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SUMMARY

This thesis describes the development of a computerized

Load Recorder. The load recorder is used by the Cape Town

City Council to assist in the tariff investigation of

electricity consumers. This investigation assists the

consumers in selecting the best cost effective electricity

tariff. It also motivates the consumers to maintain a

constant load which in turn assists the Council in supplying

the required electricity.

The load recorder replaces a manual and time consuming

method used in conducting the tariff investigation. The

development of the load recorder involved the design of

hardware and software. It was designed in a compact

enclosure to hook up to the electricity meters of the

consumer for a period of 7 days. The software was designed

in the 6805 assembly language to log data and record the

electricity load every 15 or 30 minutes for this period. At

the end of this period the data is down loaded into the HP85

personal computer.

A basic program was designed for the HP85 to analyse

and compute the downloaded data. A graphical representation

and analysis is printed by the HP85 computer. The given

graph of the results represents the electricity used for

this period. The tariff rates are analysed and calculated

to determine the best cost effective tariff.

xi



A CMOS micro computer intergrated circuit was chosen

due to the determined specification of the load recorder.

In order to make the development of the load recorder

possible an aid (tool) had to be designed and built for the

chosen microprocessor. This development aid, the emulator,

is included as part of this thesis.

The Motorola exorciser only supported a cross assembler

for the chosen microprocessor family. The emulator was

designed and built to enable testing and debugging on the

Exorciser. The development on the emulator involved a

detailed analysis of the Exorciser development system. The

emulator was designed using hardware and software. The

hardware emulator board was designed as a standard Motorola

size card which plugs into the Exorciser. The software was

designed for the 6809 exorciser and for the 6805 emulator.

The emulator was soak tested and debugged during the

development of the load recorder.

The emulator opened further avenues for future

microcomputer design projects especially where a confined

area and compactness is an important factor.

The design and development of the emulator and the load

recorder was conducted in the Computer Section of the City

Electrical Engineer's Department of Cape Town.
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OPSOMMING.

Hierdie tesis beskryf die ontwikkeling van n

gerekenariseerde LAS-OPNEMER. Die LAS-OPNEMER word deur die

Stadsraad Kaapstad gebruik om behulpsaam te wees met tarief

ondersoeke van elektrisiteitsverbruikers. Hierdie ondersoek

verleen hulp aan die verbruiker om die mees koste effektiewe

elektrisiteitstarief te bepaal. Dit motiveer ook die

verbruiker om 'n konstante las te handhaaf wat op sy beurt

die Raad ondersteun om die nodige elektrisiteitte voorsien.

Die LAS-OPNEMER vervang n meganiese en tydrowende

metode om tariefondersoek te lei. Die ontwikkeling van die

LAS-OPNEMER het die ontwerp van apparatuur en programmatuur

behels. Dit was ontwerp in 'n kompakte houer om aan die

elektrisiteitsmeter van die verbruiker te koppel vir n

periode van 7 dae. Die programmatuur is ontwerp in die 6805

masjien taal om gedurende hierdie periode elke 15 of 30

minute die elektrisiteitslas data te versamel en te stoor.

Aan die einde van die periode word die data oorgeplaas in

die HP85 rekenaar.

n BASIC program is ontwerp vir die HP85 om die

oorgeplaasde data te analiseer en te bereken. 'n Grafiese

voorstelling en analise word deur die HP85 rekenaar gedruk.

Die gegewe grafiek van die resultate verteenwoordig die

elektrisiteit wat gebruik is gedurende die periode. Die

tarief skale word geanaliseer en bereken om die mees koste

effektiewe tarief vas te stel.
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n CMOS mikro-rekenaar geintegreerde stroombaan is

gebruik weens die vasgestelde spesifikasie van die LAS

OPNEMER. Ten einde die ontwikkeling van die LAS-OPNEMER

moontlik te maak, moes n hulpmiddel vir die gekose

mikroverwerker ontwerp en gebou word. Hierdie

ontwikkelingshulpmiddel, die nabootser, word ingesluit as

deel van hierdie tesis.

Die Motorola Exorciser het slegs 'n kruissamesteller

vir die gekose mikroverwerker familie ondersteun. Die

nabootser is ontwerp en gebou om toetsing en ontfouting in

die Exorciser moontlik te maak. Die nabootser ontwikkeling

het n uitgebreide analise van die Exorciser ontwikkeling

stelsel behels. Die nabootser is ontwerp deur apparatuur en

programmatuur te gebruik. Die apparatuur nabootser bord is

ontwerp as 'n standaard Motorola stroombaankaart wat in die

Exorciser kaartrak pas. Die programmatuur is ontwerp vir

die 6809 Exorciser en vir die 6805 nabootser. Die nabootser

is getoets en ontfout tydens die ontwikkeling van die LAS

OPNEMER.

Die nabootser het verdere moontlikhede voorsien vir

toekomstige mikrorekenaar ontwerp projekte, veral waar

beperkte area en beknoptheid 'n belangrike faktor is.

Die ontwerp en ontwikkeling van die nabootser en LAS

OPNEMER is gedoen in die Rekenaarafdeling van die Stad

Kaapstad se Departement van die Elektriese Ingenieur.
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1. INTRODUCTION

1.1. General.

A consumer"s electricity consumption is usuallY

measured with Ferranti type rotating disc KWhmeter. or if

independent of power factor the KVAh meter. These meters

are either single or three phase meters depending on 2, 2.5

or 3 measuring elements. The power or rate of energy

consumed is proportional to the speed of the rotating disk.

The total energy consumed is represented by the total number

of revolutions registered on a cyclometer type dial over a

given meter period. The highest rate of energy consumption

for a demand period (typically 15 or 30 minutes) is the

maximum demand. This maximum demand is recorded by

measuring the maximum number of revolutions in any demand

period. Since each revolution represents an amount of

energy consumed, the rotating disc can be fitted with an

impulse type contact where each contact closure represents

an amount of energy used. Alternatively an optical pickup

could be used to detect the rotation from a given indicator

on the disc.

1.2. Tariff Structure.

There are basically two types of electricity tariff

structures, namely:

1.2.1. General Low Voltage Rate.

This is a one part tariff where the consumer is

billed on the total amount of units used (energy

consumed) over the whole period.
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1.2.2. Large User Lo~ or High voltage rate.

This is a t~o part tariff ~here the consumer is

billed on the amount of energy consumed and the

maximum demand recorded for the period.

A consumer has the option of choosing his tariff structure.

The City Council conducts a tariff investigation to assist

the consumers in selecting the best cost effective tariff.

1.3. Motivation.

The time consuming and laborious method of calculating

the best cost effective tariff ~as a prime motivating factor

for the need of a measuring instrument. Previously the max

demand and load factors ~ere determined by manuallY

comparing an ordinary chart readings of a consumers

electricity consumption. These values were then used at the

end of the test period as a basis for calculating the best

cost effective tariff.

In place of the above a computerized data capture

recorder ~as required to assist in these tariff

investigations. This unit was aptly named the LOAD RECORDER

as it fulfilled the need of the consumer to record the

electricity load during a required period. The_ Load

Recorder had to fulfil the following general specifications

in order to calculate the best cost effective tariff for the

consumer:

i) It had to be equiped with sufficient data storage for a

period of 7 days at intervals of 15 or 30 minutes.

ii) This data storage had to be non volatile.

iii) It had to be a battery operated unit completely
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independent of the electricity which it recorded.

iv) It had to be portable and compact so that it does not

interfere with the consumers activity.

1.4. Design approach.

1.4.1. Type of components.

The power consumption of the load recorder was a

determining factor in the size of the load recorder.

It was found that the high speed CMOS intergrated

circuits were best suited for the load recorder. Only

four C type dry cells were ample to cater for the

maximum power consumption of this unit.

1.4.2. Choice of microprocessor.

The Motorola MC146805E2 single chip computer was

found to be ideal for the load recorder because of the

following factors:

1.4.2.1. It is a compact single chip microcomputer which

reduces the overall chip count.

1.4.2.2. Its power consumption is very low, viz:

i) the operating power is 35 milli Watts and

ii) the standby power is 25 micro Watts.

1.4.2.3. Of the two development systems available, the

Motorola Exorciser supported a cross assembler for

the 6805 microprocessor family, whereas, the Intel

system did not have any support for the 8048 and

the 8051 series of the single chip microcomputer

intergrated circuits.
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1.4.3. - Need for emulation.

A development system is a computer used to aid in

the design and development of a microprocessor

application. The functions of a development system are

as follows:

i} To link and assemble the application programs.

ii} To test and debug the target system hardware and

software.

The process of testing and debugging is known as

emulation. During emulation the development system

replaces the micro of the target system. The Motorola

exorciser did not have any emulation support for the

MC146805E2 microcomputer. In order to make development

possible an emulator was designed and built for the

exorciser. This emulator is included as part of this

thesis.

1.4.4.

1.4.5.

Emulator.

A complete working knowledge of the motorola

exorciser was researched to assist in the design of the

emulator. The emulator was developed on a printed

circuit board and debugged in the exorciser. The

overhead software was designed for the 6809 exorciser

as well as this emulator.

Load recorder.

The following procedure was used in the final

design of the load recorder:

i} The hardware circuit diagram was designed.
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1.4.6.

ii) A wire wrap prototype was built.

iii) The software for the load recorder was designed

using an algorythm and flowcharts.

iv) With the aid of the emulator the hardware and

software was debugged.

v) The load recorder was then designed on a printed

circuit board to fit into a confined-enclosure.

HP85 personal computer.

This computer is used to give a graphical

representation of the power consumption over the test

period and thereafter to compute the best tariff

structure. A basic program had to be designed for the

HP85 to achieve the following functions:

i) Accepting the down loading of data from the load

recorder using the RS232.

ii) Storing and computing the downloaded data.

iii) Printing the results as a graphical representation

of the electricity consumed and calculating the

tariff costs.

1.5. Aim of this study.

The aim of this research study was to become familiar

with the following:

i) The design and development of microprocessor controlled

applications.

ii) The operation of various microprocessors and peripheral

intergrated circuits.

iii) The operation of the exorciser by developing an
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emulator.

iv) The basic high level language by designing a program

for the HP85 computer.
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2. LOAD RECORDER.

2.1. DESCRIPTION OF COMPONENTS.

2.1.1. Load Recorder.

The main data logging unit houses a central computer

(MC146805E2); 8K data memory; real time clock; peripheral

intergrated circuits; 16 key keypad; 16 by 4 line dot matrix

display and 4 C type cells. The input/output communication

to the load recorder is conducted via the plugs at the rear

end of the unit, that is,

2.1.1.1. The large plug is used for RS232 communication with the

HP85.

2.1.1.2. The medium 5-way plug is used for input pulses from the

tariff meters.

2.1.1.3. The small sub-miniature earphone jack is the main

on/off switch. The entire circuit is disconnected from

the batteries when the plug is engaged. thus prolonging

the battery life when the unit is shelved.

NOTE: This causes loss of data.

2.1.2. Interface board.

This board consists of screw terminals which are used

to interface the three pulsing contacts from the meters to

the load recorder. A cable with the 5-way lemo plug is

attached to the interface board.

2.1.3. HP85 magnetic tape cartridge.

This tape contains the basic analysis program for the
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HP85 personal computer.

NOTE: Downloaded data must not be stored on this cartridge.

2.2. INSTALLATION.

Malfunctioning would occur

or current to the input

on the interface board.

voltage

Reset)

2.2.1.

2.2.1.1.

2.2.1.2.

2.2.1.3.

Precautions.

Handle the unit with care.

if the unit is dropped.

Place the unit in a secure and suitable

of operation.

Do not connect any

pulses (KWh; KVAh and

place for ease

2.2.1.4.

2.2.2.

2.2.2.1.

L2.2.2.

Connect only voltage free impulsing contacts.

Do not use any hard or sharp objects to operate the

keypad.

Unit interfaces.

Input pulses.

Three voltage free impulsing contacts namely KWh, KVAh

and the Reset are attached to the interface board as

shown in fig (2.1.). The interface board is connected

to the load recorder with the 5-way lemo plug.

RS232.

The downloading of data for analysis to the HP85 is

achieved at any time during or after the test period,

with the RS232 current loop cable from the HP85. This

cable plugs into the large socket at the rear end of

the load recorder.
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2.2.2.3. Main Power Bwitch.

When the sub-miniature earphone plug is inserted into

the socket it disconnects the power from the load

recorder. This operation is mainly used to economise

on the batteries when the unit is not used over a long

period.

NOTE: The recorded data is lost when the power is

disconnected to the load recorder.
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2.3. OPERATING INSTRUCTIONS .

•
2.3.1. LOAD RECORDER.

2.3.1.1. Terms and notations.

i) Keypad.

The function of each key is as follows:

KEYS FUNCTIONS

13 to 9 numbers 0 to 9

A CURSER LEFT

B CURSER UP/DOWN

C CURSER RIGHT

D MODE SELECT

E ENTER

F ON/OFF

TABLE 2.1 LOAD RECORDER KEYBOARD FUNCTION TABLE.

ii) Period Dur.

Duration in minutes of a demand period which could

be changed from 1 minute to 60 minutes. The

demand periods of 15 or 30 minut~s are

recommended.

11i) Period No.

The demand period is counted from the begining of

the day i.e. 00h00. Period Number displayed in

Mode 1 is the present period being logged.
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iv) Demand pulse factors.

Each demand pulse (contact closure) for a

particular demand meter would represent a certain

amount of energy. This is represented as

KWh/pulse and KVAh/pulse. These factors are

obtained by calculating the product of the

following constants:

a) Current transformer ratio (CT),

b) Voltage transformer ratio (VT) and

c) Meter pulse constant.

Each consumer installation has a different pulse

factor.

v) KWh

This unit represents the amount of true energy.

vi) KVAh

This unit represents the

energy .

amount of apparent

. 3.1.2. ON/OFF Switching.

The load recorder executes start and initializing

routines when the main sub-miniature earphone plug is

pulled out. This main switch could be used to allow

the load recorder to execute a cold restart at any

point in time. After a cold restart the unit is in a

power saving mode with the display· and the keyboard

switched off. Pressing the F key switches the display

and keyboard on. This brings the unit into an edit and
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display mode. Logging of data is unaffected when in

the power saving mode. Power saving mode is activated

automatically, i.e. after 5 minutes if no key is

pressed, or if the F key is pressed again.

2.3.1.3. Display format.

Information is displayed on the load recorder in a page

format. A screen of data represents a page which is

known as a MODE. There are 7 different pages of

information, i.e. MODE 1 to MODE 7.

MODE INFO. DISPLAYED

1 date & time

2 start of test

3 pulse factors

4 present demand

5 max. demand

6 tot. demand

7 pulse logging

TABLE 2.2 LOAD RECORDER MODE TABLE.

After a cold start the unit displays MODE 1, i.e. date

& time. To select a different mode press the D key.

The load recorder now prompts for a display mode

number. MODE 1 to 7 could now be entered, or stepped

through sequentially using the B (curser UP/DOWN) key.

To enter into a selected mode the E (ENTER) key is

pressed.
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Displayed data in MODES 1. 3 and 7 can be changed and

edited while display MODES 2, 4, 5 and 6 are only used

for displaying information. To edit and change data in

MODES 1, 2 and 7 theE (ENTER) key is used. This

enables the edit function for a particular mode and is

indicated with a flashing curser. Variables could be

changed using the curser movement and number keys. The

E key is pressed again to finally enter the edited

data.

NOTE: It is not possible to enter into a different mode

when in the edit function.

The description of the various modes are as follows:

i) Display MODE 1.

Displays the following:

present date and time;

present period number;

period duration.

Date, time and period duration could be changed

using the edit function. The period number cannot

be changed because it is calculated by the load

recorder from the begining of the day.

ii) Display MODE 2.

Displays the date, time and period number when the

test started. The demand period will be 1 because

it will always be the first demand period being

logged.

2-8
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iii) Display MODE 3.

This mode is used to display and change the pulse

factors or pulse ratios. Each factor represents a

quantity of KWh or KVAh per contact closure.

These factors consist of a four digit

multiplication part and a one exponent digit

division part. These two parts could be changed

using the edit function. Any value from 1 to 9999

could be entered for the multiplication part and

1 E 0 to 1 E 9 for the division part. Hence,

pulse factors in the range of 1 E -9 to 9999

could be entered. KWh and KVAh have separate

multiplication parts but a common division part.

These pulse factors could be changed at any point

in time (i.e. before, during or after a test)

because the data is logged on the number of pulses

and not on the quantity of energy.

iv) Display MODE 4.

Displays the present period demand values.

values are the product of the pulse count

pulse factors.

These

and the

v) Display MODE 5.

This mode displays the maximum KVA recorded since

the commencement of the test. The time and date

at which this was recorded is also displayed.

The value displayed is a quantity of power in KVA

obtained by multiplying the maximum pulse count
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per period with the pulse factor and dividing it

by the period duration in hours.

This demand value is reset when a new test is

started.

vi) Display MODE 6.

The total energy accumulated since the beginning

of the test is displayed for KWh and KVAh. These

values are the product of the pulse counts and the

pulse factors.

NOTE: No values would be displayed in MODES 4, 5

and 6 if the pulse factors are set to 0 in

MODE 3.

vii) Display MODE 7.

The pulse logging mode which is used to control

the activity of load recorder, i.e. data logging,

could be started, stopped or continued at any time

during the test. The unit enters into a stop mode

after a cold restart. A particular option is

entered with the edit function and executed after

pressing the E key again. The options Df the

start, stop and continue are as follows:

data logging at the

The following occurs

a) Option 3 - START

It is used to start

begining of a test.

after execution:

-Mode 2, start of test is initialized to

present time.
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NOTE:

-Mode 4 , 5 and 6, variables are cleared to

ensure the new maximum demand and the total

accumulated values.

-input pulses are now read and logged

accordingly.

This option could only be executed after the

unit has been stopped.

b) Option 2 - STOP

The logging of input pulses are stopped after

execution of option 2 but data and variables

are all retained. This option is used when

the load recorder is transported to the HP85

for data downloading and analysis, or for

temporarily halting of data logging. This

option could only be executed after the unit

has either been started or continued.

c) Option 1 - CONTINUE

Option 1 is used to continue data logging

from where it was halted while retaining the

previous data. This option could only be

executed after the load recorder has been

stopped (option 2).

i) No option can be executed twice simultaneously, ego

the load recorder can not be started again once it has

been started. It must first be stopped and then

started.

ii) Date and time in MODE 1 must be edited correctly

before starting the test in MODE 7.
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2.3.2. HP85.

The downloading of data from the load recorder to the

HP85 can be done during a test period or after the test

period when the load recorder has been stopped.

Before switching the computer on, ensure that the RS232

interface is installed correctly at the HP85 end. Insert

the tape cartridge with the load recorder program (LRCD.PRG)

into the computer and then switch on. The program will then

be loaded and run automatically.

The data to be analysed could be obtained from two

sources, namely, the Load recorder or the Files on data

disk.

2.3.2.1. Load recorder.

When the option L is entered in the program

prompt, the HP85 then request for connection of

the RS232 to the load recorder. Before pressing

CONTINUE replace the tape cartridge (LRCD.PRG)

with a data cartridge. The computer then

down loads data from the load recorder into files

on the tape. After completing the downloading,

the files are computed and analysed.

NOTE: If the load recorder does not respond ~o the

computer after a few attempts, then RESET the HP85

computer and try again.

2.3.2.2. Files on data disk:

When the option F is entered in the program prompt

enter the data file name when requested, with the

appropriate tape catridge in the computer.

The advantages of storing the data first on tape
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are:

i) Sufficiant memory space is needed by the HP85

for analysis.

ii) Results could be obtained at any time without

the need of another load recording.

For a detailed description of the HP85 software,

flowcharts and listings refer to Appendix G, H and I.

2.4. THEORY OF OPERATION.

2.4.1. HARDWARE.

This circuit was designed using the Complementry Metal

Oxide Selicon (CMOS) technology to ensure a low overall

power consumption. Refer to the block diagram figure 2.2 on

page 2-16 for a brief hardware description.

As shown in this diagram the load recorder consists of

three main blocks, namely,

i) The micro computer unit (MCPU)

ii) The external Input/Output

iii) The memory

The MCPU is the heart of the load recorder which

consists of a MC146805E2 single chip computer. The MCPU

controls, the I/O via the input/output ports and the

internal memory via the address/data buss. It also controls

the address buss, and the control buss. The I/O is

connected to the micro as memory mapped I/O.

The I/O devices which are connected to the ports are

slow devices consisting of the following:

i) The RS232 signals

ii) The input pulses from meters
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iii) The keypad signals

The memory block consists of the folowing:

i) The real time clock (RTC)

11) The display

11i) The RAM

iv) The EPROM

The address decoding logic is used to address these

devices in the memory map.

The memory capacity needed to store one week of data

was calculated as follows:

i) max no. of memory locations needed for 1 demand period

was 9 bytes.

ii) minimum demand period duration is 15 minutes

11i) no. of demand periods per day ::: 24 x 4 ::: 96

iv) no. of demand periods per week ::: 96 x 7 ::: 672

v) no. of memory locations needed per week ::: 9 x 672

::: 6048 bytes

Hence the 8k 6264 RAM chip was found to be most

suitable for this application.

A 15 minute demand period stores data for 9 days and a

30 minute demand period stores data for 18 days.As the

maximum addressing capability of the micro is 8k, a problem

was encountered with memory space for the RTC, the Display

and the Eprom. To solve this problem a 16k memory map was

used in a 2 page mode of 8k each. These two pages are

activated using port line PA0. Page 0 is known as the main

memory map and page 1 is known as the data memory map. The

main memory map consisted of the internal Ram and I/O of

the micro, the RTC, the Display and the Eprom. The data
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memory map consisted only of the 8k Ram chip (6264).

The MC146818 is used as a RTC device because it

relieves the micro from real time keeping and adds

additional ram ~hich is used as a scratch pad during program

execution. The RTC generates interrupts to the micro at

regular intervals ~hich is programmed by the micro during

initialization. The RTC is driven by a seperate clock

oscillator because there is no system clock available from

the micro during a standby po~er saving mode (STOP). Hence

these interrupts enable the micro to exit the stop mode and

service the required information. The above technique was

used to reduce overall po~er consumption.

A stand alone display unit is connected directly on to

the address/data buss and control buss of the micro. This

unit contains all the necessary hardware to control the 16

character by 4 line display. The display unit is viewed by

the micro as two memory locations. One for instructions and

one for data.

A 21C64 CMOS Eprom is used to store the source code

program for the load recorder. The complete 8k eprom is not

available to the micro in the main memory map. The area

H0000 to H01FF consists of the I/O, the RAM, the R~C, and

the Display.

A 74HC138 intergrated circuit was used as the main

address decoding logic. It is a 1 to 8 line

decoder/demultiplexer. The outputs of this chip are used to

select the various devices on their chip select pins.

For a detailed hardware description, address decoding

and circuit diagram refer to Appendix A, B, and C.
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2.4.2. SOFTWARE

The operating system program is contained in the 8K

Eprom situated on the main memory map. Due to memory mapped

I/O the bottom 512 bytes of the eprom are unavailable to the

micro. The 6805 micro has a limited instruction set and

architecture. It has a single 8 bit accumulator, an 8 bit

index register, a 7 bit stack pointer which is fixed and

cannot be accessed and a condition code register. To

achieve the functions required for the load recorder many

basic subroutines were designed, for example, a special

routine was designed using a carry and add method to achieve

decimal adjust. These limitations caused the program to

occupy approximately 6k of machine code. The hardware was

designed to achieve maximum program space in the main memory

map.

The instruction set is similar to the 6800 but limited

due to CPU registers. There are four bit manipulation

instructions on the 6805 which are not accomodated on the

6800, namely, Bit set, Bit clear, Branch on set bit and

Branch on clear bit. These instructions are only applicable

for the first 125 bytes (i.e. internal I/O and Ram).

The restart and interrupt vectors are situated on the

top of the main memory map in the Eprom from H1FF6 to H1FFF.

The restart vector at memory locations HIFFE and HIFFF

contains the begining address of the program (H400).

The program commences by initializing I/O, Ram, RTC and

Display. It then enters a DO FOR EVER LOOP (the main

program loop). This loop consists of a -main STOP
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instruction, a WAIT instruction and a background task.

After initialization the micro enters this loop at the main

Stop instruction. An exit from the stop mode can only occur

with an interrupt. After servicing an interrupt in the

interrupt routine the micro returns to the instructions

proceeding the Stop instruction which is the background

task. The following routines are executed in the background

task:

i) Process input pulses

ii) Process data logging

iii) Check and debounce ON/OFF switch

iv) Control display

v) Execute keyboard functions

vi) Execute RS232 control routine

The interrupts could be serviced at any time during the

background task. This task is not dependent upon time as

compared to the interrupt routine. In this way continuous

processing is achieved while servicing all interrupts

simultaneously, that is, data logging, display and keyboard

control, and the RS232 downloading can be done without

affecting anything.

The background task is terminated by entering into the

Stop instruction after all the necessary processing has been

achieved. Each subroutine contained in this task has

associated DO flags. The subroutine is only executed if the

DO flag is set. These flags are enabled by the interrupt

service routine. Hence only necessary background task

routines are executed.

The micro executes the WAIT instruction in place of the
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STOP instruction when the RS232 is activated because a

faster response is required for RS232 communication. The

RS232 operates at 1200 baud. The recovery time (+-2000

clock cycles) is longer from a STOP mode then a WAIT mode

because the clock oscillator of the micro is totally shut

down in the STOP mode. The clock oscillator continues to

function during a WAIT mode, hence interrupts are serviced

immediately.

The micro has two main interrupt signals, namely, the

timer interrupt and the external interrupt. When an

external interrupt is generated on the INT pin, the

interrupt vector in memory locations H1FFA and H1FFB are

used. The timer interrupt from the WAIT state vector at

H1FF6 and H1FF1 are used when the internal timer generates

an interrupt during a WAIT mode. Vectors at H1FF8 and H1FF9

are used when the timer interrupt occurs during a STOP mode

or during the program execution. The interrupt signals are

serviced according to the following priority:

i) RS232

ii) Keyboard

iii) RTC

On an external interrupt, the devices are polled according

to their priority.

2.4.2.1. RS232

The on chip timer is only used during the RS232

communication. Two parallel port lines of the micro

are used for the TX and RX signals. The serial

information is achieved using the on chip timer and bit
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to generate

min. These

minipulation instructions. During TX the timer is only

used to transmit the information. During RX, the

external interrupt line is used to detect a start bit

and thereafter synchronization is kept by using the on

chip timer.

2.4.2.2. Keyboard

A data available signal triggers the INT line when an

active key exists. This signal is then polled and read

by the micro in the interrupt routine and the binary

value of the key being pressed is stored .into a

register. This key is then processed in the background

task after returning from the interrupt routines.

2.4.2.3. RTC

RTC is programmed during initialization

interrups every 10 ms, 1 sec, and 1

interrupts are identified by reading the contents of

memory location HaC (register HC of RTC).

The 10ms interrupt is programmed as a periodic

interrupt PI (bit 6 of register HaC). This interrupt

causes the execution of the INPT subroutine in the

interrupt routine. This interrupt routine does the

debouncing for the three input pulses. Switch closure

is first detected at the begining of the subroutine by

enabling the current loop, thereafter reading the input

and then disabling the current loop. The Make signal

is debounced for a duration of 7 counts (70ms) and the

break is debounced for 3 counts (30ms). These signals
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are then stored in the memory and is later processed in

the background task.

The 1 sec interrupt is known as the update interrupt,

i.e. during this time the RTC executes an update (bit 4

of register H8C). This interrupt is only used to

detect a time change in the RTC. Once detected in the

interrupt routine the display is refreshed (MODE 1) in

the background task to update date and time.

The 1 min interrupt is programmed as alarm interrupt

(bit 5 of register H8C). This interrupt is used to

count the duration of the present demand period. This

feature is mainly used as a backup reset for the

external reset pulse. This is to ensure constant

demand periods.

Each display Mode is executed by a different

subroutine. These subroutines are entered using a DO

CASE method, where the CASE is distinguished by the

mode number. The mode number selected is stored in a

register and the DO CASE MODE acts on this register.

Refreshing and updating of the display is executed in

the appropriate mode routines. These mode routines are

only executed when the display and the keyboard are in

the ON state which is controlled by the F key. The

ONOFF subroutine in the background task is used to

automatically switch the display and the keyboard OFF

after 5 minutes if no key is pressed.

For detailed explanation of subroutines refer to the

discription, the flowcharts and the software listing in

Appendix D, E, and F.
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2.5. MAINTENANCE

The only maintenance required on the load recorder is

the batteries. Changing of batteries must only be done

before commencing a new test to ensure continuous operation

for more than one week. Low batteries is indicated when the

visibility of the display deminishes. When this happens

there is approximately 5 days of operation left.

Note: Changing of batteries invalidates data storage memory.

The procedure to change the batteries is as follows:

2.5.1. Switch the load recorder off by inserting sub-miniature

earphone plug into the socket.

2.5.2. The ioad recorder housing is made up of a top and a

bottom half. The keypad is attached to the top half

with a ribbon cable connected to the F.e.B. on the

bottom half.

the display so

away from the

2.5.3.

2.5.4.

2.5.5.

2.5.6.

2.5.7.

2.5.8.

Open the load recorder by lifting the top part which

clips off.

The four batteries are housed in individual battery

holders situated behind the display.

Remove the two small nuts and bolts on

that the display could be lifted

batteries.

After removing the display, the top battery and holder

unplugs by lifting it upwards. Note the direction and

place from where the holder is unplugged so that it

could be replaced correctly.

Remove and replace the three batteries from their

holders on the F.e.B.

Replace the forth battery and holder into position.
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2.5.9.

2.5.10.

2.5.11.

Fix display into position and mount into place using

the small nuts and bolts.

Fit top cover into place and press firmly to secure

clips.

Thereafter follow operating instructions.

2.6. SPECIFICATIONS.

System Components:

Supply Voltage:

Operating Temperature:

Relative humidity:

Dimensions:

Mass:

Software features:

Load Recorder unit;

HP85 cassette tape.

4 by C type rechargable or dry cells.

(approximately 213 days of operation when

fully charged.)

13 to 55 degrees celsius

(32 to 131 degrees fahrenheit)

To 813 percent without condensation.

Load Recorder:

length 188mm

width 110mm

max. height 913mm

min. height 46mm

853 grams.

Load Recorder:

(1) Records two input channels, namely,

KWh and KVAh from voltage free

contacts made available to it.

(ii) Pulses are recorded and time tagged

after each demand period.
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(iii) The demand period is initiated by a

further reset pulse or by the

program.

(iv) Information displayed during test

period:

-current time and date and demand

period No.

-time and date of commencement of

test

-max. demand, tot. demand and

present demand

-pulse ratios.

HP85 personal computer:

Load analysis program computes the

downloaded data, producing required

results.
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3. EMULATOR

3.1. DESCRIPTION OF THE COMPONENTS.

3.1.1.

3.1.2.

MAIN EMULATOR BOARD.

This emulator is designed on a standard Motarola

Exorciser board that plugs into the mother board of the

Exorciser. On this board is housed the master

MC146805E2 micro, 8 k Ram which is shared between the

Exorciser and the 6805 micro, a MC146840 programmable

timer IC, a 2716 EPROM and all the necessary buffers

and decoding logic. A ribbon cable connector at the

end of the board is used to attach a POD buffer with a

cable to an external user system.

MC 146805E2 POD

There are two flat ribbon cables attached to

either end of the box. One of these ribbon cables is

plugged into the socket of the micro MC146805E2 on the

target system. The other ribbon cable with a header is

attached to the emulator board.

3.2. INSTALLATION.

3.2.1. Precautions.

3.2.1.1. As the Emulator is a printed citcuit board which

is not housed in an enclosure it should be handled

with care.

3.2.1.2. Ensure that the emulator board is securely plugged

into the Exorciser mother board before switching
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on.

3.2.1.3. Ensure the the ribbon cables from the POD is

correctly plugged into the emulator board and the

target system.

3.2.2. EMULATOR INTERFACES.

3.2.2.1. Exorciser.

The edge connector is the standard Motorola buss

connection which could be plugged into any socket

in the mother board of the Exorciser. Before

inserting the board into the buss ensure that the

tracks of the PCB connector are free from dirt.

3.2.2.2. POD.

The POD is connected with one end to the emulator

board and the other to the target user system.

The power to the user system could be supplied by

the emulator board or by an external power supply.

3.2.2.3. Clock frequncy.

During emulation the target system clock frequency

is generated by the emulator board. The cFystal

on the target system is not used.

3.2.3. Target system power.

The +5V of the emulator board is connected permanently

to pin 40 of the pod. This is used to supply the

target system with power. If an external power supply

is used then pin 40 of the micro on the target system

3-2



3.2.4.

must be disconnected to avoid a power supply feedback.

Exorciser Hardware Requirements.

3.2.4.1. The 6809 microprocessor control card with a

3.2.4.2.

3.2.4.3.

modified Eprom firmware for the emulator board

must be used in the exorciser.

The 64k Ram card is configured to the executive

map for file editing and processing.

The 16k Ram card is configured to the user memory

map from HC000 to HFFFF.

3.2.4.4. The Emulator board is inserted into the mother

board.

3.3. OPERATING INSTRUCTIONS.

3.3.1. INTRODUCTION.

The method used by the emulator is known as the

microprocessor emulation i.e. the micro of the target

system is replaced by the emulator pod. Basically the

system can be seen as two microprocessors sharing a

common memory map (8k map of the MC146805E2). The 6809

micro contained in the exorciser is used to edit,

modify and update data in the target system memory map

with the aid of the XBUG commands. In this way various

types of hardware faults could be debugged. Software

emulation (or program debugging) is achieved by

transferring this 8k memory map to the 6805 micro,

~hich is contained on the emulator. Various commands

on the exorciser are used to control the 6805 program

execution.
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3.3.2. 6805 8k memory map.

This target system memory map is configured to the

exorciser USER memory map from H0000 to HIFFF. This

memory map consists of, the Ram, I/O and timer of the

micro, the 8k emulator ram on the emulator board and

the target system memory map. The 8k emulator ram can

be configured into various structures depending on the

mode of emulation and the target system hardware. This

emulator ram area is divided into four parts of 2k each

which can be enabled or disabled individually during

initialization.

The hexidecimal value written to memory location

HFFF0 of the USER memory map in the exorciser is used

by the initialization routine to set up the emulator

memory structure. Hexidecimal values from H10 to HFF

disables the complete 8k memory on the emulator board.

The following table represents the relation between the

least significant nibble and the 8k memory for value

H00 to H0F. Each bit represents a 2k block of memory.

Data bit

D0

D1

D2

D3

TABLE 3.1

Memory block

H200 to H7FF

H800 to HFFF

H1000 to H17FF

H1800 to H1FFF (default)

EMULATOR MEMORY ENABLE.

A logic 1 on the data bit enables the associated memory
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block. The highest 2k block is always enabled during

initialization for the 6805 emulation software.

3.3.3. Emulation modes.

3.3.3.1. Soft emulation.

The complete memory map consists of the ram

contained on the emulator board without the target

system hardware been connected. Software

subroutines which do not require the hardware are

executed and debugged in this mode. The

hexidecimal value H0F is stored into the memory

location HFFF0 before initialization to enable

total emulation ram.·

3.3.3.2. Soft and hard emulation.

The memory map of the emulator system consists of

the software ram area contained on the emulator

board and the hardware contained in the target

system. The emulator ram area is enabled

according to the design of the target system

hardware. The default memory ram area initialized

is the top 2k from H1800 to HIFFF. Any value from

H01 to H0F could be stored in address HFFF0 before

initialization.

3.3.3.3. Hard emulation.

The memory map of the emulated system is only

contained in the target system hardware. The ram

area of the emulator board is disabled. The

target system must contain a memory of at least

256 bytes at the top of the memory map for the
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emulator software. To disable the ram area

completely the hexadecimal value of HF0 is stored

in address HFFO. The emulator 6805 micro runs

3.3.4.

3.3.5.

only on the target system hardware.

Emulator board control and indication.

On the emulator board are two light emitting

diodes (Red and Green LEDs) and one push button switch

which has the following functions:

i) The green LED indicates that the program is

running.

ii) The red LED indicates that the memory is

transferred to the 6805 micro.

iii) The push button switch (ABORT) stops the 6805

program execution.

Emulator initialization.

The procedure used to initialize the emulator

board is as follows:

i) Switch the power on the exorciser, only after

installing the emulator and the target system.

ii) Type USER + (CR) to envoke the user memory map of

the exorciser.

iii) Store mode select value in the memory location

HFFF0.

iv) Type BEGN + (CR) to initialize the emulator board.

The BEGN instruction is an added XBUG command used to

initialize the emulator board. These commands are

subroutines contained in the eprom on the emulator.
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3.3.6. Hardware debugging.

After initialization the target system memory map

is under the control of the exorciser. All the

commands available on the exorciser could be used to

edit, debug and modify the hardware of the target

system.

The.memory locations H00 to H7F represents the

image of the internal memory map of the MC146805E2

micro. This memory map is not directly accessable by

the exorciser but only through the image. The

following procedure is used to change the internal

memory:

i) Modify the required byte to be changed in the

image.

ii) Store the address of the byte to be changed in

memory location H0C (Change register).

iii) Type CHNG + (CR) to change the internal byte.

The CHNG instruction transfers the memory to the 6805

micro, to change the internal byte from the image. All

internal memory is updated to the image before the

memory is re-transferred to the exorciser. In this way

the CHNG instruction could be used to update the image

at any time without entering an address into the H0C

location ..

3.3.7. Program loading.

Program loading

6805 is identical to

system. Refer to

into the target system for the

the procedure used for a 6809

the 6809 exorterm users guide for
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detail loading description.

NOTE: The initialization instruction BEGN must be

executed immediately after the program is

loaded.

3.3.8. Microprocessor register assignments.

The 6805 microprocessor registers are assigned to

the 6809 registers.

assignments.

The table below represents these

6809 FUNCTION 6805

PC Program counter PC

AA Accumulator A A

XX Index register XX

BB Accumulator B Condition code

U Stack pointer S

TABLE 3.2 EMULATOR REGISTER ASSIGNMENT TABLE.

The 6805 registers are modified by changing the

3.3.9.

appropriate 6809 registers.

Break points

A maximum of eight break points could be set in

the program. Basically the emulator software inserts

The procedure used to set a break point is as

SWI instructions into the program to achieve the break

points.

follows:

i) Initialize the Y register of the 6809 with the
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3.3.10.

required break point address.

ii) Execute the BPST (Break Point SeT) instruction to

record the address into the break point stack.

The procedure used to clear a particular break point is
I

as follows:

i) Initialize the Y register of the 6809 with the

required break point address.

ii) Execute the BPCL (Break Point CLear) instruction

to clear the address from the stack.

The instruction BPDS (Break Point DiSplay) is used to

display the break point stack at any time.

The instruction BPAC (Break Point All Clear) is used to

clear all the break points.

Program execution.

The break points and the program counter must

first be initialized before the 6805 program is

executed. The instruction CONP (CONtinue Program) is

used to transfer the memory to the 6805 for program

execution. The program is halted when the 6805 micro

encounters a SWI break point transfering the memory

back to the exorciser. The ABORT push button could

also be used to stop the 6805 program.

NOTE: The break point at the present program

counter address will not be active after

continuing the program because the SWI

instruction is not inserted.
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3.3.11. Emulator board instruction table.

The following table represents a summary of the

emulator board instructions.

INSTRUCTIONS FUNCTIONS

BEGN BEGiN instruction for initialization

BPAC Break Point All Clear

BPCL Break Point CLear

BPDS Break Point DiSplay

BPST Break Point SeT

CHNG CHaNGe internal memory map

CONP CONtinue Program

TABLE 3.3 EMULATOR INSTRUCTION TABLE.

3.4. THEORY OF OPERATION

3.4.1. Hardware.

Figure 3.1 on page 3-12 illustrates the emulator

hardware block diagram. The emulator board in the

exorciser can be viewed as an 8k memory block addressed

in the USER memory map from H0000 to H1FFF. This 8k

memory block is the memory map of the MC1~6805E2

microprocessor which consists of the ram on the

emulator and the hardware on the target system. The

emulator board provides all the necessary logic to

interface the 6805 memory map to the 6809 exorciser.

The 8k memory map consists of the 8k ram chip on the

emulator bo~rd and the POD which is connected to the

target system. Buffer 1 and buffer 2 is used to
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multiplex the 6809 (exorciser) and the MC146805E2 to

this 8k memory map. Buffer 2 consists of the octal

enable buffers which enables the 6805 micro busses to

the 8k memory block. Buffer 1 consists of the octal

buffers and control logic which converts and interfaces

the non-multiplexed 6809 buss to the multiplexed 6805

buss. The multiplexing of both buffers is controlled

by the 6809 exorciser with the B signal which is the

I/O available on the emulator board.

The emulator operates in two modes, namely:

3.4.1.1. Target system hardware debug.

In this mode the target system hardware is

debugged by enabling the 8k memory map to the 6809

micro exorciser. To enable the 8k memory map to

the 6809, buffer 1 must be enabled and buffer 2

disabled. The 8k memory map of the target system

would then be accessable by the exorciser in the

user memory map from H0000 to H1FFF.

3.4.1.2. Target system software debugging.

The software target system routines to be debugged

are loaded into the 6805 memory map when buffer 1

is enabled. The memory map is then transfe!red to

the 6805 micro for execution. The control and

timing of the memory

the emulator board

the timers and I/O

map transfer is achieved by

software in conjunction with

available on the emulator

board.

Refer to Appendix J, K and L for a detail hardware

description, memory map and the circuit diagram.

3-11



W
I

......
N

6809
EXORCISEI~

BUSS M
nU!"l~ER B n C

U U 1
I" F 4
F F 6 -

T E E 8
t R R 0

M 5

E 1 ;] E

R 2

1)1 I
~

ADD I I

E i'-- DEC I I

P , E' I ADD I

R L-.. I r DEC
,

0 n I 'R' I

M I I POD ---_.-
~._----.--

I I
I '-- 8r< RAM I

I/O
LATCH I I

I I
I

I%J
H
G)
o
~
t<l

w
......

tx:I
I:'"
o
n
:-:
t::t
H

>
G)
~

>::x
o
I%J

>-,J
:x:
t<l

t<l
::xo
I:'"
>
>-,J
o
~

tx:I

~
~
t::t

EXORCISER RAM 6805



3.4.2. Software.

The eprom on the emulator board contains the

software to control the multiplexing and timing of the

8k memory map for the target system software debugging.

The eprom contains the 6805 and 6809 control routines.

The 6805 routines are loaded by the exorciser into the

6805 memory during initialization.

The 6809 routines are all added XBUG commands

which are executed from the command line of the

exorciser. The table of the added XBUG commands are

located in the eprom at memory location HE140. The

exorciser XBUG eprom on the DEBUG board was modified to

enable only the BEGN instruction from the table. The

memory address HFB61 located in the XBUG eprom at

HF2B7/8 was changed to HE140 (begining of table).

Refer to Annexure 2 pages B-15 and 5-30 of the 6809

EXORterm Development System User's guide for

initialization and adding of XBUG commands. During the

initialization ram routine of the exorciser, the memory

address HFF0E HFF11 is initialized for the BEGN

instruction. This enables the BEGN instruction to be

executed when the exorciser is switched on. The BEGN

routine which is contained in the emulator eprom is

used to initialize the entire table into the XBUG ram

at memory locations HFF0E to HFF11 and to initialize

the emulator board, This BEGN instruction also loads

the 6805 routines into the 8k memory map.

Refer to Appendix M, Nand 0 for the detail software

description, flowcharts and software listing.
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4. CONCLUSION.

The City Council of Cape Town conducts a tariff

investigation to assist the large consumers in selecting the

best cost effective tariff. In this way the consumers are

able to moniter their monthly electricity bill by selecting

the best tariff.

The tariff investigation is advantageous to the City

Council as well as the consumer. The City Council obtains

the required electricity for the consumer from ESCOM at a

two part tariff rate. This rate decreases when there is a

lower maximum demand. To achieve this lower maximum demand,

the City Council makes the consumers aware of their maximum

demand. This awareness motivates the consumer to save on

his monthly electricity bill.

The advent of the load recorder replaces the time

consuming and laborious method used by the City Council for

this tariff investigation. These tariff investigations are

now carried out efficiently, accurately and with minimum

delay. The first load recorder tariff investigation was

carried out at the Cape Technikon for the period 11/11/87 to

20/11/87. The load recorder was hooked up to the

electricity meters of the Technikon at 12h24 on the

11/11/87. The electricity supplied to the Technikon is at a

high voltage level and billed on a two part tariff rate. At

the end of this test period the data was down loaded from the

load recorder into the HP85 computer. The results of this

test was computed, analysed and then printed by the HP85. A

copy of the results is shown in figure 4.1 and 4.2 on pages

4-6 and 4-7.
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4.1.9.

4.1.8.

4.1. Results.

The information displayed on these results are as

follows:

4.1.1. Place of the tariff investigation.

4.1.2. Date and time of test commencement.

4.1.3. The demand period of a 15 minute duration.

4.1.4. The maximum demand recorded in KW and KVA.

4.1.5. The total consumption recorded in KWh and KVAh.

4.1.6. The X-axis of the graph indicates the time.

The Y-axis of the graph indicates the KW, KVA and the

power factor (cos ~).

4.1.7. This entire graphic representation is divided up into

days, i.e. from DAY 1 to DAY 7 and DAY 1 to DAY 2 of

the ensuing week.

The three plots on this graph, namely, KW, KVA and the

power factor are indicated here. The top plot

indicates the power factor, the middle plot indicates

the KVA and the bottom plot indicates the KW.

Calculations.

These calculations are based on a seven day period. In

this investigation the HP85 has based the following

calculations from the begining of DAY 2 (Thursday), of

week 1, to the end of DAY 1 (Wednesday), of week 2.

4.1.9.1. Combined maximum demand 328.9 KVA

4.1.9.2. Consumption for the week 18542.9706 KWh.

4.1.9.3. Power factor 0.92

This is the average power factor for this period.

It is calculated by dividing the total accumulated

KVAh into the total accumulated KWh.
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4.1.9.4. Load factor 36.5 %

R 30.80

R 4471.68

R 3604.75

R 8107.23

NOTE: The High voltage large user rate is 7 % less

Service charge

First 1500 units

Exceeding units

Total

4.1.9.6. Monthly expense for the

rate.

Service charge

Demand charge

Energy charge

Total

This is the relationship between the average

demand to the maximum demand for this period. It

is calculated as a percentage by dividing the

average KVA by the maximum KVA.

4.1.9.5. Monthly expense for the General rate:

R 2.20

R 219.90

R 8139.25

R 8361. 35

low voltage large user

than the above rate of R 8107.23. The Cape

Technikon is presently on this user rate.

4.1.9.7. Power factor improvement.

Improving the power factor close to unity would

reduce the maximum demand, thus saving on the

demand charge. Hence, as this power factor at

maximum demand is 0.97, there is no justification

for a power factor improvement.

4.2. Improvements on the load recorder.

4.2.1. The load recorder receives the energy signals from

voltage free impulsing contacts in the meters. An
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4.2.2.

optical pickup from an indicator on the disc would

improve the installation of the load recorder at a

tariff investigation. This optical pickup could be

made as an external unit instead of connecting leads to

the meters.

An IBM or compatible personal computer could be used to

compute and analyse the data from the load recorder

instead of the HP85. In this way the results could be

improved by using graphic plotters. The various plots

on the graph could be indicated in different colours.

This data could be stored on floppy disks enabling a

greater amount of information to be stored and

retrieved faster. This information would also be

easily accessable.

4.3. Emulator.

The emulator was designed for the exorciser, in order

to make the development of the load recorder possible. The

development of this emulator took up more time, greater

effort and a greater portion of this thesis. It required

more research and development than the load recorder.

The emulator improved the exorciser development system.

PreviouslY development was only possible for the 6800 and

the 6809 microprocessors. The emulator created other

avenues for future 6805 microcomputer applications.

Computer projects requiring low power consumption,

compactness and simpler hardware design could now be

developed by the Computer Section of the City Council of

Cape Town.
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4.4. Improvements on the emulator.

With the present POD, development is only possible for

the MC146805E2 microcomputer. However, different types of

PODs could also be developed to connect into the emulator

which would make development of other 6805 microcomputers

possible.
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Start of test period'
87 / 11 / 11 12 h 24
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Combined maximum demand'
328.88e8KVA

Consumption for the week'
18542. 9796KIJ. h

Power factor'
8.92

Load factor'
36 .. 5%

MONTHLY EXPENSE FOR'

*****************************
GENERAL RATE'

Ser.... ice char..e·
R 2.28

First 1588 units·
R 219.90

Exeedin.. units:
R 8139.25

TOTAL:
R 8361.35

L.V. LARGE USER RATE:

Service char-se=
R 38. S8

Demand charge:
R 4471.63

Ener'Oy charge'
R 3684.75

TOTAL
R 8187.23

POWER FRCTOR IMPROVEMENT:

Power factor at maximum demand:
8.97

Improvement of power factor is
not .justified.

******************************

FIGURE 4.2 CALCULATED RESULTS.
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APPENDIX A

5. LOAD RECORDER HARDWARE DESCRIPTION.

5.1. MICROPROCESSOR.

The MC146805E2 is the heart of the load recorder. It

is a single chip micro computer unit consisting of, a 6805

based eight bit microprocessor, 125 bytes of on board RAM

including stack area addressed at page 0, two input/output

ports (16 I/O lines) where each port could be assigned

independently and an eight bit programmable timer with a

prescaler. It has an internal clock oscillator/driver. A

5MHZ crystal is used for the oscillator which is divided

down to 1MHZ operating frequency. Power on reset is

achieved with a 47 kilo ohm resistor and a 0.1 micro farad

capacitor on the reset pin of the microprocessor.

The micro has two power saving modes called the Stop and the

Wait modes. Their functions are:

5.1.1.

5.1.2.

STOP.

Activated after executing the stop instruction. This

switches the micro into a halt mode with all clocks and

frequencies switched off, reducing power to 25 micro

Watts. The microprocessor is then enabled again with

an interrupt pulse on the interrupt pin. This mode is

always executed when the micro is idle (no program

execution).

WAIT.

Activated after executing the Wait instruction. This

switches the micro into a wait mode with system clock
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still operating. It is a low power mode but it has a

faster recovery response to interrupts. The wait mode

is only used during RS232 communication with the HP85.

5.2. Input/Output.

I/O, RS232 and the keyboard signals are connected to

the port lines of the micro computer. The input pulses KWh,

KVAh and Reset are optically isolated for electrical

separation and current looping. During pulse logging the

opto isolators are pulsed with a 20mA current through the

transistor BC237 by port pin PA4. This 100 micro second

pulse occurs every 10 mill i-seconds under program control.

With all three input contacts closed a 60mA pulse would

flow, giving a maximum average current for the input

circuit:
60mA x 0.1ms

= 0.6mA
10ms

Hence a low overall power operation and a high current loop

was achieved for the input pulsing contacts. This pulsing

method eliminated interference caused by noise. The

debouncing of input voltage free contacts is accomplished by

the software routines in the program.

The RS232 and keyboard circuitry are only activated

when required. A 16 keyboard decoder/debouncer (74C922) was

used to decode the matrix keypad. The power to the decoder

chip is switched by the microprocessor with the port pin PB5

to disable the keypad in the power saving mode. The F key

is seperately wired to the port pin PA2 with a pullup

resistor to ensure switch on when the keyboard decoder is

switched off. This key toggles the load recorder display
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The matrix keypad is connected

way ribbon cable onto the

and the keyboard ON and OFF.

to the main board with a 10

printed circuit board plug PL2.

After a valid key has been debounced by the 74C922, it

transmits a binary code and a data available (DA) signal.

The binary code is connected to the port pins PB0 to PB3 and

the DA signal is used to generate an interrupt signal to the

micro requesting service.

The RS232 communication is achieved with a 20mA current

loop. The received data is optically isolated to the micro

and is used to generate an interrupt pulse requesting

service. TX data is achieved with port PB7 via a transistor

for the required current loop.

Real Time Clock (RTC), Display, Ram and Eprom are

inter-connected to the microprocessor by the address/data

multiplex buss (AD0 to AD7), high order address buss (A8 to

A12) and control buss (DS, AS and read/write). These

devices are enabled by the address decoding logic.

The load recorder has two addressable memory maps, viz,

the Main memory map and Data storage memory map. Both

memory maps occupy the maximum addressing space of the micro

computer (8k bytes). The active memory map is toggl~d with

the PA0 I/O line. Hence the addressable memory of the micro

was increased from 8k to 16k. Memory maped I/O (internal),

RTC, Display and Eprom are mapped onto the main memory map.

The 8k Ram is mapped onto the data storage map. This map is

only used for logging of data. The 8k storage capacity

enables the load recorder to log data for 9 to 18 days.
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5.3. Real Time Clock (RTC).

The RTC is an accurate clock IC that relieves the micro

of the load recorder from keeping time and date. It also

has 125 bytes of Ram ~hich is accessed by the micro. The

internal ram of the micro and the RTG ram is used as a

scratch pad during program operation. An independent

external lo~ po~er crystal osciilator circuit ~as used to

drive the RTC. After initialization the RTG generates 10

ms, 1 sec and 1 min interrupts to the micro. The 10ms

interrupts are used to service impulsing contacts, the 1 sec

interrupts is used to update time in the display and the 1

min interrupts is used to count duration of the present

period. These interrupts are connected to the interrupt pin

of the micro. The various interrupt causes are

distinguished by reading the control registers in the RTG.

During the intervals the micro is in the stop mode. The

overall po~er consumption of the RTG and the micro is much

less than the po~er consumption of the micro if a soft~are

real time clock ~as used. For this reason a seperate clock

oscillator for the RTG ~as used because during the stop mode

the micro clock oscillator is disabled.

5.4. DISPLAY.

An Optrix display module ~as connected to the printed

circuit board ~ith plug PL1. It is a 16 by 4 line dot

matrix display. The module unit contains all the control,

latching, decoding and driving circuitry for the display.

The display is connected to the micro as memory map I/O

directly onto the data buss and control buss. The display
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to the micro is viewed as two memory locations in the main

memory map. The memory location H100 represents the display

instruction and the memory location HIa" represents the

display data. The register select (RS) line on the display

module is driven by address line A7 to decode the

instruction and the data registers.

features and is fully programmable.

The display has many

A display of data is

activated by sending, the instructions to HI"0 and the data

to H180. Data that is written to the display can also be

read by reading memory location H180. A preset

potentiometer which controls the voltage Vee is used to vary

the viewing angle of the display. The micro drives the

display with the normal Read/Write memory cycles i.e. the

data, R/W and RS is set up first and then strobed into the

display module with an E pulse derived from the data strobe

and address decoding.

5.5. EPROM.

Internal I/O and ram, RTC and Display is mapped from

H0000 to H0IFF in the main memory map. Memory locations

H"200 to HIFFF is mapped onto a 27C64 Eprom. This eprom

contains the operating system program, interrupt vectors and

various look-up tables. The chip select signal CS is

derived from the address decoding circuit. The data strobe

and R/W signals from the micro are NANDed to achieve an

Output Enable (OE) strobe, for data read from the 27C64

Eprom. An octal latch (74HC373) was used to demultiplex the

address from the address/data lines for the Eprom. The

address strobe AS was used to drive the latch enable (LE)
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(6264) was used for data

the total second data

is used to select the two

pin on the octal latch.

5.6. RAM

A low power 8k RAM chip

logging. This Ram chip occupies

storage map. Port pin (PA0)

memory maps.

PA0 = 0 selects Main memory map

PA0 = 1 selects Data storage map

The internal I/O and RAM are the only comman sections

between the two memory maps. It is impossible to map the

internal section totally out. This small loss of data

memory is insignificant. The address demultiplexer for the

Ram is achieved with the same 74HC373 latch used for the

Eprom. The same OE signal which is used for the Eprom is

used for the Ram and a further Write Enable (WE) signal is

generated for memory write instruction.

OE = DS R/W memory read

WE = DS R/W memory write

DS

OE

R/W

WE

FIGURE 5.1 OE AND WE LOGIC OF LOAD RECORDER.
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5.7. ADDRESS DECODING.

The address decode map is derived from the memory map

from where the address decoding circuit was designed.

The two memory maps are selected using PA0 pin from the

micro. This pin is connected to G2B of U3 and CSl of U6

(RAM). The ram chip (U6) is enabled when PA0 is a logic 1

and U3 is enabled when PA0 is a logic 0. An eight input

OR/NOR gate Ull (74HC4078) is used to disable both memory

maps from H0000 to H007F. Pin 13 of Ull (the NOR output) is

a logic 1 when any address above H7F is selected and a logic

o for addresses H00 to H7F. This output is connected to CS2

of U6 and G2A of U3. Hence when pin 13 of Ull is a logic 1

both intergrated circuits (U3 and U6) are disabled. The

logic truth table, below, illustrates the function of PA0

and pin 13 of Ull.

PA0

o

o

1

1

PIN 13

o

1

o

1

OUTPUT

U3 selected

internal H00 to H7F

U6 selected

internal H00 to H7F

TABLE 5.1 PAGE SELECT TROTH TABLE OF LOAD RECORDER.

When power is first applied to the circuit, or after a

hardware reset, all the I/O lines of the micro are

programmed as inputs. This will cause the CSl of 06 and G2B

of U3 to float (not committed to any voltage) before the

ports are initialized. During this period the 1 M resistor
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forces a logic 0 to ensure that the main memory map is

selected.

Pin 1 of the second eight input OR/NOR gate (U9) is

used to generate a logic 0 for memory locations H0 to H1FF

and a logic 1 for memory locations H200 to H1FFF. This

signal with the address line A8 and DS is used to control U3

at inputs A, Band C. The address lines are connected as

follows:

i) A8 is connected to A.

ii) Pin 1 of U9 is connected to B.

iii) Data Strobe is connected to C.

The truth table below illustrates the chip select

signals for the RTC, Display and Eprom.

are active low.

C B A OUTPUT

0 0 0 0

0 0 1 1

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 7

The outputs of U3

TABLE 5.2 MAIN MEMORY MAP ADDRESS DECODE

TABLE OF LOAD RECORDER.

5.7.1. EPROM

The eprom is selected when DS is a logic 1, and for
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memory addresses H2fZ1fZ1 to H1FFF. that is,

CS = DS B

CS = DS B (A8 + A8)

CS = DS B A8 + DS B A8

CS = C B A + C B A

CS = C B A C B A

CS = 6 7

CS = 6 7

6

7

I )f--(>o'--- CS

FIGURE 5.2 CHIP SELECT LOGIC FOR EPROM OF LOAD RECORDER.

5.7.2. RTC

The RTC is enabled when memory locations HfZI to H1FF is

selected AND address line A8 is a logic fZI, for both

variations of DS. This enables it to be selected between

H00 and HFF. Since G2A input is disabled for internal

memory the RTC is addressed from HfZl8fZ1 to H0BF. that is,

CE = A8 B DS + A8 B DS

CE = A B C + A B C

CE = 0 4

CE = 13 4

o

4

FIGURE 5.3 CHIP SELECT FOR RTC OF LOAD RECORDER.
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5.7.3. Display

The display is selected in the memory region from H100

to HIFF (Aa is a logic 1) and when DS is a logic 1. that is,

E ::: Aa . B . C

E ::: A B C

E ::: 5

The address line A7 is used for the register select

(RS) line of the display module to select between the

instruction and the data registers.

The data strobe (DS) control line is used in the

address decoding logic to generate a strobe chip select

signal for the display and the eprom. This strobe pulse

decreases power consumption because the eprom is only

selected when data is read into the micro.
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000

00F
010

07F
080

0BF
0C0

0FF
100

17F
180

lFF

PAGE 0

I/O + TIMER REGS

INTERNAL RAM

STACK + USER

REAL TIME CLOCK

+ RAM

UNUSED

DISPLAY

INSTRUCTION

DISPLAY

DATA

FIGURE 6.1 LOAD RECORDER H000 TO H1FF OF MAIN MEMORY MAP.
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0000

007F
0080

00BF
00e0

00FF
0100

01FF
0200

1FFF

I/O + INT RAM

RTC

UNUSED

DISP

7679

BYTES OF

EPROM

PAGE 0 PA0 = '"

FIGURE 6.2 MAIN MEMORY MAP OF LOAD RECORDER
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l2ll2ll2ll2l
I/O + INT RAM

l2ll2l7F
l2ll2l8l2l

8K RAM

lFFF

PAGE 1 PAl2l = 1

FIGURE 6.3 LOAD RECORDER DATA STORAGE MEMORY MAP.
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-----------------------------------------------------------
DEVICE PA0 R/W DS A12 All A10 A9 A8 A7 A6-A0 IC NO.
-----------------------------------------------------------
RTC 1 IC 7

DISP 1 x EXT

EPROM

8K RAM 1

1 1 *
*

* * *
* * * *

IC 5

IC 6

0 - Logic zero

1 - Logic one

Both logics

X - Don·t care

* - Any combination of ones

FIGURE 6.4 LOAD RECORDER ADDRESS DECODE MAP
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APPENDIX D

8. LOAD RECORDER SOFTWARE DESCRIPTION

This section contains a detail description of each

subroutine.

8.1. MAN

Routine:

Routines called:

Description:

H400

Hardware reset (cold start).

MRS; CONT; SSS; SPRES; ONOF; JJT; KKT;

DBUS; RTCR

Main DO FOR EVER routine.

Ipitialization of RAM, I/O, Display and

RTC is first executed and then the DO

FOR EVER loop is entered. This loop

consists of a main STOP instruction at

label MAN7, a WAIT instruction between

MAN27 and MAN19 and a background task

which are all the instructions between

the STOP and WAIT instructions. The

STOP instruction is executed when the

micro is idle and not during the RS232

communication. The WAIT instruction is

executed when the micro is idle and

during the RS232 communication. The

background instructions consists of

branch to subroutine instructions (BSR)

which executes routines to process data

on demand made by the interrupt routine.
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8.2. ICON

Routine:

Routines called:

Description:

Long branches are achieved by executing

a jump (JMP) instruction.

H53A

Increments and decimal adjust a counter.

DAA

Before this routine is activated the A

accumulator contains the length of the

counter in the number of bytes and the X

register contains the address of the

least significant byte minus 5.

This routine increments the counter from

the least significant byte (LSB) and

then branches to the DAA routine to

decimal adjust. According to the result

which is contained in the carry bit, the

next byte is incremented.

8.3. CONT

Routine:

H54F

Increments the

maximum demand

present, total

counters for KWh

and

and

Routines called:

Description:

KVAh.

ICON

Bit No. 3 of register FRED indicates to

this routine to increment KWh and bit

No. 4 is used for KVAh. The total and

present demand values are incremented.

The present demand values are compared

to the maximum demand and if greater the
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8.4. SPRES

Routine:

Routines called:

Description:

8.5. IDEMP

Routine:

Routines called:

Description:

maximum values are updated 'as well as

the time when it occured.

This routine is only executed if the

counting is enabled (logging mode) when

bit 5 of CARR is set.

H5C9

Reset routine for end of demand period.

555; IDEMP

This routine is only executed when in

the logging mode, bit 5 of CARR is set.

A reset to the next period would occur

if a reset pulse was detected at the

input or the period had expired. When a

reset occurs, routine SSS (records

period into data memory) is called, the

present demand values would be cleared

and the demand period would be

incremented with routine IDEMP.

H5F8

Increments demand period No.

DAAC

This routine first checks the day change

bit (6 of CARR) and if set the demand

period No. is set to 1 or else it is

incremented to the next value. This

register

adjusted.
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8.6. DAAC

Routine:

Description:

8.7. SSS

Routine:

Routines called:

Description:

H6~A

Decimal adjust for accumulator A only.

Performs a decimal adjust only on the

accumulator. This routine executed on

the value R9A would result in the

clearing of the accumulator.

H61F

Stores stack of data in data memory.

IACO

A store enable bit is used (6, FRED) so

that this routine could be executed by

the background task to complete the data

store.

Present demand values for KWh and KVAh,

day number. and demand period No., are

time tagged and stored into the 8k data

memory independently of address

locations. Memory locations SAL and SAH

are used as an address pointer for

present logging position in the data

memory.
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8.8. IACO

Routine:

Routines called:

Description:

The format in which the data is stored

into the data Ram is as follows:

..... :FF SD WW WW VV VV DP HH MM:FF .....

9 locations max and 5 locations min

FF -Indicates start of text

SD -Digits of demand and Day No.

LSN - Day No.

MSN - XXYY

YY=00 - no KVAh reading (0)

YY=01 - only one byte

YY=ll - two bytes

XX - (same for KWh)

WW ww - KWh readings, 1 or 2 bytes

VV VV - KVAh readings, 1 or 2 bytes

DP - Demand period No. of the day.

HH:MM - Time at which demand period

ended.

H694

Increments address pointer and stores in

memory.

IADD; WMMR

This routine operates on the address

pointer with address of high address

contained in the index register (X).

This pointer is incremented and checked
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8.9. APPS

Routine:

Routines called:

Description:

8.113. APNS

Routine:

Routines called:

Description:

if the maximum ram address is reached.

If it is reached the pointer is changed

to H130A0 (the rap around address). The

byte contained in the accumulator is

then stored in the data RAM using the

routine WMMR.

H6A9

Points address pointer to previous FF

DADD; RMMR

This routine changes the address pointer

described by the index register to the

previous start of text character FF in

the data storage Ram.

H6B4

Points address pointer to next FF

APPS; IADD; RMMR

This routine changes the address pointer

to point to the next start of text

character FF in the data ram. If

present logging address poin~er is

reached (SAH and SAL) then address

pointer is decremented to the previous

FF character.
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8.11. RMMR

Routine:

Routines called:

Description:

8.12. WHHR

Routine:

Routines called:

Description:

8.13. IADD

Routine:

Description:

H6DG

Read from data memory.

HRS

Reads one byte of data from data memory

to which the address pointer points.

