw
dsw

dsw

dsw
dsw
dsw
dsw
dsw
dsw

dsw

dsw
dsw
dsw
dsw
dsw
dsw
dsw
dsw
dsw

dsw

1

N e

N N T e e T T e S S S

[ ==

N e

N e e T T T = T =S S =N

low wd = period of single-sided PWM

lowwd = # of theta counts / pwm per

dead time between xistor turn on

nom nal period for single-sided PWM

Vol ts per hertz val ue

100 times freq in Hz

restricted hertz val ue

M n next HZ (prevent over-regeneration)
1/6 * period of sine wave in usec

volts/hz duty cycle multiplier

# of theta counts per pwm per

hal f of the actual single PWV period

nunber of PWM periods per 60/120 degrees

m ni mum on/of f tinme of single PW generates
m n_pwm and max_pwm

Incl udes: PWM per, V/Hz, power factor, etc.
low wd = period of single-sided PWM

mni mumoff time (usec) of single_pwm

maxi mumon tinme (usec) of single PW

usec on time for PWMused in HSO routine

angl e: 120*256 theta = 360 degrees

time of last interrupt

Base value of timer to avoid latency probl ems

Application Note
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Table 5. Demonstration Unit Software Control Module (Sheet 5 of 30)
PONER_OUT: dsw 1
RPM_OUT: dsw 1
FREQ OUT: dsw 1

T _ovf _cnt:

P7_BAK:

reverse:

change_f1 ag:

$ej ect

CSEG AT 2080H

EXTRN LCD_INIT, LINE_1,

BEG N:
LB
LBB
STB
LBB
LBB
ST

CALL
CALL

RESTART:
DI
LBB
STB

LBB

LBB

ST

LB

; Clear interrupt

Application Note

dsb 1

dsb 1 ; I mage of port 7 reg

dsb 1 ; Reverse.7 = notor direction: 0=fwd, 1=reverse
dsb 1 ; O=change once, 7=change al ways, 1=timer ovf

LINE 2, LINE 3, LINE 4

SP, #0f 8h

P7_BAK, #0FFH

P7_BAK, P7_REG ; Disable HV drivers
AH, #WG_CMP_OFF

AL, #WG_ALL_OFF

AX, WG_QUTPUT

CLEAR_RAM

LCD_INT

P7_BAK, #0FFH

P7_BAK, P7_REG ; Disable HV drivers
AH, #W5_CMP_OFF; DRI VE ALL OUPUTS TO ZERO ( OFF)
AL, #WG_ALL_OFF

AX, WG_QUTPUT

SP, #0f 8h ; RESET STACK

mask register
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Table 5.

48

Demonstration Unit Software Control Module (Sheet 6 of 30)

CALL

tst6: LBB
j bs

CHK_RPM
LB
CLR

HOLB:
DINZ

JNE

ready:

STB
LBB
STB
ANDB
STB
LBB

RECEI VE

RECEI VE+2

RECEI VE+4

I NT_MASK ;reset interrupt mask register

I NT_MASK1

WBR, #3Eh ;map 64 bytes to 1F80h - 1FBFh
Pl _MASK_W) ;reset peripheral interrupt mask
WBR

I NI TI ALl ZE_REGS ; Initialize Registers

AX, PO_PIN

AX, 6, tst6; wait for go signal fromdirection switch
TEMP, timer0

TEMP+2

DINZ TEMP+2, $
TEMP+3, HOLD
TEMP, tinmer0
CHK_RPM

P7_BAK, #SETO0

P7_BAK, P7_REG ; enable start switch

AL, #WG_ LWR_ON ; turn on lower xistors to start
AL, WG_OUTPUT

P7_BAK, #CLR1

P7_BAK, P7_REG ; Enable HV Drivers

reverse, PO_PIN ; Reverse. 7 is the direction flag

CALL GET_VALUES

I'b

dj nzw

LBB

STB
I bb

t enp, #100 ; Hold low xistors on to charge
tenp, $

AL, #WG ALL_OFF

AL, WG_OUTPUT ; turn off lower xistors

change_flag, #0ffh

ax, tinmerl
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Table 5.

Application Note

add

STB

Initialize

LBB
ANDB

CLRB

Initialize

LBB
LBB
LBB
LB
LB
LB
LB
LB

CLRB

Inverter Motor Control Using 8xC196MC Microcontroller Design Guide

ref _time, ax, pwm per

P7_BAK,
P7_BAK,

#SET2
P7_REG

port & tinmer

WSR, #3Fh
P2_MODE_W, #OFDh
P2_DIR W, #02h
P2_REG W),  #02h
WSR

RXD Mbde

WER, #24h
PTSCONL_WD, #21h
SAMPTI MEL_WD, #10h
EPAREGL_WD, #1F46h
BAUDCONST1_W0, #0D0h
PTSVEC11_W, #118h
PORTREGL_W, #1FD6h
PORTMASK1_W0, #02h

Set receive node

LB R_COUNT, #1
CLRB RXDDONE

LBB WER, #24h
LBB PTSCOUNT1_W0, #09h
LBB PTSCONL1_WD, #60h
CLR DATAL_W

LBB WBR, #3Dh

LBB CAPCOWP1_CON W), #90h

CLRB
CLRB

WSR
| NT_PEND

Demonstration Unit Software Control Module (Sheet 7 of 30)

set reference for 1 pwm

map 64 bytes to 1FCOh - 1FFFh

P2.0 - P2.7 : LSIO

INPUT = P2.0 - P2.3, OUTPUT= P2.4- P2.7
P2.0 - P2.7 : HGH

map 64 bytes to 0100h - 013Fh

asynchronous SIO receive, nmajority sanpling
sanple time for nmajority sanpling

EPA capconl tiner register address

set baud rate = 9600 bits/second

pointer to PTSCB1

Port 2 has the RXD pin

P2.1 = RXD

recei ve data count

clear done flag

# of bits (including parity & stop)
enabl e odd parity

clear recive data buffer

map 64 bytes to 1F40h - 1F4Fh

capture negative edge

ENABLEEXTI NT, COWPO, TMR_OVF, CAPCOWP1

LBB
LBB
LBB
STB

EPTS
El

I NT_MASK, #00011001B
I NT_MASK1, #01000000B
AL, #00000100B
AL, PI_NMASK

T1_OVF
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Table 5.

50

Demonstration Unit Software Control Module (Sheet 8 of 30)

| bb AX, #(EPA_T1_SWI OR EPA_REP)
stb AX, conpar e0_con
st REF_TI ME, conpareO_tinme ; set first swt for reference
LB I NT_TI ME, REF_TI ME
| bb AL, #WG_ENABLE ; disable protection and enabl e outputs
stb AL, wg_pr ot ect
LBB AL, #WG ALL_ON
LBB AH, #WG_CVP_SYNC ; setup for syncronous | oading
ST AX, W5 _OUTPUT
$ej ect
CLR HZ_IN
| DLE_TI ME_LOOCP: ;o WVAIT FOR NEXT | NTERRUPT AND DO HOUSEKEEPI NG
JBC RXDDONE, 0, wai t
ADDB TI MES, #01h
CvPB TI MES, #03h
BNE CONT
CLRB TI MES
cwP VALI D, #01h
BGT MORE
BLT GONE
LBB TEMP1, RECE! VE[ VALI D
CALL DECODE
BR STEP
MORE:
LBB TEMP1, RECEI VE[ VALI D]
SUB VALI D, #01h
CvPB TEMP1, RECEI VE[ VALI D]
BNE CcVP_3
CALL DECODE
BR STEP
CWP_3:
cwP VALI D, #01h
BE GONE
CVPB TEMP1, RECEI VE+1
BNE CVP_2
CALL DECODE
BR STEP
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Table 5. Demonstration Unit Software Control Module (Sheet 9 of 30)

cwP_2:
LBB TEMP1, RECEI VE[ VALI D]
CwPB TEMP1, RECEI VE+1
BNE GONE
CALL DECODE
BR STEP

GONE: CALL ERRCOR

STEP:
CLR VALI D

CONT:
LBB WER, #3Fh ; map 64 bytes to 1FQOh - 1FFFh
ANDB P2_MODE_WO, #0FDh ; P2.0 - P2.7 : LSIO
ORB P2_DI R WO, #02h ; INPUT = P2.0 - P2.3, OUTPUT= P2.4- P2.7
ORB P2_REG WO, #02h ; P2.0 - P2.7 @ H&
CLRB WER
LB R_COUNT, #1 . receive data count
CLRB RXDDONE ; clear done flag
LBB WER, #24h
LBB PTSCOUNT1_WD, #09h; # of bits (including parity & stop)
LBB PTSCONL1_WO, #60h ; enabl e odd parity
CLR DATAL_WD ; clear recive data buffer
LBB WER, #3Dh ; map 64 bytes to 1F40h - 1F4Fh
LBB CAPCOMP1_CON_ WD, #90h ; capture negative edge
CLRB WER

wai t:
LBB AX, PO_PI'N
BBS AX, 6, restart ; Restart anyLine switch is turned
CcwP ptr, #7000h ; new nunbers duly cycles
JNH ptr_ok
LB ptr, #6000H

ptr_ok:
CwPB mem #04h
BNE mem ok
CLRB mem
LB HZ, HZ_IN
ORB sign, #01h

mem ok:
BBC change_f 1 ag, 1,idle_time_loop ; wait unless timer just overfl owed
ANDB change_f 1l ag, #clrl

Application Note

51



Inverter Motor Control Using 8xC196MC Microcontroller Design Guide

Table 5.

