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SUMHARY

This thesis describes the development of a computerized
Load Recorder. The ioad recorder is used by the Cape Townr
City Council to assist in the tariff investigation of
electricity <consumers. This investigation assists the
consumers in selecting the Dbest cost effective electricity
tariff. It also motivates the consumers 1o maintain a
constant load which in turn assists the Council in supplying

the required electricity.

. The locad recorder replaces a manual and time consuming
method used in conducting the tariff investigation. The
development of the locad recorder involved the design of
hardware andr software. It was designed in a compact
enclosure to hock up to the electricity meters of the
consumer for a period of 7 days. The software was designed
in the 6885 assembly language to log data and record the
electricity load every 15 or 30 minutes for this period. A£
the end of this period the data is downloaded intc the HP85S
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 resulté represents the electriecity used for
this period. The tariff rates are analysed and calculated

10 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 famiiy. The emulator was
designed and built %o 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 wvan "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 bepaai. Dit motiveer ook die
verbruiker om 'n konstante las te handhaaf wat op sy beurt

die Raad ondersteun om die nodige elektrisiteit te voorsien.

Die LAS-OPNEMER vervang °'n neganiese 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 programpatuur is ontwerp in die 6805
masjien taal om gedurende hierdie periocde elke 15 of 30
minute die elektrisiteitslas data te versaﬁel en te stoor.

Aan die einde van die periode word die data corgeplaas 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 wvan 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 CHMOS mikro-rekenaar geintegreerde stroombaan is
gebruik weens die vasgestelde spesifikasie wvan 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 nmikroverwerker 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 gebruilk. Die apparatuur nabootser bord is
ontwerp as "'n standaard Motorola stroombaankaart wat in die
Exorciser kaartrak pas. Die programmatuur 1is ontwerp vir
die 6899 Exorciser en vir die 6885 nabootser. Die nabootser
ig getoets en contfout tydens die ontwikkeling van die LAS-

OPNEMER.

Die nabootser het verdere moontlikhede wvoorsien vir
toekomstige mikrorekenaar ontwerp projekte, veral waar

beperkte area en beknoptheid “n belangrike faktor is.
Die ontwerp en ontwikkeling wvan die nabootser en LAS~

OPNEMER 1is gedoen in die Rekenaarafdeling van die Stad

Kaapstad se Departement van die Elektriese Ingenieur.
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2.

2.

1. INTRODUCTION

General.

A consumer’s electricity consumption is usually
measured with Ferranti type rotating disc KWh meter, 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 energ§
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 nmeter 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
pericd. Since each revolution represents an amocunt 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.

Tariff Structure.A
There are basically two types of electricity tariff
structures, namely:
1. General Low Voltage Rate.
This is a one part tariff where the consumer is
billed on the total amount ¢f units used (energy

consumed) over the whole period.
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1.2.

1.

3.

2. Large User Low or High voltage rate.
This is a two part tariff where the consumer is
billed on the amount of energy consumed and the
maximum demand recorded for the period. 7
Alconsumer has the option of chooeing his tariff structure.
The City Council conducts a tariff investigation to assist

the consumers in selecting the best cost effective tariff,

Motivation.

The time consuming and laborious method of calculating
the best cost effective tariff was a prime motivating factor
for the need of a measuring instrument. Previocously the max
demand and load factors were 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 was requirgd 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 1load 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 equipea with sufficient data storage for a
pericd of 7 days at intervals of 15 or 3¢ minutes.
ii) This data storage had to be non volatile.

1ii) It had to be a battery operated unit completely

1-2



iv)

independent of the electricity which it recorded.
It had to be portable and compact so that it does not

interfere with the consumers activity.

1.4. Design approach.

1.4.1.

1.4.2,

1.4.2.1.

1.4.2.2.

1.4.2.3.

Type of components.

The power consumption of the lPad recorder was a
determining factor in the size of the load recorder.
It was found that the high speed CM0OS 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.

Choice of microprocessor.

The Motorola MC1468@5EZ single chip computer was
found to be ideal for the load recorder because of the
following factors:

It is a compact single chip microcomputer which

redgces the overall chip count.

Its power consumption is very low, viza:

i) the coperating power is 35 milli Watts and

ii) the standby power is 25 micro Watts.

0f the two development systems available, the

Motorola Exorciser supported a cross assembler for

the 6805 microprocessor family, whereas, the Intel

syetem did not have any support for the 8048 and
the 8051 series of the single c¢hip microcomputer

intergrated circuits.
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1.4.3.

1.4.4,

1.4.5.

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 enmulation the development system
replaces the micro of the target systemn. 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.

Emulator.

A complete working knowledge of the motorola
exorciser was researched to assist in the desisgn 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.

1-4



1.4.6.

1.5. Aim of this study.

with

i)

ii)

iii)

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 & 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 +ftariff
structure. A basic program had to be designed for the
HF85 to achieve the following functions:

1) Accepting the downloading of data from the locad
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.

The aim of this research study was to become familiar
the following:

The design and development of microprocessor controlled
applicaticons.

The operation of various microprocessors and peripheral
intergrated circuits.

The operation of the exorciser by developing an

1-5



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 Recordér.

The main data leogging unit houses a central computer
(MC146805E2); 8K data memory; real time clock; peripheral
intergrated circuits; 18 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 RS5232 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 lcad 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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.2.

2.

HPB85 personal computer.

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

INSTALLATION.
Precautions.
1. Handle the unit with care. Malfunctioning would occur

2.

if the unit is dropped.

Place the unit in a secure and suitable place for ease

- of operation.

Do not connect any voltage or current to the input
pulses (KEWh; KVAh and Reset) on the interface board.
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 EWh, KVAh
and the Reset are attached to the interface board as
shown in fié (2.1.). The interface board is connected

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

RS232.

The downlocading 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 switch,

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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DIAGRAM SHOWING INTERFACE WIRING.

e >,
INTERFACE / KWh
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FIGURE 2.1
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2.3. OPERATING INSTRUCTIONS.

2.3.1.
2.3.1.1.

LOAD RECORDER.

Terms and notations.

i)

Keypad.

The function of each key is as follows:

KEYS FUNCTIONS

g to 9 ' numbers & to 9
A CURSER LEFT

B CURSER UF/DOWN
C CURSER RIGHT

D MODE SELECT

E ENTER

F ON/OFF

TABLE 2.1 LOAD RECORDER KEYBCARD FUNCTION TABLE.

ii)

iii)

Period Dur,

Duration in minutes of a demand period which could
be changed from 1 minute to 6@ minutes. The
demand periods of 15 or 39 minutes are

recommended.

Period No.
The demand period is counted from the begining of
the day i.e. @0hP@. Period Number displayed in

Mode 1 is the present period being logged.
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2.

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) E¥Wh

" This unit represents the amount of true energy.

vi) KVAh
This wunit represents the amount of apparent

energy.

ON/OFF Switching.

The load recorder executes start and initializing
routines when the main sub-miniatureAearphone plug is
pulled out. This main switch could be used to allow
the load recorder to execute a c¢old restart at any
point in time. After a cold restart the unit is in a
power saving mode with the display  and the kevboard
switched off. Pressing the F key switches the display

and keyboard on. This brings the unit into an edit and
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2.3.1.3.

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 Kkey is

pressed, or if the F key is pressed again.

Display format.

Information is displayed on the load recorder in a pasge
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 rulse factors

4 present demand
5 max. demand

6 tot. demand

7 prulse 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 1load recorder now prompts for a display mode
number. MODE 1 ﬁo 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 the 'E (ENTER) key 1is 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 c¢ould be changed
using the edit function. The period number caﬁnot
 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 pericd being

logged.



iii) Display MODE 3.

iv)

v)

This mode is used to display and change the pulse
factors or pulse ratios. ZEach factor represents a
quantity of EWh 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
1E © tc 1 E 9 for the division part. Hence,
pulse factors in the range of 1 E -9 to 9998
could be entered. EWh and KVAh have separate
pultiplication parts but a common division part.

These pulse factors could be changed at any point
in time (i.e. Dbefore, during or after a test)
because the data is logged on the number of pulses

and not on the quantity of energy.

Display MODE 4.
Displays the present period demand values. These
values are the product of the pulse count and the

pulse factors.

Display MODE 5.

This mode displays the maximum EVA 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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vi)

vii)

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.

Display MODE 6.

The total energy accumulated since the beginning
of the test is displayed for EWh and XVAh. 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 € in

MODE 3.

Display MODE 7.
The pulse logging mocde 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 pafticular option is
entered with the edit function and executed after
pressing the E key again. The options of the
start, stop and continue are as follows:
a) Option 3 - START
It is wused to start data logging at the
begining of a test. The following occurs
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.

¢) 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

stopred (option 2).

i} No option can be executed twice'simultaneously, eg.
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 nmust be edited correctly

before starting the test in MODE 7.
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.3.2.

HP8S.
The downloading of data from the load recorder to the
HP85 éan be doﬁe during a test period or after the test
period when the load recorder has been stopped.
‘Before switching the computer on, ensure that the RS5232
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 lcaded 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 1in the program
rrompt, the HPBS then request for connection of
the RS232 to the 1load recorder. Before pressing
CONTINUE replace the tape cartridse (LRCD.PRG)
with a data cartridge. The computer then
downloads 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 to 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

abpropriate tape catridge in the computer.

The advantages of storing +the data first on tape
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are:
i) Sufficiant memory space ié needed by the HP85
for analysis.
ii) Results could be cbtained at any time without
the neéd of another load recording.
For a detailed description of the HP85 software,

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

Z2.4. THEORY OF OPERATION.
2.4.1, HARDWARE.
This circuit was designed using the Complementry Metal
Oxide ©Selicon (CHOS) technology to- ensure a low overall
power consumption. Refer to the block diagram figure 2.2 on
page 2-186 for a brief hardware descriptioﬁ,
As shown 1in this diagram the load recorder consists of
three main blocks, namely,
i) The micro computer unit (MCPU)
ii) The external Input/Output
1ii) The memory
The MCPU is +the heart of the 1load recorder which
consists of a MCl46885EZ single chip computer. The MCPU
controls, the I/0 wvia 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/0 is
connected to the micro as memory mapped I1/0.
The I/0 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 memofy block consists of the folowing:
i) The real time clock (RTC)
ii) The display
i1i) The RAM
iv} The EPRCM
The address decoding 1logic is used to address these
devices in the memory map.
The memory cépacity 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

iii) no. of demand periods per day = 24 x 4 = 8§
iv) no. of demand periods per week = 96 x 7T = 672
v) no. of memory loccaticons needed per week = 8 x 672

= 6048 bytes

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

suitable for this applicaticon.

A 15 minute demand period stores data for § days and a
30 minute demand period stores data for 18 days.As the
maximum addressing capability of the micro is 8k, a problen
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 PAD. Page @ 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/0 of

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

The MC146818 is used as a RTC device because it
relieves the micro from real time keeping and adds
additional ram which is used as a scratch pad during program
execution. The RTC generates interrupts to the micro at
regular intervals which 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 power saving mode (STQOP). Hence
these interrupts enable the micro to exit the stop mode and
service the required information. The above technique was
used to reduce overall power consumption.

A stand alone display unit is connected directly on to
the address/data buss and control buss of the micro. This
unit contains &al11 the necessary hardware to control the 186
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 27064 CHOS 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
HP@2@ to HB1FF consists of the I/0, the RAM, the RTC, and
the Display. |

A T4HC138 intergrated circuit was used as the main
address  decoding logic. It 1is a 1 to 8 1line
decoder/demultiplexer. The cutputs of this chip are used to
selecf 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 1is contained in the 8K
Eprom situated on the main memory map. Due to memory mapped
I/0 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 c¢ode register. To
achieve the functions required for the lead 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
dezsigned to achieve maximum program space in the main memory
nap.

The instruction set is similar to the 8800 but limited
due to CPU registers. There are four bit manipulation
instructions on the 6885 which are not accomodated on the
éa@a, namely, Bit set, Bit c¢lear, Branch on set bit and
Branch on clear bit. These instructions are only applicable
for the fifst 125 bytes (i.e. internal I1/0 and Ram).

The restart and interrupt vectors are situated on the
top of the main memory map in the Eprom from H1FF6 to HI1FFF.
The restart vector at memory 1locations HIFFE and H1FFF
contains the begining address of the program (H400).

The program commences by initializing I/0, Ram, RTC and
Display. It then enters a DO FOR EVER LOOP (the main

program loop). This loop consists of a -main STOP

2-17



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 mocde 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 1is 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 RS5232 control routine

The interrupts could be serviced at any time during the
background task. This task is not dependent upcon time as
compared to the interrupt routine. In this way continuous
processing is achieved while servicing all interrupts
simultanecusly, that is, data logging, display and keyboard
control, and the RS232 downloadiﬁg 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 1is 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 regquired for RS232 communication. The
RS232 operates at 120@ baud. The recovery time (+-2000
clock cycles) is longer from é 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 HI1FFB are
used. The timer interrupt from the WAIT state vector at
H1¥F6 and H1FF7 are used when the internal +timer generates
an interrupt during a WAIT mode. Vectors at H1FF8 and H1FFQ
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} R5232
ii) Keyboard
iii) RTC
On an external interrupt, the devices ére polled according

to their priority.

2.4.2.1. RS232
The on chipr timer 1is only used during the RS5232
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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2.4.2.2.

2.4.2.3.

minipulation instructions. During TX the timer is only
used to transmit the information. | During RX, the
external interrupt 1line is used to detect a start bit
and thereafter synchroniéation is kept by using the on

chip timer.

Reyboard

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.

RTC

RTC is programmed during initialization to generate
interrups every 10 ms, 1 sec, and 1 min. These
interrupts are identified by reading +the contents of
memory location H8C (register HC of KTC).

fhe 1%ms interrupt is programmed as a periodic
interrupﬁ PI (bit 6 of register HBC). 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 deboﬁnced for a duration of 7 counts (7@ms) and the

break is debounced for 3 counts (38ms). 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'HSC}. 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 HSEC). This interrupt 1is 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 1is 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 1is controlled by the F key. The
ONOFF subroutine 1in the Dbackground task is used to
automatically switeh the display and the keyboafd 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.

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:

Switeh the load recorder off by inserting sub-miniature

earphone plug into the socket.

2. The load 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 toithe F.C.B. on the
bottom half.

Open the load recorder by lifting the top part which
clips off.

The four Dbatteries are housed in individual battery
holders situated behind the display.

Remove the two small nuts and bolts on the display so
that the display c¢ould be 1lifted away from the
batteries. 3

After removing the display, the top battery and holder
unplugs by lifting it upwards. HNote the direction and
nlace from where the holder is unplugged so0 that it
could be replaced correctly.

Remove and replace the three batteries from their

holders on the P.C.B.

8. Replace the forth battery and holder into positicn.
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2.5.9. Fix display into position and mount into place using

the small nuts and bolts.

2.5.10. Fit top cover into place and press firmly to secure
clips.
2.5.11. Thereafter follow operating instructions.

2.6. SPECIFICATIONS.

System Components: Load Recorder unit;
HP85 cassette tape.

Supply Voltage: 4 by C type rechargable or dry cells.
{(approximately 20 days of operation when
fully charged.)

Operating Temperature: @ to 55 degrees celsius

{32 to 131 degrees fahrenheit)

Relative humidity: To 80 percent without condensation.
Dimensions: Load Recorder:

length 188mm

width 110mm

max. height 90mn

min. height 46mm B
Mass: — 853 grams.
Software features: Load Recorder:

(i) Records two input channels, namely,
EWh and EVAh from voltage Ifree
contacts made available to it.

(ii) Pulses are recorded and time tagged

after each demand period.
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(iii)

(iv)

HP85

The demand period is initiated by a
further reset pulse or by the
program.

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 ratiocos.

rersonal 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-l.2.

MAIN EMULATOR BOARD.

This emulator 1is 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 1is shared between the
Exorciser and the €805 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 systemn,

MC 1468@5E2 POD

There are two flat ribbon cables attached to
either end of the box. One of these ribbon cables is
rlugged into the socket of the micro MC146805E2Z 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 Enmulator 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. Excrcisger.
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. FPOD.
The POD is connected with one end to the emulator
board and the other +to the target user systen.
The power to the user system could be supplied by
the emulator board or by an exﬁernal power supply.

3.2.2.3. Clock frequncy.
During emulation the target system clock frequency
is generated by the emulator board. The crystal
on the target system is not used.

3.2.3. Target system power.

The +5V of the emulator board is connected permanently

to pin 490 of the peod. 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
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must be disconnected to avoid a power supply feedback.

3.2.4. Exorciser Hardware Requirements.

3.2.4,1. The 6809 nmnmicroprocessor control card with a
modified Eprom firmware for the emulator board
must be used in the exorciser.

3.2.4.2. The 64k PRam card is configured to the executive
map for file editing and processing.

3.2.4.3. The 16k Ram card is configured to the user memory
map from HC@PD 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 micre of the target
system is replaced by the emulator pod. Basically the
systen can be seen as two microprocessors sharing a
common memory map (8k map of the MCl468G5E2j. The 68829
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
tranaferring this 8k memory map to the 6885 micro,
which is contained on the emulator. Various commands
on the exorciser are used to control the 6385 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 HOOOZ to H1FFF. This
memory map consists of, the Ram, I/0 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 wvalue written to memory location
HFFFP@ of +the USER memory map in the exorciser is used
by the initialization routine +to set up the emulator .
memory structure. Hexidecimal values from H1€@ 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

HZD to BZF. Each bit represents a 2k block of memory.

Data bit Memory block -

8% H208 to HTFF -

D1 H82@ to HFFF

D2 H1002 to H1T7FF

D3 H1820 to H1FFF (default)

TABLE 3.1 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.

3.3.3.2.

3.3.3.3.

Soft emulation.

The complete memory map consists of the ranm
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 HEF 1is stored into the memory
location HKFFFW Dbefore initialization to enable
total emulation ram..

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 aréa is enabled
according to the design of the target system
hardware. The default memory ram area initialized
is the top 2k from H1800 to H1FFF. Any value from
HO1 to HPF could be stored in address HFFFO before
initialization.

Hard emulation.

The memory map of the emulated system is only
contained in the target system hardware. The ram
area of the emulator board 1is 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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3.3.4.

3.3.5.

emulator software. To disable +the ram area
completely the hexadecimal value of HFP is stored
in address HFFO. The emulator 6885 micro runs

only on the target system hardware.

Emulator board control and indication.

Cn the emulator board are two light emitting
digdes (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 6885 micro.

iii) The push button switech (ABORT) stops the 6865

program execution.

Emulator initialization.
The procedure used to initialize the emulator

board is as follows:

i) Switch the power on the exoreciser, 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
HFFF@.

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.

3.3.7.

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 HZ® to H7F represents the
image of the internal memory map of the MC146895E2
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
DEenory:

i) Modify +the required byte to be changed in the
image.

ii) Store the address of the byte to be changed in
memory location H@OC (Change register).

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

The CHNG instruction transfers the mémory to the 6825

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

internél memory is updated to the image before the

memory is re-transferred to the exorciser. 1In this way

the-CHNG instruction could be used to update thg image

at any time without entering an address into +the HZC

location.’

Program loading.
Program loading into +the target system for the
6805 is identical to the procedure used for a 6809

systen. Refer to the 6803 exorterm users guide for
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J3.3.

3.3.

8.

9.

detail loading description.
NOTE: The initialization instruction BEGN must be
executed immediately after the program is

loaded.

Microprocessor register assignments.

The 6885 microprocessor registers are assigned to

the 6809 registers. The table below represents these
assignments.

68089 FUNCTION 68E5

PC Program counter PC

AA Accumulator A A

XX Index register | XX

EB Accumulator B Condition code

1 Stack pointer -

TABLE 3.2 EMULATOR REGISTER ASSIGNMENT TABLE.

The 685 registers are modified by changing the

aprpropriate 6809 registers.

Break points

A maximum of eight break points could be set in
the program. Basically the emulator software inserts
SWI instructions into the program to achieve the break
points. The procedure used to set a break point is as
follows:

i) Initialize the Y register of the 6828 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 part%cular break point is

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 tinme.

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 6885 program is
executed. The instruction CONP (CONtinue Program) is
used to transfer +the memory to the 6385 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 6885 program.

NOTE: The break point at the present program
counter address will not be active after
continuing the program because the G5SHWI

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
hardwareA block diagram. The emulator board in the
exorciser can be viewed as an ék memory block addressed

in the USER memory map from HEPPZ@ to H1FFF., This 8k

memory block is the memory map of the HC146805E2

microprocessor which consists of thé ram on the
emulator and the hardware on the target system. The
emulator board provides all the necessary logic to
interface the 6825 memory map to the 6809 exorciser.

The 8k memory map consists of the 8k ram chip on the
enmulator board and the POD which is connected to the

target systen. Buffer 1 and buffer 2 1is used to

3-10



multiplex the 6803 (exorciser) and the MC1468@5EZ to

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

enable buffers which enables the 6825 micro busses to

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

buffers and contrel logic which converts and interfaces

the non-multiplexed 6809 buss +to the multiplexed 68&5

buss. The multiplexing of both buffers is controlled

by the 6809 exorciser with the B signal which is the

I1/0 available on the emulator board.

The emulator operates in two modes, namely:

J.4.1.1. Target systen hardware'debug.
In this mode the target system hardware is
debugged by enabling the 8k memory map to the 6808
micro exorciser. To enable the 8k memory map to
the 6888, 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 HOPPP to HIFFF.
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 transferred to
the 68@5 micro for execution. The control and
timing of the memory ﬁap transfer 1is achieved by
the emulator board software in conjunction with
the +timers and I/0 available on the emulator
board.
Refer to Appendix J, K and L for a detail hardware

description, memory map and the circuit diagram.
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FIGURE 3.1 BLOCK DIAGRAM OF THE EMULATOR BOARD
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4.