The X register contains the address of

the high address of the address pointer.

Register XREG is initialized to H08

which indicates a memory read to the HRS

routine being called. This routine

returns with the result in the

accumulator.

H6EC·

Write to data memory.

HRS

The accumulator contains the data byte

to be written. It writes one byte of

data to data memory to which address

pointer points. The X register contains

the address of the high address of the

address pointer. Registerr XREG is

initialized to H0 which indicates a

memory write to the HRS routine.

H6F8

Increments address pointer.

Increments the address pointer by 1.

The X register contains the address of
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8.14. DADD

Routine:

Description:

8.15. ONOF

Routine:

Description:

8.16. JJT

Routine:

Routines called:

Description:

the high address of the address pointer

to be incremented. The carry bit is set

when the pointer reaches H2000 ,

indicating an overflow.

H70A

Decrements the address pointer.

Decrements the address pointer described

by the index register. The carry bit is

set if the pointer reaches H00B0 (start

of storage memory).

H726

ON/OFF switching of display.

The input F key at port pin PA2 is

debounced and when activated this

routine toggles the display and keyboard

ON or OFF. This is used to place the

load recorder into a power saving mode.

H75E

Jump to mode jump table.

The jump table JMR at H1A40.

Due to the 8 bit index register this

routine is used to execute the DO CASE

mode. This routine is entered with the

mode number in the index register. This

value is then multiplied by 3 (JMP

instruction is a 3 byte instruction) and
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then a jump table

enables the mode

executed.

is referenced which

number routine to be

8.17. JKT

Routine:

Routines called:

Description:

8.18. DBUS

Routine:

Description:

8.19. GTCD

Routine:

Routines called:

Description:

H76E

Jump to keypad jump table.

Jump table JMK at H1840.

Register KKV contains the activated key.

The offset is then computed and the JMP

table is referenced to execute a DO CASE

key pressed. Each key has a separate

service routine.

H786

Display busy check.

Display instruction register is read and

stored in memory location DAR. Bit 7

set indicates that the display is busy.

This routine continuously checks the

busy flag and returns when not busy.

H793

Get 2 numbers from display.

GACD

Reads two numbers from display with the

index register pointing to the most

significant byte in the display. It

returns with the two BCD numbers in the

accumulator.
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8.20. GACD

Routine:

Routines called:

Description:

8.21. STCD

Routine:

Routines called:

Description:

8.22. STACH

Routine:

Routines called:

Description:

8.23. PXM

Routine:

Description:

H1A5

Get a number from display.

DBUS

Reads the ASCII character at the display

location contained in the index

register. It returns with the result in

the accumulator.

H1B3

Stores two numbers into display.

STACH

Changes the byte in the accumulator to

two ASCII characters and stores it into

the display using the address contained

in the index register.

H1D2

Stores a single character into display.

DBUS

Changes the byte contained in the

accumulator to ASCII and stores it into

the display using the display address

contained in the index register.

H7E4

Prepares index for mode.

Prepares the index register for the mode

selected to accomplish a DO CASE

function with the jump instruction.
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8.24. IACR

Routine:

Routines called:

Description:

H7EF

Increments address and read.

IADD; RMMR

Increments the indexed address memory

pointer and reads the data from the

memory.

H803

Stores character into memory buffer.

lAC

8.25. STAM

Routine:

Routines called:

Description: Converts the character in the

accumulator to ASCII and stores it into

the memory buffer block which is used

for RS232 communication.

H815; H826; H84E; H866

Stores characters into memory buffer.

STAM; IACO

8.26. STNM; STNMl;

STNM2; STNM3

Routine:

Routines called:

Description: Converts more than

ASCII and stores it

memory buffer.

one character to

into the RS232

8.27. CTBM

Routine:

Routines called:

Description:

H889

Clears data memory

IACO

Clears the data memory bytes indexed on

the X register. The amount of memory

bytes to be cleared is contained in the
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8.28. KEN

Routine:

Routines called:

Description:

8.29. KBA; KBB; KBE

Routine:

Routines called:

Description:

8.30. KEC

Routine:

Routines called:

Description:

accumulator.

H896

BCD number

STACH; PXM; JNT

This routine is executed when a BCD

number is pressed. An immediate return

occurs if the load recorder is not in

the edit mode. The BCD number is

converted to ASCII and stored into

display. The curser is then moved to

the next variable to be changed for the

specific mode by using a jump table for

a DO CASE function.

H8B2; H8BB; H8C4

Curser movement keys

Jump tables JAT; JBT; and JNT

Moves the curser on the display for

Left, Right, and Up/Down keys. The jump

tables are used to achieve curser

movement for the selected mode.

H8D2

Enter key

MCX; DBUS; Jump table SMJT

This routine is executed when the Enter

key is pressed which enables the Edit

mode or changes necessary values
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8.31. KBD

Routine:

Routines called:

Description:

8.32. STCL

Routine:

Routines called:

Description:

8.33. WVM

Routine:

Routines called:

Description:

depending on the mode presently in. For

the Edit mode the curser is enabled on

the display at the first variable for

the mode selected, using table FAV.

Values are changed by using a look-up

jump table (SMJT) to execute the change

subroutine for the mode selected.

H8FC

Mode change key

UDA

The mode select prompt is displayed by

calling routine ODA. This mode is known

as mode A.

H918

Stores in display omiting leading zeros.

STACH; STCD; MTN4; GACD

Stores two characters into display and

supresses leading zeros for KWh and KVAh

readings.

H98E

Multiplication routine

UMD; MUL

This routine multiplies the pulse count

to the pulse factors to achieve true

values for the display. The memory area

from HA0 to HAF and HB0 to HBF is used
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for the multiplication process for KWh

and KVAh respectively. The multiplying

factors are placed into memory locations

G to 7 and the pulse count is placed

into locations 8 to D. The product

would appear at memory locations o to 5.

These locations are all relative to

memory area HA0 and HB0. The method in

which multiplication is achieved is the

shift and add method. Routines ROLB,

ROR, and ROL is used to shift the whole

data number. Routine ADDB is used to

add the shifted data into the product

locations and then after each addition a

decimal adjust is performed by routine

DAA for the complete number. These

8.34.

decimal adjusted products are updated in

the display by the mode routines.

RS232 Description.

PBG is used to receive serial data and PB7 is used to

transmit the serial data. The bit minipulation instructions

is used to control the transmitting and receiving of data.

Data to be transmitted or received is buffered through

register RXTX. The RS232 format used is 1 start, 7 data

(ASCII), 1 even parity and 2 stop bits. A 1200 Baud rate is

used, giving a bit time of 833 micro seconds. This bit time

is obtained by utilizing the on chip timer which generates

an interrupt at the end of each bit time.
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The timing diagram of the RS232 is as follows:

I I I I

I START I 7 DATA 'PARITY I STOP
, I I I
I I I I

___11 [L~B~~~~~~~~~~M:B}~~-J 1 2
FIGURE 8.1 RS232 TIMING DIAGRAM

The timer interrupt routine controls the port lines to

receive and transmit necessary data. Data communication is

half dulplex. The TX and RX sequences are identical, hence

only the transmitting sequence is described below.

To initiate a TX sequence the TXSR routine is executed

with the ASCII data contained in the accumulator. This

routine stores the data into buffer RXTX, and initializes

the flags and timer for a 832 micro second interrupt. The

first 832 micro second is used as an inter-digit pause. The

timer interrupt routine RXR is executed when the timer,

times out. Each time this routine is executed it updates

the timer for the next bit and controls the PB7 according to

the bit counter and the data. For the bit counter equal to

o a single stop bit is set on the port. For the bit counter

> 0 and < 8 the seven data bits from RXTX is transmitted

using a rotate through carry instruction (ROR). Each time a

logic 1 is transmitted the parity counter is incremented.

At the end of a data transmission when the bit counter is 8

the parity counter is divided by 2 and if a carry exists, a

logic 1 parity bit is used to achieve an even parity.
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Transmission sequence is terminated by sending two stop bits

for bit counter equal to 9 and 10. The control is then

handed over to the RS232 control routine.

This control routine (RTCR) performes the following

functions:

i) Controls TX and EX

ii) Controls hand shaking using TXON and TXOFF signals

iii) Sends acknowledge instruction

iv) Processes faults

v) Processes instructions sent by HP85

This is one of the main background task routine which is

being serviced each time an interrupt occurs.

The summery of the RS232 routines are:

RXR -Timer interrupt routine for bit transmission.

RTCR -Control routine

RXSR -Receive initiate

TXSR -Transmit initiate

8.35. RXSR

Routine:

Description:

HAFF

Receive data

This routine is called from the main

interrupt routine when the first start

bit is detected. This routine is not

executed if receiving of data is in

progress (6,FLGN). The timer is

synchronised to allow bit reading to

occur at the middle of each received

bit. Each bit is read by the timer

interrupt routine RXR.
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8.36. TXSR

Routine:

Description:

8.37. RXR

Routine:

Description:

HB0D

Transmit data

Enables a transmitting sequencing only

if not presently busy transmitting or

receiving. The on chip timer is

programmed for the bit time, to allow

the timer interrupt routine (RXR) to

control the port for serial data

transmission.

HB20

RS232 interrupt routine.

The timer interrupt routine which is

used to control the RS232 serial

communication on two parallel ports.

This routine is divided into two

sections, namely, an RX and a TX

section. The RXTX memory location is

used as a buffer to minipulate, receive

and transmit information. The byte to

be transmitted is loaded into RXTX and

it is rotated through the TX port, one

bit at a time. The received information

is rotated from the RX port into the

RXTX register. The bit timing is

programmed into the timer each time this

routine is executed.

8-17



8.38. RTCR

Routine:

Routines called:

Description:

8.39. BUFU

Routine:

Routines called:

Description:

HBB2

RS232 control routine.

TXSR; Jump table RXIN.

This main R5232 control routine is

called from the main DO FOR EVER loop.

It controls the data communication with

the HP85 computer. Transmitting of data

is dependent on instructions received

from the HP85 computer. The load

recorder enters into a wait for

instruction mode (from R5232) when

activated after inserting RS232 cord.

R5232 communication is half duplex

because the same timer is used for both

RX and TX. The XON and the XOFF signals

are used for hand shaking between the

two computers. A look-up jump table is

used to execute an instruction received

from the HP85 computer which downloads

requested information.

HC0A

Updates R5232 buffer

IACR; STAM; STNM1; IACO; CTBM

This routine is called to update the

RS232 buffer with a new stack of data

which is to be downloaded. The

information is read from data memory,

converted to ASCII and then stored into
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the buffer, ready for downloading. A

sum check byte is calculated for each

batch (a demand period) and also stored

into this buffer.

8.40. IN00

Routine:

Routines called:

Description:

HC9D

Start instruction

BUFU; TXSR

This routine is executed from

instruction jump table (BXIN).

the

It

resets the BS232 pointers and updates

the memory buffer with the first demand

period.

8.41. IN01 HCB2

Routine: Transmits information

Routines called: IACR; TXSB

Description: This routine is executed from the

instruction jump table. It consists of

seven operations depending on the value

sent as an instruction (1 to 7). The

buffer contains 7 types of infor~ation

and is labelled according to a number.

The seven operations are the sending of

these labelled information accordingly

i.e. instruction 2 received would

instruct the load recorder to send

information (or word) number two in

buffer.
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8.42. IN08; IN09; IN0A

Routine:

Routines called:

Description:

8.43. IN0B

Routine:

Routines called:

Description:

8.44. lN0C; IN0D

Routine:

Routines called:

Description:

8.45. IN0E

Routine:

Routines called:

Description:

HCE3; HCF9; HD0A

Updates buffer with information

AFFS; BUFU; TXSR

Updates the memory buffer with the

present, the previous and the next

information. These routines are called

from instruction jump table.

HDIA

RS232 off.

TXSR.

This instruction switches the RS232 off

(idle mode).

HD23; HD7A

Starts variables

lACR; STAM; TXSR; STNMl; lACO

Updates the RS232 buffer with the start

variables consisting of the start time,

the date, the pulse factors and the

divisors.

HD97;

Acknowledge.

TXSR

This routine is used to send an

acknowledgement to the HP85 computer.
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8.46. MEMS; MEMR

Routine:

Description:

8.47. MRS

Routine:

Routines called:

Description:

8.48. MODx

Routine:

Description:

HDA3; HDAB

Data memory read/write

The internal Ram area is the only part

of the memory which is common to both

memory maps. These two position

independent routines are copied into

this area and accessed when the data

memory map is enabled for data logging.

One byte at a time could be read or

written by first enabling the memory

map, store/read in extended direct mode

and then disable the memory map.

HDB3

Data read/store control.

tlEMS; MEMR in ram.

Controls the routine which is used to

initialize the tlEMS and MEMR routines in

the ram area to execute a read or store

from data memory. After initialization

the routines in the ram area (MEMS,

MEMR) H30 to H3F is called.

x- mode number

Mode control routine.

All the display modes have seprate mode

control routines which are called from a

jump table executed from the main DO FOR

EVER routine.
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8.49. VDx

Routine:

Description:

8.50. UDx

Routine:

Description:

8.51. MPx; MNx; MTNx

Routine:

Description:

8.52. MINT

Routine:

Routines called:

Description:

x- mode number

Updates variables.

Updates the variables in the display

modes as selected.

x- mode number

Updates display

Updates the fixed data in the display

modes.

x- mode number

Moves curser.

Moves the curser on the display in the

edit mode to the required position on

the display.

H14B4

Main interrupt routine.

KINT; RINT; INPT

This main interrupt routine is executed

when an external interrupt occurs. All

interrupt sources are polled to

determine the interrupt cause. The

particular interrupt routine is then

executed. Routines RINT and KINT are

used to service t.he ETC and the

keyboard. The INPT routine is used to

debounce the input pulses on t.he 10ms

interrupt.
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APPENDIX E

9. LOAD RECORDER FLOW CHARTS.

9.1. Main routine (background task).

MAN
----------------------------------------------
Initialize Ram; RTC and display

DO FOR EVER

r--------------------------------------------. IF counting enabled (logging mode)
I [------------------------------------------

DO Counting routine for input pulses
(KWh and KVAh)

- ------------------------------------------
IF Stack to be stored (period of data)

[------------------------------------------
, DO Store stack routine
~- ------------------------------------------

I IF In logging mode

l
-DO-R~;~~-~~~~~~~--------------------------

- ------------------------------------------
DO On/off routine for Disp + keyboard

IF Display on

r
------------------------------------------

DO CASE MODE (subroutine)

_L_[~~~J~~~~J~~~~J~~~~J~~~~J~~~~J~~~~J~~~~~~
IF Key pressed KKV not ~ HFF
----------------------~--------------------

1 DO CASE Key function (subroutines)

I_[~~~~~J~~~~~~J~~~~~~J~~~~~~J~~~~~~J~~~~~~
[ KKV ~ HFF

- ----------iF-Rs2;2-~~~bl~d---------------- I
THEN ELSE !

DO RS232
control routine

WAIT STOP
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9.2. Subroutine Update Day and Time

SUDT

Check display busy (DBUS)
Clear whole display

DO FOR X=0 TO H1F

LDA WITH MODF1,X

IF A NOT = HA0 (space)

--[~~~~~~~~~~~~~~~~~~~~~~~~
DO FOR X=H40 TO H 5F

LDA WITH MODF1,X

IF A NOT = HA0

--[~~~~~~~~~~~~~~~~~~~~~~~~
SVDT

Load X with first var of disp
Store into disp Y/M/D
Load X with first var+ H40
Store into disp H:M:S

RTS
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9.3. Count input pulses

CONT
----------------------------------------

IF Count enabled (5,CARR - SET)
-------------------------------------

IF KWh trigger SET (3,FRED)
-----------------------------------

Increment Present & total
SET update display bits (0,2,FRED)

IF PRESENT > MAX

--[~!~:~~~;~;~~~~~~~~~;~;~~~~~~~~~
I CLR KWh trigger bit (3,FRED)__L _

IF KVAh Trigger bit SET (4,FRED)
1----------------------------------

Increment present & total
Set update display bits (0,2,FRED)

IF PRESENT > MAX

[
------------------------------
Update max value
Update time for max value
SET update display bits

-- -------------------------------
CLR KVAh trigger bit (4,FRED)

RTS
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9.4. Demand period reset routine

SPRES
-------------------------------------------

IF count enabled (5,CARR - SET)

IF reset trigger bit NOT SET (5,FRED)

THEN

IF Imin exp bit SET
(3,FRTC)

Clear Imin exp bit
Clear reset bit counter

Enable stack routine
DO routine STORE STACK
Clear reset trigger bit

(5,FRED)
Clear pulse counters
SET update display bit

(0,FRED)
Record seconds for start of

next period
DO routine IDEMP

RTS

9.5. Decimal adjust accumulator

DAAC

Save accumulator

Retrieve
ACCA

ADD H06

IF > H99

[
-----------
Clear ACCA

-- -----------
RTSL _
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9.6. Store stack of data in memory

SSS
----------------------------------------------------

IF store enable bit set (6,FRED)
-------------------------------------------------

IF second half bit NOT SET (7,FRED)

Get day No. (CARR)
Form status word with day No. according to

magnitude of period demand
Save status word & day No. into memory (IACO)

---------------------~-~~

IF MSB of PDW = 0

THEN

IF LSB = 0

ELSE

Fetch MSB (PDW)
Store in memory

(IACO)

ELSE

Fetch LSB (PDW-l)
Store in memory (IACO)

IF MSB of PDVA = 0

ELSE THEN

Fetch MSB (PDVA)
Store in memory

(IACO) ELSE

IF LSB = 0

-----------------------=---~-----------------------

THEN

SET second half bi'
(7,FRED)

IF UIP of RTC SET

Fetch LSB (PDVA-l)
Store in memory

(IACO)

ELSE

Fetch time from RTC and
store in memory

I

I
i Store end of text CHR$
1 in memory -
, Clear enable & second

l half bits (6,7,FRED)

lRTS-------------------------------------------------
____________________________________________________
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9.7. Data memory Read/Write routine

MRS
---------------------------------
Update address for both routines
SET interrupt mask

DO CASE

READ (H38)

XREG=H08
SET PA0
Read data
Clear PAI2l

WRITE (H30)

XREG=012l
SET PA0
Write data
Clear PA0

Clear interrupt mask
RTS

9.8. ON/OFF Switch subroutine

ONOF

IF Periodic int SET

Debounce input port ('F' key)