52

Demonstration Unit Software Control Module (Sheet 10 of 30)

ANDB
JNE
CALL

tenp, nr_ovf_cnt,
conpare_ti nmer

GET_NEW REQUEST

COVPARE_TI MER:

CvPB
JE
BNE

one_second:
MULU
LB

LB
call
mul u
CvPB
JE
LBB

pwm _ok:
LBB
STB
ST

BR

tnr _ovf_cnt,
one_second

idle_time_loop

TEMP, ti mer O_bak,
RPM_QUT,

hex_num

line_4

tenp, timer0_bak,
TEMP+3, ZERO
pwm_ok

tenp+2,

AL,

AL,

TEMP+2,

ti mer 0_bak

idle_time_loop

# 111B

#(61)

#40959
TEMP+2

RPM_QUT

#(scal e)

#0ff h

#11011000B
COVPAREL_CON
COVPAREL_TI ME

check buttons every 8 counts

; (approx 1/8 second)

61 overflows = 1.00 seconds

65535* 60/ (48count s)/ 2

update the frequency line on the LCD

check for no overfl ow

load ff instead of overflow

; TIMERL, RESET PIN
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kkkkkkkkkkkkkkkkkxkkkkkxxkx  SUBROUTI NES TO

GET_VALUES:

CALL
CALL
RET

VALUE_CHANGE
SET_FREQ wi t h_pusha

SET_FREQ wi t h_pushA:

PUSHA
BR

CLEAR RAM
LB
clear:
ST
cnpb
j ne
RET

SET_FREQUENCY

ax, #60H

00, [ax]+
ax, #OEOh

clear

I NI TI ALl ZE_REGS:

LBB
STB
CLRB
STB
STB

LBB
STB
LBB
STB
STB

LB
LB
LB

LBB
LBB
ST
add
ST

ST
ST
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tenp, #OFFH
tenp, P5_MODE
t enmp

tenp, P7_MDE
tenp, P7_DIR

tenp, #tO_init
tenp, tO_control
tenp, #t1_ init
tenp, t1_control

zero, pwmperiod

m n_tinme, #hal f _mi ni num
nom per, #nom nal _p

dead_ti ne, #i ni t _dead

al, #wg_all_off

ah, #wg_cnp_of f

AX, WG QUTPUT

AX, dead_time, #\WG_CENTER
AX, WG CONTROL

nom per, wg_conpl
nom per, wg_conp2

EOLL QW * %% %k kkskok ko kk ok kk ok ok kk ko kokkok ok kkkokk

load initial frequency val ues

inplements a call to the mddle of a routine that

ends with a PUSHA instruction

clear registers from40h to Oeh

(not TMPx, SFRs or stack)

Initialize EPA, W5 and all registers

set P5 to sys func (bus control)

P7 as standard I/0O
P7 as output port

up count, clock external, TO enabled

TIMER O control and set up

up count, clock internal, T1 enabled

TIMER 1 control and set up
PWV PERI OD = 256 states

one-hal f the mnimum high or low time

noni nal hal f - pwm peri od

deadtime for outputs

WG out put set up

all phases high, opl=0p0 =1

PWM center, up count, wg_counter

| oadi ng the waveform conparators

for 50% duty cycle

enabl ed
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ST nom per, wg_conp3

add nom per, nom per ; nomper is now full period value

ST nom per, wg_reload

LB m n_nxt_hz, #min_hertz

LB volts_hz, #init_volts ; VIH constant: 3fffh = max

LB hz_x100, #i nit _hertz ; initial frequency in hertz

LB hz_out, HZ_X100

clrb int_pend

clrb i pendl

Ibb tnr_ovf_cnt, #61
Ib ptr, #6000h; debug poi nter
RET

ERROR:
D
LBB AH, #WG CMP_CFF
LBB AL, #WG ALL_OFF
ST AX, WG QUTPUT; Drive all WG pins to zero

ANDB P7_BAK, #CLR2
STB P7_BAK, P7_REG
PUSH#0eeeeh;
PUSH#0eeeeh
PUSH#0eeeeh
PUSH#0eeeeh

error_dunp:
Ib ax, #0dOh
dunp:1b bx, [ax]+
st bx, [ptr]+
Jbc ax+1, 0, dunp

nop

error_trap:
LBB AX, PO_PI N
bbs AX, 6,restart; Restart anytine switch is turned off
djnztenp, $
ANDB P7_BAK, #CLR2
STB P7_BAK, P7_REG
djnztenp, $
ORB P7_BAK, #SET2
STB P7_BAK, P7_REG
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Demonstration Unit Software Control Module (Sheet 13 of 30)

br $ ; loop forever

CSEG AT 2400H

GET_NEW REQUEST:; Get requested paraneters based on inc/dec buttons
BBS change_flag, 0, no_change; Do not nodify frequency or volts
; until last update is processed
LBB AX, PO_PIN
bbs sign, 0, software
bbs process, 0, adj ust
jbc AX, 4,decrenent
jbc AX, 3, increnent
I'b inc_count, #0000h

br get_done

I ncrenent :

inc inc_count

Ib tenp, HZ X100

LBB AX, PO_PIN

jbs AX 5,is_hz; junp if hz adjustnment,

Ib tenp, VOLTS HZ; otherwi se adjust volts
is_hz:addtemp, #first_rate

cnp inc_count,#first_step

jnh inc_done

add tenp, #second_rate

cnp inc_count, #second_step

jnh inc_done

add tenp, #third_rate

i nc_done:
LBB AX, PO_PIN
jbs AX, 5,HZ_inc

vol ts_inc:

cnp tenp, #MAX_VOLTS

jh limyv

st tenp, VOLTS HZ

br val ue_change
limv:lbvolts_hz, #MAX_VOLTS

br val ue_change

HZ_inc:
cnp tenp, #max_hertz

Application Note
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Demonstration Unit Software Control Module
ih limh
st tenp, hz_x100
br val ue_change

limh:1bhz_x100, #nmax_hertz

br val ue_change

$ej ect

Decr enent :

inc inc_count

Ib tenp, HZ_X100

LBB AX, PO_PI N

jbs AX;5,is_hz1l; Junp if hz adjustnment,

Ib tenp, VOLTS HZ; otherw se adjust volts
is_hzl:subtenp, #first_rate

cnp inc_count, #first_step

jnh dec_done

sub tenp, #second_rate

cnp inc_count, #second_step

jnh dec_done

sub tenp,#third_rate

dec_done:
LBB AX, PO_PIN
jbs AX, 5, HZ_dec

vol ts_dec:

cnp tenp, #mn_volts

jlt v_lim

st tenp, VOLTS HZ

br val ue_change
v_limlbvolts_hz,#m n_volts

br val ue_change
HZ_dec: cnptenp, #m n_hertz

jlt h_lim

st tenp, hz_x100

br val ue_change
h_limlb hz_x100, #m n_hert z

br val ue_change

sof t war e:
CLRBsi gn
cnp HZ, #min_hertz

(Sheet 14 of 30)

Application Note



u
Int9| o Inverter Motor Control Using 8xC196MC Microcontroller Design Guide

Table 5. Demonstration Unit Software Control Module (Sheet 15 of 30)

jlt min_h
cnp HzZ, #max_hertz
jot max_h
| bb process, #01lh
br adj ust

mn_h:1bHZ #mn_hertz
| bb process, #01lh
br adj ust

max_h:1b HZ, #max_hertz

| bb process, #01lh

adj ust: CMPHZ_x100, HZ
BGT big
BLT snall
CLRBprocess
br val ue_change
bi g: SUB HZ x100, #200
CWP HZ_x100, HzZ
BLT big_done
br val ue_change
bi g_done
LB HZ_x100, HZ
CLRBprocess
br val ue_change
smal | : ADDHZ_x100, #200
CWP HZ_x100, HzZ
BGT snull _done
br val ue_change
smal | _done
LB HZ_x100, HZ
CLRBprocess

Val ue_change:
ANDBP7_BAK, #CLR6
STB P7_BAK, P7_REG Start Timng signal 6-- 15 usec (fisrt half)
mul ut enp, hz_x100, #hertz_scal e; 167117 = scal e*hz_x100/100
cnpbtenp+3, zero
je mh_ok
I bb tenmp+2, #0ffh
mh_ok:
mul ut np2, vol ts_hz, #vol ts_scal e; 0f f 0000h =scal e*volts hz
cnpbt np2+3, zero
je nmv_ok
I bb tnp2+2, #0ffh
mv_ok: STBTEMP+2, pwD_DUTY; PWWD=0ffh at 163.83Hz (Hz_x100=16383)
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STB TMP2+2, pwnil_DUTY; PWM =Cffh if volts hz=2000H

br out_hz

$ej ect

get _done:
set _hz: cnphz_x100, hz_out
be no_change
bh ok_hz
out _hz: cnphz_out, mn_nxt_hz; restrict rate of speed reduction
jh ok_hz
Ib hz_out, mn_nxt_hz; HZ out can only be changed from
br next_mn; these three |lines of program
ok_hz:1b hz_out, hz_x100

next _min:
sub m n_nxt_hz, hz_out, #hertz_step
cnp mn_nxt_hz, #min_hertz
jh change_not or

I'b  mn_nxt_hz, #m n_hertz

CHANGE_MOTOR: ; Change percent _volts and sine_per paraneters
mulutenp, hz_out,volts_hz ; max volts/hz = 3fffh
shll temp, #5 ;shift count controls voltz/hz thresholb
jnv no ovf ; 4 =>max @4000h (164Hz), 6 @ 1000h (41Hz)
Ib tenp+2, #07fffh; 1024 = 1 VOLT/ HZ
no_ovf: addtenp+2,tenp+2; overflow on shift occurs at 7fffh
cnp tenp+2,#m n_percent_vol ts; tenp+2=percent_volts
jh chk_hi _volts; 8000H = 100%
Ib tenp+2, #m n_percent_volts
br volts_done
chk_hi _vol ts:
cnp tenp+2, #max_percent_volts
jnh volts_done
Ib tenp+2, #nmax_percent_volts
vol t s_done:
Ib percent_volts, tenp+2 ; only change to PERCENT_VOLTS is here
Hz_2_peri od:
Ib tenp, #502Bh; tenp= 1/6 * 100 * 10"6/2
Ib tenp+2, #0FEh; tenp= 16, 666, 667/2
divutenp, Hz_out; hz_out is the restricted hz_x100
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jnv ok_hi
Ib tenp, #0ffffh
ok_hi : 1 bsine_per,tenp; only change to SINE_PER is here

; sine_per is now the sine_period/6

$ej ect

CALC_FREQUENCY:
; Cal culate the nunber of periods per' ]120 degrees
; based on the nominal period, then calula[.e ~h~. .~
; exact period based on the number of' periods.
; This setup assunes the PWM carrier frequency

; is 4 times the update frequency.