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 6803 control routines.
The 6805 routines are loaded by the exorciser into the
6885 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 IJocation HEl4@. The
exorciser XBUG eprom on the DEBUG board was modified to
enable conly the BEGN instruction from the table. The
memory address HFBB1 located in the XBUG eprom at
HF2B7/8 was changed to HE140 (begining of table).
Fefer tc Annexure 2 pages B-15 and 5-30 of the 68@9
EXORterm Development Svstem User’'s guide for
initialization and adding of XBUG commands. During the
initialization ram routine of the excorciser, the memory
address HFFPE -~ HFF11 is initialized for the BEGHN
instruction. This enables +the BEGN instructiocon to be
executed when the exorciser 1is switched on. The BEGN
routine which is contained in the enulator eprom is
used to initialize the entire table into the XBUG ram
at memory locations HFFZE to HFF11l and to initialize
the emulator board. This BEGN instruction also loads
the 6805 routines into the 8k memory map.

Refer to Appendix M, N and O for the detail software

description, flowcharts and software listing.
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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 1is advantagZeous 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 lewer maximum demand,
the City Council makes the consumers aware of their maxipum
demand. This awareness motivates the consumer to save on
his monthly elecﬁricity 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 investigzations are
now carried out efficiently, accurately and with minimum
delay. The first 1load recorder tariff investigation was
carried out at the Cépe Technikon for the peried 11,/11/87 to
28/11/87. The 1load recorder was hoocked up to the
electficity meters of the Technikon at 12ZhZ24 on the
11/11/87. The electricity supplied to the Technikon is at a
high veoltage level and billed on a two part tariff rate. At
the end of this test period the data was downlocaded from the
load recorder into the HPFB5 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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. Results.

Lo - T L -

The information displayed on these results are as
follows:
Place of the tariff investigation.
Date and time of test commencement.
The demand period of a 15 minute duration.
The maximum demand recorded in KW and KVA.

The total consumption recorded in EKWh and KVAh.

(o> T S I S N N

The X-axis of the graph indicates the time.

The Y-axis of the graph indicates the KW, EKVA and the
prower factor (cos ¢).

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 EKVA and the bottom plot indicates the KHW.
Calculations.

These calculations are based on a seven day ﬁeriod. 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 RVA
4.1.9.2. Consumption for the week - 18542.97@26 EKWh.
4.1.9.3. Power factor @.82

This is the average power factor for this period.
It is calculated by dividing the total accumulated

EVAh into the total accumulated KWh.
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4.1.9.4. Load factor 36.5 %
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:

Service charge R 2.20
First 1500 units R 219.99
Exceeding units R 8138.25
Total R 8361.35

4.1.9.6. Mohthlv expense for +the low voltage large user

rate.

Service charge R 30. 80
Demand charge | R 4471.68
Energy charge R 3604.75
Total R 8127.23

NOTE: The High voltage large user rate is 7 % less
than the above rate of R 81087.23. The Cape
Technikon is presently on this user rate.
4.1.9.7. Power factor improvement.

Inmproving 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 ©.97, there is no justification

for a power factor improvement.

4.2. Improvemente on the load :ecorder.
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.

3.

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 nmeters.

2. An IBM or compatible personal computer could be used to

compute and analyse +the data from the load recorder
instead of the HPF85. 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.

Emulator.

The emulator was designed for the exorciser, in order
to make the development of the load recorder possible. The
developmeﬁt of this emulator tock up more time, greater
effoert 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 develcopment was only possible for the 6800 and
the 6883 microprocessors. The emulator created other
avenues for future 6885 microcomputer applications.
Computer projeéfs requiring low power consumption,
compactness and simpler hardware design could now be

developed by the Computer Section o¢f the City Council of

Cape Town.
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4.

Improvements on the emulator.

With the present POD, development is only possible for
the MC146895E2Z microcomputer. However, different types of
PODs could also be developed to connect into the emulator
which would make development of other 6885 microcomputers

possible.
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Combined maximum demand:
323.80008KVA

Consumption {for the week:
18542 .9786KN . h

Power factor:
a8.92

Load fzctor:
36.5%

MONTHLY EXPENSE FOR:
PP 2242023422222 3 2295230254944
GENERAL RATE:

Service charge:

First 1580 units:

Exeeding units:

TOTAL:

»
el
¥
3
3
L1

FRIEAREITFEXXRXIIIRXRREX
L.V. LARGE USER RATE:

Service chargs:
R 28.88

Demand char<ee:
- R 4471.83

Enersy charae:
R 32684.75

TOTAL
R 2187.23

AR F IR R AR E S IR A I I IR AR
POMER FARCTOR IMPROVEMENT:

Power factor at maximum demand:
8.27

ImPprovement of Fower factor is
not Justified.

b33 2332+ +3+5 22+ 8233322245503 224

FIGURE 4.2 CALCULATED RESULTS.
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5.

5.

1.

1.

1.

1.

APPENDIX A
LOAD RECORDER HARDWARE DESCRIPTION.

MICROPROCESSOR. _

The MC146895EZ is the heart of the load recorder. It
is a single chip micro computer unit consisting of, a 68@5
based eight bit microprocessor, 125 bytes of on board RAM
including stack area addressed at page £, two input/output
ports (168§ I/0 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 fregquency. Power on reset is
achieved with a 47 kilo ohm resistor and a 9.1 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:
STOP.
Activated after executing the stop instruction.l This
switches the micro into a halt mode with all clocks and
frequencies switched off, reducing power to 25 micro
Watts. The microprocesscr 1is then enabled again with
an interrupt pulse on the interrupt pin. This mode is
always executed when the micro 1is idle (no program
execution).
WAIT.
Activated after executing the Wait instruction. This

switches the micro into a walt 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,

Input/Cutput.

I/0, RS5232 and the keyboard signals are connected to .
the port lines of the micro computer. The input pulses KWh,
KVAh and Reset are optically isclated for ‘electrical
separation and current looping. During pulse logging the
opto isolators are pulsed with a 2@mA current through the
transistor BC237 by port pin PA4. This 180 micro second
pulse occurs every 10 milli-seconds under program ceontrol.
With =al1ll three input contacts closed a 69mA pulse would
flow, giving a maximum éverage current for the input

circuit:
60mA x @.1ms

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/debouncgr (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 PAZ 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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and the keyboard ON and OFF. The matrix keypad is connected
to the main board with a 10 way ribbon cable onto the
printed circuit board plug PL2. |

After a valid key has been debounced by the 74C822, it
transmits a binary code and a data available (DA) signal.
The binary code is connected to the port pins PB@ to PB3 and
the DA signal is used to generate an interrupt signal to the
nmicro requesting service.

The R5232 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 (AD@ to ADT7), high order address buss (AB to
Al2) 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
7computer (8k bytes). The aciive memory map is toggled with
the PAD 1/0 line. Hence the addressable memory of the micro
was increased from 8k to 16k. Memory maped 1/0 (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 Bk storage capacity

enables the load recorder to log data for 9 to 18 days.

5-3



.3.

4.

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 which is accessed by the micro. The
internal ram of the micro and the RTC ram is used as a
scratch pad during program operation. An independent
external low power crystal oscillator circuit was used to
drive the RTC. After initialization the RTC generates 19
ms, 1 sec and 1 ‘min interrupts to the micro. The 1¢ms
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
pericd. These interrupts are connected to the interrupt pin
of the micro. The various interrupt causes are
distinguished by reading the control registers in the RTC.
During the intervals the micro is in the stop mode. The
overall power consumption of the RTC and the micro is much

less than the power consumption of +the micro 1if a software

real time c¢lock was used. For this reason a seperate clock

ogcillator for the RTC was used because during the stop mode

the micro clock oscillateor is disabled.

DISPLAY.

_An Optrix display module was connected to the printed
circuit board with plug PL1. It is a 16 by 4 1line dot
matrix display. The module unit contains all the control,
latching, decoding and driving c¢ircuitry for therdisplay.
The display 1is connectéd to the micro as memory map 1/0

directly onto the data buss and control buss. The display
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5.

5.

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 H180 repfesents the
display data. The register select (RS) line on the display
module is driven by address line A7 to decode the
instructisn and the data registers. The display has many
features and 1is fully programmable. A display of data is
activated by sending, the instructions to H1€@ and the data
to Hi84. Data that is written to the display can also be
read by reading memory location H130. A preset
potentiometer which controls the voltage Vee is used to vary
the viewing angle of the display. The micre 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.

EPROM.

Internal I/0 and ram, RTC and Display is mapped from
H2023 to HO1FF in +the main memory mab. Memory locations
HB202 to H1FFF is mépped onto a 27C64 Eprom. This epron
contains the operating system program, interrupt vectors and
various look-up tables. The chip select signal C5 ic
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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Pin on the octal latch.

RAM

A low power 8k RAM chip (6264) was used for data
logging. This Ram chip occupies the total second data
storage map. Port opin (PA@) 1is used to select the two

Rnemnory maps.

1

PAD g selects Main memory map

PAR? = 1 selects Data storage map
The internal I/0 and RAM are the only comman sections
between the two memory maps. It is impossible to map the
internal section totally out. This small 1leoss of data
memory is insignificant. The address demultiplexer for the
Ram is achieved with the same T74HC373 latch wused 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/ﬁ memory read
WE = DS . R/W memory write
s -
S — .
OE
R/W
R/W
WE

FIGURE 5.1 OE AND WE LOGIC OF LOAD RECORDER.
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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 PAG pin from the
micro. This pin is connected to GZB of U3 and CS1 of U6
(RAM). The ram chip (U6) is enabled when PA@ is a logic 1
and U3 1is enabled when PAB 1is a logic @. An eight input
OR/NOR gate Ull (74HC4078) is used to disable both memory
maps from HOPGD to HOBTF. Pin 13 of Ull (the ROR output) is
a logic 1 when any address above HTF is selected and a logic
@ for addresses H@P to H7F. This output is connected to CS2
of U6 and GZA of U3. Hence when pin 13 of U1l is a logic 1
both intéfgrated circuits (U3 and U6) are disabled. The
logic truth table, below, illustrates the function of PAD

and pin 13 of U11l.

PAQ PIN 13 OUTPUT

] ] U3 selected

7] 1 internal H@P to H7F
1 %] UB selected

1 1 internal HZ9 to H7F

TABLE 5.1 PAGE S5ELECT TRUTH TABLE OF LOAD RECORDER.

When power is first applied to the circuit, or after a
hardware reset, all the I/0 lines of the micro are
programmed as inputs. This will cause the C51 of U6 and GZB
of U3 to float (not committed to any voltage) before the

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

Pin 1 of the second eight input OR/NOR gate (U8) is
used to generate a logic @ for memory locations HP to H1FF
and a leogic 1 for memory locations HZ@@ +to HI1FFF. This
signal with the address line A8 and DS is used to control U3
at inputs A, B and C. The address lines are connected as
follows:

i) A8 is connected to A.

ii) Pin 1 of UQ is connected to B.

iii) Data Strobe is connected to C.

The +truth table below illustrates the chip select
signals for the RT(C, Display and Eprom, The outputs of U3

are active low.

Cc B A OUTPUT

%) 7] @

%) %] 1 1

2 1 7 2

2 1 1 3

1 %) 7] 4

1 0 1 5

1 1 @2 6 .
1 1 1 7

TABLE 5.2 MAIN MEMORY MAP ADDRESS DECODE
TABLE OF LOAD RECORDER.

5.7.1. EPROM

The eprom 1is selected when DS 1is a 1logic 1, and for
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memory addresses H20@ to H1FFF, that is,

7

= DS . B
= DS . B (&8 + A8)
=DS .B . A8 + D5 . B . A8

=C.B.A +# C.B.A
=C.B.A C.RBR.A
=6 .7
=5 . 7

CS

FIGURE 5.2 CHIP SELECT LOGIC FOR EPROM OF LOAD RECORDER.

5.7.2. RTC

The RTC is enabled when memory locaticns HP to H1FF is

selected AND address l1ine A8 is a 1logic @, for both

variaticns of DS5S.

This enables it to be selected between

H&Y and HFFE. Since G2A input is disabled for internal

memory the RTC is

G O Q &
Al el @l H

addressed from HOZQ to HZBF, that is,

— —— —

B .DS + A8 . B . DS

1
[ :bl

Q0
ool

C + A . ﬁ.. c

1
)
B

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 H1@D

to H1FF (A8 is a logic 1) and when DS is a logic 1, that is,
E=A8 .B.C
E=A.B.C
E =5

The address line A7 is used for the register select
(RS) Iline of the display module to select between the
instruction and the data registers.

The data strobe (DS) control 1line 1is wused 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 1is only

selected when data is read into the micro.
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1%}
I/0 + TIMER REGS
%1%)
219
INTERNAL RAM
STACK + USER
a7F
1e3%]
REAL TIME CLOCEK
+ RAM
@ZBF
oCca
UNUSED
OFF
100
DISPLAY
INSTRUCTION
“17F
189
DISPLAY
DATA
1FF
PAGE @

FIGURE 6.1 LOAD RECORDER H@@0 TO H1FF OF MAIN MEMORY MAP.
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77,%]%]%|
I/0 + INT RAM
2540
280
RTC
QOBF
BECaA '
UNUSED
7%}
@122
DISP
@G1FF
V200
7679
BYTES OF
EPROM
1FFF
PAGE @ PAG = @

FIGURE 6.2 MAIN MEMORY MAP OF LOAD RECORDER
6-2



l011]0%]
I/0 + INT RAM
POTF
o8
8K RAM
1FFF
PAGE 1 PAD = 1

FIGUORE 6.3 LOAD RECORDER DATA STORAGE MEMORY MAP.
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RTC 5] ] @ 4] @ @ 1 IC 7

DISP a 1 4] %] d 7 1 X EXT

EPROM 4] 1 1 X ¥ * * IC 5

8K RAM 1 * * ¥ * ¥ ic 6
@ - Logic zero

[y
I

Logic one

Both logics

X - Don"t care

*
i

Any combination of cnes

FIGURE 6.4 LOAD RECORDER ADDRESS DECODE MAP
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APPENDIX D

LOAD RECORDER SOFTWARE DESCRIPTION

This section

subroutine.

MAN

Routine:

Routines called:

Description:

contains a detail descrirption of each

H4P@

Hardware reset (cold start).

MRS; CONT; ©S55; SPRES; ONOF; JJT; KEKT;
DBUS; RTCR

Main Do FOR EVER routine.
Initialization of RAM, I/0, 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
MANZ27 and MAN1S and a background task
which are all the instructions betweén
the OS5TOP and WAIT imstructions. The
STOP instruction 1is executed when the
micro is idle and not during the RS5232
communication. The WAIT instruction is
executed when the micro 1is 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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8.3.

ICON
Routine:
Routines called:

Description:

CONT

Routine:

Routines called:

LDescription:

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.

Hb54F

Increments the present, total and
maximum demand counters for EWh a&and
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
presenf demand values are incremented.
The present demand values are compared

to the maximum demand and 1f greater the
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4.

SPRES
Routine:
Routines called:

Degcription:

IDEMP
Routine:
Routines called:

Description:

maximum values are updated "as well as
the time when it occured.

This routine 1is only executed if the
counting is enabled (legging mode) when

bit 5 of CARR is set.

H&CY

Reset routine for end of demand period.
555; IDEMP

This routine is only executed when in
the logging mode, bit & of CARR is setf
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 585 (records
period into data memory) is called, the
present demand values would be cleared
and the demand reriod 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 (DEMP) is then decimal

adjusted.
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8.

.6.

7.

DAAC
Routine:

Description:

5585

Routine:

Routines called:

Description:

HEPA

Decimal adjust for accumulator A only.
Performs a decimal adjust only on the
accumulator. This routine executed on
the value HIA would result in the

clearing of the accumulator.

H61F

Stores stack of data in data memory.
TACO

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 wvalues for KWh and KVAh,
day number, and demand period No., are
time tagged and stored into the 8k data
nemory independently of address
locations. Memory locations SAL and SAH
are used as an address pointer for
present logging position in the data

memory.



.8.

IACO

Routine:

Routines called:

Description:

The format in which the data 1is stored

into the data Ram is as follows:

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=22

no KVAh reading (©2)
YY=81 - only one byte

Yy=11

two bytes
XX - (same for KWh}
WW WW - EWh readings, 1 or 2 bytes
VV V¥V - EVAh readings, 1 or 2 bytes
DP - Demand periocd No. of the day.
HH:MM - Time at which demand period

ended.

B684 )
Increments address pointer and stores in
memory.

IADD; WMMR

This routine operates on the address
pointer with address of high address

contained 1in the index register (X).

This pointer is incremented and checked
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8.

9.

.18,

AFPS

Routine:

Routines called:

Description:

APNS

Routine:

Routines called:

Description:

if the maximum ram address is reached.
If it is reached the pointer 1is changed
to HOPAZ (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 Ran.

H6B4

Points address pointer to next FF

APPS; IADD; RMHME

This routine changes the address pointer
to point to the next start of text
character FF in the data ram. If
present logging  address  pointer 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. WMMR

Routine:

Routines called:

Description:

8.13. TADD
Routine:

Description:

HE6DC

Read from data memory.

MRS

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 HOZB
which indicates a memory read to the MRS
routine being called. This routine
returns with the result in the

accumulator.

HEEC -

Write to data memory.

MRS

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 XBEG is
initialized to H@ which indicates a

memory write to the MRS routine.

HEF8
Increments address pointer.
Increments 'the address pointer by 1.

The X register contains the address of
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8.14. DADD

8.16.

Routine:

Description:

ONQF
Routine:

Description:

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 HOPBEZ (start

of storage memory}.

H726

ON/QFF switching of display.

The input F key at port pin PAZ 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.

H78E
Jump to mede jump table.

The jump table JMR at H1A4d.

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 1is then mpultiplied by 3 (JHMP

instruction is a 3 byte instruction) and
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8.17. JKT

Routine:

Routines called:

Description:

8.18. DBUS
Routine:

Degeription:

8.18. GTCD

Routine:

Routines called:

Description:

then a jump table is referenced which
enables the mode number routine to be

executed.

H76E

Jump to keypad jump table.

Jump table JMEK at H1840.

Register KKV contains the activated key.
The offset 1is then computed and the JHP
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 continucusly 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

8.

8.

8.

21.

22,

23.

Routine:

Routines called:

Description:

STCD

Routine:

Routines called:

Description:

STACH

Routine:

Eoutines called:

Description:

PXM
Routine:

Description:

H7A5

Get a number from display.

DBUS

Reads the ASCII character at the display
the index

location contained in

register. It returns with the result in

the accumulator.

H7B3
Stores two numbers inteo 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.

H7D2

Stores a single character into display.
DBUS

.oontained in the

Changes the byte

accumulator to ASCII and stores it into
the display using the display qddress

contained in the index register.

H7E4
Prepares index for mode.
Prepares the index register for the mode

selected to acconplish a DO CASE

function with-the jump instruction.
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8.24. IACR

8.

.25,

.26.

27.

Routine:

Routines called:

Description:

STAM

Routine:

Routines called:

Desecription:

STNM; STNMI;
STNM2; STHNM3

RBoutine:

Routines called:

Description:

CTBM

Routine:

Routines called:

Description:

H7EF

Increments address and read.

JADD; RMMR

Increments the indexed address memory
pointer and reads the data from the
memory.

HBE23

Stores character into memory buffer.
IAC

Converts the character in the
accumulater to ASCII and stores it into
| block which is used

the memory buffer

for RS232 communication.

H815; HB826; H84E; H866

Stores characters into memory buffer.

STAM; IACO
Converts more than one character +to
ASCII and stores it into the RS232

memory buffer.

HB889
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. KBN

8

.29.

.3a,

Routine:

Routines called:

Description:

EKBA; KBB; KBE

Routine:

Routines called:

Description:

'KBC

Routine:

Routines called:

Description:

accumulator.

HB8986
BCD number
STACH; PXM; JNT

This routine is executed when a BCD

number is presszed. An immediate return

cecurs 1if +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
epecific mode by using a jumr +table for

a DO CASE function.

H8B2; H8BB; HS8(C4
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 1is pressed which enables the Edit

mode or changes necessary values
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8§.31. KBD

8.

8.

32.

33.

Houtine:

Routines called:

Description:

STCL

Routine:

Routines called:

Description:

WVM

Routine:

Routines called:

Description:

derending 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 (SMJIT)} to execute the change

subroutine for the mode selected.

 H8FC

Mode change key
UDA
The mode

select prompt 1is displayed by

calling routine UDA. 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 EWh and KVAh

readings.

HS8E

Multiplication routine
UMD; MUL
This routine multiplies the pulse count

to the pulse factors to achie#e true

values for the display. The memory area

from HAG to HAF and HB®@ to HBF 1is used
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8.

34.

for the multiplication process for KWh
and KVAh respectively. The multiplying
factors are placed into memory locations
6 to 7 and the pulse count is placed
into locations 8 +to D. The product
would appear at memory locations @ to 5.
These locations are all relative to
memory area HA@ and HB@. 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 wused 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
decimal adjusted products are updated in

the display by the mode routines.

R5232 Description.

PB6 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 RS5232 format wused 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 RS5232 is as follows:
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FIGURE 8.1 RS232 TIMING DIAGRAM

The timer interrupt routine contrels 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 TXER 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
timey interrupt routine RXR i3 executed when the timer,
tiﬁes 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
# a single stop bit is set on the port. For the bit counter
>8@ 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 8 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 RX

ii} Controls hand shaking using TXON and TX(QOFF 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 RSZ32 routines are:

RXR -Timer interrupt routine for bit transmission.