IF key active

DO CASE bit 2,FDIS

SET CLEAR

~~~~~e:~~:-:::]----S~i~~h-OFF
counter

Set bit 1,FDIS
-------------- --------------

RTS
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9.9. RS232 Control routine

RTCR
----------------------------------------------------

IF RS232 ON (0,GNFL SET)
--------------------------------------------------

IF RX not busy (3,FLGN CLR)
------------------------------------------------

IF TX not busy (2,FLGN CLR)

IF BYTE received bit set
(5,FLGN SET)

THEN ELSE

IF first time switch j
on (l,GNFL CLR) DO ROUTINE *B*

[--------------------
DO ROUTINE *A*

- - - - -------------------- -----------------------
_~~~ J

9.9.1. ROUTINE *A*

ROUTINE *A*

(2,GNFL SET)

ELSE

instruction in limits BSR TXSR (XOFF)

SET 2,GNFL
THEN XOFF sent

SR TXSR EOLA BSR INST TABLE CLR 3,GNFL
HX busy

r
LH byte recv -
bit (5,FLGN)
---------------- ---------------- ------------------

RETURNL _
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9.9.2. ROUTINE *B*

ROUTINE *B*
----------------------------------------------------

ELSE

BSR TXSR
XON sent

IF XON not sent
(3,GNFL)

BSR TXSR repeat

IF fault bit set (4,FLGN SET)

THEN

CLR 2,GNFL
ET 2,GNFL CLR 2,FLGN XOFF bit

XOFF sent
CLR 6,FLGN

3. GNFL CLH 4, FLGN mask in t
fault bit

SR TXSR XOFF

THEN

RETUHN

9.10. Main interrupt routine

MINT

SET interrupt mask

IF key released (0,FLGN clr)

[
------------------------------

IF PAl SET
---------------------------
DO KINT

-- --[---------------------------
DO HINT
CLI
RT!

9.11. KeYboard interrupt routine

KINT

Get key character from port B
Mask off MS 3 bits
Transfer from a to X
Get code from table KBTAB and
store in KKV

SET reread flag bit (0,FLGN)

RTS
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9.12. Timer interrupt from wait state

THiS

SET BIT 7,FDIS

IF INT after wait for disp

[
------------------------------

Stop timer
Load H4F into TeR

-- ------------------------------
RTS
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APPENDIX F

10. LOAD RECORDER SOFTWARE LISTING.

The following pages represents the software listing of the

load recorder assembly language program.
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lID II OH P=64
lom ill LOA» RECORDEI
ml3 II11H11IHIIIUUHlffHHlfHflI

10014 • SOrf.ARE LISTING fOR THE •
GOOD5 • LOA» RECOIDEl •lom HflUffnHfHfHHffffHfffffffl

00117
IWS
lom HII*HfllHIHIHlfIHIH

GDlU • MACRO IIISTRutTIO~'S •
10111 • FOR MCI46SDSEZ le •
11112 fHU~HH*"lllHfflHlll

10113
GIll 4
10015 •
11016 • STOP IHSTRutTIOH
10017 •
IIIIS
oom STOP MAC<
cat26 FCB SSE
80021 ElinM
00122
00123
10024 •
10025 • IAIT IHSTRUCTIOH
00026 •
11027
00028 WAIT MC<
11029 rCB sar
10131 mM
IOIJ!
10132
10133 •
00134 • E~~TE5

10115 •om.
BOO17 ODOD AEOUl EQU SOD END OF mE HQ INS CR
IDI3B mo AEOLA EQU m ACK CHIS IN cm
lOB:!? 0013 AXON EQJ m TX OIl !~S (Em
DOl40 om AXCfF EQ'J S02 TX Off INS (sm
00141 Oul5 A mx EQU $CS mEAT INS lEH')
1m2 DD fiE ARn"- EQ'J HE 15232 ON n.,
1014J 0011 A A?EG EQU m TEMP STCOAGE FuR
mH 0114 A XRE; EQU U4 ACC I XREG
10045 OUlZ A n.GN £;u 112 GEiVAL FLAG W;
IIW. • u~-REREAD KB FLAG
00147 • Ol-OK/OFF DEFOJNCEO
oms • 02-TX BIT
Ilm • IHX BIT
mso • DHAULT FIT
10051 • 05-BYiE IX FIT
IIIS2 • DO-l\ASK INT &IT IX
00153 • 07-MElI Ft:LL FIT
11154 101S A FlED EQU $15 Cl-PRESENT OEKA~'D

11055 • DHiAX DEJiI,IiJ)
W5b • D2-TOT DEMND
10057 • OH:~ T1IG BIT
10058 • DHVA.~ TRIG BIT
Dam • OHESET TRIG BIT
IIDOI • 06-STIJ:E STACK a WI
mu .. D7-STlRE STACK IN lIEll
81112 009A ACl/ EQU S9A KWh CTR 1D7-TEIf liP
01063 mB A C'JA EQ'J m KVA m ID.-BEING DE!
111.4 me ASAH EQU 19C STOlIAIl AlI;lESS
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PAbE m PIA .SA:I LOAD ,EClIiDra

IDCb5 Im ASAl. EQU \90 PlESENTLY IN
Illbb Din ASTltElt EQU m S,AiT Of om IN SX IU
DII.7 DDBE Act EQU SBE mu CTi/D5-DEBOlK£D
10DbS liar Acri EQU SBF PERIODIC 1Nl COtIliID
1IC69 C02I APDll EQU $21 PiESE~T tEll n
1017S 1029 A PDVA EQU S29 PRESENT DEll IVA
IID71 Im HOW EQU S23 tlI.X DEll n
IDI72 OC20 A ltD\lA EQU $2B /tAX DEll IVA
11173 DI26 ATDll EiIU $26 TOT DEll KW
10074 10IE A TOVA EQU S2E TOT DEll IVA
11175 Ollb AneT EQU SIb BIT en Fea R5232
Ilm 0117 Apm EQU $17 PARITY m 15232
11177 1118 Aim EQ'J SI8 RX, IX DATA lEG
DC078 DI27 ACr.il EQU S27 CARRY SiOilEDGE lEG
OlC79 • .u,y h~.

mal • ~-DAY CliNG BIT
oml • DHNABLE/Drs:.OLE COlI~T

DOI82 DC2f A Ita EQU $2f MULTIPLY mOLE
m03 om AKIV EQU m KEYBGliD VALUE PRESSED
DCBS4 0011 Hm EQ'J sa FLAG REG FOR RTC
I06S5 • D7-HQF,Db-PF,D5-AF,
OODSb • ~4-UF-RTC

DlCS7 • DHF,11-;; ,DO-llF-INT
iOCSll • ,HESET BIT ROUTINE
DlCS9 1191 AACT'l EQU S9I ALAlll CG~m RES
DOl91 D092 AS?i EQU in SA!iPLE PERIOD REG
IID91 0111 AFOIS EQU $11 OISP FLAG lE> i Hili/OFF
DDD92 • CI-FliST TlKE,07-WAIT I
11193 • FOR DISP,DD-OlIGfF OEaO
90194 • 03-FliST TlKE Dna /tGD
11195 • ii4-WDATE FDR HOS 4jSjb
lom • ~5-PmNT m~ PISf'
10197 • DH.EADING mo Bll
0111S om A Gill EQU Sl9 OD-E~ABLE RXlTX
GD899 • OH ST Sol ON iS232
DOlll • 02-XilFf JUST sm
nUCi • DHUN JUST SENT
D01l2 • H-MSB FCR 4 >JiS
00113 I OS-Si.: OFF iS232 Bll
Dom n01A UXltll EQ'J SlA nODE or RECEIVE
OUlOS cm ARS'ni EilU $lE IS232 BUS; p,(),F
lom DOIF AiSLI £QU $IF
00117 con A BllEG EQU SIB
00 liS om Acm EQJ UC
oom mE AR&I EQU lYE RS232 ADD pomER
10111 OOlF A .51. EQU 19F
IG111 1041 A DREG EilU S40
00112 0041 Am. EQU S41
6;]13 0042 PLiIG EQU $.42
10114 0043 Aens EilU S43 COUNTER fOR ,S232
CUtS 0144 A ACTI:S EQU 144 SEt CTR nJi IHIIi O'F
oom 1045 Aonm EQU $4S CTa FOi S~I;CH OFF
Gm7 1046 A KDO Eil'J S46 DATE ,OR /tAX DEMAND
10118 0047 Al1li0 EQJ 147 1l0NTH FOR /tAX DEltA~ll

01119 m8 HJii EQU H8 HOUiS FOR lAX D-:MNO
01121 0049 A IIIIlli E:ltJ S49 KIN FOR HAX DEltA~ll

01121 1093 AKilO EQ'J S93 iilSP MIlE iEGjj-SET
00122 • OH-llDDE
01123 1194 AO:.R EQU 194 liSP ADDiESS HG
01124 0031 A PEIl EQU m STAiT OF HEll REAlIMICH
Gli2S D095 ADElli' EQU S~ DElt~D PERIOll
00116 0096 AM2 EQU m xm FOR VD2
11127 ID97 AY.ADN EQU 197 ADDRESS LOCI FOR
D012S 101S A IIAOL EilU S98 Y.EJlOliY
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MbE 003 M .SA:I lOAll RECDIIDtR

10129 1199 AII1II0 EQiJ s99 MEIIORY F~ /lODE
DOlll 0011 A PORTA EQU SUI
11131 GUll Amu EQU SOl
00132 om AOM EQU S04 DATA DiRECTiON REG
OOlJJ D115 ADDB EQU SI5
00134 om A TCR EIlU m TIllER comill REG
08135 ms ATLIl EQU sos TIllER DATA kEG
10116 0111 A»INS EQU saD DISPLAY INSTWCTIOM
10137 11S0 ADDAT E~U mo »ISI'LAY DATA
DOllll OOSI A SEC EIlU SSI SECOHDs-m
DIm IISI ASEtA EQ'J SSI SECO''DS-AlARM
00141 0082 AftIN EIlU SS2 fti!lUTES
10141 1183 AMINA EQU S63 m\JITS AlJ,R~

lom 1084 A lliS EQU SB4 HOURS
11143 00S5 A IIiSA E:lU S55 H()UiS ALARM
00144 1086 A DOW EQU s&O DAY Of wm
ID145 tOS7 ADATE EQU 1lI7 DATE OF iIONTH
00146 lOSS A lION EQU SSS MGIIT~

10147 00S9 A YEAR EQU S89 YEAR
11148 oGM A Am EQU sBA ACONTROL ,EG-RTC
00149 OOSB A B~TC EQU IlIB S com:lL iEG-lITC
00151 n~8C A CRTC EQU sst C camol m-m
00151 OCBil Aom EQU SBD DCONTR~c REG-lI TC
101S< OOAI A D,W E.J SAl 1.11 DiS? mliINb
00153 mo Aom EQU sFa IVA 0IS? REAPlt.G
10154 IABI A i'lDDVl EQU $!Aao MODE I DISPLAY FORKAT
10155 • VARIABlESG7-1 U?il PIE
101:1. • 11-3F BLOC:~

D0157 mo AHOtn EQU slm M~E 2 ilS? FG<MAT
00158 1781 A r.DDV3 EQU Sl7S0 HODE 3 DISP FOR KAT
10159 mo AMODi4 EQU smo MODE 4i5 j6 DIS? FORHAT
00160 IAlI A FAV EGU SlAOO FIRST AVAILABLE VARIABl
10161 mo AKB1AB EQU SlBOO mBOAR~ CODES
11162 1821 A U4S6 EQU $1820 HD4j5j6 i~1 TAB
00163 1840 AJM( E~J $1841 IEOOA<D Ji',P TAB
00164 lCCi A!'.DOFl EQU $!CU OISP FORMT MODI
01165 1021 A MODF2 EQU SlC20 DiSP FORr\~T ilGD2
00106 mD A I\QDF4 EQU $!CSI DIS? rOR"'~T l'\GL4
!GI67 leAI A MODF3 EQU IlCAI nISP FORr~T KDD3
em8 IDU A IiDDF5 E,'J lIDOI DiSP FOR~T HOD5
CIl69 ID20 A ~D~Fb EQU SlD20 DIS? FORMAT iiDD6
&Om 10AO A MODF7 EQU mAl DISi' FORM?! Kor'7
11171 IDEO A "DotA EQU \lD80 DISP FORMAT MODA
00172 mo A NI'.DO EQU $lED I OISP FORilAT FOR NMES
&1173 tA4Q Am EQU SlA48 T~r TAKE
.0174 1910 A JAT EQU S198i MO'JE TO TO? lot I~P TAB'
01175 1940 Am EQJ SI940 MO\£ TO pmWliS TAB
10176 1980 Am EQU $1960 NEXT LOC lM? TAB
01177 IESI AS!lJT EQU S188D CHANG< m TAB
;0 i 7B I BE! A EBM EQ"J SiBEI ENArcE SET H01E TAB
00179 iBAI Am~ EQU mAl fr,p ns TAl FOR ,5232
mao 1740 Am'VT EQU $l741 lOOX UP TAB FOR EN]
IOIBI • APORESS FOR ,S232 WFF

10-4



PAGE 104 ~A .SA:I LOAD RECDl:DE.

IIIS3
olm fHIUIHanHI'

8IlS5 • IIAIH PROGiAII •
0DI86 HllfHIfIH*HII

11I87
101B8A 0418 DIIC $401
1618'1
00191 • INiTIAUZATlOH
11191
101m 0410 98 MAN SE!
1Gl93A 1401 ge RSP RESET STACK POINTER
GOll4A 0412 "!f 00 A tU PORTA O,SUliE IlAIH I1DIORY IiAP
11195A 1414 ~6 20 A LDA ml SOITCH KEYIIO~RD

00l96A 0406 F7 01 A STA PORTS OFF
00197A 1408 ~6 19 A LDA UCIIllGll DljD3jD4-0/PS
1019SA 041A F7 04 A STA DIIA
11199A 141e A6 AI A LDA ImmllO D7)D5-D/PS
C1211A 041E F7 85 A STA DDS
00211A 1411 AE iF A LDX tl7F CLEAR 011 CHIP
002124 0412 7F ~.ANl CLR ,X ~OORY

01213A Im SA DEX
102l-lA C414 IJ 10 A CPX UlO
I021~A 1416 24 FA 1412 BIlS IlANl
802104 0418 AE BF A LUX UBF CLEAR ne
102l7A 041A iF MAN2 CLR . ,x RAM
00213A 041B SA DEI
10219A 141e A3 SE A Il'X USE
00211A GAlE 24 FA 141A BiiS i'lAN2
11211A 0421 AE IF A LH tlOF LOAD Rill WIrri Rr~

OD21ZA 0422 D6 ODAJ A IiAN14 LDA r,ElIS,X ROUTINES
10213A G425 E7 30 A ,TA IIEH,X
10214A 0427 5A DEI
U215A 1428 A3 FF A CPX tiFF
102104 042A 26 F6 1422 .NE HANl4
mm mc M SF A LDA U8F ClR NECESSARY REG
102lSA Gm: F7 98 A STA MALL IN ex RAH
10219A 1430 3F 97 A CLI !lAD.
002l0A 0432 AE 97 A MAh'8 LDX 4iWlH ADD OF HIGH ktD
11221A 0434 JP 14 • CLR XliEb STORE"
mm 0436 1.0 '0 A UiA WO DATA-OD
O&223A ~43S ~D DC 0446 BSi f":AH1S r.RS
10224A 043A 3A 98 A Dr- MOL••
"'<SA 043C D6 98 A UA IlADL
10226A 043< Al 80 A Crii' UBO
10227A 0441 24 ro 1432 BHS !'.AN8
i022BA 0442 3C 42 A INC FLOG
o0229A 0444 20 05 OHS BlA hIlNi6
OOmA D446 cc om A hAN15 Ji'~ iiRa
10231A 1449 3e 42 A INC PLOG
00232 f

1C233 f INITIALIZE nc
10234 f mIODIC II\T-125"S
O~235 f ALARlI lh'T-EilEiY HIN
10236 f U?DATE IH P.a:;'ESS-ENA~E

GOZ37 f

I0230A 044. Ab 79 A iiAHlb LDA 4%11111101 10iiSjDISABLE ClOCK
11239A 144D 87 8A A sn ARTC
10240A 044F A6 F2 A UlA 4%11111010 24H hODE
0124:A 1451 .7 88 A STA Bm ALl !ITS Elll.BLED
10242A 0453 Ab FF A LOA UFF ALAR~ iNT-
OD243A 8455 F7 85 A STA HRSA EVERT UN
o0244A 0457 F7 83 A STA mA
11245A 0459 3F SI A CLR SECA
1024bA 0458 Ab B7 A LDA U87
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PAG[ 105 MA .SA:I LOO RECOlIDEa

ID247A 145D ~7 ~ A STA YEAR
DD2~ 045F M 01 A lDA UII
11249A 1461 ~7 Ba A ITA "OH
0025IA 0463 F7 87 A STA DATE
DG251A 1465 Ab n A UA "23
D0252A D4l>7 F7 84 A STA HiS
DD253A 1469 3F B2 A ClR "IN
DD254A 04bB 3F 80 A lU SEC
1025".J\ 1460 M 72 A LDA UllII01I8 NOlI SET ~DE

8oZC.obA 04.\F F7 aB A STA ~RTC

Gl257A 1471 Ab 29 A LDA nlo 11 lID I EIlABLE ClOCK
D0258A 0473 F7 BA A STA ARTC
DC2S9A 1475 M Dl A LDA HOI ENI.BLE KODE I
002!lA 0477 I7 93 A STA IIRD
002blA 1479 ~7 99 A STA ItlII<I MOODY FOR ~DE

00262
10263 • I~ITIAlIZE DISPLAY
11264
0026511 DO A6 04 A LOA Ul4 DElAY FOR
11266A Im 9A • ClI sms FOi oISP
10267A 04,"[ M,'3 STOi' TO SEmE DO'N
8126SA 147F 15 11 FC 047E ~Cli 2,FITC,MMfJ
Im9A D4S2 15 10 A ro 2,FRTC
1I27IA 0484 41 DECA
D02i'lA 0485 26 F7 C47E 'NE MOO
112'-cA 1487 Cb 0101 A LOA DINS CHECK IF PIS?
I0273A 04l!A F7 94 A S,A DAR IS >lISY
81274A 14SC A6 01 A LDA liIl
I0275A 04SE lE 94 Ell 147E a,SET 7,DIli,liA~l

11276A 1491 A6 11 A lOA UlI CLEAiS All PlSP
ID277A 0493 C7 ilIl A STA DIk'S
00278A 1496 Ab 4D A MAN4 LDA .III011101 INTERlAL CK;32MICS PR
10279A 049B .7 09 A STA iCR INT I\!lSKED
'02BOA 149A Ab 34 A lDA *52 521321\1C5=1,7t\S
ID2SlA 049C B7 cs A STA TJ)R

'12B2A 149E lE 11 A ~SET 7,FDIS FLAG FM OI!iP m FR OIl
comA OlAI Ab OD A LDA .I1100ll11 WAIT STATE
112S4A 040\2 .7 09 A STA TClI
102B5A 041<4 9A Cl!
C828bA ;4:'5 .m liAlT FOi INT
D02B7A 04.\6 Cb om A LOA DI~S DISPLAY BUSY?
002as~ 14A9 B7 94 A STA DM
002B9A 04.\B OE 9A Ea 1496 ~iSET 7,~A;JKA'i4

CC2HA :4AE 9) SEl
I0291A tlAF A6 09 A LDA III010I000 DISP DFF,CURSEi OFF
10292A IABl C7 1111 A STA DINS
102i3A 04]4 14 11 A BSET 2,FDIS DIS!' OFF FLAG
10294~ 14~6 Ab 14 AMAN5 LlIA m SET TIMER FOR 40MICS DE
0029SA 04.8 .7 08 A STA TDR
00296A OASA A6 19 A UA mmlO31
10297A 04Ft F7 09 A STA ICR
10mA om 91 Cll
1D299A C4~ om
mm t4CI C6 111I A LOA nws
00311A 0403 B7 94 A 8TA DAR
Ol312A OAC5 lE 94 EE 14B6 BRSET 7,DAR,MAN5
C0313A oa 9B sa
11314A 14C9 A6 3B A LDA III1111111 2-l1WES
003154 04CB C7 1111 A STA DINS
11306A 14CE Ab 14 A1lAl\6 LOA m 41"ICS DaAY
003l7A 0410 .7 OB A STA TDR
0131SA 14t2 A6 19 A LDA m BIIlDO I
00319A 0414 F7 19 A STA TCR
11311~ 14D6 91 Cll
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1131lA 14D7 ~AJT

ID 312A 04llS Ch I III A LOA DINS
11313A mB B794 A STA OAR
11314A 04llD lE 94 EE 14CE BlSET 7, DIoR ,tlAl/6
IImA 14E1 IF 11 A BClR 7,FDIS
10316A 04[2 91 SE!
01317A om At. 79 A LOA mlllllll SHP nc
1!318A 04[5 iI 8A A STA AlTC
11319A 14E7 BIo BC A LOA cm ClR IHTS
ID32GA 04[9 ~ ID A ClR mc ClR All ITC FlAGS
Dl32IA HE] At. 29 A LOA i%11111111 STAIT RTC
1D322A DIED iI 8A A STA ARTC
11323A HEF At. 48 A LOA il4S TIllER ItiT OFF
10314A O~I ilI8 A STA IPR
11325A 04F3 HAlO STDF MIH STOP INSTRilCfI GN
10326A 04f4 AD 17 i5aD HAN26 BSR HIiIi22 UPDATE COUNTERS FOR
11327 • liP METEiS
1031SA C\F6 AD 18 1511 BSi roAN23 SiORE STACl
I1329A D4FB ~D 19 1513 BSi MAN24 - RESET
10330A C~A AD lA 1516 BSI MAN1. Oti/Off SL~Otlm'E

OI33!A 14FC 14 I1 04 15i3 f~K9 lII:SET 2,FliIS,KANI3 DO NOT t1'DATE 'IS<'
00332A on !E 93 A LDX ti'D IF OfF
11331A 1511 AD 19 051C BSi MN!2 BR Tll JIIP TO JIIP TAB
10334A 0513 Ab FF AHAN13 LOA UfF KEY PRESSED!
&D335A eS&5 P,t 91 A ClIP KKV
1033bA 0517 27 20 1529 BEQ HAlilS ~BORT IF NO rEV PRESSED
II337A 1519 ~D lE 0519 BSI HANIl
1031SA 0511 21 IS 0525 FRA HANI7
1I:r.l9A 850D cc 154F AHAN12 JIIP CONT
113m 0518 cc 161f A 1'.AN23 JMl' SSS STORE STACK
10341A 1513 cc 15C9 AYJ,1Q4 IHP WES mET IMINE
10~2A 0516 cc 0726 AHANII 1IIP ONOF
00343A 1519 cc 176E A KAJiII ltiP J1(T
DO~4A 05!C cc 075E A HANI2 JHP lIT
D0345A 151F cc 1786 A H!il21 11'i? rBUS
10;l4bA 6522 cc OBB< A MN25 JI'.? Im 05232 RCLrrm
08347A 1525 A6 FF A~H17 LDA ~H' RESET KIV
IO~SA 1527 B7 91 A STA KKV
Ol349A 1529 12 II 02 151£ HANIS BRSET IlORiA,1IIJ,'27
IC35IA 052C 11 12 A BCl.R C,FLGH mm KB flAG
11351A 151£ 11 19 16 1537 ~Nl7 BRClR O,bNfi,1\i,I19 iX TX <HAKE
10352A 0531 AD EF 0522 BSR HAN25 RS232 p.Olm~E

013S"JA 0533 iJAlT
oem 0534 cc 04F4 A J~.? ~h<6

mZA !537 cc 04F3 AKAN19 ]!'i ~.AN7
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PAGE 107 ftA .SA:I lOO RECORDER

28ms

zems

tARRY l H.tARRY=1
DM

A
lS"ot

ICOta
A ICD~'3

mllllllHHtHUIUUUlltlllU

• IIlC CIlJNTEi + DEt ADJUST •
• X-ADDRESS OF lSB-S •
• H3. OF mES •
HfIiHllfHfHlfllllHHIIHltl1

A ICON STA Am SAVE ACCA
A lCOt<I I~'C S,X
A lOA S,X
A ADD UII

IS4C BSi ICOiI'3
1St! BeC ICON2

lEX
DEC AAEC
!lIiE lCONI
iTS
J~.P OM

103~

D8358
1D~9

10361
113111
GOJ1>2
1136JA D53A B7 13
e03C4A 053C I>C 15
CI3Il5A C53E E6 15
113I>OA 0540 All 11
11367A 1542 AD C9
CD368A 0544 24 OS
00369A 0546 5A
m7IA 0547 3A 13
milA 15-19 26 fI
e0372A 054B 91
tl37JA 154C et OA6F
10374
D63'J5 HUHHfHIHHHflU4H

11376 • COiJHT SUBROi.ITIliE •
lam HJUfHlHIHUUllInn

tl37llA 15.;F OB 27 76 05Cll COiIT BRCtR S,C,I1i,COK6 COIIT DISAl:lED
IcmA 0552 17 IS 2A 15if BRCLi 3,FRED,COt,3 TUGER BIT
m8M OSS5 AE lC A LJ)X IPDW-S
IC3SlA O~ A6 02 A lDA UC2
mw 0559 A.D OF CS3A tsR ICOI
D038:lA 055B AE 21 A LDX ITDW-S
CI381A DSSD A6 03 A UA tii3
e03SSA OSS; A.D D9 DS3A FSR ICON
11386A 0561 11 IS A Bsn O,F£[J) Ii'DATE HSP
I03E7A 0563 14 IS A >SET 2,<RED UPDATE DISI'
103e~A 0565 B6 20 A LDA fDW-1
OC3B9A 0567 BI 22 A CMP MDW-I
OC391A 1569 22 IS 0573 BHI CONI
DD 391 A 056B 26 10 157D BNE CON2
tl39"...A ISSD B6 21 A LOA PDW
00313A 0S6F Bl 23 A C1'~ MDiI
11391A om 23 CA 1570 BLB CON2
eC3YSA CS73 B6 21 A CONI LOA POW
C1396A OS7S B7 23 A STA KDW
C0397A 0577 B6 20 A lDA PDW-l
10399A 1579 87 22 A STA fJil-1
00319A om 12 IS A BBET I,FRED UPDATE DISI'
iC4CCA 057D 17 IS A CON< BClR 3,rRED
OOlliA OS7F C9 15 46 lseS CO~'3 BRClR 4,FRED,CON6 TilGER BIT
01411A CS82 AE 24 A lOX *PD~A-5

00413A 0584 A6 C2 A lDA t112
IC4C4A 1586 AD 82 CS3A iSR ICON
OC4ISA ossa AE 29 A lU mllA-S
OI~06A OSSA A6 03 A LOA *$13
10417~ O~ AD AC 1S3A BOR ICON
II~C6A CSSE ii IS A BBET O,Fm Il'DATE IISP
IC4I9A 0591 14 15 A BSET 2,nED UPDATE DISI'
Ol4ilA 1592 B6 2a A LOA P~iA-1

10411A ,,594 Bl 2A A CliP KDVA-I
I0411A 1596 22 la ISAI BHI CON4
comA 0598 26 2C 15Cb Bh'E CONS
C1414A OS9A B6 29 A UA PDVA
00415.\ f,S9C 81 2B A ClIP ~DvA

OHI6A IS9E 23 26 15C6 RS CONS
11417A r.~1 li6 29 ACO... lOA HilA
IcmA ISA2 87 2B A SlA /'JIVA
IC419A OSl.4 B6 2a A lLA PDVA-I
814aA ISAB i-7 2A A STA !QVA-I
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,Aa: oe8 MA ,SA:I LOAD 'EEDIDE'

DEC t,DJUST

7,AHC,CON7
HiS
IIHil
7,mC,CON8
I.!N
KMlM
7,AHC,CON9
DATE
I.DD
7,ARTC,CONA
I.ON
M/tO
I, mD !fDATE DISP
4,F'ED

Hfl-lUlnlfllllfHI-fUIUffl

• DECIIlAL ADDJUST ACCA •
ltffllflftflffffffllflfffllfl

ADAAC STA ARE; SAVE ACCA
A AA'D ISIF 1IL'Sl OFF m
A ClIP uti

161C BNE DAACZ
A LOA !.lEG
A ADD Itl6

11421A 1~8 lE BA FD 1~8 CON7 ilRSET
1042<A OSAB B6 84 A LDA
0I423A O~D 1:7 48 A STA
1042~ I:;AI' OE 8A ID 15AF COh'B !!RSET
0I42"..A m2 B6 B2 A LDA
1042.A 0:;F4 i7 49 A sa
U427A 05i. lE BA FD 15i. CON9 ••SET
0042BA 0519 B6 S7 A LDA
11429A 05BB B7 46 A STA
C043CA 05l!D lE 8A ID 15iD CONA B,SET
0143iA 05C0 U 88 A LlA
10432A 05C2 B7 47 A STA
IU4J3A 05C4 12 15 A BSET
C0434A OSCIJ 1915 ACOh'5 BCU
GG435A C5CS 81 CONI RTS
00436
OClt37 HlIHHUHUHfHflt

oms • RESET ,auntiE •
00439 HHIHllHllaUUlff

U440A 151:9 OB 27 25 15F1 SP,ES BRCU s,C,m,SPRESS COUh'T ENAl<lE BIT
00441A OSCC lA ;5 17 U51l6 BRSET S,FRED,SPRESJ iESET-TRiG
Gl442A CSCF 17 IG IF 85F1 B'ClR 3,mC,SPRESS II.IN m BIT
00443A 0502 1313 A BClR l,mc 'ESET UT CTR
10444A ISD4 17 11 A BCU Jl,Tc HUN ill UT
10445A 1506 lC 15 A SPRES3 BSET ',FiED ElOIUILE STACK RDUTIk!
00446A 1588 AD 18 15F2 BSi SPRES6 SSS STORE STACK
00447A OSllA IB 15 A BCLi S,FRED mET ROL'TINE
tc44.A me SF 21 A ClR PIOI eLl PULSE COMEiS
1044?A 050E SF 20 A ClR PD~-I

00450A O~oEO SF 29 A CLi ,DVA
00451A 05EZ 3F 2a A m PD\'A-l
10452A 05E4 11 15 A BSET 8,Fim Il'DATE DISP
C0453A 05<6 3F 91 A ClR ACTR
11454A 15EB OE BA FD ISEa SPiES4 BRSt-r 7,l<TC,SP1ES4
00455A OSEll Ft. BD A LDA SEC
00456A OSED B7 44 A srA ACTiS
OO~57A 05EF ~ 01 ISFB BS. IDEI'J' INCmoEh'T OEJ\AND PER
1145EA l5fl Sl spms m
D0459A 0~2 cc 161F A S.'RES6 r~oP SSS
lemA 15F5 cc IbA? ASPiES7 ll\P AtPS
00401
1041-..2 HllllllfHl*HUHUlfHHfIlHlIH

10463 • SUEiO'Jlll£ I~CiEllEh'T DEIlAKD •
00464 • NU~Ei A-cmUPlED •
10465 ffffilffllfHlffllfflJfllfflflfl*f*1

10461>A 0:;8 OD 27 14 OTt lDEl'oP FRClR 6,Cm,IDElIl'I DAYIlCH!.h'bE BIT
004b7A 1Sf] ID 27 A BeLR 6,C~RR DAlBCHAlCE BIT
10 40!!A O~ 3f 95 A CU DEH.'
Cl46?A 15FF 3C 95 A !DEl.PI INC PEn?
i04ilA om Ft. 95 A LDA DEl\P
11471 A 1003 AD 05 16CA BOa'))AII:
10472A 0615 i7 95 A STA DEIIl'
I14i3A 1617 11 11 A IDEiiP2 BSET I,mc UPDATE DISI' MDI
00474A 0619 81 Rn
10475
00476
01477
ID4711
11479A 161A B7 13
104SeA CIIC A4 OF
11481A 06.E AI lA
0048<A cm 26 OA
10463A C612 B6 13
10484A 0614 AB 06
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PAG< 109 MA .S~:I LO'" RECoo OER

INC ADD AND STORE

LSB=Ol

LSB=ll

EKABLEBIT

KSB
INO ADD AND STOilE
LSS
INC ADD AND STD,E
"SB=01

LSB=ll

lSB=ll

I.t ADD AND STORE
MSB=ll

AREG

U99
DAACl

Cif
BLS
CLRA
ITS
LDA
11S

DAACI
A DAAC2

1148'-A 1616 ~I 99 A
lD4abA 0618 2J 81 IIIB
ID4SiA IlIA (f

104SEA OIIB SI
Dl4S'1A lilt U 13
10491A O!lE SI
10491
80492 mIHII4H1IHIIHUnnHIIII

1149J • SUllIOUTIJE STOiE STAlX •
10494 • OF PIoTA IN ~EIiORY •
GI495 IHIIHHIHIfHlffliUHHflU

0G496A OllF ID 15 lE 1691 SSS SRtU 6,FiED,55IJ STORE EK~BLE BIT
0149iA IbZZ lE 15 4t 8671 BRSET 7,f1(EJ),SSll SEtollll HALF
104984 Ot...':i U 27 A LIIA tAU DAY NO.
il499A G6Z7 AA IF A ANII UIF
10511A 0629 3D 21 A TST PDIH ~SB=ll

11511A 1128 27 14 1631 BEQ 551
ID512lt 002D AB Cl A ADO HCI
1151JA 16ZF 21 81 1631 BRA SSZ
11514A 0631 3D 21 A 551 TST POW
OI5i5A om 27 12 1131 BEQ 552
I05llA 06.>"'5 AB 40 4 ADO U41 ENABLE BIT
Ol517A 1637 3D 28 A552 TST PD'JA-I MSB=ll
1151DA 0639 27 04 163F BEQ SSJ
11589A 1638 AS 3D A ADD I$JI
105liA om 21 06 1645 BRA SS4
11511~ I03F 30 29 ASSJ TST PDVA
D05lZA CMI 27 02 164S BEQ SS4
1151JA 114J ~S 11 ~ ADO 1$11
DoS14A OMS ~ 90 ASS4 LDX ISAH
IISI5A 1147 AD 48 1691 BSI SS14
10S11A OM9 ;'1) 20 A TST PDW-l
m17A 114S 21 1I DISJ ~E SS5
ID51SA D!4D 3D 21 A iST PDII
11519A Ib4F 21 II 1157 SNE SSI
ID52IA 0651 LI 18 I&.'II BRA SS7
00S21A C653 BI 21 ~ SS5 LIIA P~-1

IOW 0655 AD JA 0691 BSI SSI4
IIS23A 1657 t~ 21 ASS6 LOA POW
00524A 0659 AD 36 1691 BSR SS14
mzr-A cm 30 28 ASS7 TST PDVA-I
IOS2!A 065D 26 16 0165 'NE SS9
m2iA ~65F 30 29 A iST f'DVA
1U528A Gb61 26 Oh 1669 BI'E SS9
mm CI6J 28 oa ~6!D BRA 5511
OOS3lA 06<>5 BI 2a ASSS LIIA PDVA-I
0~SJ1A 06h7 AD 2a CI91 Bsa SS14
105J2A CU9 U 29 A SS9 LIIA PD'JA
liS33A 06bS AD 24 1611 BSI 5514 INC ~DD AN' SlORE
105J4A OUD ~6 95 Asm LOA DEl'.r DEAAND PERID'
Oi5J5A 06IF AD 21 1691 Bsa 5014 INC ADO AND STO.E
i05"".l!A cm IF SA 14 1678 SSlI BRW 7,A'TO,SSI2 W UT
1~53iA cm lE 15 A BSET 7,FRED HAlf BIT
OISJSA Obil ZI 18 8691 BlA SSI3 m
IISJ9A 1678 At 9C ASSl2 LDX ISAH
il54iA .liA lE SA iD 117A SSl5 ..SET 7,AHC,SS15 RTC BllSY
11541A ~m f~ 84 A UA fIRS HOURS
10~2A 017F A) 11 0691 BSI sm IKC ADO m STIlIiE
IC5~3A ObSI lE BA FD IbSI SS16. BRSET 7,ARTC,SS11 RTC BUSY
~OS4~A 0684 86 82 A LIIA "IN muTES
1OS45A 06£6 AD 19 1691 BSI SSH INC ADD AND STORE
00 S4!A ClB8 Ab FF A LIIA I$FF EKO CHR
10S47A t68A AD 15 1191 BSI SS14 fOI STACK
o054SA OISC 1,15 A BCli 7,fR~
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PAGE III MA .SA:I LOAD RECORDER

RTS
A IACC2 IlIP IADD

HllfHU-IH*HflllllflIlIIfIHH

I Sl;lItOOTIIIE R[AD FRCr. hEll I

I X-lot) IF HICH ADD IN ItEII I

I AREGiXVD2iXllEG-CiIllRUPlED I

I RE11IIHS WITH I

HHHHHHIHIHlllffHIHlffHl

I SlJ'ii'CUIINE liI.KE ADD PQINT I

I TO PlEVIOUS FF I

I X- ADD OF HIGH ADD I

mlUHflHlHfHfHIfHHflltHI

em APPS ~Si nAnD »EC ADDRESS
16>3 BCS APPSI RTS
C6DC >SI RKhR

A 0'1 tSFF
C6Al BIlE IlPS

A'PSI iTS

DEC UNTIL $rF+RET

KS8 OF ADD
CHECK IF m IS=
P,ESENT STORE ADI
LS~ OF ADD

APPS
IADD
RIlIIR

A BW 6,FlD
SSI3 RTS

A SS14 IlIP IACO

A
A
A

mc IACllI

A
A
A

cm APNS2
A

cm

A
C6D2

A
A

C6D2
06D3

APHSI
A APHS3 ,rIP
AAFHS4 IlIP
A APHS5 JI1I'

lHflHlllHHHHlfftflHHHHH

I SL'BROUTINE I'J"E ADD ?Om I

I iD IlEXTFF I

I X-ADD If m:; ADI I

111*llJIIl+flttf*lfllllfllllf*fflf

16D6 APNS BSR A1'NS4 APltS4 ne ADD
D6BF sec APNS2

ClR ,X
LOA t STlIEIi
SUB tIl 0
STA l,X
BSi AFNS5 RhhR
CrI UFF
BIlE Al'NS
LDA ,X
CliP SAll
Bla A(NS1
UA I,X
er; S:'L
Bl'i IlNSI
BRA APNS3 APPS
RTS

HlllHlHlfHtIHllIHIHIfHlf1

• INC AID, CI£CK OVER flOW I

I AND STORE IN IlE:IOlIY I

I X-AlID OF HICH ADI I

fllllfll*ifllflfllflllllllJlllfll

16Ab lAC[) ~ JAC02 Im DIe ADllIESS
16/J BCC . IActll IF IIElt NOT Fill

A BSET 7,FlGN tlEii Flll BIT
A STA Am

ClR ,x
UA HAI
STA I,X
UA AREG
.-sa IiiiMR

ID549A 16BE ID 15
10551A 0690 SI
11551A 1691 CC 1694
1055Z
10553
01554
10555
10556
80557
II~~A 1694 AD 11
81559A 0696 24 DB
00561A 1698 lE 12
mm 069A n 13
10562A OOVC 7F
DI563A 069D Ab AO
ID564A C69F El 11
i0565A ObAI 86 13
OD56bA 86/J AD 47
mm 06A5 SI
DD5tAlA 16Ab CC 16f8
10569
00571
19571
00572
OD573
00514
ID57'.A IOA9 AD 5F
OOS76A ObAB 25 06
mm 16AD AD 2D
0157SA 01loF Al fF
11579A 0681 26 F6
10SSOA 06F3 SI
10581
00582
08583
D05£4
U5S5
805U
IC587A 1684 AD 2D
005SSA 0b86 24 87
C05S94 C6BS 7F
8059;A 06B9 At, R3
00S91A 06BB AO 11
0859".:A OHD E7 11
DOS93A 06BF AD 18
ID594A Gill AI FF
IG59'..A Dbe3 26 EF
; 059bA 06CS F6
11597A 16Cb f.1 9C
10S9BA C6C8 26 IS
I05~A 16CA E6 81
ti06l8A ooce f.1 9D
OD611A 16CE 26 12
10612A OILI 21 D1
11613A om SI
10614A 06»3 cc 86A9
1D6iSA 16DO cc 16f8
006lbA 0609 CC i6l1t
006G7
10618
mu
10611
mll
OD612
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PACE III hA .SA:l LOO iEClJOllER

11613
10614
ml~ mc !If 96
1C61&A 061£ r£ OS
01617A C6EI !If 14
006lSA 06[2 BE 96
OC619A 06E4 AD 13
10b21A CIl6 BE 96
ID621A DOES SI
80622A Oil9 CC ODU
01623
80624
01625
10626
10627
80623
I0629A 86EC !If 96
0063tA OOEE :iF 14
00631A 06f1 AD 03
00632A 01f2 BE 96
10633A 06f4 SI
80634A 01f5 CC 8DEl
81635
00636
11637
e0633
11639
80WA WS 98
00641A 06F9 F7 13
leM2A OIfB 1£ 01
80643A OOr] 26 18
mm C6Ff 7t
8I645A 0708 FI
00646A om AI 20
e064iA 1703 98
I064BA 0714 26 11
00649A 0706 99
OC65:A om B6 13
OC651A cm SI
10052
00653
11654
10655
U656
ID057A 07lA 98
1065eA 0708 S7 13
10659A 0710 i1
CI661A 078E 26 lA
10b61A 0710 EO 01
ID662A 0712 AI PoD
80WA 0714 98
81664A 0715 26 13
00665A 0717 99
I0666A 1718 21 89
1066iA 07lA 6A 11
DC66BA I71C Ab Ff
IC669A 07lE El Dl
miCA 0721 26 11
00671A om 7A
OC672A 0723 B6 13
DD673A 0125 81
10674
GOl75
1Ob76

• A-nAUjX-l.In IF HIGH AIID •
HlIlIlIlHfllHflfflllfHlfflHI

A illl\R STX XV»2
A LDX 1$18 Rill KODE
A sn xm
A LDX XVD2

IbE9 851 RMi! hiS
A LDX XVD2

ITS
Airt.RI]llI' KRS MEK IEAlIIllRITE

Ifflllf4*lffllfllftl........ffflll

• SUlliOUTlNE III m INTO KEK •
• X-ADD IF HIGH ADD IN KEK •
• A-nATA •
Ifflllffflfflffftllfflffl....lfilf

AWoi STX XVD2 SAVE X
A cu xm .~m KnDE

06f5 BSi Wli!IRI hRS
A LDX XIID2 RETRIEVE X

us
Awm I JIiP MlS KE" iEAllllii ITE

liflftllllflllffflflllllllflfllfll

• S'J]ROU1INE IIIC 1lIIl tIOlOC •

• X-IJD OF HIGH ADD •
UIIHfffHflHfflHfHHIHHHl1

IADD ClC ClW CAiH
A STA AREG
A INC I,X

0707 SRE I~Dl

IliC ,x
LDA ,x

A ClIP nzl SETS CARIY
ClC ~SURE ClI

0707 PoNE IAJ/DJ
SEC

A Iml LOA AiEG
iTS

HII·lIH***lfHfflllflUfflll**flf

• Sl!i<OU1IliE DEC T:IO MEh LOC •

• X-j\}D OF HlbM m •
ffll,*,*lffflll~tfftlllllllfflll*1

DADD ClC
A STA AREG

TST ,x
071A Po!!E DADDI

A LDA I,X
A CIii' tST!IEll SETS CARRY

IlC ENSURE CLR
171A EKE DADDI

SEt
0723 PoiA D~DD2

A DADLI DEC I,X
A LOA Uff
A CttI' I,X

0721 BHE DADD2
nEt ,x

ADAlD2 LOA AREG
iTS

IHflHJ.llHnllHfflUIUIJHHI

• SUl<i0lJ11tiE ONlOFT SWITCH .-
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PAl:[ 112 MA .SA:I LOAD RECORDER

II'JSX OFF SET BIT

JI'i' TO MP JIIi' I~S

l~ J1Ii' TAB

*,
.XREC=*3

KHIM
ISTSTlKEliSWITCil ON
IiDIORY OF MODE
lIOlE m
SIil1CH OfF en

10 lli' TAB

.3

XREe

U7F
xm

AREe
JIIJ(,X

AREe
JI'i1,X

:KT2
"09
xm

ADD

mUHll-HIUlllfflflUfllUHllllfll

• SllSiOOTINE CHECK IF DISP BUSY •

Itflffll....llIlffflllllfllllllllfl

• SUSloumE Jif 10 TriP TAB •
• FOR SPECIFIC lIODE FOR DlSP •
• X-ttO~E I
fHlfHI*HIJ·HIIIIIHIIHlflfllfll

Am aTA AREG SAVE I.<EG
TXA
A~D

STA
UiA

A

A
A

A
A

•

A

IlIllfflllfllllllf,lllIllflflflflf

• SUBiOUIlNE J!l' 10 J~J' m •
• FOR SPECIFIC KET mSSED •
• KKll-tEY 'JAl •
HlllfHlHlfHfUUlflIIllllflHI

Am STA AREG s;,v'E AiEG
A LOA KKV KEY VAL
A ClIP tsl9 KOS OR FlJHCTlONS

0779 BHI :KTI
CUlX
BRA
SliB
STA
LSlA
ADD XREG
TAX

AJHZ LllA
A mP

1731
A JUl
A

IOf.n IUllllfllflHI..flIIIHIIUflIU

1067BA 0726 0510 34 I75D ONOF ~CtI 2,mC,0HS/l iIT
IC679A 1729 14 ID lA 1736 iRSET 2,PORTA,Di;4 OtVlfF PRESSED
10bSIA mc 1212 2C 175B BRSET l,nGH,CJI;3 IDOUNCED m
116S1A 172F 1111 181nA .1SET l,mS,OIil DOOUHCE lIT
IU6Il<A 0732 11 11 A iSET I,ms
IC6SJA 1734 21 25 1751 ilA 01.'3
mS4A 0736 13 12 A0114 BCU I,FtGH DEBOUNCED FIT
UW.,A 1738 21 21 175B !iliA 011'3
10bSM 073A 11 11 A 0111 FCU I,ms DEBOUllCE UT
U6S7A IT.lC 14 11 IC I75B iRSET 2,POtTA,0Il3
106ESA 073F 12 12 A BSET I,FlbM DEIIIlUHCED BIT
mS9A 1741 14 11 CB 174F BRSET 2,FDIS,Ol<'2
DC691A 0744 14 11 A BSET 2,ms
106914 1746 lA 11 A BSET 5,POiTB lB-lIFF
10692A 0748 A60a A l.DA nUDUIDI SlilTCH uS!' OFF
11!93A 1744 C7 1111 A STA DINS
10694A om 21 IC 075B FRA Oh'3
1169'..A 174F IS 11 AOh'2 ~LR 2,rDIS
11696A 0751 IB 11 A BCU 5,PCRTB
IIb974 17~ 12 11 A BSH I,FDIS
1Gl984 0755 Bb 99 A LllA KKRD
1069'1A 1757 T;'7 93 A aTA KID
10mA 1759 3F 45 A CUI oom
I17I1A 175B 15 11 A01/3 iCtl 2,FlTC
1171ZA 0750 81 OM5 RTS
COil3
01714
U715
0171b
11717
11719
11719A 175< 011 13
II7HA onl 9F
IC711A 9761 ~4 7F
1D712A 01£3 F7 14
Cl713A D7b5 43
DD7W 07£6 BB 14
ml54 m8 97
1171bA 0769 86 13
1D7l7A 176S DC 11.41
iD7JS
:0719
10721
tl721
lom
nD723
1D7Z4
107254 InE T;'7 13
107264 GnO Bb 90
017274 1772 ~I 19
IlnsA 0774 22 03
IB729A I77b:i
ID73CA om 211a
m:m 1779 M 19
I1732A om F7 14
11733.\ I77D 4S
10734A OnE BB 14
IIT.l"..A ani 97
10mA om i6 13
II737A 1783 DC 1840
1073S
10739
11741
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PAGE 113 M .SA:I lOloD DECIIDER

CONVERT TO ASCII

SAVE 2 NOS
HASt OFF lS4B

GH 2 NOS AGAIN
ID FOR lSNliBLE
TO ASCII

GET Hili
ASCII TII BCD
COMBINE IISB l lSB

SAVE HSB

GET A CHI!
ASCII TII BCD

SAl{ ACC
ADD l l<USY flAG

xm
UFO

U31
STACH
XREG
iSOF
U30

1$80
DBUS
nNS
DBUS
DDAT

5,rDIS,STCDI SlIP rom

GACD
"OF
XlE.

ARE.
DINS
OAR
7,DAR,DBUI
ARE. RETRIEVE ACe

STA
LOA
5TA
BlSET
lOA
RTS

BSR GAtD
Ahll UIF
l.SLA
lSlA
lSLA
lSlA
STA m.
INX
BSi
AND
ORA
RTS
A-2 NUIlBEiS
X-ADO OF LSS IN DISP

STA
AAlI
lSiA
lSilA
LSRA
lSRA
ADD
BSI!
LDA
ANI
ADD
m
BRW

• AAlI mURN I/'o£M NOT ItISY •
1fIIIIffIIlI,llflllf'fllltlllllll.I.I.

fffflflflfff*llf••JI'ftffflf4flfl

• SUBROUTII£ GET 2 NUllIEiS •
• FRl»! DISI' •
• X-ADDRESS OF IISB •
m"UI'XHlIfHHfHHHHHflff

lilllfJllflllfflffl*fllftlll,*flffiflfl

• SUBiOu'TI~" STORE 2 I,'OS IN DISP •
• A- CO~'1AI~'S THE 2 NUMBERS •
• x- CONTAI~'S f,iE START OlSP AID •
fff*lllllfffl~f*I"'I"fflltfllflllllll

•
•

•
•

A

ASTC.
A

A

17A5
A
A

17A5 GTCD
A

A
1702

A
A
A

HfHHffHfUHflUIHHHUtUnUlI1

• Stj~OUTI~E GET ACHR FROM DJSI' •
• X-AID OF CHR •
ffffffl.'fflf.llfllf*lflfffi~lfflll*f

GACD TXA
A AlID

C786 BSR
A STA

17Sb BSR
A LOA

RTS
A-ASCll CHR
X-AID OF (.oR

eam
10742
1m3
m44A 07Bb F7 13 A D''US
1G7~ 1788 Cb OtDI AOWl
0074l>A 07BB B7 94 A
1G747A 1780 lE 94 F8 1788
1074SA 0790 B& 13
Gl749A 0792 81
10?i1
107,;1
11752
007.i3
10754
10755
117'..1>
II7.i7A G7V3 AD 10
117'.8A 0795 A4 IF
10?i?A om 48
ImlA 1798 4a
107iIA 0199 48
lO7eZA 179A 4a
m...l4 079B B7 14
107b4A 0790 5C
m,SA 019E '" IS
107b6A 07AI ~4 IF
107i7A 07A2 BA 14
meSA Im SI
017,9
00713
00771
ODJi2
11773
10774
01775
0077eA 07A5 9F
oomA 17M AB SO
10mA G7Ae '" DC
1077!A 07AA C7 liED
OD781A 07AD AD 07
00781A 17At Cb 1180
m..<A om el
10783
10704
ems
mSb
mS7
mea
10789
BonD
10791
e07f'<A 0783 F7 14
Oi793A 1185 A4 ro
em4A om «
11795A l7Be 44
1079,A om 44
01797A 17BA 44
1000SA om AB 30
IlmA mD AD 13
118UA onF B& 14
IOSOIA 07CI A4 IF
IISI2A 070 AB 30
IOS03A 07C5 SC
00SI4A 07Cb IB 11 13 17tC
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PAGE 814 M .SA:I LOO REClI«DER

A nu JliP DSIIS

IHllHtHHfHIHltlfflHfl

• IJtIP TO SlJEtOUT DIES •
IIIfllfl*lfflffl*fflffflflll

INC ADD
READ FROIt HEll

51111£ ActAASTAll STA Am

A IACR2:tlP mu
A IACR3:tIP RiillR

•A PX~ LOA MRD MODE REGISTER
"A Ai.'D niF IIISK Oil' SET SIT
A STA mG SAVE Am

LSLA *3
A ADD AREI:

TAX
RTS

HlUHIHH*HHlIHHHHlHHfHIIHII

• SUBIIOUTl~ STOlE ACHR INTO DISP •
• X- OFFSET ADDRESS OF CHR •
fHlIlfHHHUHI-HHUlHlHHlIlHHl-f

Il\X
A BCli 5,FlIS

mz STCDl BSI STACH
ITS

• Hsm OF SEC CHll
• X-AlO If" SEC 01ll

1f1*lfIIlftllfllfflltf'.......141

• 1~,() TO ASCll,SUK CHECI, •
I A/.'D STORE mo IlEK SlOCl I

• A-IIO •
1If111.lllIflffff"'lIIIIIJllflff

Jlflltffllfl*f*lllfl"fffflf~f

• PREPAIK IREG FeR itODE •
• Act+INPEX-CORRUPID *
IUIHlHIIHfHlHHllHUIl1-

17et STACH BSI( JliI
A STA AREG

!lA
A ADD Hal FIX FOR DIS? AODiESS
A STA DINS LOCATE CURSER IN DISP
A l],\ ~REI:

17et SSR !Mt
A STA DDAT

RiS

• A-CHl!

• X-DIS? ~DU

A
A

CBID IACKI

Iff*llfl*ii*~*flll***lf**llffll*1

• INC~.EM ADD, CHECK IF FULl.
• AND REAl FlO~ !iEitOU •
• X- !DD (f HJ:.l A.DD •
mHHIIIHlHUlllflUfffHUlIlf

D7FD II.C. f,SI IACR2 IADD
17FA sce IACRI IF IIEJl HOT FULl

A f.O.,ET 7,RGM i'IEll FUll BIT
Cll ,X
LDA i$AI
STA 1,X
P,SR IACR3 RKK'
iTS

1DB15A 17C9 51:
10BlbA 07tA IJ 11
IIBI7A 17ce AD 14
10BlBA 07tE 81
OIBB9
10Ell
IOBII
8081Z
1OB13
80BI4
IOBI5
80BlbA 07tF CC 178&
IOBI7
10BIB
10819
50821
IIB21
co 822
I0B23A 0712 AI Fa
IIS24A 17]4 E7 13
008Z5A 07116 9F
to82bA 1707 !oB BI
OOB27A om C7 1111
8IB2SA l7"uC B6 13
10!l29A 07DE AI EF
ICB31A 07EI C7 1181
11S31A 07E3 Bl
10632
10B33
IOB34
IDB35
IIB..'b
Dom
DlB3B
IOa.-YA 07E4 86 93
IDS41A 17E6 ~4 iF
0084lA 07EB E7 13
CIS42A Im 4B
ICS43A om SB 13
ODS~A om 97
ICB45A 07EE SI
11846
Im7
lti84S
90849
1IS51
00851
IIS;~A C7EF AD DC
ICB53A 07F1 24 17
ICS;~ 17F3 lE lZ
10a55A 07F5 7F
IIS5bA 17F6 A6 ~I

IDB57A OirS E7 11
ICS'",sA 07FA AD 14
D0859A OirC Bl
'IB6IA C7Fl CC 16FB
118&IA OSlI ce 1611C
11802
81863
1181>4
81S05
11666
108&7
IISI>BA 0813 57 13
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PAGE liS M .SA:I LOA» IEClII:DEI

IOab9~ caOS ~a lC A EOR eREG UPDATE SUM DECJ(
OOS71A DSC7 r1 IC A ST~ C1!EG
OUS71A 18U9 S6 13 A LDA AI1EG
OUST'dl OIllB AB 30 A ADD tl31 Ta ASCII
IIS73A ISOD AE lE A LDX U9!1 ~lff BLOCK
OUS74A oalF AD UI IS12 BSK STMI IACO
IISi"'..A IBIl 81 iTS
UUS76A 0812 cc 1694 A STAM !tIP IACQ INt AND STORE
1UB77
iOS7B HHIHfHHllIHHHHHHHHH

cum I OOS Ta ASCII,SlII CHEcr, I

mal I At.'J STORE INTO IlElI BL'FF I

IiBBI I 1t-2NOS I

UUBt2 HIfIIHIHlHHHIIHHHIHHH

OIBB3~ 1815 67 IB ASTHH STA ~IEG

OOSS4A 0917 AA FO A A~'J tlFI
CCBSSA UBI9 ~ LSIA
OOSBbA 08lA 44 LSRA
U8Si'A 08111 44 LSRA
IIB8SA OSiC 44 LSRA
OtiB89A 181D AD E4 om lISR STM
DC891A OSlF ~ 1B A UlA BR"t.
ICB91A 1821 A4 IF A AA]) tlOF
1089".11 0623 AD DE OB03 BSR STM
1DB93A IB2S SI ITS
10894
OOSYS fHIHlfHf**HIIHfIHHIHffH

11616 I STOlE FOUR SYTE DATA NO I

IDBn ftlIIHllffll4f*fflflllHIHIHI

IIB9BA 1826 B7 IB ASm.1 SIA BlEG
lomA 082ll Bb IF A LDA RSLI
11911A ISZA Al 96 A Ct1P «96 ~.sD OF NO
009I1A o62e 2S le la4A FLO STH12
CI9U,A IB2E 27 16 CBA6 BEij STI1II
119i3A UBOO AI 9S A etIP t~9S MSD OF NO
CC914A 0832 27 19 csn BEQ STNI
I09ISA 0EJ.4 AI lA A CHI' ts9A HSO OF HO
11916A 1836 27 lE OBAb ~EQ STHIl
cumA OS3S Al ge A CN? ts9C HSO QF HO
0191BA R8JA 27 11 Isn BEQ SiNI
m19~ 033e Bl w~s

UC9ll~ csn B6 1B Asm lllA EREG
009llA oarr U9 19 IS eS4A mu 4,c,~Ft,STHl2

I0912~ 1842 19 19 A BCU 4,Gln
mm 0B44 20 eF 0815 Bf.A 5TH;;
lomA lBAb Bb 13 Amu UlA BlEC
119lSA OWl 21 le 1~6 SIA STII."'J
11916A i84A B6 1B A5>1\12 UA BlEG
119171 cBle 21 00 IBIE BRA 5iHII2
Ims
UI9I9 HfIHHHUlHllflflfHHIH

Di9ZO I IF mo STGRE IN KElI I

10921 I A- DATA I

11922 .'f*fflfllllfllllllfllllfttll

0I923A OB4E F7 IB ASTNM2 STA BIEG
11924A 1851 A4 FI A AND tlFI
IcmA 0852 27 15 18S9 BEQ STH2
Ci926A CSCJ4 Bb IB A LDA BlEC
mm GB56 AD BD IS15 BSI SiHM
1192111 CSSS 81 iTS
ID919A 0B59 IF STH2 CUA
11931A ISC.A AE lE I UX .aSHl
om:A OBSC AD IS 1563 BSR 5T~21 IACQ
CI932A IS5E B6 lB A LJ)A !<lEG
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PAtE 116 M .SA:1 LOAD RECORDER

IACO

IACO

IACO

BIT FOR MSH OF 4 DIG

HIlSK OFF LSB

4,GNFL
STN2

cm2
EiEG
CTBMl

FREG

t.RSH1
5H2!
4,GHFl

SIN31

IACO

fiSHl
STH21

STAll

BREG
tsFl
sm
4,GliFL
BREG
STh'JI

LDX
BsR
8LLR
RTS
BSET
BRA

STA
AAD
BEQ
SSET
lllA
FSR
RTS
LOA
TSTA
SHE
CUA
ux
BSi
CLRA

HnfHIHlIUUHlHlIlIlIHI

I SHIIER III l\ElI I<tF FOR I

I FotI NOS-SET BIT I

HIIHHlffIHfHlfHUIflHI'

H**HfllflllHfnnUf

I cr.? ~E!I BYTES I

I X-AlID OFFSET I

I HO OF BHYTES I

IHI-IH*fHlIIHIIUIII

~ mM STA mG
cm
r.sR
DEC
!liiE
RTS

ACT~Z JI',p IACO

BSI!
RTS

ASTI21 ll'oP

A STKl

A
IBb3

A

fsn CTl<~1

A
csac

A STlOO
A

1873
A
A

OBlS

119IlA IUI All ~I Im
10934A OU2 81
11935A IB63 CC 1694
10936
00937
11938
0D939
11940
10941A 0866 E7 IB
II94ZA OB6S AA FI
10943A 086A 2J 07
11944A IB6C 18 19
GD945A 0S6E S6 lB
11946A 1871 All A3
10947A oon 81
m4BA 0073 S6 lB
10949A 0875 40
1195IA IS76 26 10 DaBS
0095U 0878 -IF
11952A 0879 IoE lE A
10953A OS7B AD E6 OB63
I1954A Im 4F
109l5A OSIE Ii. lE
00956A 18BI ~O El
00957A OBB2 19 19
la95SA OaB4 SI
10959A 0885 lB 19 A STh'31
11961A IB67 21 01 IB59
109!1
1096Z
m63
OD9&4
11965
mu
01967~ 0889 B7 41
009f.SA oass -IF
10969A ease All 15
00971A CBBE :lA 41
10971A om 26 FA
mm 0892 SI
II973A 0893 CC 1694
119i4
com Hf*HHlHIUUHfUUfnUHUUlltl

11976 I SUWiUTINE lIHEli I!O IS PRESSED I

tDm flHUH·HHlfHIHUfffHIHffHIIH-1

le97SA IB96 IF 93 12 ISAB kBH BRClR 7,tiD,KB!il SET BIT
IlmA om Bb 90 . A lllA ,KV mNT HO mo DISl'
11951A om ~S 3D A ~D tm ill ASCll ~-tIii$

ID9S1A 0890 CE 1111 A LOX DIHS X-OffSET ~DO

109S2A IBAI AD 10 D5AF BSR kBKJ STACH
10mA OaAZ Ilf 14 A sn xm; SAVE AlIDRESS
119S4A 0BA4 All 16 18AC BSR KBHZ PXII
119B5A OSA6 it> 14 A lllA xm COh'TAIHS PRE'VlOiJS LOC
119B6A IB~S DC 1961 A ]MP JHT,X
I09B7A OllAB El K8Hl iTS
Ii9SSA esAC cc 17E4 AKBH2 JMP PXII
ID9B9A oa:r cc 17»2 An.. JIiP STACH
10991
10991 HI~IHUfl*IHffIlIlHHIHfIUHI

11992 I stlBROlITlHE IIO\IE TO TOP LOC I

10993 iII.JIff*IfIJffflfll*I.....IIIHIII

11994A ISB2 IF 93 05 ISBA IBA BRClR 7,MiD,kBAl IF NOT III SET IIDDE
IG995A CSB5 AD F5 ISAC BSR UIiZ PXII nEG FOR IIDOE
1199f.A tSB7 DC 1911 A JKl' JAT,x
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PAGE 117 M .SA:I LOAD iECORD£R

HHHI...HJ.IHtHIIIHHfIlHf

• SUBlOUTJIIE IIO~ Clam •
• X-LIIC llI/ DISI' •
• D7 IIF X=I •
HUIHfllHlHIUUfllflHlfll

CI£CI IF ENABLE IS
SET FOR 1100£

UDA
ENABLE KODE SElECT
!\ODE
FIRST TIME ENTER IIODE

.3

MCX !DVE CURSER
1%11,11101 ~ITCH BlINK ON
KBC3
DINS

lSAI RlSIOmA ISM SI
0099ll
Dum "1I-IHIHlIIIIIIOOIIII-IIIIHI"

11111 • SllBIIOUTI),'E ruRSER MOVE TlI •
11111 • i'HlllOlIS LOCATlON •
11112 fHHHlIfHflHHHIHHlHIHllf

I1I13A OBIIB IF 93 IS ISO IBB BRClR 7,IIRD,IBBI IF NOT IN SET MOD£
DIII~A ISSE AD EC CBAt BSR UN2 PXM XREG FOR 1100£
IlI1SA OIlCI DC 1941 A JliP In,X
IlIDbA D8C3 SI IBBI RTS
11017
11108 1II11ff11ffl*'tIHll1111f1HIIIIIf

11119 • SllBIIO'JTINE CURSER MOVE TO •
11111 • NEXT LOCATION •
11611 HUH*HHIHHIUHllfHIIlIHfl

11I1ZA 01lC4 OF 93 lA ISDI IBE BRill 7,I\RD,IBEI IF NOT IN SET !\ODE
1lI13/l ISC7 AD E3 lBAt BSi IBN2 PXM XREG FOR IIGO£
D1II~A 0B::9 Cl> I III A lDA DINS
0II15A ISCC A4 IF A t.XD "7F
IlGlbA on DC 1981 A JIlf M,X
11117A CSDI SI IBEI iTS
IIIlS
81'19 fftlllfllfi{Hllff~flll,**IHlfH

11021 • SUBRO'JTINE CiAHGE COI'JV.KD •
11121 HI411f1~II***lillflfllfiflfllfl

IlI22A ISDZ DE 93 19 DBEE IBC BRSET 7,r.iD,IBtZ IF NOT DI SET KODE
IllnA OlmS SE 93 A LVX MRD
111Z~A DSD7 D6 ISED A LDA ESM,X
11 mA OB:lA 'lJ 11 DSED BEQ IBCI
1lI26A ISDe lE 93 A BSET 7, IiRD
IIDm CaDE D& IAII A LDA FAV,X
IIDZSA ISEI AB BI A ADD tl81
DlIZ9A01lE3 97 TI.X
1lI31A I6E4 AD 29 om BSR
81031A C8E6 A6 ID A LDA
1lI3ZA 08EB AD IF 18F9 BSR
I1133A OBEA C7 0111 A STA
1lI34A 18ED 81 IBCI iTS
&113SA OSEE IF 93 A n.cz BClR 7lJiD
IlI36A CSFD B6 93 A l}A IIiID
OII37A ostZ 4B lSlA
1113SA 18F3 BS 93 A ADD MRD
11 DJ9A OBFS 97 TI.X
i1i~IA 18,6 DC 1881 A Jr.P S~JT ,X
11141A OSf9 cc 1786 Ano JIlP DBL'S
1lI4Z
01 ~3 HUtlH*HHIHunun

11144 • MOOE CHANGE KEY •
D1145 fHllfHI-HlIHffUUHI

11146A ISFC DE 93 IC 191B IBD BRSET 7,MRD,KBDI IF IN SET KeDE .
1li47A GaFF Il6 93 A LDA KiD SAVE PREII MODE
m48A 0901 B7 99 A STA MU
01 149A 0913 AD 07 mc BSi! mz
11051A 1915 A6 BA A LVA tlBA
1I051A 0917 B7 93 A STA r.RD
1115ZA 1909 16 11 A BSET 3,FlIS
III53A om 81 KBDI RTS
111S4A 191C DC IIIC AKiDZ JiiP UDA
I1I5S
OIl'...
ClOS7
1112
11159
1I1b1
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P~G[ 118 ftA .SA:I lOt.» RECOllDER

11161~ 190F ~ 14 O9IS HCX FSII IlCXI
IlG02A 0911 er 1111 A STX DINS
11163A 1914 81 ITS
IIIMA 091S et 1756 A MCXl !tIP DBlIS
1lD6S
11I66 Iflllff.,ftlftltllffllfffffffllfl

1lI67 • STO<E TWO CHRS IllID OiIIIIT •
1ID68 • lEmN; ZEROS •
11169 • A-2 CHRS •
11I71 • X- ADD IN D1SP •
11171 fHHUJHHfHHH*UHtf.HHfI

I1I72A 0918 E7 IB ASTCL STA FREG
11173A 09lA ~ 52 mE P-SR STlI GACD
1ID74A 091C ~12E A C~ U2E
1117"JA 191E 27 1I 1938 IEQ ST8
IlG76A 0720 5C II1X
1117iA 1921 ~ 4B 196E Fsa STlI GACD
1lI7li~ 0923 AI 2E A CtIP U2E
11179A 092S 26 19 0940 INE STII
llIalA 0927 B6 IB A LlIA FIEG
omlA 0929 SA DE>:
1lIB2A 19"'" lA II A .SET s,ms POINT IN »ISP
IIISJA 192C ~ :lA 1968 B5R ST6 STCD
IlGS4A 092E 21 28 1958 ..A ST2
0116~A 1931 IC II 19 19Jt ST8 lI<SET 6,FOrS,ST9
iIISbA 0933 IC 11 A BSET 6,FDIS
IlIB7A ms 5A DE~

DlIesA 0936 A6 30 A lM U31 '0'
1I189A 1938 AD 2B 1965 BSR S15 STAC"rl
01091~ OnA ~D 2F 196B BSI ST7 m4
1I191A 193C ~D 2D 1961 Si9 BSR ST7 KTN4
11 er", 093£ 21 11 0941 ~A STl2
m93A 11'41 SA STlO DEX
IlIHA om B6 IB A Sil2 LlIA BIEG
1I19SA 1943 IC 11 I1 1956 Ilm 6,FDIS,STI LEAD ZERO
GlI96A 0946 AI 00 A CK? UBO
11197A 0948 27 12 ~95C IEQ sn
OlI9SA 094A AI 19 A CKP HI9 lSB OR BOTH
01199A C94C 22 CB 1956 .HI STI
Cl mA 094£ AB 30 A ADD ml TO ASCII
IIIIIA 1951 ~D 19 cm BSi ST7 MTii4
111I2A D9S2 liD 11 1965 BSR STS STACH
01113A 0954 21 02 0958 BRA STZ
Gl H~A C956 ~] 10 ms STI FSR ST6 sm
til1GSA C958 le 11 Am ,SET 6;FOrs lEAD ZERO
01 il6A D9"JA 20 os 1964 ORA 5T4
01107A ,95C Ab 20 Am LlIA 1$20 SPACE CHR TO ClI
OlUlIA 095E liD os 6965 BSR 5T5 STACH
Ol119A 09bO AD 19 196B BSi ST7 lfiN4
1II11A 0962 AD 01 1965 r.'SR S··,.
011I lA 0964 8l ST4 ITS
01112A 096S cc D7t2 ~ 5TS ;t; SiACH
1II13A 1968 cc 1713 AS16 JlIP SICD
011l4A 09bB et lOA:; A 517 rr.P m4
DllISA D96E cc m5 ASTlt Jl'J' GAGD
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PACE 119 hA .5A:1 LOAD IEClIliDEi

11117
1I!l8 HIUUfHllHllllflHHHlllfll

11119 • SUB IfDAl£ tillTlPLlCIoICl •
1112. 1Illll'lllflfffflfllllHtf+flffl

1I121A 1971 3A 14 AUiIJ DEC xm rill IVIVl HEll
11122A 0973 34 13 A LSR Am CHECK IF IA1lTlCUlAl
11123A 1975 24 CB 197F ICC U~I VAlUE ItIST BE Il\U£D
11124A om it 14 A LDX xm LD INTO ItJlTIPLlCAICl
I1125A 1979 F6 LDA ,x
11126A 097A it 96 A LDX M2
81127A I97C F7 aTA ,x
IlI2SA om 3A 96 A DEC M2
C112'1A 197F BI Uftl iTS
B1131
81131 IlfllfllliflllfJlllffllfllfflllffllffl

11132 • READ DATA RIlUTlI£ Fi~ BK ~ •
81133 • M]i! KADl - HEll ADDRESS •
11134 IflHHHHHflHHflliHHIHHHHl1

1l1J5A 0981 :it 98 A RHEll IHC K!.Dl.
C1136A 1982 AE IB A LDX tIIB lEAD
I1137A 0984 Br 14 A SiX mG
i1138A 19B6 :.E 'i7 A m tWH ADD OF HEll ADD
11lJ9A O9ilB AD Cl 19S1 SSR 1~~1 HRS
1I1OA C9BA S1 ITS
81 HlA 098B cc ODB3 ARHEl\! TriP MRS
I1H2
81143 HlfHfI*Hi:fHfUflUHHltfHI

11144 • DO rill FOl Dr. MD Dt:VA •
11145 HII*HI*"HltfIlIHtlfnUIIHII

1!l-lbA 19BE AE S' A'IWI LDX tm CLK rVA ItJliIPLlCliND
I1H7A 0998 7F ~VI ClR ,x KEiIDliY
11 HBA 1991 5A DEX
IU49A 0992 A3 B8 A CPX ma
111~8A 0994 24 FA 0990 BH5 rVI
1lI51A 0996 A6 SD A LDA tm rUM HEll BLocr
8II~A 1998 S7 9b A STA XVD2
8IIl3A 099A Ab 2F A LDA U2F rUM lEADINGS
llI~o-\A 099C 87 14 A aTA xm
IIl~A 099E 56 2F A LDA KEl
11156A 09AO 87 13 A STA AIlEG
11157A 09A2 34 13 A LSR AlEG
IllstA 19A4 AD CB 1971 .V4 BSR UKD UPDATE KUlTIPLICAND
8W9A 09A6 B6 14 A LDA xm
0116lA .9AB AI 2B A ClIP "28
01161A 09AA 26 Fa 09M BSE W4
IIl6<A 19AC BI. 2F A LDA lIE!. CllECK IIODE ~

IliI.lA 09AE AI 30 A CIl? U31
111~A 19FI 27 21 19»2 BEQ WV7
IIII.5A GI'B2 At. AD A LDX UAD CLK KW
8111.1.A 19F4 iF II'J2 ClR ,x tU.TJPLJCI\~1)
11I67A 0985 ~ DEX hBlOiY
IIII.SA 19B6 A3 AB A efX mB
IW9A om 24 FA 19B4 BHS IIV2
1I171A 19~ Ab AD A LDA HAD KIIli tlEII r...ocr
IlI71A om rJ 96 A STA XVD2
1Il72A 19BE Ab 27 A LDA 1$27 l''!l READINGS
1l173A G9t1 rJ 14 A STA XREG
01174A 19C2 B6 2F A LOA HEl
1l17'"A G9C4 F7 13 A STA ARE.
IlIi6A .9Cb 34 13 A lSR ARE.
n l71A 09CB AD A7 1971 11\13 BSR UrlD uPBATE ItJlr:PlICAICl
1117&4 I'CA B6 14 A lDA XRE'
Il179A 09CC Al 21 A CItP U21 OHOlR READIHGS DONE
IIIBIA 19CE 26 FB 09t8 BNE WV3
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PA'[ IZI M .SA:I LOAD IECllIiDER

1I181A 19DI 21 56 1A28 BIA 11'I6
11tS2A 19J2 P6 92 A IIV7 LDA SPI GET CORIECT II:l.
IIIBJA 19D4 26 14 19DA BIlE VW ~AllJE FOR SAIl?LE
Itt84A 19J6 A6 bl A LDA t$61 PERIOD lEe
11185A 19D8 21 2A IAl4 BU WE
IIIBbA 19DA AI 15 A 11.'8 Cl'i Ul5
1I187A 19DC 22 14 19E2 BIll W119
DttBSA 19JE Ab 12 A LDA 1S12
11189A 19EI 21 22 IAI4 IRA WE
IIt9SA 19E2 AI ID A II'J9 C.'lp ISII
1I191A 19E4 22 14 19EA BIll WA
1t192A 19E6 A6 Ob A LDA tm
1119311 19Ea 21 lA IAI4 ll:A WE
11 mA 09&\ AI 15 A .'\IA CMI' U15
I119'A 19EC 22 14 19F2 IHI INS
I1I96A 19ff Ab 14 A lDA t$14
01197A 19FI 21 12 IAI4 IRA lIVE
Dt 19SA 09<2 AI 21 A II\,S CilI' 1S21
1I199A 19F4 22 ~ 19FA iIIl IIVC
81 211A 19t6 A6 13 A LDA m3
11211A .9FS 21 lA om BRA lIVE
1121M 19<A AI 30 A IIVC CliP 1S31
1121311 I9FC 22 14 IAI2 1nl M
B1214A 11FE Ab 12 A LDA tm
1121SA IACI 21 12 IAI4 B<A lIVE
1121bA Im Ab II A I<'IID LDA UII
1t217A 1~04 AE U A I<'\IE lDX tDK~A

Ol2iSA GAlb E7 D7 A SIA 7,X
11219A CAIS if Ib A cu 6,X
il2lOA IAIA !J 49 DA55 BSI ""'VS MUl
11211A IACC AE BD A LDX m»
11212A IAIE 7F .'\IF ClI ,x
01213A ~Anf SA CEX
It2i4A 11.; I A3 SS A CfX UB8
1121SA IAI2 N FA IAiE inS .VF
l12!bA OAl4 IoE BD A LDX tDKVA
11217A IAlb Eb 15 A llIA S,X
1121SA CAIS E7 OD A STA $D,X
11219A lAtA E6 14 A llIA 4,X
ItaOA lAIC E7 IC A aTA $C,X
11221A IAIE E6 13 A LDA 3,X
Dt 222A GAZO E7 IB A STA $B,X
1122311 tA22 Ab 89 .A llIA tsS9
Dt 224A 0:'<4 B7 9S A SIA MOL
1122'.A 1A26 21 12 IA3A f~A il\ilC
i1226A OloZ8 Y 97 A 11'I6 Cl. nADH ~.Ell ADD HlbIl
D1227A DAZA ~b 87 A LD~ H87
112::1A OA..'C B7 98 A SrA MADL
G1229A DA2E AD 28 lASS BSI .'V12 RMElI
D123lA lAOI AE AD A lDX tDK~

01231A D~32 E7 G6 A STA 6,X
11232A IA3-4 AD 22 lASS iiSR VV12 iilElt
G1233A GA3b IoE AD A lDX UIV
I1234A CA38 E7 07 A srA 7,X
G123'.A 1A3.\ AD IC lASS Wit BSR IIJI2 IMElI
I123bA IA3C AE BI A LDX *DIVA
11237A IA;t E7 16 A STA 6,X
G123l1A IMI AD Ib lASS B5.l 0'\112 RMElI
1t239A 1A-\2 I.E Fa A LDX nlllA
B1241A OM4 E7 17 A STA 7,X
11241A IA46 f<l 2F A LDA lIEL Ci£CI MOE 5
0I24M OMS AI 30 A Cl'i tm
11243A IA4A 27 14 GA5I BEQ l/IItI
1124-4A IMC IoE AD A lDX *DU
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fAt;[ 121 MA .SA:l LOAD IECORDEI

1l245A IAAE AD IS IA:iS BSR ~IIS HUl
I1241.A 01151 AE 8~ A WlllI LOX .DlVA
.1247A OA~ ~ It 1A:i5 BSI II\'S HUl
I124SA 01154 SI ITS
.1241A lASS CC 0~7 AWS JIIP HUl
I1251A 0A:iS CC '9S1 A WI2 ]Mf 10
11251
01252 HlIHfIHfnHllHlIHtHHHllHfl

11253 • ADDIIIG Of I-S mrs OF NOS •
11254 • X-AlDRESS Of HEll BANI •
112SS IIIHIIIIiIHHfHHHlHHfUHHf*

112"..0.\ 01l5B F7 13 AADD! STA AREG SAVE ACCA
1125iA IA.,~ 98 ClC ClEAR ooRY
112"..sA ota E6 85 A ADDI LOA S,X GETSUH
1125IA IAb8 E9 ID A !.DC n,x ADD TO SUM
812£lA 01062 E7 05 A STA S,X STOtE IN SUM
012blA lAM ~ 19 IMF BSI DAA DEC ADJUST
11262A 01.66 SA DO
11263A DAb7 9F TXA
812£.1A OAbS M 15 A A;,'D tUS
11265A IA6A 26 F2 CASE BNE ADDI 00 NEXT BYTE
D12£6A 0A6C Bb 13 A LOA AREG fOP ACCA
m67A IAIE SI RTS
91268
01269 IU*HIIIHIHHflHfHIHllfll

81271 • SLB ROUTINE DEC ~J'JST •
11<71 fHfl-HlfIHHlUHHHHHlfll

11272A IA6F 39 27 ADAA ROl CAl:R STOlE CARRY
D1273A 0A71 2? 17 OA7A BHCS DAI ADD 6 IF HALF C
0127411 0A73 43 COM USE THE COli
D127".A 0A74 A4 OF A AND HlF TO HOlD CARRY STAT
Il276A OA76 AI 06 A ClIP til6 ~IiEH NO HAlF C
01277A 0A78 24 06 OAS. OIlS DAl DO NOT ADD 6 IF(9
11278A IA7A E6 15 ADAI LOA S,X ADD 6 TO LSM
I127!A CA7C AB 16 it ADD !$C6
'l28IA GATt E7 85 A STA SJ X
D12814 OAllO 36 27 A042 ROi CA<R GET STORED CARRY
81282A DA82 25 D9 IASD BCS DA3 ADD 6. IF HAlM C
I12S3A OAll4 E6 05 A LDA S,X
112844 IAB6 43 COMA CHECK IF )9
112P-5A O~7 AA fQ A AND '>Fa
112BbA IA89 Al 61 A C!IP ti61
112B7A lABS 2417 1494 :SHS 044 IG NOT ADO !f(l
112SBA CAsn E6 05 AnA3 LOA 511 ADD bO TO SUM
il23lA OAllF A> 61 A ADD '$01
11291A OA91 E7 15 A STA 51~

il291A IA93 99 5'"J: ENSUiiE CAm SET
ll2!"cA IA94 81 M4 kTS
11293
81294 1ff*1l111~*lIflf4llllllflllllllllllll

Dl295 • ROTATE Lm OF 6 BYTES IN lI9I •
812!b • X-AMDRESS BAI,'I: •
11297 lllflll*,.llfllllfllflfllll...llllffJI

I12%A OA95 F7 13 AROlB STA AREG SAVE ACCA
Il2911>-1A97 S'S Clt
IBIIA om 69 ID A ROll ROl SD,X ROTATE BYTE
11311A IA9A 39 27 A ROl CARR SAVE CARRY
I13IZA OAIC SA DEl
m03A IA9D 9f TXA
11314A OAlE A> 06 A ADD tUb
0l315A lAA. 36 27 A 101 CAlR RrnlEVE CARRY
11316A OAAZ A4 IF A AND ISOF
01307A IAA4 26 F2 m8 BIlE lOll 00 NEXT IYTE
0131BA lAA6 Bb 13 A lOA Am
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FAGE IZZ MA .SA:I LOAD iECOIIDEi

A iOi STA AREG SAVE ACCA
A l1A UC4 DO 41
A RDIII iOi 6,X IISS
A ROi 7,X. LSS

DEtA
MAD !NE iOil

A l1A AREG
iTS

1IIIIfflltfltl".llfffll

1 SUB ROTATE LEFT 1
f 41 I

1 X-lIElI I<ANK 1

HfflHlIHll'HIHHHfI

A 10L STA m2 SAVE ACCA
A LDA U14 DO 41
A lot LDX liEC

OA95 BSi.DlB ROTATE 11
DECA

IfllfffllfflllflHllflflffllf

1 MUlTIPLY FOi 1 DICIT 1
IHUHlUflunUfUHIIHfI

A Dait STA XVD2 SAVE ACeA
A LOA 7,X bET LSB
A AND tlDF ilUSX LSN

SAD4 DOill 8EQ DOit2 ADD TO ~Jit

A LaX XREC LSNI
lASS BSi ADDB

DECA
IACS BRA DOMI

A DO~2 UlA X\'D2 GET ACCA
R15

1IIlIHflUfllnHflllffllfUfUf

1 SUB~~"1INE ~~LTIPLY 1

• X-~DRESS BlOc"X lE AI,BO 1

• (X+6TDX+7)I(X+BiDX+Dl 1
1 A-CTR 1
Ilfffttfftfllflllfllffffllf*fltl*

A MUL STX me SAVE itElt BANl
TlA

A ADD Hl5 CLR M'Si/£R itElt
. TAX

MUl2 CLR ,x LOCATIONS
DEl

A CFX mc
OADD BHS iIUl2

A l1A UC4 DO FOR 4 DIms
A ~~LI UiX xm

OAGS BSR DOlI itU!. BY ADDlTIOH
A lDX XiEG

OAA9 BSR ROi MUlTlPllEi
CAli7 BSi iOl MUlTJPllCAND

D<CA

GET ACCA
SNE ROl
LDA XVD2
RT5

iTS

IfllHIIHlIHfllltlllf1f

1 SUB mATE i1GllT 1
1 X-1IEJl lANK 1
IfllHfllHIHHIIHlHfI

CABS
A

I13I9A 1MB SI
11311
11311
81312
11313
11314
11315A OAA9 rI 13
11316A CAAIi A6 D4
1131iA OAAll 66 06
1131BA lAAF 66 17
11319A CAn 4A
1132IA CAB2 26 F9
1l321A CAIl4 Bb 13
1t322A lAli6 81
11323
11324
11325
11326
11327
1l32B
11329A CAB7 B7 96
1133IA OAll9 A6 .4
11331A CABS B! 14
It 332A IABD An 06
Cl333A IABF 4A
1l334A OACS 26 F9
CI335A DAC2 B6 96
11331>A OAC4 BI
11337
11338
11339
113-11
11341A IACS F7 96
11342A DAC7 E6 87
11343A DAC? !4 ,F
m-l4A OACS 27 07
11345A DACD BE 14
11346A IIJ An SA
11347A IAliI 4A
It34BA OAli2 21 ri
11349A CAD4 F6 96
1135IA 0~6 BI
11351
11352
tt353
1135-1
11355
1l35b
11357
It35SA OAli7 BF 14
1l359A IAD9 9F
1l3!IA CAliA AB 05
11301A IADC 97
113b2A lAID 7F
81303A CADE SA
It 3!4A OAliF B3 14
Cl365A DAEl 24 FA
Il36bA OAEJ A6 04
C1367A CArS !lE 14
1t368A CAEi AD DC
11369A IAE9 FE 14
1t37IA 00 AD SC
81371A IAED AD CB
11372A OAEF 4A
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PAGE .23 M .SA:l LOO RECIlI:DER

D1373A DAF' 26 n CAE~ ~IIE IlUl.I
11374A OAF2 SI m
11375
11376 1llllffll4fllfllllf..fllll

11377 I WRITE TO IIEIlOIT I

G137S I MlII!,t1AllL HEll ADD I

C1379 IUUHUIHfllHllIHHl-f

I13SDA OAn 3C 98 HI\EII INC IIADL
113S1A 1AF5 3F 14 A Cl.R IREG
i13S2A OIf7 AE 97 A LDX IWH
mS3A OAF9 AD Cl CAfC ~i I.."IEHI Mi5
D13S4A OArB SI ITS
m~A DAre cc ODBJ AIIIEMI m Mi5