LB tenp, sine_per; sine_per*2 = usec per 60 degrees
CLR tenp+2 i ( tenp < 32k )
divutenp, nomper; # ot hal f-pwmperiods in 60 degrees
; = full-pwm periods in 120 degrees
or tenp,#1 ; ensure odd # of full-pwmcycles
add num per, tenp, tenp; calc num of half-pwncycles/120 deg
LB pwm.nxt, sine_per
CLR pwm nxt +2; cal culate period for half-pwmcycle
di vupwm nxt, num per
Ib rate_nxt, #(theta_60)

ext rate_nxt ; rate = 1/2 # of theta-counts per
divurat e_nxt, num per; single pwmcycle
orb change_fl ag, #set0; set flag to cause freq change

ORB P7_BAK, #SET6
STB P7_BAK, P7_REG End Tinme 6

; update the PWM PERIOD Ii ne.
LB hex_num pwmnxt; pwmnext was 1/2 the single
SHR HEX_NUM #1; cycle PWM

callline_1

; update the SIN PERIOD |ine
mul ut enp, hz_out, #6553; 65535/ 10
I'b  hex_num tenp+2
LB FREQ QUT, HEX NUM

callline_3
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Demonstration Unit Software Control Module (Sheet 18 of 30)

; update the % POWER |ine
mul utenp, percent _vol ts, #00; 200* (8000H Of fffh) =100%
Ib  hex_num tenp+2
LB POWER_QUT, HEX_NUM
call line_2

no_change: RET

$ej ect

cseg at 2700H; ****xxxxxkx EPA gnd WG *****xxkxxkx

CAPCOVP1_| NT:
PUSHA ; save PSW | NT_MASK, | NT_MASK1, WSR
PUSHTEMP1
CLRBWER
LBB WBR, #3Dh ; map 64 bytes to 1F40h - 1F7Fh
JBS CAPCOWP1_CON W), 4, RXD_SETUP ; edge or end-of -PTS interrupt
LBB CAPCOWP1_CON W), #O0O0OH ; disable capture/conpare2
CLRBWER
ANDBI NT_PEND, #OEFh ; clear false pending interrupt

LBB WBR, #24h ; map 64 bytes to 0100h - 013Fh

JBS PTSCON11_WD, 1, RXD_ERROR ; framing error ??
JBS PTSCON11_ WD, 6, RXD ERRCR ; parity error ??

STB DATA1L_W_H, TEMP1

CLRBWER

ADD VALI D, #01h

STB TEMP1, RECEI VE[ VALID] ; save received data

DINZW R_COUNT, CAPCOWP1_SKI P; decrenment data count & check for end
LBB RXDDONE, #01lh ; set done flag
SIMPCAPCOVP1_RET; finish data receive

RXD_SETUP:
LBB WBR, #3Fh ; map 64 bytes to 1FCOh - 1FFFh
JBS P2_PIN_W), 1, CAPCOMP1_RET; detect fal se start bit
LBB WBR, #3Dh ; map 64 bytes to 1F40h - 1F7Fh
LBB CAPCOWP1_CON W), #0COh ; conpare - interrupt only
ADD CAPCOVP1_TI ME_WD, #120h

; set first PTS cycle (+1.5* BAUDCONST)
CLRBWSR
ORB PTS_SELECT, #10h; enabl e PTS on CAPCOWP2
SIMPCAPCOVP1_RET

RXD_ERROR:
LBB RXDDONE, #03h ; set error code
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SIMPCAPCOMP1_RET; exit

CAPCOWP1_SKI P:

LBB WBR, #24h

LBB PTSCOUNT1_W), #09h; # of bits (inclusing parity & stop)
LBB PTSCONL1_WD, #60h ; enable odd parity

CLR DATA1_WD; clear recive data buffer

LBB WSR, #3Dh ; nmap 64 bytes to 1F40h - 1F4Fh

LBB CAPCOVP1_CON WD, #90h ; capture negative edge

CLRBWSR

CAPCOWP1_RET:

POP TEMP1
POPA; | oad PSW | NT_MASK, |NT_MASK1, WBR
RET

EPA_ERROR:

CALLERROR; GO TO THE FATAL ERROR ROUTI NE
ski p00
ski p00

EPA_ERROCRL:

CALL ERRCR ; GO TO THE FATAL ERROR ROUTI NE

conpare0_int:

Application Note

PUSHA
CLRBWSR

LBB | NT_MASK, #00010000B; CAPCOWPL

ANDB P7_BAK, #CLR5

STB P7_BAK, P7_REG, START TIM NG SI GNAL 5

Ib tnpl,timerl

sub tnpl,int_time; ensure interrupt_time is

cnp tnpl, #200; |ess than 200 counts behind tinerl
j gt EPA ERRORL

add int_tinme, loop_tine; set up for next |oop
I bb BX, #(EPA_T1_SWI OR EPA_REP)
stb BX, conpar e0_con

st int_time, conpare0_tinme

st val _a, wg_conpl
st val _b, wg_conp2
st val _c, wg_conp3

61



Inverter Motor Control Using 8xC196MC Microcontroller Design Guide

Table 5. Demonstration Unit Software Control Module (Sheet 20 of 30)

ALI GN_THETA: ; Align theta at 360 degree intervals
cnp theta, #(960*16); conp theta to counts in 360 degrees
jnh CALC VALUES; inp if theta < full sinewave cycle
sub theta, #(960*16); reset theta
ORB P7_BAK, #SETO0
STB P7_BAK, P7_REG
; P1.0 I'S SCOPE TRI GGER AND RUN- SW TCH ENABLE

; Start timng signal 0 -- 35 usec

jbc change_flag, 0, CALC VALUES; Update freq if change flag. 0=l
andb change_flag, #clrO

SET_FREQUENCY: ; ******%% SET NEW FREQUENCY **** %% &xx+

ANDBP7_BAK, #CLR7
STB P7_BAK, P7_REG Tining signal 7--22 usec

Ib theta, rate_nxt; Start with theta = 1/2 rate
add rate, rate_nxt, rate_nxt

and rate, #0FFFOH;, syncroni zed val ues only
I'b hal f_pwm pwmnxt; output value of "half_pwr = 0 volts

sub max_pwm half_pwm mn_time; set PAM max/rain limts at
sub m n_pwm zero, max_pw pwmoper +/-rain tine

addpwm per, half_pwm hal f_pwm pwm per = actual pwm

ST PWM PER WG reload; full-cycle period.
add | oop_tine, pwm per, pwm per; *** FOR CENTERED PWM 'Fills
; *** MAY NEED TO BE DOUBLED.
mulutnp, pwmper, percent_volts
add percent_pwr, tnp+2, tnp+2; percent_pw =pwm per if
; percent volt s=8000h
jbc percent_pw+1,7, FREQ OK; Error if percent_pwr >= 8000h

FREQ ERROR:
CALL ERROR ; ** percent _pw nust be less than 07fffh

FREQ OK:
ORB P7_BAK, #SET7

STB P7_BAK, P7_REG End time 7

$ej ect
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CALC VALUES:; Val _a, Val _b, Val _c are the on-t ine ( i n usec ) per
; single PWM cycle for each phase.
LBB BX, PO_PIN
bbs BX 6,restart; Restart anytine switch is turned of ~
ORB P7_BAK, #SET5
STB P7_BAK P7_REG END TIME SIGNAL 5

calc:lb indx, theta
shr indx, #4; renove least significant bits 960 = 5'12' 16

add indx, indx; indx is table pointer

get _a:

mul tnp, percent_pw, sin[indx]; percent_pw fromvolts/hz etc.

lo_test_a:
cnp tnp+2, m n_pwm
jot hi_test_a
I'b  tnp+2, m n_pwm

br a_done

hi _test_a:
cnp mex_pwm tnp+2
jogt a_done
I'b  tnp+2, max_pwm

a_done: addval _a, half_pwm tnp+2; center waveformon half PWM/ period

get _b:
add indx,#(2*tab_length/3); 2/3 table |l ength
cnp indx, #(tab_length)
jnh b_ok
sub indx, #(tab_l engt h)

b_ok: mul tnp, percent_pw, sin[indx]; percent pwr fromvolts/hz etc.

lo_test_b:
cnp tnp+2, mn_pwm
jot hi_test_b
I'b  tnp+2, m n_pwm
br b_done

hi _test_b:

cnp max_pwm tnp+2
jogt b_done
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Ib  tnp+2, nmax_pwm
b_done: addval _b, hal f_pwm tnp+2 ; center waveformon half PWM period

$ej ect

get _c: addi ndx, (2*tab_l ength/3); 2/3 table length in bytes
cnp indx, #(tab_length)
jnh c_ok
sub indx, #(tab_l ength)

c_ok: multnp, percent_pw, sin[indx]; percent_pw fromvolts/hz etc.

lo_test_c:
cnp tnp+2, mn_pwm
jgt hi_test_c
Ib  tnp+2, mn_pwm

br c_done

hi _test_c:
cnp max_pwm tnp+2
jgt c_done
Ib tnp+2, nmax_pwm
c_done: addval _c, half_pwm tnp+2 ; center waveformon hal f_PWV period

direction:
jbc reverse, 7,update_count; IF BIT 7 IS SET THEN ORDER | S A-C-B
Ib tnp, val _c; swap phases B & C to reverse
Ib wval _c, val_b

Ib wval_b, tnp

updat e_count :

add theta, rate; rate is the # of theta per full-pwnmcycle

end_cal c:
ANDB P7_BAK, #CLRO
STB P7_BAK, P7_REG
; P1.0 IS SCOPE TRI GGER AND RUN- SW TCH ENABLE

. BEnd Tine O

verify:

RET
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$ej ect

TI MER_OVF_I NT:
pushf
clrbwsr
LBB | NT_MASK, #00010000B; CAPCOWPL
I'b timer0_bak,tiner0
djnztnr_ovf_cnt, not61
Ibb tnmr_ovf_cnt, #61
st zero, timer0O
not 61: orbchange_f1 ag, #set1; set flag for timer change
popf
RET

EXTERNAL_INT: ; RISING EDGE = LB RESET | NTO PC
Dl
br RESTART ; Stack pointer will be cleared at

RESTART:

DECODE!
ADDBrrem #01h
SHL HZ_IN, #04
SHRBTEMP1, #01
ANDBTEMP1, #00001111b
ORB HZ_I N, TEMP1
RET

$ej ect

$I NCLUDE (SI NE960. INC); include sine table cseg from 3800H

$nol i st

END

; def 196nt. INC, include file of the main code

; DEMOK5. I NC - DEFINITION OF SYMBOLI C NAVES FOR THE I/ O REQ STERS OF ; ; THE
; 87Cl96MC. ( set tapbs = 4)
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ZERO EQU 00h: WORD; Zero Regi ster

AD_COVVANDEQU1FACH: BYTE; A to D command regi ster
AD_RESULT_LOEQU1IFAAH BYTE; Low byte of result and channel
AD_RESULT_H EQULIFABH BYTE; H gh byte of result