RTCR -~Control routine

RXSR -Receive initiate

TXSR -Transmit initiate

8.35. BXSR HAFF
Routine: Receive data
Description: This routine is called from the main

interrupt routine when the firs? 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
occcur 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:

Degcription:

8.37. RXR

Routine:

Description:

HB@D

Transmit data

Enables a transmitting segquencing only
if not presently busy transmitting or
receiving. The on chip timer is
programmed for the bit +time, to allow
the timer interruprt routine (RXR) to
control the rort for serial data

transmission.

HBZ@

R5232 interrupt routine.

The timer interrupt routine which is
used to control the R5232 serial
conmunication on two parallel ports.
This routine is divided into two
sections, namely, an RX and a TX
section. The RXTY 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 po;t, one
bit at a time. The received information
is rotated from +the RX port into the
RATX register. The Dbit timing is
programmed into the timer each time this

routine is executed.



8.38. RTCR
Routine:
Routines called:

Description:

5.39. BUFU
Routine:
Routines called:

Description:

HBB2Z

RS5232 control routine.

TXSR; Jump table RXIN,

This main RS5232 control routine is
called from the main DO FOR EVER loop.
It controls the data communication with
the HF85 computer., Transmitting of data
is dependent on instructions received
from +the HP85 computer. The Iload
recorder enters into a wait for
instruction mode (from R5232) when
activated after inserting RS5232 cord.
R5232 communication is half duplex
because the same timer is used for both
BRX and TX. The XON and the X0OFF signals
are used for hand shaking between the
two computers. A loock-up jump table is
used to execute an instruction received
from the HF85 computer which downloads

requested infermation.

HC@A

Updates RS232 buffer

IACR; STAM; STNM1; IACO; CTEM

This routine 1is 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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8.40.

§.41.

INGG

Routine:

RBoutines called:

Description:

ING1

Boutine:

Eoutines called:

Description:

the buffer, ready for downloading. A
sum check byte is calculated for each
batch (a demand period) and also stored

into this buffer.

HC9D

Start instruction

BUFU; TXSR
This routine is executed from the
instruction Jjump table (RXIN). It

resets the RSZ23Z2 pointers and updates
the memory buffer with the first demand

period.

HCB2

-Transmits information

IACR; TXSR

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 information
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 1locad recorder to send
information (or word) number two in

buffer.
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8.

3.

8.

42,

43.

44,

.45,

IN@S; IN@S; INGA
Routine:
Eocutines called:

Description:

INOB
BEcutine:
Routines called:

Description:

INGC; ING@D
Boutine:
Routines called:

Description:

INGE
Houtine:
Routines called:

Description:

HCE3; HCF9:; HD@A
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,

This instruction switches the R5232 off

{idle mode).

HDZ23; HD7A
Starts variables

IACR; STAM,; TXSR; STNM1; IACO

Updates the R5232 buffer with the start

variables consgsisting of the start time,

the date, the pulse Ffactors and the

divisors.

HD97;

Acknowledge.

TASR

used to send an

This routine is

acknowledgement to the HP35 computer.
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g.46. MEMS:; MEMR
Routine:

Description:

8.47. MRS

Routine:

Foutines called:

Pescription:

8.48. MODx
Routine:

Description:

HDA3; HDAB

Data memory read/write

The internal Ram area is the only part
2f the memory which is common to both
menory maps. These two position
independent routines are copied into
this area and accessed when the data
memory map 1is 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.

MEMS; MEMR in ram.

Controls the routine which is used to
initialize the MEMS 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,

MEME)Y H39 to H3F is called.

x- mode nﬁmber

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.

g.5a.

8.51.

8.52.

YDx
Routine:

Description:

UDx
Routine:

Description:

MPx; MNx; MTHNx
Houtine:

Description:

HINT

Routine:

Eoutines called:

Description:

X- mode number
Updates variables.
Updates the

variables 1in the display

modes as selected.

%X- mode number
Updates diaplay
Updates the fixed data in the display

modes.

¥x- mode number
Moves curser.
the display in the

Moves the cocurser on

edit mode to the required position on

the display.

H14B4

Main interrupt routine.

RINT; RINT; INPT

interrupt routine is executed

This main

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 the RTC and thse

keyboard. The INPT routine is used to

debounce the input pulses on the 19ms

interrupt.
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APPENDIX E

9. LOAD RECORDER FLOW CHARTS.
9.1. Main routine (background task).

Initialize Ram; RTC and display

DO FOR EVER

D0 Counting routine for input pulses
(KWh and KVAh)
| IF Stack to be stored (period of data) |
D0 Store stack routine |
| IF In logging mode |
DO Reset routine 1
DO On/off routine for Disp + keyboard |
| IF Display on |
[’56‘&;;&’&65&’2;QQ;SQEEQ;S '''''''''''''' ]

! [ 1 1 2 ] 3 J 4 ] 5 ] 6 ] 7 ] A
S TR SN NIPUpUI FNRSIPEIpIS JNPDN I VRN SN SENPUP IR [ ——
IF Xey pressed REV not = HFF

e e e e e e —— — e — - — e —

IF R§232 enabled

THERN ELSE

DO RS232
control routine

WAIT STOP




g.2. Subroutine Update Day and Time

e e ——— A ———— L ———— ———————— ot Atk —— —

Check display busy (DBUS)
Clear whole display

DO FOR X=@ TO H1F
LDA WITH MODF1,X

IF A NOT HAQG (space)

———— N . .  — ——— —— ————_—— —— —— —]

]l

LDA WITH MODF1,X
IF A NOT = HA®

N e e T R

SvoT

Load X with first var of disp
Store into disp Y/M/D

Load X with first var+ H4E@
Store into disp H:M:S5
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9.3, Count input pulses

e o —— -

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

IF PRESENT > MAX

SET update display bit

_______________________________ "
[Update max valiue

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

IF PRESENT > MAX
Update max value

Update time for max value
SET update display bits




9.4. Demand p

S——

THEN ELSE
Retrieve ADD HE@6
ACCA
IF > HY99

eriod reset routine

[ e e e e e T - —— A ———— T ———

THEN

Clear 1min exp bit

Clear reset bit counter

Enable stack routine

DO routine STORE STACK

Clear reset trigger bit
(5,FRED)

Clear mulse counters

SET update display bit
{(B,FEED)

Record seconds for start of

next period

IF LSN=HPBA

IF imin exp bit SET
(3,FRTC)

DO routine IDEMP J




3.6. Store stack of data in memory

Get day No. (CARR)

ELSE

Fetch MSR (FPDW)
Store in memory
(TACO)

Fetch LSB (PDW-1)

ELSE

Fetch MSB (PDVA)
Store in memory
{(IACO)

Fetch LSB (PDVA-1}
Store in memory
(IACO)

ELSE

Fetch time from RTC and
store in memory

Store end of text CHR$
in memory

Clear enable & second
half bits (6,7,FRED)

IF second half bit NOT SET (7,FRED)
e

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

I¥ MSB of PDW

Store in memory (IACO)

IF UIP of RTC SET

THEN

SET second half bif
{(7,FRED)




g.7. Data memory Read/Write routine

Update address for both routines
SET interrupt mask

RTS

DO CASE

T R ——— e L d e A e AR v A e ——

XREG=HJ8 XREG=120
SET PAQ SET PAQG
Read data Write data
Clear PAD Clear PAQ

i ———— e i AL AN - —— ——— . —— . MA - —— o — AM a= ma ——

Debounce input port ('F° key}

IF key active

rSET CLEAR
Switch ON Switch OFF
Clr switch off

counter

Set bit 1,FDIS




9.9. RS232 Control routine

g.

9.

1.

— e e e e T - m = — A

IF TX not busy (2,FLGN CLR)

IF BYTE received bit set
(5,FLGN SET)

THEN ELSE

IF first time switch
on (1,GNFL CLR)

e Lt ]

DO ROUTINE *Bx

ROUTINE xAx

ROUTINE *Ax

IF XON was sent (2,GNFL SET)

e e e . e - —— — — — A ———— ——— e a ]

IF instruction in limits BSR TXSR (XOFF)

SET 2,GNFL

THER ELSE XOFF sent

PSR TXSR EQLA B3R INST TABLE CLE 3,GHFL
RX tusy
CLE byvte recv
bit {(5,FLGH)

e e e . R e = ——— o — ———— — . ———



.9.2. ROUTINE *Bx

ROUTINE *Bx¥

IF fault bit set (4,FLGN SET)
THEN ELSE
IF XOFF was sent (2,GNFL) IF XON not sent
{3,GNFL)
THEN BSE TXSER
----------------------------------- XON sent
BSR TXSR XOFF BSR TXSR repeat
CLR 2,GNFL
SET 2,GNFL CLR Z,FLGN XOFF bit
XOFF sent
CLR 6,FLGH
CLE 3.GHFL CLE 4,FLGHN mask int
fault bit
RETUERN
.13, Main interrupt routine
MINT
SET interrupt mask
IF key released (@,FLGN <lr)
IF PA1 SET
[DO KINT
DO RIRNT
CLI
RTI
.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 EKBTAB and
store in KRV

SET reread flag bit (O,FLGHN)

S e T PR ———



12,

Timer interrupt from wait state
SET BIT 7,FDIS

IF INT after wait for disp

Load H4F into TCR

[ Stop timer

9-9
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APPENDIX F

1@. LOAD RECORDER SOFTWARE LISTING.

The following pages represents the software listing of the

icad recorder assembly language program.
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Qs
fone2
111 ]
B84
60095
Lok
LEdE7
kooog
ioeee
16410
o

BEfs2
80813
broi4
1oes
$ed1s
88817
ifeim
peoie
gasce
3]
booz2
§oez
godat
4iF
todzs
Leez7
pooze
pro2?
803
tobds
joes2

80033
i
1n
44 X1
88037
Estis
16637
il 13
goeat

bggs2
Bood3

06644
B0Las
Boksd
6607
86048
G0y
3]5%]
go0si

gses2
i)
Bods4
801085
IR
10027
§E6SE
Doy

H 23 )
L13)

(1] 1%
b0os3

GEGE4

une
3113
2083
tz02
G3s
8EGE
2613
514
tgi2

£8is

1%A
L
E07C

A
A
f
A
A
A
b
A

e X

L -

OFT  P=b4

7L LOAD RELDRDER
FREFEEXRELF EREENRE HE R A MR FATERR NS
* SOFTWARE LISTING FOR THE #
] LOAD KECORIER ¥
HEN IR R R AR IR

HE R R
% HACRO IKSTRUCTIONS

¥ OFOR MCIZ6BIGER IC =
BHEELEERRR MR SRR R R XY

¥ ST0P INSTRULTION
*
ST KAk
FCB  $&E
L
H
¥ BAIT IRSTRUCTION
BIT  #a2
FCB $8F
LK,
H
¥ ETRIES
¥

EME  ESU $0D END OF LINE K3 INS CR
Elih  EGH  $EB nEK CHRS I Cxi2

XN ERY sid TX D8 INS (ETXD

YOFF EQ sf2 TX OFF INS {5TX)

X B $0 REPEAT INS (EW)
AR EQ SiE R5232 O IS

AAEb ERU 13 TEW? STORAGE FOR

XREs  EG $14 ACC & XREG

Lok ERd s CEMERKL FLAL RZG
IG-REREAD KB FLAG
D1-ON/GFF DERDUNCED
De-TX EIT

B3-RX BIT

D4-FAULT BIT

LE-3YIE XX BIT
D&-NASK INT BIT RX
07-#cd FULL EIT
DA-PRESENT LEMAKD
Pi-HAX DENAKD

D2-T0T DEkAND

P3-¥%y TRIC BIT
B4-kVah TRIC EIT
D5-RESET TRIG BIT
D4-STORE STACK IN MEN
17-STIRE STACK IN HEM
EQU  s9A Keh CR/D7-TEXP I/F
EQU  $%B KV4 CTR /D4~BEINS DEB
EQU  $5C STORALE ADIRESS

wn

D EQE %

mggﬂ**m*m*;‘ﬁ***ﬂ***

25
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PALE 802 MA SA:l LDAD RECORDER

§E085 0063 ASA EQ) 9D PRESENTLY I

bo06s OCM A STMEN ER $E)  STAKT GOF DATA IN BK NEW
F00&7 MBE AR EQU  $8  RESET CIR/DS-DEROUKCED
10068 BIF  ACPI EQ  $BF  PERICDIC INT COUNTER .
60069 1821 APN ERY 821 PRESERT BEH K

1Y) 0629 APWA EGU  $29  PRESENT DEN KVA

88071 023 AW EQU  $23  NAX DEM ki

£0e72 B0 A MW EQU 2B HAX DEN KW

$8473 2k ATW EM  s2b  TCT DEN K

bo0%% MWE  ATWA EQ s TOT DEN KVA

L8075 §616  ABIET EQ  $16  BIT CTR FOR RS232
2007 GEI7 A PRTY EQU  $17  PARITY CTR RSZ32

15077 (618 ARMX E  $18  RX,TX DATA IEG

00078 0027  ACSR EQU  $27  CARRY STOREDGE REG
G679 * A B,

B0EE 3 Ba-D4Y CHNG BIT

60881 ' DE-ENABLE/DISAELE COUNT
008E2 COF  ANL EQU  $AF KULTIPLY ERABLE

$6ee3 G050 AKKY ERU  $90 - KEVEGAD VALUE PRESSED
00154 M AFRIL EQ ¢5) FLAG REE FGR RTC

80683 % D7-IRGF, D4-PF  U5-4F,
6008 P B-UF—RTC

80057 % 12-PF, b1-& D0-UF—IKT
L s F3-RESET BIT ROUTINE
to6es 051 AR EQU  SS1 ALARN COWTER RES
§0E9S G072 A SR ERU  $52  SANPLE PERIOD REC
$5051 611 AFDIS EG %11 ISP FLAG RED;2-DN/OFF
50892 * Bi-FIRST TIME,D7-WAIT
§L053 : FIR DISP,BA-ON/OFF DEEG
30 094 P I3-FIRST TIE ENTER NCD
88055 ¥ D4-UFDATE FOR MIS 4;5;6
10e ¥ I5~POINT OW DISP

46477 % D6-LEADING ZERD BIT
§0e% 619 ACGML ERI  $19  DO~EMARLE RX/TX

80599 : DI-15T &4 ON RE2E2
£071 ¥ B2-XOFF JUST SENT
bELLd % TI-XON  JUST SENT
Fi2 * T4-MSB FOR 4 3I7S
06303 i I5-% OFF RS232 BIT
10t 6014 ARMO ER  $1A  KDDE OF RECEIVE

L6105 G0 ARSH EQU  SIE K523 RUSS ENFF

20168 GOF ARSI QU $IF

£0:07 101 ARG ERU  $1B

a01i8 POIC ACREE EQ sl

to189 BIPE AR EQY  SE  RS232 ADD MOINTER
§e11d B0 ARSL  EQU  e9F

ket G640 ADRS EQU 440

§0112 BCAl AERES ER 41

65153 1022 APLE Y $42

80114 1043 ACWS ERJ  $43  COIAWTER FIR RS232
6£135 §644  AACTRS EQU  $44  SEC (TR FOR IKIN OFF
10115 0045 A DU EQU  $45  CTR FOR SWITCK OFF
12117 8046 AMID ERU  s4b  DATE FOR AAX DENAND
80118 V47 A KD EQ! 847 MONTH FOR KAX DEWAND
£9119 0343 ANE EQU  $48  KOLRS FOR KAX DENAND
50128 0049 A NI E0 %49 MIN FOR MAX DENAND
tot2t 0093 AMRD EQU  $93  DISP KODE REG;T-SET
10122 s Bé~6-RODE

25123 64  ADM EQ  $%4  FISP ADDRESS REG

10174 030 A MM EQU  s3) START DF MK READ/MRICH
§1125 0095  ADEW EQU  $05  DENAND PERIOD

60128 80%  AXVIZ ERJ  $9  XREC FOR VD2

59127 G057  AMADA EQU 97 ADDRESS LOCH FOR

0012 G098 A MADL EQU 898 HEMORY
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PAEE 003 HA .54:1 LOAD RECORDER

00129 59 AMED E® %9 NEMDRY FOR MOLE

19130 GOBY A PORTA EQU 03

09131 B0 APHTE KU $01

6013 DCB4 A DDA EQU  sOA  DATA DIRECTION REC
20133 WIS ADIB EQ 8IS

10134 0609 A TOR ZRU  $69  TINER CONTRDL REC
03135 603 AT EQ  $08  TIMER DATA KED

1913 0150 A DINS £QU  $i00  DISPLAY INSTRUCTION
00137 0180 A DDT ECU 180 DISPLAY DATA

3013 2080 ASEC ER  s8)  SECONDS=IC

00139 G8B1  ASELA EQU  set  SECONDS-ALARM

00348 ge82 A NIK  EQJ  $82  NINUTES

L0141 0053 AMIEA EQU  $6%  NINUTES ALARY

§0182 BIB4  AKRS EQU  $B4  HORS

th143 G085 AHRSA EQ 855  HOURS ALARM

09144 §686 A DDY EQU $B5 DAY OF WEEK

28145 $837 A DMTE EQ 87 DATE OF MONTH

20145 1088 AN EQ <88 HOKTH

£0147 MY  AYER EU 89 YEMR

00148 0058 A ARTC EQU  $83 A CINTROL REG-RIC
£ei49 §688  ABRIC EQU  $5B B CONTRIL REB-RTC
10158 DIBC  ACRTC EGS  $8C  C CONTROL REG-XTC
$0154 G663 AIRIC EQU ¢80 D CONTRIL REG-RTC
§0152 GOAY A DN EG) SAD KW DISP RERDING
18153 B30 ADEVE EQU  SBE VA DISP READING
89154 1680 A MODYI EQJ  $1AB  WODE § DISPLAY FORMAT
£35S ¥ VARIARLES (371 U730 PRE
§01%% ¥ B-3F BLOCK

40157 1E0F A WV2 EQU  $1EDE  MGIE 2 JISP FORKAT
SEE: 1760 A POW3 EQU S1780  HODE 3 DISP FORMAT
83159 1700 A WCDVE EQU 1760 MODE 4;5;6 DISP FLARAT
§0140 1A% AFAV  ERY  $1A80  FIRST AVAILABLE WARIABL
60161 1800 & KETAR EAU  $1660  MEYEGARD CLDES

80182 1820 A G2S6 EQU  $1820  KD4;S;h AP TAR

19163 1840 AJH  E@)  $184  KEYBORD JW T4B
B0ib4 168 A KODF1 EQU  $iCLP  DiSP FORRAT KM
§6185 1020 & MIF2 EQU  SI1C20  DiSP FIRWeT HOD2
80165 136 A MODF4 EGJ $1CB  DISP FORMAT MG

34147 ICAE A WOIFY EG)  1CA3  DISP FORWAT MOD3
(0158 1008 A KODFS EGD 1006 DISP FORMAT HGDS
L4149 1320 A KGF6 ER 41325 DISP FORMAT H0D4
§0178 1080 A KOBFY EGU  $IDAD  DISP FORMRT MR

£8171 1050 . A MODFA EQU  $iDBD  LISP FORMAT HODA
B0ire 100 A WD) EQ  S1E08  DISP FORMAT FOR NAMES
16173 1288 AR EQ  SiA4E TP TARLE

£Bi74 1986 AJAT ERU #1980 NOVE 70 TOP LGC WP TAS
e 1940 A JET  EQU  SI548  WOVE TO PREVICUS TAB
061% 1986 A INT E@  SI19BD  NEXT LOC JKP T4B
86177 1686 ASKIT EQU  $1EB6  CHANGE JHP TAB

30178 1858 AESH EQU  $38E0  EWABLE SET KGIE TeR
0179 10 ARXIN ER) SIRAN NP THS TAB FIR REZRR
2038 1740 ARIWT EQU  $1743 LU 0P ThE FOR EMD
§0181 x (VIRESS FUR RS232 BUFF



FAGE 04 WA

183

bOIE4

e

PO IES

§0187

§0188A 0400
Lo1g?

to1m

H IR H

§0152a D4R %8
EB173A 8401 9C
§o1%4A 042 F 06
BO195A L4484 28
§019%6A 0836 B7 1Y
881978 {418 A6 17
601987 0404 B7 04
- BE19%A Q400 A5 AD
§0Zata GSIE B7 05
G02hA SAIR RETT
po242a 0412 7
§o2esh €413 oA
BO22A 0414 A3 10
G204 1415 24 FA
B02isk DAIB AE BF
£L2h7A T41A TF
502838 D41B CA
BO2694 $41C AT EE
BOZikA DLIE 24 TA
EO21iA D429 &E UF
JR212A (422 T DDAS
562134 425 £7 3B
202185 427 A
G02154 U428 AT FF
§0Z16A G424 26 F6
£e217A CA2C &5 8F
02184 (42E B7 78
§0219A §430 37 97
$h22kA 0432 AE 97
BE221A §4%4 IF 14
BBZ22A 0436 ko §0
QE2E3A §428 4D OO
302244 D434 34 78
062254 G43C B6 9B
§022eA D43 A1 BO
SE2Z7A §440 4 PR
§0238A 442 X 42
(62297 €444 20 85
02364 0446 CC ELI3
BO231A §449 3C 42
fpas?