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PA:[ 124 MA ,SA:I

SHlliE DATA

DATA ClliIFlETED

CHECK IF 1ST STOP BIT

mu 164
TIil", CON1i!X. REG
131b4=8J2KIC SEC

RID
iX6
HCT
*519
HS
6,POR~ ,EX! FIRST SHIP BlT
TX6
6,PQ!(TJ,IX6 SEC STOP BIT
Fm /AiITY CTR I 2
EX!
5,RGN iOT BYTE RECEIVED
lID
1$11
lSlF
RXlIll
RX7
4,FlGN FAlA.T FlT
3,FLGN RX lIT

11387
al388 IH*III1-HUfHltlflIlIfHfI

113119 I SUBllOIllIIE IX ES232 I

11391 HHlllfHUIHfUllllffHfI

1IJ91A IAIT IC 12 lA mc iXsa ~RS[T 6,FlQl,iXSRI IIASX ~IT

1t:l9'.A CII2 lC 12 A BSET 6,FlCll
1139JA IBI4 16 12 A BSET 3,FlON EX BIT
It J94A OBl6 A6 ID A LOA Im Tlla I J2
11J95A !BeB B7 19 A STA Tet
1tJ96A DBlA B7 OS A STA TOR
11397A IBIC 81 IXSRI iTS
It 398
11399 HUHHIHfllHHfUUfHHlllIHllt

11411 I Sl!BlIOUTINE TX Ism I

1t4lt I A-ASCII DATA WITH ooT FARITY I

114C2 flff*fflllfIllIlHllllflllffl~II*'

1t~13A DBlD C6 12 IF IB1F TXSR BRSET 3,FlbN, TXSRI IX BIT
1l414A IBlI 14 12 IC IBIF ElSET 2,FlGN,TXSRI TX BIT
IHI5A OBl3 B7 IS A >TA RID
11416A IBI5 14 12 A BSET 2,FLGN
IHliA CB17 A6 lE A LOA Im
1141BA IB19 B7 19 A STA TCI
11419A CBIB A6 CD A LOA UCO
11411A IBIO B7 la A STA TOR
Cl ~llA D<1F 81 TXSRl ITS
G14i2
11413 HlIHlIlHJHHJlIllIHlHllf

11414 I mER m RllUlINE FOR I

It ~15 I 1S232 IX AND TX •
&1416 ***IJllllllfflJilIIHIIIIIll**

1t417A DB21 91 RXlI SE! SET 1Nl "ASK
1141BA IB21 A6 16 A LOA 1$16 TIKL"R I 64
11419A CB23 B7 09 A STA TCI TIiiU CONTROL m
11421A 1>25 17 1241 1B68 BICLR 3,FLCll,TXI IF NO IX
1142lA DB2S ~ 16 A' ,ST BrCT BIT COUNTEI=Ol
II422A mA 26 15 OB31 BNE m CHECK START BIT
;l423A OB2C IC 01 bO INlF EISET 6,POHB,TX6 IX liP sa
11424A 1B2F 21 31 1062 BlIA EX6
01425A 0B31 F6 16 ARXt LOA ~TCT

11426A IB3J AI 09 A ~I 1$19
11427A 0B35 2~ OD IB44 BHS m
I142BA Im ID 1I 13 mo BRCLi 6,PORTB,IX2 DATA=I
01427A 0B3A 93 CU: ClE!<R CARRY 10 ,OR
0I43,A Im 21 13 mo lliiA RXJ
'1431A DEJD 3C 17 A RX2 INC pm
11~32A IBJF 91 SEC
11433A OMO 36 IS ARB RGR
1143~A IB42 20 4. IBBF BRA
11435A Of~4 F6 16 A RX4 LOA
II~lb4 IB~6 Al 19 A enp
i143iA CB4S 26 ;5 IB4F BNE
1143SA IB4A IC 1I 15 IB62 B,SET
Q1439A CMD 2140 IBBF BRA
11441A 154F IC II 10 0~2 RX5 BiSET
Q1441A 0B52 34 17 A LSR
114~2A IB54 25 IC 1062 BCS
814~3A 01156 lA 12 A BSET
I1444A OBSS B6 18 A LOA
114~5A OBSA AJ lOA ADD
11~4bA 'B'-" A4 IF A AND
814~7A CIa: "5l lA A STA
114~SA 1561 21 12 1U4 BRA
114~9A 0862 18 12 A RX6 BSET
11~51A 1564 17 12 AiX7 Bell
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Pill:[ 125 M .SA:I LOAD IECllIIDER

11451A IBb& ZI 3J 1B9B BRA TIS
I145ZA OBOS as 12 30 am TXR BRCU 2,FlCII,ns n PIT
11453A II<6B 3D 1& A TST mT B m =01
11 Ci4A OBOD 2& 14 am BHE TX2
11455A I~ IF I1 ATXt BllR 7,PORTS SET DIP
1145&A am zt IC . OBSF BiA m
114SiA IP73 B& 1& ATX2 LDA mT
I145BA C!75 AI 18 A CIll' tuS
11459A IB77 24 18 IBaI iHS TX3
1146IA om 3& IS A ,OR lID DATA TO DIP
1140IA Ol7B 24 F2 0B6F' BeC TXI
1I402A om 3C 17 A INt PRTY PARITY CDUllTER
114&3A II7F 21 IC IIiliD BRA TIS
01w.A CBaI 2& 1& IBB9 m BNE m
114&5A 1BS3 34 17 A LBI pm PAIITY 12
Il4&&A OBa5 Z4 ES IBbF BCC TXI
U1407A 1187 21 14 IBaD IRA TX5
1140liA OllS9 AI 19 ATX4 C1'.i' nl9 mST STOP UT
11409A II8B Z& OA CB97 BNE TX7
I147iA OBllD lE Cl A TIS BSET 7,POilB
CI471A IESF 3C 1& ATX& INt mT
IlmA CB9l A& CC A lDA mc 13il>4=S32l11C SEC
11473A IB93 87 IS A STA TOR TlIlEI DATA lEG
01474A OB'l5 20 19 BBBI P.~A m
B1475A 1F97 15 12 ATX7 Bell 2,FlOH TXm
D147iA OB'l9 lE 81 A ISET 7,pom TI OIP lIT
1147iA I&9B 3F 10 ATXS ClR ITCT
1147SA O!9D 3F 17 A CL. pm
11479A IB9F A& 48 A !]A tl4S TIMER OFF
11481A GMI S7 19 A STA TeR
OI~SlA 1BA3 13 19 DA IBBI l!lICLR I, CIIFl., TX9
114S2A CBA& 13 19 A SCL. I,GNFl FIRST SW ON IS
D148JA o~s lB 12 A Bell 5,FlGN BYTE RX BIT
II484A DIM 17 12 A BClI 3,FlGN IX BIT
114S5A IBAt 15 12 A BelR 2,FlGll TXBIT
I14SOA OfAE 17 19 A Bela 3,GNFl XON GUST SEhT BIT
O14S7A mo 9A TX9 ClI
1148SA CBlI 81 an
mS9
8149l HIIHfflfUIUUlJllIUHUl1

01491 • Rsr.l2 C(]!nRDl ROUTINE •
81492 Hf*l:HIHlIHilHIIHHHHff

01493A OBB2 01 19 4E 1003 iTeR BRClR I,GNFl,iTCi4 R5232 ON
0149~ DFl'5 D' 12 4B 1013 BRSEI 3,FlGN,RTCi4 IX BIT
01495A OB1~ D4 12 4S 0003 BRSET 2,FLCN,RTCR4 TX ElT
IW6A CEn lA 12 IF aBDD BRSET 5,FlGN,RTCi2 BYTE RX BIT
01497A DBBE 09 12 OD IBeE BRClR 4,FLGN,RTCil FAUlT BIT
II49SA DIU os 19 rJ OBFS BRCLR 2,GNFl,HCi3 XDFF BIT
01499A Oit4 AO 15 A lDA tRETX REPEAT INS
mlOA CICb AD 3F 1007 BSR Im& TISR TX INS
01501A DBCS 15 19 A Bili 2,GNFl XOFF SENT
ml2A OBeA 19 12 A BClR 4,FlGN FAllT BIT
1151JA IBCC 20 35 1C13 BRA RTCl:4
Ol514A Dll:E 1& 19 32 ICD3 iTCiI BKSET 3,GNFl,RTCi4
115D5A IBDl Ao 03 A lOA UOt TXON
115tbA 01»3 AD 32 om BSi Imo TXSR TRAh'Sl1lT
11507A OBD5 1& 19 A BSET 3,tllFL
1151BA C~7 15 19 A B<."I.R 2,GlIil.
11589A IBD9 ID 12 A BllR 6,FlCN
mm mB <126 Dcn BRA iTOR4
11511A IFDD 02 19 23 DCI3 iTCR2 BaSET I,GNFl,RTCR4 1ST TIIIE sw ON
81512A CI£I 05 19 18 ISFB Sf,CU 2,GNFl,RTCi3 XOFF SENT
115i3A IBE3 A& OE A lDA JiXINl IllS llKlT
11514A CBE5 .1 lA A CI'.i' RXlID
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PAC£ 126 MA .SA:I LOAD RECOlDER

11515A IV 24 18 IBfI BIG ITClI7
1151U DIU A6 16 A LOA mu
1lS17A lID AD lA ICI7 ~ RTCi6 YXSR
lISt" OIlED 1112 A SW 5,FLCN BYTE iX BIT
11519A 19EF 21 12 ICIJ BRA RTCR4
1152IA Dlfl 86 lA AITCR7 UlA RXllD
Il~A 1Jf3 48 LSl.A
11522A Dlf4 BI1A A ADD iXllD
IlSZ3A nF6 97 lAX
1\524A Dlf7 AD IB OCI4 BSI ITtR5 Jl'.P iD iABLE
81525A IBf9 21 08 Im BIA RTCi4
IlSUA DlflI A6 12 Amu LOA IXOFF
I1527A nI'D AD 18 ICI7 ~ ITCR6 YXSR
Il52SA DlfF 14 19 A BSET 2,Clfl XOFF SENT
Il~A ICOl 17 19 A BtU 3,CNFI.
m3CA DOJ 8l RTCH ITS
1153IA Im DC lBAO AHCRS Till' RXIN,X
IlSJ2A om cc OBID AITCR6 !IIP YXSR
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PAl:< 127 MA .SA;I lOl.ll IECO/DER

11534
01:035 HUfHllHIHlfl'IflllflHI

11536 • Ili'D:.TE l1£li AIID FORK'
11537 • SUlI CHECK •
11538 • ISH-iS232 ADD •
11539 • I SllHS232 BUFF ADD f

11541 flHlllltl~lllffil~lffl

11541A aClA 3F iC A BUfU CLR CREC
11542A CCIC 3F lE A CLR ISHI
11543A aceE All SF A LDA "SF
11544A ICII B7 IF A STA RSlI
01545A ICt2 !£ 9E A LDX mH
01546A ICI4 AD 7S ICBE liSR mu lACR
11547A OCt6 F7 40 A STA DREC
Il54BA IC1 S A4 IF A AIQ »OF
1i549A OCtA All 75 IC91 BSI BU"'L~4 STAll
11550A ICIC A6 96 A LDA "96
01551A OCIE F7 IF A STA RSlI
11552A CC21 lE oil IB ICZE BRSH 7,~EG,BUfU2
I1553A 01:23 IC 40 14 IC2A BISH 0JUKEC,liUFUl
11554A CC26 AD 41 IU9 BSi! BUfUi I
O1555A aCZ8 21 16 DC31 BRA BUFU3
11556A CC2A AD 4S OC74 BlJfUl BSi! liUFUlI
11557A 0C2C 21 12 IC30 BRA BUHI3
II55BA ICZE AD 51 ICBI IIUFtIl BSI! BtFUI2
D1559A aOl U 41 ill DC3E BUH13 BkSET 5,NEG,lWFU5
II56CA CC33 IB 40 14 CC3A BISET 4,DRE. ,BUfU4
1i561A 006 A.D 31 cm BSi! lWFUlD
11~~2A IC-18 21 16 1C40 BRA litFu6
Il563A DClA All 38 1C74 \lUr1J4 BSi BUFUII
11564A IC3C 21 12 em BRA IlfU6
01565.1 DelE AD oil ICSI BUFU5 BSI BUFUi2
11566A CC41 A6 94 Al'UFlJ6 UlA U94
Ii5ISA OCl2 F7 IF A STA ISLI
11568A IC44 AE 9E A UIX "S.~
01569A OC4& All 4& ICSE BSI BUFUI3 IACR
II5iDA DClS AD 4A 1C\"4 BSI BUF~15 STNIiI
1i57lA OC4A ,.. 91 A LDA nil
II5i2A tC4C 17 IF A STA ISlI
II5i3A DtoIE A£ 9E A LDX mH
11S74A IC51 AD 3C ICSE BSi! ml3
1157"..A IC52 AD oil Im IiSR BUFUI5
1i576A IC54 AI lE A lDX »:SH
1l57iA OCO& AD 3& ICBE fisa BUFll13
1157BA 1~8 {J 3A CC94 BSi! rJFU15
Dl579A DC5A A6 9E A lDA HIE
115SIA IC5e ~7 iF A STA ISlI
11581A OCSE B6 lC A lDA CIEG
Oi5B2A ICbl All 31 A AbD "31
11583A CCb2 At lE A LDX jRSHI
01584A 1Cb4 ~] 31 OC97 BSi! BUFUI6 IACO
I15S:;A SCb& 3F IF A Cli! ISlI
mS6A m8 S1 RTS
I15S7A 0C69 AI 1E AB'UFUiD LDX jRSHI
11SSSA tUB A6 13 A LDA UC3
1158,A OCbD All 2B IC9A BSI BUFUI7 CTBiI
1159CA ICbf A6 3D A LDA Jl31
11591A Ol:7i AD 2A Icn BSI BUFUI6 IACD
D1592A cm SI m
1l59"'.>A COA AE lE ABUFUiI LDX "501
1159;A ICi& A& 12 A UA "02
1159'.-1 01:'8 AD 21 om I1SR BUFUI7 CTBiI
11596A OC7A AE 9E A LDX lISri
11597A OC7C AD 11 ICBE B5R BUFUI3 lAta
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P~C£ '28 M .SA:I lMll RECOliDU

1159BA 'C7E AD 14 Im BSR mrU15 SrNMI
11599A oeso SI RTS
11611A ICSI AE 9E ABlfU12 LDX *iSH
I16IlA 0C83 A» 09 'CBE BSR BUfUI3 IACR
11612A oess AD ID IC94 BSR mlS STh'lt1
I16'JA 000 AE 9E A lDX t~SH

ml4A IC89 AD '3 ICBE BSR BUFUI3 IACR
It ~5A OCBB A» 17 IC94 BSR BUfL15 STNlII
116'l,A ,CB» SI RTS
I16I7A OCSE CC 07Ef A B(I....1I13 JtlP IACR
1161BA cm cc 1813 ABUFUI4 JtlP STM
1t6'9A 0C94 cc 082A ABUrul5 ,lIP STHlII
11611A 8C97 cc 1694 ABUFUI6 TlIP IACO
Il611A OC9A cc IS89 ABUfUI7 JtlP cm
11612
11613 H*IHf*HtfHUIHHUfHHfUH

11614 • INS 11 •
1I615 • ST~T INST •
11616 • RESt. IS232 ADD POINTERS •
11617 • UPLATE .umRS •
11618 flflffffJl*llflllffl*fftffflJllfl

11619A OC9D 3F 9E A INGa CU RSH RESET ADD
Il621A OC9F A6 BI A lDA tsTMEiI PDlHTERS
D1621A DCAl !7 9.... A STA RSl
I1622A ICA3 AD 17 lCAC BSR mOl Buru UPDIoTE BlffERS
116roA OCA5 ~6 06 A LOA tEOLA Ac"K SIG
I162~A lCA7 AD 16 leAf MO. rHVI2 TXSR TRANSMIT
1I025A OCA9 IB 12 A BCLR 5,flGN EYTERX BIT
11626A OCAB SI RT5
8162iA OCAt cc ICIA A INDII rH? Buru
I162!iA ICAf cc /BOO AIHII2 JlIi' TXSR
01029
1113' Iff*ffl*flIl{~.lfHIIHffflll

11631 • INS 11-17 •
11632 I INFO'ilATIrn; REQUIRED •
11633 • SEND INFO •
81634 I SEliD DID 0.... NO •
11635 'fifllllftlflfflffflfJlffflf'

I1636A 002 BE lA AINII LOX moD
116jiA ICM Bb IF A UA RSlI
0l63M OCFb 27 17 'CB!' BEQ mll
11639A Icea Dl 17~1 A CH? RIN'JT ,X
116~IA OCBB 27 15 .m BEQ INca
Il641A ICBD 21 IS ICC7 BRA IWI12
11642A OCBF 3f lE A IN!ll CU RSHl
1l6-43A l[Il 5A DEX
I16~A 0a:2 D6 17~1 A lDA RlHiIT,X
I164~ nccs E7 IF A STA iSli
DJ 04l.A G1I7 AE 1E A I~OI2 LtX .aSH1
1164iA nCC9 AD 12 DCDD BSR I~115 I~CR

11 MSA octa 41 TSTA
Dl649A DCCC 27 F9 1CC7 BEQ ml2
II!5lA OCCE A» ! D ICED BS~ IHI!6 TXSR
11651A ICDI ,D lA DOC BRA INIU
11 b52A OCi2 A6 ID AIKIIJ LOA mU!
Il~ ICD4 AD CA ICEI tSR IHllb TXSR
IlbSolA 006 3f IF A Cll RSlI
D1655A 108 15 19 A BeLR 2,bNH. XorF SENT
ItC56A OQA IB 12 A B<..'U 5,flbH
11657A mc 81 IHI14 RTS
I165SA OCiD CC 07Ef A IH815 ,rIP IACi
11659A ICEI CC IBln AIHOl6 .TII? TlSR
11661
1Ib61 HII-HfIHflfHIHfll
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PAGE 129 M .SA:I lOO IEClllIDEI

i1b62 I INS IB •
D1W • PRESENT INFO •
116M UtllUlllttllfllHlI

It USA OIIJ AE 9E A INIB lDX mH
IlbbbA ICES AD 19 Iln BSI INIBI APPS
1I1>67A ClI7 AD CA ICFJ BSI INIS2 BUfU
D1bbSA ICE9 Ab Ib A UA UOlA
iI U9A OlIB All 89 Icrb BSI INIB3 TXSI
IIb71A ICED IB 12 A ptlR 5,FLbN mE RI BIT
11671 A OIIF SI RiS
IIb72A letl Cl: 16,1,9 A INISI flIP APPS
Cl b73A OCfJ Cl: ICIA AINDB2 JI1I' BUFU
IW~A ocrb Cl: mD AINIB3 Jl'J' TXSR
i1b7S
11670 nUmUHIH-HHfHI

G1b77 I INS 89 I

11b7S I PRPJIOUS INFO I

11679 IIHHHI1HHHHHlI

OlbSDA 0(79 A£ 9E AIN09 lDX mH
01 bBlA ICi] AD ,3 Oetl BSI INISI APPS
01 *-A OCFD AE 9E A l1lX mH
Olba3A OCFF AD EF Ocrl BSR INISI APPS
D1OS4A OMI AD FO OCFJ BSI IN082 BUFU
DlbB5A ODI3 A6 Db A UA UOlA
ilblbA OD85 AD Er Oetb BSi mS3 TXSI
IIbS7A 1007 IB 12 A BCli 5,FlGH mE IX BIT
C16SSA 0019 SI RTS
1lbS9
11691 HnHU1HIHlflf

1Ib91 I INS lA •
n.92 • Mm ,IiFO I

81b93 lfltflllifllllifll

11614A ODIA AE 9E A INIA LOX tRSH
11695A 10lC AD 19 m.7 BSi INIAl APNS
o1696A ODlE AD E3 ocn BSR I~CB2 BUru
Olb97A DOlI A/; O/; A LOA tEOLA
1169SA OD12 fID £2 DCF/; BSR ma3 TXSI
Ilb99A IDI4 IB 12 A Pill 5,FlGN
mllA Cpl/; SI ITS
117tlA ODI7 cc 06B4 A INIAl ;lIP APNS
01712
G17i3 HfUH*IU.Hlfll

11714 I INsa •
i1m I RS232 OFF f

1171/; Iflfl~ff*IIf~1

U 717A OD1A lA 19 A INeB BSEi 5,GNrL OFF BIT
1171SA eDIC A/; D/; A LOA mu
11719A OOlE All D/; Icr6 BSI INDS3 TXSi
1171BA ID21 ID 12 A BCli 5,FlCN
mllA 0IlZ2 SI RTS
Dl712
11713 HH1HIHlI*'IU*,111I1

11714 I INSOC I

11715 I START-DATE •
Dl71/; I iATIO &DEVISOR I

61717 IHflIHlfHfHlfllIIHI

1171BA OD23 3F 97 Amc Cli roADH
I1719A OD25 Ab 83 A LOA US3
11721A ID27 B7 9S A STA l1ADL
11721A CD29 3F lE A ClR iSHI
117Z1A ODZE A/; 91 A LDA tt91
11 mA C02D DJ IF A STA ,Sll
01724A ID2F AD 31 DD62 mel BSI IifDCS
I1725A cm BOIF A ltA iSlI

111'-311'



fAg; 131 HA .SA:I LOO RECalDEI

11726~ 1033 AI 96 A Cif 1196
It 7Z7A DD35 Z5 FS ID2F BtD mCI
117Z8A 1037 3C 98 A INC lIAllL
11 mA Dm9 tJ 27 ID62 INIC2 BSi !Wits
11131~ Im B6 IF A lO~ iSLI
11731A DD3ll AI 9E , A ClIP IS9E
1173Z~ IDJ< 25 FS ID39 IiLD INDC2
I17IlA D~I AE 97 A lOX tllAllH
IIrnA DD<!3 AD 26 ID6B 8SR INIC6 IACi
11735A DMS AE SF A LDX IISF
11736A lDo\7 BF IF • STX RSLI
I173iA D~9 AE lE A lOX tRSHI
1173SA DD<!B AD 21 ID6E BS< DiIC7 SlAM
11 J39A D~D AI> 9E A IHDC3 UlA IS9E
017~IA ID4F B7 IF A STA RSLI
ImlA 0051 B6 le A lOA eREl;
IImA ID53 AB 30 A ADD till TO ASCII
mm 0D55 AE lE A lOX liSMI
117~ I~ AD lE ID77 BSR INIClI IACD
0174lA 0059 "!I IF A CLR RSLI
m4bA IDSB A6 16 A lOA tEOLA
ll7~iA mD AJ 12 OD71 BSi INICS TXSi
8174SA DDSF 18 12 A BCU S.FLGN
117~9A 01161 81 RTS
8l750~ DD62 AE '17 Amcs m tMDH
11751A OD6~ AD 05 1»68 BSi llilC6 IACI
117"..<A 0066 AE lE A lOX tiS,,1
11753A DLbS AD OA DD7~ BSi I~;C9 sml
117".AA IDIA 81 RTS
Dl755A CDb8 et 07EF A INIC6 JIIP IAti
117".oA DD6E et 18.3 A DiIC7 JIIP STAM
Dl757A ODit et IBID A mcs JtIP TXSR
OI75SA om cc 0826 ADiIC9 m' STlili1
8l75IA om cc om A. INICII Jr,p IAClI
11761
11761 HlIHHHfIIHHH

m6Z • INSiD •
Il7U I STIIT-TIliE'
11764 • SPi •
Dl7t5 ....Iffllifllftlffl

11766A CDiA sF 97 .INGl CLR lIAllH
m.IA om Ab 80 A lOA USI
Il76aA ID7E B7 9S A STA ~.IJ)L

1l769A ODSI 3F lE A CLR ISHI
1177IA IDSZ A6 10 A LOA fm
DI nlA ODS~ Fl IF A STA iSLI
11772A GDBb AD DA mz !IlIDI BSR INO~

mm DDBS B6 IF A LDA RSLI
DI774~ IDSA Al 94 A CiiP 1194
i1775A owe Z5 FS ID86 BtD IjIt;Dl
11776A IDSE B6 92 A lOA SPR
IlmA PD9D ti. lE A lOX fiSHI
Il77iA ID92 AD El ID74 BSR IHIC9 STH~I

OI779A PlI9~ cc OD4D A JlII' INOeJ SUI! CHECX+E0lA
ll7aD
11781 HlllHllHfHHflHIH

msz • INSTRLtTION lE •
11783 HflfHlHlIHfffHIHI

117S4A OD97 lE I1 AINOE 8SET 7,fOllTB TX IH IDLE STATE
1Im1 C1I99 A6 06 A lOA IEDLA
117B6A OD9B AD 03 IDAD BSD INlEt TXSI
817SiA PlI9D 11 12 A BCLR SllGH FYTE RX BIT
l17aiA IDIF SI RTS
ll7ilA 01)1,0 cc eFll A INOEI Jt1i' TXSR
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PAG[ 131 lIE .SA:I LOO REtlIIDEI

I A-DATA WHEH RETIJ!HIHG

• A-DATA IllIEll E1iill ING
A IIElIS BSET I,PORTA CHANGE r.El\ MP
A STA $lAM STA INTO ADDRESS
A BtLR O,PIiTA CHNG IIElt

RTS

1IIllffltJIl*'tflflfffffffllfllllll

f SUBRJUTINE STORElREAD DATA f

f IN SK IIEltDRY •
f A-DATA f

f X-wc OF HIGH ADI OF MEll f

f XREG-Cl-ST01E f

. f IHEAD i
lfllfl....lfll...llIfl.Elfltllllffl

1IIIIff14If1lllffllllllflll

f 8K KEltlRY ROUTINES'
flfllflflllllllllflllltllll

181-n LDlGTHlFILE
ISI-HlI I
t82-1IlI I
183-55 /START (J RECORDING
t84-Yf IIlI 81 MEK
IB5-Jtll I
186-DI I
IS7-DEKPI
ISS,S9-K1o'II RATIO
IBA,SHVAh RATIO

I,PORTA
11AAA CET DATA
O,PDRTA

A KEKR BSET
A LDA
A BtLR

ITS

A IIOiS STA AREG SAVE !oREG
LDA ,X CET HIGH ADD

A STA KEI\+13 STORE HIGH
A STA KEK+$B ADD IN BOTH

INl
LDA ,X GET LItoI ADD

A STA iIEiI+14 STORE LOll ADD
A STA IlEK+$C IN BOfrl
A LDX XREG READ/STORE
A LDA IJiEG DATA

SEl
COC9 ~ Ill(SI DO ACTION

CU
RTS

A IIRSI TrIP MEIf,X ROO OR STDRE

11791
1171'2
11793
11794
11795
11796
11797
117'1S
11799
11811
11S81
IIS12
I1S13
IlBII
!lSC5
IIS16
81S17~ CIA] 11 11
IlBIS~ ODA5 C7 lAM
11S19A IDAB 11 11
I18liA ODAA 8l
11811
1l8l2A Ol¥iS 11 IB
1lS13A lDAIl C6 lAAA
11814A OtBI 11 ID
DlSI5A GDB2 Sl
11816
11817
IIS1S
11819
81821
11821
11822
IlS23
11824
11825
11826
IIS2iA 1t83 B7 13
IlS2BA CDli5 F6
1l829~ ODib B7 33
l1S3i~ ms B7 3Il
1lB31A ODBA se
1lB32A IDB8 F6
11 S33A 0DBC B7 34
I1SJ.\A IDBE 87 3C
iI S35A ODCI liE 14
11S36A lDel B6 13
Il837A O1lC4 VB
11B38A cnes AD C2
1l639A OllC7 9A
C1S4GA IDCS Sl
11841A OllC9 Et 3D
11842
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PA'[ 132 MO .SA:I LOAD RECOIIDiJ

HOURS

SAVE ARES

GET 2 NUMBERS F1m~ D1SP
MI.KE XPOINT TO NEXT VA

MONTH
AAKE X POINT Nm

DATE

MIN!JTES

GET 2 CItlS FRO" US?
YEAR
MAKE X POlh'T TO NEXT VA

GTeD
MTNJ
DBUS

1111111111 DISAlILE RTe
ARTC
1111111111 SET MODE
~TC

7,IIRD Cli SET MODE
I1liI
FAU,X
001
tEAR
Ch12
Ch11
~OH

CHT2
CHTI
DATE
002
CHTl
HRS
CHT2
Ont
MIN
CHT2
CHTl
SEC SECONDS
III111GIII ~ON SET MODE
~TC

mmml
Am
xm
mGlO1lO1 BUll( OFF
CHTJ DBUS
DINS
XREG

STA A~EG

TU
m 1$21
TAX
LOA IIODVl ,X
AlQ t17F
TU
LOA ARES
R1S
X-HEXT IJDIIESS

LOA
STA
LOA
STA
FCLR
ux
LDX
BSI
STA
BSR
FSR
STA
BSR
BSI
STA
B":>lI
BSI
STA
SSi
BSR
STA
BSI
BSi
STA
LOA
STA
LOA
STA
SiX
ux
BSi
SIX

fllllnUllllllllllflUHHIHlHll1

• SUJilOUTINE CHANGE TItlE.DATE •
HlltlHIIUIIHlllnfflltHlfllHU

fffllHl-mUlffllUlllllflHHffllUllfll

• Sl'FlO'u1I;,,[ 1',oIiE TO IIEXT UAlHTIilEl •
• X-iRn'S ~.DDRESS •
fl*fllllflflllff~.fflffllffll*fI*lflfll*'

•
A

A
A

A

A NTN'J

LDX
RTS

ACHil JIii'
ACHT2 1'1
ACHTJ JIIP

HIlT
A
A
A
A
A
A

IEtO
A

om
IEII

A
Im
IEII

A
IEI3
DEll

A
IEI3
IEII

A
Im
IElI

A
A
A
A
A
A
A

1£16
A
A

IlS4~

I164S
IIS46
11S47A OOCB AO 79
1164SA IDCO ~7 SA
11649A OIlCF AO F2
11B5DA IDOl B7 SB
IlSSIA ODD3 IF 93
OlS52A ODDS FE 93
I1ll53A 0007 DE IAII
OW...IA 10DA AD 3~

11S55A ODGC FI 89
IlB56A mE AD JJ
I1857A ODEI AD 2E
IISSSA 1DE2 87 sa
Illl59A 0][4 AD 20
IIS61A IDE6 AD 2S
ItSOlA ODE8 FI 87
IlSm IDEA AD 27
I1S63A OOCC AD 22
11 SMA ODEE 87 S4
11 S65A 0111'1 AD 21
O1SUA IDF2 AD lC
11 S07A 0111'4 FI S2
IlB6SA 1;)1"6 AD 18
IIBt9A W8 AD 16
IIB7IA IDFA B7 SI
m7lA OIlfC AO n
IlsnA r.OFE B7 SB
IlB73A om AS 29
11B74A GEll B7 SA
11SiSA 0014 SF 14
01Si6A OEIS AE IC
llBiiA 008 AD GC
11S7SA OEIA OF III1
&t871A DElO BE 14
11BSIA IEIF SI
IlSillA om et Im
11B82A OE13 cc IEI9
!t BS3A OE1. et 1786
Q1884
il BBS
IISB6
11887
I1BSB
11 SS9A om B7 13
11B9IA om 9F
11B91A OEIC A3 21
Il~A DElE 'i7
IiS93A eEl F OS 1ABI
11S94A Irn AA iF
11B95A CE24 97
D1B96A 1E25 B6 13
11S97A om 81
11S98
1lB99
1190' IfI*ftf*lIfllflflfllfffffl

1l9lt • SUBROUTII£ IIODE I •
11912 IHUHIHfIUIIUUflfHI

11913.\ m8 lE 93 32 DESO 11001 BiSEl 7,1'i!0,1I019 SET !lOOE
11914A cm IS 1\ 13 Im BiSEl 3,FDIS,1lll18 1ST TItlE ~m IIOD
1191SA IE2E 13 11 lE IE4F BRCLR I,FDIS,KlII 1ST ~ITCH OH
119lfA Im lE 8A 2S IESF ~1l18 BRSET 7,ARTC,MDI2 UPDATE IN PROGRLOS
1l917A om AD 2A DUI BSi MDI3 SUDT
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pfl'E 133 MO .SA:I LOAD iECOiDEI

119DBA DEJ6 AD 31 Dm ~SR MDI6 KTNV
Il9I9A OEJ8 P' 9Z A LDA SPR
II9lDA DEJA AD 3D DEbt ~SR 1'J117 STCD
I19I1A 0E3C lE. IE A LDX UIE DO FOR DEM? HO
It9IZA DEJE P6 9S A LDA DEIIP
I19IJA 0E4I A' 2A , mc ~ KDI7 STen
11914A IE42 13 1I A PClR I,F~IS 1ST ENTERE MOD
1191SA OE44 17 tl A Fell 3,I'»IS 1ST SlIITCH OIl
D191'A DE46 AD ID IE63 isa I'J1I4 DIlJS
It9I7A 0E48 A6 DC A lOA ltDIDDIllD SWITCH DISP ON
11918A IE4A C7 DIll A STA DINS
Il9I9A om 21 lE 1E5D BRA 1ID19
1192IA IE4F DIll ID DESF I'JIII ~RClI l,mC,MDIZ PI ~IT

1192IA mz lE 8A lA IESF BRSET 7,AaTC,MDl2 UPDATE IN PROGRESS
11922A 1E55 AD IF DEbb BSR K015 avOT
I1923A om AE lE A LDX UIE LOC IN DISP
U1924A OE59 P6 95 A LDA DEt.P DEllAND mIOD
I1925A CE5B AD OF mc ~SR KDI7 sm
1192'A DE5D 11 11 AI'Jll9 PClR D,FRIC IlF~IT

i1927A 0E5F 81 1'J112 RTS
1192BA DEbl CC DEbF A MDI3 l1i? SUD!
11 929A om cc 1786 AI'J1I4 Jr.? OPUS
11931A IEbb CC IE9D AI'Jll5 JKP S'.'TiT
11931A 0E!9 cc Im AMDI6 Jl'oP MTWi
11932A mc cc om ArJll7 Jll? STCD
019J3
11934 IIf*ffl*flflllllll.f....~III..lflll

11935 • SUBROUmE UPDATE DAY AND TIIIE •
11936 fl*llifllffffflllffffltflflffflllffflll

U1937A OEbF AD n cm SliDT BSR SVDTI DISP P.lJSY
1193BA om A6 01 A LDA itOODODDl1 ClEAR DISP
11939A CE7J C7 0111 A STA DINS
1l941A om AE DD A LDX HID
11941A 0E78 Db ICII A. SUD2 LDA KaDFt ,x LOAD CHR FROK TABLE
omlA OEill AI 20 A CK? U21 AND SKIP IF SPACE
D1943A CE7D 27 12 IESI ~EQ SUDI
Il944A OE7F AD 65 om ~SR SVDT3 STORE CHR IN DIS?
D1945A &ESI SC SliDI Ih"X
1194~ O~ AJ IF A CFX ts1F 1ST &3RD LINE DONE?
1194iA DES4 23 F2 DE7B BlS SUD2
D1948A DEa6 A' 5B im BSR S'-'DTI
11949A OE8B Ab Cl A LOA ~CD

il9:iCA CEBA C7 illl A STA DINS
&i951A tEBD ~E 40 A LDX lS4D 00 LINES 41 ID 5F
119'.0\ OEBF D'ICII A SUD3 LOA MDDFI,X
01953A OE92 AI 21 A er.? lS21
DW.AA om 2J 02 mB 8EQ SUD4
11955A IE9b AD 4E em· 8SR SV-DU STACH
11 9"..bA iE9S se SU"""' 1NX
0195iA 1[99 A3 5F A crx U5F
119""lJA cm 23 FZ CEBF B'.S SUD3
119~9A IE9D 86 93 tt S'JDT lOA MRD GET ADDRESS OF FIRST
11961A OaF A4 7F A AN' ts7F VARIABLE OFDDISP
119blA DEAl 97 TAX
ll9'lA DEAZ DE IAII A LDX FAV,X
11963A lEAS lE SA FD lEAS S'.~T5 SRSET 7,ARTC,S\'DT5 RTC BUSY
119!4A 0EAB Bb B9 A LDA YEAR FETCH YEAR FROM RTC
119b5A CEAA AD 3D 0EE9 BSR S->'n4 SURE YEAR IH DISP
I19bbA OEAC se IIll MAKE XPOINT TO
1l967A lEA' se INX NOO LOC
I19MiA DOE DE BA FD IEAE SVDT6 BRSET 7,ARTC,SVDT6 RTC PUSY
11969A IE~I ~b BB A LDA "ON IIQHTH
DI97DA om AD J4 IEE9 BSR svm sm
11971A IEJ<S ~.c na
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P~ I~ MO .SA:I

I1972A m6 :it ux
11 973A cm lE SA ,D 107 SVDT7 B~SEl 7,AITC,SVDT7 nc ~Y
11974A OOA B6 S7 A LDA DATE DO fOR DATE
1197'""" mc AI ZB om BSI SVDH STeD
11976A OOE B6 93 A l.DA MiD GOTO UAIl OH
11mA CEn AA 7f A AA') U7f IlEXT lINE
11978A OEC2 97 T~

1197?A OEI:J DO IACI A LDA fAU,X
C19SCA IEC6 I.B 41 A AID U41
119S1A OEtS 97 TAl
C19S2A OEC9 OE SA fD om SUDTS BlSEl 7,ARTC,SUDTS iTC BUSY
IlmA OEee B6 84 A UA HiS DO ,OR HOURS
11984A IECE AD 19 om BSi SVDH STCD
119B5A DEn :it IIlX
OI986A GED! :it IllX
I1967A CED2 DE SA fll 1ED2 S'UDT9 8~SEl 7,ARTC,svm iTC BL'SY
msSA om 86 S2 A LLA m ftlNU1ES fiOi\ nc
119a9A DE»? All ID Gm BSI sum sm
11991A om :it 11«
C1991A OEDA se IliX
1199".A cm lE 6A fD cm SVDTA EaSEl 7,AiTC,S\1TA iTC BUSY
C19Y".>A CEDE 86 80 A LOA SEC
11994A cm AD 07 om BSI som4 STCD
DI 99''''' 0EE2 61 m
01996A om cc 1786 A S',l1Tl IMP U8US
D1997A OEr6 cc 07D2- A S\1T3 !I\P STACH
1199SA OEE9 CC ITLl3 ASUDH JI'.i' STCD
DIm
0211I Ilf*ffffJfllffllfJlfllllllfftf

12CC1 • tIOlEl tIOUE TO TOP lOC •
02CC2 IIflllflftflllllfllllllflllfll

02CI3A CEEC A] 19 IIT7 MTI BSI MIl MAKE XPOINT TO ADD
C2114A CEEE DE l1i80 A LDX MODU1,X
120C5A CEfI AD 11 IEF4 BSi hll1 Mex IiOUE ClIISEI
02006A 0EF3 61 R1S
12C07A OEf4 cc C91, Ah111 JMP MOX
028IB
02i19 IIllfHlmUHllffHHHlHllIlIHlllffllfl

0211. • S'uI<l:0;,11"'£ FIi< M(f.'E TO TOP lOCATlDii •
02011 HfllHlIHllHffHIUffHIHHllflHHHIH

02112A 0Ef7 C6 0100 AMTl LDA DIKS
02013A CEFA AA 7f A ANl) U7f
C20HA IEfC 4C liIeA
C2CI5A VEFD B7 94 A 5TA DIoR
fi211_A CErf IC 94 14 OfC_ Ili:SET 6,DAR,KTlI
G2CliA OFl2 IC 94 A FSET 6,tAR
1211SA OF04 20 12 OFCS iliA MIl2
12119A OFlb 11 94 AMIll R.'U 6,DAI
D2020A CFCS SE 94 AKill LeX »AR
02021A OFIA SI RTS
12022 • HOhlAINS [Jr,SET ADD IN TAB
12123
02D24 1I111f1Ilfl*tflllfl..lllfflffll..JI

12025 • l\u"][1 MM: III PREVIOUS 111: •
1202_ IIllfll1lfllltllllll*lffflfflltfffl

02027A BFOB co 1110 AlU'1 l.lIA DINS
02CZllA OFIE AA 7F A A~I U7F
12129A om 97 lAX
12D31A CHI DE lAst A LOX ftOOUI,X
D2131A OFI4 AD 11 0F17 BSI MPlI KCX
12132A CFl6 SI inS
12D"JA OFI7 cc 090f A1'111 J~,p MCX
12034
02135 fllllllfHUIHIHlllllfffHlI1
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PAG[ 135 "0 .SA:l LOAD IECOR DO

12036 • "ODEI "OV[ TO NEXT LOC •
12137 • A-PiEVIOUS LOC •
12138 IIfllHtllfftHHllfHlllllHl1

121J'1A GFlA AI 21 AIlNI ADD ml ADD OFFSET OF TABlE
D2141A om 97 TAX
02041A om DE IABI A LDX "ODVI,X
02042A DF21 AD 11 DF23 WR IIHII "CX
12i43A GF22 BI ins
120«A 1F23 cc Im A1lN1I Jlii' "CX
12045
02146 ltflflfllffffllllll..

12147 • CHANGE "ODE! •
12048 HfffHlIHlllIlfun

12149A CF26 AD 17 OF2F CMI BSI CMU CHANGE mE I »ATE
121SOA DF2B AD 08 1F.l2 BSI C"12 KTW
12151A DF2A AD 09 OF35 BSI CMI3 CTCD
12152A DF2C F7 92 A STA SPI SA!'iL[ PERIOD REb
D2053A OF2E BI iTS
020~A OF2F cc ODCI ACMU Jlii' CHT
12D55A orn cc om AC"12 jl\P lITHV
D2156A IF3S cc om ACMI3 Jlii' GTCD
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.SA:I LOAD RECOiiDER

SAVE AREC

AREG

ml

AREC

L1iA
iTS

II*llffllflll*fflfflffllflll*f

I 1IOD£2 mE xfom TO I

I HEn \-'AR I
II'fflffffltlflflllltlflltftlf

A

A
A

A

A"TN2 STA
TXA
ADD
TAX
LDA
AN»

Ims
12159 Ht11H11H1Hfl11f1f1l1l

12161 I SUiiOliTIJlE "ODEZ I

12"1 1IIIIHIHIlIHUHltllH

G211l2A em 16 11 13 IF3E IIOD2 BtSET 3,FlIlS,~0 ISTSTIIIEMOOERE"OD
12163A om 13 1112 IFSI BRCli I,FDIS,IID22 1ST TlI1E SWITCH OH
021MA 0F3E AD 23 OF63 1ID21 IlSR UD2 Ul'DATE DI" WITH "2
121!5A om 12 1114 IF47 BRSET I,FDIS,1ID21 1ST TlI1ERSWITCiI OH
12166A om 17 11 A BCli 3,FJ)JS 1ST TIME ElnEa MOD
1216iA OF15 ZI 09 IF51 BRA 11022
D2168A OF47 13 11 A1ID21 BCli I,FDIS
12I69A on9 AD 06 OFSI poSa MD2. D8US
02171A OF4B AI> DC A L1iA mCIDlm SWITCH DI" OH
0217lA om C1 0\11 A STA DIHS
12DTLA Dm 81 11022 RTS
l2IilA om cc OiB! A rJlZ3 JllP DBUS
OZIi4
12175
om6
128i7
omB
02mA OF54 B7 13
mm IF56 9F
12DBIA om AB 20
mB2A IF59 '17
D2illlA OF5A D6 IBII
D218t\ Im A4 7F
e2CB5A OFSF' 97
D21S6A Im B6 13
121S7A OF62 81
C2Cas

USF 2&4 UNE DONE
UD23
l$02 MODEl IHITIAL DISP
FAV,X V!RIABLE
XV»2
IIADH
UaD
IIADL
VD21 GET HOURS
M2 DISP IJlD
VD25 STCO
X\'D2
VD22 m

l$lr 1&3 LIHE DO.E
UDZ2
lW
MIDF2, X
ml
UD24
UD24 STACH

ItIlfll*;II*"'llfllfl~fllfl

I . r.2 SUB li'DATE DISPLAY I

IXHUIHIIHUHlllfHHHfU

UD23 DEUS DISP BUSY
lIllllOIOI Cli DISP
DINS
HlI
KODF2,X
ml
UD21
VD24 STACH

DFC6 UD2 ~R

A lllA
A STA
A L1iX
AUD22 L1iA
A CrI

OFiS BEQ
DFC9 BSR

L1D21 m
A cn

OF6C BlS
A LDX
AUD23 L1iA
A CM?

DrBS BEQ
om BSi

UD24 m
A CPX

OF7C BlS
AVD2 L1iX
A L1iX
A SIX
A Cli
A LDA
A STA

Im ~a

A L1iX
IFCC BSR

A SIX
IFBB BSR

020i?
12D91
02091
1219<A IF63 AD 61
02193.1 CFb5 AI> 01
DZi9~A IF67 Ci ClOg
0209'..A OF6A Ii. ID
D2096A mc D6 lelO
02D9iA orbF AI 20
021,tA OFiI 27 12
02D9'A om Ai 54
821 U~ Gf75 se
0211:A om !J IF
IZ112A iF7S 23 F2
12113.1 aFiA Ii. 40
IZ11~A IF7C 06 lelO
D2115o\ OFiF AI 20
D2116A oral 27 12
12liiA OFB3 AD 44
D211SA IFBS se
12lt9A o,a6 A3 5F
1211lA OFaB 23 F2
12111A OFBA Ii. 12
12112A OrBC DE lAID
12113.1 OFBF SF 96
IZI14A IF91 3F 97
121150\ om AI> BD
e2116A Dr95 87 98
1211iA om AD 17
IZI18A OF99 ~~ 96
D21l9A om AD 2F
OZI21A OF9D SF 96
12121A CF9F AD lA
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PAGE 137 "0 .SA:t LOAD IECOlIDO

121Z2A IFAt AD 18 mB iSI ~'22 SEC
12t23A OfAJ AD t6 UFEa lISt VDU YEAlS
02124A IFA5 AD 14 Im lISt V022 IIlINTH
12125A om AD 12 IFBB lISt VDU DATE
02126A OFA9 AD 15 om BSt VDZI GET DEItP
12127A OFAB I'i. 4E A u:x U4E POSITION OF D~
12128A IFAD AD ID OFCC BSI VD25 STCD
12129A IFAF SI Rn
02131A IFBI 3C 98 A V021 IIC IlADL ADDliESS
12131A orn I'i. 08 A LDX UI8 Rm
12132A 1FB4 Br 14 A STX XtEG
U2133A orn I'i. 97 A LDX lllADH
02134A IFBB AD 15 OFcr lISi VD26 "is
12135A OFlA 81 iTS
02l36A GFBB AD F3 om VDU BSi V021
12137A om BE 96 A LDX XVlI2
1213SA UFBF AD 93 DF54 BSi 1lTN2
12139A om AD 09 UFCC BSi VD25 STCD
02141A IFC3 Br 96 A STX X\'D2
02141A 0FC5 SI RTS
D2142A OFC6 cc 0786 A VD23 TIiP DBUS
12143A om cc 0702 A VD24 JliI' STACH
021HA IFCC cc 1783 A V025 TItP STCD
02145A IFCF cc ODi3 A VD26 1ItP MiS
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PAl:[ 138 MO ,SA:I LOO RECORDa

HfHHllHlUUHfUllllffffl

• tfA SUB UPDATE DISPLAY I

HIIIHffHUlllfllfllflllll1l

HIUH*IHUUllflllnUHllffllll

I MODEA MM TO PREVIOUS LOC I

HllfIf*ftllllfflflllllff*lffllflll

MPA RTS

IfUHI*HH·HIKfnUIUHflH

I Moro MAl:E XPOINT TO I

• NEXTVAR •
1lllHlffll*fllllll*flllllllll

MTHA iTS

FIX HAlE ~CURS-IST INST

STACII
TO !<CD
IfNA+7

tSlF 113 LINE DOKE
Ullt.2
1$41
MODFA,X
tm

VDA3 DBUS DlSi' BUSY
tZIO;OOIII ClR DISP
Dlk'S
UU
MODFA,X
1$21
UDAl
UDAl STACH

IlIlfHflHfllHHflHlllfJlIf

I MOOCA MM TO TOP LOC I

HIIHtlHU.llll1lfllllllflH

lIODA
FIRST VAR
GACD

HU·HUHIIf-HUHIIIHHIIIII

I MODEl! MOVE TO HEXT LOC I

lHIHnIH*~IIIIUlfIHUIfI

AtfNA leA KI(1J PRIh1 NAKES IN
A C~.? HIE IF if'tXT KEY mSSED

OFF8 BI,E KNA3 RETURN
RTS

1008 KiiAJ BSR KNA2 NAME DISP
A UlX HOA
A leA FAV,X
A ADD tm

TAX
toeS BSR MNAI IiCX

m
A tf"NAl J~.? HCX
U.AA2 Jr.P NAi".E

IISA UDA BSR
A LOA
A STA
A UlX
AUDAZ LOA
A c.~P

tilE BEQ
tD5.\ BSR

UDAl m
A CPX

IOIS BLS
A LDX
AUDAJ UlA
A CtfP

AMTA leX UOA
A leX FAV,X

om BSI MTA2
IlCA

A CMP U38
om BlO MTAt

A leA U31
IFED MTAI BSR Mm

A Id\D UOF
om BSR MTAJ

ITS
AMTAZ :n;p GACD
AtlTAJ JlI? HHA+7
A MTI.4 :n;p STACH

I2H7
12148
021~9

12150
12151A OFD2 AE OA
12152A om DE WI
12153A OFD7 AD OE
12mA CFD9 4C
12155A OFDA AI 38
121SM CFDe 25 02
02157A OFDE M 31
0215BA CFEI All OB
02159A m2 A~ OF
02nJA om All O~
02161A eFE6 81
1216ZA om et 07A5
12163A em et OFF8
12t6.\A om et om
02165

.02166
12167
12Ull
12169A om III
02171
821il
12172
12173
121i4A OFFI &6 90
12175A om AI oE
12176A IFrs 26 1I
021TiA OFF7 III
1217SA OFFll AD lE
0217'1A OFFA AE OA
12111IA OFFC 06 IAIO
12181A OFFF A3 ao
121SZA Hil 97
12183A 1112 AJ 01
02tll.\A Im SI
121liSA I liS et om
121116A 100ll cc Illl~

121E7
021S!!
12189
12191
12191
12192A IiIB 81
12193
02l9.\
12195
1219&
02197A loec AD -IC
12allA tilE Ab 0I
02199A 1111 C7 0101
022I1A I 013 At: 00
022IIA 10lS 06 IDllO
12211A IIl8 AI 20
1220JA IOIA 27 12
12214A III C All 36
G22ISA tilE 5C
12206A tllF A3 IF
12217A IC21 23 F2
0220llA 1123 AE .\0
12219A 1025 D6 IDSI
122!1A 1128 AI 20
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PAG[ 139 M~ .SA:I LOAD IEC~D[J

12211A IIZA 27 12 mE ~EQ UDA4
12212A mc AD 26 1054 BSR VDAI mOl
1221311 lIZE se UllA4 1lIX
12214A II2F Al 5F A CPX USF 2&4 LINE ~ONE

122ISA 1131 23 F2 1125 I<LS UllAJ
8221£A 1133 I( lA AVDA ux tsIA
12217A 1135 DE IAII A m FAV,X
1221BA me i& 93 A UA !\RD
12219A 11311 AB 31 A ADD tt31 BeD TO ASCII
8222IA II3C AI 16 1054 ESR VDAI STAOI
8222IA IIJE F6 93 A ~A MRD PRINT ~E 11 DISP
82222A 1840 Al 42 1CB4 BSR NAI1E
82223A 1042 AE lA A LUX UOA
82224A 1144 ~ IAlI A LilA FAV,X
82225A 1047 AD SO A ADD ml
0222£A 1149 97 TAX
02227A 1I4A AD OB 1157 BSR VDA2 HCX
12mA II4C r.6 00 A ~A 1.11011101 !LINK ON
122.."9A mE AD lA 105A BSR VDAJ DI<US
0223iA 10:;0 C7 0111 A STA DINS
oml A1053 SI ITS
12232A 1i54 cc 1112 A ~l)AI Jl!P STAtH
12233A 1057 cc 190F A v'DA< Jr,p IICX
12234A lo:;A cc om A I'jAJ IMP DEUS
82235
82236 IllflfJllfIllf..fllfll

12237 I ~ODE.A IOUTII£ I

12233 HJ*HHfHI1UUfUII

12239A 1051 El roODA iTS JUST IETURN
mu
82241 HHHlllHlfHUlllf

12242 I MOliEA CHANGE I

12m UU-HUlIUIIlHIIIf

02244A !CSE liE lA A CMA LDX UIA
OWSA 1060 DE tACt A LDX FAV,X
82246A 1163 AD 19 WE ~sa CHAI GACD
02247A a55 M OF A AND UDF ASCII TO FC~

8224EA IOb7 27 04 10bD iEQ croA4
12249A 1069 AIDS A CIIl' HIS
02251A 10bB 25 05 1072 ItO CMA3
12251A 1160 lE 93 A CMA4 FSET 7,MID
82252A HbF cc OFF8 A JIIl' MN!l+7
12~A 1172 F7 93 A c.~AJ STA MRD
02254A 1074 ~7 99 A 5iA Kii.O UPDAlE ME~ ~ODE

022S5A 1176 A6 !le A i..tA 1%00101110 .tINK OFF
n2250A 1078 AD 17 1081 BSR CllA2 DBtlS
12257A I17A C7 0111 A STA DINS
122Wo 1I7D SI iTS
12259A I17E cc 07A5 A CHAI J~,p GAeD
022bCA 10SI CC 1756 A CHA< IMP DSUS
12261
12262 fflltlllllllflllllllll..fltlll

12263 I ParNT HAliES mo mp I

122£4 IllllHIIHUHlftfllllfHfll1

1226SA 1OS4 43 NAI1E LSLA t\(J\iE ~ODE NO
1226bA 1185 4S L!l.A TO ~.sB

I22m 1086 48 LSLA
1226SA I CS7 45 LSLI;
022691; lCBe B7 14 A STA XlEG
1227IA 108A Ai 50 A LDA 1$51
1227IA teSC 11 96 A STA XVl2 DJSI' ALD
82272A I DBE BE 14 A I!!J\I LDX xm
12273A 1191 D6 lE11 I; LDA IilIOD,X
1227~A 1193 BE 96 A LDX XVD2
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PAGE 141 "0 .5A:\ lOAll RECQ[DER

12Z7'..A 1195 AD IB 111.2 ISR NAlIl STAOl
122764 1197 3C \4 4 NA~ THe me
122774 1199 3C 96 4 INC XVD2
12278A I.,B A6 SF 4 lDA mF
1227'14 I19D BI 96 4 ~ XVD2
0228IA IIW 24 ED IlSE BHS NAIlI
12281A IIAI 8\ ITS
022824 111.2 cc 07D2 4 NA~ 1~ 5TACH
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P~bE 141 MO .SA:I lOAll iEClIliDEI

12284
12285 U111ffl1lffH1111I1I1l111f1l1

12286 I I1ODE4 IlAl:E XPOINT TO I

12227 I NEXT VAI I

12288 IIf1HI1IHIIIHIIIIHlllllfll

12ZS9A I IA5 B7 13 A MTN4 STA ARE' S~VE AiE'
ImlA 1DA7 9F TXA
1229IA 11/;8 AB 2D A AllD U21
12292A IDAA 97 T~X

1229"'..1\ 11/;8 DO 1711 A LDA MODV4,X
Im4A tnAE A4 7F A ANI U7F
122Y...A HiD 97 TAX
ImbA IIBI B613 A LDA AiEe
12297A I1B3 81 m
12298
12299 41lll1flfiflfll*lllltlfl..J*11

12311 I M SUB li'MTE D1SPLIoY I

12311 lfI*fltJlllllllf*llllfltlffflf

V2312A IIB4 All 31 !DD UL4 BSi L'D46 DBi.JS
D2313A IIB6 M II A LDA tIlllDIIDI ell DISP
12314A liBS C7 IIID A STA DINS
G2315A IGBB All 2D IDEA BSI L'D47 ADDD
IZ31bA mD AE 10 A lDX HID
I23m tiFF D6 ICBI A UD4Z LDA MODF4,X
1231BA Ilez AI 21 A CliP mD
12319A IDC4 27 D2 ICC8 BEQ UD4I
IZ311A IIC6 AD IC IIE4 )SI u~s STACH
12311A I DC8 se L'D41 1Nl
IZ312A \lC9 All 22 ICED S'SR Uli4S FOOD
D2313A lID A3 IF A crx U1f 163 LINE 00.'[
1231~ IICD Z3 fI mF >LS U'"AZ
DZ315A IDCF Af. 41 A ux ml
IZ3lbA IIDI D6 tC!ID A1l'D43 LOA MODF4,X
D23m 1IH AI ZD A CIli' U2D
IZ318A IID6 Z7 12 ileA B[Q 0044
12319A 1118 All DA lOE4 )SI UJl.\S STACH
DZ32GA IIDA se L'D44 IilX
D23Z1~ IDIB Alltl lIED BSi! UD48 FOOD
IZ32ZA 1100 A3 5F A crx t$5F 2.4 LINE DUNE
42J23A 10DF 2J FO lIDI KS UD43
IZ324A 10EI cc Ilfl A Itli' VD4
IZ325A 11£4 cc 17DZ A L1-45 1tli' STAtH
D232hA lGE7 cc 17B6 AL'D46 JliP DB'JS
D2327A 1lEA cc I22F A 0047 Jl'.P ADDD
i232llA liED cc 123B A L'D48 ItiP BDDD
12329
02331 UHHlllHlHtHUllfllllllfHII

12331 I SUB Ui'DATE VARIABLES HR I

12332 I MODES 4jSj6 I

02333 Iflllllllltflll4l*,llfffflllllf~1

i2:WA tlFe ~ 93 AVll4 LOA II01D CliECX IlODE S
IZ335A UF2 A4 7F A AmI U7f
1Z336A I 1IF4 Al is A CI'.P HIS
I2337A IOf6 26 lE tit6 BNE ~'D4S

IZIlSA I IFS AI: ID A LDX UiI
IZ339A IUfA F& 46 A LDA MOD
1234IA lIFC An 79 1177 BSR VD49 STCD
CZ34IA liFE AE 13 A lDX 4113
i2342A I lID Bb 47 A LDA MIlO
1Z343A 1112 All i3 1117 BSi Vll49 STCD
1234~ 1114 Af. 17 A LDX ut7
IZ345A 1106 B6 48 A lDA IIHH
D2346A I liS All 6D 1177 BSi! VD49
D2347A IliA AE lA A LDX UIA
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fA'[ 142 MO .SA:t LO!oD REeD«DEi

CZl~8A mc ~ ~9 A LDA ftftIN
12349A 11IE AI 67 1177 BSR VD~9

ImlA 1111 AE 51 A UlX 1$58
liJ:iIA 1112 If 14 A STX XREG
12352A 11 H il 2E 11« BIIA ~'D-IA

li353A 1116 11 11 A~8 BIU 6,ms lEI.DING ZERO BIT
li~A 1118 AE I~ A m Ul4
liJ:i5A IltA DE lAII A LDX FAV,X
ImbA 1111 Br I~ A SIX XREG
liJ:i7A 111F AD 11 A LDA UIl en iN ftEft
ImbA 1121 B7 V6 A S1A XVDi
li359A 1123 !lE 96 A~I LDX Mi m IN MEII
123bIA 1125 Eb ~I A UIA DKW,X FETCH DATA
mm 1127 !lE 14 A LDX XREG
I23b2A 1129 !oD ~V 1174 BSI! V»47 STORE CHRS LEAI ZERO
li;;O]4 112B X 96 A IHC Mi m IN ftEII
12311~A 1120 B6 96 A LDA XVDi CTR IN MEII
li30SA IlIT AI 16 A CtIi' Ul6 WHOlE NO lONE
li3b6A 1131 26 17 I13A SHE VD43
li3l.iA 1133 IC 11 14 IllA BRSET 6,FDIS,VD~3
123684 1136 ~6 31 A UIA ml ZERO
li3.\94 ma AI 34 11 bE BSR VD45 STAC!!
12370A IllA AI 35 lIil ~'D~3 BSR VM6 tmi4
li371A I13C BF 14 A STX X,EG
li372A 113E B6 96 A lIiA XI'»2 m IN MEII
li373A 1140 ?I 06 A er.;> W6
123744 m2 26 IF 1123 BHE 1'D41
Di~~ 11~4 11 11 A1'D44 FCLR 0JFDIS LEAD ZERO
123i6A 1146 Ab 11 A LDA tul m IN MEII
I237iA I :~a B7 Vb A STA X1JD2
12378A 1144 BE 96 AVD42 m Xlv2 m rN MEN
12379A II~C E6 BI A LDA DKVA,X
D23SeA 11~E ~ ~~ A lIX XiEG
023S1A 1156 ~J 22 i174 BSR 1'D~7 STeL
02382A 1152 3e 96 A INC Mi m IN MEN
li3lilA II~ B6 96 A LDA Mi m IN MEII
123~A 1156 ~I 16 A CM? UC6
123SSA IIsa 26 17 1161 BNE VD«
123S6~ 115A le 11 14 li61 BiSH 6,FDIS,VD4A
123S7A 1151 Ab 31 A LDA 4130 ZERO
123f~A 115F AD ID 116E BOR V~5 STACH
1232?A 1161 AI DE 1171 VD~~ BSR VD46 l'iTN4
G2396A 1163 BF 14 A SIX XiEG
12391A 1lb5 Bb 96 A UIA XVD2
02392A 1167 AI 16 A CIl? »16
12393A 1169 26 DF mA BilE 1'li~2

12394A 1168 19 11 A BCLR 4,FDlS UPD BIT
12395A 116D SI RiS
12396A mE cc 1702 AVD4S 1'.P STAeH
12397A 1ii1 cc IDAS A VD46 Jl'J' Mm
12398A 117~ cc 191B A1'li47 JK? STCL
123WA 1177 cc am A 1'li~9 JlIP sm
IWI
12411 flflJIIlillllfflllllll1

12412 I SU8 MODE ~;~;6 I

12~13 fHlfHllHlIHfffftlll

i2~14A 117A 16 11 IC 1189 KG»! BRSET 3,FDlS,M»41 1ST ENT
12~~ 11iD B2 11 19 11B9 .iSET I,FDIS,MD41 1ST sw OH
12~16A 1181 AD 23 11A5 BSi om
12417A 1182 19 11 19 mE SRClR 4,FDIS,MD~2 UPD SIT
12~18A 1135 AD IS 1l!02 BS~ fm.I4 VD4
02419A 1187 21 IS 119E BRA M»42
12~11A 1189 11 IS AMD41 BSET I ,FIlED PD BIT
Bi411A liiS 12 15 A BSH l,FaED MD BIT
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PACE 143 no .SA:I LOAD IECIlIIDU

13

IIDD61

TO m
l{v!i
UPD BIT

HODS?

DBUS
VD4

2,FIEJ TD BIT
om
UD456
3,FDIS
I,FDIS
"D43 DWS
t:mlilll DISP ON
DIh'S

BEET
FSR
BSR
SClR
ID
FER
LDA
STA
iTS
J1IP
niP

A

HJUHHiUHHHUIUIHI

I SuB UrDATE MD4iSi6 f

• DATA. VAR •
1llllltllflfftll{lllllfllll

AUD456 LDA M~D

A sus tm
A STA A~EG

LSLA
ADD Am
TAX
;KP U'<Sb}XA

A
IlAS
IlDA

A
A

119F
A
A

M""Z
A llD~3

AMD«

lfllltf*lJllllflfll.fJlllfffll

1 MS SUS IHATE DISPLAY 1

HlIIHIHH-fHflIlIlHHHfll

1228 UDS BSK UD56 DIllIS
A LDA t%80181111 ClR DISP
A STA DINS

122F FSR ADDD
A LDX tlCI
A UDS2 LDA nODFS,X

82412A IIBD 14 15
12~13A I1BF AD 14
02~I~A 1191 AD ~1

1241SA 1193 1111
02416A 1195 13 11
82~11A 1191 AD 06
1241BA 1199 A6 oe
IW9A !lIB C1 8111
12~28A 1190 81
12~lA 119F CC om
82422A ll~ cc 10FI
82~

02424 fllllfllfJIllfIlllllJlfflfllflftl

12425 1 SUBi~JlINE O,CINIlE ~TA 1

02426 1 Fot ~'()DES 4;Sj6 1

12427 ' ....llfl..fllllflflflffflfflffll

De~2SA HAS F6 93 A~GI LDA lIRI MODE
82429A !lA1 AI H A CliP *'04 IIOD41
D2431A 1l~9 26 oa 11f.6 BNE oml
02431A 11A] 01 15 2a IID6 l"Cl' O,FRED,OROD4 PO BIT
8e~32A mE A6 co A LDA t%l1OD0D01 FD VAL TO MU'"
02~33A mo E7 2F A STA MEL
82434A 1102 11 15 A BCU O,mD PI lIT
1243'"":' l1B4 ZO le I1D2 B'A 0..D3
Oe436A 11.6 AI 05 A 0l<GD! CfJ' WS
02mA ms 26 OB 11CS BNE 0<bD2
82438A IlM 03 IS 19 11D6 B,ClR I,FRED,O,GD4 roD BIT
02439A llBD A6 38 A LDA mill mo hD VAL TO hut.
0244DA UBF F1 2F A STA MEt
D24~1 A IlCI 13 is A IlCL. 1, Fm !ill FIT
02442A IIC3 21 OD tlD2 ,RA om3
024~3A IICS AI 16 A G,GD2 C~P t$06
Oe4«A lID 26 DD lID6 BIiE a,OH
8244SA 11e9 8S 15 CA 1106 ~rl' e,flED,O,GD4 TD BIT
0244bA IICC A6 DE fi LOA mmlllG ill Wol. TO MUL
82~~1A lICE B1 2F A STA MEL
12~ mo IS 15 A BCl. 2,FRED
12449A IID2 AD 13 IID1 0.003 is. O,GD5
024S~A l1L4 la il A liSET 4/D15
U24S1A I1D6 SI OR~D4 RTS
C245ZA UP7 cc D9eE A DK~D5 Ii'll' \iVK
:2453
02454
u2455
02~5b

C2~57

82 45aA 11»~ Bb 93
mS9A I1De AD 04
12~,IA llDE B7 13
124biA 1lE8 ~s

12-4f.2A 11E1 BB i3
12463A llE3 '7l
124b-1A I1E4 DC 1821
024b5
D2Wt
12461
m.8
12469
12471A 11£1 AD 3F
12411A IIE9 A6 Dl
C2~j2A llEa C1 111I
82413A litE AD 3B
12414A IIFI AE ID
le475A llFe D6 IDII

10-44



PAG[ 144 tIO .SA:I lOO IECOlIDER

12476A IIF5 AI 21 A ClIP ml
1247iA llF7 'lJ 12 IlFB BEg UD51
1247BA IIF9 AD 2A 1225 ~SR UD55 STAOI
12479A l1FB se UD51 Ita
124BCA llFC AD 3D 123B !SR BDDD
124SIA liFE A3 IF A CPX UlF l&3 LINE DONE
124B2A 1201 23 FI lIF2 BLS UD52
824!3A 1282 DI. IDID AUD57 UA ~ODFS,X

124S4A 1215 Al 21 A 00 tm
12W..A 1217 ZJ 82 121B BEQ UDSS
I24SOA 1219 AD lA 1225 BSa UD55
12tElA 121B se UD5S 1Nl
124SSA 121C A3 IF A el'X "IF
12481A 12lE 23 F2 1212 BlS L'D57
82491A 1211 AE 41 A lDX "41
12491A 1212 DI. aID AUD53 lJ)A tIO&FS,X
D249LA 1215 Al 28 A 00 "21
12413A 1217 27 12 121B BEg UD54
12494A 1219 All lA 1225 BSR L'D55 mCH
124~A 1218 se UD54 m
12410A mc AD ID 12..lJl BSI Em
12497A 121E A3 SF A CPX H5F 21.4 LINE DONE
1249BA 1221 23 FI 1212 BLS UD53
12491A 1222 cc lIFI A .nU' \Ill4
12511A 1225 cc 17D2 AL'D55 .IIP STACH
12511 A 122S cc 0m A111)56 ~P DitUS
12512
125'3 IHIHHW411flHllI

02514 • .o:.rrl~E mD •
12515 fHlfH*mlHflfUII

125C6A 122B 3F 97 AADDO ClR MOH
02517A 1220 A6 SC A lOA t$BC
I25CBA 122F B7 99 A STA MDL
12511A 1231 lE. 97 A LDX Iill.DH
125i1A 1233 AJl 13 123S BSI ADDU R~~

82511A 1235 El la A STA BKEG
G251L~ 1237 81 ITS
125l3A 113a cc 06De A ADDDl W R~

.2514
02515 Iffll-HIHUIIHllliI

82516 • ROUmE BIDO •
02517 HIUIHHUflUUHI

C251~ 123B 9F BODO· HA
12511A mc AB 10 A ADD Bm
1252IA 123E A4 IF A AJ.'D "IF
C2521A 1241 BB 1B A ADD Bm
025224 1242 Al lA A CIIi' ",4

8252314 1244 20 05 1248 BNE BDDl
IZ524A 1246 Ab ZE A LDA tIlE • •
02525A ma IJ 02 me ES~ BDD2 STACH
0252&A t24A 5C Ha
12527A 121B SI BDDI ITS
D252BA mc cc 1702 ABDD2 .IIP STACH
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FAtE 145 MO ,SA:I LOAD iEetiDER

12531
12531 IflllHIHUtlllllfllfflHIfJl

1253Z I YoIl SUB II'DAIE mFLAY I

12533 1IIIflIIIIIIIIIIIIIIIIIIIIIIII

12~A 124F AD 31 1282 UD6 BSi! UD66 DBUS
8253:iA 1251 At. it . A LDA 1%11100111 CLR DISF
82536A 1253 .7 1101 A STA mos
12537A 1256 ~ D3 122B BSi ADDD
82538A 12'..8 AE 18 A LDX «00
12539A 125A Db ID21 A UDbl LDA MODF6,X
12'.4IA 125D AI 21 A CMF mo
1254IA 125F 27 12 1263 BEQ lID61
025424 1261 AD lC 127F BSi UD65 STACH
12543<\ 1263 se UD61 Ih'X
12'J44A 1264 AD D5 123B BS. &DDD
1254511 1266 AJ IF A CFX 1$1F 1&3 LINE DONE
12'.46A 1268 23 FI 125A BLS UD62
12547A 126A AE 40 A LDX 1$40
02548A 126C D6 ID20 A lID63 LDA MDF6,X
82549A 12bF Al 20 A CI'.F 1$21
1255nA 1271 27 12 1275 BEQ UD64
12551A 1273 ~ OA 127F BSi UDOS STAl:H
IZS52A 1275 se liD64 lNX
12553<\ 1176 AD .3 123B BSi BDDD
C25"0J4A 1278 A3 SF A OX t\5F 264 lINE »ONE
12555A IliA 23 FO 126C BlS UD63
i25"..bA 127C et me A Jl\l' VD4
G255iA lZiF cc m2 A UD65 JI'.F STACH
12s<..EA 1282 cc 17S6 A lID66 1HF DBIlS
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.SA:1 LOAD REelll1D<:1

IZC..l>I
12561 H1l1t1l11lUH11lf1lffl11f1f1

1z:i62 I noD£:! IIM: TO TO!' LOC I

12563 1I1IIHnHlfHllnnHlflHII

IZCMA 12BS AD 19 12'11 m BSI IIT32 PREPAlI X fOR TAIl
12~SA 1287 DE 1781. A LDX ~ODV3,X 'ET ADDRESS F1!0Il TAB
125bI.A 128A AD 11 128D llSi ttT31 IItX l1:JiIE tIli5a
12567A 12BC SI m
IzmA I28D cc 09Df AmI 1lIl' hex
12569A 1291 cc Im A M132 ]lIP m
12571
12571 IlIIJffllfftlffffflllll*"*Jlfllflf

12512 I MODO hGIIE TB PREVIOUS LOC I

12513 IftIIHIIII.....III14llllllftflllfl

1z:i74A 1293 C6 ml A 1\P3 LDA DIHS bET msan ADDRESS
1257".A 12'16 A4 7F A AND U7f
1z:i7f>A 1296 97 TAX
12577A 1299 DE 1781 A LDX IIODV3,X F1!0Il TAB
12578A 12ge AD 11 129f BSi 1li'31 no
125794 129E al iHS
025814 129f cc 091f 4 1\P31 IhP hex
mal
12582 "fIHIIBIIHJI."II"IH"111

I2SSJ I ftODE3 hOVE TO IiEXT LOC I

12584 mlmlfHlllIlffHHIIHllUI

8ZC.>85A 12:.2 All 20 4 1Ih'3 ADD ml !.DD OffSET Of TAB
125%4 12!l4 97 TAX
aZC.>874 12A5 DE 1780 A lDX MIJD'J3,X
125SS4 llAa !.D 81 12AB BSi MW31 MCX
125S9A 12M 81 m
02591A 12AB cc 09lf A MNJI JMP MCX
12591
02592 mU-HllfHfHfHIUHfHHH

Dz:i93 I MODO hAKE X POINT TO I

02594 • Nm VAA •
12595 1llllllllHfllllllflHfllHf~1

825964 l2AE B7 13 AftTNJ STA ARE. SAVE ARE.
Dz:i97A 12B1 9F TXA
125%0\ 1211 AB 20 A ~DD »20
125994 12B3 97 TAX
I2&UA 12>4 t~ 1781 A LDA MODV3,X
aZbOl4 12B7 A4 7f A A,'tD U7f
026m 12!l9 97 TAX
ml:lA 12B4 Bb 13 A LDA AREG
DZO!44 mc al RiS
D2bD5
1261, IHIIUIHfIIIfIIIIIIIIIlHH

12617 I Sii'fROUnifc: Ch'liG ftO03 I

02618 Hfl*"UHflHIIiUIUUiUI

mm 12BD 3f 97 A Cii3 CLR ~.ADH HIGH ADD IN MEM
82bllA 12Bf Ab 87 A LDA tm
IZ~IIA 12CI B7 98 A ST4 tiADl
02b12A 121:3 AE 03 A LDX tsD3 MOD3
IZbl:lA 12C5 DE IAGI A Ln fA~,X

12614A 12Cll Ff 96 A SIX XVD2 DISP ADDRESS
C2blSA 12CA AD 27 1Zf3 ESR ClfJ2 bTCD
92blbA litC Sf 9~ 4 STX XY'li2
02,17A 12tE AD 29 12f9 ESi 0\34 I:lITE 10 MEn
1261B4 1200 AD 16 12E8 ESI CMJI
'2~19A 1212 AD 14 12EB I:SR Cii31
121.21A 1~ AD 12 12E8 BSi 001
12621A 12D6 !lE 9~ A LDX X,'D2
D2b22A 120a AD D4 12AE BSR MTNJ
G262:lA 1214 4D 20 12fe ESi Cii35 bACD
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PAG( 147 KO .SA:I LOO RECORDER

IiOD3

as LINE DONE

2.4 LlHE DOh'E

STACH

mD

sm

STACH

US,
U1I33
UI3
FIII,X
XVD2
KADH
U87
~.ADL

Vli32
XVIl2
Vli33

U1F
UD32
U40
MCl)F3,X
U21
L'D34
VD35

XIIDZ
MTN3
CII32
XII02
CII34

tSOF ASCII TO BCD
CM34 WMElI
t:OOllllll BLINK OFF
003 DBUS
DIMS

Ala
~SR

LDX
BSI
SIX
ITS
LllX
BSi
BSi
STX
BSi
ITS
TriP
TrIP
W
JJiI'

A002
A C1133
A ClI34
A CK35

A C1131
IZAE
121"3

A
12F9

IH1IH1IHfUHlIflflllHHH

I K3 SUB UPDATE »ISl'LAY •
flllftfl*fflllt"flflffflltfll

l379 UD3 1'SR >'!!34 Dl<US DISI' FUSY
A LDA 4110100111 eLK DISP
A m DIllS
A LUX 4$00
A"'"32 LDA KQDF3,X
A crp 4S20

1320 ?~Q UD31
I37C BSI v'D35

U1l31 m
A cn

1324 BLS
A LDX
:. lJ'D33 LDA
A erp

133D BEQ
I37C BSI

U1l34 liiX
A Ci'X

1334 BLS
A Vli3 LDX
A LDX
A STX
A ClR
A LDA
A STA

1373 FSR
A LDX

1376 B5R

A
12F9

A
12F6

A

12l>24A 12DC AA IF
126Z"..A 12DE ~ 19
1262.A 12E8 AE Ot
821>27A 12E2 ~ 12
I26ZSA IZE4 er IlII
121l29A 120 SI
126JOA IZE8 BE 96
02bllA 12EA ~ C2
8Z6J2A mc AD IS
82bl3A 12EE if 96
m3-lA 12F1 AD 17
1263SA 12F2 81
826J6A 12F1 CC 1193
I263iA la6 CC 1786
I2b3SA 12F9 CC 1AF.l
1263?A 12Ft CC DnS
12641
e2Ml HIlHUlHunUffHIHH

82642 I SL~OUTlNE MODE 3 •
126U Hfll-HIHfllHHUfl-Hllf

OZ.«A 12FF lE 93 15 1317 KOD3 BRSET 7,IIi!D,i\D32 SET !\ODE
02b45A 1312 0.1155 130A BlSET 3,FDIS,~~31 1ST TIME ~7 MOD
0264bA 1305 12 11 12131A BISET I,FDIS,MD31 1ST TIKE SW ON
02.47A 1319 21 OD 1317 BRA ~~32

1264SA 130A AD OF i31B KD31 tsl UD3
IZb4?A I3IC 13 11 A FeU I,FDIS
02.5lA 130E 17 11 A BClI 3,FlilS
12651A 1310 AD 06 1319 FSR Y.D33 DBUS
OZ.52A 1312 A6 IC A LDA i111101100
02b53A 1314 C7 GIll A STA DINS
I2654A 1317 SI ~~32 ITS
12655A 1318 CC 0780 A KD33 JiiP DFUS
12651>
02657
02b53
12659
i2bbtA 131B ~D se
ezcOlA I3ID Ab 1I
mm 131F C7 QIOI
OZ6lJA 1322 At 00
12664A 1324 Db leAD
i2665A 1327 Al 21
~2HtA 1329 2.7 12
12000iA 132B AD 4F
1266EA 13ZD ~.c

62b69A 132E A3 iF
C2b7~A 1330 23 FZ
1267lA 1332 At 40
02672:1 1334 D6 1[;,/;0
02bnA 1337 AI 20
mm 1339 27 02
B26~ 1~'B AD 3F
IZ676A 133D 5C
12077A 133E A3 SF
1267BA 1341 23 F2
12079A 1342 AE 03
126S0A 1344 DE IAII
126HA 13-17 !IF 96
1Z682A 1349 3F 97
126£3A 134B Ab 87
126~ 134D ~7 99
126B5A 134F AD 22
126BOA 1351 BE 96
1268iA 1353 AD 21
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P~CE G4B ~O ,SA:I lO~ IECOIiDEI

G2b8BA 1355 !if 96 A STX X'lD2
G2689A 13S7 AD GF 130B BSI V1i31
mm 1J:j9 ~ GO 13b8 BSI Vli31
12691A IJ5B AD GB 136B BSI VlI31
mm 135» AD 14 1373 BSI \lD32 II\EII
12693A 135F AB 31 . A ADD UJI TO ASCII
12694A 1301 BE 96 A LDX XIID2
12695A 1303 All lA 137F BSI VD36 MTIiJ

. G2696A 131>5 AD 15 137C BSI VlI35 STAt"
82697A 1367 8l ITS
G269BA 13bS AD 89 1373 \lD31 BSI VD32 IMEM
82699A 1:l6A BE 96 A LDX X,~2

82781A 136C AD 11 137F BSI \lD36 I\Tlr.l
mllA 136E AD D6 t:l76 BSI VDn sm
12782A 137G F.F 96 A STX XVD2
l2il3A 1372 81 ITS
8271~A 1373 cc 1988 A ~'D32 JlIP II\EII
12il5A 1376 cc om A VD33 JKP sm
127I6A 1379 cc Gi86 A ~'D34 Jl\P DBUS
82717A mc cc om A VD35 JlIP STACH
OZ7tBA 137F cc 12AE A VD36 TriP MTr.s
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.SA:I LOO IECORDER

IUUHllHllllfllllllllll1

• ROUTINES FOR MOOE7 •
I PLLSE LllGClt;C •
IlftllllllHlllIlllllHHII

H17 iTS
N'7 m
HTN7 RTS

STACIl

1&3 LINE DGNE

sPACE

SIACH

tiCX
NI msSEll

utF
UDi2

HCX
STACH

DI~'S

ti~75

rJi7

tiNil
KKV
mm
KKV
~N72

*SI3
IiN7J
UC3
KKV
KKV
U30

SlA

ux
BSi
BRA
RTS

llfllllllfflllfltllllllll

• KO\£ TO IIEXT Viii I
HlllHffHflHfflllflfl1

A 1\1\7 LDX ;m MD7
A LDA FA1,X MAKE X POlh'T
A ADD ual TO FIRST VAR

TAX
BSR
LDA
SilE
mc
BRA
C~J'

illS
. LDA

13AB
A

1397
A

139F
A KN71

13AA
A
A
A :-;Ni2
A
A

13AE
13B5

liii3
A ~~74 r~p

A KN75

Ifffllf*IJI*lflljllffff*I4lf411

• UP;ATE LISP FGl IIDDE 7 •
Jtffflllllfllllllflllflllffllll

1411 UD7 BSR \,"73 DFUS
A LDA ;.10111111 CLR DISP
A STA DINS
A LDX ;s'l
Amm LDA 1\()DF7 ,x
A croP ;S21

13DF . BEQ UD71
:41A >SR \~71

UD71 nx
A CPX

13D6 !<lS

12711
12711
12712
12713
02114
1271SA 1382 81
027161\ 1383 SI
12717A 1384 S1
k"718
1271~

12721
12721
12722A 1385 AE 07
12723A 1387 D6 IAII
8272IA 138A AB 88
12725A 13BC 'i7
l272bA 138D AD le
82727A I311F B6 90
1272E~ 1391 26 84
12raA 13!'3 3C 90
1273IA 1395 21 CS
02731A Im Al 03
12732A 1399 23 OF
82733A 1398 A6 03
12T04A 139D S7 90
02735A 13?F Bb 91
om6A 13AI AB 30
02'mA 1:>\3 CE 0111
12T.;SA 13A6 AD C6
D2139A 13loS 21 DB
G27\IA 13AA 81
0271IA 1310B cc C91F
12712A 13AE C-C Im
827\3
127+4 IHIlHHHUHUJllflt

027.L5 I :\1DE 7 ROUTINE I

027~6 HfU:HilHUIHHflnu

82747A 13Ft DE 93 15 13C9 IIDD7 BiSET 7,I'.i'D,IID72 SET lIODE
127101\ 1384 16 11 15 mc BRSET 3,FDIS,MD71 1ST ENT ~D

027\9A 1387 12 11 82 13SC SRSET I,FDIS,~D71 1ST sw ON
l2"l:;iA I3>A 21 OD 13C9 BIA MD72
12751A 13Bt AD OF 13CD KD71 SSR UD7
02T:2A 13BE 13 11 A S1U I,FDIS
02753A 131:0 17 11 A Bm 3/JiIS
821'....A13C2 AD OS 13CA BSR HD73 DSUS
Ozr.r'JA 13C4 AS DC A LDA ':00011110
82~A 13::6 C7 sm A m DINS
I2757A 13C9 81 H]i2 ns
12758A 13l:A cc 0786 AMm J'oP DBUS
12759
027b1
12761
12762
12763A I3CD AD 11
12761A 1:U A6 0I
02765A 13DI C7 I1II
02766A 13li4 AE 00
82767A 13D6 D6 !DAI
0276SA 13119 AI 20
12769A ms 27 02
12770A 13PD AD 2B
D27ilA 13DF 5C
12772A IYI A3 IF
82771A 1,,2 23 F2
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PACE 051 hO .SA:I LQ;,D mOllDER

127i4A 13£4 AE 41 A LOX lut
027'r..A IU D& I D~I . AUD7J LDA MODrl,X
Iml>A 13E9 ~I 21 A ClIP »21
02mA ID 'll 02 13EF BEQ ul74
0277BA 13ED AD I) BIA ~R VDiI SiAClI
1277!'A 1:iF :5t UD74 n:x
Imu 13f1 A3 5F A CPX ts5F 2l.4 LINE DOt;[
127'iIA 1:i'2 Z3 F2 13E6 ~S ul7J
O'llSZA 13f4 AE 17 A VD7 LDX 1$07
02n3A 136 DE 1AOI A LUX FAV,X
127~ 13F9 ~b 42 A LLA FLOG
02725A In AB 30 A ~~D lS31
I'lJUA 13fD AD IB HlA ~i Vli7I STAClI
027SiA lTI AE 17 A lliX 1$17
127S8A 1411 Db IAII A lOA FAV,X
127!9A 1414 AB SO A ADD UBI
12791A mb 97 TAX
mr.A 1417 AD 14 140D BSi VDn hCX
02792A 1409 SI m
02mA 141A cc 0712 A VD71 Jl\l' SUCH
02794A 140D cc 190F AVDn JI',p ilCX
1279'..A HiD cc 0786 A VD7J ;MP DBUS
C27%
02797 lI**ltfllllllllllflfllllllllll*ltI

12m • CHA~'E ,OUT;~E FOll r.ODE 7 •
02i99 mf*H*IHIHHfllllllflllllfUII

02SIIA 1413 ~ 17 ACM7 UlX ut7
12SliA ;4i5 DE IAII A lliX F~V,X

12S12A 141S AD I. 1435 BSi CM7S GACD
02813A 14IA A4 OF A AND l$IF TO BCD
02S14A 141C ~1 42 A CliP PLOG
02815A 141E 27 18 1428 BEQ ClI7H
02811>A 1421 Al 11 A Cl&' Im IF COIl1lNUE
12S17A 1422 26 07 1420 ~Ii£ Cl\71
1281BA 1424 lA 27 A BSH S,CARR ENABLE SWlTOl ON
12819~ 142b F7 42 A 'TA PLOG
02allA 1428 cc 1416 ADiT~ IlIl' 004
12S1:A I~S AI 02 ACK7I CliP Ul2
n2al2.~ g~ 26 09 1438 BNE Din
,28m 142F ;1 27 A ~cu 5,~ii STOP COUNT
12S14A 1431 B7 42 A eTA FLOG
0261SA 1433 21 F3 1428 BRA CM7"
12Si6A ~435 CC t7A5 AClfl5 JIiP G~CD

12B17A 1438 3F 95 A Ch72 Cti nw
82SISA 143A 3C 9S A I~ DEi'iP
mm 1430 F7 42 A STA PLOG PUlSE LOG
D2S2IA 143E 3F 9C A ClR SAn
0282tA 1440 A6 BO A LOA tSTr.£r;
mm 1«2 4A DECA
12BZ3A 1443 B7 9D A STA SAl
02S24A 1445 ~ 9C A LDX tSAH
1282''''\ 1447 A6 FF A LDA HFF
D2826A 1449 ~.D 7J mE BSi CK7b IACO
82S27A 144B lA 27 A BSET 5,m,
12Sm 144D iD 27 A Beu 6J CAiR DAY CHANG BIT
D2B29A 144F DE SA FO 144F CIi7J BiSt' 7,~RTC,CM73 iTC BUSY
82S31A 1452 ~b I1 A lOA Ull
12S3IA 1454 B7 B6 A STA DO~

12S32A 1456 B6 27 A LOA CAlli
I2S33A 1458 A4 FI A AND HFI