AD_TIME EQU 1FAFH BYTE; A to D time register
CAPCOVPO_CONEQULF40H: BYTE; capture/conpare O control register
CAPCOVP1_CONEQULF44H: BYTE; capture/conpare 1 control register
CAPCOVP2_CONEQULF48H: BYTE; capture/conpare 2 control register
CAPCOVP3_CONEQULFACH: BYTE; capture/conpare 3 control register
CAPCOVPO_TI MEEQU1F42H: WORD, capture/ conpare O tine register
CAPCOVP1_TI MEEQU1F46H: WORD, capture/ conpare 1 tine register
CAPCOVP2_TI MEEQULF4AH: WORD, capture/ conpare 2 tine register
CAPCOVP3_TI MEEQULF4EH: WORD, capture/ conpare 3 tine register
COVPAREO_CONEQULF58H: BYTE; conpare nodul e O control register
COVPAREL1_CONEQULF5CH: BYTE; conpare nodul e 1 control register
COVPARE2_CONEQULF60H: BYTE; conpare nodul e 2 control register
COVPAREO_TI MEEQULF5AH: WORD, conpare nodule O tine register
COVPAREL_TI MEEQULF5EH: WORD, conpare nodule 1 tine register
COVPARE2_TI MEEQU1F62H: WORD, conpare nodule 2 tine register

| NT_MASKEQUO8H: BYTE; Interrupt nmask register

| NT_PENDEQUO9H: BYTE; Interrupt pending register

I NT_MASK1EQU13H: BYTE; Interrupt mask register 1

| NT_PEND1EQU12H: BYTE; Interrupt pending register 1

I MASK1I EQU 13H: BYTE; Interrupt nask register 1

IPENDL EQU 12H: BYTE; Interrupt pending register 1
PO_PIN EQU 1FA8H: BYTE; Port O pin register (input only)
P1_PIN EQU 1FA9H: BYTE; Port 1 pin register (input only)
P2_DIR EQU 1FD2H: BYTE; Port 2 direction register (1/0
dir2 equ OOD2H: byte; in vertical wind 3F
P2_MODEEQULFDOH: BYTE; Port 2 node register (1/0O or EPA)

node?2 equ OODOH: byte; in vertical wi nd 3F

P2_PIN EQU 1FD6H: BYTE; Port 2 pin register (read/input)
P2_REG EQU 1FD4H: BYTE; Port 2 register (wite/output)
port2 equ OOD4H: byte; in vertical wi nd 3F

P3_PIN EQU 1FFEH BYTE; Port 3 pin register (read/input)
P3_REG EQU 1FFCH: BYTE; Port 3 register (wite/output)

P4_PIN EQU 1FFFH BYTE; Port 4 pin register (read/input)
PA_REG EQU 1FFDH: BYTE; Port 4 register (wite/output)

P5_DIR EQU 1FF3H BYTE; Port 5 direction register (1/0
DI R5 EQU OOF3H: byte; address for w ndow 3F
P5_MODEEQULFF1H: BYTE ; Port 5 node register (1/0 or EPA)
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node5 EQU OOF1H: byte; address in w ndow 3F
P5_PIN EQUJ 1FF7H: BYTE, Port 5 pin register (read/input)
P5_REG EQU 1FF5H: BYTE;, Port 5 register (wite/output)

P7_DIR EQU 1FD3H: BYTE; Port 7 direction register (1/0
dir7 EQU OOD3H: byt e; address in w ndow 3F
P7_MODEEQULFD1H: BYTE; Port 7 node register (1/0O or EPA}
mode7 EQU OODLH; byte

P7_PIN EQU 1FD7H: BYTE;, Port 7 pin register (read/input)
P7_REG EQU 1FD5H: BYTE;, Port 7 register (wite/output)
PORT7 EQU OD5H: BYTE; Port 7 address in vert. win. 3FH
Pl _MASKEQULFBCH: BYTE; Peri pheral interrupt nmask

Pl _PENDEQULFBEH: BYTE; Peri pheral interrupt pending

PTS_SELECTEQUO004H: WORD, PTS sel ect register
PTS_SERVI CEEQUO006H: WORD; PTS service register

PWWDO_DUTYEQULFBOH: BYTE; PWWMD duty cycle control register
PWVL_DUTYEQU1FB2H: BYTE; PWML duty cycle control register
PWV_PERI ODEQU1FB4H: BYTE;, PWWD & PWML peri od control

; register
SP EQU 18H: WORD; System stack pointer

TIMERO EQU 1F7AH: WORD; TI MERO register
TO_RELOADEQU1F72H: WORD; TI MERO rel oad register
TO_CONTROLEQU1F78H: BYTE;, TIMERO control register
TIMERL EQU 1F7EH: WORD; TI MERL register
T1_CONTROLEQULF7CH: BYTE, TIMERL control register

WATCHDOGEQUOOOAH: BYTE; Wat chdog ti mer

WG _COWMP1EQULFC2H: WORD, Conpare register 1 for W5
WG_COMP2EQULFCAH: WORD, Conpare register 2 for W5
WG_COMP3EQULFC6H: WORD, Conpare register 3 for W5
WG_CONEQULFCCH: WORD; WG control register
WG_CONTROLEQU1FCCH: WORD, WG control register
WG_COUNTEREQU1FCAH: WORD, WG count er register

WG QUT EQU 1FCOH: WORD; WG out put regi ster
WG_QUTPUTEQU1FCOH: WORD; WG out put register

WG _PROTECTEQULFCEH: BYTE, WG protection register
WG_RELOADEQU1FC8H: WORD; WG rel oad register

WER EQU 0014H: BYTE; w ndow sel ect register
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Demonstration Unit Software Control Module (Sheet 26 of 30)

PUBLI C ZERO, AD COVMAND, AD RESULT LO, AD RESULT_HI, AD TIME
PUBLI C CAPCOVPO_CON, CAPCOMP1_CON, CAPCOMP2_CON, CAPCOVP3_CON
PUBLI C CAPCOVPO_TI ME, CAPCOMP1_TI NE, CAPCOVP2_TI ME, CAPCOMP3_TI ME
PUBLI C COVPAREO_CON, COMPAREL_CON, COMPARE2_CON

PUBLI C COVPAREO_TI ME, COVPAREL_TI ME, COVPARE2_TI ME
PUBLIC | NT_MASK, | NT_PEND, |NT_MASK1, |NT_PEND1, |NASK1, |PENDL
PUBLI C TO_CONTROL, T1_CONTRCL, TO_RELOAD, PO_PIN, P1_PIN

PUBLIC P2_DIR dir2, P2_MODE, npde2, P2_PIN, P2_REG, port2, P3_PIN, P3_REG

PUBLIC P4_PIN, P4_REG P5_DIR, dir5 P5_MODE, node5, P5_PIN, P5_REG

PUBLIC P7_DIR dir7, P7_MODE, npde7, P7_PIN P7_REG PORT7, PI_NMASK, PI_PEND

PUBLI C PTS_SELECT, PTS_SERVICE, PWWO_DUTY, PWML_DUTY, PWM PERI OD
PUBLI C SP, TI MERO, TI MER1, WATCHDOG WG COWP1, WG COMP2, W5 COWP3, W5 CON
PUBLI C WG_CONTRCOL, W5 COUNTER, W5 QUT, WG QUTPUT, WG PROTECT, WG_RELOAD, W6R

SETO EQU 00000001b
SET1 EQU 00000010b
SET2 EQU 00000100b
SET3 EQU 00001000b
SET4 EQU 00010000b
SET5 EQU 00100000b
SET6 EQU 01000000b
SET7 EQU 10000000b
CLRO EQU 11111110b
CLRL EQU 11111101b
CLR2 EQU 11111011b
CLR3 EQU 11110111b
CLR4 EQU 11101111b
CLR5 EQU 11011111b
CLR6 EQU 10111111b
CLR7 EQU 01111111b

PUBLI C SETO, SET1, SET2, SET3, SET4, SET5, SET6, SET7
PUBLI C CLRO, CLR1, CLR2, CLR3, CLR4, CLR5, CLR6, CLR7

EPA_REPEQUO0000100B
EPA_TO_SWIEQU01000000B
EPA_TO_CLREQU01010000B
EPA_TO_SETEQU01100000B
EPA_TO_TGLEQU01110000B
EPA_TO_FALLEQU00010000B
EPA_TO_RI SEEQU0O0100000B
EPA_TO_ANYEQUO0110000B

EPA_T1_SWIEQU11000000B

Application Note



u
Int9| o Inverter Motor Control Using 8xC196MC Microcontroller Design Guide
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EPA_T1_CLREQU11010000B
EPA_T1_SETEQU11100000B
EPA_T1_TGLEQU11110000B
EPA_T1_FALLEQU10010000B
EPA_T1_RI SEEQU10100000B
EPA_T1_ANYEQU10110000B

PUBLI C EPA_REP, EPA TO_SWF, EPA TO_CLR EPA TO_SET
PUBLI C EPA TO_TGL, EPA_TO_FALL, EPA_TO_RI SE, EPA_TO_ANY
PUBLI C EPA T1_SWI, EPA_T1_CLR EPA T1_SET, EPA T1_TGL
PUBLI C EPA T1_FALL, EPA T1_RISE, EPA_T1_ANY

7o WG OPERATI ONS ASSUME ACTI VE HI GH SI GNALS

;s FOR H GH BYTE OF WG OUTPUT

WG _CVP_ONEQU11011111B; turn wg-based pwm on

WG CVP_OFFEQU11011000B; std-pwmstill on

WG CVP_SYNCEQU11111111B

PWV OFFEQU11100111B; AND with above to turn std-pwrs off

;» FOLLOW BYTE OF WG OUTPUT

WG ALL_OFFEQUO0000000B

WG ALL_ONEQU00111111B

WG UPR_ONEQUO0101010B; upper (wgl, wg2, wg3) on
WG_LWR_ONEQUO0010101B; | ower (wgl#, wg2#, wg3#) on

;s FOR WG PROTECT

WG_DI SABLEEQUO0000100B

WG_ENABLEEQUO0000111B; enabl e without protection
WG_ENA_PRCEQUO0000101B; enable with rising edge protection

i FOR WG CONTROL ; dead tine nust be added
WG_CENTEREQU( 00000100B*100H) ; set high byte for center match-only

PUBLI C WG CMP_ON, WG CMP_OFF, WG CMP_SYNC
PUBLI C WG ALL_OFF, WG ALL_ON, WG UPR ON, WG LWR ON
PUBLI C WG DI SABLE, WG ENABLE, WG ENA_PRO

Pk kA kA AR AR AR AR AR AR AR A K Ak A kA Kk Ak Ak kkkkkkkkkkk kk kk kk kok kok kok Kk ok k%
,

; PTSCB address in the vertical w ndow

Pk ko kA kA A AR AR AR AR AR AR AR Ak Ak A kA kA Ak kA kkkkkkkkkkkkh kk kk kk kok kok kk k%
,

PTSCOUNT1_WEQU 0DOh: BYTE
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Demonstration Unit Software Control Module (Sheet 28 of 30)

PTSCONL_WEQU 0DLh: BYTE
EPAREGL_WEQU 0D2h: BYTE
BAUDCONSTL_W) EQU 0D4h: WORD
PTSVEC11_W) EQU 0D6h: WORD
PORTREGL_W) EQU 0DBh: WORD
PORTMASK1_WEQU 0DAh: BYTE
PTSCON11_W) EQU 0DBh: BYTE
DATAL_WDEQU 0DCh: WORD
SAVPTI ME1L_WDEQU ODEh: WORD
DATAL_W_HEQU 0DDh: BYTE