B

Bezl4

geIs

B023%

0237

0323ch 0433 #6 79
BE2IFA §44D E7 BA
BO240A DMF RS F2
£024:A 8451 57 EB
B0242A 0453 RO FF
BE243A §455 B7 85
002344 0457 §7 B3
$82454 (459 3F 81
BO24LA D45B A B7

SA:

S T T I B X Ie

B41A
A
A

1432

1448
!
f

Tl D o I

LBAD RECORDER

FHE NS ER
E BAIN PROCRAM &
R EHE N EEER

i AN 0

4 INITIALIZATION

KN SE1
RSP RESET STACK POINTER
CLR  PORTA  ENSURE KAIN XCWORY MAP
LDA #3520 SWITCH KEYBIARD
STA PORTB  OFF
DA $Z04019081 DO;D3;54-0/PS
STA DDA
LDA  $X10186080 D7;05-0/7S
STA  DDB
LDX  #7F  CLEAR ON CHIP
WL LR X HENORY
bEx
LY #8510
B3 MANI
LIX  #SKF  CLEAR RIC
K2 CLR . X RES
DEX
X #s8E
BHS  HAKR

LIx  #s0F LIAD RAY WITH RAY

WANI4 LDA  KEKS,X  ROUTINES
STA EENX
D
X ASFF
BNE  HANIA

LbA  BEF CiR MZEZSSARY REG
STA  KARL iN B R~
CLR MR

BARE  LDX  #HADH  ADD OF HIGH ADD
R XREb STORE
LEA  #sif PATA-48
ESR HARlS BES
PEC MR
iba ML
{sF #80
B  MANG
RS PLOG
R4 BANIS
KANIS P MRS
ke PLOG
¥
¥ INITIALIZE RTC
¥ FERIGDIC INT-125HS
i ALAM INT-EVERY HIN
¥ UPBATE IN FROGRESS-ENABLE
£
KAN1A LDA  #X93111801 10WS;DISARLE CLOCK
§Th  ARIC
LDA  #211110010 247 KODE
SR ERTC KL INTS ENBLED
LDA  3$FF ALARN INT-
STA  HRSA EVERY KIN
STA  HIKA
OR  SECA
LDA #8387
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PAGE 003 MA R-UH |
B02474 43D K7 B9
BO24CA 043F R 01
66245A §4b1 E7 B3
00258A 0453 B7 87
BO2DIA 6465 A6 23
EDZ2A §467 57 B4
BO253A D46P 3F B2
102544 (4B 3F BO
" BO255A 48D A6 72
FUZELA D45F 7 8R
§O257A 1471 A6 29
§0236A 0473 F7 8A
§C209A £473 A4 08
00268A 0477 E7 93
RE2LIA 1479 §7 99
a0z82
0263
BC264
§0265A 047B 46 04 4
Gt2eeA BA7D T4 ¢
f027a 47E
BO26BA L47F 65 10 FT 047
BOZE0A 0432 15 18 A
SE270A L4E4 M
LOZISA 0485 26 F7
§0272A 487 Cb £1ED
ED273A (4RA F7 94
BEZT4A 048 A6 D1
BOZ75A Q45E EE 94 ED 047
30276A 1491 &b 01
BU2T7A D493 C7 Q1M
02757 D4%5 A8 4D
§C27%A 0478 E7 09
BEZEOA B354 A6 34
QOCEIA G47C B7 8
ge2B2A BA%E 11
E0283A 048D AL DD
DU264A [4AZ BT 1Y
SOZESA 464 9A
BRZELA §4AT
L0874 C44s Co G160 A
£62854 R4AT BT 94 f
BO2TA D4RD 0E 94 £8 1498
E0270h SAAE
TUZFLA C4AF A5 23 A
§0252A 4k 07 9180 A
§0253A oap4 13 11 &
BO294A BoBb A6 14 A
A
A
A

D DD > > D YD D

e}

o m

o

Lad I -]

> > I e o

202954 2488 E7 6B

00296A BaTA 26 BF

802974 (4KC £7 09

£02984 G4BT S

BBCHRA C4FF

g030%A £ACH Co 010N A
§03HA 0403 87 94 A
C4382A $4C5 BE 94 EE E4RBS
GO3N3A 0408 9B
GR304A 0409 A6 T8
GO345A 04CR C7 B0
Be3deA G502 A6 14
Q03I7A 400 F7 68
pE30BA §4D2 A5 09
§E3MTA 0404 F7 09
BE310A 04DA T

D oo I > P

EAK3

HAN4

]

LOAD RECORDER

§Th YEAR

LA it

54 WOM

5TA  DATE

LA #23

§TA  HRS

arR  WIN

R SeC

LA 231110058 KIN SET KODE
STA  ERIC

LDA  $XI010183) EMARLE CLOCK
STA  ARTC

LIA #4101 ENABLE KODE 1
STh  HRD

STA  HNRD KENGRY FOR NOLE

IKITIALIZE DISPLAY

LhA
(L1
5T
KRCLR
FCLR
LECA
FNE
tra
574
L4
BREET
£
£74
LA
5TA
L4
T4

| 73
LDA
£
Gl
RRIT
LDA
STh
BRSET
Stl
iDA
£Th
ESET
LA
5Th
LA
§TA
CLl
BAIT
DA
§TA
ERSEY
Sil
LDA
5TA -
LbA
5TA
LM
§TA
£Ll

$$04  DELAY FOR

SHLAS FOR BISP
10 SETILE TOWN
2, ERTC, MANS
2,RRTC
HAKS
DINS  CHECK IF BISP
DR IS RSy
¥st1
7,DAR, KAN
3501 CLEARS ALL DISP
DIKS
$201081101 INTERKAL CK;3241CS PR
TR INT KASKED
¥52 SOREMICS:,7MS
R

7,FRI5  FLAG FOR DISP INT FROM
Z80061181 WAIT STATE

o

RAIT  FORINT
DINS  DISPLAY BUSY?
R

7,04, Kékd

$200601080 DISP OFF,CURSER OFF
DIRS
2,FDI5 DISP OFF FLAG

120 SET TINER FOR AONICS DE
TR

¥200001051

1ck

bINS

DAR

7,D8%  ANS

$X00 10000 2-LINES
DINS

120 4MICS DELAY
™

$266061001

TGR
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FAGE 00b MA BT |
003114 £4D7

$0312A DB Cb 0180 A
§0313A BADB B7 94 )
203144 D4DD E 94 EE 04CE
0e315A BAELIF 1 A
B03teA D42 9B
DRA317A CRET A 79
903187 B4ET 57 BA
§031%4 GAE7 Bb EC
00326A 0K9 TF 10
BE321A B4AEB 46 29
203224 (4D F7 BA
863237 (4LF Ab 4B
§03244 04F1 B7 08
053258 U473 RAk7
B03ZEA 044 AD 17 @D0D MAN26
o327 ¥

L

BOEBA G4F6 AD 13 25U
§8329A [AFB 2D 19 Q013
§03I0A C4FA AD 1R a1b

083354 T4TC §4 11 64 6547 KaN9
9033zA OKF RE 93 A

§673A {301 AD 1% 00IC
GOI38A LUET A FF A HANI3
S0%I5A €585 71 90 A
DOZ3A CH7 T 20 529
DB¥I7A ESEF AD OE 0519
goTIaA 0B 2013 IS
80337A G000 CC £54 A HARZ
IR3&A 5IB CC f61F A RANZ3
§03414 8513 OO E5C i BARZ4
Fost2A 0518 CC 974 A NAN1G
003444 §519 CC 6768 A NAKL1
802444 GUIC LCATE A KANI2
823454 $I1F OL 3766 L
§07%stA G322 CC [BR A BANZD
be3a7A $055 ré FF # a7
Bpaga 0527 W1 90 A
fig34%A 0529 €2 G0 02 DS HAK1R
s0%ha 0020 1112 A '
$U3S1A USZE 21 19 06 6337 MANZT
BOITeA 0351 D EF OS2

ae354 1553
803544 0534 LT 944 4
BO3SEA B337 CC B4FY A HANTT

i

L0AD RECORDER
MAIT
LDA  DINS
STA  DAR
BRSET 7,D6R, HANG
KR 7,FBIS
561
LA $201111E0 STOP RTC
STA  ARTC
L] CHOC  CIR INTS
CLR  FRIC  CLE ALL RTC FLAES
LDA 4284101001 START RTC
STA  ARTC
DA  $448  TINR IN OFF
STA TR
STIP MAIN  STOP INSTRUCTION
PSR MAXZ2  UPDATE COUNTERS FOR
1/b METERS
BSR KAKZZ  STORE STACK
BR  MANM RESET
BSR  KAKIE  ON/OFF SUBROUTIME
BRGET  2,FDIS,NAKI3 DO HOT PDATE ISP
LX KD IF OFF
ER  MANIZ R O P TO W TAR
(D4 #$FF  KEY PRESSED
oP K
BEQ  MAKIS  ARORT IF ND KEY PRESSED
B OEANLL
WA HANIZ
W CORT
W S58  STORE STACK
TP SWRES  FESET ADUTINE
M ONF
woONT
I
P DRUS
™ RTCR  RS2:2 ROUTINE
LDA  #$FF  RESET kK
§TA KKV
ERSET 1,70RTA,MANZT
FCLR  O,FLGH  REREED KB FLAS
TROLR  0,GNFL,MAN9 RX TX EMARCE
BSR MANZS  RS2I2 BOUTINE
WAzl
HANZH
I Ly
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PAGE (D07 MA SA

HESY)
18358
10359
00368
B2381
90362
§03634 {53A 87 13 A
833444 O53C &L 05 h
103454 853 Eb 85 A
003664 540 AB 00 A
{03674 (542 D 08 §34C

LOAD RECORDZR

HEREEIE NI N B KRR E R R R AR E HERERD
¥ DK COUNTER + DEC ADJUST &
¥ X-ADDRESS OF LSB-5 *
¥ AND. OF EVIES "
HEF AR R SR RN 2 ER
ICON STA  AREC  SAVE ACCA
ICONt INC 5%
A 5%
ADD 4808 CARRY & H.CARRY=0
B ICOKS DA

003684 0344 24 05 (54D BC  ICON2
EJ3894 6348 Sh - X

B0I7HA 0547 3A 13 A Pl AREC

EO371A 8549 25 F1 0SS BE  ICONI
003724 0B 81 ICON2 RTS

EE3734 0540 CC DALF A ILOKT IMP DAA

103

s EEE R R KRN A EERTARE
80376 ¥ COMNT SUBRGUTINE
§an FEEEEEEEREE R R R RN R

ERI78A 0S4F 63 27 76 ESCR
D094 0552 07 15 2A OTF
43204 6355 AL iL A
0d3EA B357 #b 02 A
BL3E2A 655% AD BF 0334
BO3E3A DIIB £ 21 A
§0I54A O5SD AL S ]
GO3E5A 03F ADD?  GS3A
BD384A §561 18 15 A
§83c74 0561 1415 A
083884 4545 B6 20 #
03874 057 Bt 22 A
EOUOBA EO6R 23 KB GO7E
PO3MIA PNEB 26 10 457D
EI9ZA 056D B8 21 A
§0373A 0%F 3.5 A
bO35a4 8571 288 £57D
$02p5A 0573 BA "‘1 A
E$356h 4575 B7 23 A
GOS7A D377 B6 20 A
£03984 L579 B7 &2 A
063974 G27B 12 13 #
§C408A BE7D 17 15 ]
02814 GSTF 07 15 46 9508
H4b2A (5B2 AT 24 A
BR4I3A DSR4 AL 02 A
BE4E4A GoE6 AD E2 LS53R
DB4icA 053 AL 29 A
E430A B5BA B B3 R
BO4I7A BI8C AD AC  ©538
§4498A DSBE 18 15 A
§04I%A 0590 14 15 A
bE4ibA 6592 6 28 A
Bl4iin 004 BL 2A ]
DB41ZA 576 22 %3 G5AD
264134 03 26 20 &SC

GE414A C5°A BA Y h
804154 C37C B1 2B A
BE4l6A LOTE 23 26 45D

B04174 §5AG P& 29 A
904185 B5A2 E7 B A
B0415A 45h4 B5 28 A
ED42EA §546 7 2A A

CORT  EROLR  §,CARR,CONs CONT DISABLED
BACik 3,FRED,CON3 TRIGER BIT

LLX  #PDE-3

LBA  #%02 2BNTES
KR ICDR

£DX $TOW-5

LA #8503

BSR  ICON

BSET  6,FRED  (PDATE DISP
FSET 2,FRED  UPDATE DISP

Loh FLU-1
Crp  KEIN-1
Eil  CONL
BNE  COR2
A FLW
o O 4
B3  CON2
Cox1 D& FIW
STA  XIW
LpA  PIM-i
Th o K-l

RSET 1,FRED  UPJATE DISP
CoR2 BECLR 3,FRED
LON3 BRCLR 4,FRED,CONG TRIGER BiT

DX  #FIVA-G

oA #§2 ZHYIES
ESR ICOH

LEX  #TVAS

LDA  #58¢

FSR  ICOM

BSET  O,FRED  UFDATE DISP
BSET  2,7RED  LFDATE DISP

kDA FNA-L
CrP KDVA-1
BEI  CON4
ERE  LONS
LA FIVA
P kv
BS LGNS
COké LDA  FDVA
TR FDvA
Lia  PIVA-1
STA  MvA-1
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FACE OCE HA

§0421A USR8 OE BA FD 9548 CON7

104224 038 B4 B4
8E4Z3A §3AD E7 43

E0424A COAF OE BA 7D $SAF CONB

104254 OSE2 Eb B2
DO4ZbA OSE4 F7 49

BU427A £OB6 IE BA FD 4SBA CONY

804224 039 B 87
LEACTA OJED B7 46

§043%4 0GBD Ot BA FD TBD CONA

D043iA 0500 kb B
§C4324 QX2 B7 47
BO4I3A EO04 12 13
§0434A 0Ch 19 15
864334 (50 &1
80436
10437
BE438
§64¢
Eo4464
HET ]
fRA42A
804434 0302
804448 (34 1

FS
LT ¢
EoCF &

1

BO445A £36 1E 15

EE446A LTD8 AD 18
BOA4TA (3DA 1B 15
tea43a 0SD0 3F 01
L3444 DL IF 20
fl438A B350 IF 29
B04S1A C3E2 FF 28
[R452A DTER 38 1D
004334 0526 IF 71
04544 £5EB (E EA
804354 0B B6 20
80456A G5ED B7 44
204574 OFF & 07
fE458A I5F1 BI

§04588 DF2 CC Q&IF
SL450A DOFT CC 069

EG 441
0462
8443
B0.454
§3465

§04674 057D 1D 27
§o4ssa 0D IF 95
$O4E5A YOFF 3C 90
§04784 OLB1 B6 93
84715 603 AD OS5
§04724 0685 F7 93
B0473A 2607 10 18
004744 0407 81
§6475

.SA:1 LOAD RECORDER

BRSET 7,ARTC,LON7

A LDA KRS

A STA  KHd
BRSET  7,4R1C, LK

3 & AN

A STA MMM
FRSET  7,ARTC,LOND

A L4  DATE

A STA DD
BRSET  7,8RTC,COMA

A LW AN

A STA WM

A BSET 1,FRED  WPDATE DISP

ATONS BCLR  4,7RED

CONG  RTS

F 13323732235 231 2522547

¥ RESET ROUTIRE &

RN HE X EEX IR E

5,CARR, SPRESS COURT ENABLE BIT

) BREET S,FRED,SFRESI RESET-TRIG
§5F1 ERCLR  3,FRYC,SPRESS 1KIM EXP BIT

A BCLR  1,FRTC  RESET BIT CTR

A Bz 3,FRICIHIN EXP RIT

A SPRES3 BSET  &,FRED  ENSBLE STACK ROUTINE
t572 BSR  SPRESS 5SS STERE STACK

A BOR  5,FRED  RESET ROUTINE

A GR PN CLR PULSE COBGERS

A LR Phw-i

A CR Fova

A LA FDVA-

A ST 0,FRED  UPDATE BISP

A CLR ALTR

£B SFRESA RSET 7,MTC,SPRES4

A LA SEC

3 SIA ARG
IsFe B3R IDERP  INCREHENT DEMAMD PER

SPRESS RTS
A SPRESH JHP 555
A SPIEST P #PP3

EERHEEC R R R
¥ SUBRDUTING IRCIEMENT DERAND #
H KUMEER  A-CURRUPTED ¥
FERHSEEERY B HEEE O K
BO4E5A OSFB OD 27 14 LSFF IDEWP BRCLR &,0ARR,IDCNPY DAYRCHANGE EIT

A HOLR
A CiLk
b IR INC
A L2A
BELA ER-
A 87A
A IDEFP2 BSET
RTS

6,04KR  DAYECHARGE BIT
pExe
BEHP
DENP
Da8D
e
8,FATC

BeC RDJUST

UPDATE DISF KD

0475 FEEE IR FH R EEFE R R RN

kE477 ¥ DECIMAL ADDSUST ACCA %
p0478 FHEEFEEL A EEE X HENEENEREE R R TR
§84704 BERA E7 13 DAL STA  #ES SAVE ACCA
B0485A [4SC A4 OF A END  dSOF BUSK OFF KSR
GU4BIA CALE Al 4 A (P $3Li

BO4ABZA CAY% 26 QA 86IC BNE  DAACZ

BO4ESA 0612 k6 13 A LA HEGC

DR404A D414 AB L6 A () 11113
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FAGE E09 MA .Shi1

D4ESA D416 AT 99 A

bO435A OIS 23 81  061B
864874 DE1A &

§0488A (61D 81

004894 B6IC ES 13 A
BCATEA DEIE 81

80491

064y

88493

$04%4

16495

§54354 OBIF 6D 15 BE 8690
0E4974 622 &t 15 4C D671
004984 0625 B 27 A
Be497a [627 44 OF A
LOGHEA D27 30 20 A
§0S01A 2B 27 04 Q&3
§05t2A Da2D AB CO A
165034 Bo2F 28 66 637
E05EaA D&31 3D 21 A
2D565A 0833 27 02 Le37
E05EEA 0835 AR 40 A

£E5ETH £R37 3D 28 A
§05ieA D&37 27 B4 BAIF
BESHSA CAIB 4B 30 A
E0516A 063D 28 06 D445
BOS1IA BOJF 3D 29 A
085124 {641 27 B2 DG4S
[E5134 o83 #3123 b

505144 0843 A 9C A
EiS15A 647 #D 4B G891

EDSieA GMT 3D 20 A
JOSI7A §54B 26 86 €653
§651%A D6AD 3D 21 A

EODI9A LE4F 26 86 0637
§iSkh o3l ZH 0B @4SR

to2ia [eSI B 20 &
G054 BeSS AD XA GOML
£05Z34 B57 Bb 21 A
BOSI4A 0859 AD Z5  BOF1
BES2SA 0653 3D 2B A
EOS2EA 083D 25 06 B6AD
GOS27A 3657 3D 2% )

003Z3A Usbt 26 06 G4BT
BIS29R She3 2008 O&ED
POS30A 8463 B6 23 A
B0S3IA 0587 A3 28 B651
BOSIA DEEP BG 29 A
EESZ3A bhtB £D 24 0691
90%34A CHED 36 §3 A
BESIGA DSbF AD 20 &%)
G056 CE7I OF £4 04 £678

EISY7A BETA IR 1D A
§053SA D676 2018 189D
GBS3TA 1678 AL 9L A
BOSARA 087A (E BA 1D BATA
[0S41A 067D E6 84 A

LOS42A O67F A2 18 8671
£L543A B681 CE BA FD 8081
D044 0584 B E2 A
005454 0686 #D §7 D691
L0T46A QLED AL FF A
§8547A (6BA #D 85 D691
BO34EA O58C 17 15 A

LOAD RECORDER

e 499
KE§  DpaAll
CLRA
DAAC1 RTS
DANC2 DA MEC
R1§

HEEFEA AN HEE KR N RN AR ARSI NEEE

% SURROUTINE STORE STALX *

t DF DATAIN NENORY @

EFEE R EEN R E R E K SR RE R KR

S5 BRCWR &,FRED,SS13 STORE ENARLE BIT
ERSET 7,FRED,SS11 SECOID HALF
LDA CARR DAY ¥O.

. h I 113
T8 PDW-1 MEE=0?
BEQ S8t
Al 08 ENRELE BITS
BRA SR
§51 TST D iLSE=01
Bzg  E82

AD #5480 ENARLE BIT
§52 TST  FDWA-1  HGE=R?