02B34A 145A AB 11 A ADD tm
12B35A 14SC B7 27 A STA CIoR,
D2S3tA 145E 3F 97 A ClR hIoDH
I2B37A 1461 A6 SO A LDA tm
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PACE 1St "0 .SA:I lOliD IEClliDER

12B3SA 14b2 B7 98 A STA "AD!.
12831A 1<464 AE 97 A LOX tmH
IZS4iA 14bb lE BA Fll I4bb cm ~ISEl 7,ARTC ,eft7B ITC JUSY
12841A 1%9 Bb 84 A lOA HRS
IZ842A HbB B7 48 A STA IIHll HIS FOI ftAX DEftAND
CZ813A I<46D AD 4F mE BSI C"7b IACD
IZ844A IW lE 8A Fll IW eft7C BlSEl 7,AITC,Cft7C ITC BUSY
8ZS45A 1472 Bb 82 A LOA "IN
8284bA 1474 li7 49 A STA ""IN "IN FOR MX DEftANO
IZ847A 1476 All 4b I4BE BSI eft7b lACO
IZS4BA 1478 lE BA Fll 1478 eft7D BiSET 7,ARTC,eft7D ne BUSY
IZ849A 147B Bb SI A lOA SEC
IZ8SIA 14T.! AD 3F I4BE BSi eft7b IACO
IZ851A 14J"F lE SA Fll 147F eft7E ~lSET 7,AlTC,C"7E ITC BUSY
12852A 14S2 Bb 89 A lOA YEAl
IZ853A 1484 AD 38 mE BSi cm lAca
IZ854A 1486 DE SA Fll 14S6 eft7F BlSEl 7,mC,eft7F ill: BUSY
CZS55A 14<19 Bb SS A l" MGNUn

12S5bA I4B~ ~7 47 A STA MhO KONTH FOR MX DEMAND
12S5iA14l1D AD 2F 14BE BSi eft70 IACO
I2BSSA I4SF lE 8A FD 14SF cm BiSET 7,ARTC ,eft7G ITC BUSY
IZ859A 1492 M 87 A LDA DATE
12EblA 1494 B7 4b A STA I\l)D DATE FOR MAX DEftAND
02a61A W6 AD 26 mE BSi cm lACO
C28b2A 1498 Bb 95 A LOA DElIP
02Bb3A I049A AD 2Z 14BE BSI OOb IACO
02B04A 149C At 2b A LLX mw Cll PUlSE
12865A 141E 7F cr.79 Clli ,X
12SbbA WF 5A DU
12S1.7A 141.1 A3 ZI A CH mW-I
028bBA I4A2 24 FA 149E ~i!S cm
12B69A 141.4 AE 2E A LDX tnVA
G287~~ 14Ab 7F CM7A ClI ,X
e2871A 14A7 SA DEl.
82S7"<A 14A8 A3 28 A CPX tPll\IA-l
12S73A 14\A 24 FA HM tiHS C~7A

IZE74A 14AC 3F lA A Cll ew
C2875A 1~E :sF 9B A CLa C',A
82S76A 14BI 3F BE A ClI Cl
02E7iA 14~2 17 15 A BCLR 3,HED
82B7BA 1:84 19 15 • ~I.R A,FREDn

028794 gBh AE lie Acm LH mmmo
C2SBeA 14BB AD 17 He1 f:5. eft77 »BUS
12S81A HBA CF GIll A STX DINS
62BS2A 14~D BI HS
I2SB3A 141iE cc 0691 A CMib r.i? lAea
62B84A 14C1 cc 87B6 A0'.77 Jl\? .BUS
12835
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PAIl 152 I .SA:I LOAD RECORDEa

11111111111111"'1101111

• MAIH m ROUTINE •
1111111111111111111111111

HIIIHlaUfflHHffllll1f

• RTC m s\''BROUTI~E •
IHU-lUmnHfIIUIIHIII

lIflJlflllflfllftlllllll..llllil

• lmnARD DIT SUEROUTlNE •
ffll~lll~ffflfllflllffltfllffl

A
A
A

nIP INST FOR LGNt; BR
rH STATUS

20MS DELAY

RXSR

Rlh'J
CRTC
mc
FRTC
7"RTC"INII TOT INT CEKERATEDl
6,FiTC,RI'1 PERIODIC 1.1
CPI IF CTR=I FOR 1ST TIME
INPS mE HAKE=IOIBIMSl
cn ?EiIODIC INT en
CPI
IliP4
2,FHC
I,FRTC,alNB SA~J' pmOD ENDED
AmS SEC STIJi1ED IKIN
7, ACTi ,RINA
SEC
RINB
3,FHC
I,FIITC
6,PORTS,RIN7 CHECK IF 15232 IS

IlLCN,MINl lEYISTlLL PRESSED
I,PO,TA,MINI KEYBOARD STa PULSE
1I1fl
RINT
I,CNFL,MI~'2 RS232-oFF
6,PORTB,M,~'J IlO I~'T FROlI iS232
S,FLCN,MINJ SlTE RX SIT
HIN4 iXSl
Km
6,PORTS,HINJ RS232 ~'OT COIiEcm
I,Cktl ~'ITCH ON
S,FLGN
ulF
TCR
me
TIlR
I,CliFL
7,PORTS OI? IDLE STATE

LO~ PORTS CET m CHR
AND m, KASK OFF KS311
TAX
LO~ nT~B,X CET CGLE FROlI mLE
STA llU
Q.R OOCTi
SSET °l FlGN SET mm FLAb-lB
RTS

;'r'J'
LOA
ORA
S1A
BRCLi
BRCLR
TST
EEQ
DEC
TST
BiiE
WET
BRCLR
LOA
BRSEl
CHP
BLO
BBET
BCLR
BRSET

SEI
l<RBET
SRCLI
BSi
BSR
NlCLR
BRCLR
BRSET
>'Sa
BRA
BRSEl
>'SET
BSET
LOA
STA
LDA
STA
BSt,
BSET
CLI
Rn
JliPA MDl4

AUNT
A

12887
12Sf~

12589
12891
12B91A HC4 91 Mm
12892A 14C5 11 12 IS 14CD
12S93A 1-ICll 13 00 12 I4CD
0289~A I~ca AD 27 I~F4

IZ89'""" 1~D AD 37 IS06 ml
IlS9.A 14Cf 11 19 lA HOC
OZB97A 140Z ID 01 lA I~EF

12BroA 1405 lA 12 17 HEF
IZB99A 140S AD 17 14F1
IZ9IIA HDA 21 13 14EF
02911A IIDe IC 01 10 14EF MIH2
12912A HlF 10 19 A
IZ913A 141:1 lA 12 A
Il91~A 14£3 A6 IF A
129ISA I4I:S 87 09 A
12900A 14[7 Ab AI A
02917A 14£9 87 03 A
IZ90BA 14EB IZ 19 A
IZ919A 148) lE 0I A
02911A 14EF 9A MIlf.1
IZ9lIA 14<0 BO
12Yl2A 14F1 cc OAF!'
12913
12914
e2915
12910
02917
0291BA 14F4 S6 i1
12919A I~F6 ~ IF
129<CA 14F8 97
12921A I~F9 Do 1811
029'aA I4fC 8790
02923A HFE 3F 4S
12924.\ ISiI It 12
0292'..A IS02 SI
82926
ezm
12928
02929
12931
82931A i5l3 cc 159C A RINl1
02932A 1506 So OC ARnIT
OZ933A ISi8 BA lOA
029~A ISIA S7 11 A
OZ9:l5A lSiC IF 10 F~ 1513
1293bA ISOF DJ 10 41 1552
129374 ISIZ 3D SF A
1293BA ISH 27 33 1~9

12939A 1516 3A 8F A
8zsm IS18 3D SF A
029m ISIA 26 31 I~D

12942.4 ISIC 14 11 A
129f".li\ ISlE 13 10 ID ISlE
029«A ISZl so 44 A
IZ915A 1523 lE 91 FD 1523 IINA
Im6A 1526 SI SI A
12947A 1528 25 14 ISlE
1294SA 152A 16 11 A
IZ949A 152C 13 lOA
82951A I52E IC 11 16 1537 RI~1
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PAGE 153 I .SA:I LOO iECOiDER

IlAKE 1\54B-1

TIMER INT OFF

Am
lINo
ACTR
SPI
m'3
3,FRTt,HNl
I,mc SAMPLED PER EN"DED
mc
UDF
mc

UIE DIStOllECm FOI IIORE
ms THAH 3SEC AND
INP5 SllITCH RS2J2 OFF
I,GNFL,INP5
3,FLGN,INP5
ms RS2J2 CllUNTEI
INP5
I,GNFL OFF IS232
7,fCHB
tHS
TD!
UlA
CPI
5,CARR,IINI IF COUNT DISABlED
INfT CHECK liPS PDIllTS
4,FlTC,IIN2 UPDATE INT
l,mc
5,FHC,I;N3 ALARM INT
2, FDIS ,UNtO
coca
DOCTR
UlA
mID
nom
2,FD;S
5,POKiB
mmml
DINS DISP OFF
CARR
UCF
7,ARTC,iIh~ ITC ~SY

DO~

RIMS
eARl
nro
7,~ITc,iIN9 iTC BUSY
DlJW
cm
6, CARI D.\Y CHHG aIT
5,CARR,~!Hl

ACiR

~SET

STA
CiIi'
BlS
BiSET
<SET
LDA
AND
SrA
RiS
JIlPA RIN~

12951A 1531 A6 lE A LDA
121'"..zA 1533 i7 43 A STA
I2953A 1535 21 12 1549 BIA
129"...4A 1537 11 19 IF 1~9 1IN7 BICLR
1295'JA 15JA 16 12 IC 1549 alSET
121'"..6A Im ]A 43 A DEC
12957A loJ< 26 IS 1549 B~

129".£A 1541 11 19 A BCLI
12959A 1543 IF 11 A BCLI
1296DA 1545 A6 4S A LDA
12961A 1547 B7 IS A STA
12962A 1549 A6 lA A IN?5 LDA
129!3A I54B B7 SF A STA
129>4A 1540 IB 27 12 1552 lliP4 BICLR
G2965A 1551 AO 54 15A6 BSi
D29.1A 1552 09 10 12 1557 IINI BICLR
0291>7A 1555 10 18 A BSET
129CSA 1557 OB 10 42 159C aIN2 BW..!
12969A 15'JA 04 11 13 1570 alSET
1297£A 1550 :;:; 45 A INC
1Z971A lS:f b6 45 A LD.\
mnA 1561 Al lA A ClIP
02mA j~.g 25 la 157D KO
i2974A 1565 3F 45 A CLR
0297SA 1567 14 11 A BSET
0297,A 151>9 lA 01 A
02977A j56a Ab IB A LOA
02mA 1500 rJ 0111 A STA
D2979A 1570 B6 27 AIINI0 LOA
829flA 1572 A4 OF A
ImlA 1574 lE BA FO 1574 IINB BiSET
B29S2A 1577 F1 B6 A ClIP
129BJA 1579 27 10 15BB BEQ
029B4A 15iB B6 27 A LDA
829B5A 1570 A4 FI A AND
129lbA .SlF lE SA re IS7F my FRSET
i29Bi~ 1582 F~ B6 A OF.A
V29gg~ 15B4 i7 Z7 A STA
C2989A 1586 le 27 A BSET
02Y9DA Isgs IB 27 11 159C m'5 B~CLR

02991~ 15BB 3C 91 A INC
02991A .saD b6 91 A
029f.\A 1~-8F AD 12 15A3
D2994A 1591 .7 91 A
Im5~ 1593 BI 92 A
I2990A 1515 23 05 159C
12997~ 1597 16 I1 02 159C
C2mA lS9A 12 :i D A
02999A IS9C Eo 10 ARIM3
13111A 159E ~ OF A
03D81~ lSAI 87 10 A
03812A 15!\2 BI
13DI3A j5A3 cc 161A
13114
a3~;S HUfllIlHIHIUUlIllIHlllllllffl

13116 • SUB,CUTINE FOR READING lIPS •
83'11 ttllllflllllffllflffllllffflllll4lll

mlB~ lSA6 IS 11 A IliPT BSET 4,P01ITA LEDS OF OI'T05 ON
13119A lSAB lE DO 12 ISAD FRSET 7'pORTA,INPI IW lIP
IJlICA 1S1J1 lE 9A A BSET 7,c:I KW CTR TDII' IIP
I'IlIA 15AD It 1112 15B2 INPI ERSEl 6,FOm,INP2 IVA lIP
03112A 15PoD lE 9B A BSET 7,rJA IVA CT! TEMP lIP
13113A 1~ lA 0112 15B7 INP2 PoiSET 5,PORTA,INP3 OESET lIP
13114A 15p.~ lE BE A BSET 7,CR RESET CTI YEMP lIP
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PAbE 154 I .SA:I lOAD iECtiOCR

1311~15B7 19 11 A INP3 BctR 4'pORTA LEDS OFF
13016A 1:if9 DC 9A Z3 I5DF 1Nl BRSET b,tlI,INII BEING OEBlJUHCEII BIT
1311iA 15BC lE 9A 19 150B '~SET 7,CV,INlI TElIi' lIP BIT
13liBA lSBF 01 9A 36 15FB BRCLR S,CV,IN12 jOEBOUHCEII BIT
13111A 15CZ B6 9A A lOA CV
mm 15l:4 AA OF A AliO tuF
131Z1A 15tb AI 13 A c.;p un ;
mm 15l:B 24 14 ISCE BHS IN14 jAllOll 3011S OFF
13023A 15CA 3C 9A A INC Cll j BEFORE NEXT
13024A 15l:C 21 2A I5FB BRA INIZ
130Z5A lSCE B6 9A AIm LOA Cl!
131ZtA ISLO AA FI A AliD tsFI
031Z7A lSD2 B7 9A A STA tlI ;
IJIZBA m4 11 9A A BCLi S,CW DEliOUHCEII SIT
03129A 15D6 20 21 15FB BRA nl2
1303CA 15118 lA 9A 15 15F1 INII BiSET S,tlI,INI3 DEBOL~CEII BIT
03131A 151B lC 9A A !:sET 6,ClI BEING DEBOlkiCEII
13132A lSDD 21 19 15FS BRA INI2
13133A l51lF 3C 9A AWl INC eu KW COUlI'TEi
13134A 1~1 86 9A A lOA C.
130~ 15tJ A4 IF A AND nlF KASK eFF FLAGS
13136A 1~5 AI .7 A Ci'IP US7 mos DEliOUHCE m
D303iA 15E7 25 OF 15fS BLO IN12
1313SA 1~9 IF 9A 14 15fl BRCLR 7,C.,INI3 TE11 BIT
13139A 15EC lA 9A A BSET :I,eii DOOUHCED BIT
13D41A 1~ Ib 15 A B-SET 3,"0 nmm BIT
03141A I~fa ID 9A AINI3 BCLi 6,CW
IJI421i l:>"Z B6 9A A LDA CW ClR COUNm
13143A 15<4 A4 FI A Am) UFO
03144A 176 B7 9A A STA CW
03145A 15F9 iF 9A AINl2 Bill 7,eu TEl1P BIT
13C46A 17A IC 9B 23 Ib20 102 BR SET 6,CVA,nlZI BEloG DEliOUHCEII BIT
03C47A 15FD 10 9B 19 1619 B,SET 7,CVA,IH11 TElIi' lIP BIT
1304EA lOCO IF 9B ,6 1639 BRCU 5,CUA,IN22 j

13149A 1.13 B6 9B A lOA CVA ;
13C51A 1615 i\4 eF A MJD UDF ;~LLO. 30Ka OFF
13151A ,.07 Al 13 A CKP UC3 ;
13I::zA W9 24 04 WF <HS INZ4 jFEFOIE Nffi
13i53A 1619 3t 9B A Iue CVA jPULSE
ii3154A IbCD 20 2A 1639 ~~.A 1"'22
13i55~ IbOF B6 9E AlO24 lO~ CVA
13056~ 1611 1<4 FO A MiD tm
13i57A 1613 £7 9F A SiA CVA ;
I3IS8A 1615 lB n ~ BCL> 5,CVA DEliOUl,CED SIT
13C59~ 1617 21 20 1639 B~A INZZ
,WIA ilI9 C~ 99 15 1631 IN21 BISET 5,CVA,IN23 OEBuJNCED BIT
13161~ IblC IC 9B A BSET 6,C'.~ BEING DEli"uUNCED
13162A IblE ZI 19 1639 B~A liiZZ
131;;~ 1.2\ 3C 9B AIk'2l iHC C',A IVA COUlI1ER
13164~ 1122 Bi 99 A LD~ CVA
1316~ 1624 A4 IF A !.ND utF iIASl OFF RAGS
131UA 1!26 Al 07 A cr.P Ul7 illlS OE90UNCE m
i31b7A 16<"8 25 IF 1639 I1LO INZZ
130bSA 16<A OF 9B 14 1631 B'm 7,CVA,INl3 TEKP BIT
13169A 1621 1~ 9B A BSET 5,CVA DEBOUNCED BIT
13171A IbZF 18 15 A BSET 4,fREII TlIlGGER SIT
13171A 1631 ID 99 AINl3 BtU 6,C"\l~

1317"& 16.>""3 B6 99 A lDA CVA CLi COUNTER
13173A lb35 A4 FI A AlOD UFI
131i4A Ib37 B79B A STA CVA
13175A 1639 IF 99 A IllZZ BtU 7,CV~ TEl1P BIT
1307.A lW IC SE 23 Ib61 IN3 BRSET b,CR,IN31 BEING DEFOUNCED BIT
131i7A mE lE BE 19 ,~ Ff(SET 7,CI,INll TEKP lIP BIT
13C7lI~ 1641 IB BE ,6 Ib7A .RCL' 5,CR,IN3Z ;
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PAGE 155 I .SA:I LOAD RECORDO

1317!A 1644 B6 SE A UA ~ I
131ilA 1646 M OF A AND UlF iAllOW ms DillY
131BIA 16~ AI 13 A CJIP tsl3 i
mE2A 164A 24 14 1651 BHS IN34 j BEFORE h'EXT
13CB3A 164C 3C SE A INC ~ i PUlSE
131B4A 164E 21 2A 167A BRA IN32 I
C3C1l5A 1650 B6 8£ AIN34 UA CR I
D3CE&A 1652 M Fa A AND tsFI
131B7A 1654 B7 8£ A STA ~ j

I3IBSA 1656 lJ SE A BClR 5,~ DEBOUHCED BIT
C3129A 1658 20 21 167A )RA IN32
BmA 1!5A lA SE 15 1672 IN31 BISET 5,CR,IN33 DEBOUNCO BIT
13191A 1658 IC BE A BSET 6,eR BEING DEBntilCED
1319".:A li>5F 21 19 167A BiA IN32
13193A 1661 3C SE AIN31 Iht eR RESET COOOO
131!~ 1663 BI> SE A LDA CR
13t95A 1665 A4 IF A AND tslF I\;,SX OFF FlAGS
13C96A 1667 AI 07 A C~I Ul7 W1S DEBOUNCE PO
13197A 1669 25 OF Ib7A BlO IN32
03198A I66B OF SE 14 1072 BRClR 7,CR,Ih~ TEMP BIT
131~A 166£ lA SE A BSET 5,CR moUNCED BIT
13111A 1670 lA 15 A BSET 5,FOED TRIGGO BIT
13111A 1672 ID SE AIH33 BClR 6,CR
03l1ZA 1674 F6 SE A LDA eR eu COUNTO
13113A 1676 AA FO A AilD UFO
13114A ms B7 SE A BTA CR
13115A 167A IF BE AIh':l2 BClR 7,CR TEMP BIT
13116A 167C 81 RTS
13117
03113 HlllHllIUIfHIUHIIHIHHlfll

13119 • Tl~.ER Ih'T FROM WAIT STATE'
03111 Ifflllll;Iflll*IIIIIHtltflfffflll

13111
031l2A 1D7D OF 11 15 1685 ms BRCLI 7,FDIS,TIWI
0311JA 16BO Ab 4S A LDA tZ01011110 STOP TInER
WI4A 1682 B7 09 A BTA TCR
13115A 1684 81 ilTI
13ll&A :1;85 cc 01<21 A TIWI Jl\P m
03117
03119
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PAtE 156 T .SA:t LOAD mmER

13121 IIUlllllllfllllHltlHlllfllIHUtlll

13t2t • MWY AlIDiES. FOR FAiTlCllAR •
13122 • Il/STlUCTlDlt TD fI\tlT 011 •
13123 IHIHlHHIIHHIIfIIlIIlIIlIlIJlIfIl

1312441741 ORG mvr
131Z"A t7U BF9I A m 58m
13120A 1742 9294 A FOB $9294
13127A 1744 969A A FDB 5969A
131ZBA 1741> 9E9F A FDI S9[9F
13129
13130 HUIHIIHI-HIIIHHIHlIHIIII

D3131 • IMP TABLE FO~ RSZ32 INS •
13132 ml*HIIHfIHfIUHHIIHHHI

03133A tMI DiG Rm
13t:l4A HAD et om A IIlP ml
03135A 1M3 cc ICB2 A Jlii' INlt
131~ lBAb et ICB;! A JIlP INII
03mA IM9 cc ICB2 A 1111' lliOt
13t3SA \BAC et DCBZ A Jf,f INDt
13mA 1BAF cc ICB2 A JlIl' lliOI
13141A \EF2 et ICB;! A JMP lNOl
1314111 aa:; cc ICB2 A JrIP lliOI
1314211 IFBS cc OCE! A JMP IH6B
13143A lBBi CC ICF9 A JIII' lli09
13144A IBBE et ODlA A J~P INnA
0314511 IBCI CC IDIA A Ji'iP Im
13146A IlC4 et DD23 A JI',f IHnc
1314711 IBC7 cc IDiA A JIII' ,NCO
13148A IBCA et om A JI',f lNIE
13149
131i1 1I111lflfifllflHfll'IIfHlfllHI

03151 • PREVHlUS Vi« ADD TAB FlIil •
13152 • Mon IN DISPLAY •
13153 Illfllllll~lllffllfllflllfll*1

1315411 17>'0 DIG IIOD~'3+511

1315511 1791 cm A FDB .cm
13156A 1792 9l9Z A FOB 59192
13157A l794 93 A FCS S93
13158
031S9A 11CE riG ilDDV3+$4E
13161A 17CE D3 A m m
03161
0316211 1700 CRG MODv'3+S51
!3l63A 1701 9301 A FOB mOl
1316411 1702 0112 A FDB SDln
0316511 17»4 D. A rcs SD3
13166
03167 Hll-HIlHlflHlllfllHlfllf1

Ims • NEXT VAA AI;D TAa FOR I

13109 • MO., IN DISPLAY •
13171 fllfllfflllllllllfllfffffllfl

13171A l7l!0 DRG 1100>'3+5.1
1317ZA liBl 9192 A FDB 59192
13173A 1782 9311 A FOB 593DI
13174
03175A t7EE GIlG IIODVM6E
13176A 17EE 91 A FCB m
131i7
03171:A 17F1 DlIG IIOD~'3+S71

13179A 17FI OlDZ A FDB SDlD2
131BIA 171'2 D3lI A FDB mCE
I3tHI
13lSZ UUfHIHfltfllHflllltflf1

03m • ~ATA+UU IJi'DATE FDa •
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PAl:[ 157 T .5A:1 LOAD IECClIDER

13184 I KD4;S;6 I

13185 IH11Hlf1l1111lHfllIH111I

1318l>A 1821 O1lG U45&
13187A 1820 CC 1CM A 1lIP UD4
131EBA 1S23 CC I lE1 A II\P UD5
13199A 1826 CC 124F A 1lIP UD6
13191
13191 HnHfltHlHflft11fHH1I1H11I

13l9Z I NEXT VAR TA) FOIl tID4;5;6 I

13193 fIIlllllltlllllfllllllllllHHtll

13194A 1731 O1lG MODV4+l31
13195A 1730 9192 A FDB S9192
13196A 1732 9394 A FLB 19394
031iiA 17:l4 9596 A FDB S9596
1319SA 1736 9798 A m m98
131WA 1738 99DI A FDB S99DO
132I1A 173A DODO A FDB SDODI
132t1
132121\ mo ORG IIODV4+S70
03213A 1nl DID2 A FDB ID1D2
03214A 1772 D3~ A FDB SD3H
0321~ 1n4 D5D6 A FDB ID5D6
03216A 1i76 D?18 A FDB SD7DS
mm inS D991 A FOB S»990
13218A 177A 9091 A FDB smo
132S9
13211
13211 ff*llJIllllllfflllllllllfflllltfllllll

13212 I DISPLAY FO<IlATS FOR DIFffim I

13213 I HON:5 Fli.~ LO,;]) mORDER I

13214 flflllllll~lfllll~ll*,*flllt***,ff*1

83215
83216 IIfllHllfIlllllllllllllHllllllfl

03217 I DISPlAY FOI:iiIlTS FJR NAliES I

132j9 HfllI*lflllflllllllltlflllliltlll

83211A lEOO D,G NHOD
13221. mo 20 A FCC % (n.t 'See) %
0322IA IElI 21 A Fee %(da te • ti.e) %
13222A mo 28 A .., %(start .f test) %r".
03223A 100 28 A Fee %(p,lse fact.rs) %
0322'A mc 28 A FCC %ipre••nt d..and)%
1322'..A IE51 28 A Fee %(~al. ,e~cnd) %
03226A mu 2D A Fee %(tot. de••nd) %
03227A 1[71 20 A Fee % (p.lse Ilg.) %
13iliA lEB8 28 ~ Fee % (net used) %
03WA !E91 20 A Fee % (nit Ised) %
13231
83231 lff.flfIIJl*tfllllllffl'I'**f'*

13232 I DISP FQ;.:;rJlAT FGil MCuEZ I

13233 mU"**H**IIIHIlIlHHIIIH

D~34A 1CCO DiG lIJUFI
03215A ICII 44 A FCC 'DATE I I •
13mA lCll 50 A Fee .mm No. •
03m
03Z:<SA !e.;, IPiG ~.oDFI+$4I

03239A le41 54 A Fee m~E : •
13241A IC50 50 A FCC OPEilCD Do'R • 'l
13241
m~2A 1l:2D lI<G MaDf2
13243A lC2D 54 A FCC He,t s"rted In l
132t4A 100 54 A Fec mIlE : : l
G324S
13241A WD IIRG lIJDF2+141
1324iA IC60 44 A Fee ODEriAliD PERIOD l
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PAl:[ 158 T .SA:l lOO RECDliDER

1324SA IC71 44 A fCC UIoTE / / ~

13249
132""'A lCllO D1ie IIODf4
1325IA leal 51 A FCC ~Present peri'd ~

032"..2A IC9I 20 A FCC ~ lllll ~

03253
13~A llIl llIe IiODF4+S41
132"J5A ICCI g A FCC ~d...nd: ~

8325bA lOO 20 A FCC ~ IVAh~

13257
1325SA ICAI lJlIe IIODFJ
13259A ICAI 44 A FCC Ue"and pulse ~

13261A ICSI 20 A FCC ~ KIIIl/p",. ,
13261
132/.2A HID ORe l\ODFJ+S40
13263A lCEI M A FCC UictGrs: IIIE a
13264A IClI 20 A FCC , ,VAh/p,lse ~

132b5
1326bA IDU DRe IIODF5
13267A IDCD 4]) A FCC U'~li",. d...nd ~

1326SA lDlI 20 A FCC ~ / h ~

13269
132i1A lDlI lJlIe MODF5+S~8

83271A 1D41 72 A FCC ~ecorded: ~

mriA ID51 20 A FCC ~ KVU
13273
D3274A lD2D iRG IlOliF6
1327"..A lD20 54 A FCC lTlt ••«,"ul.ted~
13276A 1131 20 A FCC ~ KIIIl ~

13277
1327M ID6D ORG IIODF6+S4D
13279A ID61 g A FCC ~d.....nd: ~

1328iA mu 21 A FCC l (VAn'
13281
132E2A ll:SD OiIG IIODFA
132S3A IDSD 53 A FCC LSel." displ., ,
U32S4A IDlI 21 A FCC ~ 6
D3285
13mtl lltl lItG IIODFMS41
O:l2S7A IDCI 6D A FCC '",de. 6
mesA HOD 20 A FCC ~ 6
13289
mm IDU OIIG IIODF7
I~IA 1]),\1 71 A FCC ~ptlse logging 6
m92A IDFO 32 A FCC '2 -STOP ,
03293
1329~A lIlEI [JRG IIDDF7+S40
03295A IDEI 31 A FCC U -c0l\11N'JE ~

13296A 11lf0 33 A FCC n -START ,
13297
132111 HIlHUIHfmflllllHlHI

03299 • PREVIOUS LIC TABlE •
13311 IIfllllfffllllflflflfflflll

I33IlA ms []lie IWDV2+$IB
03312 • NOT HEEDED NO SET MODE
13313
13314 IHfHfllHlfHlfHH

13315 • !<EXT VAR lO:: •
I33U IHIUf*HlIHHJlfll

I33I7A ms lli1G MODV2+$3S
13316A 1638 99911 A FDB $999B
13319A UJA 9i9C A FDi $9i9C
13311A 163C 9E9E A FDB S9E9E
133l1A 183£ mB A FDi S9FDS
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PA'!: 159 T .SA:I lOO REcm:DEI

13312
1331lA lB7S IIRG IIODV2+S78
D331~A m8 Dm A FDB SD9DB
1331SA IFlA DBIC A FDB SD80C
I33IOA me DOE A FDB SDEJ)E
13317A IB7E Dm A FDB SDF98
13318
133l!
13321
13321 HumllHIIHIH

13322 • JlIi' TABLE •
13323 HtifHIlHUUlI1I

l3'j2~ IA41 !liG 1r.;
13W IMO cc 0411 A 1lIl' "AN
1332hA 1A~3 cc m8 A JlIi' "0,,1 MDE I
133<7A 10.16 cc me A JiiP MD2 "ODE 2
D33m jA~9 cc IzrF A IIIP KO~J MD[ 3
mm 1!>It cc 1I7A A IMP "lJ".>I ~.oDE 4
1>33IA lA4F cc IliA A 11'.? MD~ ilDDE 5
13:ll1A 1A52 cc iliA A ,TK? "O~4 MODE 6
1>332A IA55 cc 1nl A Ji'.P MDD7 "ODE 7
13:ll3A lA5E IIRG 1r.R+31
13334A IA5E cc mD A JI'J! MDA
i3:ll5
C3331l IHlIIIHUllflHtIHUU

1>337 • KEYBOARD Iill' TAB •
C3338 IffIXffl~""fllfl*I"

1>339A 1641 DiG liIK
mACA 1041 cc IS96 A 1JI? KBN
i~.4:A 16A3 cc C8B2 A 1lIl' KBA
83342A 1846 cc CSB' A JI'I m
133.43A 1849 cc CSOl2 A HIP KBe
133«A lB~C cc osrc A Jhl' KBD
t:m~4 184F cc CBC4 A JMP nE
13346A 1852 cc 1S55 Ii ;11P KEF
m~7

1334BA 1855 SI >BF iTS
13349
833Si HIIHlllH*HHunuuunun
13351 • MM 10 HP lOC m ,AB •
13~ HllUUHlffllHfflfUHUIHH

I3353A 1911 0"''' 1:'T'b
833~4A 191C cc C411 A .rr.p MAN
1332A 1913 cc Im A >MP K11
G3:i504 191& cc um A i~,jl "Tt
133574 1919 cc 1285 A 1I'oP m
1335SA 1915 ORG mm
13359A 1915 cc 1362 4 1l'J! i\T7
13'"ob1A 191E IIRG 141+31
IllbtA 191E cc CFD2 A 1l'.i' KiA
13362
13363 1IIIflIllflllllllfllfJlllllflllllllll

133M • I\O\IE TO PREVIOUS lOC liIP TAB •
133.S ltIllHIIlfI*'*llflltlltllllfllfllflf

C3366A 1941 Ql:G m
mm 1941 cc BAil A JKP MN
1336BA 1943 cc GFIB A Jr.P ilPl
13369A 1946 cc Gm A :1nl' KPI
I337lA 19~9 cc 1293 A JMP "P3
D3371~ 1955 IJIG JB!'21
m72A 1955 cc 1383 A II1i' MP7
133i3A 195£ DIG 1BT+3D
13'Ji~A I~ cc cm A II1i' ~;A

13375
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PA:;( IbI T .SA:I LOA]) RECOiDEI

13376 111111111111'11111411111111111111

13377 I HOlIE TO mT LOC ;l\l' TAB I
13378 111111111111111111111111111111111

13379A 1981 ORG ro
IlrJ81A 1981 CC 1411 A 1lII' IIAH
133S>A 19B3 CC IFIA A ;lIP IINI
13382A 1986 CC CFtA A JlIP foNI
133S3A 1989 CC 12102 A rrll' HN3
I3384A 1995 OR~ ro+21
m~ 1995 CC t3B5 A !l'.? HN7
133S6A 199E (l;I~ M+30
133S7A I99E CC OFF! A !l'.I' HNA
13388
13389 1II11if11f1111.....'111

13391 I CMNC-E ]1iP TAli I

133V1 fHlHHiHlHlflHlflf

833'tlA 18BI ORG SW
83mA ISS0 CC 1411 A !l'o? HAN
8m~ ISSJ CC om A IMP CHI
1339"JA 1006 CC IF26 A 1lII' CHI
13396A 1889 cc mD A lMP CM3
133'174 1895 lII:G Sl'JT+21
13398A IS9S CC Im A lr1I' CH7
1339'lA 1S9E ORG S~JT+30

1340lA 189E CC mE A 1lII' CHA
mel
13412 HltHlfHllHnUllUHHl1

13413 I ENABLE SET IiODE m •
13m HII-lIHlfllffllIUffIfHHf

ml5A 18EI ORG ES~

I341tA llEl no A FCB $OD
mliA ISEI IT A FCB SEE IIODEI ENABLE
0341SA llE2 00 A FCB se; nODE2 DISABLE
03mA ISO IT A FCB SEE nOOEJ ENABLE
03411A lBE4 01 A FCB $01 nOOE4 DISABLE
mllA IBES Cl A FCB m nODES DISAliLE
13412A 111[6 00 A FCB $00 nDri6 DISABLE
034m 1BE7 IT • FCB ,IT MODE? ENABLE"13411
13415 IH*HUHfHHlllnu,

134>6 • lEYSOARD TASLE •
13417 IIfUHf*H*IHUUflll

134184 1801 ORG nTAS
134\;A 1811 lE A FCB m
13421A 1811 ~A A FeD $OA
13421A IEt2 00 A FC8 m
134224 1313 IB A FCB JOB
134234 1814 OC A FCB $IC
83424A 1815 19 A FCB $09
13425A 1816 08 A FCB $CS

13426A 1817 07 A FCB $07
O342jA HillS OD A FCB $OD
1342"oIi IBC9 16 A FCB $D6
8342VA I8IA 15 A FCB $OS
13431A 181B 04 A FCB $14
13431A 181C OF A FCB $BF
13432A ISOD 13 A FCB m
034J3A ISlE 02 A FCB m
134~ ISCF 11 A FCB m
134~oA 1811 10 A FCB $11
1343/A 1811 11 A FCB $11
834JiA 1B!2 12 A FCB $12
mw,1813 13 A FCB '13
03439
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PAGE 161 T .SA:I LO~ mel:Du

n«I IIII1I1III11II1111I11I1I1I111

13441 I FIIST UAiI~.1E TABLE I

I:J.«Z tllflllllllffllfllllflllfflll

03443.\ IAlO ill. FAV
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OC679 006S41
om8 1C7I2I
Imz 016781
01116'01701 02923 02971 12971 12974
02416 12413 124281
02.(30 124361
12437 12443-
12435 12442 02449_
12431 12438 12444 02445 124511
OZ449 12452-
011il'11402 00410 '1414 11417 10419 11451 10451 10517
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1021 PDW

1042 PLO~

1111 PORTA

OUI PORTB

1017 PRn
17E4 PXJI
1015 RETX
1S'..z uu
1571 RlNlI
1513 RlHU
1557 RrN2
159C m'3
1588 RH~5

lSA3 Rli«I
1537 RIN7
1574 RINS
15ft R1N9
1523 mA
IS2E lINO
150& Rim
1741 RIN\'T
1981 mll
19S! R~EMI

mc i~"~R

0&E9 RMII
IABI IDI
CAB7 ROl
m8 ROll
OA95 ROLl
OAl.9 ROR
OAAD RORI
IO'IE RSH

IDlE RSHI

109F RSl
101F ,SLI

IFF.2RTCR
IBCE RTCRI
!BDD ITCli2
OBF) RTCRl
ICI3 iTCI4

ICI4 RTCR5
eC17 ITCli&
IBFI iTC"
IB31 in
113D RXl
IMO m
IB44 RH
IB4F US
IB&2 RX&
IBH RX7
IBAI mN
llIE m~l

II1A IXhD
IBZI m

11511 Cl525 10527 11531 11532 12872
011&9.11381 11388 11392 11395 11397 10448 11449 11510
11514 1151& 11518 01521 11523 128&7
00113111228 00231 12784 12814 12819 12814 12819
11131'01194 11349 10.79 01&87 11817 118C9 11812 11814
12893 13108 13119 13111 13113 13115
1113111119& 11&91 10&9& 11423 11428 11438 11441 11455
11471 11476 11784 12897 12911 12919 12918 12951 12959
1297&
11176'11431 01441 114&2 114&5 11478
ICBJ9'1098a
m41111499
1293& 029H 0296&1
029&9 12973 029791
12931112935
029&6 129&81
12931 129&8 12991 1mb 62997 129991
02983 129911
12993131131
02951 12954.
12981'129El
029S&<12986
12\'4~"i2945

02943 12947 029501
12895 129321
01180.11639 01644 13124
11135'11251 12714
01139 111411
01577 1.&1& 01.15110861 12513
Oib19 in&221
11331'01334
1U29'01371
11300'11307
01298'11332
11315101370
01317111320
00119'11545 01568 01573 1157& 1159& 11&01 11603 01&19
016&5 11&80 11&82 01694
01115111873 01931 10952 11955 11542 11583 11587 11593
11642 11&4& 11721 11737 117~3 117'.2 117&9 01777
0111 0*11621
comJOO899 01544 11551 01567 11572 11580 il5B5 11&37
11645 11&54 11723 11725 11731 1173& 11740 11745 IIi/l
11773
1134& 114931
11'97 11504.
1i496 015111
01498 11512 015261
01493 114,4 01495 11503 11514 11511 11511 11519 01525
115301
01524 U531f
11511 1151& 11517 11527 115321
01515 115211
11422 114251
11428 11431'
11430 014331
1i427 114351
11437 114401
11424 IKi8 11441 11442 114491
11448 114511
11179'11531 13133
11142111513
10114111447 01514 11521 11522 11&36
11417.13116 13495
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IliS4 01103 IIm•.
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02282 02325 02396 !25U 12528 12557 12717 12742 12793
ODBb8tC:8S9 m92 10933 11608 1l75b
01874 1tS76'
01792111113 11932 11998 02144 12399 12705
11814 01817-
11172112398
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01904 10918 oml'
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oom mll 0091b_
01925 GI929'IC960
01931 10935110953 11956
CI9~3 1194:;1
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01883111913 10927 11946
0089B111619 11758
11917 119231
01'115 11941'
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1231B 1232tt
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12414 124581
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124iO'131811
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12493 124951
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APPENDIX G

11. HP85 SOFTWARE DESCRIPTION.

11.1. Down loading program.

11.1.1. Line numbers: 10 - 880

main down loading

of this routine

Routine:

Description:

Main routine.

This routine is the

routine. The functions

are as follows:

i) Initializes the screen and inputs

an option for analysis.

ii) Initializes the RS232.

iii) Creates the necessary data files.

iv) Downloads the data and stores it

into the file.

v) Computes the total accumulated and

maximum demand.

11.1.2. Line numbers: 890 - 1280

Routine:

Description:

Enters stack of data.

This subroutine down loads a stack of

data from the load recorder. The stack

of data consists of seven numbers. The

variable contained in I$ is used as an

instruction to the load recorder. The

I$ is initialized before executing this

subroutine. This instruction is sent
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11.1.3.

before the seven values are down loaded.

The instructions are as follows:

i) Start 00

ii) Present information 08

iii) Previous information 09

iv) Next information 0A

v) RS232 off 0B

Vi) Start date 0C

vii) Start time 0D

viii) Acknowledge 0E

Line numbers: 1290 - 1530

Routine:

Description:

Timer routine.

This timer subroutine is executed when

timer 1 in the HP85 times out. Timer 1

is used as an error check to moniter

RS232 communications. Timer 1 would

11.1.4.

time out if no response occurs from the

load recorder.

Line numbers: 1540 - 1690

Routine:

Description:

Interrupt.

This subroutine is the RS232 interrupt

routine. It is executed when the RS232

part has received a string of data

followed by a carriage return.
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11.1.5. Line numbers: 1700 - 1820

11. 1. 6.

11.1.7.

Routine:

Description:

Line numbers:

Routine:

Description:

Line numbers:

Routine:

Description:

Sum check.

This subroutine computes the sum check

for the data that has been received.

1830 - 1880

Reset RS232.

Resets the RS232 port.

1890 - 1960

Maximum and total.

This subroutine computes the maximum and

total accumulated values.

11.1.8.

11.1.9.

Line numbers: 1970 - 2080

Routine: Initialize RS232.

Description: This subroutine initializes the RS232

port in the HP85 for the load recorder.

Line numbers: 2090 - 2230

Routine:

Description:

Creates files.

Inputs the file names and creates the

necessary files on tape for analYsis.

11.1.10. Line numbers: 2240

Description: This chain instruction loads and

executes the DRAW program from the tape.
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11.2.

11.2.1.

Draw programs

Line numbers:

Routine:

Description:

10 - 430

Main draw routine.

This routine is the main draw routine

which is executed from the down load

program. The functions of this routine

are as follows:

i) Opens the required data files.

ii) Initializes variables and Bplots.

iii) Inputs the data from the files and

plots the graph for each day.

iv) Transfers control to the

calculation routine.

11.2.2. Line numbers: 440 - 560

11.2.3.

Routine:

Description:

Line numbers:

Routine:

Description: .

Bplot subroutine.

This subroutine is called from the main

DRAW routine. It creates the Bplots

from the data in the program for the

graph.

570 - 630

Inputs stack from file.

Inputs a stack of data from the data

file. The stack consists of numbers.
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11.2.4.

11.2.5.

Line numbers:

Routine:

Description:

Line numbers:

Routine:

Description:

640 - 730

Opens files.

This subroutine has the following

functions:

i) Inputs data file names and headings

of results.

ii) Opens the required data files.

740 - 780

Error.

This subroutine is executed on an

occurrence of an error during program

execution. The function of this routine

is to display the error on the screen.

11.2.6. Line numbers: 790 - 1380

Routine:

Description:

Draw first screen of graph.

This subroutine creates and draws the

first graph screen. The first screen

consists of headings and labelled axes.

The X axis represents the time and the Y

axis represents the KW, KVA and power

factor. The scale of the X axis is

calculated from the maximum demand of

the investigation.

11.2.7. Line numbers: 1390 - 1570

Routine:

Description:

Draws axes for new day.

This subroutine clears the screen and
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draws the axes for a new day.

11.2.8. Line numbers:

Routine:

Description:

15813 - 18313

Plots graph.

This subroutine plots

demand period obtained

files.

the graph for a

from the data

11.2.9. Line numbers

Routine:

Description:

18413 - 213213

Prints heading.

This subroutine prints the first heading

of the results. The information that is

printed in this routine is as follows:

i) Heading of results.

ii) Start of tests.

iii) Demand period.

iv) Maximum demand for KW and KVA.

v) Total consumption for KWh and KVAh.

the tariffinused

computes the total

and KVAh for one week.

Computes totals.

This subroutine

accumulated KWh

These values are

11.2.113. Line numbers: 213413 - 21713

Routine:

Description:

calculations.
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11.2.11. Line numbers:

Routine:

Description:

2180 - 2990

Calculations.

The results are computed for one week to

calculate the monthly tariff expense of

the consumer. This subroutine

calculates the following:

i) Combined maximum demand for the

week.

ii) Consumption for the week.

iii) Average power factor for the week.

iv) Load factor.

v) Cost of General rate for the month.

vi) Cost of large user rate for the

month.

vii) Effect of improvement on power

factor.
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APPENDIX H

12. HP85 FLOWCHARTS.

12.1. Downloading flowcharts.

12.1.1. Main HP85 program.

-----------------------------------------------
Display heading
Input type of analysis

DO CASE I$

[
-------------

A
-------------

-- -------------

END

--------------J---------------L F
-------------- ---------------
Download and Input file .
open files names
-------------- ---------------

DO DRAW program

12.1.2. Download and open files.

Accomplish data link with load recorder.
SUB 1970 initialize RS232.
Create files for input of data.
Download date and pulse factors.
Store data in file.
Download time
Store time and pulse factors in file.
Download a stack of data.

DO WHILE Previous data not = present data

[
--------------------------------------------
Download stack of data.
Store data in file.
Compute maximum and total.

-- --------------------------------------------
Store computed max. and tot. values in new file
Display last data downloaded.

EXECUTE DRAW
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12.2. Draw program.

--------------------------------------
Input file names and headings.
Initialize array variables and plots.
Print first batch of data.
Print heading and format for graph.

DO WHILE NOT EOF

DO WHILE NOT end of day

[
-------------------------------
Get stack from file.
Compute total for one week.
Plot graph

-- --------------------------------
Copy graph to printer

Do necessary calculations for results.

END
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APPENDIX I

13. HP85 SOFTWARE LISTING.

13.1. Download program (LRCD.PRG).

The following basic program listing is the main

HP85 program used to down load the data from the load

recorder.
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LOAD RECORDE

******************

NH6],IH1]
******************
* RNALYSIS PROGRAM

11] CLEAR
20 COM REAL
30 DISP ..

*:n:***"
40 DISP "

FOR *"se DISP U

R *"
60 DISP "

*:tu**"
DISP
DIM 0<7)
1<11=9 @ 1<12=0 @ Vl=0 @ V2=0
DIM E<7)
FOR 1=1 TO 7
E<1)=8
NEXT I
DISP "IS ANALYSIS REQUIRED F
OR"
DISP "DATA STORED ON A FILE
OR"
DISP "IN THE LOAD RECORDER"
DISP "(F;L OR A-ABORT)"
INPUT 1$
IF I$="A R THEN 22S0
IF I$="L R THEN 239
IF I$=RF" THEN 880
GOTO 170
REM DOWN LOAD AND OPEN FILES
DISP "ATTACH LOAD RECORDER T
0"
DISP "HP WITH RS232 CORD"
DISP "<PRESS 'CONT' WHEN REA
DY)"
PAUSE
WAIT 290
GOSUB 1970 @ REM INITIALIZE
RS232
ENABLE INTR 10;112
GOSUB 18313 @ REM RESET INTS
ON INTR 10 GOSUB 15413
ON TIMER# 1,20013 GOSUB 12913
C=l
CONTROL 113,9 ; 133@ REM TXON
,RESET RX Q
l$=CHR$<62)
OUTPUT 10 USING ui,K u

; IS
J=0
IF J=0 THEN 390
IF J=l THEN 3513
IF J<>2 THEN 3813
OFF TII'IERi 1
GOSUB 21390 @ REM CREATE FILE
S
l$=CHR$(60)
casus 8ge @ REM GET STACK OF

DRTR
W=D(5)/10"D<1)
V=D<6)/10"D<1)
PRINT# 1 ; 0(2),0(3),0<4)

70
88
90

188
110
120
130
140

150

278
2Se
299

160
170
18B
1913
290
2Hl
2213
2313
249

2513
268

440
459

39G
3Hl
3213
338
340
350

369
370
389
39G
489
4Hl
420
439

460
478
489
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498 I$=CHR$(61)
see GOSUB age @ REM GET STACK
510 PRINTi 1 ; 0(2),0(3),0(4)
529 PRINT# 1 ; W,V
539 I$="e"
54e GOSUB a90 @ REM GET STACK
559 GOSUB 1700 e REM SUM CHECK
568 IF 0(7)=S THEN 619
570 IF 1$="0" THEN 549
5S0 IF I$=CHR$(58) THEN 5ge ELSE

6ee
599 1$="8"
6e0 GOTO 540
610 FOR L=l TO 6
620 IF O(L)=E(L) THEN 740
63e FOR L=l TO 6
640 E(l)=O(l)
650 NEXT L
660 BEEP 50,30
679 BEEP 290,30
680 OISP 0(1);0(2);0(3);0(4)
690 IF 0(1)=11 THEN 750
7e0 GOSUB 2190 e REM STORE DATA

IN FILE
719 GOSUB 1890 @ REM MAX + TOT
720 1$=CHR$(58)
738 GOTO 548
740 NEXT L
750 ASSIGN. 1 TO *
76e CREATE H$&"'",1,256
77e ASSIGNi 1 TO N$&"'D
7se PRINTi 1 ; Wl,V1,W2,V2
799 ASSIGNi 1 TO *
8ee OISP "LAST DATA DOWN LOADED

WAS FOR;"
ale DISP "DAY No. ";0(1)
82e OISP "TIME ";0(2);"h";0(3)
839 DISP "DEMAND PERIOD No. D;O(

4)
840 DISP
85e OISP "DETACH LOAD RECORDER"
860 DISP "(PRESS 'CONT' WHEN REA

D'J') "
870 GOTO 8813
880 GOTO 2240
8ge REM ENTER STACK OF DATA
90e STATUS 1e,9 ; S9@ REM CHECK

TXON/OFF
910 IF S9>=128 THEN 960
ne WAIT se0
930 STATUS 10,9 ; S9
94e IF 59>=128 THEN 960
9se COHTROL 10,9 ; 133
960 ON TIMERi 1,2e00 GOSUB 1290
970 GOSUB 1830 @ REM RESET INTS
988 ENABLE INTR 10;112
99B OUTPUT 10 USING "i,K" ; I$
1ee0 J=0
1810 IF J=8 THEN 1818
1020 IF J=l THEN 970
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1030 IF J>2 THEN le0e
1040 OFF TIMER# 1
1050 FOR 1=1 TO 7
1060 STATUS 10,9 ; Sge REM CHECK

TXON/OFF
1070 IF 59>=128 THEN 1120
1080 WAIT 500
1099 STATUS 19,9 ; S9
lle0 IF S9)=128 THEN 1129
1119 CONTROL 19,9 ; 133
1129 ON TIMERt 1,2e09 GOSUB 1299
1139 GOSUB 1830 @ REM RESET INTS
1140 ENABLE INTR 10;112
1159 OUTPUT 10 USING "t,K" ; I
1169 J=0
1179 IF J=0 THEN 1170
1189 IF J=l THEN 1130
1199 IF J=2 THEN 1139
12ea IF J>3 THEN 1130
1210 IF 1<7 THEH 1250
1220 D(I)=NUM(D$)
1239 D(I)=BINAHD(D(I),lS)
1249 GOTO 1260
1259 D(I)=VAL(D$)
1260 OFF TIMERt 1
1279 NEXT I
1280 RETURt~

1299 REM TIMER#l SUBROUTINE
1300 C=C+l
1310 BEEP 6,3E1l3
1320 IF C>5 THEN 1370
1330 STATUS le,9 ; S9@ REM CHECK

TXOH/OFF
1340 IF S9>128 THEN 1520
1350 ~IAIT 5013
1360 GOTO 15213
1370 OFF TIMER# 1
13813 WAIT 590
13913 DISP "HO REPLY FROM LOAD RE

CORDER!"
1408 BEEP 5,2009
14113 DISP
1429 DISP "DETACH LOAD RECORDER"
1430 DISP "PRESS 'CONT' WHEN DOH

E"
1440 PAUSE
1459 DISP
146B DISP "RECONNECT LOAD RECORD

ER"
1470 DISP nAND PRESS 'CONT,n
148B DISP
1490 PAUSE
lS0B ON TIMERt 1,2000 GOSUB 1290
15113 C=l
IS2B J=l
1530 RETURN
1549 REM INT ROUTINE
15SB STATUS 19,1 ; Sle REM GET I

NT CAUSE
1560 IF Sl>16 THEN 1660
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1570 Sl=BINANO(Sl,16)
1580 IF Sl<16 THEN 1660
1590 EHTER 10 USING "%,%K" ; 0$
1680 STATUS 10.11 ; Sl@ REM GET

END OF TEXT CAUSE
1610 Sl=BINANO(Sl,6)
1620 IF Sl=2 THEN 1680
1630 IF Sl<>4 THEN 1660
1640 J=3
1650 GOTO 1690
1660 J=l
1670 GOTO 1690
1680 J=2
1690 RETURN
1790 REM SUM CHECK
1710 S=0
1720 FOR T=l TO 6
1730 0=IP(D(T)/1000)
1740 S=BINEOR(S,O)
17S0 0=IP(FP(0(T)/le09)*lB)
1760 S=BINEOR(S,O)
1770 0=IP(FP(0(T)/le0)*10)
1780 S=BINEOR(S,O)
1790 0=FP(D(T)/10)*10
1800 S=BINEOR(S,D)
1810 NEXT T
1820 RETURN
1830 REM RESET INT STATUS ON RS2

32
1840 STATUS 10,1 ; 51
1850 IF Sl=0 THEN 1880
1860 CONTROL 10,9 ; 133@ REM RES

ET RX Q
1870 GOTO 1840
1880 RETURN
1890 REM MAX ~ TOT
1990 IF 1011>0(5) THEN 1920
1910 Wl=O(S) ,
1920 IF Vl>0(6) THEN 1940
1930 Vl=D(6)
1940 W2=W2+0(5)
1950 "'2=V2+0(6)
1960 RETURN
1970 REM INITIALIZE RS232 ROUTIH

E
1980 RESET 10 @ REM RESET RS232

INTERFACE
1990 CONTROL 10,16 ; 0e REM NO E

Ol FROM HP
zee0 CONTROL 10,3 ; 8e REM 1200

BAUD
2010 CONTROL 10,4 ; 30@ REM 7ASC

I!;2STOPS; EVEH PRRITY
2020 CONTROL 10,12 ; 6@ REM EOLA

-ACK
2030 CONTROL 10,13 ; 13e REM EOl

H-CR
2040 CONTROL 10,14 ; 2@ REM XOFF

-STX
2050 CONTROL 10,15 ; 3e REM XOH

ETX
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2069 CONTROL 10,11 ; 198e REM TR
ANSMIT ON/OFF CONTROL-ON;TE
RMINATE OH EOLA+EOLH

2070 CONTROL 19,1 ; 112e REM GEN
ERATE IHT ON FRAMING ~ PARI
TY ERROR AND RECEIVED DATA
AVAILABLE

2089 RETURN
2099 REM ROUTINE TO CREATE FILES
2109 DISP ·APPROXIMATE DURATION

OF·
2119 DISP ·TEST (DAY)·
2129 INPUT H
2130 DISP ·NEW NAME REQUIRED OF

FILE TO"
2149 DISP "STORE DATA? (6 LETTER

S !'lAX)·
2159 INPUT N$
2169 CREATE N$,H,4352
2170 ASSIGN# 1 TO N$
2180 RETURN
2199 REM STORE DATA IN FILE
2209 FOR 1=1 TO 6
2210 PRINT# 1 ; D(I)
2229 HEXT I
2230 RETURN
2249 CHAIN ·DRAW·
2250 END
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13.2. Draw program (DRAW.PRG).

The following basic program listing is the BPa5

program used to plot the graph, compute and calculate

the results.
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19 COM REAL N$[6l,I$[ll
29 REM MAIN PROGRAM FOR DRAWING
38 CLEAR
48 GOSUB 649 @ REM ENTER NAMES
59 GOTO 79
68-GOSUB 719
79 DIM 101$[5::1
a8 DIM V$[5::1
99 DIM P$[5::1

109 J=8
119 GCLEAR
129 GOSUB 449 @ REM BPLOTS
139 ON ERROR GOSUB 749
148 IF J=l THEN 2939
159 READ# 2 ; Wl,Vl,W2,V2
168 IF J=l THEN 2938
179 READ# 1 ; S1,S2,S3
18B IF J=l THEN 2838
198 READ# 1 ; S4,S5,S6
209 IF J=l THEN 2839
219 READ# 1 ; W,V
229 IF J=l THEN 2839
239 GOSUB 1849
249 GOSUB 799 @ REM PRINT 1ST SC

REEN
259 V=V:l:5
269 0(7)=0
278 1019=9
289 1018=0
29B V9=9
309 V8=0
318 X8=8
328 GOSUB 579 @ REM GET STACK
338 IF J=l THEN 488
349 GOSUB 2849
359 IF 0(7)=0(1) THEN 370
368 GOSUB 1390 @ REM NEW DAY
379 0(7)=0(1)
3a9 GOSUB 1589 @ REM PLOT GRAPH
399 GOTO 329
409 COPY
419 GOTO 2039
428 ASSIGN# 1 TO :I:
438 ASSIGN# 2 TO :I:
448 REM SUBROUTINE TO CREATE BPL

OTS
459 FOR 1=1 TO 5
468 READ 1oI3,V3,P3
478 W$[I,Il=CHR$(W3)
489 V$[I,Il=CHR$(V3)
499 P$[I,I::I=CHR$(P3)
588 NEXT I
518 DATA 112,136,32
528 DATA 136,89,112
538 DATA 136,32,112
549 DATA 136,89,112
559 DATA 112,136,32
569 RETURN
579 REM GET STACK OF DATA FROM F

ILE

I
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5813 .J=13
5913 FOR 1=1 TO 6
6e0 READt 1 ; 0(1)
619 IF ..1=1 THEN 630
620 HEXT I
639 RETURN
649 REM ENTER NAMES & OPEN FILES
6sa IF I$="L" THEN 688
669 OISP "ENTER NAME OF DATA FIL

E"
670 INPUT H$
680 DISP
690 DISP "HEADING OF RESULTS"
7ee INPUT 1'1$
71e ASSIGNi 1 TO N$
720 ASSIGNi 2 TO N$&d ••
730 RETURN
749 REM ERROR ROUTINE
7se IF ERRN=72 THEN 770
768 OISP "ERROR";ERRN
778 ..1=1
788 RETURN
798 SCALE 13,240.-10.180
8ee MOVE S.95
a18 LABEL "GRAPH SHOWING"
a2e MOVE 5,88
838 LABEL "ELECTRICITY"
849 MOVE 5.81
859 LABEL "COHSUMPTION FOR"
8613 MOVE S.74
878 LABEL "THIS PERIOO'
888 MOVE 5.75
8913 MOVE 5.70
9ge MOVE 5.65
911:1 MO'JE 5.68
n8 MOVE 60,60
938 MOVE 5.58
94e !'lOVE 5.45
958 MOVE 5.35
960 MOVE 5.313
970 MO\.IE 5.25
980 !'lOVE S9.3e
999 MO'JE S9. 25.
le0S MOVE 5.15
181S MOVE 5,10
1820 MOVE 5,5
le38 MOVE 50.18
1048 MOVE 58,S
le58 YAXIS 149,19
1860 LDIR sa
1978 MOVE 129.39
18e8 LABEL 'COS"&CHR$(lS)
1999 MOVE 115.69
11 e9 BPLOT P$. 1
1119 MOVE 155,39
11213 LABEL "KW"
1139 MOVE 159,69
1140 BPLOT 101$.1
1159 MOVE 179.39
1169 LABEL "KVA U
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1170 MOVE 165,60
1189 BPLOT VS,l
1199 LDIR 9
1200 MOVE 125,-2
1210 LABEL "0"
1229 MOVE 125,47
1239 LABEL ".5"
1249 MOVE 125,96
1259 LABEL "I"
1269 V=(IP(Vl/10>+1>*V*2
1279 FOR 1=1 TO 5
1289 IF 1<5 THEN 1310
1299 MOVE 185,29*1-5
1399 GOTO 1329
1319 MOVE 185,29*1-3
1329 LABEL VALS(I*V*69/S6>
1339 NEXT I
1349 MOVE 149,9
1359 DRAW 249,0
1369 MOVE 145,-8
1370 LABEL "TIME (hrs>"
1389 RETURN
1399 REM CLEAR AHD FORM AXIS FOR

HEW DAV
14139 COpy
1419 GCLEAR
1429 SCALE 9,249,-19,199
1439 XAXIS 0,19
1440 VAXIS 13,19,a,199
1459 110'JE 9,-8
1469 LABEL "a"
1479 FOR 1=1 TO 11
1489 IF 1<5 THEN 1519
1490 110VE 1*29-5,-8
1509 GOTO 1520
1510 MOVE 1*29-2,-8
1529 LABEL VALS(I*2>
1530 NEXT 1
1540 MOVE 5,99
1550 LABEL "OAV "&VALS(O(l»
1560 Tl=9
1579 RETURN
1589 REM PLOT GRAPHS
1590 W5=0(5)*W/V*199
1600 V5=0(6)*V/V*109
1610 P5=0(5)*W/(0(6>*V>*199
1629 T2=0(2)*19+0(3>/69*19
1639 IF 0(1))1 THEN 1669
1649 IF 0(4))1 THEN 1669
1659 GOTO 1729
1660 \'lOVE T1, 1014
1679 DRAW T2,W5
1689 "'OVE T1, 1,14
169a DRAW T2,V5
1799 "'OVE T1, P4
1719 DRAW T2,P5
1729 MOVE T2,W5
1739 GOTO 1799
174a BPLOT 101$,1
175a MO'JE T2, VS
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1760 BPlOT V$,l
1776 MOVE T2,P5
1786 BPlOT P$,l
1790 1014=1015
lae0 V4=VS
18113 P4=P5
1820 H=T2
18313 RETURN
18413 PRINT "ELECTRICITY TARIFF I

HVESTI GATI ON"
18S0 PRINT "RESULTS FOR ";M$
18613 PRINT
1870 PRINT "Start of test period."
18813 PRINT Sl;"/";S2;"/";S3iTAB(

20);S4;"h";S5
1890 PRINT
19013 PRINT "Demand Period'";TAB(

20);S6;"min"
1919 PRINT
1920 PRINT "Max. demand'"
1930 IMAGE 16X,6D.4D,4A,/
1940 PRINT USING 1939 ; 1011:1:101*60/

S6;"KW"
1950 PRINT USING 1930 ; Vl:1:V*60/

S6;"KVA"
1969 PRINT
1979 PRINT "Tot. consumption'"
1989 IMAGE 14X,8D.4D,4A,/
1990 PRINT USING 1980 ; W2*W;"KU

h"
2009 PRINT USING 1989 i V2*V;"KV

Ah"
2010 PRINT USING "6/"
2029 RETURN
2030 GOTO 2180
2040 REM OBTAIN TOTAL FOR WEEK
295e IF W8=1 THEN 2179
2069 IF V8>9 THEN 2120
2979 IF 0(1)(2 THEN 2179
2089 V8=1
2999 W9=1oI9+D(5)
2190 V9=V9+D(6)
2119 GOTO 2179
2129 IF 0(1)=2 THEN 21513
21313 X8=1
2140 GOTO 2999
2159 IF X8<>1 THEN 2090
2160 W8=1
2170 RETURN
2189 REM CALCULATIONS
2199 PRIIH
2209 PRINT "**********************:1::1::1:***"
2219 PRINT USING "6/"
2229 PRINT "Combined maximum dem

and:"
2230 PRINT USING 1930 ; Vl*V*69/

S6;"KVA"
2249 PRINT
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2250 PRINT ·Consumption for 'he
week'"

2269 PRINT USING 1989 ; W9*W;"KW
.h"

2279 PRINT
2289 PRINT "Power factor'"
2299 PRINT USING "16X.Z.DD" W9

tW/(V9*V)
2390 PRINT
2319 PRINT "Load factor'"
2320 PRINT USING "16X.DD.D.A u ;

V9*V*100/(V1tV*(60/S6>*7*24
);_%1.1

2330 PRINT
2340 PRINT "MONTHLY EXPENSE FOR'

"
2350 PRINT
2360 PRINT "********************

*********u
2370 PRINT
2380 PRINT "GENERAL RATE'
2390 PRINT
2400 PRINT "Service char~e'"

2419 PRINT USING 2470 ; "R";2.2
2420 PRINT
2430 PRINT "First 1500 units'
2440 PRINT USING 2470 ; "R";219.

9
2450 PRINT
2460 PRINT "Exeedin~ units'
2470 IMAGE 20X.A,6D.DD
2480 PRINT USING 2470 ; "R";(W9*

4:1:W-1501D*.1l2
2490 PRINT
2500 PRINT "TOTAL'"
2510 PRINT USING 2470 i "R"i2.2+

219.9+(W9*4:1:W-1500>*.112
2520 PRINT n********************

*:1:*******"
2530 PRINT USING "3/"
2540 PRINT "L.V. LARGE USER RATE

, "
2550 PRINT
2560 PRINT nService char~e'"

2579 PRINT USING 2470 ; "R";30.8
2580 PRINT
2590 PRINT "Demand char~e'"

2600 D(1)=13.6*V1*V*60/S6
2619 PRINT USING 2470 ; "R";D(1)
2629 PRINT
2630 PRINT "Ener~Y char~e'"

2649 D(2)=W9*4*W*.0486
2650 PRINT USING 2470 ; "Rn i D(2)
2669 PRINT
2670 PRINT "TOTAL"
2689 PRINT USING 2470 ; "R";30.8

+D(1)+O(2)
2690 PRINT u********************

*********"
2700 PRINT
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2710 PRINT "POWER FQCTOR IMPROVE
MEHT'"

2720 PRINT
2730 PRIHT "Power factor at maxi

IlUIl demand'"
2740 0(3)=Wl*W*60/S6/(Vl*V*60/S6

)

2750 PRIHT USIHG "16X.Z.OO" ; O(
3)

2760 IF IP(O(3)*10)(9 THEN 2790
2770 PRIHT "IIlProveMent of power

factor is not justified."
2780 GOTO 2980
2790 PRIHT "With a power factor

of 0.9"
281313 PRIHT
28113 PRIHT "The L.V. LARGE USER

RATE would be'·
28213 PRIHT
28313 PRINT ·Service char~e,n

2840 PRINT
2850 PRIHT USIHG 2470 ; "R";3B.8
2869 PRINT
2870 PRIHT ·Oemand char~e,n

2889 0(1)=13.6*(W1*W*6e/S6)/.9
2899 PRINT USIHG 2470 ; "R";O(1)
291313 PRINT
2919 PRIHT nEner~Y char~e'·

2928 0(2)=W9*4*Wt.8486
2938 PRINT USIHG 2470 ; "Rn;O(2)
2949 PRINT
2959 PRIHT "Total'"
2969 PRINT USIHG 2479 ; "R n;39.8

+O( D+0(2)
2979 PRINT
2988 PRIHT "********************

**********"
2999 EHD
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APPENDIX J

14. EMULATOR HARDWARE DESCRIPTION.

14.1.

14.1.1.

EXORCISER SECTION.

Programmable timer module.

The 6840 PTM chip is used to generate timing

signals between the two micros. It contains three 16

bit timers which can be programmed to various modes,

viz, astable mode, one shot mode and pulse count mode.

The PTM is decoded to H2100 location of the exorciser"s

USER memory map. The clock frequency of the timer is

derived from the E (enable) pulse of the exorciser.

Timer 1 is programmed in the astable mode, generating a

frequency of 100kHz. Timer 2 is programmed in the one

shot retriggerable mode with a pulse duration of 50

counts (50 x 1 micro sec). Timer 3 is programmed to

generate a 5 micro second pulse in the one shot mode,

which is used to generate an interrupt to the 6805

micro. This interrupt pulse enables the 6805 micro

from the stop mode after the memory block has been

transfered to the 6805. This interrupt is initiated

under the exorciser program control.

The block diagram of the PTM is shown in figure

14.1. The one shot timer (T2) is triggered from either

T1 or the load instruction (LI) signal of the 6805

micro. The LI signal is triggered each time an

instruction is fetched by the 6805 micro during program

execution. During the 6805 target system program
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execution, timer 2 is triggered by timer 1 (astable

output). This prevents timer 2 from timing out during

users STOP and WAIT instruction modes.

FIGORE 14.1EMOLATOR PTM BLOCK DIAGRAM.

The software interrupt (SWI) routine of the 6805

micro changes the trigger source to the LI pin before

executing the stand by STOP instruction. The LI

14.1.2.

trigger pulses will terminate once in the stop mode

causing timer 2 to time out. The PTM then generates an

interrupt to the exorciser.

Data bus buffer.

The inverted data signals on the mother board of

the exorciser are buffered through 01 (74620) which is

an octal bi-derictional inverting buffer. The address

decode signal AND R/W is used to control the DIR

control pins of 01 (pins 1 and 19). This logic is used

to enable the emulator board from address decode and to

control the direction with the R/W signal. This ensures

no buss contention in the exorciser.
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14.1.3. Emulator eprom.

The 6809 subroutines and instructions that are

used for controlling the operation of the emulator

board are programmed in a 2k eprom contained on the

emulator board. It is addressed to the executive

memory map of the exorciser from HA000 to HA7FF. The

valid executive address' (VXA) signal is used in the

address decoding for the eprom. This eprom simplifies

the initialization procedure of the emulator board.

14.1.4. Output latches.

Quad D type latches

control signals on the

latches are write only

are as follows:

14.1.4.1. IC19.

(7475) are used for output

emulator board. These output

memory locations. The latches

This output latch is known as the memory select

latch. The data stored on this latch enables the

various blocks of the 8k memory with the aid of an

address decode prom. This latch consists of 4

bits i.e. D0 to D3 which selects various address

decoding pages (A4 to A7) in the EMUROM. The

memory select latch is address decoded to H2010 in

the USER memory map of the exorciser. This

hardware feature enables the 8k memory map to be

controlled and selected according to the user

application.

14.1.4.2. IC20.

This quad latch is divided into 2 dual latches
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which are

locations.

selected at two different memory

1) Latch l.

This latch is enabled from address decoder

Ie10 which is selected at memory location

H2018 of the USER memory map. Input pins 2

and 3 are connected to the data signals D0

and Dl. This latch drives two signals,

namely, the ram LED and the RESET. The ram

LED (pin 16) is used to indicate 6805 program

execution. The RESET (pin 15) is used to

reset the 6805 micro on the reset line for

initialization. Both these signals are

controlled by the exorciser.

it) Latch 2.

This latch is addressed by IC12 from the 6805

part of the emulator. This latch is known as

the one shot latch. The input lines (pin 6

and 7) are driven by AD0 and AD1 of the 6805

main data buss. This enables the latch to be

serviced from both the 6805 and 6809 micros.

It is address decoded to H1FF5. The output

of this latch controls the source of the one

shot trigger (T2 of PTM). The 100kHz astable

frequency (T1) is selected by the exorciser

when the memory is transferred to the 6805.

The trigger source is changed to the LI pin

of the 6805 when the memory needs to be

transferred back to the 6809. The memory can
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only be transferred to the 6809 after the

6805 micro has halted (i.e. entered the stop

mode) for change over. The LI pin would stop

generating pulses as soon as the 6805 micro

enters the stop mode causing T2 to time out.

A 100kHz trigger source is used during

emulation to overcome the memory transfer

when the user STOP or the WAIT instructions

are used in the target system program.

14.1.4.3. IC21.

This latch is also divided into two dual latches.

Both are selected by the exorciser and are driven

by D0 and D1 of the exorciser data buss.

i) Latch 1.

This is addressed at the memory location

H2000 of the USER memory map. This latch is

known as the memory buffer control latch.

The output signal at pin 15 is used as an

indicator of memory transfer. Pin 16 is used

to enable two complementary buffers to allow

the 8k ram to be transfered between the 6805