Pk kK AR AR AR AR AR Ak kK kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk %
,

. absolute address of PTSCB

PR kK AR AR AR AR AR Ak kA kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk %
,

PTSCOUNT1 EQU 110h: BYTE
PTSCON1 EQU 111h: BYTE
EPAREGL EQU 112h: BYTE
BAUDCONST1EQU 114h: WORD
PTSVEC11EQU 116h: WORD
PORTREGLEQU 118h: WORD
PORTMASK1 EQU 11Ah: BYTE
PTSCON11EQU 11Bh: BYTE
DATA1 EQU 11Ch: WORD
SAMPTI ME1 EQU 11Eh: WORD

PRk KRR AR AR AR AR A Kk k Kk kkkkkkkhkkkkhkkhkkkhkhkhkhkhkhkhkkkkkkkkkkkkkkkk*
,

;. REGQ STER ADDRESSES in vertical w ndow

PRk KRR AR AR AR AR Ak Kk k kK Kk kkkkkkkkkkkhkkkhkhkhkhkhkhkkkkkkkkkkkkkkkkkk*
,

Pl _MASK_WEQU OFCh: byte ; WBR = 3Eh

P2_DIR W EQU OD2h: byte ; WBR = 3Fh
P2_MODE_WEQU 0DOh: byte ; WBR = 3Fh
P2_REG W EQU OD4h: byte ; WBR = 3Fh
P2_PIN_W EQU 0D6h: byte ; WBR = 3Fh
T1_CONTROL_W) EQU OFCh: byte ; WSR = 3Dh
CAPCOVPL_CON W) EQU 0C4h: byte ; WSR = 3Dh
CAPCOVPL_TI ME_W EQUOCGh: byte ; WSR = 3Dh

RSEG at 1cH

AX: dsw 1 Tenp registers used i n conformance
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Table 5. Demonstration
DX: dsw
BX: dsw
CX: dsw
t np: DSL
t npl: DSL
t np2: DSL
AL EQU
AH EQU
BL EQU
; BH
cL EQU
CH EQU
DL EQU
DH EQU
t nph equ
tnplh equ

t np2h equ

publicax, bx, cx,

CSEG at 2000H

dcw timer_ovf_int;
dcw atod_done_int;
dcw capconpO_int ;
dcw conpareO_int ;
dcw capconpl_int ;
dcw conparel_int ;
dcw capconp2_int ;

dcw conpare2_int ;

:cseg at 2010H

; dcw sw_ trap

:cseg at 2012H

Inverter Motor Control Using 8xC196MC Microcontroller Design Guide

Unit Software Control Module (Sheet 29 of 30)

1 ; with PLM96 (tm) conventions.
1
1

[ =

AX :BYTE

( AX+1) : BYTE
BX :BYTE

BH IS A RESERVED WORD

CX :BYTE
(CX+1) : BYTE
DX :BYTE
(DX+1) : BYTE
(tnmp+2) :word
(tnmpl+2):word
(tnmp2+2): word

dx, al, ah, bl, cl, ch, dl, dh

;| NTERRUPT AND CCB LOCATI ONS

; REMOVE TH S SECTION FOR R SM

; renmove for rism

; dcw uni np_opcode

;cseg at 2014h
; dcw OffffH
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Demonstration Unit Software Control Module (Sheet 30 of 30)

,cseg at
; dcw

; dcw

,cseg at

; dcw

cseg at
decw
decw
dew
decw
decw
decw

decw

2018h
of fffH
of fffh

203Eh

nm ;

2030h

capconp3_i nt
conpar e3_i nt
empty_int_1
enpty_int_2
empty_int_3
wg_count er _i nt

external _int

END OF RI SM SELECTI ON

; PTS VECTOR ADDRESS LOCATI ONS:

cseg at

dew
dew
dew
dew
dew
; dcw
dew
dew
dew
decw
decw
decw
dew
dew
dew

dew

2040H

timer_ovf_pts;
at od_done_pt s;
capconpO_pts ;
conpare0_pts ;
110h

capconpl_pts ;
conparel_pts

capconp2_pts ;
conpare2_pts

capconp3_pts
conpar e3_pts
enpty_pts_1
enpty_pts_2
enpty_pts_3
wg_count er _pts

external _pts

w N = O

~N o g b
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Appendix C C++ Program Source Code for User Interface

Table 6. C++ Program Source Code for User Interface (Sheet 1 of 17)

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

* | NVERTER MOTOR CONTROL DEMONSTRATION UNI'T * * USER | NTERFACE

*

* Purpose: Provide the user interface for the * inverter air-conditioner deno
unit. The *prograns allows the user to select a desired

* speed for the air-conditioner conpressor *nmotor. Subsequently, it will decode
the user *request and send it serially to the 8XC196MC *Mtor Control Board for
the necessary *changes to be made. The correspondi ng *frequency For each notor
speed is sent in 4 *bytes, with each byte being sent 3 tines to *ensure accurate
communi cation. The protocol *used is 7 data bit, 1 stop bit and 1 odd *parity bit,
at a baud rate of 9600 bit/s.

*
* Project file : Al RCON PRJ
* - contains of 3 npdules; *MAIN.C, GO C and GRAPHI CS. C

*

* Header file : MYHEADL. H

*****************************************************************************l

NNy
/1

/1 MAIN C 11

/1

NNy

#i ncl ude <stdio. h>

#

#
#
#
#
#
i

ncl ude <coni o. h>

ncl ude <math. h>

ncl ude <graphics. h>
ncl ude <stdlib. h>
ncl ude <bi os. h>

ncl ude <dos. h>
ncl ude "nyheadl. h"

#defi ne MAX 60

#define COM 1 /* For Com1, set COM= 0 */

#def i ne DATA_READY 0x100

#defi ne TRUE 1

#defi ne FALSE 0

#define SETTINGS (_COM 9600 | _COM CHR7 | _COM STOP1 | _COM ODDPARI TY)
/* 9600 bit/s baud rate, 7 data bits, 1 stop bit, 1 odd parity bit */

/ /gl obal variables, their nanes are sel f-expl anatory

int quit;
int source;
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Table 6. C++ Program Source Code for User Interface (Sheet 2 of 17)

unsi gned in, out, status, store[6];

int main()

{

/* local vairables */

int i,digit;
int hz = 600;
char hex[5];
char dig[1];

openi ng_screen(); /* openi ng page */
restorecrtnode(); /* restore text node */

textattr ( NORMAL_ATTR) ;
clrscr();

_bios_serialcon(_COM INT, COM SETTINGS);
/* initialize serial i/o0 */

i toa(hz, hex, 16); /* convert to hex */
if(hz < 4096) /* pad zeros if blank */
{
for(i=0;i<=2;i++)
{
hex[3-i] = hex[2-i];
}
hex[0] = "'0";
}

for(i=0;i<=3;i++)
{

/* converting into ASCI| represention */

dig[0] = hex[i];
digit = hextoint(dig);
digit = digit + 48
in=digit;

/* serially output each byte 3 tinmes */

serial ();
del ay(0100);
serial ();
del ay(0100);

/* Sets the initial operating frequency to 6.0 Hz. Motor rpm ( 150 rpm */

74
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C++ Program Source Code for User Interface (Sheet 3 of 17)

serial ();
del ay(0100);

whi | e( qui t ==0) /* main | oop */
{

/* setting up the menu */

static char *source_nmenu[]={" 250
" 500
" 750
" 1000
" 1100
" 1200
" 1300
" 1400
" 1500
" 1600
" 1700
" 1800
" 1900
" 2000
" 2100
" 2200
" 2300
" 2400
" 2500 "},

sour ce=get _choi ce("Sel ect Conpressor Mtor Speed (rpm", source_nenu, 19);

/* decodes user input by assigning the corresponding rpmfrequency */

swi tch(source)

{
case ESC.

quit = 1;
br eak;

case O:
hz = 950;
br eak;

case 1:
hz = 1830;

br eak;

case 2:
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Table 6. C++ Program Source Code for User Interface (Sheet 4 of 17)

hz = 2900;
br eak;

case 3:
hz = 3700;
br eak;

case 4:
hz = 4120;
br eak;

case 5:
hz = 4450;
br eak;

case 6:
hz = 4800;
br eak;

case 7:
hz = 5050;
br eak;

case 8:
hz = 5300;
br eak;

case 9:
hz = 5550;
br eak;

case 10:
hz = 5740;
br eak;

case 11:
hz = 6000;
br eak;

case 12:
hz = 6300;
br eak;

case 13:
hz = 6640;
br eak;

case 14:
hz = 7000;
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Table 6. C++ Program Source Code for User Interface (Sheet 5 of 17)

Inverter Motor Control Using 8xC196MC Microcontroller Design Guide

/*

br eak;

case 15:
hz = 7320;
br eak;

case 16:
hz = 7600;
br eak;

case 17:
hz = 8000;
br eak;

case 18:

hz = 8400;
br eak;

f (qui t==1)

put notor back to 6.0 Hz before exit */

{

hz=600;

}

{

i toa(hz, hex, 16); /* convert to hex */

if(hz < 4096) /* pad zeros if blank */

for(i=0;i<=2;i++)
{
hex[3-i] = hex[2-i];
}
hex[0] ="'0";

for(i=0;i<=3;i++){

/* converting into ASCI| represention */

dig[0] = hex[i];

digit = hextoint(dig);
digit = digit + 48;
in=digit;

/* serially output each byte 3 times */

serial ();

del ay(0100);
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Table 6.

C++ Program Source Code for User Interface (Sheet 6 of 17)

serial ();
del ay(0100);
serial ();
del ay(0100);
}
}
restorecrtnode();/* restore text node */
clrscr();
return O;

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

* hextoint()
*

* Converts the hexadeci mal val ues to deci mal *val ues
~k~k~k~k~k~k~k~k~k~k**********************l

int hextoint(char *dig)

{

int val ue;

if(dig[0] =="a")

val ue = 10;

else if(dig[0] =="b")
value = 11;

else if(dig[0] =="¢")
value = 12;

else if(dig[0] == "d")
val ue = 13;

else if(dig[0] == "¢e")
val ue = 14;

else if(dig[0] =="f")
val ue = 15;

el se

value = atoi(dig);

return(val ue); }

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

* serial()
*

* Serially transmt a byte of data

*****************************************************************************l

int serial(void)

{

_bios_serial com{_COM SEND, COM in);
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Table 6. C++ Program Source Code for User Interface (Sheet 7 of 17)

return O;
}
NNy
11 GRAPHI CS. C
NNy

"
"
"
4
"
"

ncl ude <graphics. h>
ncl ude <stdlib. h>
ncl ude <stdio. h>
ncl ude <coni 0. h>
ncl ude <dos. h>

ncl ude "nyheadl. h"

/* Does the opening page for the program */

int opening_screen(void)

{
/* request auto detection */
int gdriver = VG, gnode=VGAHI
int i,j,end;

/* initialize graphics and |l ocal variables */
initgraph(&gdriver, &gnode, "");
set gr aphnode( get gr aphrmode() ) ;
setw it enmode( COPY_PUT);

t ext col or ( BLACK) ;
setlinestyle(0,1,3);

setcol or(1);

for(j=1;j<5;j++)

{ end = 4*;
for(i=end;i>0;i--)
{

clrscr();

111

l'i ne( 244, 200-i , 244, 200+ ) ;
l'i ne(234, 200-i , 254, 200-i ) ;
l'i ne( 234, 200+ , 254, 200+i ) ;

/IN

l'ine(262, 200-i, 262, 200+ ) ;
l'ine(282, 200-i, 282, 200+ ) ;
l'ine(262, 200-i, 282, 200+ ) ;

T
I'i ne(300, 200- i , 300, 200+i ) ;
l'i ne(290, 200-i , 310, 200-i ) ;
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Table 6.