BE§ 583
KD 4s3t ERARLE B1TS
BEA 554

883 TsT PIWR L53=07
Q554

BED  #%it ENABLE BIT

834 LIX  ¥5M
SR SS14 INC DD AND STORE
18T FD¥-1 ESE={Y

HE &8
ST FDW LSB=02
e 58
BFA 587

§55 ibA  Pl-1 KSR

BsR  SS14 INC ADD AND STORE
856 A PDW LB

HSR 5514 INC ADD AND STORE
557 TS PDVA-1 KSBER)

BNE 583

‘T FIVA Lsg=1?
BRE 889

BRA SS1Y

£53 134 FDVA-

BSR 5514 INC ADD AND STORE
§59  LDA  PDUA

Bk 5514 IKC ADD AND STORE
§618 LD4 LEFP  DEMAND PERIND

KSR 514 IKC ADD AKD STORE
§511  BRCLR 7,AKTC,5512 UIP BIT

BSET  7,FRED  RALF BIT

WA SS13 RTS
§512 LDX  45AH
§§15 ERSET 7,AKTC,5S15 RTC BUSY

134 RS  HOURS

BSR SS14  INC ADD AND STORE
5516 BRSET 7,ARTC,SS16 RTC BUSY

LA KIN  MINUTES

FSR SS14  INC ADD AND STORE

LA 4sFF  END CHR

FSR  SSI4 FOR STACK

iR 7,FRE
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FAEE 810 MA

063474 BBBE 1D 15
§0530A 0695 81
88551A G691 CC 6674
§0552

B3

0ESA

2055

(] fstS

40557

BESSEA SE4 D 11
105554 0496 24 1B
gooebn G658 1€ 12
Q0SA1A O45A BT 13
p05624 be9C 7
0865834 083D A6 AT
BISHAA 2657 E7 B
§0545A Goht B& 13
BESESA CHAT AD 47
BO7A 0ta5 81
BiSshA Bonh OC 1578
§059

26574

§0571

i

0s3

¢0574

DESTSA $6AT AD OF
005764 0GB 25 06
§6S77A S6AD AD 2D
GOSTBA 0OWF &1 FF
905795 CeBl 26 T
BOCEIA D& BI
EGEE1

e

805ed

i

£E355

G585

LGSETA SoB4 AD 28
105E8A Cokb 24 §7
0S84 $KB TF
00SEGA CERY A6 RO
19354 ELED #f I8
G554 DLED E7 01
EBSTIA GENF AD 1B
FOSHAA GHL1 ALFF
§E5904 03 Z4 EF
§03%54 LS Fb
BISSTA Bels BT 9L
BS9%a 0408 26 (8
605798 CeCA EB 1
GostnA OBCC B 9D
Eaedin BACE 26 12
QobzA 0400 22 01
BislEa £a22 B
4046144 Ded CC 8647
BO&ECA DaDs CC OGFE
JesEeA Dad? CC g6
06ee7

08443

1414

fosid

1133}

ige12

Shty

f

A

1666
1643
A
A

A
A
&
6EC

A

£78h
86E3
it

A
EbA7

1341
boRF

A
A
A
iel?

A
CEEd

A
pebi2
A
]
802
§633

A
A
A

LBAD RECORDER

ik
5513 RS
5518 W

6,FRED

1aCH

HEX RN I A AR SN RN RN E
¥ INC ADD, CHECK (VER FLOY %
* AN STORE IN MESORY %
¥ X-ADD OF HIGH ADD *
EIEEEHEL IR IR R EAREN R RELE

I ESR
ECC
ESET
5TA
i
LiA
§TA
LDA
ER
ki3
At

Iacht

K02

ThCO?

* IAE01

150D INC ADIRESS
iF HEM NOT FULL

7,7LEN  MEM FULL BIT

#RER
X
¥5id
1,%
ARES
VAR

181D

FEREHEERCE SRR D TR
H SURGUTINE BAKE ADD POINT #

* T8 PREVIDUS FF

¥ X~ AID OF KIGH ADD H
HEFHH R HE R R
AFFS  BSR  LALD DEC ADDRESS
BCS  APPST  RTS
BSE  EEMR
A
EXE  APPS
AFRST RTS

X FHE R T R ER R
% SUBRGUTINE MAKE ALD POIRT #

s+ TDEXTFF '
XD F KIG 4D X
FEEL KR K HE R ER R E R R AT HEEF AR K
AFNS KSR APNSA  APNS4 INC ADD
BCC  APNS2
CER
LJA  $STHEN
5B 510
STA 1,X
ahHS2 BSR AR5 RMRR
P 48FF
BE  APNS
L X #SB OF ADD
9 Gad CHEDK IF 2D 1S5=
BE  APNSI  PRESENT STORE ADD
LA 1,X  iSBOFADD
P SAL
BE KNS
BRA  APNS3  APPS
APNS1 TS
APNS3 P APPS  DEC UNTIL $FFHRET
AFNSE TP IADD
MPNSS TH RARR

- IS EHERH T I A R R
H SUEROUTINE READ FRCM MEX =
X-HD OF RIGH ADD IN ¥EN 2

¥
& AREC;XVD2;REG-CURRUFTED #
#

RETIRNS WITH
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PRGE 311 HA
80613

o414

806157 COlC BF 96
004164 OGIE AE 8
§0617A okl BF 14
80h1BA 06E2 BE 96
BL619A DLE4 AD 0
B06204 CAEL BE 94
§06Z1A CHER 81
poezen D9 CC 9DB3
68523

{12

80625

fi&2s

te2?

80628

B1629A QEEC BF 96
BO63LA CoEE SF 14
806314 GLEFD AD B3
$06324 G&F2 BE 76
§B63I8 DkF4 61
§06344 085 CC ODE3
$0535

LHXE)

80637

§0633

36519

bOLAEA JoFB 78
B0e41A GHFY F7 13
95642k OoFB 60 81
E0R4ZA ToFD 26 98
Q06443 SXF 7C
§o6454 0700 Fo
§08454 0761 A1 20
Bie474 §703 7R
§0&48A 0T84 26 01
818454 0705 99
B6&5cA 6747 Bb 13
tR6SIA B70Y 81
foeR2

A

]2

I

3453

jesrs O7A 98
LG6SsA [7¢B E7 13
GRAS?A 71D 7D
266t O7IE 26 6A
205614 710 EG 01
Eobe2h €712 A1 EE
BO6LIA D714 TR
Bi664n $715 26 83
p0etSa 017 99
Giesea §718 28 §9
E0&667A D71A 64 91
bBoLEA 8710 A FF
I06E5A G7IE E1 03
Bee7sA G728 TH N
BR&71A 6722 75
0B&724 0723 B 13
05734 0725 81
k674

Q075

Ebe70

B-UH LOAD RECORDER

¥ A-DATA;X-ADD OF HIEH ADD #
B R EH R

AEEMR  STX  xvb2

A LDX 438 READ MODE

A ETX  XREC

A Lpx  xvh2

§iE9 ESR RuART MRS
A X xvpe
kTS
A RKFRT JHF MRS MEM READ/WRITE

R CHER R G EHE A
x SUBRGUTINE WITE INTO MEN %
i X-#DD UF HIGH ALD IN NER =

¥ A-DATA *
FEE R R R R R
AWER ST XVDR2 SAVE X
A CLR  XREG WRITE MODE
853 SR UMMR1 KRS
A L xne RETRIEVE X
TS
A UMHAL JWP KRS MEM READ/WRITE

FERE A TR R R FE R R R
x SUBRTUTINE INC Tl MEWLOC »
E X-#}D OF KIEH ADD ¥
EREEEELERHEN R RERAE FE R EEE KRR

1D CLE CLEAR CARRY
A STA  AREG
A N 1%
6707 W TADBI
M X
L34 X
A CHP 4420 SETS CARKY
£ ENSURE CLR
0707 BEIADM
SEC
A IADD1 LDA  AREG
RTS

HESIH A HE KHN R R R AR
x SURROUTINE DEC TW0 HeM LOC =
H X-#0 OF RIGH ADD ¥
EEEACEERE RS R R EA S TR XL LR Y

Di0D CLC
A §TA  ARES
®TX
074A BE  DADD
A A 1,X
A CF  4STEM  SETS CARRY
Cie ENSRE [LR
£7iA INE DD
SE
733 ERA  DADD2
ATADDY BEC 1%
A LDA  #SFF
A CR 1,X
6723 B DaDD2
KX
ATDAID2 LDA  AREC
wTS

HEEXHHE B K EES ST RN ERERENRA £0 R
% SURRDUTIRE ONJOFF SNITCH »
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FAGE P12 RA .SA:1
00677

B06764 0726 05 10 34 175D
§0679A 4729 £4 00 $A 4738
bossRA G720 6212 2C 175B
BE6ETA §72F €0 11 88 0734

jeaqea 0732 18 11 A
BeE3A7 2L S 7T
J0s84A 0736 1312 A
COsBTA 4738 2021 (7B
ED6854 0734 11 11 A

66874 §73C 04 ©9 1C 8753
#0888 073F 12 12 A
§DEB9A £741 04 11 BB 074F
DOLTGA G744 14 1)
BBAT1IA 0745 1A )
GLETZA O74B A8 6O
BILT3A §74A C7 4100
806924 074D 28 &€
BEETSA 0748 15 11
BE5sa 078 1B 0L
GeeSTA §753 12 1t
06598A 0755 R6 99
806994 4757 B7 93
007628 4759 3F 45
Ge7614 4758 15 18
bo7i24 675D 81
§7E

g

BE7ES

ei76

Wiz

fo7is -
fo70%A 875 57 13
§07iEA D7D 9F
ER7134 0701 A4 TF
§07124 0763 B7 14
97134 {765 43
207144 G765 FR 14
817154 (768 97
027164 0759 B6 13
kE737A §7eD IC im0
]

%719

15728

721

7z

b7

b07:4

BO725A WTEE ET 13
§0728h ©770 BA 5O
BE7274 t772 A1 BF
07288 0774 22 03
BE729A E770 OF
807354 0777 28 48
867314 0779 A9 19
C07324 O77E 87 14
075s 1770 4
F0734A O77E EB 14
807354 4780 97
807364 6781 BS 13
387274 4783 DC 1840
173

10739

i740

87

bbnbrbbgbbbh

A

A
A

A

A
&

A
A
4
779

78
A
A
A

A
A

LOAD RECCRDER

BREER RN EETE MR S EERR LR R E B
ONGF  BRCIR  2,FRTC,ONS PI BIT
ERSET
BRSET
ERSET
BSET
BRA
BCLR
WA
ROLR
BRSEY
BSET
BRBET
BEET
BSET
1 DA
5TA
BRA
ECLR
FCL?
ESET
Lba
5TA
£
BOLR
R7S

1,FLEN, 0K3 DEBOUNCED BIT
§,FPIS, 0K DEBOUNCE BIT
0,FDIS

3

1,FLEN  DEBXNCED BIT
Ov3

§,FVIS  DEBOUNCE BIT
2,P0KTA, 013

1,FLEN  DEBOUNCED BIT
2,FDis, 02

2,FpIS _

S,PORTB  KB-OFF

litl}

N1

DINS

ON3

2,F15
S,PCRTB XB-TH
1,F318
EMRD
FRD
00CTR
2,FRTC

KEMORY OF MODE
KOIE RED

SKITCH OFF CTR
oNd
OKS

HEEEEHERHE FH R EH R
¥ SUMOUTINE Ji 7O JHP TAE *
3 FOR SFECIFIC HODE FOR DISP

x X-H33E *
FEER TR RS HEX FI A FE R N R SRR AR R XS
JJT  STh  AREG SAVE ARED
T
D ISTF HISK OFF SET EIT
5§76 XREG
L&A 7
A0D XREE +XREG=%1
TAX
1TA  AREG
JH JR X P T0 AP NP IKS

¥ Ix J&? TAD

FE SRR DA SR NN E
H SUBROUTINE J% TO JXP ThE %
] FOR SPECIFIC KEY PRESSED #

P RKV-REY AL £
HEXF R E R X IR A E R AN RN R R R R EXH AR E
KT STA  AREG  SAVE AREGC
DA KKV KEY AL
CP 4589 KOS OR FUNCTIOKS
BRI XKTH
CLRY
WA T2
KT SB 4809
STA  ¥REG
L5LA
D XREE a3
ThX
T2 DA ARED
WOIKX 10 JP TEB

AR HE R DI R O E R
SUBRGATINE CHECK IF DISP BUSY %
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PAGE N3 mA 5431
20741

§o742

§6743

D07444 0785 B7 13 A
807454 4788 Cb 210 L)
207464 O7EB B7 94 A
807474 076D BT 74 FB 6708
00748A 0750 B& 13 A
897454 8752 81

LOAD RECORDER

¥ AKD RETURN WHEN NOT BUSY &
HEEEHH SR R TR R R

TRUS STA  ARES  SAVE ACC

DEUT LA DINS  ADD & EUSY FLAG
STA  DAR
BRSET 7,D4R,DEUL
LDA AREG  RETRIEVE ACC
RTS

00756

0701 G E LR S

1Y £ EUBRCUTIME CET 2 NUMBERS #

H73 ¥ FROM DISP ¥

]t ] ¥ X-ADLRESS OF MGE ¥

17N FEEREAEE SRR R RN HR R R LR

§8756

BO7574 8773 AD 1L [743 GTCD BRSR  GAlD GET A CHR

fB758A 8795 A4 OF A AD HIF ASCIT 70 BCH
L0737 0797 &8 L%A

b0766A $779 43 L5LA

Bh7814 0799 4B 154

Ba7e2A §794 43 {SLA

Q07634 074D B7 14 ] STA  XREE SAVE MSB

E4754A (790 SC bt H

pO765A O79E AD BS  E7AS 5% GACD EET & CHR

087654 B7A0 24 OF A -5 I 1111 ASCI1 T RCD
BO07674 0742 BA 14 A 0’4 XREG COMEINE MSB & LSP
Le7EER G784 E1 k1%

20769 E: A-2 NUMELRS

07 ¥ X-ALD OF LSB IN DISP

071

89772 LA IR EI N P E R R R R R R EE R F R AR AR RN
be77s SUBRDUTINE GET A CHR FRCH DISP #
§077% ¥ X-8LD OF (AR H
80775 FEEEEEERFHEE X R FR L A TR B AL RN R PR R IR X
G0776A 0745 9F GRD TXA

§G7774 F756 AB EO & ADD  #sED

007734 0742 AD DL 0788 PSR LRUS

§0775A G784 C7 B1EE A 5TA  DINS

3078%A B7AD AD D7 B7BA BSR  [RUS

ca7a1A E7AF Co (188 A 114 DDAT

§97824 B7R2 81 K73

o783

ED7e4

L1785

80780

te7e7

00783

§E7EY

§7

T

B07924 07B3 B7 14
L6753A L7ES M FD
607934 O7F7 44
§8795A 1783 44
§07964 U717 44
§E757A §75A 4
B0796A 0728 AB 30
J0795A £7LD AD 13
0B36A O73F B& 14
§5BEIA 07C1 A4 CF
188024 07C3 4B 30
£1803a §7C3 50

bOEE4A D7CH B 1133 IVCC

4-A5LI1 CHA

*
¥ X-aU OF CAR

TECX SHFX FHX LR R AT KRR R FE SR
¥ SUBFOUTINE STORE 2 NOS IN DISP *
¥ A~ [ONTAINS THE Z WUHEERS ¥
& X- UONTAINS THE START DISP AL #
FEEE MR CH R R RN R R R R LR

A STCE STA
A AND
L5A
LERA
L5RA
LSRA
ADD
ik
LTA
AND
ADD
IKX
BRCLR

b d
bpbgb
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XKEG
$4F0

$$30

STACH

XREE
1113
$530

SAVE 2 W3S
FAS OFF LS4B

CONVERT TO ASCII

BET 2 NUS AGRIN
D0 FOR LSNIEELE
T0 #SCII

5,FDIS,STCR1 SKIP POINT



PAGE B14 MA

008054 0709 X
Boatea 07TA 1B 11
§58074 27CC AD W
oA O7CE 61
feRL?

g

o611

80812

BeE13

113

o1

¢816A O7CF CC 8784
toe17

00EIE

egty

t]f |

1213

[]i=rd

808234 0732 AD B
08240 £7D4 17 13
$0825A 8706 §F
LGB26A E7D7 AB B8
p8z7a ¢739 07 1B
£0826A $78C B6 13
EQE27A O7DE AD EF

BEBA 0728 C7 0383

FOS3tA 0763 &1
1532

19853

00834

00835

16836

10837

tga8

36335A 0764 B 93
1084EA 07E6 M TF
008454 O7EB 57 13
188423 £7EA 48
166434 0768 BB 13
b8B414 E7ED 97
§08454 O7CE B3
80845

BLEA7

£0548

80549

£8650

16851

BiB52A B7EF AD &0
BIES3A 07T 24 07
BUESEA §7F3 IE 12
40855 075 7F
BUESEA B7FE A6 BB
FETA 0778 £7 11
QLESEA L7FA £D B4
908504 O7FC 81
LOB6EA E7FD CC $5FB
008514 D820 CC 94N
}Be2

00BE3

bhBs4

00845

00866

20667

058654 9803 37 13

S LOAD RECORDER

IR
A BR 5,18
V702 STCDI B  STACH
RTS
A-4SCIT OF SEC CHR
X-400 OF SEC O

B FE R R R R R T NR RN
¥ JBP T0 SUERQUTINES »
HEE R A E R AN R R R TR T2

AJHt I DHS

HECHPCHH A TR TR R
¥ SUBROUTIME STORE A CHR INTO DISP =
' X- OFFSET ADIRESS OF CAR ¥
B R S H R X

§70F STACH PSR Tt

A 574  AREG
TXA
A ) . £ 2] FIX FOR DISP ADDRESS
A 57 DINS LOCATE CURSER IN DISP
A LB4  AREE
i7oF SR I
A §TA  LDAT
4]
&-CHR

¥
i X-LiSP DD

FEFRFHEE R KRN N TR R R R E AR
¥ PREPAIR XREG FCR #0DE #
] ACCHINDEX-CORRUPTED  #
FEEFEREEREE RN AR R E IR A R TR
AR LDA ¥AD HOIE REGISTER

A AHD BT MSK OFF SET BIT
A STA  RREE SAVE AREG

L5LA X3
A ALD  ARED

=X

3]

FEE X AR R F AN L R AR R F R R ERE

¥ INC¥EY ADD, CHECK IF FULL *

¥ ANDREAD FROM AEMORY %

¥ X- WD OF KIGH aDD %

RN T X R LR R R R RN R NI R E
§7FD 16CR  BSR IARZ  IADD

87FA BCC  IACRI  IF %EM KOT FULL
A BSET  7,FLGN  HEM FULL EIT
c X
A DA #sAl
A §TA 1X
(BED IACRI ESR  JACRI MM
RT3

A IaCRZ JW IARD IR ADD
A IACRI P RHRR READ FROA HEN

X EHE SR E R RN FHEE R RS HH N AT
i 180 TO ASCIT,SUM CHECX, =
i &ND STORE INTO MEM BLOCK ¥
¥ A0 3
FHEAE T XL E R EE N R RN R R KRR EEE
A STaM  STA  AREC SAVE ACCA
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PACE @15 #A
Be8L%A 0BE5 KR IC
20870a 0847 F7 3L
USE71A 0BOT B 13
BGE72A 0BED AB 30
§3573A 980D AL IE
9087:A DBIF A0 D)
608754 LE11 81
BE870A 0812 LT 0604
8e77

J0e78

§0a79

it

5861

doBe2

§(BRIA SEIS E7 1B
joessa €917 M FO
083%A 0819 4
jogasA o8lA M
UGEETA 651D 44
08584 OBIC 44
BEBEFA LRID AL E4
$CaTIA BEIF BS 1B
URETIA (B2 A4 IF
30EFZA G823 AD DE
08734 (825 &1
80274

80853

8¢ess

G0ET?