and the 6809. When pin 16 is a logic 1 the

6805 buffer is enabled, connecting the 8k ram

to the 6805. When pin 16 is a logic 0 the

6809 buffer is enabled, connecting the 8k ram

to the 6809.

11) Latch 2.

This is addressed at memory location H2008 of

the USER memory map. This latch is known as
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the load instruction CLI) pin latch, which is

used to change the state of the LI pin in the

target system. This feature is mainly used

14.1.5.

as a select line if different pages of memory

maps are used in the target system.

The 6809 exorciser buffer.

This buffer (buffer 1) is the main buffer

interfacing the 6805 with the 6809 buss signals. It

consists of three octal buffers and the control logic.

6809 BUSS TIMING.

E \ / \
Q / \

)ADD (
R/W < )
DATA ( )

6805 BUSS TIMING.

\AS ~
DS / \

)ADD (
R/W < )
AID ( VALID ADD ) ( VALID DATA )

FIGURE 14.2 EMULATOR BUSS TIMING DIAGRAM.
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The function of the buffer is as follows:

14.1.5.1. Control signal logic.

The buffer block contains the gate logic which

converts the 6809 control buss to the 6805 control

buss. From the buss timing diagram figure 14.2 on

page 14-6 the following truth table was drawn up.

E

o

o

1

1

Q

o

1

o
1

AS

1

o

o

o

DS

o

o

o

1

TABLE 14.1 EMULATOR CONTROL LOGIC TRUTH TABLE.

From the above table the boolean expression for

AS, DS and R/W is as follows:

AS :

DS :

R~ :

E

E

R/W

Q

Q

E

E

Q

Q

These control signals and the high address buss

(A8 to A12) are buffered through U17.

14.1.5.2. Address data multiplexing.

The buffers U15 (address AO to A7) and U16 (data

DO to D7) is controlled to achieve an enabled

multiplexed address/data buss for the 6805 micro.

The U16 is an octal bi-directional buffer with a
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direction (DR) and enable (OE) control lines. The

R/W signal of the 6809 is used to control

direction (DR) of the buffer. As seen on the bus

timing in figure 14.2 the address (A0 to A7) is

multiplexed to the 6805 buss when the E signal is

a logic 0 and the data (D0 to D7) is multiplexed

to the buss when the E signal is a logic 1. The E

signal and the buffer enable signal obtained from

the address decode and buffer enable latch is used

to achieve the multiplexing. The output enable

(OE) control signals of U15 and U16 is as follows:

U15 OE = E BE

U16 OE = E BE

ID

~

- A7 U15
~

OE
~ YV~

~r-.--

~ -

- D7 U16
~

OE DR

Y
FER ENABLE ~

AO

E

BUF

R/H

DO

FIG 14.3 EMULATOR MULTIPLEXING BLOCK DIAGRAM.
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14.1.5.3. Buffer enable.

The select signal, pin 16 of IC21 is connected to

the entire buffer block to enable the buffer when

the 6805 map is transferred to the exorciser. A

further select signal is obtained from the address

decoder to address the 6805 map from H0 to HIFFF

in the USER memory map of the exorciser.

PIN16 U21
XI-- BUFFER ENABLE

FROM ADDRESS DECODE L- U17 ENABLE

FIGURE 14.4 EMULATOR BUFFER ENABLE LOGIC.

To select the entire buffer from the exorciser pin

16 of U21 must be a logic 0 and the memory must be

addressed to activate the address decoder.

6805 SECTION.

The 6805 main buffer.

This buffer is complementary enabled with the 6809

buffer to allow the 6805 memory map to be shared

between the two microprocessors. It consists of two

main octal buffers, viz:

14.2.1.1. Address and control buffer (U25).

It is an octal unidirectional buffer (74LS244)

14.2.

14.2.1.
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which is enabled when pin 16 of U21 is a logic 1.

14.2.1.2. Address data buffer (U23).

Due to the multiplexed address/data buss a more

complex control logic was required to control and

select U23. Pin 16 of U21 (represented as Bl is

used to select the buffer. This signal together

with AS, DS and R/W is used to calculate the logic

required for the buffer signals DR and OE. The

truth table below and Karnough maps were used to

calculate these buffer control signals.
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INPUT OUTPUT

B AS DS R/W OE DR

0 0 0 0 0 X

0 0 0 1 0 X

0 0 1
"" ""

X

0
""

1 1
""

X

0 1

""
0

""
X

0 1 0 1 0 X

0 1 1 0 0 X

0 1 1 1 0 X

1 0 13 0 0 X

1 0 13 1 13 X

1 0 1 0 1 0

1 " 1 1 1 1

1 1 0 0 1 0

1 1 "" 1 1 0

1 1 1 13 X X

1 1 1 1 X X

TABLE 14.2 EMULATOR OE AND DR TROTH TABLE.
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i) The Karnough map for OE.

B AS.

00 131 11 113

12113 13 13 1 121

1211 13 13 1 13

11 13 13 X 1

113 13 13 X 1

DS.R/W

The Boolean expression-for the output enable OE is

as follows:

OE = B AS + B DS

OE = B ( AS + DS )

OE = B + AS . DS

OE = B . AS DS

ii) The Karnough map for DR.

B.AS

1313 131 11 113

1313 X X 13 X

1211 X X 13 X

11 X X X 1

113 X X X 13

DS.R/W

The Boolean expression for the direction control

is as follows:

DR = AS R/W

DR = AS R/W
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DR

0..---'---- OE
B
ES -------------1

AS

DS

R/W --------------1

FIGURE 14.5 EMULATOR OE AND DR CIRCUIT LOGIC.

The additional select signal ES in the above

figure is used to disable the buffer when the

hardware ABORT is activated.

14.2.2. Software interrupt Abort logic.

The 6805 user program is stoped at the required

break points by inserting the Software Interrupt (SWI)

instructions in the program. The 6805 machine code

instruction for SWI is H83. These break point

instructions are inserted in the memory by the

exorciser at the required addresses. The 6805 program

will only stop when it executes this SWI instruction.

These break point (SWI) instructions are sometimes not

executed due to errors in the user program. To
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overcome this problem a Software Interrupt (SWI) Abort

logic was designed to manually insert a H83 instruction

on the data buss for the next load instruction. The

user could stop the program at any time by pressing the

ABORT switch on the emulator board. Basically this

logic disables the data buss buffer (U22) and enables

two tristate buffers which inserts a H83 on the data

buss when the switch is activated during a load

instruction. The timing diagram below illustrates the

operation of this logic. The input signals to this

logic is the data strobe (DS); the load instruction

(LI) and the switch.

LI I \ I \
SWITCH MJV
PIN5 U28 \
PIN9 U28 I \
PINl U28 U
PIN12 U28 I \

DS I \ n
PIN6 U27 U

FIGURE 14.6 EMULATOR ABORT LOGIC TIMING DIAGRAM.
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14.2.3.

14.3.

Ram Block.

This block consists of an 8k ram chip (6264) which

is accessable by both micros depending on the active

buffer. The chip select is controlled by the address

decoding logic and the control line OE. and WE is

derived from the DS and R/W signals.

POD.

The pod consists of a buffer and a 40 way IC

connector which is used for debugging. The pod

replaces the 6805 micro on the target system.

Connected to the 40 way connector are the following:

i) address/data buss

ii) address buss

iii) control buss

iv) port lines

This pod is used to emulate the 6805 micro of the

target system. It enables the target system to be

accessed by the exorciser.

The data buss is buffered through an octal bi

directional buffer (74LS245) on the POD to maintain

data signal levels during a read operation.

The control signals for this buffer were calculated as

follows:

OE = B . (AS + DS)

but B does not exists for this buffer.

OE

DR

DR

=
=

=

AS + DS

AS R/W

AS + R/W
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14.4.

14.4.1.

14.4.2.

As indicated in the circuit diagram (Appendix L) the

three NOR gates are used to implement the two control

signals.

ADDRESS DECODING.

The memory map of the emulator board is indicated

in figure 15.1 page 15-1. It consists of the Exorciser

USER memory map with a common 6805 map. The common

6805 map is addressed from H0000 to H1FFF.

Exorciser.

The address decoding logic used for the exorciser

memory map consists of a 256 by 4 bit ROM (MOTROM) and

a three to eight line decoder (74138). The contents of

the MOTROM is shown in figure 15.2 on page 15-2.

6805 map.

The 6805 memory map consists of an 8k ram which is

address decoded by two ROMS. The EMUROMis used, in

combination with U19, to address the RAM in 2k blocks

under different software control, as required. The

STKROM is used to decode the bottom 156 bytes of the

RAM for the 6805 micro. This is to enable and disable

the RAM for the internal I/O and timer registers of the

6805 micro. The contents of the EMUROM and the STKROM

is shown in figure 15.3 and figure 15.4 on pages 15-3

and 15-4 respectively.

The intergrated circuit (U12) is used to address

decode latch 2 of IC20 from the 6805 section of the
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emulator board at memory address H1FF5. This enables

access from the 6805 micro as well as the exorciser.
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1FF5

1FF6

1FFF
2000

2001
2008

200F
2010

2011
2018

201F

2100

21FF
2200

BFFF
C000

FFFF

TARGET

SYSTEM

LATCH 2 IC20

TARGET SYSTEM

ONE SHOT LATCH

LI PIN

4 BIT LATCH RAM

SPARE LATCH

NOT USED

PTM

NOT USED

USER RAM

MODULE

MM568103

FIGURE 15.1 EMULATOR MEMORY MAP
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0000 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0010 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0020 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0030 00 00 00 00 00 00 00 1210 00 00 00 00 00 00 00 00

0040 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0050 00 00 00 00 00 0121 00 1210 00 00 1210 1210 00 1210 00 00

0060 00 00 00 00 00 00 1210 1210 00 00 00 00 00 00 00 00

0070 06 06 06 06 00 00 00 00 00 00 00 00 00 00 00 00

0080 0A 0A 0A 0A 0A 0A 0A 0A 0A 0A 0A 0A 0A 0A 0A 0A

0090 03 00 00 00 00 00 00 1210 00 00 00 00 00 00 00 00

00A0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00B0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00C0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00D0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00E0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00F0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

FIGURE 15.2 MOTOROLA ROM (MOTROM) CONTENTS.
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0000 03 01 01 01 01 01 01 01 01 01 01 01 01 01 01 09

0010 03 00 00 00 01 01 01 01 01 01 01 01 01 01 01 09

0020 03 01 01 01 00 00 00 00 01 01 01 01 01 01 01 09

0030 03 00 00 00 00 00 00 00 01 01 01 01 01 01 01 09

0040 03 01 01 01 01 01 01 01 00 130 130 00 01 131 01 09

0050 03 130 00 00 01 01 131 01 00 00 00 00 01 01 01 09

0060 03 01 01 01 00 00 00 00 00 00 00 00 01 01 01 09

0070 03 00 00 00 00 00 00 00 00 00 00 00 01 01 01 09

0080 03 01 01 01 01 01 131 01 01 01 01 01 00 00 00 08

0090 03 00 130 00 01 01 01 01 01 01 01 01 00 00 00 08

00A0 03 01 01 01 00 00 00 00 01 01 01 01 00 00 130 08

00B0 03 00 00 00 00 00 00 00 01 01 01 01 00 00 00 08

00C0 03 01 01 01 01 01 01 01 00 00 00 00 00 00 00 08

00D0 03 00 00 00 01 01 01 01 00 00 00 00 00 00 00 08

00E0 03 01 01 01 00 00 00 00 00 00 00 00 00 00 00 08

00F0 03 00 00 00 00 00 00 00 00 00 00 00 00 00 00 08

FIGURE 15.3 EMULATOR ROM (EMUROM) CONTENTS.
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0000 00 00 01 01 00 00 01 01 00 00 01 01 00 00 00 00

0010 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0020 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0030 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0040 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0050 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0060 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0070 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0080 01 01 03 03 01 01 03 03 01 01 03 03 03 03 03 03

0090 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01

00A0 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01

00B0 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 1211

0121C0 1211 1211 1211 1211 01 01 1211 01 01 01 1211 01 01 01 1211 1211

00DI2I 01 01 1211 01 01 01 01 01 01 01 01 01 01 01 01 01

00E0 01 01 01 01 01 01 01 01 01 01 01 01 1211 1211 01 01

00F0 01 1211 1211 1211 1211 01 01 01 1211 1211 1211 1211 1211 1211 1211 1211

FIGURE 15.4 STACK ROM (STKROM) CONTENTS.
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APPENDIX M

17. EMULATOR SOFTWARE DESCRIPTION.

This section contains a detail description of the

emulator software subroutines.

17.1. 6805 EMULATOR SOFTWARE.

These 6805 operating system routines are loaded

into the 6805 target system memory map from H1EB0 to

H1FFF.

17.1.1. SWIR H1F80

Routine: Software interrupt routine

Routines called: DUPM

Description: This routine is executed when a SWI

breakpoint is encountered in the target

system program. SWIR is a software

interrupt vector. The functions of this

routine are:

i) It branches to copy the memory

control over to the

executing a stopbyexorciser

routine. to store a known program

counter in the stack.

ii) It changes the one shot trigger to

the LI pin.

iii) It transfers

instruction.

A RTI instruction is used to return to

the target system program once, the
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control is transfered back to the 6805

by generating an interrrupt.

17.1.2. DUPM

Routine:

Description:

H1F8E

Copy memory routine.

The internal memory addresses (H0 to HF)

are mirror copied to H1F00 to H1F0F in

the 8k ram. This enables the exorciser

to excess the internal I/O through the

mirror image. Executing this subroutine

also causes a known program counter to

be stored in the stack. The stack

pointer can be calculated from this

known program counter.

11.1.3. RINT

Routine:

Description:

H1F9A

Recovery interrupt routine.

The vector address H1F9A (in memory

locations H1FF1 and H1FF2) is changed

with the target system interrupt vector

(in vector address H1FFA/B) by the

exorciser to enable this routine to be

executed by the 6805 micro after an

interrupt. The functions of this

routine are:

the user interrupti) It restores

vectors.

ii) It copies the modified interrupt

states from the stack to the memory
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17.1.4. REST

image H1F00.

iii) It copies the entire image stack

block H1F0F - H1F7F to H0F - H7F.

iv) It modifies the timer interrupt

mask.

The RTI instruction causes a return to

the SWIR routine which then causes a

return to the target system program.

H1FE2

Routine: Restart routine

Routines called: SWIR from a SWI instruction.

Description: It is a cold start routine that is

executed after a hardware reset which is

generated by the exorciser in the BEGN

(6809) routine. The function of this

routine is to clear the ram memory of

the internal 6805 and generate a SWI

interrupt, so that the SWIR routine is

executed to transfer control back to the

exorciser. This routine is part of the

initialization of the emulator board.

17.1.5. CINT HIEB0

executed when the

6805 needs to be

address HIEB0 (in

Routine: Change I/O status interrupt routine.

Routines called: DUPM

Description: This routine is

internal I/O of the

changed. The vector
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memory location H1FEF and H1FF0) is

changed with the target system interrupt

vector (in vector address H1FFA/B) by

the exorciser to enable this routine to

be executed after an interrupt. The

functions of this routine are:

the user interrupti) It restores

vectors.

ii) It makes the program counter point

to the STOP instruction of the SWIR

routine.

iii) It changes the required I/O memory

address with the index in H0C.

iv) It copies the memory block (DUPM).

v) It changes the one shot trigger to

LI pin.

The stop instruction is executed in the

SWIR routine after executing the RTI to

transfer control to the exorciser.

17.1.6. VECTORS

Description:

H1FEF

CINT and RINT vectors are temporary

stored in memory locations H1FEF and

H1FF1. These vectors are interchanged

with the main interrupt vectors to

execute the required interrupt routine.
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17.2. THE 6809 EXORCISER EMULATOR SOFTWARE.

These subroutines are contained in the 2716 eprom

on the emulator board addressed in the executive memory

map from HE000 to HE7FF.

17.2.1. BEGN

Routine:

HE000

Begins instruction.

Routines called: SSTA; SSTB; SLDA; SLDB.

Description: This is the main emulator initialization

routine. It is accessed by executing the

BEGN instruction on the exorciser when

in the USER memory map. The functions

of this routine are:

i) It enables the 8k block (buffer) to

the exorciser and holds the reset

of the 6805 active.

ii) It changes the one shot trigger to

the astable timer output.

iii) It loads the interrupt vector and

updates the jump table for all

additional instructions.

iv) It clears the break point

addresses.

v) It loads the boot program and

vectors (6805 emulator code) into

the 8k ram.

vi) It initializes the timer chip.

vii) It transfers the memory to the 6805

micro.
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17.2.2. STAA

Routine:

Description:

17.2.3. SLDA

Routine:

Description:

17.2.4. STAB

Routine:

Description:

viii) It removes the reset to allow the

REST routine to be executed in the

6805.

x) It waits for the interrupts and

flashes the run LED.

HEllD

Stores ACCA in USER map.

Stores a byte contained in the

accumulator A into the memory location

(address contained in the X index

register) of the USER memory map.

HE125

Loads ACeA from USER map.

Loads the memory byte (address of which

is contained in the X index register)

from the USER memory map into the

accumulator A.

HE12D

Stores ACCB in USER memory.

Stores a byte contained in the

accumulator A into the memory location

(address contained in the X index

register) of the USER memory map.
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17.2.5. SLDB

Routine:

Description:

17.2.6. INTR

Routine:

HE135

Loads ACCB from USER memory.

Loads the memory byte (address of which

is contained in the X index register)

from the USER memory map into the

accumulator A.

HE180

Interrupt routine.

Routines called: SSTA; SLDA; SSTB; SLDB; XBUG.

Description: The 6805 micro stops to transfer control

to the exorciser causing the one shot to

generate an interrupt to the exorciser.

This would cause this routine to be

executed. The functions of this routine

are as follows:

i) It disables the timers and transfer

the memory to the exorciser.

ii) It copies the stack area and

computes the stack pointer from the

known PC (H1F82).

iii) It copies the relavent I/O me~ory.

iv) It restores the program information

into the break point (SWI)

locations.

v) It updates the appropriate 6809

registers with the 6805 registers.

vi) It transfers the control to the

monitor by executing the XBUG of
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17.2.7. CONP

the exorciser.

This would finally envoke the EXBUG mode

of the exorciser.

H2EBA

Routine: Continues program instruction.

Routines called: STAA; SLDA; STAB; SLDB; BEG3.

Description: This routine is an added EXBUG

instruction which is executed by CONP on

the command line. The functions of this

routine are as follows:

i) It restores the modified registers

into 6805 stack.

ii) It copies the internal mirror block

to R1F.

iii) It swops the RINT vectors in the

6805 memory map for recovery.

iv) It stores the SWI instructions into

the program code for the

breakpoints.

v) It enables the one shot timer and

transfers control to the 6805.

The BEG3 lable is finally executed which

places the 6809 micro in a wait for

interrupt mode.

17.2.8. CHNG

Routine:

HE36E

Changes specific memory instruction.

Routines called: STAA; SLDA; STAB; SLDB; CON2
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Description:

17.2.9. BPST

Routine:

This routine is an added EXBUG

instruction which is executed by GHNG on

the command line of the exorciser. The

functions of this routine are as

follows:

i) It stores the address of the memory

change byte.

ii) It swops the GINT interrupt vector

in the 6805 memory map.

iii) It transfers the control to the

6805 by executing GON2 in the GONP

routine.

This transfer would cause the GINT

routine in the 6805 to be executed to

change the required memory byte.

HE3BD

Break point set instruction.

Routines called: XBUG

Description: This routine is an added XBUG command

routine which is executed to set a break

point in the break point stack. The

break point address is stored in the Y

register before executing this routine.

17.2.10. BPGL HE3DG

Routine: Break point clear instruction.

Routine called: XBUG

Description: This routine is an added XBUG command
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17.2.11. BPAC

routine which is executed to clear a

break point in the break point stack.

The break point to be cleared is stored

in the Y register before executing this

routine.

HE3FB

Routine: Break point all clear instruction.

Routine called: XBUG

Description:

17.2.12. BPDS

This routine is an added XBUG command

routine which is executed to clear all

break points in the break point stack.

HE411

Routine: Break point display instruction.

Routine called: XBUG

Description:

17.2.13. CTBEG

Routine:

Description:

This routine is an added XBUG command

routine which is executed to display the

break points.

HE140

Instruction table.

This table is the look up instruction

table used by the 6809 exorciser to

reference the added user XBUG commands.

The begining address (CTBEG) and the

ending address (CTEND) of this table is

stored into the XBUG ram by the

initialization instruction (BEGN).
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APPENDIX N

18. EMULATOR FLOWCHARTS

18.1. 6805 Emulator flowcharts.

18.1.1.

18:1.2.

18.1. 3.

Software interrupt routine.

SWIR

DO subroutine DUPM

Change ONE Shot trigger

STOP Transfer to 6809

RTI

Duplicate memory routine.

DUPM

Load X with H1l2l

DO WHILE X > l2l

[
---------------------

Copy byte from Hl2l to
HlFl2l0

- ----------------------
RETURN

Return interrupt routine.

RINT

SWOP vectors

Copy mirror image stack
into chip

Fix interrupt mask in
TCR

RTI
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18.1. 4.

18.1. 5.

Reset routine.

REST

[------------------------]Clear memory

SWI break point
------------------------

Change interrupt routine.

CINT

--swo;-~~~~~;~-------------------l

Make program counter point to
STOP instruction in SWIR

Change required byte

Copy mirror image stack (DUPM)

RTI
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18.2.

18.2.1.

6809 Emulator flowcharts.

Begin instruction.

BEGN

r-::::::~::::·::::::T----------------------

Enable required memory map

Store emulator instruction table vectors

Clear break points

Clear memory H1800 to H1FFF

Load boot program into 6805

Store SWI vectors

Initialize timer

Transfer control to 6805

Disable RESET

BEG3

DO FOR EVER

r
---------------------------------------

DO WHILE TIM2 (> 0
------------------------------------

DO WHILE TIM1 (> 0

--[~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DEe TIM2

r--T~;;i~-LED---------------------------

-------------------------------------------
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18.2.2. Interrupt routine.

INTR
------------------------------------------

SET interrupt mask

IF TIMER 2 interrupted
----------------------------------------
Timers off

6809 buffer enabled

THEN

IF I/O state flag
set

ELSE

Adjust stack
pointer

DO WHILE <> PC

[--------------
Copy stack

--- ---------------
Record S pointer

Copy internal memory

Restore program information into
break points

Adjust stack pointer

Update 6809 register with 6805 registers

IF INTR after Gegin

[--------------------------------------
Copy user program vectors

- --------------------------------------
DO XBUG

CLI

RTI
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18.2.3.

18.2.4.

18.2.5.

18.2.6.

Continue program instruction.

CONP
--------------------------------------
Restore modified vectors from EXEC

map

Copy stack area

Swop Return interrupt vectors in 6805

Store SWI instructions into break
points

CON2

Astable to ONE shot

Enable 6805 buffer

Execute BEG3

Change memory instruction.

CHNG

Store address of memory change

SWOP interrupt vectors with GINT
routine in 6805 map

Execute GON2
---------------------------------~

Break point set instruction.

BPST

[----------------------------]Record Y register break
point address

----------------------------

Break point clear instruction.

BPCL

[----------------------------]Clear Y register break
point address

----------------------------
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18.2.7.

18.2.8.

Break point all clear.

BPAC

[----------------------------]Clear all break points in
meory

----------------------------

Break point display.

BPDS

[
----------------------------J
Display all 8 break points
----------------------------
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APPENDIX 0

19. EMULATOR SOFTWARE LISTING.

19.1. The 6805 emulator software listing.

The following pages represents the software listing of

the 6805 emulator board assembly language program.
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PAGE 001 EhUOS ,SA:I b80S EMULATOR SOFf.ARE

100Dl OPT P=b~

00012 TTL b80S EMUlATOR SOFTWA,E
m03 HHH*llflIUHIUIlHI

DO Ol~ • b81S PROGRAM FOR •
m05 • E!lU'.ATDR CARD •
OOOlb *if**lfllllflffl***lflff
00107
00118 HHHUfHlIHI

oom f EQUATES'
OWl lH**HnaUlft

10011
00112 lFFS ALlE EQU $lFF5 ONE SHOT TRIG
GGGl3 lFOA A CriIG EQU SlF1A I/O CH FLAG
ODOI~ lm A SFH EQU $1Ft.! STACX POIHTER
OGGl5 IFF4 ASPL EQU S1FF4 ADDRESS
oom I FEE A mc EQU SlFEE INT COUNTER
00017 !FFA A IHTH EQU SlFFA INT VECTOR
00018 lm A INTL EQU SlFFB
0GI19 lFFI A RliiH EQU tIFF! RECOVERY INT
00021 lFF2 ARINL EQU SIFF2 UECTOR
00021 IFEF A CINK EQiJ l1FEF CIiG lIO STAT
00022 mo A Cn~i. EQU SlFFO VECTOR
00123 lFIC ACHG EQU SIFIC lIO !:HG ADDRESS
00 02~ oOilt A STP EQU SSE
00025 lF09 A TI~.c1 EQU l1F09 TIMER CONTROL REG
0002b oOlD A TIMe (QU SOD TIMER CONTROL REG
00627 G009 A TCl1 EQU 119 TIilER como,- REG
00028
10029
00130 lUHIHil:HU*"HIUHUHlfUHUI

00031 • hAC>O INSHumOH FOR STOP •
00032 HI11lUI"*ln**H**UHIUUfU**

01033
00034 STOP MC>
10035 FCB SIP
0003b EJIDM
01037
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PAGE CO2 Et1lIl5 ,SA:I bSC5 E"UUiTDi SllfTWARE

0013'1
10"1 HfffHfllHfHfllHlftlllllflflHI

10141 I SOFTWARE INTEIIRIJPT ROUTINE I

10~ ffflllfflftflflfJllllllllfJlflllll1

01043
iOI44A lfil OIC $IFSI
1U45
Ol~ IF81 AD IC IFBE SlIIR BSi DUPK COpy KEK , KNOWll PC
meA IFB2 A& 11 A LDA 1$11 OIiE SHOT TRIC OVER
1014&\ lFB4 C7 lFF5 A STA LIE TO LJ PIN
C1149A IFS7 A& Cl A LDA l$CI
COISIA IF89 C7 IFIA A STA CHIO ClRCHGIIOFlAG
JUSIA IFse STOP
co I52A lFBO 81 RTI CONTINUE
11153
GiD54
n~ ffl**'illlfflff*lHf'lllfflflff

1G156 I COPY KEKIiliY SUBROUTINE I

00157 ftllftf**lfflllllflllllflllillf

08058
0I859A IflE AE ID A DUPK LDX 1$11 COpy KEIIORY
OOltlA IF90 nb FTFF ADUPI LDA -I,t FROK H
lOI£lA 1F93 D7 lEfT A STA $iEFF,X TO
IOIWt IF96 SA BEX mHFOF
10163A 1F97 26 F7 IF98 Bt;E DUl'l
mM! IF99 81 iTS
10US
01166
00117 ftl*lflIllfflfflffllllffflfll

11168 I RECOVERY INT RDUTIh'E I

Ilm Ilfl*flfllfllllffHfflltfflff

o&m
10l71A IFYA C6IFF! ARINT LDA INTH ,.Of
III72A IF9D er Irtl A LDt ill'H VECTORS
OCCl3A ml C7 IFF1 A STA RINH
11174A IFA3 er IFFA ri STX INTH
GOC15A IFt.6 Cb Itfl A LDA INTl
mm IFA9 er 1FF2 ! ux i1NL
OIOiiA mc C7 lfF2 A STA HHl..
miliA IFAF er IFrS ! SIX INTL
ICI7\'A 1fl2 Cb 1tr4 A LDA SPL
OIOSOA IFB5 AD 05 A 5:':11: 1$5
10mA 1fP7 97 TAt
uoeu. IFI<S A6 05 A LDA U5
IOISJA lFBA C7 IFEE A STA mc
m~A IFSD F6 RINI ~ ,x IESTOiE !in STAT
1OIS5A mE D7 IHI A STA $!FIO,X FlOK STACK
IIIBbA IFCI Cb IF"cE A LDA mc
mm 1FC4 -4A DEUt
IIG8BA IFCS C7 IFEE A STA INTC
COII9A me 27 03 IFCD BEQ ilN2
CDl9;A IFCA SA DEX
COI91A treB 21 FO IFBD BRA RHl1
OII92A IFCD AE 71 Am2 LDX «71 m STACK HEll
I0D!3A tFCF D6 IFIr AWi3 LDA $!FIF,X BACK INTO CHlP
onl94A IFD2 E7 IF ! STA $OF,I
10195A lFD4 5A DEI
Onl96A IFD5 26 Fa IFCF lNE iJ~'3

10l9iA 1FJ7 Cb IF19 A LDA mCI
1C198A IFDA F7 ID A STA mc
SOI99A mc IC OD 12 lFEI BRSET 6,TIHC,RIN4 FIX Ih'T MASK
OIIIIA IFDF ID 09 A I<CLR 6,TCR IN TCR
10ll1A lFEI SI RIN4 RH
10112
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PAG[ 103 EHutS .SA:\ OSOS EMUlATDa SOFTW~E

10113
00114 IHII-HIUHIHIIIfIlIIl

"lIS • mTIiRT ROUTIIE •
101.. "1IIHfI''''"1I11I1I1I

11117
10llBA If!2 AE 70 A REST LDX U71 ClEAR Mooy
OIIIIA lfE4 bF IF ARESl ClR SF,X
101llA lFE6 SA DEl
IIIIIA 1fE7 26 FB lfE4 iHE RESl
0011'" lFE9 53 Sol
11113
10114
80llS IHfllHnH*fHIfIlIlHHfI

IOIlb • In C~NGE I/O STAT •
11117 1H1HHlmlHflHlliHfffl

10118
OllllA lEn Oil: SlEIII
01121
801Z1A 101 C6 IFFA AClIlT LDA I~TH SWOP VECTORS
D!l22A iEb3 CE IfEF A LDX ClNH
I0l23A lElib C7 IFEF A S,A CINH
IOI2{A IED9 CF IFFA A SiX INiH
OOI25A mc C6 lffi A lDA Im
01126A lEliF CE IFF8 A LDX cnr.
00 lZiA !Eel C7 IFFI A SlA CINL
OII2BA IECS CF IFFB A STX INTl
OOl29A lEeS C6 lFF4 A LDA SPL MAKE PC pom
IDI31A IECS AI 15 A SUB "05 Ta STOP
oomA lECD 97 TAl INSTRUCTION
IOIm IECE 71 DEC ,x
OOI33A 1ECF CE mc A LDX CHG
80lliA IED2 Ab GS A LDA nos
101l5A lED4 B7 DC A STA SCC
10136A lED6 D6 IFII A LDA $IFII ,x CHANbE 110
&G1J7A lED9 F7 STI ,x
OOI38A IEDA C6 IF09 A LDA m.CI FIX TCR
10mA mD 87 OD A STA TUle
18;41A IEDF IC ID 12 IEE4 .<SET 6,T1KC,CIN3
00l41A lEEl ID 09 A BeLR 6,TCR
111{2A l£I4 ?J is lEFl Crt\3 .SR cm copy MEMORY
00I43A lEE6 M SO A LDA ml
00144A ms C7 lFGA A ST~ CHIO
10145A lEEr. A6 Cl A lLiA . Hll
lil46A l£ID C7 IFFS A STA LIE
OOI4iA mo SI RH
OII{SA IEFI cc IFBE ACIN2 iMP DUPM
10HI
10151
00151 IHHUIHHifHllllfHfHt

11152 • INmRUi'T VECTm •
10153 HfflHfIHJIHHffflfJlH

9&154
10mA lFEF OI!b SlFEr
OIISSA IFEF IEliO A m tINT
I1I5iA 1FF1 lF9A A FDB mT
III~A IFFC G:1: $IFFC
OGlSIA mc IFSI A ?DB sm
01161A IFFE 1FE2 A m REST
00lt1
11162
00113 El'D
TOTAL ERR01S 11101--10101
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PA~ 104 EMilI5 .SA:I 6815 EMULATD< SOFTliIlRE

mc CHe
IF1A CHIO
!Ut Wl2
IEE4 CIN3
IFEF CINH
IFFI CINt
IEBI cm
IF91 BlIPl
IFBE DUcK
IFEE INTC
IFFA INTO
IFfllNTl
1FF5 LIE
IFE4 RESI
IFEZ REST
IFBB RlNI
IFC» RINZ
IFCF RIN3
IFEI RlIll
IFFl RINH
IFF2 RIll.
IF9A RINT
1FF3 SPN
IFF4 SFL
mE STP
iFS. awn
1109 TCR
me TIMe
1F19 TlMeI

11 G23tG113J
011I3'10151 01144
11142 10148'
00140 10142.
11121'01122 01123
00122*11126 00127
1112111015&
011&0'110&3
01046 Dl159'C114S
olm*mSJ 01086 100SS
10117*01171 11I74 11I21 10124
OOIIS*I0075 1017a 11125 10128
01112'01048 10146
01119*00111
01108·111&8
10154*11091
mS911192'
00193*11196
Dl!99 11101-
00119*11172 100iJ
11121*1117& 11077
01171*11157
10114<
01115*11079 01129
DQC24flOC51
00146'11159
100271com 11141
OUl<611D09B 00199 11139 IOW
10125;11197 11138
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19.2. The 6809 exorciser software listing.

The following pages represents the software listing of

the 6809 exorciser assembly language program.
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PACI: 101 EttUl9 .5A:1 b819 EIIlUTOll SGFTllARE

00111 IIPT P:I-I
DOm T1l bSC9 EHilATOll SOfTIIARE
11013 IUIIU'fHIfHIIIHIIIIUI

m" f bS19 Pi> FOIl EIIUl.ATOR I

IDIIS I CAG I

Dam IfffCIIf'lfflfffflfflfff'"

1D017
DODl8 FFFI A IlEJlIt EQU $FFFI USER lIE" IIAP CllOISE
DIIU FFlb ucoa EQU $IT1b APPROPRIATE lEGS
80011 FFlB AUSP EQU $FFlS IN mc MP
01111 FFlA A lliRY EIll lFFlA
10112 me A mx EQU $FF!C
IIDI3 FFlE ADrR EIll $FFIE
10114 FFIF AAAR EQU $FF1F
01115 FF21 HiR EIll 5FF21
OOllb FF2I A CCR EQU 5FF21
1DD17 FF22 AS51' EIlII SFF22
10118 4011 A PCON EQU sml PC FlAG
80119 2CID A KCHG EQU S1001 HEH BUFF
800<1 IFII A DHO EQU 51FIA CHANGE I/O
00121 Im ASi'H EQU mn STACK P H
00022 IFF4 A SPL EQU SIFF4 STACK P L
00123 F'"c2 AXK:G EQU SF5C2 RET TO XFUG LOC
DO IZ4 IFFA A INTH EQU SIFFA IS INT VECTOR
ODD2S Iffi A INTL EIlII $IFf)
00026 IFFI A IINH EQU SlFFI lET INT VECTOI
01127 IFF2 ARINL EIlII $IFF2
00128 IFEF A CINH EQU SlFEF CHG Ih'T VECTOR
01029 lFFl ACllt. EQU SlFFI
10131 IFIt A DiG EQU fme HOLDS CHe ADD
omI mc ACHGI EQU moc HOLJS CHO ADD
1003Z 2921 A Cl2 EQU sze21 CONn0', lEG 2
01133 2121 AClI3 EQU m20 co/mOL m Ir.l
10134 2022 A L\T1 EQU $2122
10035 2D23 ALALl ElIJ 52123
DDG3b 2024 ALAT2 EQU S2~24

10037 2025 HALl EOO S2~25

10038 2626 A LAT3 EQU fZl2b
ui39 2027 ALAU EIll 52027
10041 1FF5 ALIE EQU flFF5 LIIE LOCATION
10041 2IiD AHEit EQU 52111
00142 2018 A LED EQU S2018 FLASH LED
IDDU 4003 ALDiI EQU $1003
0014 4011 A TlMI EQU S41Q1
OOOIS m2 ATIN2 EIll 541J2
OOD4b FFF8 A INOH EQU sm8 mINT VECTOR
10147 FFF9 A INIL [QV ffm
10048 0011 A pom EIlU SOIOI
0iD49 IBIt APCllTi EOO $Om
ID 151 DD" A OM EQU som
oml I8IS I DDB ElIJ SOlOS
ooosz mB A TDR EQU selOS
1OOS3 1009 ATCR Ell! S1D09
10054 E4Ii A iOOT EQU SE4AF
oms ElBI Amoz EIll $El SO
DGl5b 4011" A BPI EQU WOF BRW pom I
GDDS7 4111 ABPI EIlII S4110 ~iEAl POlllT 1-8
&DI~ 4021 A PGllI EQU WZI PRG CONT Of BP
mS9 FIlE AXOUHHEIlU $FIlE 4 CHIS TO SCREEN
10061 FOZ! A XPClLf EQU SFl21 C/R UF TO SCREEN
IIIbl 4D30 A VECT EIlU f4131
10162 FFIE A TABEG EIlII SfFOE INP TABLE
0CIb3 FFII A TAEND EQU SFFU VECTORS
IOUOI
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PAil m EMUt9 .SA:I 6819 EKUlIoTOR SOFT\lAlIE

IID66 *fHItH'llIllltHIIIHll

10167 • BEGIN INSTRltTION FOR I

00I6B I mmG I

10169 • I NITI ILlZE FTll I

01171 I II\JT FOR INTS I

10171 *HlIHlIHfIHtflIHIfH

10072
0ID73A Em ORC mu
IID74A EIII S6 DD A BEGN LDAA tlOO RESET 05
OOIr.oA Etl2 BE 2118 A LDX till
1OI76A [115 17 Im EIII USR SSTA
loom E0I8 86 12 A LDAA UD2 BUF-IlOT
I817liA ElDA SE 211I A LDX tlICHG LED-DFF
80mA EIID 17 IlDDElID lI<SR SSTA
m81A EIlO SE ml A LOX t~,EIiN EWLE
OOISIA EI13 17 IIOF EI25 lI<SR SLOA REQUIRED
IOD82A El16 SA 08 A G1lA tlOS KOORY
OOO&3A EI18 Sl 11 A CIliA till MP OR
OOI84A EDIA 20 11 mo BlT IEG6 OIS~E

100i5A ElIC 4F CUA COIlPLETElY IF
OGtS6A EOID SE 211I A BEG6 lOX tlIElt m KElt
IOIB7A E020 17 UFA EtID lI<SR SSiA iEQUlKED
masA E023 86 01 A LOAA till ASmLE TO
OOOSYA EC25 SE lIT5 A Lax mE ONE SHuT
1Di91A ma 17 00F2 EtlD lI<SR SSTA
GOC91A EOlS SE ElBI A LOX tINl;:i LOAD 1Nl
DlCVZA EIZE l:F ma A STX r~RH VECTOR
mm ml SE E141 A LOX mliEG STORE nIP
00D9~ E034 liF mE A STX TAliEI TIJl'i-E
OOI9'JA m7 BE El69 A LDX mm VECTORS
m96A EIJA l:F Fm A STX TAD·:!
100liA mo 1GSE 100F A LOY HF SAVE VECTORS
IOI9SA E041 31 A9 IFF1 A liEG5 LW $IFF1.Y If USEll
00091A El45 17 1100 El25 LBSR SLl.... PROGRAK
IIlIDA E048 A7 A9 mlA STA VECT ,T
001l1A mc 31 3F OEY
UlI2A mE 26 FT EC4l JiI'E BEGS
m.IJA ElSO BE 1110 A LDX tsll ClR>l<EAK
mm E053 Of 89 mr A SEG4 ClR BPI,l POIh'T
GO U5A Er.;7 30 IF D"-X ADDRESSES
011l6A Em 26 Fa E053 BNE om
10117A EI58 lOSE 1131 A LOT HIm
oomA E05F 86 10 A LW. UlO
IlmA El61 31 A9 IECF A BEGI LEAl Imr.Y ClR IiEKOliT
IOlllA EI65 17 ItB5 EI1D USR SETA
00 ll1A EIOlI 31 JP PH FRM iaOI
IIIm E06A 26 F5 El61 B~I E:EG1 TO IFFf
ID lIJA mc 1CSE 1151 A lOT UI150 LOAD BOOT
101 HA mc f,6 A9 WoF A IiEG2 LMA OOOT,T PROGRAII iNTO
10\l5A El74 31 " lEAF A LEAX UEIoF.T .815 IiEM
I1ll6A El711 17 1IA2 ETU lI<SIl ssa
10ll7A El711 31 3F IiEY
OlllSA EI7D 26 FI mD illE BEG2
10 li9A EI7f BE IITC A LDX mFrC GET SiiI
cmlA EOB2 17 om El25 L&SIl Sl.L4 VECTOR
1012iA EIS5 BE IITD A LDX tsim AND STORE
DIl22A ElBa 17 "AA El35 lI<SR SLOB IN USER
1Il2JA E1811 BE 4031 A LDX t"'Eel PROGRAM
0II24A ElSE EO DC A STI se.l VECTORS
&0125
10126 I INmlill no
11127
1012"oA EIYD 86 F6 A LOM UF6 nKER 2.0NE
DI129A E092 SE 2121 A LOX tCR2 SHlIT
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p~ 103 EttUl9 .SA:I .819 Ol<lATOR SOffiARE

DII3IA ms 17 lOa:; EIlD LBSI SSTA
10lllA El9B Bb Bb A LDAA tm TIllER J alOE
tDl32A E09A SE 2021 A UX tClIJ SHOT
1Il33A EII'IO 80 Tt EIID BSI SSTA
OOI34A El9F SI. n A UtoA "n
OOIJSA EIAI SE ZD21 A ux tCIl2
00I31>A ElM SD n El 11 BSK SSTA
00 137AEIA/, so '17 A UAA U'l1 TIllER I
OOI311A mB BE 2121 A UX lC1l13 ASTm.E
00lJ9A ED.\ll BD 71 El1D BSI SSTA
0Il4CA EIAD 81> il ,A UAA till llCKZ
1D14IA EIAF SE 2122 A UX tLATI
OCH2A EIF2 BD .9 EIIJ BSi! SSTA
OCl4JA EIB4 so 14 A UAA UU
OIl44A m. SE 2023 A ux tLALl
COIl5A EIB9 81i b2 El ID BSi SSTA
1Il4bA EIBB S. Cl A LDAA UOI 50 HIC SEC
IOWA mo SE 2124 A UiX tLAT2
OOI4SA EDC1 EO SS EIlD BSI! SSTA
00 H9A E0C2 8. J2 A LaAA tsJ2
IOI5iA EDC4 SE 2125 A Lex tLAL2
oomA EDC7 SO 54 HID BSR SSTA
IIl52A EOC9 S. Cl A UiAA t$ll SIHIC SEC
00153A EDCS SE m. A LDX tLATJ
DIl54A EOCE SO 40 EllD BSR SSH
111ZA mo SI> 15 A UAA tu5
8Il5bA ElDl SE ll27 A ux tLAL3
00157A ms 80 4b Em BSR SSTA
GDl58A EID7 O. 01 A LaM UIl BUHBOS
01l59A m9 BE llOI A LDX mH& LED OH
DGl61A me so 3F Ell 0 ES~ S-SU
1Di61A mE so 90 A LoAA U90
om2A EDEI SE 2t21 A LDX tClIJ TIMERS OPElATE
ID16lA EDEl SO 38 Em BS~ SSTA
10lMA ms So 12 A LDAA tlD2 HSl.BLE RESET
11165A E0E7 BE 2&18 A LDX *lED TO OS05
18I66A mA le Er BEGJ CU
10167A ED£C 711 4101 A !\ANI TST TIHl WAiT FOR INTS
IOlbSA EDEr 20 26 ElI7 BNE ~AN4

10169A Eafl iD 4002 A iST WiZ
II17IA EDF4 20 lE EI14 BIlE IIAN3
1I171A Eafo 7lI 4IDJ A TST LEDH
lomA EIF9 27 CD mo BE~ I\I,N2
011T'>A EIFS 7F 4IIJ A CLR LEliK
10174A EIFE .0 12 A LlAA ttC2
101i'5A ElID BE EIlB A LaX tLED
lomA E113 81> IS EllD BSR SSTA
IIl77A EllS 7E E1\4 A Jiir MJri1
00I7SA Ell8 S. FF AHM'! LlAA tsFF
IOl7l'A ElIA J7 411J A STAA LEDH
mSIA mo e. 13 A LlAA "DJ
IOIIIA ElIF SE 2018 A LaX tUD
DIl82A E1I2 so 19 EIID BSI! SSTA
10l&3A £114 lA 4112 A HANJ DEC m,z
IIIS4A E1I7 lA 4D11 A IlAIi4 DEC UHI
IDIB5A ElIA 7E mc A JIII' MANI
IClBb
IIlB7
10188 HlffHl*HlfHfHlllllI

OIlS9 • SiffiRo:JTINE STAA •
10191 fH'lHfIHffHllfllIHI

11191
CDl92A Ell0 B5 FCFC A SSTA FIlA SFCfC
11I9311 ml 21 01 EI22 BRA SSll
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PMl: 104 EMll9 .SA:I 6SD! EMUlATOR SOfTlI,\RE

HffIHI*HlHIHIIHIfI

I aUDROUTINE LDAB I

fttlllfllffllllltl'*lfff

IHlfHflHlfHlfHHHI

I SllFROUTINE STAB I

HHlmllHlHlfUfHH

ItfllftftHfHHllltllH

I SUBROUTINE UM I

HII fHlIHflHHHlJlI1

lID STAT FlAG

KNOWN PC

TIKER2 INT>Ui'TED?

copy STACl IN,D

mns OFF

GET STAT

8UF-JiOT
lED OFF

00 110 IF D7
SEl

SFCFC
llD,
.X

$FCFC
LlD I
.X

!FCFC
SST,
.X

iJiiG IhlRR

SEI
UX Itil2
BSR SLIA
ANDA tU,
L1iEQ Ih'T5
LDAB 1$97
LVX ICRI3
FSII SaTS
LDAA W,
UX lliCHG
BSR saTA
UX IOiID
BSR SUA
ANDA 1$81
FNE IN13
CLl PCON
LDY IIBI
LW ,Y
BSi sua
DEI
L1iSR SlDt\
ClIPD I$IFS,
8NE 1Nl,
m Y,D
UX ISl'H
IJSR SSTA

19-10

BITA
BRA
STAB
m

BITA
BiA
!.DAB
ITS

STM .X
RTS

BITA
BRA
LDAA
m

lfIllllf*lfl*lffflllflllH

I INTEIRUPT ROUTII;£ I

IfH*flIIHlIHHIfHIHH

A SST!

FCFC A StDS
II EI3A
S4 A LlD2

FCFC ASSTS
01 EI32
54 A SST2

FtFC A SlDt\
01 EI2A
S4 A LlDI

1I194A EI22 A7 84
D81l"..A EIH 39
11196
10197
D119B
1011'9
mu
10211A E12S 8S
DD2I2A El2B 20
1D213A E1ZA AI>
8D214A mc 39
10215
0021.
01217
80218
D1269
102llA EI2D S5
I02llA El31 21
C02l2A EI32 E7
1D213A EI34 39
Inl4
10215
1021.
10217
10219
10219A EI35 S5
1122DA ms 21
D0221A E13A E6
mm mc 39
10223
f1224
00225
Cl226
10227
U229
lom
8D23DA ElSI
11231
1123ZA E18I lA 11 INTR
C8233A E1B2 BE 2021 A
DD2:l4A E185 SD 9E EI25
OI235A El87 8-4 82 A
10236A E189 1127 IlZA E2B7
lomA ElBD C6 97 A
80238A E16, BE 2021 A
DD231A EI92 8D 99 EI2D
D02~DA Ell4 B6 12 A
OD241A EI96 BE 2111 A
1024ZA EII9 6D 62 ElID
11243A E19S BE I,IA A
10244A mE 8D 85 EI25
11245A El AI t4 SI A
1021,1,A EIA< 26 34 ms
01247A EIA! 7F 4DDD A
0024BA EIA7 ICSE IIBI A
01241A EIAB 31 A4 A I~TI

1025IA ElIoO BD so E135
00251A EIA, 30 IF
DO ZO..zA Em 17 FF71 El25
CI253A EIB4 1083 IFS2 A
10254A mB 26 18 EID2
1125'..A ElBA IF 21 A
10 ZO..bA mc SE IFF3 A
II257A E1BF 17 FF5I EIII



PAl:[ eos EKUl9 .SA:I 6llC9 EHLlATOI SOFTW.iE

CCze..sA El Cl BE Im A LOX tSPL
1C2S9A Elt5 17 FF6SEl2D LBSR SSTB
C026CA ms et Im A lOD UCI CLRD
IOlllA EICS 31 A4 A w.x ,T
CC262A mD 17 mD ElID USR SSTA
CCll3A mc II IC mE BRA IHT4
C0264A EIDl 31 3F lITl Del
8026SA ElM l6 os ElAB WE lHTl
ID266A EID6 lC 16 mE iliA INH
1C2I7A ms lIE IFCA A INTJ LOX tCHlD
CC26SA ElDS 86 OD A UAA tSCC
I02.\9A ElIO 17 mDEllD LiSR SSTA
IlmA ml BE Im A LOX ts1L ADJUST STACl
I027lA EIE3 17 FF3F E125 LiSR SLDA
mm EIE6 SI 15 A SUM UC5 POINTER
lomA ElLS SE IFF4 A LOX tSPL
01274A ElES 17 FF2f EllC lI>SR SSTA
IOZ"'..A E1EE SE lF01 Anm LOX mm
C0276A ElF! 17 FF31 E125 LBSR SlDA COlT RELEVANT
mm EIF4 lIE. 1101 A UX IPORTA I\EIl FROM
OlmA ElF7 17 FF23 ElID L.!lSR SSTA
mm EIFA B£ lFD1 A UX UIFOI SOl TO SIr
OlmA ElF] 17 FF2S El2S LBSR SUA
IOWA E1l0 BE 1801 A UX IPORTB
002S2A E213 17 FF17 EllD USR SSTA
lomA W6 BE lF04 A UX U1FD4
OI2S4A E2G9 17 FF19 E125 USR SLDA
I02S5A E1lC SE 1004 A UX IDCA
I02S6A E20F 17 FFOiEllD lI>SR SSTA
I0297A E212 SE IFOS A lOX U1F05
mSSA E2lS 17 Fmms LBSR SLDA
comA E21a BE cm A LDX IDDB
00291A E2lB 17 FEFF EllD USR SSTA
C02flA E2lE BE IF OS A UX UlFoa
oomA [221 17 FFlI EllS USR SLDA
mm EZ24 BE noa A UX tTDR
10294A E227 17 FEF3 Em lI>SR SSTA
I0295A E22A BE IF09 A LDX HIm
0021'bA E22D 17 FEFS E125 USR SLDA
m97A mc BE 1009 A LIX HCR
oomA Em 17 FEn ElII lI>SR SSTA
C02?9A E236 lOBE 4011 A LOT IBPI RESTORE
OD3:IA £234 At M A INT7 UX .T PRO",AM
mm E23C 27 16 £244 BEQ INTa INFDlIATlON
00312A mE Ab Aa 10 A l1AA 110,Y INTO USER
00313A ENI 17 FED9 EllD LiSR SSTA PRQI;RAM
OOJI4A £244 31 22 AINTS LEAY 12,T
I031SA E246 lOse 4821 A CHIT U"l
oomA £24A 26 EE mA BIlE !HT7
0031iA WC BE 1ft.. A UX ISPL ADJUST
mlSA E24F 17 Fm E135 LBSI SLO. STACK PDunER
OD319A E252 CB 05 A ADD. WS
maA E2S4 17 FED6 El211 lI>SR ssn
DD31lA £257 SE IFF4 A nm lOX IS?L bET STACl
DG31lA E2SA 17 FEDS E135 LBSi SLOB rcrm:R
OD313A E25J) BE Im A UX tsrH
OI3I4A £261 17 FEC2 EI25 USR SLDA
I031SA £263 IF 13 A TFR D,U
11316A £265 IT FF18 A STU USP \bET APPROPkIATE
CD31iA E268 IF n A TFR D.X \iECS FROM EXEC MAP
1131SA E26A 17 FECS E135 USR SUI. v,!lI STORE IN
CD319A E26D 31 IF D£X \6a05 STACX
113llA E2bF 17 ITS3 E125 usa SLDA \AREA
C032IA E272 SA DECS \PC I LESS
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PACE m EtU9 ,SA:I 6819 EJlULATDI SOfTIIAIE

1132ZA Em n Fm A STD PCII /
IOW £276 31 IF DEX /
1132IA EZ7S 17 ffiA El3S lIISIl SLDB /
10325A EZ7B -IF CUA /
11326A EZ7C n mc A STD INIX . /
I032iA EZ'F 31 IF DEX /
Dl32BA ITSI 17 FEAI El2S USR SLDA /
OD32VA E2S4 F7 Fm A STM AAR /
1133IA £267 31 IF DEl /
1033IA E2B9 17 FE99 El2S LBSR SUA /
I1332A ITBe J7 Fm A STAA B~R /
IlmA E2BF FC Fm A LDD PCDR CH£J:I IF
I1334A £292 US3 IFII A CHI'D UlFOt nlTu IS
I0335A £296 ~ IC m4 Bt.T INT9 EXEClIiED AmR
I1336A IT9B USE 1016 A LDT till ~Eg( AND
I03l'lA E29C re A'i 4130 AInU LDD VECT,T copy
Dl338A ITAI 31 A9 IFFI A l.EAX $lITe,Y USER PiOOl AK
oo339A E1>\4 17 FE76 EIlD USi SSTA VECTORS
11341A E2A7 31 it A LW I,X
00341A E1i\9 17 FESI El2D USR ssn
OIJ.l2A EZAC 31 22 A LEAT 2,T
00343A E1i\E lOBe 1011 A CKPT UII
IOWA E2B2 26 ES IT9C BIoI INTlO
10345A E2B4 It F5C2 A lIlT9 JMl' XBUb
GlJ.l6A E2E7 1C Er IllS ClI
10341A E2F9 3B RTi
1OJ.18
10349 IfII*ftl~l*tlfllll""llffllll

11351 • CONiDlUE PiOCllIII INmUCTIIIH •
10351 m*fIHIHllflHUIHHlHIHII

11352
GUm
10351A rnA SE IFr",5 4 CQI.'P LDX ISPH \RESTORE
11355A E2£n 17 FE6S E125 USi S[}A \l\ODIFIED
IOW E2ti BE IF,4 A LDX tSR \STACX FlOK
oo35'iA ITC3 17 m,m5 LlSR SLDi \[XEC MP
1035SA E2t6 IF et A TFR D,X \
11359A E2::8 FC FFl6 A LID FCOR \
mORA E2tB 17 FE5F Em USi ssn \
D1J6IA E2CE 30 I, DEX \
10362A mo 17 FHA EllD USR SSTA \
I0363A E2D3 FC mc A lID INRX /
003644 m6 31 IF DEX /
I0365A E2DS 17 W..2 EI2D LI!Sll SSTil I
10UbA E2>B i6 ITI' A LDAA AAR /
103lo1A wE 31 I, DEX I
103bBol EZEI 17 FE3A EllD USi SSTA I
11369A E2E3 ~6 ml A L»I.A DBR I
10311A £2£6 31 1, !EX /
1037IA EZES 17 ,£32 EIlI USR SSTA /
00372A E2CB lOBE 1171 A UY U71
GC3nA E2EF 31 2F ACONI l.EAX ~IF,Y copy STACK AAEA
e0374A E2FI 17 FE31 E125 LDS. SUA Flo.~ PAGE I TO
IImA E2F4 31 A9 IFIF A LEAX ~lFOF,1 PA::E IF
I037M E2FB 17 FE22 EIII LBSR SSTA
11377A E2FB 31 ;;r lET
1037liA £OD 26 Ft E2EF SHE COh1
11379A IT...-F SE IFFA A LlX IINTH 1Nl VECTOR
mBI~ E3I2 17 FE21 EI25 USR SUA m INT VECTOR
Gl38lA E315 BE Im A LDX Ulffi. SWri' VECTORS .
GU3Wl E31B 17 FE2A E13S USi SUlB
113S3A E31B iF 03 A TFR I, U
003S4A E31D BE lITI A l.DX tRINN
003B5A £31117 FEI2 E125 lBSi SLDA
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PAI:[I07 009 .SA:I 6819 EIIlr.ATOR SOFTIiAiE

I13S0A 013 BE 1FF2 A LOX tRINL
ID387A 016 17 mc E135 LBSR SUlI
1138SA E:!I9 lE lFfB A L1X U~TL

ID~A OIC 17 FEOEEm LBSR SSlI
tl391A" E31F BE IFFA A UX Ul/TH
103'/lA EJ22 17 FDF8 ElIO USR SSTA
m92A E32S IF 3. A TFR U,O
G0313A 027 BE IFFl A LOX m~H

0I394A EJ2A 17 FeFl EIlD USR SSTA
00J9<.A O2D SE lFF2 A LOX tRlllL
OB39bA 030 17 FOFA Em LBSll sm
OOJ97A E333 llBE 4111 A L01 tliPl STORE SWI
113911A 037 AE AA ACON4 UX ,1 INSTRUCTION
103ll'A 039 Z1 11 041 BEQ COif.l mo USER
11411A r.m BC FF16 A CMfX PCOi PROGRAK
1041lA mE 27 1I O4B BEQ COl,.
ml2A 040 17 FeU E125 LlSil SUA
IOU3A 043 A7 Aa 11 A STAA Sll,Y
114I4A m6 86 13 A LIAA UI3
10U5A E:>48 17 FODZ ElIO USR SSTA
1041U1 041 31 22 A COO LEA1 2,1
1041iA EJ40 lOBC 4121 A CMPl mu
meSA rnl 26 E4 037 B~"E CDN4
10419A 053 so 10 A CON2 LOAA un ASTABLE Ta
mllA 055 BE lFF5 A LOX tLIE ONE !<lOT
004llA rna 17 FIlC2EIlD USR SSTA TRIGGER
11412A 05B B6 11 A LOAA till BlfHBOS
C0413A rno BE 2000 A LOX tKCh'G LED GN
Cl4I4A 060 17 FlIBA ElID USil SSiA
D04ISA E363 Bb 96 A LDAA 1196 T1IlIEiS O?ERATE
DD41SA 065 BE 2020 A UX 1013
D0417A E36S 17 FOB2 ElIO LBSR SSTA
mlBA E36B 7E EGEA A JlIP BEG.
00419
004<1 1iI1ffll*fI*ff111111111f11l1111111f

10421 • CHMGE SPECIFIC HEJI INSTRUCTION •
C04lZ HIlUUIHlHllIUIIUHlIllUfHI

10423
0041.4A E;;oE BE mc A OIN~ LOX tCllGl ADDRESS OF hEM CIlG
m25A E:i71 17 nCl EI~ USR SUB
0041.6A E374 BE IFOC A LliX WIG
IG4Z7A E377 17 FDBJ E12I LIS. SSTB
1042SA E37A 4F CUA
Dl429A E:i7B IF 01 A TFil O,X
D0431A E370 17 fDAS E125 LBSR SLeA
comA [""BI 31 6'9 IFII A LEAX $IF1D,X
1043ZA £364 17 F09S mo U.Si SSTA
m33A nB7 SE lFFA A LOX lltHH S1iAP VECTORS
10 434A E3SA 17 FIl98 EI25 U<SR SUA
mJ:;A mo SE 1m A UX UN7L
11436A E39I 17 FOA2 Ei35 LBSR SLOB
ID437A 093 IF 03 A TFR D,U
I043SA E395 SE lFEF A LOX tCINH
ID439A mB 17 FDBA El25 LBSR SlDA
D044IA E39B SE lFFI A LOX tCINL
Dl441A 09E 17 F1I94 EI35 US. SlDB
0044ZA EJAl SE IFFI A LOX UNTL
OI443A E3A4 17 FOSS E12l1 USR SSTB
I044-4A EJA7 SE IFFA A LDX tIHTH
U«5A t.lAA 17 n71 Em LlSR SSH
10446A EJAD 1F 31 A TFR U,D
Cl447A E3AF SE lFEF A UX tCINH
I044SA E3i2 17 FOb8 mo U.SR SSTA
11449A EJIS lE IFFI A LOX KINl.
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PAl;[ lOB 009 .SA:I 6809 EllULATOI Sl:iffilARE

ImeA mal7 FDn EI2D LBSR 5511
10451A rnB ZI V6 E35J FRA CONZ
1D4SZ
1D45J
10454 I*HHHfHIHIHftll'HHtllfflllfl

114SS • ~REt« POINT SET IN5TIlUCTJOII •
11456 fHfffHHHHlHfflllllHltlllfffH

11457
1D4~ ~D SE 4110 ABPST LUX lBPI Y REG COIHAINS
1145VA <.ltl BC 4121 A!<PSI CtII'X um THE FREt«
1040IA E3t3 '0 14 E3D9 BEQ BPSZ POINT
11461A E3t5 llAE SI A UY ,X"
10462A E3t:S Z6 F6 E3CI BNE BPSl
11463A E3CA lOBE FFtA A UY MY
10404A E3tE 1I1lF 6J A STY ,-X
11465A E3DI IISE 11II A UY I'll
i6466A E3lI5 lIBF FFIA A STY INRY
1146iA m9 iE F'"..t2 ABPS2 JIIP nu.
00468
11469
1C471 HflllHfiHf*HlllllfflflfHfflffUIII

oml • FREAK POlo'1 ClEt.R INSTRUCTION •
00472 IfJ4ltlllfllfffffllflllllfllHffllffl1

Dim
a04i~A E:l>C SE 411 0 ABPCl LDX u:P1 YRE. CONTAlh'S
ClmA E3DF mE FFt A A LDY IKRY Bm.K POINT
I04i6A ED BC 4121 A BPCI CI1PX mRI
lamA <.iE6 27 10 <.ifS P~Q I:PCZ
114/bA DES HAC S1 A efY ,X++
114i9A E3EB 26 F6 E3E3 Bl\£ I:PCI
m81A EEl \lBE II I I A LDY HII
le481A <>FI lOAF 83 A STY ,-X
104R2A EJF4 ilBF FFIA A STY my
11483A <.ifS 7E F5C2 ABPC2 JIIP XlIUG
10~

0I4B5
11486 HIfHUIHfHHlHlIllIUlfliHl1f

Ilm • FREIil PGrNT ILl ClEAR INST •
104SB HUHfllHfHlllfltUlffllllllffil

00489
1049iA E:JB SE 4010 AEl'AC lUX tBPI
114V1A E3FE lCBE cm A UY lUG
1049"2.A E412 ICAF 81 A BPAI STY l X++
11493A E415 BC 41Z1 A CllPX IPGRI
10494A E41S 26 Fa E402 >NE SPAl
IC495A EtDA lew FF1A A STY IH~Y

1049bA E41E iE F5C2 A ]hP XSilG
oom
10498
01491 1f4l.HIIHfl-fHUllllnflfHfffl

mOl • FiEAK POl01 DISPlAY INST.
nnsl1 HfflfffffffHlflffffff4fflffflfl

11512
10513A E4I1 IIBE 4110 AF?»S LH *BPl
OG514A £415 BD F021 A 158 XPCRLF
01515A E41S 31 Al A El'DI lEAX ,Y++
I15I6A E41A ;» FilE A 158 XIlUHH
mliA £41D mc 41121 A CIIPY mu
0151611 £421 Z6 ~ E41S BIlE IiPDl
01519A E4Z3 7t F'"..c2 A JlIP X8iJ(;

usa
11511
10512
10513 fHllHIHfllHlHfllHHf
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fAG[ 109 EHUl9 .SA:I bS09 E"UlATOR SllffillRE

COSI4 • INSTRUCTlOll TADlE •
GD515 fll*flfll~ltllltflllflffl

1051&
GD5liA EIlO ORG SElU
ml8A EI4I 42 ACT8El: FCC IIEW
!OSI9A EIl4 EIOD A niB FEbN
1052IA EI4& 43 A Fee ICllNPI
o0521AEl\1l EZBA A niB COHI'
01522A mc 43 A Fee IDlNGI
mm mo mE A FliB CHNG
00524A E152 42 A Fee mSTI
0052SA El5/> mD A FliB BPST
1052,A ma 42 A Fee mcu
D152iA ElSC mc A FliB FPet
00528A ElSE 42 A Fee I~ACI

10529A E162 OFB A FDB BfAC
00S30A EI&4 42 A FCC Ill'DSI
10531A ma E4I1 A ni8 FlDS
01532 E169 ACTEIiD EQU ~169

00533
01534
01535 END
TOiAL ERRORS 01000--10000
iOTItl WARNINGS oom-mol

FFlF AAA
FF21 BBR
ml FEI:!
EOil BEG2
EOEA FEG3
E053 BEG4
E041 BE~

WHEG,
EOCI BEGl
E4AF BOOT
4iCF BPI
4010 BPI
E4D2 iFAl
OFJ pPAe
EJOI:PC!
E".lFS BPC2
me BPa.
W8 BPDI
E41l t:PDS
E".lCI FPSI
m9 l<PS2
me BPST
FF21 CCR
IFIC CHG
me c.~Gl

lFOA CHIO
E".l&E eh'HC
IFEF CI~H

IFFO CINL
E2EF CONI
E".l53 CON2
E".l41 CON3
rni CON4
E2BA CONP
mo cm
2021 CI2
El40 CTI'£:

11114'00329 00366
00115110332 01369
1Cl09100112