C++ Program Source Code for User Interface (Sheet 8 of 17)

ITE
l'i ne(318, 200-i , 318, 200+ ) ;
I'i ne(318, 200, 333, 200) ;

l'i ne(318, 200-i , 338, 200-i);
I'i ne(318, 200+i , 338, 200+ ) ;

/L
l'i ne(346, 200-i , 346, 200+ ) ;
I'i ne(346, 200+i , 366, 200+ ) ;

del ay(40);

}
for(i=0;i<end;i++)
{

clrscr();

111

l'i ne(244, 200-i , 244, 200+i ) ;
l'i ne(234, 200-i, 254, 200-i ) ;
l'i ne(234, 200+i , 254, 200+i ) ;

/IN

l'ine(262, 200-i, 262, 200+ ) ;
l'ine(282, 200-i, 282, 200+i ) ;
l'ine(262, 200-i, 282, 200+ ) ;

1T
I'i ne(300, 200- i, 300, 200+ ) ;
l'i ne(290, 200-i, 310, 200-i ) ;

IIE
l'ine(318, 200-i, 318, 200+i ) ;
l'i ne( 318, 200, 333, 200) ;
l'ine(318, 200-i, 338, 200-);
l'i ne(318, 200+i , 338, 200+ ) ;

/1L
l'i ne( 346, 200- i, 346, 200+ ) ;
I'i ne(346, 200+ , 366, 200+ ) ;

del ay(40);

}

}
got oxy(18, 18);
printf("Inverter Air-Conditioner

got oxy( 21, 20);

Denmonstration Unit");
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C++ Program Source Code for User Interface (Sheet 9 of 17)
settextstyle(0,0,0);
t ext col or (CYAN) ;
printf("Software Control Mbdule, Version 1");

getch();

return O;

PEEEEEEEEE i bbb i
Il adaoc
PEEEELEEEEEE i bbby

"
"
"
"
"
"
"
"
"
"
"

ncl ude <bi os. h>

ncl ude <stdio. h>
ncl ude <stdarg. h>
ncl ude <stdlib. h>
ncl ude <string. h>
ncl ude <coni 0. h>
ncl ude <graphics. h>
ncl ude <nem h>

ncl ude <dos. h>

ncl ude <float. h>
ncl ude "nyheadl. h"

#defi ne FI RST_COLUWN 28
#defi ne FI RST_ROW 5

int position =0
/* store previos position */
int x_curs, y_curs;

voi d cl ear_kbd(voi d)

{

whil e (bioskey(1))
bi oskey(0);

voi d wai t _key(voi d)

{
cl ear _kbd();
while (!keyhit())

[* -eee- get a keyboard character -------- */
int get_char(void)
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Table 6. C++ Program Source Code for User Interface (Sheet 10 of 17)

{
int c;
uni on REGS rg;
while(1) {
rg. h.ah = 1;
int86(0x16, &g, &Q);
if (rg.x.flags & 0x40)
{
int86(0x28, &g, &9);
conti nue;
}
rg.h.ah = 0;
int86(0x16, &g, &rQ);
if (rg.h.al == 0)
¢ =rg.h.ah | 128;
el se
¢ =rg.h.al;
br eak;
}
return c;
}

/* Qutputs a selecting menu to the screen */

int get_choice(const char *title, const char **menu, int options)

{

int i, cmd, posit = position;

t ext nrode( C80) ;
clrscr();
got oxy( FI RST_COLUMN, FI RST_ROW 2) ;
textattr(TI TLE_ATTR);
cputs(title);
textattr( NORVAL_ATTR);
for (i=0; i<options; i++) {
got oxy( FI RST_COLUMN, FI RST_ROWi ) ;
cputs(menufi]);
}
got oxy( FI RST_COLUWN, FI RST_ROWtposi t);
textattr (INTENSIVE_ATTR);
cput s(menu[ posit]);

got oxy( FI RST_COLUMN+st rl en(menu[ 0] ), FI RST_ROW ;
while (1) {
crmd=get _char ();
switch (cnmd) {
case LOVNER_ARROW
got oxy( FI RST_COLUMWN, posi t +FI RST_ROW ;
textattr( NORVAL_ATTR);
cput s(menu[ posit]);

82
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Table 6. C++ Program Source Code for User Interface (Sheet 11 of 17)

if (++tposit == options)
posit = 0;
br eak;

case UPPER_ARROW
got oxy( FI RST_COLUMN, posi t +FI RST_ROW ;
textattr ( NORMAL_ATTR);
cput s(nenu[ posit]);
if (--posit < 0)
posit = options-1;
br eak;
case ESC:
textattr( NORMAL_ATTR) ;
return( ESC);
case CR
case SPACE:
textattr ( NORMAL_ATTR);
clrscer();
textattr(TI TLE_ATTR);
got oxy(5, 2);
cput s(nenu[ posit]);
textattr ( NORMAL_ATTR);
clrscr();
position = posit;
return(posit);
defaul t:
br eak;
}
got oxy( FI RST_COLUWN, posit + FI RST_ROW ;
textattr (INTENSIVE_ATTR);
cput s(nenu[ posit]);
}

[*return('?");*/

}

/* Prints text in graphic node */

int cdecl gprintf( int *xloc, int *yloc, char *fmt, ... )
{

va_list argptr; /* Argunment |ist pointer */
char str[140];

/* Buffer to build sting into */

int cnt; /* Result of SPRINTF for return */
va_start( argptr, fnt );

/* Initialize va_ functions */

cnt = vsprintf( str, fnt, argptr );

/* prints string to buffer */

outtextxy( *xloc, *yloc, str );

/* Send string in graphics node */
*yloc += textheight( "H' ) + 2;

/* Advance to next |ine*/
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va_end( argptr );

/* Close va_ functions */
return( cnt );

/* Return the conversion count*/

}

int cdecl grprintf( int xloc, int yloc, char *fnmt, ... )
{

va_list argptr;

/* Argument |ist pointer */

char str[140];

/* Buffer to build sting into */

int cnt; /* Result of SPRINTF for return */
va_start( argptr, fm );

/* Initialize va_ functions */

cnt = vsprintf( str, fnt, argptr );

/* prints string to buffer */

outtextxy( xloc, yloc, str );

/* Send string in graphics node */
va_end( argptr );

/* Close va_ functions*/

return( cnt );

/* Return the conversion count*/

}

void setcursor(int startline, int endline)
/* Sets the shape of the cursor */

{
uni on REGS reg;

reg.h.ah = 1;

reg.x.cx = (startline << 8) + endline;
int86(0X10, &reg, &reg);

} /* setcursor */

voi d changecursor (i nt insnode)
/* Changes the cursor shape based on the current insert node */
{
if (insnode)
setcursor (4, 7);
el se
setcursor (6, 7);
} /* changecursor */

voi d errornsg(const char *nessage)

{
got oxy(1, 24);
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textattr (1NTENSI VE_ATTR);
cput s(message) ;
textattr(NORMAL_ATTR) ;

wai t _key();

got oxy(1, 24);

clreol ();

got oxy(x_curs,y_curs);

int first_char = TRUE;
struct text_info r;

int i;
gettextinfo(&r);
X_CUrs = r.curx;
y_Ccurs = r.cury;
clreol ();

do

{
got oxy(x_curs,y_curs);
clreol ();
cprintf(s);

got oxy(X_curs+pos, y_curs);
switch(c = get_char())
{

case HOMEKEY :

pos = 0;

br eak;

case ENDKEY :

pos = len;
br eak;
case | NSKEY :
insert = linsert;
changecursor (i nsert);

br eak;

case LEFT_ARROW :
if (pos > 0)
pos--;

br eak;

case RI GHT_ARROW :
if (pos < len)
pos++;

/* Allows the user to edit a string with only certain characters all owed - Returns

TRUE i f ESC was not pressed, FALSE is ESC was pressed. */

int editstring(char *s, const char *legal, int maxlength)

{

int ¢, len = strlen(s), pos=0, insert = FALSE;

int edit_keys[9] = { HOMEKEY, ENDKEY, | NSKEY, LEFT_ARROW Rl GHT_ARROW BS, DEL,
ESC, CR };
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br eak;
case BS :
if (pos > 0)
{
noven( &s[ pos], &s[pos - 1], len - pos + 1);
pos--;
len--;
}
br eak;
case DEL :
if (pos < len)
{
noven( &s[ pos + 1], &s[pos], len - pos);
len--;
}
br eak;
case CR :
br eak;
case ESC :
len = 0;
br eak;
def aul t
if (((legal[0] == 0) || (strchr(legal, c) != NULL)) &&
((c>=" ") & (c <= "'~")) && (len < maxl ength))
{
if (insert)
{
memmove( &s[pos + 1], &s[pos], len - pos + 1);
| en++;
}
else if (pos >= len)
| en++;
s[ pos++] = c;
}
br eak;
} /* switch */
if (first_char == TRUE) {
for (i=0; i<10; i++)
if (c == edit_keys[i])
br eak;
if (i == 10) {
if (strchr(legal,c) != NULL) {
s[0] = c;
len = pos = 1;
}
}
first_char = FALSE;

}

s[len] = 0;
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}
while ((c !'= CR) & (c !'= ESQ));
changecur sor ( FALSE) ;
return(c != ESC);
} /* editstring */

/* Inputs an integer fromthe user with user protection */

int getint(int *nunber, int low, int high)
/* Reads in a positive integer fromlow to high */
{
int i, good = FALSE;
char s[7], nmessage[81];
sprintf(s,"%", *nunber);
sprintf(message, "You nust give nunber from% to %", |ow, high);
do
{
if (leditstring(s, "1234567890", 6)) {
got oxy(x_curs,y_curs);
cprintf("o%d", *nunber);
ret urn( FALSE) ;
}
i = atoi(s);
if (!'(good = (i >=low && (i <= high)))
error nmsg( nessage) ;