65984 €325 E7 1B
EIES%A 02D B IF
ELO0SA 0B24 AL 96
EGyiiA 082 25 1C
BL¥82A §B2E 27 16
107434 0830 A1 78
ERoLsn 2832 27 89
EO5E5A DE34 A1 74
ELT06A §835 27 GE
bBSi7A 0836 #1 7C
BEs654 €834 27 B3
Sheiea 0%3C 81
BL%1EA 0B3D B6 1B

L0911A 0537 07 37 48 3544

GE9izA $E42 39 19
069134 o844 22 CF
§5714A £B45 B& 13
B19i54 G548 20 1C
LR916M B4R BE 1B
609174 CBAC 2B 40D
tEyi8

tisiy

A

Lk

feg22

§09°3A OBAE F7 1B
Bo24n EBSO RS FR
07254 0852 27 63
009264 £BT4 BS 1B
§09274 6256 AD ED
§0928A €858 81
BO920A DE5T AF
$G930A B35A AL IE
BETIIA DBSC AD 03
BE9324 §BSE BA 1B

SA1

881

LOAD RECORDER
A EIR  CREC UPDATE SUN CHECK
A STA  CREC
& U4  MREC
A ADD 4338 10 ASCII
A LBX  #8%1  BUFF BLOCK
2 BSR  STAM1  IACD
275
A STARL JHWP IACD INC AND STORE

EHEELEE B R EEE R A
¥ X053 10 ASCII, S04 CHECK, #
] AND STORE INTD KEX BUFF »

] A-2N03 %
BEH R R T
ASTRM STA  EREG
A ARD  #3K0
LSkA
LERA
1584
LBRA
at3 kSR STad
A LDA 114
A D HIF
e03 SR ETAN
k15

HEXFPO SR R R L R
H STORE FOUR EYTE DATA X0 &
L FHE R EE L LR DR E AR

A ST STA  IREC

A 34 RSU

A (X 4596 KSDOF ND
§544 RO SThI2
1644 BER ST

8 THP 458 HSD OF MO
£523 BQ ST

A CHP 4S9  KSDOF WD
1846 FEQ  STHi1

A O 4590 MED OF KD
§63D BEQ STM

R:
ASTRL DA IRES
BRCLR  4,CHFL,STAI2

A ECLR 4,GNFL
1815 BRA ST

A STMD LDA  BREG
£856 IRA  STNE

BOTNI2 LM KREG
§84E BRA  STRR2

HE RN S EEOH R
¥ 1F ZERD STORE IN MM =

i A- DATA H
FEERHECHEECEE H R R R R
A STRM2 STA  EREG
A CUHIN 13 |
1839 BEQ  STR2
A L4 BREG
8315 BSR  EThM
. 1]
STN2 CLRA
A LEX 4251
6563 BSR  5TNZ1  1AlD
A 104  BKEG
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PAE D16 MA

JETIZA 0880 AD AL
005344 0852 1
169334 0E63 CC 0674
8073

poss7

0938

besae

540

06941A DBEs F7 1B
EE9424 0BAS A4 FIU
C09434 0%6A 27 07
BE944h 0BRC 1B 19
009454 CG8E B4 1B
055464 LBTE AD A3
d547A L8712 B
§074BA GB73 Bb 1B
§09494 0275 4D
Ge9Sea B76 26 €D
80514 0878 4
Ei¥5zA €877 A2 IE
E0953A 0878 AD ES
0I954A CETD 4F
BETSA OZE A IE
G6756A GEBD AD EV
#0974 0BE2 19 i9
§i9seA 0oB4 B
269574 0835 18 19
0566A £B57 29 D8
1131

pose2

phesd

8EoH

BE9sS

E69h

§0967A (BBY E7 41
Bi%tEA 0B8R 47
§U9ESA €880 AD &5
§09744 CBBE 35 41
LE97:h SBFE 26 TR
B0572A 0EF2 81
EE573A 8893 CC §594
E0574

§6572

0E976

§0977

BL978A (896 F 93 12 EBAK KIN

§U5774 0299 BS 90 -
6L9REA ES9H AR GO
EC951A GE?D CE G108
£U5E2A 684 AD CD
GO9E3A 0BA2 KF 14
GE7E4A GEA4 AD b
G0925A (BAb Bb 14
B098LA £Ra3 DC 1930
§09874 GBAD £1
609824 GBAC T O7E4
$09E94 £BF CC $702
10996

§0%91

pigy2

EE993

089944 SERZ OF 93 §5 LEBA KBA
2BAC

10995A CHBS AD F3
E95eA (SR7 DT 1598

.SA:1 LOAD RECCRDER
503 ER  5Tnd
RIS
“ASTE2Z1 P IACO

HEXFEEX IR
i STORER IN MEM BUF FOR #
i FOR NDS-SET BIT ]
HE R EEEECH R S R R

ASTRNS STA  ERES
A ARD  #SF) MISK OFF LSB
0873 BEQ STK
A BSET  4,CEL  BIT FOR MSK OF 4 DIG
A (04  BREC
1815 BR  STRM
kTS
ASTES DA IRES
T5TA
1885 BE  STN3
CLRA
A X s
1843 KSR STNEE AL
CLRA
A X #RSHE
$863 AR STREl  IACD
4 BLR  4,ENL
RTS
A STRS! BSET 4,66FL
1659 KA SN2
HEF RIS X EIELEREERES

H (LR #EM FYTES
i X-4ID OFFSET #
¥ A0 OF BNYTS #

HENEEFR A CTEER R A EL
ACTE STA  EREG
CLRA
EB9Y CTR#1 FSR (T2 IACO
A DEC  EREG
248 Be  LTE)
Kis
A T2 WP IALD

HEXHI X SRS RS A AR R RN REF L RIS

¥ SUBROUTINE WHEN K3 15 FRESSED *
FEEEKERR R EEE N EEE R EREX R4 FEE RN R R R 2R
BRCLR 7,40 ,KEAL SET BIT

A LDA KKV PRINT ND INTO DISP

A (3D 530 T ASCID A-CHBS
A DX DINS  Y-GFFSET ADD
CEAF ESR  KEN3  STACH
A STX XREC  SAVE ADDRESS
I8AC BSR O KEK2 R
A LDA XREC  CONTAINS PREVIGUS 102
A W WX
KBK1 &S
AKINZ INF  PXN
AKBKI WP STACH

HER R E R R R R AR E R R R R R R R

¥ SUKKDUTINE MOVE TO TGP LOC #

R FHEN R R SRR R R AR R RE T

BRCLR 7,%eD,KBA IF NOT IN SET MODE
PSR  KEN2 PN XREG FOR MODE

A P IATX
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PAGE 117 HA N1 H
§89974 $EBA 81

Jo7ee

1

1 %
L1 ¥
11 ¥
B1033A DERD OF 93 §5 §5C3 KEB
E1K04A 9BBC AD EC  £BAC
Q10054 08CO IC 1948 A

KBAl

£16064 BECI 81 KB
§1017

§1808

(332 3 H
tiin H
§1E1

§18124 0BC4 OF §3 A 2BD1 KRE
EI013A BBC7 ADES 08K
B1éi4n GECY Co D104 A
DISIGA CBCC M TF ]
§idipA 0BE IX 1960 A

HA SN B KBE}
§1ns

817

f1e2t ¥
1421

$19224 §6D2 E §3 19 EBLE KR

LGAD RECORDER
R1S

HE IR EHE I E T EA R F R R R

SUBROUTINE CURSER MOVE 70 =
PREVIOUS LOCATION &

SEERREEREFEREX BERE FIE HHEER RN R RN E

BRCLR 7,MRD,XEB1 IF NOT IN SET HODE

BSR  KEN2 XN XREG FOR NODE
T JETX
RTS

HREREHE FHE T E I A R R

SUBROUTINE CURSER HOVE 10 #
NEXT LOCATION H

ERERENERE RN H R A FE R ER F R R AR Y

BRCLA 7,KRD,KBET IF NOT IN SET MGIE
BSR  KBX2  PXH YREG FOR ADE
LbA  DINS

a0 BTF

M OINTX

&S

FEEXREEXEIEE FEEENEFHEUTERRRR L ITLE

SURRQUTING CHAMGE CORMARD #

HEXEHEN FH KR A SRR LA TR R E A1)

ERSET 7,MKD,KT{2 IF KOT IN SET KGDE

818234 0803 B3E 93 A LIX  HRD

815244 CED7 D6 1BER A LDA  ESM,X  CHECK IF ERARLE IS
B16254 DEDA 27 11 (BED BEQ  KEI1 SET rOR WODE
[1hzbA €B8DC 1E 93 A BEET  7,MED

§18274 02DE D5 1AW b DA F&VX

014284 GBE1 4B 88 i AID  wet

§14294 08E3 97 TEX

§I030A IRES AD 27 UOOF Bk HCX KOVE CURSER
§1033A GEEb 45 §D A LDA 40001183 SWITCH BLINK ON
PIEI24 CREB AD OF  OBFR KR KEC3

BI1EZ3A 08EA C7 il A 5Ta  LINS

616344 CEED Bi K1 K75

E1855A DEEE IF 93 A KEC2 FCLR 7.KRD

610364 GBFD B6 93 A 04 WD

B1e37a p&F2 48 L5LA *3

§103B4 GBF3 EB 93 A AID  HRD

D103%% 0BG 57 TR

§16484 GBFA DC 18540 A o TX

G144 08F9 {C G78h AKRZ JKP DBUS

g1442

Fi543 EEEE KB ERE S SR AR ERAEER

[i5i4 * KIDE CHANGE KEY *

14 SER RO L T ER R LR

019464 BBFC OE §3 6C 898D KED  BRSET 7,MRD,KED1 IF IN SET MODE
216474 OOFF BS 93 A Lha KRB SAVE PREV MOIE
Bi04BA G701 E7 79 A STA  HRD

G104%4 D903 AD BV R9IC SR KERZ UDA

B1056A 905 A BA A LDA  #354 ERABLE KODE SELECT
§10514 097 B2 93 A 5TA  ERD ¥ODE

018528 0709 16 11 A BSET  3,FPIS  FIRST TIME EWTER WODE
118534 09iB 81 KED1 RTS

015544 §95C CC 506C AKIZ JWP  UDA

J1e5s

p1sE . HEEE R R R E IR R R A

§1957 5 SURRDUTINE MOVt CLRSER *

#1158 ¥ X-L0C 0§ pISP %

§185% % b7 OF X=t x

114 HOENEHE EHE R AR LR
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PAGE 1B MA
B1061A B5OF AD B4
§10624 0711 CF 8100
t1863A (914 81
§106%A 0915 CC 3786
1ied

81666

tite?

§1068

ey

ien

§1871

§1e72a 6918 F7 1B
118734 6914 AD 52
§1074A O9IC A1°2E
BIE7SA $R1E 27 18
§1676A 0529 XC
D16774 §921 £D 4B
BTE78A 0928 A1 2E
£1079A 0725 26 1%
g163dA 0527 Bs 1B
D10BIA £929 B
816824 (%28 1A 11
B1DE3A 0720 AD GA
§10844 (%2E 20 28

D1EBSA 38 ¢C i1 89 19

BigSba 0932 1 11
816874 LYE5 A

014854 0936 AL 30
§{5EYA 093C AD 2B
B1058A D934 AD 2F
BIEFiA CY3C AD 2D
Brives o9 3 0
G1L934 [54% DA

R1854A D741 Bb iB

1954 0543 6C 11 18 6954

BLI%A 046 A1 0D
118574 0548 27 12
T16%84 094 At 09
C14594 §54C 22 48
CLU16A OT4E A 39
611614 0558 &D 19
F11524 0952 AD 11
E11E3A 1554 20 €2
G184 C%56 4D 10
11654 958 1C 1
B1it5A 095A 20 0B
B13074 §95C A6 23
B1138A OIE AD 05
F11E94 4960 4D 49
G1116A 0962 AD 61
D134 §964 B
B11124 395 CT 732
611134 0548 CC €7E3
C11144 0955 CC 1045
$11154 096E CC 4745

106-19

.54:1 104D RECORDER
WISHX  ER MXI
A STX  DINS
kTS
AMCKL I DRUS
HEEXFEX FEEE R R R LR E R RN IR ER NN
¥ STORE THO CHRS AKD GHAIT ®
¥ LEADING ZERDS '
£ &2 DS X
¥ X- DD IN DISP '
FEEFERET #E HEREL BN MR R ERE R X SRR FRR £
ASICL STA  ERES
§96E PSR STt GACD
A CP 4sE
4930 1Q  ST8
TR
(oLE KSR STi1 GACD
A . asE
1940 BRE  ST18
A LDA  BREG
bEX
A BSET  5,FDIS  POINT IN DiSP
1968 PR STe  SID
t958 BRA ST2
T8 ST 4,FDIS,ST9
N ESET  6,FDiS
DEX
A L4 s s
1965 IR STS  STAGH
(9B BR O ST7 MM
UG6E ST BSR  ST7  NNA
1941 WA ETI2
8 IEX
A ST12 LDA  ERED
BRSET ,FDIS,STI LEAD ZERD
A P s
§95C EQ  ST3
A NP a589 5B R BOTH
£956 BRI 5T
) 3D #$30 T0 aSCII
§5ed KR S[7 MM
1985 BR 515 STA
0958 e ST2
{968 ST1  BSR STe  §IOD
AST2  ESET  &,FDIS  LEAD ZERG
(964 BA 5T4
ASTS L3 #s20  SPACE CHR TOCLR
5963 PR §T5  STAM
£963 IR ST7 KN4
5963 BR§75
14 RIS
86IS ¥ STACH
4516 ¢ STCD
AST7 IR KM
ASTIL G GCD



PAGE 119 RA
11z

P18

Hne

1

1HI21A 0971 A 14
§1i22A 0973 13
§11234 0975 24 I8
111244 0977 K 14
BI1Z5A U579 Fb
§1128A 0978 BE 96
1274 057C F7
111234 0970 34 %6
111294 397F 81
1113

L3RR1]

IR K

xR

1134

§11354 0980 ¥ 78
D1135A §582 AL 3B
611374 0984 BF 14
§1136A &5BL AE 7
§113%A 6583 AD C1
E1148a 785 B
§1141A 0988 CC 0D
§1142

§1i43

Bi144

81143

§1146A B9BE 42 BD
E11474 0990 7F
§1145A 991 54
B1147A 0992 AT B8
E1150A 0994 24 TA
§11314 £9%6 AH ED
$1152A ES9R B7 %5
B1133A O99R A5 2F
§1134A 2990 B7 14
§1155A 699E B 2F
BHISEA (TR0 BT 13
611374 092 3413
011584 §FA4 #D CB
DI159A D9AE RE 14
D1158A T5AR A1 28
J11014 0960 26 F3
B1152A BAC RL 2F
B1iE3A D9AE A1 30
Eitean CYER 27 20
§1165A O7R2 AL AD
B11L5A LGSR 7F
B11874 OYBS A
D1168A §9Hb A3 A3
§116%4 0738 24 FA
§HI78A SR A6 AD
§11714 £93C F7 96
§1172A 9L A0 27
011734 0908 27 14
511744 §9C2 k6 2F
013754 0%C4 BV 13
11764 DFCH X4 13
111774 098 A #7
$1178A B9CA kb 14
g11754 O%CC AL 20
111B1A £9CE 26 FB

.5A:1 LOAD RECOKDER

HEAR I HIE P IR E R R R R R AN

% ' SUB UPDATE NULTIPLICAND &
HECTH N I R

AUK DEC  XRES

A LSR  AREE
97F KC U

A LDX  XREG
A X

A LoX VB2
§TA X

A DEC B2

UM RTS

K kvoh MEN

CHECX IF PARTICULAR
VALLE MUST BE KULLED
LD INTO MULTIPLICAND

HEFRH R R F R R R
% READ DATA RDUTINE FRUN BX MEN #
¥ NAd HADL - MEM ADDRESS *
FEEHFHH I EESH B R L

A RN INC kaDL
A LiX  #08
& 87X  XAES
A LBX #HADA
8723 KSR RHEXL
[§1]
A REEFD JHP  HRS

READ

4D OF HEM ADD
MRS

PRI ST R R RN
¥ DO MU FOR DKW AKkD IRVA #
FREREEEE FHEE R KB R Y

AW LDX 4R
WOk X
13
A CPX #458
1990 BS w1
h D& #sKD
A STA  XVI2
A LDA  $s2F
A STA  XRES
A DA HEL
A STA  AREG
4 L3R AREG
0971 34 BSR UMD
A LIA  XREG
A 0P 128
tohd BNE  WU4
A LA ML
A [ 4838
1932 QW7
A LDX  $s4D
2ok X
3]
A X sA8
I9B4 BHS w2
A DA #34D
A STA X2
A LA 4527
A STA  YREG
A DA MEL
A STA  ARES
A SR ARED
971 W3 BSR UMD
A LA XREG
A T 4520
£9c8 WNE W3
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CLR IVA MLTIPLICAND
FEMIRY

EVAh MTM BLOCK

EVAh READING

UFDATE HULTIPLICAND

CHECK MOIE S

CLR 5¥
MWLTIPLICAKD
HEMORY

Kih MEM BLOCK

Kih READINGS

UFDATE MULTIPLICARD

wHOLR READINES DOKE



PACE 821 KA

E1181A LFDE 20 56
011824 6902 B6 92
§11634 0924 26 4
R1184A G906 A &0
011854 3508 28 2A

§11854 09DA A1 85

$11874 092C 22 14
11884 OVDE A 12
£118%A G7EE 28 22
011%%A 092 A1 10
BIIA TR 22 M
E11%2A 06 Ab 25
B11924 U5EB 28 1A
§1194A O%EA A IS
B11934 $9EC 22 B4
B11%5A GTSE A5 04
011974 §9F8 20 12
G11984 0972 AL 20
BilF9A UOF4 22 4
§1200A 0%6 A5 03
D12k1A 09FE 20 ¢A
G12028 G%FA A1 3D
B1263A I9FC 22 04
B1zi4n O9FE A8 B2
§12054 0a00 28 92
B1205A ChE2 RS 11
012474 EAD4 AE KR
812684 DAES E7 07
012094 TA0B ¢F 86
B1216A DAEA AD 47
0121158 EADT A ED
§1212A GME TF

BIZ1EA SALF 34

E1214h O30 AT B3
812154 $A12 24 FA
012164 A4 AE BO
112174 (A6 EB §5
T1218A OAtE E7 0D
C121%n $ALA Eb B4
81208 DM E7 0L
012214 GASE Eb B3
B12224 A28 E7 CB
012234 CAZ2 A5 BF
512248 024 B7 98
B12ze5n balb 20 12
B1226n 2828 3F 97
D1227A BA2A nb 87
51225 A€ E? 99
{12254 OAZE AD 28
BI33EA DA3D AE AD
D123IA §R32 E7 B
013324 0A34 AD 22
$1233A (R36 AL AD
§17354 £A38 E7 87
012354 bhia nD IC
J12364 0RIC A BB
512774 CASE E7 84
D1ZIEA 0AAD AD 16
§123%0 142 4E RO
§1240A GM44 E7 87
Di241A DASh BB OF
912428 DAAB AT 30
B1243A EA4A 27 34
D1244A TMC AE KO

.5A:

BA28

A W7
1904

A
CAGA

A W8
192

A
BAi4

A BVY
ISEA

A
LAL4

A WA
iR

A

dat4

A WB
19Fa

T4
A WG
il rd

Enl4
4 ¥\VD
A WE

I {
A

=
=
-1

[ ] L.  —J
iy Ed R
Srr»E8rre¥frevrsrr>nd
=
o

Eo»
5

-w

X

€n
> &GP

[ 3
g
» &

LUAD KECDRDER
BA Wb
LDA 5P
BE W
LDA %48
BRA  WVE
(¥ #815
Bl W9
DA #8312
BA  WE
LY #s1
WD WA
DA #566
WA WE
P #8315
Wl WB
LDA #8354
WA WE
CHP #s2l
I WO
IA #8503
WA WE
the 483
BRI WD
LDA  #502
KA WVE
DA #8841
DX $DKVA
STA  7,X
R 6,X
BR WS
X #$ED
R X
X
DFX 328
WS W
10X $DKVA
DA 5,X
§TA  $D,X
DA &,X
STA  SCX
LA 3,X
STA  $H,X
DA 587
STA AL
RA Wil
OR FADA
A 4887
STa KA
BSR WVi2
X $DK&
T 6,X
PR W2
X bk
STA  7,X
R W
LIX  #DKVA
SR &,X
IR W12
X $KVA
STA 7X
LA ML
T3
BQ Wi
X  $DkM
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BET CORRECT WAL
VALUE FOR SANPLE
PERIOD REC

[t s

KEM #DD HIGH

KXEH

K4CH

RXEN

RMEM

CHECK MODE S



FAGE 021 MA

112454 BA4E AD 65
812457 DASE AE B
§12474 GAS2 A2 01
§1248A 0454 81
§124%4 BASS CC $AD7
12534 0ASB CC 4988
uz

g1232

1123

124

41253

912564 0ASB E7 13
BIZU7A GASD 8
112534 OAGE Eb 85
B125%4 SALE ER 0D
S12804 OKt2 E7 85
t1281h tASA AD 9
112628 JAb6 B4
612838 GA7 SF
$13044 DABB A4 IS
012654 BAGA 25 F2
112564 DAEC BS 13
012674 UABE B
§12i8

D1zty

2n

1

012724 LR&F 3§ 27
§12734 bA7Y 27 07
$1274A LAT3 43
BI270h GA74 M BF
§12764 (A76 A1 §5
§12774 0A7B 24 66
§1278A ATh Eb €5
F12794 DATC A 06
612884 SA7E E7 05
12814 £R30 36 27
812824 GhE2 25 09
012834 UABY EE L35
812845 GABSL 43
112004 DAE7 A4 70
{12864 £AET #1 &8
B12E74 OABR 28 §7
12684 LABD o &S
§122%4 DA6F #B 60
812984 (AT E7 IS
P13591A GAPS 99
$12928 1894 81
f12%3

1

§12%5

8129

t12%7

812954 0A9S B7 13
F1299A- 0497 58
B1200A 0AFB 65 8D
(13014 DA9A 39 27
§13b24 0A5C SA
§13034 JATD §F
313045 OASE AR Db
D1245A ChAR 36 27
113004 0MR2 A OF
DI307A DAA4 26 F2
U13034 0A%S B 13

.S4:1

0ATS
A Wil
8A55

A WS
A W12

LOAD RECORDER
BSR ¥
LR1} S )
BR WS
4}

NP ML
JHP  RMEM

ML

HuL

HEER B H T T E H  H Y
ALDING OF 1-8 BYTES OF NOS #

X-ADRESS OF HEN BAMK 2
EXHEEEHES FEEHEM FEEE HEEL S PR A

E ]
3

A ADDB
A ADIY
A

A
iAtF

{AT

> >

§TA
it
LDA
ADC

TA
BER
DEX
Tr4
AND
BXE
LbA
k1S

AREE

5,X
$D,X
5,X
A

$503
Ly
AREG

SAVE ACCA
CLEAR CARRY
EET sUd

ALD TO SUM
TORE TN SUR
DEC ADJUST

D3 WEXT BYTE
POF ACCA

HEX TSR HE T EE H TR R
SUB ROUTINE DEC ADJUST =
FEEENHE R S

¥

A DA
3474

A
A
tAR)
A DAL

A A2
§AED

£A%4
A DA3

ind

ROL  CARR
BCS DAL
LKA
ADHSIF
T
RS DA2
oA 5,X
DD #s6h
ST 5,X
ROR  CARR
BCS  DA3
ibs  5,X
CIMA

MY #sY
0P el
BH5 A4
194 5%
ALD  4%td
§TA 5%
ST

KT8

STORE CARKY

ADD & IF BALF €
USE THE (X

T0 #0LD [ARRY STAT
WHEN R hALF C

D3 XOT ADD & IF(9
DD & TO LSH

BET STDRED CARRY
KD &8 IF KA C

CHECK IF )%

D3 NGT ALD 1F(9
aDD G TO SuM

ENSURE CARRY SET

FEEX FHEE TR R R LR
ROTATE LEFT GF & BYTES IN mEM =

¥
¥

X-AGDREES BAMK

¥

EREEERER IR I R EE M X E L HEFE R RS TR EE N R

A ROLB

A ROLY
A

> n I

0A7

> o

§TA
ac
koL
KL
Dex
TXA
ADD
¥OR
AND
BHE
LDA

AREG

$0,X
CARR

$506
EARR
13143
kDL1
ARED
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SaVE ALCA

EGTATE BYTE
SAVE CARRY

RETRIEVE CARRY

DD NEXT BYTE



FAGE 822 MA

B130%A CAAD B
B131
13
51312
#1313
11314

§13154 09 B7 13

§13164 GAAB b 04
B1317A OAAD b6 04
BIZIBA BAAF b6 §7
B1319A CAR1 44
#3214 0AB2 26 F9
§1321A DAB4 B6 13
13224 UAES I
§133

01334

Bi325

Rs

11327

81328

E13294 URE7 E7 90
J1336A 0ABT A5 04
B133iA CAED EE 14
013524 ABD AD Db
0I13T54 BARF 44
DI334A OACD 26 F9
01335A DAC2 kb 98
§1336A (A4 BI
§1337

B35

61339

01344

B1341A EACS B7 %6
B1342h URCT Eb 87
013434 UACY A4 IF
§13%4A OACE 27 07
£1340A OACD BE 14
8134b4 OACF AD BA
013474 (AD1 3R
813454 QRB2 20 77
£134%4 (AD4 EB& §6
BITEA 0RD6 8
f13%

§1332

ST

B13c4

81355

11355

§1357

§1358A 007 BF 14
BI330h LADY 5F
B136EA DADA 4B 05
§1361A CADC 57
D13828 OAND 7F
§1363A PADE SA
#1344 ORDF B3 14
B1365A BAET Z4 FA
113664 DAES A6 04
§1367A DAES BT 14
11384 [AE7 AD DL
013654 BAEY BE 14
§1370A DAEB &) BC
B1371A CAED #D C8
§1372A ONEF 44

.S4:1

LGAD RECORDER
RTS

FEEX MRS IR
¥ SUB ROTATE RIGHT #
& X-KHK BANK %

EEFEIRREE TR EENFE TR R XS
ARIR STA AREG  SAVE ACCA
A LTA ¥4 D04
ARR! RIR  6,X  KSB
A RR 7,0, LSB

DECA
JAAD BE  ROR1
A LDA  AREG
RTS

EIRERHE R HHE FEE R L ERE LS

#  5UB ROTATE LEFT #

£ 43 $

o XMEAEMK s

THER XML FEEE R R SR I ¥
AROL STA  XVD2  SAVE ACCA
4 EDA  #$04 D0 4
ARDL  LDX RIS

8495 ESR  ROLE  ROTATE 1s
DECA
PAR BE 01
A LDA X2  GET ACCA

RT3

EERREEE A A HE R IR R AT R R R ER NS

¥ WRLTIPLY FOR 1 DICIT »
FEREAHEE RS REE R AR EEN R R

AD0A STA ANz SAVE ACCA
A A 7 ¢ET LEB
A AKD  #IF K LGN
8ADA DOM1  BEQ D02 ALD TO SUH
& ipX  XREG LSi#
§ASE E3R  ADDB
DECA
G4CH ERA DOMI
A DIK2 LA X¥D2 GET ACCA
RTS

A

A

EALD

&
BACS

§ARY
§AR?