00114*11118
0016,101418
oOIO'IOIlt&
1I09Sl0m2
00184 ms..
mi4'00519
001S4<ml4
01056101104
0015i*10291 00397 00458 10474 00491 IIS03
00m'11494
00490lC0529
00470'11479
00417 gl.831
O1mm527
OmSf1I508
nt503*~~531

00459<11462
Ol4bO tl4671
00458*01525
000l&t
0013011042&
01131111424
00121*01243 00267
104241ot523
00128110438 01447
10129<01440 n14~9

00373111378
0140YI01451
oom 1U411 0040&1
01398101418
00354110521
0003310CI32 00138 11162 11238 1041&
00132101129 00135 00233
DlDY3 115181

19-15



PACE 111 EMUl9 .5",1

ItF3 SPH
IFF4 SPL
Fm SS~

El22 SST!
EI32 SST2
EIID SSTA

El~9 tTEh1 1119~ 11532'
1104 DnA 111~1'10285

Im DDB m~I'112a9

FFIE DPR 011131
FITB IHIIH 11046111092
FFF9 INRL 011471
mt IlIn C1Il2'1132~ DD3~3

FFlA INRY 00111111463 1G4bb Glm 11482 1C4~

EI~ IIlTI 11249'102~~

EZ9t IIlTll 01337'"344
EID2 Ih12 CIZ'J4 102641
EIDS 11IT3 00246 le267'
El EE lIlT4 m~3 m6~ 102751
EZB7 lIlTS 1D236 1D34b.
Em Ik'T6 mill
EZ3A IH7 OCJ1111130~

EZ44 mB mu 103041
EZB4 rh'T9 00335 1i345t
IFFA IIITH 11124'CC3i9 11391 1,433 11444
Im IoTL 01125113381 m8a 11435 11442
E1BD Ik1R . 0'232*
EI81 mu COI~5'11091 0D231
2123 LALI 11035110144
202~ LAL2 01l37.lml
2127 LAL! 11139111156
2122LATl 00134111141
2124 LAT2 IiD3WI147
212~ LATJ 01138111153
mB lED lOt42t1CI7~ CII~~ IIli5 lliS!
4DD3LED~ 01143110171 UIIi3 01179
IFF5 LIE 11140'11,81 11411
EI2A LLD! "292 Icml
E13A LLD2 ct220 0&1211
EOEt MANI DClb71m8~

me KAN2 11172 111781
E114 MAN3 OCliO!e1i7 101831
EI17 KAN4 IllbS 011841
2DOI MtHG ODI1911cm m59 01241 oom
2111 KElI OmlltloS/,
FFFI KEMK OtlCSiID 181
4101 PtOW 1~;IE*iI247

fflD ptoa GDII9*m22 00333 00359 114ID
4020 P~I IIOSEIOC31S 11417 004~9 114i6 11493 10SOi
1001 PORTA 0114SItOm
11I1 PORIB 01049.01281
IFFl RINH JC126.mS4 11393
m2 RINL m27.OI3S6 OI39S
E12~ SLDA GOIBl I;O,? ~0120 11211111234 IG244 ,12~2 11271 1027~

10261 11284 00283 01292 1129, 01314 10320 01328 01331
10355 10374 m8D 1C3~ 10412 10431 11434 11439

EI35 SlDB 11122 01219111250 CI30S 01312 1031B 01324 11357 10382
mS7 11425 10438 01441
11121111256 11313 01354
01022110258 102il IC273 10307 10311 11356
G31iil
01193 101941
mu m12>
om6 :DIn 00187 COO9l 10111 1nl16 11130 11133 DOl36
11139 11142 01145 0114B 111~1 01154 101~7 01160 01163
101iE 10182 11192111242 10257 10202 102b9 11274 10278
11282 11286 10291 11294 1129S 01313 10339 11362 01368
01371 ID376 11391 18394 10415 00411 11414 10417 10432
olm 01«9

Ell» SSTB 01111111239 00259 11311 11341 10361 1136510389 10396
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PAGE 1\1 EIIUl9 ,SA:l .m EIIUlATOII SCfTOAliE

11427 11443 ID4~1

FfDE TA~EI CDI621UD94
FFlI TroD 11163111196
1019 TCR CCI~3111297

CIDS tDR 111~111293

4101 TtM! 00144101167 CCIS4
4D82 TIII2 8184~118169 01183
FF!8 USP 801tC11I316
4131 VEeT m611CtlOl 11123 11337
F5t2 001 01l2311C345 Ilm C04S3 10496 18~89

FIlE X0UT4lI cm9lO8~16
F02t XPtlLF 1U6D110~14

19-17



BIB L lOG RAP H Y



BIBLIOGRAPHY.

BOOKS.

Brey, B. B. 1984. Microprocessor/Hardware Interfacing and

Applications. Columbus, Charles E. Merill Publishing Company.

Strangio, C. E. 1980. Digital Electronics: Fundamental Concepts

and Applications. New Jersey, Prentice-Hall Publishers.

Electronic Engineering, November

JOURNALS.

Dum, S. & Philpott, D.

Microprocessor System Design.

No.615, pages 87-90.

1978. In-Circuit Emulation Aids

Ferguson, J. D. 1984. In-Circuit Emulation. Electronics &

Wireless World, June, pages 53-56.

Koehler, B. 1980.

Specification and

Preliminary.

8051 Single-Chip Microcomputer Architechiral

Functional Description. Intel Corporation,

Multiple MCPs, Buses

Design, April 26, No.9,

Ulmer, D. J. 1979. Architecture Based on

Boosts In-Circuit Emulation. Electronic

pages 52-55.

Wharton, J. 1980. An Introduction to Intel MCS-51 Single-Chip

Microcomputer Family. Intel Corporation. AP69.

Wharton, J. 1980. Using the Intel MCS-51 Boolean Processing

Capabilities. Intel Corporation. AP70.

20-1



MANUALS.

Hewlett-Packard. 1979. Owner's Manual and Programming Guide, USA.

Hewlett-Packard Company.

Hewlett-Packard. 1982. HP82939A Serial Interface Owner's Manual

Series 80, USA. Hewlett-Packard Company.

Hewlett-Packard. 1983. I/O Rom Owner's Manual Series 80. USA.

Hewlett-Packard Company.

Motorola. 1979. M6809 EXORterm Development System User's Guide.

Motorola Inc.

DATA BOOKS.

General Instruments. 1980 Catalog of Optoelectronic Products.

California. General instruments. pages 177-180.

Intel. 1986. Memory Components Handbook. Santa Clara. Intel

Corporation. page 4-21 - 4-34.

Motorola Semiconductors. 1982. Microprocessor Data Manual.

Switzerland. Motorola Inc. pages 4-406; 4-985; 4-1046.

Motorola Semiconductors. 1983. MC1468705G2

Microcomputer. Motorola Inc. AD1976.

8 bit Eprom

National Semiconductor. 1984. Logic Data book. Volume 1 and 2.

California. National Semiconductor Corp.

20-2



ANN E X U R E 1

LOA D R E COR D E R

D I S P LAY Doe U MEN TAT ION

21-1



OPTREX's Liquid Crystal Dot Matrix Display Module DMC Series
can easily be connected to a micro computer by using LSI s which
contain sophisticated control circuits, character generators, etc.
DMC Series is most suitable for use with micro computer peripheral,
word processor, POS terminal and telecommunication systems etc.

APPUCATION

• Personal Computer
• Electronic Typewriter
• Word Processor
• Facsimile
• Plain Paper Copier

• Telecommunication Systems
• Instrument Devices
• POS Terminal
• Other Peripherals

~
(1.{ Display« .'. -'i Dlsplll'f

-"-." ~;'j-. ~ --:'~,":~ ~~' -~,;.~_.,':"j<!' ··;!:'i~

:_:.;'.:~". .. . . :: ~ Module Size· .,. View Are~.x :. Character S~z~,~£5
. . .~ :.-, Format ; .•. Fonts WxHxT(mml·· ',. WxH(mml WxH(mml •.,;;!~Model No. . _1', .. .... -

16 characters
SOX36X 10 64.5X 13

3.ZxS.Z
OMC 16106A 1 line 5x10+Cursor (3.ZX5.95)

OMC 16106C
16 characters 5x7+Cursolf SOX36X 10 64.5X 13 3.ZX5.951 line

DMC 16117 16 characters 5x7+Cursor Sox36x ID 64.5X 13 3.ZX5.951 line

OMC 16106B 16 characters 5x7+Cursor 130X44X ID 99Xl3 4.9X9.51 line

OMC 16207
16 characters 5x7+Cursor S4X44XII 61XI6 Z.95X5.552 lines

DMC 20215 20 characters 5x7+Cursor 116X44 XII S3X 18.6 3.ZX5.552 lines

DMC 32216 32 characters 5x7+Cursor 175X44X 11 130X 18.6 3.ZX5.55
2 lines .
40 characters ,.

OMC 40209 2 lines 5x7+Cursor ZZoX53xI0 155XI9 Z.9X6.05

DMC 40218
40 characters 5x7+Cursor ISZX33.5X 11 15Z.5X 16.5 3.ZX5.552 lines

o



FEATURES

(I) 5 x 7 dots cursor display (DMC16106A available for use with
5 x 10 dots and cursor display.)

(2) 8-bit or 4-bit MPU interface is available.
(3) 160 JIS type characters such as Alphabet, Numeral and Kana and

32 special characters and symbols can be displayed by internal
character generator (ROM).

(4) Random symbols can be displayed by internal character genera
tor (RAM).

(S) Many instructional functions by means of program such as "clear
display", "home cursor", "on/off cursor", "blink character",
"shift display", "shift cursor", "read/write display data", etc. are
available.

(6) Compact and light weight design enable easy assembly on device;
(7) Single "+SV" power supply.
(8) Low power consumption
(9) DMC Series is most suitable for use with micro computer peri

pheral, word processor, POS tenninal and telecomlTl)lnication
systems etc. ',

DAlCSeries

VoD·~S VEE·~

. " Dot Size
WxH(mm)

.

Preferred Powu
Operating Consumption
Method TYP ImWJ .

, ..
) Weight,
"(g»'

»
Operating "_',
Temperature

." -~:_:,....~;:
Storalll ~. ,
Temperature

: ••, .p~

0.6XO.7

0.6XO.7

0.6XO.7

0.9X 1.05

0.5SXO.65

0.6xO.65

0.6xO.65

0.52 XO.6

0.6XO.65

+5

+5

+5

+5

+5

+5

+5

+5

+5

~D-XB

~D-XB

~D-%B

~D-%B

~D-XB

10

10

10

10

12

12

15

15

15

30

30

30

55

.45

45

75

90

75

o -SO'C

•

•

•

•

•

•

•
,

-20'C
+70'C

•

•

•

•

•

•

•

•

•



ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS

Item Sy.... Test . Standlrd V.lue
Unitbol Condition mm. tvP. max.

Input "High" -- 2.2 - Vee VVoIuge VIH
Input "Low'· -- -0.3 - 0.6 VVoItege VIL
Output "High"

-loHo O.205mA 2.4 - - VVoItege VOH
Output "low·

IOL°1.2mA - - 0.4 VVoIaUlge VOL
Power Supply Icc Vcc·5.0V - 0.5 5 mACurrent

..-...~.~ Item';;'('" Sy.... ,i Test
.. Standard Value

t:.;. __
,,'1;

bol . Condition' min. tvP. mu. Unit

Power Supply VeeVoltage for -- 0 - 7 V
logic -Vss
POYVel' Supply Vec
Vel,"&,: ,"" -- 0 - 13.5 V
Leo riYo -Vee

ImpulVoItege VI -- Vss - Vee V

Operating T. 0 - +50 'CTemperature

Stof1lee TSIg -20 - +70 'CTemperature

.Vce.=5.0V ± 5!'- Ta=25"C

TIMING CHA~T

,"":- I:' ,<. ' ,
,- . .<..

" " ',' Stendard Value .-,1-,.';.- '-. -~'--e

Item . --' . Symbol Measuring Condition . .. f Unit.·!
. ". -. min.. ty"• mu. ' . ,.

Enable Cycle Time TaeE See Figs. 1 and 2 1000 oS
Enable Pulse WKith. High level PWtH See Figs. t end 2 450 oS
Enabfe Rise and~ TIme tE,.I£1 Set Figs. 1 and 2 25 oS
Address Setu" Tt!"". RS. RIW-E tAS See Figs. 1 and 2 140 oS
Data Dell'f Time 100ft See Figs. 2 320 oS
Data Setup Time tDSW See Figs. 1 195 oS
Data Hold Time IH See Figs. 1 10 oS
Cata Hold Time tDHJl See Figs. 2 20 oS
Address Hold Ti[7'e tAH See Figs. 1 and 2 10 oS

.Vcc=5.0V ± 5 "" Ta=2$"C

• FIG. 1 WRITE OPERATION • FIG. 2 READ OPERATION

...VOM'
VIU

:~Vllfl VI_:X'----I Vru VIM'

-tA!_ ~
VIMI V ...

_PW ~
VOM.

u-t V~VIU VIU ~ttl Vou

".
_1_

~
e. VOH~)( VIIMtDau l(,VUltI

Vou VOLl

.p'

t

RS

R/W

OBe-D

If,,::-----~V,u

1------1~"------..j

v ..,
Vou

".
v.., v...
V~, Vou

AS



OPTICAL CHARACTERISTICS

D~IC Series

~.

smndard Value
Item Symbol Test Condil;on Unit

min. tya. mp,

Vcc Ta- O'C 4.0 V
Uquid Crysta' Drive VO'lall" -Vee Ta-2S'C - 4.1 - V(Recommended valuel118 duty

(VD) Ta-SO"C 4.2 V
Visuaf Angle Range fiI-& CR- 3 30 - deg.
Contrast Ratio CR & -20". ~- O' 10 -
AiseTime n- VD-4.IV. 8-2rt 100 200 mS
Decay Time Td VD-4.IV, 8-20' 100 200 mS

Vcc Ta-O'C 4.4 - V
Uquid Crystal Drive Voltage
(Recommended Valuel1/11 duty -Vee Ta-2S'C 4.S - V

(VD) Ta-SO'C 4.6 V
Visual Angle Range fiI & CR- 3 2S - deg.
Contrast Ratio CR &-20'. ~- O' 8 -
Rise Time n- VD-4.SV. 8-20' 120 240 mS
Decay Time Td VD-4.SV, 8~20' 120 240 mS

Vcc Ta- O'C 4.1 4.8 4.9 V
Uquid Crystal Orive Voltage
(Recommended V.lue) 1/16 duty -Vee Ta-2S'C 4.4 4.S 4.6 V

(V,,) Ta-SO'C 4.1 4.2 4.3 V

Visual Angle Range fiI & CR- 3 20 deg.
Contrast Ratio CR & -20'. ~ O' 6

Rise Time n- VD 4.SV. 8 20' 120 240 mS
Decay Time rd VD 4.SV. 8 20' 120 240 mS

.Vc:c=s.ov ± 5". Ta=2S"C

@ Definition of Viewing Angle 8 and ~

z(6=0')
6.

y(~=O')

~

y(~=O·)

© Definition of Contrast Ratio eR "-
Viewing Direction

@ Definition of Viewing Angles 8. and 8,

c.

o..•0::
~ 31--,l'----~~

~
.3

~iewing Angle
92. lE (11

Viewing Angle RI.

@ Definition of Optical Responsa TIme

Driving Voltage

e

b

a: Brightness in non select signal
b: Brightness in select signal

Non-Select Signal

Select Signal

Rill Time

Those time that the brightness of lighting seg
ment reaches go" from 0% is rr and thlit ruches
10" from 100% is rd.

rd

DeeoyTImo

Non-SollCl Signal



·OPTREX
EXAMPLE OF POWER SUPPLY POWER SUPPLY RESET

.- Sym- Musurinlil. :~l. Stlndard Value .-. ltarn Unit001 Condition min. 'YP. m".
Power Supply tree -- 0.1 - 10 mSRise Tim.

Po....-er Supply
lOFf -- I - - mSOFF Time

The internal reset circuit will not be correctly operlted,
when the following power supply condition is not
satisfied. In this case, plea.. perfonn initial setting
according to the instruction.

DMC Module
0 0

I )
1.,3IZ·_··3ZI
o~ ~ 0

•,;

ONO

cc
> V.

+5V
c
0 v.: IOk,Q-2OkD>

Vcc

v"

0.1.5:;. rcc$lOmS

D.N I'----~

(Note)
too.

tOTT~ tIllS

D.N

• NOTE: When the voltage of Vee is different from
the recommended voltage. the viewing
angle may be changed.

Note: The item t OFF defines the time when the power supply
is off. when the power supply shuu down mementarily
or repeats on~ff state.

PIN ASSIGNMENT

y

Pin No. SVmbol L.... Function • In C8H interface data length
is 4-bit

I Vss -- Powor Supply Voltaga DV IGNOI The data is transferred by us·
ing only four buses of 084 -

Power Supply Voltage +5V OB7 and the buses of DU -2 VD' -- DB3 .re not used. The dal.

Power Supply for Liquid Crystal Drive
transfer to MPU is completed

3 Vee -- by transferring the data of 4
bits twice.

H/L Register H: Data Input Transfer of upper four bi
~ RS Salect L: Instruction Input and low four biU is perfo

in seQUence.

H: Data Read (Module -+ MPUI • in case interface data lent
5 R./W H/L L: Data Write (Module +-MPW is 8 bit.

Data transfer is performed b

6 E H, H-+L Enable Signal using e!ght buses of OBO
OB7.

7 DB _ H/L 08tl Bus Une

8 DB I H/L •

9 DB 2 H/L •
10 DB 3 H/L •
11 DB ~ H/L •
12 DB 5 H/L •
13 DB 6 H/L •
I~ DB 7 H/L •

• NOTE: In the data bus line. data transfer is perf~rmed tWO tImes by the 4~lt or one time by the
8-bit in order to interface with 4~it or 8~lt MPU.



D~IC Series

INSTRUCTIONS

Code . , . ":.' ." Execute't'.
Instruction

RS R/w DB DB DB DB DB DB DB DB Description - - nrne:.~
7 6 5 4 3 2 I 0 lmaxJ :'.,

Clear Display 0 0 0 0 0 0 0 0 0 I Ours all display and returns the cursor to
f.64mSthe home position (Address 01.

Returns the cursor to the home position
Cunor At Home 0 0 0 0 0 0 0 0 I *

(Address 0). Also f1!tums the display be..
1.64mSing shifted to the original position_ 00

RAM contents remain unchanged.

Sets the cursor move direction and spec:i·

Entry Mode Set 0 0 0 0 0 0 0 I I/O 5 fies or not to shift the display. These oper-
40,,5ations are performed during da~ write

and reac:!.

Display On/Off Sets ON/OFF of all display (0) cursor

Control 0 0 0 0 0 0 I 0 C B ON/OFF (Cl. and blink of cursor posi· 40pS
ti~n charaet.er 191.

Cursor/Dispfay 0 0 0 0 0 I SIC A/L * *
Mo'-," the cursor and shifts the display 40pSShift without changing 00 RAM contents.

Function Set 0 0 0 0 I OL N F * *
Sets interface data length (0 L) number of

40pSdisplay lines (~ and character font (FI.

CG RAM Address 0 0 0 I AcG Sets the CG RAM address. CG RAM data

Set is sent and received .her this sening. 40,,5

DD RAM Address 0 0 I ADD Seu the 00 RAM address. 00 RAM data
40pSSet is sent and received after this sening

Busy Flog! Addms
Reads Busy flag (SF) indicating internal

0 I BF AC operation is being performed and reads 40,,5
Read address counter contenu.

CG RAM/OD RAM I 0 WRITE DATA Writes data into 00 RAM or CG RAM. 40pSData Write

CG RAM/OO RAM I I READ DATA Reads data from 00 RAM or CG RAM. 40,,5O.uRead

• NOTE: For details in program. refer to the User"s Manual wtuch fS separately provl(ied.

Code Description Execute Time Cmax-J

liD-I: Increment DD RAM: Display Data RAM fep or fosc· 250 kHz

liD - 0: Decrement CG RAM: Character Generator RAM
However. when frequency changes.

S ·1: With display shift ACG: CG AAM Add<ess execution time .Iso changes.
SiC -I: Display shift ADO: 00 RAM Address Corresponds

SIC - 0: Cursor movement to cursor address. Ex.
RIL -I: Shift to the right AC: Address Counter. used for both When fep or fose • 270 kHz.
R/L - 0: Shift to the left 00 RAM ond CG RAM
DL-l: 8-bit * 7jEii!@1 250

C'~. 0: 4-bit l~Cw..e

40,.5 x 270 - 37,.5

N • 1: 2 lines
N ·0: 1 line
F • 1: 5xl0dots
F • 0: Sx7dou
BF -I: Intemal operation is being

performed.
BF-O: InstrUCtion acceptable.

.



CHARACTER FONT TABLE (Correspondence between Characters Codes and Character Pattern)

0101

·••:

XXXXODOO

XXXXODOI

XXXXOOIO

XXXXOOII

XXXX0100

xXXXOIOI

xXXXOIIO

XXXXOIII

XXXXIDOO

XXXXIDOI

XXXXIOIO

xxXXIOII

xxxxlIOO

xxxXIIOI

xxxXlIlO

XXX XliII

0Il00

ca
RAM

-- (I)

(2)

(3)

(4)

(5)

(6)

(8)

(2)

(3)

(4)

(5)

(6)

(8)

0010

••••
•

• •• •

: :•••••• ••••••• •• •
•••••• •...• ••a:_

•••• ••••• ••..
••• •• ••• • •• •...
••••

••
f•'.
'.•••••
•• •••••• •••

•••••••••

.:
•

•••••

..••
•••••

0011

•••• •• ••• • •.. .• ••••
•..•••••••...• ••.'••••••

•••••••••• ••••
•..• •• ••••••••

.....
•••••••• ••••..••....• •• •...
....:

•••••...• •• ••••• •• •......• •• •••••••....••..••
..••••

••
~.

".

•••••
•••••

••••
•••

•••• •.'•
•

0100..• •.. :• • •• • ••••..• •• •• ••••••• •• •...
• •• •••••• •• •••••

•••• ••••· .•••
•••• •• •• •• •• ••••
.....
••....
••.....
.....•••••••••...• ••.....• •• •••••

• •• •• •.....• •• •• •
•••:••••••...

•:•• •••
: .• •••• •• •• •
••:•••••••
• ••• ••• • •• • •• •• •• •

i. :: a.:
: :
•••• •• •• •: :•••

....• •• ••••••••...• •• •: .. :• ••••
••••• •• •••••• •• •• •
....•••••:••••
.....••••••
•••••· .•••
• •• •• •• •• •• ••

· .• •• •• • •• • •• ••• •
• •• •• ••• •• •• •

: :• •• ••••
.....••••:....
•••••:••••

• •• ••••••••••••••
•••:•:•••

.'.• •

•••••

0110

•'.

••••••••• •....
••• •••••• •• •••••

...••• ••••

·•.. .· ..• •· .....
•••• •.....•...
..

• ••'"•••

••••• •• ••••••...
••• •••• •• •• •• •

•
••••••••

••••• •••

•: .• •••• •• •
•••••••...

•• •• ••• ••• •• •

...•••• •• •• •

•••• •• •• ••••

0111

••••• •••••••

•• •• ••••••••

• •••• ••••

••••••••....
••.....
•· ....

• •• •• •· .... .
: :• •• ••

• •• •• • •• • •• •

• •• ••• •• •

• •• •••••••••

...:.
•••••••
•••'.••
•••••••
'.'.•••
•••••••••

•••••••'.

1010

•••• •...
••••••

••••••

•••

••..
••••••.....

•••

.....•••••

••..• ••

••••••· :••

••••••••••••

••••••••• •• •

.t•••• •• ••

••••••••••

••••••••••••••

• ••• • ••..

1011

•••••

••••••• •..
.:

.'••• •••
••••••• •• •.'•

•••••:•••••••
•••••••••• •· :

••••••• •• •• •• •• •
••••••••••••:•

••••• •• •.'••
•••••· ::•

•••••••:•••••

• ••••••• •·:.'
••.. !

••••

....:
.'• •• •

.:...• •• ••
••••

• •.. !..'

1100

••••• •• • ••••••
•••••••••••••

: : :• • ••••
"...

•••••••••

·••..• •••
•••••••••••

•••

•••••

••••••• ••• ••

••••••••...
• • ••

•••••••

•: .:
• •• •
••••••••••••••

•••••:•••

•--.
•

•_...
! .: ..•

.-..:• •••

1101

•••
•••...

•

•:11 .......
•

••• ••• ••
•••••.:...•
••••

.i...• •• •••

•••••:.....
•••••••••••••.....
•••.....••••
• •• •• •• ••••

•• •• •• ••• ••·..
•i ..-
••

•••••• •• •• •• •.....
•••••• •• ••••

••
•.'•••

••••

...• ••••

1110

• •• ••• •• ••••

:::.• •••••

•••• •....• •....
•••

.::-." ....
: :
• •• ••.....
:
•....
• •• •• ••••

..• •• •• ••••••••....
• •• •• •••••••...

•••••• ••

•••••

•••••••• •..
• ••• •

••••• •• ••...
•

:••••••••....
...·..:. :
• •• •
• •-: I• •-

1111

• eel..
I.....•:

('1
••••:•

::::f• •• ••••

• ••• • ••• •

•••• •• •• ••• ••

• •
• •• •• •· ..•• •
....
•'.•••••••

.....,.• •• •• •• ••
•••••
• •• ••• •• •

• •• •• •11._,
.".'•••
•••••••••••••

•••••I •••• •• •

•••••• •••••••• •• •

•
•••••

•

I
• CG RAM: CharICtef Plnern aru which can frhly be rewntten by program.

o



DAICSeries

DISPLAY DOT PATTERN

'1 ~"

~lDD
fO

....... . • ...g.
. Dot Pitch mm"

-+j •., r-

D~

-i" r-
D~

;''',
D=t

-+j •., r-

D~

-t"'r-

D=t·

-l'.'1-

D1:"

\. •. "."!

Dot Size mm :

-+j " r-

Il:

-+j" r-

Il:

-i ,.rf--

lE
Character Size mm

•
!la'=

~
=

=

DMC20215
120 characters 2 lines)

DMC16106A
116 characters 1 line)

DMC16106C
(16 characters 1 line)

DMC16106B
/16 characters 1 line)

DMC32216
132 characters 2 Iinesl

DMC16207
116 characters 2 lines)

DMC16117
116 characters 1 line)

DMC40209
(40 characters 2 lines)

::',v. :'-. Modei Numbe~ ..., :0:"': c' Character
. .. ... Configuration

DMC40218
140 characters 2 lines)

•
Il'
11

•
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5.9.3.1 Addi n9 EXbu9 Corrrnands. The user has the abil i ty to add as ~any
four-character commands as desired. The only limiting factor is memory SlZe.
In order to implement this feature. the user must have a table of his commands
and the actual commands stored in the Executive memory map (if the Dual Map mode
is in use). and must have told EXbug where his command table resides. The user
command table format must be as follows:

Example:

CTBEG EQU*
FCC/CMDl/
FOO CMOIE
FCC/CM02/
FOO CM02E

•

Corrrnand table beginning
Four character command
Entry address of corrrnand
Four character command
Entry address of corrrnand

•
•• •
•• •. .

FCC/CMOO/
FOO CMONE

CTBENDEQU*

•
Four character command
Entry address of command
Command table end

Once the user command table is stored in memory. EXbug must be informed of its
location by having the beginning address of the table (the value of CTBEG in the
above example) put at locations $FFOE and $FFOF. ~hile the endin~ address of the
table (the value of CTBENO in the above example) 1S put at 10cat10ns $FFIO and
$FFll. In both of these cases. the addresses are loaded into memory in the
order of most significant byte first. followed by the least significant byte.
If the command table and commands are loaded from a tape. the tape may contain
an object code that will properly initialize these locations. This object code
may be generated by the ORG and FOO statements in the source. For the above
example. the source code required to generate the proper object code to
initialize these locations would be:

Example: ORG $FFOE
FOO CTBEG. CTBENO

NOTE: An ORG statement or END statement would be required after the two source
lines shown above. so that the object code would not be produced at location
$FFI2 or beyond.

If the command table and commands are loaded from an MOOS file. a short program
can be included in the file that would initialize these locations and then give
control to EXbug when it is executed. Programs cannot be loaded from the disk
at these locations.

Pressing the ABORT pushbutton wi 11 not modi fy 1ocati ons $FFOE throug-h $FFll.
However. pressi ng the RESTART pushbutton wi 11 cause these I ocat ions to be
'restored to the EXbug values. These locations will also be restored to the
EXbug values when power is initially applied. Thus. following a restart, the
user must restore the beginning and ending addresses of his table (if required)
in memory locations $FFOE through $FFll. If the user does not wish to add
commands. no operation is needed.

On entry to the user command. the stack pointer will be pointing at two
locations-below the top of the EXbug stack area; the A accumulator will contain
$20; and the contents of the B accumulator and X. Y. U. CC. and OP registers
will be unspecified. None of these values need be restored before returning to
EXbug. However. IRQ and FIRQ are normally made while EXbug is running. User
commands that are intended to return to EXbug without affecting the current
states of EXbug variables. should return by jumping to location $F5C2. User
programs that are intended to return to EXbug and initialize EXbug variables.
should return by jumping to location $F564.

5-30



PAGE 014 EXE~1G09 . SA: I EXBl132 \UlSICH 2. I. tro9 IS I'iill 1979

00618 *ooM9 * EXBIXl ~'CIIER-lP INITHI.lZATlCH
00620

.
*00621 F2AA ASTAAT Eoo *00622A F2AA IOCE FFES A LDS IXSTACK INIT SI'

00623 * INIWUZE RA'!
00624A F2AE CE FF02 A lIlJ IAT~+2

006251\ F2EI ~ S<fF A LDI IT~TGT

0062M F2B4 (!£ SE A STX -2.lI ATW.lI
00627A F2U BE !'EOI A LDI ICRCIID
~.~A FW AF 4C A STX SC.lI Cl1DBEG-ATOP. U
00.<..294 F2ES 30 06 A LEAI b. I
~JI'JA F2ED AF 4E A STX SE.lI ~TOP,U

OOb3IA F2EF 4F CL.RA
00b..'l2.4 FLCO SF ClJ&
00b..'l3A F2C1 FD FFE6 A STD Q

OOb34AFLC4EO C4 A STD O,U
00I3S * INITIALJZE HALT ON ADDRESS PIA
00b2-bA Fm CE FCF4 A lIlJ IACIfl...'t PIA BASE ADrF:ESS
00b37A Fm cc FF3C A LDD UFF3C AMTA TO WTPUT
OOb:':2A F2CC EO 44 A STD 4,U ADIR+CNTl
006394 F2CE Cb 04 A LDS U4 B DATA TO WTPUT
00640A FZOO EO 46 A STD b.U BDIR+CNTl
00641 * INITIALIZE riif' CONTF:lL PIA
00b42A F2D2 cc 7F7F A LDD U7f7F A+B DATA OUTF'UT
OC'643A ms En 43 4 STD S,U A+B DlR
0-0&444 F2D7 Bb 2C A LOA U2C ACNTL
0064~>A F2D? tD 4A A STD 10.U A+B CNTL
00646 * COME UP IN EXEC PIH?
00647A F2DB 17 0S24 F002 LBSll mc
OOI.AS * INITIALIZE ACIA
00<-494 F2D£ C.6 03 4 LDB U3 RESET KZA
00b.."oOA F2EO E7 C4 A ~:TB O,U
006514 F2E2 Cb 31 A LOB U31 ASSUME 2 STOP E1TS
006524 F2E4 E7 C4 A STB O.U
(l(If~03A F2Eb SD 96 F27E ESR .:EADRb SEND 2 CHARf.tTERS
W....54A FlES f:D 94 Fm ESR F:EADRb·
OOl~>A F2£A IF 3J A TFR L1. I
00bS-'..A F2EC 30 IF A INACIA LEAI -1.1 mm CHAR SEND TIlE
00b..'74 FE Ab C4 A lDA O,U ACIASC
00b5SA F2FO S5 02 A E1TA 12 CHAR SENT?
()I)t~A F2F2 27 Fa FLEC BEQ INACIA NO
OCoUOA F1F4 se E700 4 CPI #St7~~ ~y 2 ST(I> E1TS?
OOb6IA F2F7 2E 04 F2FD Btll IACIAI YES
OOM2A F2l'9 Cb 35 A UIB 1$35
00l.63A FE E7 C4 A STB O.U ACIASC
~.MA F2FD CA 40 A IACIAI ffiA!> U40 SAVE IN SBIT
~A F2FF ET 49 A STB 9.U SBIT
OOW..A F301 if FFlE 4 CLR PRrfll SET PSEllfO U'R=O
OO!-bTA F304 f:o 5-) A LDA mo SET F'SEUIO 1, F r.ASfS
OOW".A F306 B7 FF21 A STA F'RCC

00670 * GET !£RE f'Ri)1 ENTERllf3 AT SF5b4
00671 F.'09 A ROOER Eoo *006714 F309 IOCE FFES A LDS IXSTIO: INIT ~~

006734 F30D BE mo A LDI ISTACK INIT PSEtIfO SI'
oomA F310 W FF22 A STX snAVE

8-15
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(1.0 IIIlzI ,

® MOTOROLA MC68A40
11.5 IIIlzI

MC68B40
12.0 IIIIzl

PROGRAMMAIlLE TIMER MODULE (I'TMI
MOS

The MC6840 is. progt"8l'M\8ble SUbsystem t::ClmPOnen1 of the M6BXl.
farTWy designed le prQVide variable SyStem time intervals.

IN-OlANMB.. SIl.JCON...GATtThe MCfIB«J .... three 1&-bit binery covrl1ers. three conesponding DEJtlE1lOH LOADI
control registers. and. st4tUS regis1er; These c:oumers life under soft.
~ control and may be U$8CI IQ cause sYStem interruptS and/or PROGRAMMABLE TIMERgenerate outPUt signals. The MC5B40 may be utilized for Wd'l tasks IS
fteQlJel"ICY tnM$lJrements. event counting. inlervef rne.auring. Ilid
similw taSks. The device may be \.IS8d for square wave generation.
gated delay signals, single pulses of controlled duratiorl. and pulse
width modulation IS well IS 5yS'Iem intem.rptS.

• Operates from a Single 5 Volt Power Supply

• fully TTl Compatible ~~L-taw"lIe , ACXAGE
• Single System Ooct Required IEnabIe)

~ tASE '"
• Selec:Ulbie Presc:aIer or. rmer 3 Ca;Jab'e cf. MHz for the MC6840. - .

fj MHz for the MC68A40 and S MHz for the MC68B40
• Pt~rammable InterNPt$ IIRQ) OutPUt 10 MPU
• Readable Down Counter lndicat8S Counts 10 Go Until Tme-Out

• Selectable Gating for NeQuency or Pulse-Width Comparison ~'SU_. ."1'ilrn Input -titi ""'ne ••0.....
CAS. no

• Three Asynchronous External OOClc. and Gale/Trigger Inputs
lnternany Svnetvonizecf

• Three Masktble Outputs ~SSU_
- •• ' •• ' • tElIOIP P,\CUGE

.' .' ~SE 7J3

MAXIMUM RAnNGS ,...... Symbol V_ ....
Sl4lPlY Vottaoe VCC -0,310 +7.0 V

FtGUFlE 1 - PlN ASSIGNMENT
_V...... V~ -0.310 +7.0 V
Operating TemQef.,ure Range - TL 10 Th

VSS~M~.M~.M~~ TA 0'0 +-70 'C ClMCEi6IOC. MC66AoIOC -40 to +-85

SIc:nge TemperMure Range T~ -55to +- t50 'C G2 2 " Ot

02 3 :If Gt
THERMAl CHARACTERISTICS CZ • Z5 00
~ Symbol V_ .... G3 • " Ot

Thermal Resistance
03 0 " 02C_

'JA
.. 'C/W

~ t" C3 , Z2 03

'" RESET • " 04

'RO , 20 05

RSO 10 " DO
This Oevice comains circui1rv 10 P'otec:t. the in;MS agairIs1 a:.m.ge due to tligtI

RS1 " " 07satiI:~ CIl" electriC helc:s;~. it is adY1Ied tNl1lOf1NI prec3utions
be tKen to.'t'Oil:I~ion of -"V voIUIge higher 'Chan JTlPirroUf'n rawd YOItages R52 " t7 •to thiI t" .. ipliC\aice clrCl.lit. Reliability of~~ is enNnc:ed i1 unu5eCl in- R/W " to CS,puu.,. * roMt~OI)riIte bgic~e.« '-.g.• e;mer VSS or VCC'.

VCC " " CSO
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@MOTOROLA

Advance Inforxnation

8-BIT MICROPROCESSOR UNIT

The MCl4EBJ5E2 Microprocessor Unit (MPUI belongs to the ME8J5
Family of microcotnpU[et'S. Tnis &bir fufly stalie and expan4able
microprocessot contains a CPU, on-chip RAM. 110. and timer. It is a
Iow..power, low COSt processor designed for Iow-end to mid·r8t'l~ap
Plications in the conS\,lmer. tutomcnive. il'ldustrial. and communications
mantelS wI'lere very low power consumption c:onstitl,lle5 81'1 important
fatlor. The following are the major features of the MC1~E2MPU:

Han:Iwatto Feltures:
• Typical Full Speed Operating Power of 3!S mW liP &I
• TVDicaI WAIT Mode Power of 5 mW

• Typical STOP Mode Power tit 25 /lW
.112 B'(1e$ of On-Chip RAM

• 16 Bidireetionall/O Lines

• Intemal 8-8il Tmer with Software Programmable 7-Bit Prescaler

• Extemal ismer Input

• Full External and Timer Interrupts

• MUltiplexecl Address/Data Bus

• Master Reset and Power-On Reset
• capable of Addressing UP 10 BIt Bytes of External Memory

• Single 3 to 6 VOlt Supply

• On·Chip QscjnatOf

• 4O-Pin Dual-In-Line PacIlage
• Chip-Carrier AlSO Available_F_
• Similar to the MC68X)

• Effi6ent Use of Program SPaCe

• Versatile Interrupt Handling

• True Bit Manipulation
• Addressing MOdes With Indexed Addressing for Tables -

• Efficient Instl'\lction Set

• Memorv Mapped 110
• T¥lfO Power S&ving Standby Modes

"C6S7ll5P3
~PRa,,",Vet1lO"

4-985

MCI4680SE2

CMOS
tHIGH PERF()AMAACE SII..JCQN GAT£)

8-8lT
MICROPROCESSOR

-----.~1\\I:_IILSUFRX

\\\lll\ tiA.... ""t(: P....O: ...GE
'. CASE 115

5 SUffIX
CEAO!P P....CK....GE

CASE T.M

PIN ASSIGNMENTS

RESET~ YOO

iiiO , 39 OSC1

Ll ,
" OSC2

OS • J7 TIMEFl

RIW • " PSO
AS • J5nPBl

PA> 7 ,. PB'

PA< B JJ PB'

PAS 9 "pP"

PM '0 " PB.

P., " XI tlP96

PAl 12 29I'1 PB7

PAl
" 2B BD

PAO .. "PBI
AI, '. 26 tJB2

All •• 2B 8J

AID " ,. ..
AS " " B'

AB " 22 ..
VSs 20 " B7

-



MC146805E2

MAXIMUM RATINGS tVCltlagn reterenc:ecl to VSSI--Suooty Vcn.ge
AI Inpl,rt Von.geI beeot OSt1

o-rerrr~ p., Pin~ \lOO"'" VSS
Operaling TempeI'ltl.... Ra~

S1Clfage Temoerl1url Range

Symbol ..... """'00 -0.3 to +8.0 •
v~ V .0,5toV -0.5 •

I 10 ....
T. 010+70 'C
T" -$10 +150 'C

THERMAl CHARACTERISTICS
o-ac••• ties S....... ..... ...

thermal Resistance
Pln1ic ''''C«dit> 'J. SO 'CM
~ 50
~rrief ,"0

This deYQ containI circuitry 10 prot-='l the

~~datNgedue 10high Ntit l;(JIt.

~ or eIec'lriC flllldl; howeWIr. il; IIICMsed
tN't nonnIl Drecautionl be ~en 10 aVQ;d I~

plication of .",..~~ m., mpi.

mum ,.ted \IClltageI 10 this higl'l impeCance

cirCJ.lit. For proper ~atior' iC iI recornrNnd

'M11Nt "In and V"", be c:onan.a.ct to the
range VSSSIVin or VOU\ISVOD. Reliability
of l)peraliOn is enhIinced if unUIed inplns ••
lillCf to M approPrita 'ogOC:~ Ie¥ef
'e.g., either Vss or VOOI.

RGURE 1 _ MICROPROCESSOR Bl.OCK DLAGRAM

".." ..
FA<

-~ "..... c.• • CO'V
M~,..,

c~...... • 0- - .~ " M.._

• ,.., ... ... ...,* 0- n ........,
"0 'M

""""~ .. c...... .~,.... <-,-- CPU
..,.. ,... ..,.,

-" 0>.....~c.._
l-logn PC

'CV
,. ..'o;,am ."'- "'" e..- .. ....-..... 0- C~. 0-
" .~• c. '"....

'" ... " ",•"0 ., ",....
• ., Aooo.- S..otlt

'" n2,,1 .~
0' Or.ll SncDe -.1'... C~• , .", IIucIIW".
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OCElECTRICAlCHARACTERISnCS30VlVOO_30Vdc: VSS 0 TA O·to70-C unleDotMrwiMncrtedI. . .
o...aaaiwica ........ .... - ....

OutpUt voriagt IleACS 10.0,.A VaL - 0.1
V

V;'; V"''''-O.l -
TCMI SuPPlY Ci.wrent l~. 50 pF no OC IoDJ tevc.5~

Rl,If\ lVll-02 v. V1H-VOO-Q.2 VI ,-- - 1.3 mA
Welt \Test CorlOilions _ see t.l0'l1~I I - 200 ..
SlOp ITest C;.ona.tiorlS - See Note Selow~ '"" - .'" ..

(Mpl.rt High Votlagt

"LOAO-OZi mAl /.B-ATZ,So.S7 V"· 2.7 - V
11 A -D.' mAl PAO-PAl, PBQ..P67 V"" 2.7 - V

llLOAO.O.25 mA.l OS. AS. RiVJ V~ 27 - V
OutPut Low Voltage

IlLOAD - O.2S mAl AB-A12, BO.Sl VCL - 0.3 V

l'lOAO-O.25 1l'lA.! PAf).PA7. PS(J.PSl VCL - 03 V

UlOAO-O.25 mAl OS. AS. R/W V - 03 V
Input H.gh Voltage

V"P~PA7. PSQ..PB7. BIH7 21 - V
TIMER, 'i'Rti. MID V 2.S - V
DSCl V,U 2.1 - V

II'lQU'l Low Vottq IAII inputs) V, - O.S V
freQl.Ieney of ()pemiOn IC...,.. fM' 0032 '0 "''''""_ Dad< I";. DC IQ "'"'
'...... Cu«ent

t;., - ,I ..~.~. T~.OSC'

Thr....Sate OutpUtl~
11SL - ,10 ..P~A7. P90--PB1. go..S7

~
e;" - '0 0'mrr. i1iC:. Timer:

~
"out - 12.0 0'OS. AS. RfW. ~A'2. PAO-PA'. PB~PB7. 80-57

NOTE: Testcottdif1On$tar~OPTIntV~.te:
Pen A and B programmed. inpuu.
'IlL-0.2 V tOf PM-PAl. PBO-PB7. and 80-87.
V""f-VeO - 0.2 V fat~. iIrn. arid Twnet.
OSC1 inpu'l is I SQYa~"" from '155+02 V 10 'loO - 0.2 v.
050. CMJtPl,1l load lincluding later' is 35 pF tflPlmI.Im.
Wail mode lOO 5 .Heeted IinIN1ty Dl' trnt c..padt.nc:e..
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o T 04 70- nIeSs crt~ eell5 0 Vck: '0" VDC ElECTRICAL CHARACTERISncS 5 0 V IV00- • SS· • C- f. ." "::11
Chnc:t.riRG 5....... .... .... ....

0ulP\l1 \I~ IlOAO$10.D"A VOl - .,
V

VOH VOO-O.l - V
Total S'IOPlY Cur~ ieL" ~Xl pF - QI'l Bus. Cl ..~ pf - On PortS.
Ne DC loaca. lcvf;. t ,0~

'OO - '. mA
fl.1.ll'\ (Vn. -02 V. VIH-VO!'l - 0.2 VI

Wait ITest Conciliotl$ - See "'tOle BeIowl 'M - IS mC
SlOP lTes1 ConQItoons - See Note Belowl Inn - " 200 A

l.IutPLrt Hoph VOlt~
VOH c.t - VIh nAn- Hi mAl A8-A12. 80-87

"l0AO.O.J6 rnAJ P~PA7. pao-ps, vnH et - V
"LOAD-Ui rr.AJ OS. AS. RNli VOH c.t - V

OutP\lt Low Voltage

lllOAC.'.E ""A) A,8-A12. e0-67 V~ - CC V
I'LOAC" 1.6 m41 PA(J.PA7. Pao-PB] Vat - oc V
"LOAD-l.B mAl OS. AS. FI/VII Vn, - Oc V

mDtA Higl'l VotUtge

FA[}.PA7. P60-PB7 .·H Vnn-20 - V
TIMER, ~. RESE V,H VnO-08 - V
CSe, . V'H "OD-15 - V

Intl1,rt L.ooot Voltage IAll InPl,nsl "Il - 0' V
;'eo...etlCY cl OtlefilllOf'l

C"'''' 'nor 0032 50 MI-;z
Eltlefnal C1o:lt 'nv OC 50 MH,

l~t CurfNlt

REStT ~. Timer eSt' ,~ - ., .C

Three-State Ou~ lUll.ge
- ~ 10 .CPAlJ.PA7. pao-PS? so.S7 "SI

Cepaot.1'\C8
'0 D'~,~.Timer c", -

Capacilance

C"'" 12.0 D'OS. AS. RtW. ,t.8.A12. PAo-PA7, P50-PB7 e0-67 -
NOl£; 1es: CDI'IOI1lQIl! few OuiesceI"lT CU.fJel'l1 \/.al1Jt'5 are:

Port A IInQ a p'o;c~moned iII5 11'1;1"'15_ -

\/ll,. .. O.4: \/ tor FAtrPA7. PSa.PB7. a"'Cf 8O-B7.
"11ot- "OD - 02" f01 mn'. i'!'i"cr. and T.rnet.
OSC1 1np"1 is a SQua'ewil\lll; 1,0"'1 "'S5.0.2" IQ "00 - 0.2 V.
DSO o"r,pu' ~ad 1'''cl'''d''''SItesterJ 1$ 35 pF nolllUml.lm.

Wlll rnl)de nCO' IS atleclec IinQrj~ by tfn$ c:aPaCi1ance_
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lA'LE' - CONTROl. Tu.uNG rvSS-O T....O· to 70'"0

VOO':1DV VDO-I.O V ± ltn'
fOSC.' MHz 'OSC-6-O MHz

0 .............. Symbol .... T", Mu Mn T", Mu Unit
1/0 Port Toming - ""'ut Setyt:l Time IFigUf. 31 I'OVA<O "" - "" - - "'input Hold r ItN IFi;ure 31 t.AS PX "Xl - "Xl - - ...
OVUM Delay Time lFigure 31 l,e..SlPV - - 0 - 0 ...
1m8m.lPt Setup TimII~ C51 illAS 2 0.' - - ..
Crystal Oscillator StanUCI Time IFJgure 51 tnxnv - 3J 3JO - '" "Xl ~

Wart Reco-v S,anu;l T."... iFig",•• 71 'rvA<::H - - 10 ,- ,
Stop Fi8C:O¥el'V S,ertup TII'TIe lCIyS1.-' Osolla'lorl IFigure 8) "LASH - 3J 3JO - '" "Xl ~

ReQuire6 Interrupt fie1e85e tFigure 61 'OSUH - " - - 1.0 ..
Timer PUlse W.atrl IFigure 71 TH.ITl 0." - - 0" - '=
Reset PIM$e Wictlr. (r-igure 51 "L 5.2 - 1.~ - - ..
Timer Fenoa !F.gute 71 tTLTL 1.0 '.0 - - '=
Interr\ltll uI$e Wiath Low IFigure 161 tlltH 1.0 - 10 - - '=
InterTYP1 """ er;oQ (Figure 161 'lLIL • - - • - - ....
~lOt Ctde Period IllS of tevcl "'LOL "'" 200 - '"'OSC1 PUlse Wimh High ,

"'" - - 75 - - "'OSC1 Pulse Wlchh Low \(lL "'" - - 75 - - "'
-The mirUmum period tlLIL should not be less than h number 01 te:oc: cycle$ it ,.ltes to .aearte the in'lerrupt servOce routi"" plus 20 teve:

ov<"'-

FiGU"E2 - EOUIVAUNT TEST LOADS

VOD~··5 y
TTl EQvtValel'l1

MMD6150
'2or fQw....

T,..
P","I

r'F "
MMD7OO1
or fauill

f-- .,[.---1;... R, R, C
PAD-PA']. 1>~PB' U.3k 2.1t SO""
B~B7. *412-

2.5 k 2.0 It 1X1pFFliW" OS AS

C!l,40S EQ"""alent

TestF'o.nt 1

r
C_SOpF. PAO-PA'. PBO-PS'

.130 pF. AS-Al2" 80.87. OS. AS. R/V;
Yllith VOO-S V t 10"'"
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FIGURE 3 - 110 PORT nM!NG
1VlOW.. O.8 v. VH'GM-VOO-2.Q v. VOO.5.0 :10".
Tel'l"Cl-O·1O 7O"'C. Cl, CII'l Port-SO pF, toSC.S MHn_...

Svobe

p",
InPur ----(1

~---IPVASl----"'--IASlPl(----I

p",

Du,",,'
LLl..t.L/...LLi.J.~.LL£LLl..t.L/...~~.LL£LUI

TABU Z - BUS nMING ITA-O·,O 7Q-e. vss-o Vl s. Figure"

105C-5 MHz

- fOSt·1 MHz" VCO-5.D V :tol~.
Nom Cha:ac,.,i;;l:ica .,..,." VOO-3.0 V fTTl. """!iO pF lOMf Iltld 130 pF lo«t

M" .... "" M..
1 CyeleTime '= """ DC "'OO DC ...

" ..,h. OW W - '"" - ...
3 PlJ!M Width. CS Higf'l Of I"l ,W,l.ovw" PWEH 18Xl - 375 - ...
• Oock T'1Irt$rtiott '" - 100 - 30 h'
I RIW Hold ,.- '0 - 10 - ...
I Non-toluxeo~ KoicI fAH 8Xl - 100 - ...
11 R/W 0Ny from OS Fill lAD - "" - 3Cll ...
'. Non·Mu~ec Acldre55~ born AS fi.y 'A-OH 0 200 0 '00 ...
" MPU FiNd 0111 S..,up , , 200 - '15 - ..... RUC! 011. Hold I 0 '000 0 "" ...,. MPU Om O-V. Wfitt; 'MW - 0 - "" ...
21 W.-rur o.u HOOd I HW 8Xl - !6 - ...
23 MUJled AOOress c..v l.om ,"S RlM I 0 250 0 '20 ...,. MUJled "OOress Valid 10 AS Fall 'ASl 6Cll - !6 - M

25 MUlled .A.cldress Hold 1 250 750 50 ""20 o.v OS F.. 10 AS Flu '''" 8Xl - 150 - ...
Xl PuIM Wocnh .AS HIQ'h PW "" - ". -
20 Delay, AS F.. 1Cl. CS RiSe 'ASED 8Xl - '50 - M
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FIGURE 4 - MC14t1806f2 BUS T1MING

Xi

-11-0
-l t-(o

AS

OS

.'W

J: ' 1. VHIGH'

I/~@J-, . VLOW

I ----==--14--°.::..'~~ (9 l-t- @l-

eD 0---1\1
1----1---

1-(81

~x

:!:
n

!
~

£..
A8-All

I=®~ -'-
I-€> l:®~_~ I-@)

f\

F--

~

8D-87
MPUWriUt

®

-=I-r- €> -+j

81).87
MPU And

V.lid Addl Valid And D."

r-

• VHIGH. 2 0 V. VLQW. 0,6 V IOf VOO-3 V
VHIGH. VOO - 2.0 V. VLQW. 08 V for vaa. 6 V :1 10" r
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Cr'f!llal Pa,amelerl Reprnenllll.... Frequenc1.

i
Osclllalor Wavelorm

FIGURE 6 - POWER-ON RESET AND RESET TIMING

CrVSla1 Oscdlalor COnnetllOOS

" " " ff fir" 1ri"lltuCll0n

3:
(1-
i

_r---IOl

osel PtO

!---IOLOl

'OH MC 146OO!>E2

~
OMII

J8 J9

OSC2 0 OSC'

J;caSC2 I COSCI

- -=

fi.OMHr 4.0 MHr 1.0MHr
liS rna. "'" "" <000

Ul • pF 7 of 'oF
C, 0.02 pf 0.012 pF 0.000 pf
a .., .,,, ""Casei IS-Xl pf IS·:K) pF 15-40 pF

ease2 IS·25 pF 1s-25 pF 15·J} pF

CI",Ilal Circuli
l Cl AS

oC0'
a~c, /m a~c,



FIGURE 8 - mlli AND Ttft7 INTERRUPT TIMING

~n --t--n. I--t-,. n. 2-+-n .. 3--+~n.4 -+--.n ... 6-·+-n.6-......-n .. 7-+--n..-B-+-- n..-9--1
AS

OS

~
n

m
~

R/W IlU \ I i '-

~
-IDSlIH - The tnleflupltng device mU,1 ,ule".o thelna ~ne wIthin nil' hrrnlto pr8Yllnlllubr.equenl ,llCoonlhon 01 Urn .alllfllllloflupl,

FIGURE 7 - TIMEA INTERRUPT AFTER WAIT INSTRUC,1oN; TIMING

OS
t.lflmull

A:'~:'l~UI~ ~ ~M 8().B7 Add,.' P S -1 p- p- -4 F1Ad"~"'O'''~ YaWi_~ ---- -----
BUI' Will Op Code .. . N_ PC~ N_ PCt hI Op Code Jr' I

fUW 'lI)JlIJJJJJlJ • \ I 0l.I lne

T'.....

'"'","~~:,".",~~ .

I--+-tTH '

TCAb7 ---I . '.
r---IIVASH ~n-+--!". I-+-::.!I..- 2- +::.:.n..- 3-t--::::" .. 4---+--="'" r.-+=n..-&--+-=" ... 7-i .

AS
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FIGURE 8 - INTERRUPT RECOVERY FROM STOP INSTRUCTION: TIMING

os

oSC2'If/I//IIWlllIlllIlA .. .. l/mOmm//ll/f!;ym/l1llIl/l/lllllJlTi/II/lI//II////lWI1fIllllllI/lil/l///l//IlII/I//Wt
~ . ~ " ~tnu " .:.''';;..:::.;;.H-;II,-_I9_.,....:',''':::._~_.......r-- _

• i

.S

. ~~~
~AI,i Op odfl AddrfllS Stirling Addf

AddreSl Bu. ' F 1F
Mu_B().B7 Addf.' Add,..! SP SP-l SP~2 SP-3 SP-4 FA FB

AddlllSl/Ollll 8E PC)( CC

Bu. S'T.:.s~'~OP~D~P~C~...~ ... \ :...- .J_~N:...::.::P~C~H:...~N~...:.;P:C~L;:t
R'W

• 111 Op ode
1nl Aoollne

i

• : Reprnenl. lhelnlllfnlll glllng ollhe OSC11npul pin.
lcvc It onfllnJlruellon cycIt lfor lOSC·5 MH,. leye.' ,.,.
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FUNCllONAL PIN OESCfUmoN

Yoc ....::I vss - voc and vss provide pOWef to ,,,
chip. voc provides powet and vss is ground.

iRa (MaskatN lnternipt R.:,uestI - ilrn. is a IeYeI
sensitive and edge sensitive input which can be used to re
Quest an interrupt sequence. The MPU completes the cur
rent instfUClj()n before it responds to the request. IF ilm is
IOw and the interruPt mask bit lI·bitl in the Condition Code
Register is dear. the MPU begins an interrupt seQuence at
the end of the current instn,lC\ion. The interrupt circuit
r~nizesboth a "Wire ORed'o kNeI as well as pulses on the
11m line Isee Interrupt Section for more detailS!' ilm requires
an eJl;temal resistor to Vec tor ··Wire OR" operation.

'RE5'ET - The RESET input is not required for Start-up but
tan be used le reset the MPU·s mternal SUIte and provide an
orderly software start-up procedure. Refer to the RESET
section for a detailed description.

TIMER - The TIMER input is used for doCking the on
chip timer. Refer 10 TIMER section fOf" detaiJed description.

AS IAdclrese Strobel - Address Strobe CAS) is an 0LItPU1
strobe used to indicate the presence of an address on the
B-bit muhipleJ.ed bus. The AS line is used 10 demultiplex the
eight least signifICant address bits from the data bus. A latch
CC1mrof\ed by Address Strobe should capture &ddtesseS en
the negative ed;e. This outpVt is capable of drMng one $Ulfto

dard TIL load and 13:1 pF and is a\tlllable It fOSC .5when
the MPU is not in the WAIT or STOP states.

OS IData Strobel - This outPut is used to transfer data to
or from I peripheral or memory. OS OCC\JtS anytime the MPU
does I data read or write. OS alSo occurs when the MPU
does I data transfer to or from the MPU's internal memory.
Refer to Table 2 and Figure 4 for timing characteristics. This
output is capable of driving one standard TIL Ioact and

13:1 pF. OS is • continuous signal at fasc .S when tN
MPU is not in WAIT er STOP state. Some buS eydes ....
redundant reads of op code bytes.

RNi IReedlWritel - The RiwoutpUt is used to indicate
the direclion of data transfer for both intlll'Nll memory Ind
I/O registers. and external peripheral devices and memories.
This outPut is used to indicate to a selected peripherll
whether the MPU is going to read er write data on the next
Dltl Strobe IR/W low-proc:essor write; R/W
high - processor read). The Riw outPUt is c:apable of driving
one standard TIlload and 13:1 pF. The nonnaI standby N1e
is Read thighl..

M-A12 (High Ordet~ lJnea) - The A8-A12 output
lines constitute the higher Oteter non-multipleJ:ed addresses.
Eadl outPut line is c:apable of driving one Standard TTL Iced
and 13:1 pF.

BO-B7 ~/o.ta Bua) ..:. The 80.87 biclireeUonal
lines CC1l'\Sl.itute the lOwer order addresses and data. These
lines are multiplexed. with address present at Adclress
Suobe time and data present 11 011. Strobe time. When in
the data mode. these lines are bidirectional. u.nsferring data
to and from memory and peripheral deIric:es IS indicated by
the R/W pin. As outPuts in either the dat. or address
modes. these lines are c:apable ot dtMng one standard TIL
'cad and 13:1 pF.

esc1, OSC - The MC1~E2 provides tor twO typeS

of oscillator inputs - ervstal c:irc:uit Of eXlemal dock. The
twO osc:iRlltor pins are used to interface to a crystal circuit. as
ShOwn in Figure 5. It an exlernal c:lock is used. it must be
connected 10 eSC1. The input at lhese pins is divided by fwe
to form the c:yde rate seen on the AS and OS pins. The fre
Quency range is spec:ifteet by fOSC. The eSCl to bus tran*
tions relationsl'Ups Ite provtded in F'9ure 9 for system
designs using oscillators slower than 5 MHz.

FIGURES - OSC1 TO BUS TRANSITtONS

OSC1

,AS

OS

80-B7
MPU Read

BO-B7
MPU Wrrle

r U- -
~L-JI. '--

!I ~

r..
'I

UPU- 1-
Mus. AtIdr ....

~ ~

•
Mu. Addr UPU W"te Oala

.RMc:I Dna ....1c:hed"' on OS W.
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CrymI - The circuit shown ." Figure 5 is rec0m

mended when using a crysaI. The internal oSCIllator is
designed 10 interface with an AT-cut parallel resonant
QUartz crysaI resonator in the frequency range
specifJed for fOSC in the elec;trieal c:haracteristics
table.. An external CMOS oscillator is recommended
when ay5t11S outside the specified ranges are to be
used. The c:rystaI and componems s.'lould be mounted
as close as posslbIe 10 the input pins to minimize out
put di$tomon and start-up Slabilization time.

ExterMI Cock - An external docIc. should be apo
prl8d 10 the OSC1 mpUl with the aso input not con
nected. as shown in F.gure 10.

FiGURE 10 - EXTERNAL CLOCK CONNECTJON

OSC, 39

CSC2 3B
No

Connec'lion MCl468::!5E2
INO

U tlc*l~I - ThiS 01,111'1,11 is lJSHd to indICate INn
a fetCh ot the ne:d opeocle is in progress. L1lemains !Ow dUI
jog an Exlern.al or Timer iI'IteffuPt. The 1I output IS only used
fOt certain debugging and teSt S;yS1em5. For normal 0Pe'.
lions this pin is no1 connected. The LI OulpU1 is capable of
driving one Slandard TTL load end 50 pF. This Signal
overlaps Oat. Strobe.

PM-PA7 _ These eight pins constitute Input/OutPul
POrt A. Each line is indMdually programmed to be either an
input Of outPut under software control via tU OaUl Direction
Aeg~ster lIS shown below. An 110 pin is programmed as an
output when the eorresponding DOR bit is $et 10 a"';' .~
as an input when it is set to • "0". In the Output mode the
bits are IatCtleCl and appear on tne- cotfespol"lding Output
pins. An MPU read of the pon bits programmed as outPutS
reflec1 the last value written to thatloation. When progrllm
med liS an inpyt. the input datll bitls} Ire not latched. An
MPU read of the port bits programmed as inputs ref'.ects the
current stB1uS of the corresponding "'put pins. The
Read/Write port timing is shOwn in Figure 3. See tytli<:aIIJO
Pon Circuitry in Figure 11. During I Power·Qn Reset or ex·
ternal~ an lines are configured as inpUts lzero in Oata
Direction Register). The outPut port register 1$ not iniliahzed
bv reset. Tne TTl Compatible three-sta,e OUtput butfers ale
capable of driving one standard nlload and 50 pF. The
OOR is a read/write register.

pao-PS? - These eight pins interface to Input/Output
POrt e. Refer 10 PAl}PA7 C1escnption tor details ot oper.
tlOn.

POrt A
Register

Pin PA7 PM PAS PM PA3 PAl PAl PAD

sooo,Pon B
Register

Daa Direction r"'-."""""--.-''-r--=-.""""''--.-''-r--'-.""""''-,
Regisler SCOO5

Pin PS7 pee PBS PB4 pe3 PB2 PSl peO
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FIGURE 11 - 1'YPtCA1. PORT I/O ORCUITRY

To
,""
From
CPU

TABLE 3 - I/O FIN FUNc;noNS

"W 00. 1/0 Pin FImC'lion5

0 0 TI\e liD DIl'\I$ '" rnPUl mooe. Dala 1$ Wl"ller"l

""0 tne O\.IlOUl datlllalCi'I.

0 1
Data 1$ ..... ,tlefl InlO the Ot;tpul Qata !alcn Il'I(1

outpul 10 lhe 110 pin.

1 0 Ine stale 01 ,roe I, PIn 1$ .ead

1 1
,tie "U oon 1$ '" an ootpul mode. ne OIIIOUf

cal, lat~ 1$ lead.

MEMORY ADDRESSING

The MCl468)5E2 is capable 01 addressing 6t92 tro,1e5 of
memory and 1/0 registers. The address space is divided into
internal memory soace and e:xternal memory space. as
shOwn in Figure 12.

Tne internal memory !:PiCe is located within the first 128
bytes of memory lfirst half of page zero} and is corr.prised of
the 1/0 Port locations. timer locations. and '12 bYtes of
RA-M. The MPU can read from or write 10 any 01 these Ioca
'101'.$. A program write 10 on<hip loeations is repeated on
the eXlemal bus to permit off-chiD memory 10 duplicate the
content of on-ctJip memory. Program reads to on-chip loca
tions also appear on the external bus. but the MPU accepts
data only from the addressed on-ehio lOCation. Any read
da18 aopearing on the inptJt bus is ignored.

The stack pointer is used to address data stored on the
Siack. Data is Slored on The S1adc durin; ir,terrupts and
subroutine calls. At power UP. the Stack po,n1er is: set to S7F
and it is deCTernented as da,! is pushed omo the staclt.
When data is removed from the stiCk. tnestack DOinter is in-
Cemer'lted. A maximum 01 64 by1e5 of RA.M is cwaiJable for
stack 1JSagf!. Since most programs use only a small part of
tMe allonee! stad:. Iocitions tor interruPts ancllor subroutine
stacking purposes. the unused b\'tes are usable for program
da-:a storage.

AD. memory IOClnlons abOve location SOO7F are part of the
eX1ernal memory map. In addition. ten locations Il'l the 110
ponion of the Iawer 128 bytes of memory space. as shown
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in Figure 12. are part of the external memory map. All of the
external memory space is user definable except the highest
10 locations. locations $tFF6 to 51FFF of the eKterl'lal ~
dress space a,e reserved for int&rrupt and reset vectors lsee
F"19ure 12L

REGISTERS

The MC1468C5E2 COntains five registers as shown in the
programming model in Figure 13. The interrupt Slacking
order is shown in Figure .14.

ACCUMULATOR (A) - This AccumUlator is an a.bit
general purpose register used for arithmetic calculations and
data manipulations.

INDEX REGISTER (XJ - The Xregister is an 8-bit register
whiCh is used during the indexed modes of adclreuing. It
Otovides an 8-bit operand which is used to create an effective
&.:Idres5. The m6ex regjS1£!1 is also used for data manipula
tions with the Read/Modify/Write type of instructions and
as a temporary storftge register when not performing ad·
dressing operations..

PROGRAM COUNTER (PO - The program counter is a
13-bit register that contains the address of the next instruc
tion 10 be executed by the proeessor.
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'007'

SOOCF

"'''

0
1/0 FortS

SWJ) Port A 0.,,. Regi$ler

l ..... Port BD,,. Aeg;ster

"
....

bl' 2 btema/ Memory SpKe121l

""'"J, bwnal Memory Spa(*

;;, Port A Oall Direction Regislert------- --- .Ol., • Pon B Data OirectiOn Fleg.ster

• blernet~ Space

7 bternal Memory Space

• Timer D.lI Register

-.,...... • Timer Con1TQl R~er........ les_
I8:l64 B",esi btert'lal Memory

S_

1S

"
....

63 1112 SI'Ies)

/'"54

" .--..:_------ ,
"J!~ ~err~.:~w~ ~~~ 1~F6-$';:f7 "I "I- - - .!~':.~- - - f1FFB-"FFg /• " ...... __ ~t~~~~__ SlFFA-$1H'8 ,,;1' Staet 164 Bytes M'lI.I•

I-----'~----
1FFC-nHO ,," t,

8191 JlESET $lFFE.$lFF~

_{
voo...
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FlGUI!! U - "OGFlAMMING MOD!1.

, Q1----·-·----', -,,,,'
, Q

I l( IIf\cIp_AegrIl..

a Q

IL -:'p~c":_ ~I Pro;r."" (011'11_

12 e 0

~~ ~s~p__...J1 SlKk PDItl\eJ

cc
H I N Z C CClI'lC!t11()f'l Cc:.de F1ep1Sler

rv/Borrow

'----~INe

'-----lnlerTl4l1 Ma5lr.

'------H¥! c....y

FIGURE to( _ STACKING OROER

1 I 1 11 I C.ondltlO" Cooe R~er
Accumulall:_

ll'ldel RI!9'Slef

010 101 PCH

PCL

NOTE: Sonce the Staek Poonlflr okremenls du'tng l)usheS. the PCL 15
sl.cke<lI"Sl.l~Dv PCI1. elc f:luhong hom l!'le 51ad< 1511'1
the 'eve<H OlQe<

STACK POINTER lSP) - The staCk pointfY' is a 13-b.it
register containing the address of the next free location on