}
while (!good);
*nunber = i;

return(TRUE);
} /* getint */

/* Gets a long integer fromthe user with user protection */
int getlong(unsigned | ong *nunber, unsigned |ong | ow, unsigned |ong high)

/* Reads in a positive unsigned long integer fromlow to high */
{
unsigned long i, good = FALSE;
char s[7], nmessage[81];
sprintf(s,"%", *nunber);
sprintf(nessage, "You nust give number from % to %", low, high);
do
{
if (leditstring(s, "1234567890", 6)) {
got oxy(x_curs,y_curs);
cprintf("%", *nunber);
return(FALSE);
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}
i = atol (s);
if ('(good = (i >=low) && (i <= high)))
errornsg(nessage) ;

}

while (!good);

*nunber = i;

return( TRUE) ;
} /* getlong */

/* Gets a floating point nunber fromthe user with protection */
int getfloat(float *nunmber, float |low, float high)

/* Reads in a floating point value fromlow to high */

{

int good = FALSE;
char s[41], message[81];

float f;
sprintf(s,"%", *nunber);
sprintf(message, "You nust give nunber from% to %", |ow high)
do
{

if (leditstring(s, "+-eE. 1234567890", 40)) {
got oxy(x_curs,y_curs);
cprintf("%", *nunber);
return(FALSE);
}
f = atof(s);
if (!(good = (f >= low1l.e-6) & (f <= high+l.e-6)))
errornsg(nessage) ;
}
whil e (!good);
*number = f;
return(TRUE) ;
} /* getfloat */
FELELEEEEEr bbb nd

Il MYHEADL. H

FEEELEEEEEE bbb
#def i ne BLACK_BACKGR 0x00

#defi ne BLUE_BACKGR 0x10

#defi ne NORM_WHI TE_FOREGR 0x07
#define | NT_WH TE_FOREGR  OxOf
#define | NT_YELLOW FOREGR OxOE

#define NORMAL_ATTR BLACK_BACKGR| NORM WHI TE_FOREGR
#define | NTENSI VE_ATTR BLUE_BACKGR| | NT_WHI TE_FOREGR
#define TI TLE_ATTR BLACK_BACKGR| | NT_YELLOW FOREGR

i
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nt

nt

nt

nt
nt
nt
nt
nt
nt
nt

#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne
#defi ne

/1 GRAPHI CS. C
openi ng_screen(void);

/1 MAIN. C
int serial(void);
hext oi nt (char *);

/1docC

get _
voi d cl ear_kbd(void);
voi d wait_key(void);

get _
getint(int *nunber, int low, int high);

getl ong(unsi gned | ong *nunber, unsigned |ong | ow, unsigned |ong high);
getfloat (float *nunber, float low, float high)

editstring(char *s, const char *legal, int naxlength);

cdecl gprintf( int *xloc, int *yloc, char *fnt, ... );

cdecl grprintf( int xloc, int yloc, ch

TRIEE 1

FALSE ©

AXI' S_COLOR LI GHTCYAN
TI CK_COLOR CYAN
LIM T_COLOR VHI TE
XSPACE 39
GRAPHMODE 1
TXTMODE

XTI CKS 20
YTI CKS 3
PLOTCOLOR 10
DESC_COLOR RED
UPPER_ARROW 72+128
LOWER ARROW 80+128
LEFT_ARROW 75+128
Rl GHT_ARROW 77+128
ESC 27
HOMEKEY 71+128
ENDKEY 79+128
PgDn 81+128
PgUp 73+128

| NSKEY 82+128
BS 8

DEL 83+128
CR 13
SPACE 32
ADDRESS 1808

char (voi d)