K RO HC R R R
¥ SUBROUTINE MULTIPLY ¥
¥ X-ADDRESS BLOCK IE A3,E0 #
¥ (X+ETER4TVR(X4ET0XD) =

% A-CTR X
R RN ER LR RN E FE R R IR R F RN &
ML STX  XREG  SAVE KEN BAWK
THA
AID 485 CLR ANSUER MEN
“TAX
B2 Ok X LOCATIONS
JEX
CFX  XREG
B AN2
LDA 4804 DO FOR 4 DIEITS
WILL  L5X  XREG
: RSR  DON  MUL BY ADDITION
1Y XREG
BSR  ROR  MULTIPLIER
BSR ROL  MULTIPLICAKD
BCA
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PAGE 823 MA

013734 0AFD 26 13
§13744 ONF2 81
§1375

1137%

Nz

61378

0379

013804 043 X 78
813B1A £AFD 3F 14
§13824 ONF7 RE 97
£13834 GAFT 4D (1
017844 (4B 81
£1385A QAFC CC 0DE3

.SA:1

LAES

LOAD RECORDER
ME B
RTS

BRENEH I I IR E IR AR

WRITE 70 NEWORY
HADH, KADL EN ALD #

FEERNEREREEEEERE REEEHER

A EMEN
A
A

BAFC

A WXL

INN KA

Qf  XREG

(DX  3MADW

ESK WEHT KRS
RS

JMP RS
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FALE 124 NMA ‘5A:1
11387
1388
$1389 %

1139

§13924 EM2 1012
$1393n 0BD4 1612
§13%44 CREA A6 OD
L1354 €B0B E7 69
113%4A GKA F7 08
§13974 CR(C B1
1139

§13%7

G1adt ¥
§1481 z
k14c2

Tr o > o D

wish

LOAD RECIRDER

HEE T FE RN AR TR IR RN

SUBROUTINE RX RS232 #

HECHEE R M
B1351A OAFF C 12 6A SBOC KX BRSET

§,FLOX, RXSR) MASK BIT

ESET  &,FLEN

KET 3,AL0 KX EIT
LDA 450D  TINR /32
STA 10

STA IR

RTS

H***Hi*!-!lim'l*!!*il!il-ﬂm*iiﬂill

SUBROUTINE TX R5232 4
A-RSCII DATA WITH QUT FARITY &

FEHER TR E RN R R R R R HE R R R REER IR K F

814434 ORED 05 12 OF OBIF TXS®  BRSET 3,FLEN,TXSR1 EX BIT

§1404A CBI0 €4 12 0C EBIF

TRSET 2,FLON,TXSRE TX BIT

§1445A OM3 K7 18 A AT 411

BlakbA £B15 14 32 A BT 2,FLGH

B1i7e CHT7 A LE A - B 1313 TIHER /7 &4

£1488A (B1V BT 49 4 §TA TR TIWER CONTROL REG
E14354 OF1B A4 {D A LbA #5600 13x64=032K1C SEC
E1416A 01D B7 13 A STA TR

E14114 OEIF B TASR1 RIS

142

§1413

1414 H
§1415 ¥
fi41s

B14i7A QR0 OB L]

034184 GE21 Ab B A
§14154 0FC3 B7 9 A
B14204 CE2S #7 12 40 R&B
Brazia JR3 D16 A
014224 CR2A 26 65  DES!
314234 GEPC L 01 &0 SHEF
§l4244 SRIF FD H1 CBA2
B14z54 BRI B6 14 A RX1
Bi426h BBZT A1 49 A
J14274 BRIS 24 0D LEBM
E14284 GB37 D &1 03 CEID
§14%54 0134 93

Didden GRSB 28 63 0340
J14314 GBID X 17 A RX2
[18328 CESF 99

B1403A OB4D 3618 A RX3
£14344 42 20 4B {BOF
Di4:0A QB4 B6 15 A EX4

L4364 U346 £1 09 A
B14374 CBAB 26 63 GDAF
£1438n BBsA OC 01 15 {B62
Q14194 0MD 20 40 CBEF
14404 tB4F OC €1 10 GEG2 RXS
§14414 CES2 MK 17 A

14424 OBS4 25 6C  tBe2
B14434 GBSH 1A 12 A
E1444A CBSS b6 18 A
D14454 CISA 4B 10 A
§id4bn RS0 M OIF b
14474 BBSE 57 14 A
D1448 tRED 20 62 EBM
514494 0BG2 1812 A RXb
11456A UR64 17 12 A R

FREEEHHE R AR KRN R X

TINER INT ROUTINE FOR ®
RSZ2 BX AKD TX H

FEREFFEEREE AR EERN AT R REERE S

5E1 SET INT #ASK
LIA  #886  TIKER / b4
§TA TCR  TIKER CONTROL REG
IRCLR 3,FLEN,TXR IF M3 RX
78T BT BIT COUKTER=D?
BNE  RX!  CHECK STARY BIT
BRSET &,PCRTA,TXE RX I/P SET
A R
D& BILT
AP #8519  DATA COMFLETED

5 RX4
ERCLR  6,PORTHRX2 DATA=1
cie CLEAR CARRY 10 ROR
RA  RX3
IRC PRTY
SEC
KGR RXTX  STORE DATA
IRa X
LA BTCT
AP #509  CHECK IF 1ST S16° BIT
BXE  RXS '
BRSET 6 PORTE,RXG FIRST STOP BIT
BRA T
ERSET &,PORTR,RXA SEC STOP EIT
ISR PRTY  PARITY TR/ 2
KS  RXb
BSET  S5,FLGN  TOT BYTE RECEIVED
34 RXTX
D 4818
KD 81F
5TA R
KA RX7
ESET 4,FLON  FAULT BIT
BOLR  3,FLEN RX HIT
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PAE 025 MA

B14534 WR66 20 33

LS&1

157

§1452A 0568 23 12 30 0BT TXR

814534 CReB 3D 16 A
D1454A OBD 26 64 0373
§1455A 0BAF 1F B1 4T
014364 6371 20 1C  DBEF
RI457A LB73 B6 14 A TR
£1458A DF75 A 08 A
014594 CB77 24 88 0DM
§14504 0879 34 18 A
B1451A CB7B Z4 F2 OB&F
B14624 OE7D X 17 A
014534 CE7F 28 ¢C  LEED
014547 DT 2606 0BBF TX3
014554 §B83 34 17 A
§1456A (BG5S 24 EB  QBSF
914674 (kB7 28 04 32D
014584 069 A1 69 A TX4
§144%4 GBoE 26 04 UBS7
814704 038D 1E M ATG
014714 ¢B5F 32 16 ATXe
014725 CBF1 26 OC A
814734 £193 £7 8 A
014744 0395 2017 EENO
§14754 (K97 1512 aATX7
$1474 0207 1E D) A
§1477% SIFR 3F 36 A TX8
B14784 OBFD ¥ 17 &
§14794 [BSF A6 43 A
Bi1456A OBt BV 09 ]

014B1A LBAT 03 17 §A GPRE

B14834 B4 13 19
14834 GBAB 1B 12
014844 0BRA 17 52
114834 EBAC 15 12
814564 BRAE 1719
114874 $FE3 %A
914554 OBE1 RO
£1487

B14%

8i4v1

11412

14937 BERZ 3 19 4¢ BCO3 RICR
B 083

B14%43 OZF5 06 12 4
§14538 §RES (4 12

D e 3 s Xn

™y

LOAD RECORDER

T

BRCLR 2,FLEN,TXB TX BIT

8T KT BECR =0

BE TR

KR 7,PORTE SEY O/P

IRA T

LA HTCT

CHF ¥si8

B T3

AR KXTX  DATA T0 O/P
KL X

INC FRTY  PARITY COUNTER
WA TS

BNE X

ISR FRTY  PARITY /2
e T

BA TS

CHP  $$49  FIRST STOP BIT
RE T

BSET  7,70RTB

I HT

LIA  #%80  13%64=832MIC SEC
1A TIR  TINER DATA REG
Wh XS

KR 2, TXEIT

BSET  7,PORTE TX I/P BIT
R BTCT

OR PR

104 454  TINR OFF
§T& IR

MCLR 1,687, TX%

BCLR  1,6NFL  FIRST W ON RS
PR 5,FLEN  EYTE RX BIT
WIR  3,FLGN  RX IT

KIR 2,AA0  TXBIT

BCLR  3,6KFL  XON GUST SENT BIT
o

H

HEXREF LRI IR R RN

R5242 CRTROL ROUTIHE *
R IR S F R R R A

E

48 L83

014564 0REB EA 12 iF §EDD
014974 GERE C9 12 &D $BCE
§14954% K1 0 19 37 (BFR

£1499A 04 A6 65 ]
$158t4 08a D 3F  HCE7
Bi614 $R08 15 19 A
J15h2s GHA 19 12 A
f15634 CKC 2035 6083

D1Shen GRCE G619 32 6CO3 RTCRE

B15U5A SRD1 A6 B3 )
D13ELA BRRS #D 32 OCY7
B1547A CEDS 1619 A
915684 0827 3519 A
§156%4 $FD9 1D 12 A
01318A OBB 2826  OCET -

£1511A OEDD 02 19 23 (CA3 RTCRZ

B15124 DK §5 1% 18 §BFD

015134 UBES 4 OE
§1514 (RS K 1A

A
A

ERiR
BRSET
BRSET
BRSET
ERCLR
ERCLR
LIA
ESR
EOLR
ECLR
ERA
BRSET
LA
BSR
BSET
BOLR
B2
BRA
BRSET
BRCLR
LDA
Lrp

B, CRFL,RTCRS

RS2z OGN

3, FLOK,RTCR4 KX BIT
2 FLGH RTER4 TX EIT

5,FLER,RTCR2 FYTE RX EIT
4,FLEN, RTCRY FALRT BIT
2,6NFL,RTCRI XOFF BIT

$RETX
RTCRG
2,08L
£,FLEN
RTCRA

REPEAT INS

TXSR TX IWS
XDFF SENT

FALT EIT

3,6NFL,RTCRA

X0
RTCRS
3,00FL
2,661
6,FLEN
RTERA

% O
TXSR TRANSKIT

1,CNFL,RTCR4 ST TINE 4 ON
2,GHFL,RTCR3 XOFF SENT

#hINL
RXKD
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PRGE 126 MA

113154 UBE7 24 38
U1516A OBET Ab D6
015174 YBEB AD 1A
015184 OBED 1312
B151%A CHEF 28 12
Q15204 CBFY Bb 1A
U1521A SHF3 48
015227 04 BB 1A
115234 EBF6 57
§15244 OF7 AD 0B
813254 OBF9 28 68
B1524A OFFD A6 92
§15274 UBFD 4D 08
J1528A OBFF 14319
£15294 &CE1 17 19
113364 OUI3 B
115314 0084 DC 1BAD
§15324 0007 [L GROD

SAil

)13}
A
8e7
A
¢ce3
A RTCR7

A

0ce4
§CE3
A RTCR3
87
A
A
RTCR4
A RTERS
A KICRE

LOAD RECORDER
WS RIR7
LDA  #EOLA
R RIRS
Bk 5,FLON
R4 UTCRS
A RXD
LSLA

DD KD
[}

RR  RICRS
BRA  RICRA
D4 WXOFF
B RTCRG
BSET  2,GML
BRI ONL
RTS

W ORXINX
W TXGR

10-27

TXSR
BYTE EX BIT

JuP 70 TARLE

TXER
ROFF SENT



PACE 027 WA
11534

01535

81536

§15537

1153

81539

14

$15414 00N F IC
£15424 0L0C 3F 1K
DISA3A OTSE Ab BF
B1544A SCIR K7 IF
B15%454 0012 AE 9F
§1546A ST14 AD 78
B137A G016 B7 40
£15484 ECI8 R4 LF
§154%A OC1A AD 75
F155EA ECIC A6 56
815514 OCIE B7 OF

Ci1TeA G028 UE 40 0B HC2E
B1553A DCZ3 O 40 44 0C2A

§1354A BC26 £D 41
§15554 0028 29 06
$1556A BC24 M) 4B
§15574 0C2C 20 02
013584 SL2E 4D 31

§155%4 0030 §A 40 3B CSE BURIS
0156EA G033 48 48 4 0C3A

§15614 8036 D 41
§15624 G033 RY Bb
15634 ul3A AD 38
§15e2A 2C3C 28 £2
015854 OC3E AD 42
S1566A OL40 A6 54
§15674 BLe2 B 1F
B156BA E044 AE 0L
BISETA OL4b D 46
B1376A 0048 AD 4A
815714 G0 #5 90
B15724 040 E7 IF
81573 Q4E AE SE
815744 6056 4D 3T
P15704 GC32 4D 40
015764 BES4 AR 9T
215774 0CS6 AD 36
§1578A 0058 A2 34
§15774 2054 # 9E
§1586A B30 B2 OF
B15EiA 00K BS 1C
15624 BCAE KB 38
15834 QCE2 At IE
215844 UCH4 AD 31
115EA s T 1F
§15EB6A 6068 81

§15674 DCs9 AT 1E
D15EGA CCeB A6 43
§1587A GCLD AD 2B
81596A GC6F A5 20
#1591A 071 AD 24
B15524 073 Bl

§15934 0074 AT IE
BIS94A BC76 Ab B2
115954 0008 AD 20
B1574A 6074 AE SE
#5574 0570 AD 10

L0AD RECORDER

HAX BRI R R
E UPDATE HEM AKD FORN *
i SUN CHECK ¥
H RSH-R5232 AD %
i RSHI-RS232 BUFF ADD #
AR R EH

.54
ABUFU OB
A oR
A LD4
A STA
A LI
0C3E B5R
A 8Ta
h A0
w3 ESR
A Lla
[ 5Th
BRSET
BRSET
009 Jiat|
5038 ERA
KC74 BFFUL ER
0c39 BRA
iCel BiFR IR
BRSEY
ERSET
[ it
§C40 BRA
tC74 BFU4 BSR
£C4d BRA
8061 BUFUS ESR
& EUFUS LDA
A 5TA
A X
8CBE BSR
" BC54 kSR
A H)
4 5TA
A LDX
GCEE EXR
BC54 (3
A 4
$C8E KGR
{C94 ESR
A LD4
A L
A LD&
4 AFD
A i}
§097 ja3]
A (k]
kT8
A BUFU1Y LIX
A LDA
) ESR
A LbA
eCe7 BER
i
A BUFHIL LIX
A Lis
8CoA BSR
A L3X
SCEE BSR

CREG
RSH1
¥S8F
RSL1
54
BiFU13
BREG
M7
RUFULA
96
R5L1
7,IREG, RFU2
b, IRES, KUFU1
RIFUit

EUFLS

BUFUTL

BUFUS

RFU12

5, IREE, KiFUS
4,0RE6, BUFU4
jtat)
KJFUb
B
BFUS
BUFUI2
$174
RSL1
$R5H
M3
EUFEIS
3491
RSL1
405K
KUFU13
BUFLS
$5H
BUFUL3
BFNS
¥$9E
RSLY
LREC
1538
$RSH1
BUFILE
RSL1

IACR

STaH

inCR
STHEL

IACD

$REHI
i3
Buri17
#3510
BUFULG

CTad
1ACD

$R5H1
#i2
BUFU17
it
RUFU13

CTB

IaCR

19-28



PAGE B28 MA

215964 SC7E 4D 14
15994 6080 €1

116004 DCB1 AE BE
t16k14 OCE3 AD B9
§16824 DS AD €D

815034 0087 AE 9B

§16044 0CBY AD 13
BILESA OCEB AD 07
156804 BCED 61
114574 OCBE CC 97
§1568A 71 CC 1803
§160%4 CCS4 CC BB2
0161tA BC97 CT 6494
01611A L5A LT §BE9
§1612
11413
Jidl4
1815
11616
§1617
i
p1si9x 009D 3F OF
BILZ0A CLSF A6 RO
018214 OCAY B7 9F
814224 UCAT £D 67
0156234 QCAS 46 86
B16244 OCA7 KD 06
018254 0CAT 1B 12
is264 OCAB B1
15274 GCAC CC DCRA
B1628A ECAF CC IBID
[
8163
LB
11632
1633
G164
#1635
815365 BCR2 EE 1A
16377 BCBA BS OF
p16364 00BS 27 87
£163%A (B3 31 1740
§184%A DOBB 27 15
b164is GCED 28 0%
jlad24 OORF ¥ 1E
F156434 ST 5A
ftaddA DCC2 D6 1740
16454 {005 87 3F
B1e46h GOI7 AE GE
§16474 GCLY 4D 12
§16484 OLLB 4D
e3&4%A OLCC 27 FY
1564 OCCE AD 10
E1L51A OCDS 20 €A
§issea pOI2 AL 0D
16334 SCD4 2D 44
Ha54h 0006 F 1F
B1655A BCDB 1519
$15564 000A 1B 12
$16574 90DC 81
§145eA 00D CC O7EF

B14T9A CCEQ CC #K0D -

LhY ]
B84

JSA:t LOAD RECORDER
8094 PSR BFUIS  STNMY
RTS
A BUFUIZ LDX  4RSH
(]:13 BSR  BUFUIZ  IACK
iC94 ESR BUFUIS  STAMS
A LDX  #R5H
(le:'3 PSR RUFI3  IACR
094 BSR BUFLIS  STR
R1S
ABIFII P IACR
A DUFULA TN STAM
A BUFUIS WP STNAL
A BUFUIE 8P TACO
A BUFUI7 WP CTHA
R EEENEEE R B R AT S FE SRR AR R RR L
¥ INS G ¥
¥ STERT INST '

¥
[ 4

RESET k5232 ADD POINTERS *

UPDATE BUFFERS

3

EETEEEERIE AR IR EE RN RRET A NI NFRALE

A INGD
A
A
(AL
A
ECAF
A

A IhSN
B INGE2

LR REH
D& $5THEM
§Taé  KSL
ESR Inell
ihs  HEHA
B3R INGG2
FLR  5,FLCN
k18

Je BURY
mF TXSR

RESET ADD
POINTERS

RUR! UPDATE EUFFERS
40K 516

THSR TRAHSMIT

EYTE X BIT

R HH EHE R SRR AR AR RN

H
¥
%
3

iNs 117

*

INFORMATION REQIIRED #

SEND INFO
SERD END OF MO

*
¥

EXEHE R I E R N E AR

AN LIX  RX9D
A Li  RSLs
I BEQ  INON
A TP RINT,X
§co2 3G I3
§CL7 B Im2
A INE11 LR RSHI
bEX
A LA RINVIX
A §Th WAL
A TR0I2 LIX #RSKD
603 PR INNS
TSTA
Tanj B3 INGI2
$CES 3R OINHG
0CBC WA THil4
A IKGIZ DA HEDLK
(e Bk INHA
A CLk  RSL
A BOLR  2,6NFL
A B S5,FLEN
INGt4 K75
A INGIS THP TAQR
A TKDIS TR TXSR
FFEREFHL EEFR N B R AR F AR