the stack. When aa:esslng memory, the seven most·
significant bitS are permanently set 10 CXXXXXll. They are aD
pended to the six leas1·significant register bits le prOduCt! an
address WIthin the range of S~F to SOO4O. Tt'le staci: area of
RAM is used 10 store the return address on subroutine calls
and the machine stale dufing inTerrupts. During exTernal or
pOweHm reset. al'\d during a -r~t Slad: pOinter" instruc
tion. the stack pointer is set to its upper limit I$007F). Nest&d
interrupts and/or subroutines may use up to 64 ldeQma\l
locations. be\rOnd which the stack pointer "wraps .rauncl"
and points to its uDper 1irni11hQfeby losing the previouSly
stored information. A subroutine call occupies two RAM
bytes on the $faCt.~ an inlet11.lpt uses fiw bytes.

CONomON COOE AEGlST£R ICCI - The COndition
COde register is • 5-bit register ~ which each bit is used to~
dicate the results of the mruc1.ion just executed. These bits
can be individIJally tested by • program and specific action

laken as a result of their state. Each of the fwe bits is ell:plai~

eel below.

~ c.ry Bit CH) - The H-bit is set 10 a one when a carry
occurs between bits 3 and'" of the ALU during an AOD or
ADC insmJction. TM H-bit is IJSeful in Binary Coded Decimal
addition subroutines.

Intern.I(:It Mask. Bk m- 'Nhen the I-bit is set. both the ex~

tema! interrupt and the timet interrupt art dIsabled. Oearing
this bit enableS the above interruPtS. If an interrupt occurs
while the !-bit is set. the imtlfT1JP1. is latched and will be pr0
cessed when the &-bit is next cleared.

NeQI\i'Ie Bit tN) - When set,. this bit indicates that the
result. of the laSt arithmetie, Iogtcal. or data meripulation was
negatiYe (bit 7 in the result. is. logical oneI.

bra Bit (Z) - When set. this bit maates lhel the feSl.l1t
of the last arithmetie.logical. Of data cnanipulation was zeto.
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c.rv Bit 10 - The C·bit is set when I Carry or ill borrOyt
out of the ALU OCOJrs during an arithmetic: instT\lCtion. The
C-bit is also modified during bit test. shift, rotate. and branch
typeS of instruction.

RESETS

The MCl46B:5E2 has twO reset modes: en aetn.re low Po
temal reset pin (RESET) and a Power·On ResEn funaion;
refer to Figure 5.

RESET CPW'l ") - The AES'ET input pin is used 10 reset
the MPU and provide an orderly software stan-ut:! pro
cedure. When using the external reset mode. the RESET pin
must stay Iow·for ill minimum of one teve. The RESET pin is
provided with a Schmin Trigger to improve its noise immuni
ty capabtlity_

PO'MIf-on ReMt - The Power-on Reset occurs when I
positive transition is detected on VOD. The Power-on Reset
is used strictly for power tutn-Qn conditions and shOuld nOt
be used to detect any drops in the PO'o'I'el' su""ty vOltage.
There is no provision for a power-down reset. The power-on
Oreuitry provides for. 1920·teyc delay from the time of the
first oSCillator operation. If the external reset pin is low at the
end of the 1920 teyc: time out. the processor remains in the
reset condition.

Either of the two typeS of reset conditions causes the
following 10 OCCUr:

- jJmer control ,egisIer interrupt reQuesl bit lbit 7)
is Cleared to I "0".

- Ttrner control register imerruPt rr.ask bitlbit 6) is
set to a ·T·.

- AI data mrecrion register bits are deafed to " "0"'
linputS).

- Stack pointer is set to SOO7F.
- The address bus is forced to the reset vector

l$1ffE. $1fFFl.
- Condition COde register inlerTuPt mask bit m is set to

1"1" .
- STOP and WAIT latChes are reset.
- bternaf interruPtlitctt- i$ reset.

All Other functions. sUCh as other registers lincluding out·
put portsl the timer. etc., are not clealecl by the reset condi
tions.

iNTERRUPTS

The MCl46E!05E2 is capable 01 o;:Jeration with three dif
ferent imerrupts. two hardware ltimer imerrupt and external •
intemsDtl and one software tSWIJ. wnen anv of these inter
ruPts oc:cur. normal processing is SuSpended at the end of
the Q.lrrent inStruction execution. AI of the program
regi$lers {the machine statel are puShed onto the stack; refer
to F'9Ure 14 for sta<*ing Ofder_ The appropriate vector point
ing to the starting address of the interruPt service routine is
then fetched; 'efer to F'9ure 15 for the interrupt sequence.

The priority of tne various interrupts from higheSt to
lOwest is as loIlows:

Fl.ESET-*-ExtemaIlnterruPt-TII'nElf Int8TT'UPt

TIMER INTERRUPT - if the timer mask bit (TCR6l IS
deared. then ead'1 time the timer decrements to zero lrranst
tions from SOl to SOOI an interrupt request is generated. The
actual processor interrupt is generated only if the interrupt

-My current instruction if'IcIuding S'M.

mask bit of the condition code register is also cleared. When
the interrupt is recognized. the current state of the machine
is pushed onto the st.fdI. and the I--bit in the condition code
register is set. Thi$ masks funher interruptS untillhe present
one is serviced. The processor now vectors to the timer i~

terrupt service routine. The address for this service routine is
specified by the contents 01 $1FFS and S1FF9 unless the Dra
cessor is in. WAIT mode in which case U5e!'S of ma~ ver
sions BP4XXXX and AW9XXXX should refer to the apPendix
for additional information regarding exceptions to thiS func·
tioO. The contents 01 $1Ff6 and $lFF7 specify the service
routine. Also. software must be usec:ltO dear tne timer inter
rupt request bit ITCR1l. A11he end of the timer interruPt ser
vice routine, the software normally executes an RTI inStrUC
tion which restores the machine state and $tarts elltlC1Jting
the interrupted ptogram.

EXTERNAL INTERRUPT - If the interrupt mask bit Ol1he
condition code register is Cleared and the external interrupt
pin lAC is "Iow:' then the externa! interrupt occurs. The ac
tion of tne eJ:1ema1 interruDt is identical to the timer interruDt
with the exceptton that the service rOUtine address is
specified by tne contents of S1FFA and SlFFB. The interrupt
logic recognizes both a "wire ORed"' 'eve! and pulses on the
e:w.temal intem"pt line. Figure 16 shOwS both it funC'tional
diagram and timing for the interrupt line. The timing diagram
shows two different treatments of the interrupt ijne I i'm:lll0
the processor. The first configuralion shows many interrupt
lines -wire OFied" to form the interrupts at the processor.
Thus. if ahet' servicing an interrupt the iRQ remains low.
then the neJ:1 interrupt is recogniZed. The second methOd is
single pulses on the inlernJJ)t line spaced far enough "part 10
be serviced. Users of mask ver~ns BP4XXXX and
AW9XXXX should refer 10 the appendix regarding exce~

lions to this function. The miniml.,1m time between pulSes is a
function 0' t/'le length of rl'le inlerrupr service routine. Once a
pulse occur$:, the next pulSe shOuld not occur until the MPU
software has exited the r01Jtine lan RTI OCC\lrsl. This time
Itl1lLI is obtained by adding 20 instruction eydes lone eycIe
teve""51fOSCll0 the total number ot eyde$ it takes to co~
p1ete the service routine including the RTI instruction; 'efer
to Mgure 6.

SOFTWARE INTERRUPT tSWlI - The $Qhwllre interrupt
is an executable inSlruClion. Th. action of lhe SWI instruc
tion is similar to the hardware interrUDtS, The SWI is ex·
ecuted regardless of the state of the interrupt mask in the
CXlndition COde register. The service routine address is
specifll!d by the COnte1'ltS of memory locations stFFC and
$1 FFO. See Figure 15 fOllntern.:pt and Il'lStruetion Process
ing Flowchart.

The following three functions are not $trictlf interruptS;
however. they are tied very dosely to the interrupts. These
functionS are RESET, STOP. WAIT.

RESET - Themu input pin and the Internal Power-on
Reset function each cause the program to 101IClor to an in
nialtzBtion program. This ~or is specified by the COMletltS
of memory locations $lFFE and SlFFF. The inlerruPt mast
of the condilion code register is also set. Refer to RESET
$eC1ion lor i:Setads.
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ftGUAE 15 - INTERRUPT AND INSTRUC110N PROQS$ING FLOWCHART

FO'~ Im¥rup1

bec:u1ion. Set
ImerruPt Mask.

Fetch Timer
Vettor • NOt.

Force In1effupt

Execution. Set
ImerftlP1 M••

Fetch Exl Int
Vector. Reset

Imerruot Latch

-NOTE: The clut Of feR bill must be~ wM sahware.
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Pulse Conditior\

The minitnum pube width 11lLlHI is one
~ The period llUL should no1 be less
m.ra the tIIJfT'Iber of lc:yc C'I'deS it takes 10
hllCUltI the interrupt service routine plus
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STOP - The STOP instruetion places the UC,.tEB::5E2 in
• Iow power consumption mode. in the STOP flM1Ctlon the
jnt~ oscillator is turned ott, calAing" internal process
ing.mfthe timer to be halted; refer-tO Figure 17. The CS and
AS lines go to a 'ow SUIt. and the R/W !me goes to a high
stlte. The muhiplexed address/data bus goes to the data in
put state. The high order .ddress _nes remIIin at the address
of the next instf'lJOion. The MPU ren"l&nsin the STOP mode
until an external interrupt or reset occurs: refer 10 FigYre B
and 17. -

During the STOP mocte. timer control regis'ler lTeRI bits 6
and 7 are altereel to remove an.,. pending timer interrupt r~
QUeStS and to disable any further timet in18lTUPtS. Extemal
interruptS are ttnabled in the tondition code register. AI
Other registers end memory rerNlin unattered. Ad 110 lines
remain unc:hanQed.

FlGUFlE 17 - STOP FUNCTJON FLOWCHAJlT

SlOP 0s0IlI1Of
And AI Docks
TeA 8i17-0

B4fi-l
C\eafl~

,..

WArT - The WA.tT inslrUC1ion places the MC1468:l5E2 in
• low power COl'\sumption rnodto. boA the WAll mode con-

sumes somewhet IT'IOfe power thin the SiOP mode: reler 10
T.tM 1. In the WAIT function. the inu;,na1 dOCk is disabled
from .. internal citcuitry eacetlt t .... Timet circuit: ref. to
Figure lS. Thus. an internal' processing is halted except the
rll"l'lel' wt1ic:h is .nowed 10 count in I nom'WI! sequence. The
R/W line goes to • high stlte. the muttiplexed ~ressJGat.

bus goes to the data inPlt.t state. and the OS al'\d AS lines go
to the low stete. The high order address lines remain at the
Iddress of the nut instruetion. The MPU remainS in this
stlte until an extemal internspt, timer interruPt. or I reset oc
curs; refer to r.gures , and tS.

Ouring the WAIT mode, the !-bit in the condit~n code
register is cJeared to enable interrupts. All Other registers.
memDl'Y. Ind 1/0 lines remain in their last state. The timet
may be enabled to allow a Periodie oit from the WAIT
mode.1f an external and a timer interrupt occur at the same
time. the external interrupt is serviced first; then, if t!'le timer
interrupt request is not cleared in the external interrupt
routine. the normal timer interrupt lnot the tirnEll' WAIT inter
ruptl is serviced since the MCU is no longer in the WAIT
mOOe.

TIMER
The MPU timer contains. single 6-bit software progr.~

meble counter with '-bit sohware se\ectable presealer. The
counter may be preset under program control and
decrements tOWards zero. When the counter decrements to
zero. the timer interruPt request bit. i.e., bit , of the Timer
Control Register nCRI is set. Then if the timer interrupt is
not masked. i. t .• bit Ei of tne TCR and the I-bit in the Condi
tion Code Register are both c1sred. the processor receives
an interrupt. After completion of the current instruction. the
processor proceeds to store the apprOPriate registers on the
sack.~ then fetd'leS the rimer WlC'IOf .&ddress from 1oca
tions S1FF8 and $lFF9 in order to begin servtcing the inter
rupt. unless it was in kx:8tiol"l$ SlFF6 and $1FF7 the WAIT
mOOe.

The counter COrJt!r'ue5 to count after it reaches zero.
a!\owing the software to detennine the number of internal or
external input docks since the time!" interrupt req...es1 bit was
set. The counter may be read .t any time by the processor
without disturbing the count. The contents of the COUl'lter
becomes stable prior to the re.&cI ponion of a eycle and does
not change during the read. the timer interrupt reQuest bit
remains set until deered by the software. If this happens
before the lime.. interrupt is serviced. rne interrupt is lost.
TCR' may also be used as a scanned status bit in a non·
interrupt mocIe of operatiOfl ttCFl6-1I.

The ptescaltr is. '·bit di.... which is used to extend tne
maximum length of the timer, Bit O. bit 1. and bit 2 of the
TeR .re programmed to Choose lhe appropriate prescaler
output wtlich is used as the eounter input. The ptOCeS5Of

cannot write into or read frOfTl the prescaler: howeover. itS
coments are dNted to .. "O's" by the write operation into
TCR when bit 30f the written data equals 1. whieh .noW$ for
truncation-fr. counting.
- The TII'l'lel' input can be conf.gured for three different

operating mocses. plus a disable mode depending on the
value wrinen to the TCR4. TCA5 control bits. Refer to the
TIMER CONTROL REGISTER section.

T.,.-Input Modi; 1 - IllCJ;4 and TCRS ate both pre>
grammed to a "r;y', the input to the Timer is from an internal
dock and the TIl'Tlel'" input is cfl$lbled. The intemal clock
mode can be used for periodic interrupt gener.tion. as wen
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RGUFlE 11 - WAIT RJNCTJON flOYtCHAAT

eson.tor Ac:tNe
o..r~Bit

T.".., Clock AC1Ne
All Other Ood::s

S",,,

es I reference in freQuency and event measurement. The in
tema! dodc is the instruction~ efo,.."ic and is eoiflcident
with Address Strobe IAS) except during a WAIT il'lstrvction.
During a WAIT instrvcticln the AS pin goes to I 'ow state but
the i'Ilemal doCk to the Timer continues to run at its normal
rate.

irnw Input MOdI 2 - With TCR4.' and TeRS-O. the
intemal dOCk and t~ TIMER il"\PUt pin are ANOed together
10 form the i met input signal. This mode can be usea to
measure ~emaI pulse width$. The external pulse simpty
turns on the internal doek for the duration of the pulse. The
resolution of the count in this IT'lOde is ±1 clock and
therefore aceureev impfo~ with Jonger input J)U~widths.

Trner Input Mode 3 - If TCA4 ... 0 and TeAS-1, then all
inputs to the Tnner JtJe disa~

TIT*' Input ModiI4 - If reR4_, and TeRS.'. the in
temal dock: input to the:mer is disabled and the TIMER in
put pin becomes the input to the T1m8I'. The exttmal Timer
pin can. in this mode. be U$ed 10 count exterNt~
as well as external frequer:cies for generating periodit. inter·
rup1$. •

Fegure 19 show$ a blad cflagram of the Timet su~tem.
Power-on Reset and the STOP instruetion cause the counter
10 be set 10 $FO.
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FIGURE 1f - TlM£ft BLOCK DlA.GRAM

5eIec1ed bY Selected by TeAO.
TCIW. leRS TeRt, TCR2 eounw

I! Sns

--Wriw Read
CIu"" bY

TCR3

''"-------.v~-----"'I'

NOTES:
,. PTe5cltIer 8I'Id 8-tit counter .... docked faq edge of1fw irtl.-nar CkclIA$l or erteI"Nl input.
2. Coum.er i!;" written to dUring Data Strobe 1051 ane coums doWn contirluously.

T"rner Control Regilter (TeR)

An bits in this rt!gister except bit :3 8re Read/Write bits.

TCRS TCR4

mo intemaf c:fod: CASllo rmer
o 1 AND of internal r:Iotk CAS) and TIMER

pin to Timer

, 0 Inputs to TllTIef ol$lbled

1 1 TIMER pin to Ttmer

TeR7 - Timer interruPt reQue$l bit: bit used to inCICal8
the timer inter!'1JP'l when rt is Iogie "'00.

t - Set~ the COunler decrements la zero. or un
der prognllln control.

o - ~red en external reset. power-on reset, STOP in
struction. Of Pf09rllm control.

Refer to Figu'e 19 for Logic Representation.

TCR3 - iwner Prescaler Reset bit: writing. ·'1·· to this bit
resets the presceler to zero. A read of this location alwavs in~

dicates. "O,"IUl'l2lffected by AfSEt.J
TeR6 - Ttmer imerrupt ITI8sk bit: when thiS bit is _logic

." .. it inhibits me timer in1enuPt 10 thepr~.

1 - Set on !J:lemal reset. power-on reset. STOP instruc- .
'ion. or program ~ntrol. -

o- Cleared under program controL

TCR:2. TCFlt, TCRQ - Prescaler eddress bits; decoded tQ
seIec,:t one of eight tips on the Prtsc&Ier. tUnaf!ected by
RESET.)

TeAS - Ex'terr-.aI or internal bit: selects the input dock
source to be either the external timer pin Or the irnernaf
dock. lUnaffected by~.J

, - 5t1ect exttlrna! dock source.
o - Select il'ltemal~ source IASI.

TeM - Exlemal enable bit: control bit used to enable the
p,ternal timer pin, IUnaffected by RE.SETJ

1 - Enable external tirner pin.
o - Disable external timer pin,

TCIl2 TeR' TCRO Rooult

0 0 0 -1

0 0 , -2
0 1 0 -.
0 1 , -8, 0 0 -16

1 0 I -32, 1 0 -64
1 1 , -128
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INSTRUCTION SET
The MPU ha$ • set 01 61 basic in$1ructions. They can be

divided imo live tMlerent types: regiSleflmemoty.
read/modify/WTite. branch, bit manipulation, and control.
The follOwing par.graphs briefly e%DIain each rype. .AD the
;"Sll\lCtions within a giverl type are presented in individualto_

REGtSTER/MEMORy INSTRUCTIONS - Most of these
instruc1iol'l$ use two operands. One operal\d is either the~
cumutator or the index register. The other operand i$ obtain
ed from memory using one of the addressing modes. The
jump uncanditionaf UMPI and jump to subroutine {JSRJ in·
51fUC'lionS have no register operand. Refer 10 Table 4.

READ/MODIFYIWRITl IN$TRUCllONS _ These in
structions read a l'Tle'fIOry Ioc8tion or I register. modify or
test its contents. and ""rite the rnodifte(l value back to
mernorv or to the register. The test for negative Of zero
ITSTl instruction is an e~tion to the read/modify/write
seQUenC:8 since it doeS not modify the value. Refer to
Table 5.

BRANCH INSTRUCTIONS - This set of instructions
branches if a panicular condition is met. otherWise no Opera
tien is performed. Branch instructions are twO byte instruc
tions. Aefer to T8b1e 6.

BIT MANIPULATiON INSTRUC110N$ - The MPU is
capabJe of sening or cleating any bit which resideS in the fim
256 bytes of the memory space. where all pon registers. POrt
DDAs. timer. timer contrOl. and on-Chip RAM reside. An ad
ditional feature allows the software to test and branctl on the
stl'la of any bit within tnese 256 Iocatiofls. Tke bit set. bit
dear and bit test and branch functions are all implememed
with, single instruction. t:-or the test Mld branch instructions
the value of the bit tested is also plated in the carry bit of the
Condition Code Register. Refer 10 Tsafe 7 for instruction tv
cle timing.

CONTROL INSTRUCTIONS - These instructions are
regi$ter reference instruCTions and are used ro canltol wo
cessor operation dUring program execution. Refer to Table 8
for instruetion cyde timing.

ALPHABETICAL USTlNG - The complete instruction set
is given In alphabetical order in Table 9. -

OPCODE MAP SUMMARY - Table 10 is an opcode map

for the tnstructions used on the MCU.

AOORESSING MOCES
The MPU uses ten dIfferent addressing modeS to give the

programmer an OpDOrtunity to optimize the code to all situa
tions. The various inCleJled addressing modes make it POssi
bit 10 loCate dBta tableS. code con\leJSion tables and scaling
tables anywhere in the memory space. ShOrt indexed ac
cesses .,re sin~ byte in$trUCI}Qns. while the longest instruc·
tions !three bvlesl permit tables throughout memory. Short
IfICI long' ab$oJUle addressing is I!so included. Two byte

direct &ddressing instruct)or'ts aeeess •• dat. bytes in most
aoPiicatiol"ls. Extended addressing permitS ivmp tnstructlon,
to reach al memory. T.bIe 9 ShOwS the .Cdressing rnode$
for ead1 instruction. with the effects QCh instruction has on
the Condition COde Aegister. An 0PC0de map is shown it\
Table la.

The term -Effective Address- or EA is used in descntMng
the varioUS addr~ng modes. ""'IhK:h is defined as the ad
dress to or from which the argument for an Instruction is fet
Ched or stored. The ten addressing modes cf the pro<:essor
are J'escribKI below. Parentheses are used to indicate "con
tents of." an arrow indialtes"is replaced by" and a colon in
dicaTes concaTenlllion of two bytes.

Inher.lt - In inhetent ins1tuCllons aU the iflformetion
necessary TO execute the instruction is contained in the op.
code. Operations $peCifying only the index register or ac
cumulator. and no OTher arguments. Me included in thiS
mode.

IrntneeiIt. - In immed"aate addressing. the operand is
contained in the byte immediately folONing the opcode. Im
mediate addressing is used to access constants which do not
change during program elleCUtion (e.g.• a eonstant U$ed to
initialize a loop counter!.

EA;PC+1; PC-PC+2

Direct - In the direct addressing mode. the ettl'C1ive ad
dress of the argument is contained in I single byte following

• the opcode byre. Direct addressing aJlows The user 10 direct
ly address tha lowest 256 bytes in memory with I single two
byte instruCtion. ThiS indudes all orH:hi" RAM and I/O
registers and up to 128 bytes of otf-ehip ROM. Direct ad
dressing is effcient in both memory and sPeed.

EA-tPC+11; PC-PC+2
Add1m Bus High-O; AddrtsS Bus low- fPC + 11

Extended - In the e.tended addressing mode, the effect
Ne address of the argument is contained in the tWO bytes
following the opcode. lnstNC1ions with exlended addressing
modes are capable of referencing 'rguments anywhere in
memory with a Single three byte instruction, When using the
Motcro!a assembler. the user need not specify whether an
instruCtion uses direct or btended llddre$sing. The
assembler automatically seIeC1s the most efficient aOdr~Sing
mode.

EA-jPC+1UPC+2); PC-PC+3
Address Bus High-IPC+ 1J; Address B\J$ low-fPC+ 21

~ucI. No-OtIset - In the inde.ed. no offset addressing
mode. the effective address of r1'1e .r~ument is contained in
the 8-bit index register. ThlJS. thiS addressing mode ean ac
cess the fiflt 256 memory locations. These instructions ar~

only one byte long. This mode is U$ed to mo-..e • poin1er
throug1'11 table or to address a freQuentfy referenced RAM or
110 IoclIlion.

EA.X; PC-PC+1
• Address Bus High-O; Address Bus low- X
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TABLE 4 - REGISTER/MEMORY INSTRUCTIONS

Addrening ModH_le
DIr-.:1 £:IIMcS.d IndlI.ed Indlled I,....

CNa Off..cl 11J..8/f OffMtl "'"elf OH.,
a, , , a, , , a, , , a, , , Op , , Op , ,

Funellan ..........,., C.... ...." C..... Codo~.
c_ c.... Byt.. eye"" C.... ...." C..... C.... ...." Cye'" e .... ...." Cye'"

lOlld It. llOm Mllmol'y laA M , , BB , - 3 e. 3 • F6 , 3 "
, • DO 3 •

Lald)( "om Mllmory lDX A< , , BE , 3 CE 3 • "
, 3 EE , • aE 3 •

5101'. A In """mOlV STA - - - BT , • e7 3 • F7 , • El , S 07 3 6

Store )( in Memory STX - - - BF , • CF 3 • " , • "
, • OF 3 •

Add Memor ID" ADD M 7 7 BB 7 3 CB 3 • FB 1 3 EB , • DB J •Add Memory and ADC AD , , , , 3 •C.rIY 10 A BB 3 CB 3 • FB , 3 EB • DO

Sublrlcl Memory SUB Aa , , .. , 3 CD 3 • F. , 3 ,. , • 00 3 •
SU~I::j~~~~ f,om SBC A'

, , 0' , 3· C, 3 • " I J "
, • D' J •

AND Memory 10 A AND •• , , D'
, 3 CC 3 • " I ,

"
, • .. 3 •

OR M"mm", wilh A OAA AA , , DA. , , CA , • FA , 3 EA , • UA , •
belLI_Will OR MemOl'y EOR AD , , OB , , CB J • FD 1 , EO , • DB , S

wilh A
Arithmelic Compile A CMP A\ , , 0'

, , Cl , • " I , El , • 01 , •with MemorV

AI~:h"~~PII. X CPX A'
, , B' , , C, , • F3 , , El , • 0'

, •
Oil T..1 Memory with DIT A' , , OS , , CS , • FS I , EO , • .. , •A !loaical ComrJlllel

Jump U!'lCoodi\lon.1 'MP - - - DC , , CC , 3 FC I , Ee , 3 DC 3 •
Jump 10 Subm,,''''' JSA - - - OD , • CD , 6 FD , • EO , 6 DD 3 7

TABLE 5 _ READ/MODIFV/WRITE INSTRUCTIONS

AddrHllng Model .-
1"Mr."IIAI 1""'8"IIXI DIrKt In.lled Ind...cf

INo ott_I 18-811 0tfMt1
a, , , Op , , Op , , Op , , Op , ,

func:11on . M.-..._ Codo ...." e ..... C.... .,," Cye'" e .... .,," eye'" c.... .,," c_
c.... ...." e_

/nC'~' 'NC <C , 3 ,e I 3 3C , , 7C 1 , 6C , 6

OeclllfTHlnt DEC .A I , ,. , 3 'A
, , 'A , , 6A , 6

C.... ClA " \ 3 "
, 3 3F , • 7F , • OF , •

omplemllnl eOM --.:r \ 3 , &J ,- ,
Neglle NEG '" I J 50 I 3 '"

, 6 70 I , .. , 6
It, CompNlmenll

Role'. lell Thlu t.rry AOE .. , 3 .. I 3 3!l , , 79 I , .. , 6

I fiDt.t. Right NU ROA .. , 3 .. I 3 '" , , 76 I 6 .. , 6
C"'V

logic" Shill llfl, 'S' .. I 3 .. \ 3 38 , , 70 1 • .. , 6

LooiC4l Shd, Right lSR .. , 3 .. I ,
"

, ,
" I , .. , 6

Nllhm!llic Shdt "'phi ASR "
, 3 " \ , 37 , , n I , 67 , 6

T~~~~'¥tM TOT .0 I 3 '0 \ 3 3D , • 70 I • 60 , &

:l::
n

I
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TABU'-1!l1UNCH INSTJIUCTJOHS

~~ModlI........ M_ Op , ,
e- "- C_

Br¥lCh~ BRA 20 2 3
Br.t'ICh~ BRN " 2 3
Brll'lCh IFF HiIJher "MI 22 2 3
Brand'1 IFF lower 01 S..". BLS 22 2 3
Br.,-ch Iff carrv CJeIr BCC ,. 2 3
tBI8I'lC:h IFF Hoghe!' Of S_' {BHSI " 2 3
Branch IFF c.ny Se'! BCS 25 2 3
lBIanc:tlIFF lOWfKI tBLOI 25 2 3
Branch IFF Not EQ"* BNE ,. 2 3
Branch IFF EQual "A " 2 3
Sri......." IFF H<JH C¥rv C. BHeC 2ll 2 3
5'lnch IFF l-lalf tarrv Set BMCS 2ll 2 3
Branch IFF Plvs e" lA 2 3
Blanch lFF MinV$ eMI ,e 2 3
Branch IFF InterruPt Mask Bit is C. BMC 2C 2 3
Branch IFF Interrupt Ms Bit is Set eMS 20 2 3
B•....eh IFF Interrupt Line is lovw '" lE 2 3
Br-=tl IFF Ime,..'UCl' Un. is High el. 2F 2 3
B.anctl to SubroV'line eSR AD 2 ,

TABLE 7 - BIT MAN1P\Jl..ATION INSTRUCTtONS

~M~

Bit s.vo.. Bit T"" ane! Srandl

"'"""'" M_ Op , , Op , ,
Cc<lo B- C_ Cc<lo BY''' C_

Branc;h IFF Bit n is Set BRSET n In_O ,,11 - - "n 3 S
Brant:;tl IFF Bil n is CIeer BRClR n In",0...71 - - - Cl ~ 2-n 3 S
Set Bil n aSH n I""c.. ,n \0+2o'n , S - - -
CWr Bitn BClR n III_a...7l '1 +2-n , S - - -

-TA.BLE' - CONTROL lH$TAlJCTJOWS--........ M_ Op , ,
e- B- C_

Transter A 10 X TAX ., I 2

T'I"$f. )( 10 A TXA .. I 2
Set Carry Brt SEC ss I ,
Clear ca"" BIt CLC '" I 2
5e1 Irnem.,1Pl Mask Bit SEI .. I 2
Clear Imerrupt Mask Brt CU SA I 2
Software lnlerfl"lpt SWI 63 , I.
Re1urn hem Subrovu,.. RTS " I B
Ilelvm from Inlerrupl Rn ., I 9
Reset SlaCk POOnler .SP 9C I 2
No-Operation NOP 90 I 2

S",. STOP BE I 2
W... WAIT " I ,
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TABLE' INSTRUCTION SET---- Candi'lion CoOM....... ....... -.. .. ..- - -,. o;,Od ......... ....... (No Otfwcl la BitSl ne Bits}
...,

T.. O H I N Z C
e- "-

'DC , , , , , , • • • • •, , • •
'-0 , , , , , , • • I. • •.se , , , , • • A • •, , , , , • • A A •SC, , • • • • •
&C1.1'1 , • • • • •
6CS , , • • • • •
SW I , • • • • •e..cc , • • • • •

Ei-!CS , , • • • • •
,~ , , , • • • • •
'" x • • • • •
"~M

, • • • • •
'"

, , • .,. • •,iT , , , , , , • .,. A •eco , , • • • • •
BC' , • • • • •,., , • • • • •,., , • • • • •,., , • • • • •
I!NE , •,ee , • • • • •
,'A , • • • .. •,e. , , • • • •

S;:;CUI • • •
S;;SEt I , • • • .,.
ESET , • • • • •
SSI'! , • • • • •,cc , , • • • • °cu , • 0,· • •
'CB , , , , • " 1 i.
CM;> , , , , , , • eill • •
CO. I , , , , • ." A ,
" , , , , , , • • A Ai'

OEO , , , , • .,. • •
""

, , , , , , • • A A",.e • • , x • • A • •,., , , , , , • ." • •
JSR , , , , , • • • • •,ox , , , , , , , • • A • •,_x , , , , , • • 'IA A •
CS, , i , , , , • • A • A
lSI'l , , x , , • • A A
N~G • , x , ,
NO' • • •
C'A , , , , , • A A

0' , , ,
FOOR • , • x • • A A A
liSP , • • • • •

n ,
j;;S , , , • • • • •se, , , , , , , • • A A A

SE' , , I • • • • ,
SE' , • , • • •
'f< X X X , X • • A A •

S10P , , • • • •
S'!'ll , , , , , • • • A •
SUB , , , , , , • • A A •'ffl , • , • • •
,AA ,
'" , , , , , • • A A •
'AA , • • • • •

WAIT , • • • •
~CocteS,..ntlCll"

lot IotaII c.r., IMotn Bot 31
l .......o4Il ......

N Neptl_ ISogn Bltl
Z Zero
C Carry! Borrow

A Test...clSe'l"True_~om..

• NoIA~

J lOIC CCR~ FfflI'I SlKl, ""'..., ...
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TADLE 10 - MCtlJ06/MCt«JaJ5INSTRUCTION SET OPCOOf MAP

,.., 1_.
""""" • I...-.....: .::. ~ of.. of" .;;. N

.~. .:. .: . .:.. ..':. .~. "---.:. IRS£TO uno· .., N,. NfCOA NfGll N'• N,. '" su. su. su. su. su. SUI J!.
I 'ltGlM It:lPlO' ORN RTS ' CM' CM" I CM' CM' CM",•• CM' .:.,

'SU1~
.

.J.. IIR5l!.', OH< SOC SOC sur: SBC,., SOC SIC ...., 8RCUll aeulI' .tS CoM COUA eOMx COM COM' SW! 10 C" ,.. O'/(. '" '" '"
,

.!.. IJJl.Sl!l, ISEl? 8CC•• URn. lSR~.... , • LSRX .I ~ LSR ,.. AN?..u ANOn,. 'NO AND,., I. "NO,., ANO,. ,!..
• IRCUlf eClAt ,cs .n liT liT ,n .n .n .~,, lUlSH3 85£U 'N' '0' 1'01''' RORX .0' ROR ,: lOA lOA ,~. [J lOA,., f J LbA,•• LOA ,. •'j, aRCLlt3 ICllt:l ..0 ,.. "SItA • "SAX· ,.. ,.. .., m SlA ST' SlA STA ,
.!. '"1£::. 'Sft1r. .m:~" lS< LSL" r I LSl~H ~Sl LSL I. ClC '0' £01'/)111 EO~", '0' '0' '0' ,, .
.! IItQ". ICl". IIHCS ftOLn,. .OC, "Ol" IlOl .OC '" ADC Aoe ROt I, AOC. r. 'oe 'oe ,:"• • " .. " "
A ,RSfTe "n, '" OfC"" OECA oEex I. OEC DEC' tu 0" 0.. 0", I , 011,\ f • OflA,., ORA ,~,, ,

"
,. " "

1. )"Cl!'.'. ICL'" 'M' '" '00 'OD '00 I, ADD AOO 'OD .~,

C IRSElS ,SETe ,M<: OH< INCA 1Ne> INt INC • ... 'M' 'M' 'M' r JMP JMP ,s..
~ " • • .

° I"CUlfl ICUl8 ,M, lST UTA nu 1ST TS! . NO' YS' JSR JSR JS' JS' ". ,p,
"

, •... IRSHl IIEll ilL STD:'H
lOR J LDX " lO' lD> '0' lO' ,r",.., .ItGL:l f tKl~~1: "",n CL"b1" ClRA CLRX tlA tlR I WAtl.f

TRA I) SlXD,,, I) Slll '" '" '"
,

"" , ." , - 'u f " ~. ,.. , ,r' f '" • .. ,..,

s::n

!
13

A~tJonI'Of A~ Madet
LEGEND

Opcode in BInary

...... Addrwt Mo*, 01 C\'(;I6$IC...,O& VQ!sionsl I

F Opcode In H,",~___-4T-'~1.!.11~rt--=5~:::::=___, 01 C'fclea IHMOS V{lIsionsJ 4

Mnemonic :==::;I1:':~~~,-...!!~;~BYt81 I

In",",",1..........
Dlltcl
bl."dtd
RtlllMI
Bit Slit/CMI'
BII 1.., end Br'nch
Indellld (No OflMtl
Irntelld. 1 8\11.,IB·Bitl Ollaet
Inde.lId. 2 B'f\1 l1F~·8itl 011..,
CMQS V-.IonI Onty

INH
IMM
0,.
'Xl
,El
BSC
BlB
'x
IXl'X,
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k'ldeud. &-bit O'f'f-e: - Here tM EA is obtained by adding
the contlll'1ts of the by'lll fof\owing the opcode to that of the
index reg:is1•• The operand is lhet'llfOl'e Ioceted anywhere
within the loweSt 51' memory IocIItions. FOf e-ample. this
mode of addressing is useful for selectinQ. the m-th elementi'1
an n Mtrnerr1table. All instructions Ife tWO bytes. The con·
tents of the index regiS1er (XI is not changed. The contents
of IPC+ 1) is an unsigned ~bit "'leget'. One bYte offset in
delling ~ts Iook-up tables to be easily acc:essed in either
RAM or ROM.

EA_X+IPC.. ,I; PC-PC+2
Address Bus High-I(; AdClress Bus low-X. IPC. "
Where: K-The carry from the addition of X+ {PC+ It

Indexed. l&oBit 0tfMt - 11'1 the indexed. 16-bit offset ed
dressing mode the effective address is the sum of the con-
tents of the unsigtled &.bit index register and the two un
signed bytes foflowing the o~. This B<fdres5ing mode
can be used in • manner similar to indexed 8-bit offset, ex
cept that this three byte instruCtion allows tables to be
anywhere in memory le.g.• jump tables in ROMI. As with
direct ar'Id extended. the M6B:J5 essembief de'fermines the
most efficient form of indexed offset - 8 or 16 bit. The con
tent of the index register is not changed.

EA=X+!tPC+1J:(PC+2l]; PC-PC+3
Address Sus High-IPC+lI+K;
Address Bus low-X+tPC+21

Where: KI: The carry from the addition of X+ IPC+ 2J

ReIatiYe - Relative addressing is only used in branch in
structions. In relative addressing the contents of the B-bit
signed byte following the opcode lthe offsetl is added to the
PC if Md onJy if The branch condition is true. Otherwise.
control proceeds to the ne.t instruction, The span of relative
addressing ;s limited to the range of - 126 to + 129 bytes
from the branCh irIstruction opcode location.The Motorala
assembler calculates the- proper oHset and checks to see if it

is within the $pan of the branch.

EA'" PC+2+ IPC+ U; PC-EA if br.nch taten;
otherwise PC-PC+ 2

Bit Se'lIOur - Oit'eet .ddressing and bit addressing .r.
combined in instructions wh<h Ht and clear indiYtclu.!
memory and 110 DU. In the blt set.nd dear instructions. the
byte is speff.ed as • direct address in the Ioc:etion following
tht opcode. The fltS1 2S6 addressable locations .re thus ac·
eessed. The bit to be modified within that bYle is sPeCified
with three bits of the ol)COde. Tht bit set and dear instrue:·
tions OCCVPy twO bytes. one for the opcode linduding the bit
numberl and the second to address the byte whiCh contains
the bit of interest.

EA",IPC+1); PC-PC+2
Address Bus High-O; Address Bus low-t~C+11

Bit TNt MId S,.nch - Bit test and branch is a combina
tion of direct addressing, bit addressing and relative addres,s.
ing. The bit address and condition (set or dearl to be tested
is part of the opcode. The address of the byIe to be tested is
in the si"Q!e ~e immedialely fOllOwing t!'le opcode byte
lEA11. The signed relative 8-bit offse! is in the third bytel~ lW'Id
is added to the PC if the specified bit is set or dear in the
specified memory location. This single three byte instruction
allows the program to brand'r based on the condition of any
bi, in the first 256 locations of memory.

EA1 .. IPC .... 1I
Address Bus High-O; Address Bus low-{PC+ 11
EA2 .. PC .... :3+ IPC .... 21; PC-EA2 jf branch taten;

. otherwise PC- PC ... :3

SYSTEM CONFIGURAnON
Figures 20 through 25 show i., general terms how the

MC'468J5E2 bus structure may be utilized. Specified inter
face details vary with the various peripheral and memory
devices employed..

FIGURE 20 _ CONNECTION TO CMOS PERIPHERALS

I Address
Do<odo
174£138) C!'up

E,.""

A"if - CE
A8-Al:<'

Typocal CUDS
U-Cl468:l5E2 Pe<i;:Ineral

CMCS
A .. IUC146818 e":.!

Mocloprooessor

S0-87 Adchss/Dl\II SI,IS / ADo--AD7

...
AS

Address Strobe AS.

OS
Data Slrobe OS

.'W Rud/Wrne R/Vi

ilrn lmenl./Pt
ilrn

OSCi c- _ .it~Hl.._ - C"OUT IUeTelSI

RESEt

I
REm'

I REm' I
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F!GURt 21 - CONN~ TO CMOS MUlT1PLDC.ED MEMORiES

I ........
o.c- ChI>

/":,. EM'"

MC14fXlO5E2 : r
__ r

ChAOS.. MuI1ipleaed
A8-A12 Address ..) AS- M.-v

A'. IMCM6!i5161.. ..
B0-57 K' Addres:s/Dlta Bus ) A[)()G..A.OQ7

" V

AS
AOdfes Strobe

M

OS
DBla SIIObe

G

Ri"
ReAdfWrile

. W

AGURE 2Z - CONNECl'lON TO MEi8XI PERIPHERALS

so-a?

AS

OS1- 0~'~'~'~S~"O~"'''-__;E

flJw ReaC!/Wrrte RIW
iR5 1"'~IJP'l iR"5

• RESET RESt!

NOTE: In some caes. pullup resistors Q/' cnhr level

$Mf""; ,echniQ>.les may be reoui:rea on signlll$
;Oing lrO"l NMOS 10 CMOS P8f'tS.
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AGURE 23 - toNN~11ON TO LATCHED NON-MUlTlPUXED CMOS ROM ANO EPROM ~

...
B().a7

'"
AddressIDaa Bus "'.. ao-O'

MC1.ci!05U lk:; CMOS
Non-M~ed

AI.}.,D,7 ROM Cl"

~
EPRQM

A8-A12 R,,",~ ,) AS

~~
..

Output''''''',W Write- FOud_1 .Address- I Enoble
~DaUl SuoOe ~I o-oe IOS

....... CJ;p
S1robe E"'bIe tR5

FIGURE 24 - CONNECTION TO STATIC CMOS RAMS

00-07AddrflSS' DiIIlll BU$

Address
S\.ooe

R51-'-=-I

MC1~

CMOS
MCOCtrocessor

ao.Si

~------""""IAS
AS-A12f- R,1dress,__V ..
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AGURl25 - CONNECTION TO LATCHED NON-MUlTIIUXED CMOS RAM

sc.S7/"l Addf~, Diltl Sus Dali! 00-07

"-.. l.b!) CMOS

"Cl46!<6E2 AQ.A7 Non·Mu~ec1.. ....
....

AS-At,2 A,jctress ) AB

. U V

Cal. Outout

Strobe Address I EN'"
05

] I D«Ode~
~

Readl

R/W
W"tt ~J f

WUle.......
'S

StrObe

I C...
EN'" ,
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Table 1t provides. detailed desc:ripti-::1 of the information
present on the Bus. the Read/Write (AIv;') pin and the Load
Instf'lJl;tion CUI pin during eaen c:yde for each instruction.

This information is useful in comparing 8C1ua1 with ex-

pected resutts during debug of both software tnd heldwar.
IS the control program .is heCUled. The "'formltion is
wegoriled in groups according \0 ~dressinQ 1'J'JOde and
number 01 eycles per instruction.

TABLE 11 - SUMMARY OF tyQ.E BY CYCLEonRA~___
er- Cydo I .......... P.lW u _...-- .... ...

SR lSL
~SR NEG , OD CocIre Address 1 , O.e:-
CLR "Ol 3 2 00 Codrt Address .... , , • OD ewe NP1. l""n,.;Iior!
~~MP.Ofl 3 OD CoOe Adc1Tess ... 1 , • OD coo. Nest It"4U'UC1ion
nee INCTST

AA elC sec 1 00 Code Address , , ""e:-STOf' aJ sa 2
'ASP w.o.rr NOP TXA 2 OD CoOe Addass ...1 , • Op CoOe Nnt lnwuetion, OQ Code Address , , o.e:-

2 OD Code AOdress ... ~ , • 00 CoOe Nw lnstruction

Rn - 8
3 St.cllPoirtIw , a ..-am"""• Sta<:Il. Pointer ., , • lrfeieVIInt Data
5 5tad:: Paitlw ... 2 1 a --0 New OD Cocle AddTesI , • _""e:-, Op Code Adatess I I ""e:-
2 OD Code UClress ... 1 , • OD CoOl Next lnstruaion
3 S~Poittl.. • • RMutn AOc:ItesS ILa Bv-I

• Stack PoifIter -1 • • R-,1.Itn AclOras IHI B'f'tI1

SWl I. 5 SIKk Point_ -2 • • CorltWl1S et kde. RegisW
0 Stack Pointer - 3 a • ComIll'lUl 01 Acr:umuIa\of
7 S~ Poitltet-4 • • Cont'el'lts of CC Register

- VtlCtor Adc1rt'ss lF~ lHed , • AOOrIlSS of Im. Routint; CHI ByteJ

• VIIClOl' Adaress lFFD lHed , • AddrBI of Int. FI.outi"'" IlO B...,.,.
Irltertutn Rovtine SUtl"ling Address , • 1m8!TUtlt ROU1irIe First Opcode, 00 CoOl Address , , ""e:-

2 Op COOl Adclress ... 1 , • ()p Code Ned lnstruc:!ion
3 Stack Pointer , • 1"~n1Dal.

• Staet Pointer ... 1 , a l~nto.ta

Rn • 5 Stack P(lin1et ... 2 , • ln~t:l.ta

• Std Pointer +3 1 a l~o.l"
7 Stack PQim_ +4 , • 1~0e,.

• SfKi; Pointer +5 , a IrreleYlom o.t.

• ~~ Code AOClresa , • N_ OCJ Code
...-..

DC EaR O'X
00 LOA LOX

2
, ""e-_ 1 I "" e:-AND ORA BIT 2 Op Coc;e Address ... , , • Opef.nd OWl

SBCCMS SUB

Bit s.tIo.. , Ope-_ I I "" e:-
aSEl"

2 Op Coc;e AdQress ... , , • Addresa of O;letend

anR"
5 3 Adctrea at OperMld , • OJ»l'and 0.1&

• Address of Operat'ICI , • ~.ndOwi

5 Address 0' Oper.t'ICI • • ~l.clC.lII

Bit Twt~ B-.c:tI , Op CodI Address: 1 , ""e:-
BRSEl n 2 Co Code Adctre5S ... , , • AcId,.. of Operand

5 3 _ai- , • Operand 0.1&
BRCLR n • Co Code Address ... 2 , • _.- Otbo<

5 Op Code AOcIress ... 2 , • _.-Otbo<.....
cc BHI SNE sea , Op Code AOdr_ , ,

"" e:-BCS aPL BMee aLS
rL liMe BRN SHes 3 2 ~ Code Adctress ... , , • BrVlCh Ottwt

BIH BMl BUS BRA 3 Co Code Address ... , , a s,..~em..

I Op Code AOO1ea , , ""e:-
2 Op Code AQdress ... , , • _.-Otbo<

_5R 8 3 Op Coo. Acldress ... , , • Brerct'l Dtt.t

• SIoIbrOl"ltiM Swting Adl:Ir-. , a First $ubrOU'titWll Op CcO
5 Swclr.Poinl_ • • R~ Aoctr.- tLO 8""

- S'lKk PoinlW -, a a fletvrn Aclct..- (HI SywJ
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TABLE 11 SUMMARy OF C"t'CU I5Y CYCLE OPBI"-11ON ICOtmNUEDl-...-.. ......
e_ c_, "",,-0.. RIW U-.-. .... .... DNO..

"""
'MP >

, 0" Cad! Adafes! , I Ope...
> Op Code Address .. 1 , 0 J\,lrT'lJl Address

.c.oc EOR CPX , Op Code Address , , Op Codo
ADO LOA LOX
,6.NO Ofl.A Sll 3 > Op CDlle Ac\tjress ... 1 , 0 Acldfes$ 01 Operand

sac CUP SUB 3 Adares 01 Operand I 0 Operand D.ta

.1 0" Cocle .ADdress I I O. Codo

TST • > Op Code AcId.ess ... 1 , 0 AOdre5$ of Operand
3 Address 01 Cperand • , 0 Opeflnd Caa

• Qp Cooe Addfess ... 2 1 0 (Jp COde' Nex' InsuUCtiO/'l
1 Op Cooe ACldtess I 1 O. Codo

STA • 2 Op COOl! AllTress ... 1 , 0 AOc!fess 01 OPel'ancl
STX 3 Op Cocle AOdress ... 1 I 0 Address 01 OPerand

• A.ddtes5 cl Oper",ncs 0 0 Operand Dlta

LSL L$R DEe
, Op Ccae AI:ldre5S , 1 O. Codo

ASR NEG INe > Op Code Acldress ... 1 , 0 Acldres:s 01 OPerand

CLF! ROL • 3 OpetMld Address I 0 Current O?erlrtCl c.ta

• Opet~ Address , 0 Current Operand OllteCOM ~OR 5 Operand Alidress 0 0 New Operand Qall, OIl' Code AtxlTess I t Op Codo
> Op Code Address ... 1 I 0 SubrOuttne AQdress 'LO BYlel

JS" 5 3 Sutno~ine Stattlng Acldless 1 0 1st 5ubfO..lir\t Op Code

• 51ati, Fointer 0 0 Return Address IlO Bytel
5 StKk Pointer -1 0 0 Return Ado-en tHI BV'lt'1

"'...... , 0tI Cooe AOCItes5 1 I 0" Code
JMP • 3 2 Oil ewe .A(tdte5$ +-1 I 0 Jump Addte5lIHI BYtel

3 Op Code Al:ldress ... 2 1 0 Jump Add'e5S IlO BYlel

ADC BIT OIl.A , Op Cooe .Address I t OpC,..
ADO (MP LDX • > 0tI CDOe Address ... 1 1 0 Add'eu Operlnd IHI Bylel
ANO £OCR sec 3 Op Cooe Address ... 2 I 0 Address Operlfld ILO BV'lel -
OX LOA SUS • AdCrfl$ 01 ~BI'Id I 0 Ope'afld Dall, Op COot JlOdress t , OpCooe

STA > 0tI Code Address ... 1 I 0 AOdreu 01 Operand IH1 Bvte]

5 3 0tI Code Address ... 2 I 0 Add'ess of Ooe'lnd ILO BYlel
STX • Op Code Address ... 2 I 0 .A.dd.eu 01 Ooerand ILO eYlel

5 ACClIfl$ 01 Ope1S1'>d 0 0 OperlflC\ Oa:a

I 00 Cooe Acdress I I OpC,..
> Op Coot Add'e5S ... t I 0 .A.ddrtu; 01 Sutl,oullfle IHI Bytel

JSR • 3 Op Cooe Add'ess ... 2 I 0 .A.dd.'ess cl SUblovt'fIe (La SYlel

• Sl.Ibto.r.,r.e Startlflg Address I 0 ls! SUbroYl'fle Op Cooe
5 51«l< Poinler 0 '0 Relurfl Add'es5 ILO Bytel

• St.ell. Fool'llet -1 0 0 Fieturl'l Add.ess lHI BV'lel

/TlOeQCf. No-OffMt

'MP >
, Co Code ACdress t I Co COde
> Co Ccoe AClcl'ess ... 1 I 0 OP Code Ne_! \ns!rUCI>on

1<0: ~:?R CPx , Op CtlIie Address t 1 OpCooe
ADO LOA LOX

3 2 Op CCOl! Add.ess ... t 1 0 Op COde Ne~l InSlrUC"llon
IoNO ORA SfT
sec (MP S\.!B 3 1ndl!J. Rt2'$tet' 1 0 O~""aD":a, Op Code Add'ess I ) OpCode

TST • > Op CoOl! Add'ess ... t I 0 Op Code Neu InStruCloon
3 Indl!_ RegtSlet' I 0 Operand Oal,

• Op Cclie AdO'es! ... 1 I 0 Op COde Ne_I InSI"••CI<on

I Op Cooe AOdress I I Op C,..
STA • > Op Code Address ... 1 I 0 Op Code Ne_! lns!'uchon
STX 3 Op Cede Add'ess ... t I 0 Op COde Ne_, Ins!ruCtiOn

• I"~ Reg'IHet' 0 0 Opetand Dall

lSL LSR OEC
t Og COOl! Address , I Op COd<
> Op Code Address ... 1 I 0 Op Code Ne_! lnStr\lC11Of1

ASR NEG INe
5 3 Inoe_ Re<;'ISIet" t 0 Current Ope.and 011I111

CLR AQt.
CO'" ROR • Incle. Fie<;'Sler I 0 Currenl Ooeland 011.

5 Inde_ Rt9'SIet' 0 0 New Ope.and Dall

I Op Coae Address I I Op C,..
> Op Cocle AOd'~ ... ,. I 0 Op Code ~ltl ln51'UC\oOfI

,SR 5 3 1nde_ RegtlSlet' I 0 151 S",broultne Op Code

• Stack "",nlet 0 0 Relurn Add'l!'5$ .lO el/lel
5 StICk "COnter -, 0 0 Return AOd'e5S IHI Bytel
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T....U 11 - SUMMAJlY OF cYCU BY CYCLE Of'EAATION (CONTINUEDI- ..... C_ C_, ..._a.. o/w U
"-""tiono ... ... -...

IrIdued I-8iI: em-
1 00 Cooe Address , 1 o"e-

JMP 3 2 Op Cooe Adclress ... , , 0 0"...
3 Op Code AOdress +1 1 0 011...

A.DC EaR CPX , Op Code Address , 1 0" Code
ADO LOA lOX .. 2 001 Code Aetdress ... I J 0 00...
I-NO ORA CMP 3 01' CoOe AOdtess ... , /1 0 011...
SUa BIT sac • lndell f;MtiStet -+ Otlset 1 0 Oper-ancl 0.1.

1 Op Code Address 1 I O.e-
STA

2 Op ClXle Address ... 1 , 0 0"...
STX • 3 all Cocle A<2dress ... t 1 0 Offset

• Op Code Address ... , 1 0 O1IYl

• InOell Reai!iter ~ 0tl5et 0 0 0pef1N2 0'11

1 Op Cocle Acld.ess 1 1 0" Code
2 Op Cooe Address ... l 1 0 011...

TST • 3 01' Code AOdress ... I , 0 011...

• lnOell AegiStet' ... Offset 1 0 Oper.na D.~

• Op Code Address ... 2 1 0 0., Co<\e Next Instf1.lCtion

lSL. LSR
I Oil CocIe Address 1 I 0" Code

ASR NfG 2 0" Code A.d(lress ... 1 1 0 0"...
CLR ROL • 3 Op Code Address ... 1 1 0 0",.,
COW ROR • !nOel' Re;is1et" ... Offset , 0 Current ()per.rw! 0.1.

OfC INe • Inoe:>: RegISter ... DffWl 1 0 Currel"ll Operand 010111
6 lndell 1=1 eglSter ... Offset 0 0 Ne- Doer,nef O.te
I Op Code Address 1 1 O. Code
2 Ci;J CoO! Adores ... 1 1 0 011_

JSR 6 3 Op Cooe Address ... 1 I 0 Offset- • lnoe" ReglSler ... Offset 1 0 1st Subroutine Op Code

• Sladc. POinter 0 0 Retum Addle!$, lO Byte
I"-. • Stack Pomter _I 0 0 Aetu.n 'Addreu; HI BY"

InO..~it 0tfMI:
1 Op CDOe Al1dre5$ 1 1 o"C_

JMP • 2 01' Cooe AOdres5 ... I 1 0 Otfset (HI BYlel
3 COl Cooe Address ... 2 1 0 Offset 'lO BVlel

• 00 Code AOdress ... 2 1 0 Offset IlO Byte!

ADC CMP SUEt 1 0" Code Address I I 0, Code
ADO EaR S8C 2 0" Cooe AOd.e$S +' 1 0 Ollse1 IHI Byte)
AND ORA 5 3 Op CDOe Address + 2 1 0 Ollset IlO BV\el
CPX LOA • 0" Code AQd.eu + 2 1 0 Olfset IlO BYle)
BIT lDx • lncell Register + Offset 1 0 Operand D,t.

I 0" Cocle AOdress 1 1 0" Code
2 Cc Cocle A(ldtes5 .... 1 , 0 Offset (HI Bytel

STA • 3 Dp Code AOdre5$ .... 2 1 0 Otfsel (LD BYtel
5TX • Op Code AOd'es5 .... 2 1 0 Offse1 (LO BV\el

5 0" CoOe Aadress .... 2 1 0 01l$e1 (LO BV\el

• IndEll RegIster .... Offwt 0 0 Opef~1'td Pal.
1 0" CDOe Aodres5 1 1 OpCode
2 0.0 Code Address .... 1 1 0- Olfset (HI BV\el
3 0" Cede Address .... 2 1 0 Offse1 ILO BV\el

JSR 7 • 0" Code ACldress + 2 I 0 Oflset (LO Byte)

I
5 indell Re;tStef .... Offset 1 0 'ST SUb!'04.Itme Op CoOf
6 Stacll POtnler 0 0 Re1v.n Address ILO Bylel
7 SI.ell POInter -1 0 0 Returrf Address .HQ Byle)
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TABU: 11 - Sl".lMMARY 01 CYCLE BY C'l'a..E OPfRATlON tCONTlNUEDI
.-- C_ C",",, _.~ RESET ./W u _...... P-n ...

00-_
SlffE 0 1 0 Irrelevant Data

S1fFE 0 1 0 IrreleYam: Da\II, 1 SlfFE 1 1 0 Irr-..ant Oetll

H.ctwar. R'E'Sff 5 2 S1FFE 1 1 0 IrrelevIInt Data

3 S1FFE I , 0 Vector Hfgt't

• S1FFE 1 1 0 Vector low

5 R-e Vector . , , • 00 Co<le
1 S1FfE 1 1 0 lrrelevant ~1a

• · • • • •
• • • • • •
• • • · • •

PO'fII'Won Reset - 1919 S'F~E 1 1 0 lrreleYant Data

,9>0 $1FFE , , • Vtcl.Of High

1921 S1FltF 1 1 0 Vector low
1922 J;e5l!'J Vectcw 1 1 0 00 to..-- ~ C_' .........'" iJlQ 'IW 'u _.~... P-n ...

~ Cycle 01 Previous
0 X 0 X'-1 Next Op Code Address 0 , 0 ,"~arn 0.:.-

2 Nul Qp COde Address X 1 0 ltreieYaM Oal.

• SP X • • Return Acldl'eS$ IlO Byte)

IRQ im.-rl.lPt I. • 5P-1 X 0 0 Retlm'l Address lHI Sytel

CT_ vec:torI1FFI. SlFF91 5 $P-2 X 0 0 Com~ts lI'Ide.. Reo;

• 5P-3 X 0 0 CoI'lterns Ac:curnulllor .
7 SP-t X • 0 tantet\IS CC RegiS'.,

• SlFFA X 1 0 Vector High

• StfF!! X 1 0 Vector low

10 iml VK\ot X 1 • 1nl RO\J1ine Flrst

APPENOtx

MC1~ INTERRUPT CLARIACAnON

Under eenain QIcumstantes. the MCl46E05E2 lBP4xxll.x these require no action and the third has a recornmencl-
& AVv'9xn:xl 8-bit M'croprocessor Unit n:ra interrupt doeS eel solution.
not conform 10 the operation desCribed in this Advanced In-
formatton SI'leet lAD~RlI. a. Those not USing the Wail mode need not take an.,

action.
1. The Ievef sensitive l1fO mode. which is by tar lhe most

freQuently used. is FUllY OPERATIONAl; thuS, most
MC1~ apPliC211ions are unaffected. However.
the edge-triggered iri'O interrupt mOde MIGHT NOT BE
SEFMCED under eenain programming circumstences;
therefore. it is recornrnended that the edge-triggered
mode not be used.

2: •An interrupl-veclOf address CAN BE improperly
generaTed in some circumsances. TtlE!fe is a possibility
that when an ektema! inlerrupt liRQl and timer inter·
rupt ot:cut during the Wail mode Hollowing a Wait ~
struclion). address locations $lFF2 and $1FF3 are
selected Mead of vector localton$ $1FF6 and $1FF7.
Thete are three specifIC exampies listed berow; two 0'

b .If the Wait"rnode is used without eXlernal interrupt
liRa Din held highl. no precautions ate required.

e •When IRQ can be aetA,e lIow) during the Wait
mode. the VElCtor in locations $lfF6 and $1Ff7lthe
Wait mode TII'T1er Inlerrupt Vector) should be
QlJpUcaled irl ",FE2 and $lFF3. In this \'V8y the cir.
curnstances that caused selection of the second
veetOl' do not disturb normal program execution.

On future MC146005E2 pans, no special actions wiU tie
necessary. If yOU have questions. contact your MOlorola
distributor or Motorola sales office. or conl&C1 MOlorOla
MiCToptocesst:lf Ap~ications Engineering in Austin,. Texas.

I
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CIolIP CJ..RRIEA
ALSO AVAILABLE

® MOTOROLA

Advance Information

REAL-TIME CLOCK PLUS RAM IRTCI

The M"-46818 Real-Time Clock plus RAM is a peripheral device
whid"I includes the uniQue MOTEL concept for use with various
microprocessors. microcomputers. and larger COrTlpulers. This part
combines three uniQue features: a complete time-of-dav dodt with
alarm and one hundred year calendar. a programmable periodic inter·
ruPt and SQUare-wave generator. and 50 bytes of low·power Static
RAM. The MC146818 uses high-speed CMOS techl"lologV 10 interface
with 1 MHz processor buses. while consuming very linre power.

The Fleal-TIITIe Clock plus RAM I'\aS two distinct uses. First. it is
designed as ill banery powered CMOS part lin an otherwise NMOS/TTl
s:ys1eml induding aU the common banery backed-up functions such 8S
RAM. time. and calendar. Secondly. the MCl4681a may be used with a
CMOS microprocessor to relieve the software of the timekeeping
workload and to elClend the available RAM of an MPU sud'1 as the
MC1-46B05E2.

• Low-PO"Io'ef. High-Speed. High-Density CMOS

• Internal Time Base and Oscillator

• Counts Seconds. Minutes. ancl Hours of the Day
• Counts Days of the Week. Date, Month. and Year.

• 3 V tCl 6 V Opennicln

• Time Base Input Options: 4.194304 MHz. 1.048576 MHz, C1r
32.768lcHz

• TI1'T'Ie Base Oscillator for Parallel Resonant Cl)'StaI$

• 40 to 2OO,.W Typical Operating Power at low FreQuency Time Base

• 4.0 to 20 mW TypicaJ Operating Power at High Frequency Time
Base

• Binary or BCD Representation of Time. Calendar. and Alatm

• 12· or 24-Hour Clock with AM and PM in 12-Hour Mode

• Daylight Savings Time Option

• Automatic End of Month Recognition
• Automatic leap Year Compensation

• Microprocessor Sus Compatible
• MOTEL Circuit for Bus Universality

• Multiplexed Bus for Pin Efficiency

• Interfaced with Software as 64 RAM loCations

• '4 Bytes of Clock and Control Registers

• 50 Bytes of General Purpose RAM

• StatuS Bit Indicates Data Integrity

• Bus Compatible Interrupt S;gr.a:S ('fRO)

• (Three InterruptS are Separately Software Mask'!ble and Testable

• ~:pa¥-Alarm. Once-pel"-Second 10 Once-per-Day

• Periodic Rales irom 3J.51lS 10 5(X) ms
• enckif-CIoCit-Upciate CyCle -.-

• Programmable SCluare-Wa~Output SI91"oal

• Dock Output May Be Used as Microprocesscf ClOck Jnput

• At Time Base FrequencY + 1 or +4

• 24-Pin OuaJ.-In-line Package

• -·Chip Carrier Also Available
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CMOS
IHIGH-PERfQRMANCE

SI1JCON..GATE COMPlEMENTAAY MOSI

REAL-TIME CLOCK
PLUS RAM

~
-

~. ~,,~:::.
~ ~:., - SSUFAX
, • • CEFlOlP fACKAGE

~SE Ei23

PIN ASSIGNMENTS

NC VOO

05C1 " SOW

OSc> " PS

AOO 4 21 CKOuT
A01 5 20 CKFS

A02 6 " "0

AD' la nEStr

A04 a " OS

A05 9 " NC

AD< 10 'S RiW

401 11 14 .5

VSS l' lJ cr
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