choi ce(const char *nenu_title, const char **nenu_lines, int options);
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SINCLUDE [SIHESGD,INCY ; include sine table cseq from JH00H
cseqg at 3800h :
S5IN:
dow  DOH, IDSH, O1AAH, 027EH, 0353H, 04 Z28H, 04FCH, O501H
dow  OBAGH, 077RH, 024EH, 0923H, Q9FTH, IRCEH, (H%FH, OC73H
dow  OD46H, OELAH, QEEDH, AFC1HE, Ol094H, O1167H, 01239H, O0130CH
dow  OL3DEH, O014BOH, 01582H, 01653H, 01723H, O17F6H, 018CTH, 01997H
dew  OlAR&H, ©O1B38H, 01C07H, 01CD7H, OLDASH, O1E7SH, O01F43H, 02011H
dow  020DFH, O021ACH, 02279H, 02346H, 02412H, 02Z4DEH, O023A%H, O02674H
dow  D273FH,  02809K, 028D3H, 0298CH, O02R65H, OZB2DH, O02BFSH, O02CBCH
dcw  OZDE3H, OZE4AK, O0ZF10H, O02FDSH, 03094, O315EH, 03222H, O03I2ESH
dow  033A8H, 0346AE, 03528H, O035ECH, 036ADH, 90378DH, 0382CH, O3I3EaH
dow  039A8H, O3A65H, O03B22H, 0Q3IBDEH, 023C99H, 0O3D54H, O03EQ0EH, C3ECTH
dow  O3FBOH, O04038H, O40EPH, 041A6H, 0425BH, 04311H, O043C5H, 04478H
dow  04526H,  045DDH, 0468FH, 0473FH, 047EFH, 0489EH, 0494CH, C49FAH
docw  Q4AAGH, O4BS5ZH, O04BFDH, O04CATH, 04D50H, OQ40FRH, O4EADH, O4F47TH
dew QAFECH, 05091H, 05135, 05109H, O0527BH, 0S31€H, OS3BDH, 0545CH
dow  ©OS54FBH, 05396H, 05633H, O056Q1H, O576CH, OS808H, OS589FH, 05937H
dew  059CDH,  05A63H, 05AFSH, O0SBACH, O05C1FH, OSCBELH, O05042H, 05D02H
dow  OS5E61H, D0O5EEFH, O05F7CH, O06008H, 08092, 0O&11CH, O&lASH, C&Z2CH
dow  O62B3H,  D0DE338H, O063BCH, O0643FH, 084C2H, 06542H, O&85C2H, CasdlH
dow Oe6BFH, O0673EH, 067B7H, O0E31H, O0&BAAH, 03922H, 0&999%H, C&AQEH
dow  O&AE3H, O06AFEH, O06R&EH, OGBROH, O06C49H, OECBBH, O&0D25H, O&DILH
dow  06DECH, O06E66H, O0BECFH, O06F3I&6H, O06F%CH, O07001H, O7065H, OT0C7TH
dow  O7128H, 071884, O0O71E7H, 07245H, O072A1H, 072FCH, 07356H, 0T73AEH
dow  OT405H, O0T45BH, O74B0OH, O07503H, O07535H, 075A6H, O75FSH, O07644H
dew 07691H, O76DCH, QO7728H, 0776FH, O077B7H, O0O77FEH, O07843H, OT8RGH
dow  078COH,  OT90AH, OT794AH,  O079A8H, 079C5H, O7n01H, OTASBH, OTAT4H
dow  O7AACH, 0TAE3H, O7B18H, O7B4BH, O7BTEH, OTBAFH, O7BDEHM, OTCODH
dow 07C3aH,  O07CESH, OTCBFH, O07CRBH, O7CEQH, O7TDO6H, O7DZAH, O7TDAEH
docw  07070H, 07DS0H, QTDBOH, 07DCDH, O7DEAMH, O7E0SH, O0O7E1FH, O7E3ITH
dowWw  OTE4EH, 0O7EE3H, OTETAH, OTE3nH, 07E%CH, C7EACH, CO7EBAH, OQ7ECEH
dew  O7ED3H, OTEDEH, OTEETH, O7EEFH, O7EFSH, O7EFaH, O7EFDH, O7EFFH
dow OTF00H, O7EFFH, OTEFDM, O7EFAH, O0O7EFSH, O7EEFH, CO7EETH, O07EDEH
dcw  OTED3H, O7ECBH, OTEBAN, O7TEACH, O07JESCH, O7EBAH, O7E78H, O07EG3H
dcw  O7E4EH, O7E37H, O07E1FH, O07JE0OSH, OTDEAH, O7DCDH, O7DBOH, 070903
decw  O7TDT0H, O7D4EH, OQTDZAN, OQ7008H, OJCECOH, O7CBSH, O07CBFH, OQ7CESH
docw  O7C3IAE, 07CORH, O7TBODEH, O7BAFH, O7B7EH, C7B4BH, O07R18H, O0O7AB3H
dow  OTRACE, OTAV4H, OTAIBH, O7a0LH, O73C3H, OT7988H, O0794AH, O0T90AH
docw 078CSH, 07886H, O07T843H, O077FEH, O77RTH, O77T6FH, 077264, 076DCH
dow  0T7691H, 07644H, O75F5H, 075A6H, OT7555H, 07503H, O074BOH, 074584
dow  QT405H, T3AZH, 0T356H, 072FPCH, O72AlH, 07243H, OT71ETH, 0O7188H
dew O0T128H, O070C7H, OT065H, O0700L1H, OGFICH, O8F36H, OGECFH, O0GEG&H
dow  O6DFCH, 06D31H, 06DZ5H, OBCEAH, O0&CI%H, O0&BDOH, O&B&HH, OGAFEH
dow  0BAB3H, OBROEH, 06999H, 06922H, O&BAAH, OSB31H, O&TBTH, O0OGT3IBH
dow  O66BEH, 06641H, 065C2H, 0E8542H, 084C2H, 0643FH, O0&3BCH, 0638l
dow  062B3IH,  0BZ2CH, O61ASH, O0611CH, O8092H, 06008H, OSFTCH, OSERFH
dow  QSEGR1H.  05DD2H, 05D42HM, (SCBLH, OS5CLFH, O3BBCH, OSAFSH, O0O5AG3H
dcw  059CDH.  05938H, 0589%FHM, 0(5806H, 0576CH, 036DIH, 05635H, 055384
dow  054FEH.  0545CH, 053BDH, 0531CH, 0327BH, 0OS51D9H, 05135H, O05091H
dow  O4FECH,  04F47H,  04ER0H, O04DFBH, 04D50H, O04CATH, O4BFDH, 0D4BS2Y
dow  Q4AREH,  049FRKE, 0494CH, O0489EH, O47EFH, 0473FH, 0468FH, 0450DH
dow  OQ452EH,  04478H, 043058, O04311H, ©425BH, 0O41A6H, O40EFH, 040384
dow  QIFSE0H,  O3ECTH, 03ECEM, 03054H, ©3C99H, 0O3IBDEH, O03B22H, O03A65H
dow  039h8BH, O3BEAH, 0382CH, 0376DH, 035ADH, O35ECH, O35ZBH, O0346RH
dow 033RAM, O032E5H, 03222H, O0315BH, 0309AH, O02FDSH, O02F10H, O0ZE4AH
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dew  Q2D83H,  02CBCH,  02BFSH,  0ZB2ZDH, OZR65H, O0295%CH, 02803H, OZB09H
dow  0273FH,  02674H, 025A4%H, O024DEH, 02812E, 02348H, 02379H, 0Z1ACH
dow  0200FH,  020011H, Q1F43H, OLETSH, OlDAa&K, OICDTYH, O01COTH, O1B38H
dow  O1AGEH, 01997H, O1BCYH, OL7FEH, OL723H, 01653H, 01%82H, 01480
dow  O13DEH,  0130CH, 01239H, 01167%H, 01094H, FC1H, JZEDH, OE1AH
dow  OD9GH, ac73H, QAEIFH, OACEH, O9FTH, 049Z3H, J%4EH, 078K
dow  DBAGH, 0J5D1H, Q04FCH, 0a28H, 0353H, 027TEH, O1ARH, ansH
dow  ODH, OFFZBH, OFES6H, OFDE2H, OFCADH, OFBDBH, OFBO4H, OFRZFH
dow  OF95aH, OFB86H, OFTEZH, JOFSDDH, OF60%$H, OFS35H, O0OF461H, OF380DH
dcw OF2ZBAH, OFlE6H, OF113H, AOF03FH, OEF&CH, OEE39H, OEDCTH, OECF4H
dow  DEC22H,  OEBS0H, OERATEH, OE9ADH, OEEDBH, OEABDAH, OE739H, OEG59H
dcw  OE59%3H, (QE4C8H, OE3F9H, OE328H, OE25AN, OE18BH, OFOBDH, ODFEFH
dew  ODE21H,  ODES4E, 0ODDATH, ODCBAH, ODBEEH, ODB22H, OCLDASTH, OD%SCH
dew  ODECIH, ODVFIE, 0D720H, ODG6E4H, ODS9EH, 0D4D3H, ODJ4OBH, OD344H
dow  0DZTDH, ODIBEH, ODROFOH, ODOZBH, OCF&6H, OCER2H, OCDDEH, OCDLEH
dew  0CC58H,  OCBO6H, OCARDEH, OCAl14H, OC933H, OCH93H, COCCTD4H, CC7L6H
dow OCe58H, OCS9BH, OC4DEH, 0OC422H, 0OC367H, OC2ARCH, OCLF2H, OC139H
dow OCOS0H, OBFCEH, OBFI1H, OBESAH, OBDASH, OBCEFH, OBC3IBH, (BSBasgy
dow  OBADSH, O0BA23H, O0B971H, OBSCLH, O0R311H, OB762H, OBGB4H, OBS0EH
dow  OBS5RH, OB4AEH, O0B403H, OB353H, ORZEOH, OB208H, OBl60H, OBORSH
dew  QBOL4H, OAFGFH, 0QAECEH, OAE27H, O0OADESH, OACE4H, OCRAC43H, ORBR4H
dow  OABROSH, OAREEBH, OA9CEH, O0AS2FH, OAR%4H, OATFAH, OATG1H, OAGCSH
dow  QRG33H, O0AS9DH, OAS08H, O0A474H, D0OA3IE1H, ORA3I4AFH, OAZBEH, OAhZZEH
dow  OAL9FH, OA111H, OADE4H, O09FF&H, 09FGEH, OSEE4H, OC9ESBH, Q9DD4H
dow  02040H,  03CCBH, 0%C44H, O09BC1H, O09B3EH, O0SABEH, OCO9A3EH, JQ9%8FH
dow  09941H, O09BCEH, 0Q9B4%H, O097CFH, 09756H, O0S%6DEH, 09667H, O035F2H
dow  035T0OH, 0%508H, 09%498H, 09427H, 09%3IBTH, 093480, O092DBH, J92GFH
docw  09204H, 0919AH, 09131H, O%0CAH, 09064H, OBFFFH, O0AF9BH, OA&F39H
dcw  OBEDEH, OQ8ETEBH, ORE1Y9H, OSDBEH, O080DSFH, O0ADO4AH, O0BCARH, OBCS52H
dow  DBEFEH, O8BRASH, ORB50H, OSAFDH, OSAARBH, OBASAH, OSAOBH, OB9BCH
dow  DB96FH, O0AOZ4H, OBSDAH, OSB91H, 0S8A49H, OBS02H, OBTBDH, O0B77AH
cocw  0B737H, O0BGFEH, OBAGBBEGH, O8678H, 0863EH, O0ASFFH, 085C%H, O85BCH
dow  08554H, O08510H, OB4EBH, O0B4BSH, 08482H, O08451H, O0OB422H, OBIF3H
dow  083CEH, O083%BH, OB371H, 08348H, O08320H, O#2FAH, O082D6H, 0DBZR2ZH
dow  O&290H, 08270H, 0B230H, 0BZ233H, O08216H, COLFBH, O81EI1H, O081CIH
dow  O81RBZH, O041%0H, O0B1968H, O0BL76H, OB81l64H, OCH154H, O08146H, 08138H
dew  QB12DH,  08122H, 08119H, OBL11H, CO@LOBH, C8106H, O08103H, O0&101H
dow  O08100H, O08101H, 0B103H, O0ALO6H, ORLOBH, O8111H, O0B119H, 081224
dow  Q8120H, O8138H, O0B146H, O08154H, OCA164H, O03176H, OR1ASH, O08190H
dew  O81BEH, O081C3H, O0B1ELH, O0OBLFBH, 08216éH, 08233H, 0B250H, 082704
dew  Q8290H, O08ZB2H, 0BZ06H, OBZFAH, 08320H, O08348H, 08371H, O0839pY
dew  QB3ICEH, O0853F3H, 08422H, O08451H, 0B482H, 084B5H, O0B4ESH, 0851DH
dow  08554H, 0858CH, 0&3C5H, O85FFH, 0B63BH, ORGTAH, 0B6BEH, O086F6H
dow  O8737H, 0877AH, O&VBDH, 08302H, O0B349H, 0Q8891H, O0HSEDAH, 08922
dew  0898FH, J8%3CH, 0OSAOBH, O0O8A5AH, O08ARBH, OBAFDH, O0BBS0H, O8BASH
dew  QBBFEH, O0BCH2H, 0O8CAARH, 083D04H, O0ADSFH, ORDBBH, OBE19H, O0B8ETEH
dew OBEDAN, Q8F39H, 08FY9BH, O08FFFH, O09064H, 09)CAaH, 08131H, 09191H
dow  02204H, 0926FH, O0920BH, 09%348H, O093BTH, 09427H, 09492H, O0950A/H
dew 02570H, (9%5F2H, 09G667H, O96DEH, 09756H, O097CPH, 09849H, O09805H
dew  02941H, 0%5BPH, 0O%A3EH, Q0QOAREH, O09B3EH, O0SBCLH, 09C44H, 09CCEH
dow  0804DH, 0%304H, O%ESBH, O0OY9EE4H, 09F6EH, O9FF8H, OADS4H, OA111H
dow  ORISFH, OR22EH, OAZBEH, OA34FH, OA3E1H, OAd74H, OASOBH, OASIDH
docw  ORE3IZH, OMBCSH, OATE1H, OATFAH, 0A894H, OAS2FH, OA9CEH, OARGEH
dow  OQABOSH, OABR4H, OAC43H, CACE4H, QaDSSH, OAE2TH, OAECBH, OAFEFH
dew  OBO14H,  OBOBSH, OBLGOH, OB208H, OB2BOH, OB35%H, O0OB403H, OB4AEH
dew  OBS3AH, OBBOGH, OBEB4H, O0B762H, OBS11H, OB8C1H, OB971H, OBAZIH
dew  OBADSH, OUBBE86H, OBC3BH, OBCEFH, OBDASH, OBESRH, OBF11H, OBFCEH
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DU OBOH,
DCESEH,
DCCS&H,
o2 704,
QDRCIH,
OOF21H,
OES98H,
OECZZH,
OFZBAH,
OF35AH,
B0H,

DohEH,
004 6H,
013DEH,
O1AGAYH,
D20DFH,
02TAFH,
D208 3H,
D33AEH,

OC159H,
OC716H,
OCD1BH,
OL344H,
OL9BCH,
ORFEEH,
DEGESH,
DECF4H,
OF3BDH,
OFAZFH,
ODSH,
077hH,
OELAH,
0L4BOK,
D1B3EH,
D21ACH,
0ZA0GH,
D2E4RH,
{ln‘l‘lj

QCLEZH,
OCTD4H,
OCDDEH,
0D DRH,
ODRSTH,
DEOREDH,
DETI9H,
OEDETH,
OF461H,
OFBOEH,
O1ARH,
0B4EH,
DEEDH,
D1582H,
01COTH,
02279H,
02BD3H,
OZF10H,
OOH,

DCZACH,
OCB9IH,
OCEAZH,
OD4D3H,
ODR22H,
OEL8BH,
DEBOAH,
OEE99H,
OF535H,
OFBODEH,
027EH,
0923K,
OFC1H,
01a54H,
D1CD7H,
D2346H,
D2S9CH,
0ZF05H,
O0H,

DCIBTH,
DCBRAH,
DCF&6Y,
WHEEEER
ODBEEH,
OEZ5AH,
OEBDEH,
DEF&CH,
OFel=H,
OFCADH,
0353H,
09F7H,
01094H,
01725H,
01DAEH,
024124,
O2AESH,
D309AH,
DOk,

DCAZ2H,
DCAYAN,
anazEY,
ODeadH,
ODCEAH,
OE3Z8H,
DEYADH,
OFDATH,
DF&D0N,
OFDAZH,
0424aH,
OnCBH,
Q1167TH,
017F&H,
O1ET5H,
O24DEH,
0282DH,
0313EH,
0OH,

DCABRH,
DOALSH,
BDOFOH,
00T 20H,
ODDBTH,
OEIFIH,
OERTEH,
DF113K,
DETBZH,
DFSSEH,
D4FCH,
DBEFH,
012398,
01BCTH,
D1F43H,
JE25A9H,
0ZBF3H,
03222H,
00H,

DCS9EH
BCBOGE
GD1RGE
OOIETH
ODERAE
BE4CEH
OEBSOUH
OF1E&H
OFBEEH
OFFZEH
GS01H
JCT3H
0130CH
01599TH
02011H
02eT74H
0ZCBCH
032ESH
0aH
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