12-29

InCR

TX5R

TXSR

XOFF SENT



FAGE 829 MA

§1662

81643

Plibd

$1655A OCE3 AE 9E
816664 BLED AD 09
P15474 CCE7 AD 0A
B1éebA GCEY A6 08
814574 OCED 4D 49
L1674 OCED 1B 12
16714 DOEF 81
016724 ECFY LD 05A9
£16734 0CF3 €L GCOA
B1674A UCF6 LT EKCD
§1els

§167

L1677

1678

1879

Dia3eA DIFP AT FE
016514 OCFB AD 73
§14824 UOFD AE SE
E1683A (CFF AD EF
B1agsa UMY ADFO
D16B3A I00% 56 86
B1886A CDID AD EF
b15E7A EDL7 1B 12
f16684 OM9 81
Fisey

1654

§1691

tov2

1453

814544 OLBA AL GE
G695 Lol D 07
114564 UME £ E3
016974 LRI A5 65

§1a92a OBS2 D £2
E1699A 014 10 12
B175ta oDie 6
817014 307 LC OiR4
§1742

81783

b1744

174

#1768

B17874 $IiA 1A 19

017684 EN1C nb 06
§17%4 ONE AD D&
B17164 {I26 1B 12
017114 B2 81
§1712

Hnns

81714

#1715

#1716

§1n7

I7IBA BDZ3 F W7
#1714 2025 Ab 83
017284 (127 B7 98
01724 D129 F IE
B17224 1028 b 90
11724 082D B7 IF
017244 £02F &£ 31
V17254 CI31 Bb IF

.S4:1

A

CFY
8F3

A

#CFb

A
A

A
A

A

iCro

A

flrd
fcr3

A

i

£

A

A
17

ICF3
A

fCFs

A

A

A
)

iCFe

b

A

bﬂ;bbbpm

L&D RECORDER
¥ INS ¢8 *
& PRESENT INFD »
FERENEEEFEREERERERERR
INCE LDX  #RSH
BSR IN#81  AFPS
BSR  INGE2  BUFU
Lba  $EOLA
BSk  INGEZ  TXSR
BOLR  5,FLON  BYTE RX BIT
RT
INESY J¥P  AFPS
INGBZ JWP  BURY
INgEs I TXSR
FEEXTNR R EERE RERERR
3 INS &Y 3
¥ FREVIDUS INFD *
FEEETE RN R EEX IR ¥
IRET  LDX  $RSH
ESR  INEE1  APFS
L2X  $RSH
BS®  IN3§1  &PPS
SR In&B2  BUFY
LBA  $EBLA
RS IKGBY  TXSR
BtR 5,FLEN  BYTE X BIT
RS
FEREEHE R TEERAEER LS
¥ WS Eh %
¥ NEXT ikFQ %
SRR EEREEXEERFEAY
INOA DX ¥REH
B5R INGAY  APRS
BER  INGB2  DUFU
L34  3$EOLA
RS2  INDEZ  TXGR
ECLR  3,FLEM
15
INIA1 AP AFRS
HEXEH X R REEER N
H k36 %
¥ RSZ32 GFF %
ERIER I MR EREEE
NP3 ESET  5,8KFL  OFF BIT
Lia  $EDLA
SR INEEI  THRR
BLIX  5,FLEN
RIS
FEER RN RN AR I
¥ INSG6C ¥
1 STEXT-DATE ¥
] RATIQ & DEVISR *
FEERNHES SR EREREXAL RSN
IMC (LR HADH
1nA #4383
STA  MADL
CLR  kSH1
LbA #3558
T4 RSl
INY ESR INDCS
LIA #5117
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PAGE D38 HA 5A:) LOAD RECORDER

7265 $D33 &1 96 A P ¥5%%

B17274 OI35 25F8  WDF B0 INOCY

117284 8237 3C 98 A ING  maDL

BI74A OI3% AB 27  ED62 INBCZ BSR  INGCS

3i730A B13B B6 IF L] LPA  RSLE
BIADMIDALFE . A L #TE

§17324 OD3F 25 F8  ED39 B0  IxC2

D174 G1 AE 97 A L2X  #RADH

$1734A (D43 &D 26 QD&B BSR  INIC6  IACR
§17354 D5 AL BF A LDX  ¥sBF

B17367 0147 BF 1F ] STX  RSL)

74 (MY & IE A 10X #RSH

817354 €348 AD 21 ODSE BOR INK7  STAN

§1739A4 0D A6 FE A INICS LDA 449E

$1748A DD4F b7 IF & STA  BSLY

B1741A 0151 B IC A tDA  CREE

MTEA DRI AR A A A2 B3R 10 #8CII
817434 OIS0 AE 1E A 10X RS

EI74A BIST ADIE ED77 BSR  INIC18  1ACO
B1743A 0ISF F IF A LR RSU

§174bA EDTB A5 L6 A Loa  $EOLA

B17474 035D AR 12 6DT1 BER INEE THRR
817484 0DSF 1B 12 A Bl T,FLEN

F17454 8D61 61 ki3

017565 D62 AE 77 & INOCS LDX  #HADH

B1751A 0Db4 AD OS5 BDEB Bsk IngCe  IALR
§17528 Udeb AE 1E A LDX  $HERI

017530 0D6B AD GA  BD74 BER  ImC? STl
BI7544 §DoA 61 CAE]

217:5A CIsB CC 67FF ATNRCS MP IALR
§1756A DDSE CC 0813 hINSC7 T STAM
817574 0I71 CC CBED A INOCB M TSR
017564 €274 CT £B2b 4 INCY P STaml
§175%4 0B77 [T GE%4 A INeC1e P 2AlD

01768

§1741 SRR EEEE SR &

B1782 ¥ INGED 2

11781 E STHMT-TIHE 2

e ¥ in 4

Bi7ts FEEXRHN EHEAER AR

Q1766A 0078 IF 97 hIRGE OCR #ADH

f17¢7a G57C 46 G0 A LLA 151

§1765A CI7E B7 98 A STA BADL

§17¢54 GI8D ¥ 1E A CLR R5H1

Bi77:A GDE2 25 00 A LD4 $#91

§177:A GIER BT iF A STh  RSLI

B17727 §DE6 4D Da iré2 NGl ER INCCS

§1773%4 GB3B R& IF A oA R

B17745 2D2K £1 54 A CRP 74

§17754 §08C 25 F8  LDB Mo INsdI

§17768 §DBE Rb 72 A LA gPR

§17774 09D A IE A 10X #R5H1

§17785 0092 AD ER $D7A BSR  INGCR  STHM)
B17754 0084 (C 6DaD A JHP INGCI  SuM CHECK+EDLA
Hn7a

017ES AR THE A AR R IR

R1782 % INSTRICTION OE =

11783 FERXAFEFH LR

817644 0097 iE 0 A INDE BSET 7,PORTB TX IN IDLE STATE
P1783A CD99 46 BB A LDA FEOLA

B1788A £D9B AD 23 At ESR INIEY TXER

§1787A 09D 1B 12 A BCLR  5,FLGN  RYTE RX BIT
§178BA ED9F Bl K15

§1769 O340 CC CRED & INDE1 JHP  TXSR
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PAGE 131 RE JBA:t

11791

§1752

19

173

01795

11756

61797

i17%

81799

j1a8

1881

h1g82

#1863

H1BG4

gk

81668

BIEE7A 4043 1R 4R
016634 ODAS C7 1AM
P1BG9A D4R 11 88
§18ikA DDA B1
EDEp N

§18126 OaB 10 E0
EIE13A EBAD Cb InAA
§18144 0IBOD 11 80
818154 6052 &1
§1Eb

81817

1818

1819

g8}

4182

1570

§1823

11824

0185

1828

91827 ODR3 B7 13
§16264 EDBS Fb
18294 CDB& F7 33
E1836A EDEB B7 3B
§183i4 0hpA XC
$1E328 OLEB FO
§1E33A ODBC B7 34
01834A CDEE B X
§18354 0200 BE 14
$1B26A 6DC2 Eb 13
B18374 EDC4 T
#1638A 82C3 AD €2
§16394 07 %A
¢18403 8RB 61
#18414 CC? EC 30
figs2

A HENS  ESET
A 5TA
A BOLR
RTS
A MEMR  BSET
A LDA
A BCLR
ks

A

A
A

= Xr I» X»

aeY

A

L0AD

RECORDER

EEAEREEEREEN AR EEIRENR HEXER

# BK NEMORY ROUTINES @
EEHERHEER S EH RN TR

130-10 LEMCTH/FILE

*01-H /7
1852-M /

#§3-5§ /START OF RECORDING

H-YT /I
£35-% /
0Be-0 7
$37-1BWP/

Bt HEN

138, 85-K¥h RATID

¥5A, BB-KVAh

KATIO

& A-DATA WHEN ENTERINS

0,FORTA CHANGE KEN MAP
$1484  STA INTO ADDRESS
0,PIRTA CHNG MEN

§,P0RTA
188 GET DATA
0,PORTA

X A-DATA KHEN RETURKING

BRER G EEEE O R
SUBRDUTINE STORE/READ DATA ¥
IN 8K NEMDRY 1

X-13C OF HIGH ALD OF HEM

%
Y
H A-DATA
1
% YREG-§8-STGRE
¥

o W

£B-READ

FEEL SRR R E R R R R X4

RS §TA
LD4
STA
5Ta
IN
14

574 -

£TA
X
LDA
5l
ESR
CL
RTS
KRS1 JHP

AREG SAVE AREG
X BET HIGH ADD
HER+$3  STGRE HIGH
HEXH#B  4DD IN BOTH

X GET 104 43D
WER+s4  STORE LOW ADD
KEMesD TN BOTH

YREC  READ/STORE
HKEG  DATA

[T b0 ACTION

KEN,X  READ OR STORE
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PACE 032 MO .SR:1
HE4
11545
E1846

LOAD RECORDZR

FERERRRERREERERIE R XRERERHNEREREEXE

L) SUROUTINE CHANGE TIME+DATE 2
HCETERHE R I R R L R R R

918474 OB A6 79 ACKT  LDA  #X81111081 DISABLE RTC
§18484 $D0D F7 84 A 5Th AT
016474 ODCF Ab F2 | A LDA  ¥Z111310619 SET MODE
218504 8DD1 B7 €3 & STA RRIC
$1851A CID3 IF 93 A RCLR  7,MRD (LR 5ET MODE
§18524 §D15 BE 93 A x b
§18534 007 DE 140 A L0X  FavX
§1BT4A DDA AD 34 BEN Bt CHTY BET 2 CHRS FROM DISP
§183%5A OIRC F7 89 A STA  YERR YEAR
§1856A EDIE #D 33 EE13 kSR CHT2 HACE X POINT TO REXT VA
018574 OIS0 AD 2E  IENN BSR  CHTY
B1B58A EDE2 E7 B8 A 5TA MM KORTH
118594 ¢DE4 AD 2D LE1T BSR  CHT2 HAKE X POINT NEXT
11B4EA UD2b AD 28 RELL ESR  CHIt
18614 OB E7 87 A STA  DAIE DATE
§iBh2A £DEA AD 27 OEIZ B3R CHI2
§1B63A OIEC #D 22  BENG ESR CHT
015654 BDEE E7 B4 A 5TA  HRS HIURS
§18654 0DFE AD 21 QE13 BSR CKTZ
D1B&sA GDF2 D 3L OEN BT
B1B4TA DIF4 F7 B2 A 5TA  KIN KIRITES
G1B48A BDFB AD 1B EE13 ESR  CHT2
E1840A CDF8 AD 16 QENND B CRT1
J1B70A SOF4 E7 B4 A STé  SEC SECONES
#1571A GIFC A6 72 A LA $IC1116510 NON SET MODT
§18724 §DFE E7 BB A §a4 I
§18734 OZ4B A5 27 A tpA  $LREIVIEE]
§1B72A BE02 B7 BA k S5TA  ARTC
016754 Oztd BF 14 A 87X XREG
(18764 GERS AE EC & LIX  #xEol01108 BLINK OFF
§18774 OL(B AD BC OIS BESR  CHI3 DBUS
118784 GEQA CF G100 A §TX DS
§1274 SEID BE 14 ] LIX  XREG
1B88A SEAF 81 kTS
E1B3iA GE1g CC 0793 ACHTY WP GT0D GET 2 NUMEERS FROM DISP
§1BEZA CEI3 CC @19 A CKT2 J®¥ HTWY HAKE X POINT TO NEXT VA
£1B33A Octs CC D7Bh ACHTI JWP  DBUS

g18e4

#1883 FEEE AT IR RN IR R R R FEE R N RS
1888 : £ SUEROUTING KOVE 7O MEXT VAR(TIAE) #
#1867 3 X-FREVS ADDRESS ¥
figee FEFFEREREEL R EX BN R R R R RS E BN T R R EK
§188%a LE17 B7 13 A XTNY  STA AREE SAVE ARED

Biggin SEIR SF XA

£18%14 BEIC A3 20 A ADD 3741

§18924 OEIE 97 TRX

318534 CEIF Db 1AED A L L

CIBTAA SE22 A 7F A [ 1113

§1895A [E24 §7 TAX

018964 DEZS Be 13 A ilA AREG

018974 0E27 81 RTS

big%s X-NOXT ADDRESS

g1e9y

giesl AN T E R R ERERER

pivll ¥ SUEROUTINE MODE § »

61942 FEFR B R R R R LR R

$19834 LE28 $E 93 32 BETD MOIM
$19044 CEZB 86 11 33 GE3t
b1505A CEZE 03 11 1E OT4F
B190:A 0ES1 OF BA 2B EESF KDI8
B15074 DEZA AD 2R BELD

BREET
BRSET
BRCLR
BRSET
ESR

7,MD,#D19 SET KODE

3,FDIS, D18 15T TIME ENTER HOD
1,FDIS, K011 15T SKITCH ON
7,ARTC,HD12 UPDATE IN PROGRESS
W33 ST
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PASE 353 KO .SA:1

119084 DE3S D 31 OELY
§1559A 038 Bb 92 A
Gi1v1tA DE3A AD 38  QELC
019114 DE3C AE IE A

19124 CESE B6 95 A

119134 OE4D AD EA | GEGL
115143 SE42 13 11 A
019154 OE44 17 11 &
01716k BE45 AD 1B GELS

$15174 GE4B &b OC A
519184 0E4A L7 G100 A
§19174 QE4D 28 6E  UESD
Gi92iA OE4F &1 10 1D QEDF 1011
B1921A CES2 OE BA 34 ESF
119225 BESS 8D OF  (EBA
§19234 0537 4L iE A
01924A EESY Bb 53 A

015234 OESH AD OF 8T8l

p192en SESD 11 10 A YD1
01574 GESF 81 HDi2
§19284 6E60 CC JESF A M3
§19254 DEB3 CC 8786 A D4
019284 LE6A CL SESD A ¥5i3
819314 02t CL 8E19 A KD16
B1932h GESC CC 713 A #2317

p1933

i173

#1535 %
19

819374 OC&F AD 72 EEEY SLIT
B19384 CETY A6 D1 A

£19374 0E73 L7 6140 A
519400 GETL AE 68 A
BIF4iA BETE Db 1000 A SUL2
g1942n OB A1 20 A

015434 ¢E7D 27 82 BEBL
§19448 077 RD 63 QEEG
t1945h LERT SC M

§i%4sh QER2 AT IF A

F19474 GE84 2372 LEVE
§19453 OEB6 AD 5B [EEE3
pivasn bres A 04 4
J1%5ta CEBY L7 01 A
E1Y51A EEED AT 40 A
819528 OZBF Do 1069 A BUD3
19534 BE2 A1 26 A
[19544 CEP4 27 92 QB9
§19554 LESE AD 4E  DEES-
§i%554 8E%6 X S

019574 BT A3 F A
Pigsza CEPB 23 F2  $eBF
£1959% 2ESD B4 93 A SVIT
119604 DEVF M 7F A
#1614 CTAL 97

J19624 DEA2 DE 1alE A
E1963A DEAS $L BA FD DEAS SVDTS
§19t4A DER3 Bb 89 A
L1765A OEAA AD 3D BEEY
§19664 0ERC SO

§15674 CEAD &L

1955 DEAE 0t BA FD BEAE SVITH
§195%A DERY E6 BB A
§1970A OEE3 AD 34 DEEY
015714 GEBS X

LOAD RECORDER

BSR  MD16 KTRY

LDA  SFR

SR KDT? STCD

LDX  $$1E DO FOR DENP #O0
LD Ul

ESR  MD17 STCD

K1R 1,15 15T ENTERE KOD
BOLR  3,FDIS  1ST SWITCH DN
.- S T DRUS

LDA  $2EDCO1100 SKITCH DISP ON
ETA  DINS

ERA  ED19

BRCLR  §,FRIC,HD12 PI BIT

BRSET
EER
LIX
LbA
FSR
KCLR
RTS
P
I
NP
i
mp

7,ATC,KD12 UPDATE IN PROGRESS

IS ST
$$1E LOC IN DISP
JrP  DERARD PERICD
D17 STED
§,RIC  UF KIT
SUDT

DBUS

Vot

HTH)

§TCh

R R B R L LR AT E

SUZRGUTINE JPDATE DAY AND TIRE *

ESR
LDA
5Th
ER1}
LbA
£ap
EEQ
BER
Iix
CFX
RS
ESR
LbA

TA
LDX
LDA
Chp

3
ESR
IHX
(231
BLS
LA

TaX
LDX
ERSET
LDA
ESR
I
INX
BRSET
Lha
ESR
Inx

R R A IR F R R RN R R A X TR R REHEE

SVDT1  DISP RUSY
#200600081 CLEAR DISP
DINS

$580

KODF1,X LOAD CHR FROM TAELE
3520 AND SKIP IF SPALE
guMt
SVDT3  STORE CHR IN DITP
31F
sip2
ST
3500
LTINS
149
HODF1,X
1526
SUB4
VT T

5T & 3RD LIRE DONER

DD LINES 40 TO 5F

STACH

$$5F
sup3
HED

¥$7F

GET ADDRESS OF FIRST
VARIABLE OFTDISP

FaV,X
7,687C, SVDTS RTC BUSY

YEAR  FETCH YEAR FROM RTC

SUIT4  STIORE YEAR IN DISP
MAKE X POINT 10
NEXT LOC

7,ARTC,SVDT RTC BUSY

KON KONTH

SUITE  STCD
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PASE 134 RO .SA:1

HY72A Gihe X

019734 QEB7 O BA FD MER7 SVDT7
§1974A DEBA Eb 87 A
B19754 CEBC AD 2B QEED
J1976A OERE Bb 93 A
S1977A QELD M 7F A
B19768A OEC2 57

815754 OEL3 Db 1400 A
{19ELA OECH AR 4} ]
§19E15 OECB W7

B19€2A CECY OE BA FD QECY SVDIB
§19815 DECC Bb 64 4
§1964A QECE £D 17 LEEY
119258 020 X

pi%eeA 2EM1 X

§1987A DED2 Ot BA F3 BED2 SVDTY
§19864 UEDD Kb €2 A
019574 OED7 AD 18 JEE?
1A LY X

015%iA DE2A

819524 QEDE GE ©A FD CEDB SVDTA
019724 B3 Bb 80 A
$1994A OEES AD U7 OEED
§19%A 02 81
01956 GEEZ CC 8784
§1957A OEL €0 07T
15984 (E£7 CC 67K
B15%7

g2l

411 4] ¥
jacn2
826634 GEEC AD 09 BEF7 MT1
b2044A OIEE DE 1RG0 A
D2RBIA CEF1 AD 01 kEF
12068 OEF3 81 |
€20674 GEF4 CT LRUF
82468

62089

geeie ¥
Ll H
120124 GEF7 Cb 0100 ANTL
620138 OEFA A4 7F A
§2014A BEFC 4C

§28154 GEFD B7 54 A
BetisA GEFF §C 74 44 &F06
§20174 OFI2 10 94 A
E2016A GFO4 20 82 DFCB
B2OI%A OFRs 1D 74 A KTLL
62028A EFO3 BE %4 A NTL2
§20Z14 GFIA 81

2022 H
g2hes
g2ezd
2025 ®
§2026
§26274 tF0B Ch 110D A NP1
026258 OFIE M TF A
g2029A OF10 7

8203t OF11 DE 1AE4 A

A VT
A SVIT3
A SVDT4

f K71l

0zE314 §F14 D 61 CR17
§20327 CR16 81

P2EI3A GF17 CC CF0F A i1l
62034

8285

LDAD RECORDER

I

BRSET 7, ARTC,SVDT? RTC BUSY
DA JATE DO FOR MATE
B2  SVDT4  STCD

LA MRD  COTO vAR OM
AND  #$7F NEXT LINE
TaX

DA  FAV,X

D asad

A

BRSET  7,4RTC,SVDTB R1C BUSY
b4 HRS D0 FOR KDWRS
B SVITA  STCD

N

INX

BRSET  7,ARTC,SVBTY RTC BUSY
L& KIK  WINUTES FROK RTC
BR O OSVETA  STDD

™

I

ERSET 7,KTC,SVDTA KT BUSY
DA SEC

ESR ST STOD

RTS

I DEUS

™ STACH

M SID

HEX ML R R R R R R T A S

HOBEY ¥OVE 70 TOP LOC =

HERFHE L X R AR E R N

ESR KTL  HAKE X POINT TO ADD
X KOVIX

KR ATl HCX NOVE CIRSER
R7S

I HOX

FEFN RN R R R RN R R R R R AN R R R EE R

SUBRDUTIKE FOR NOVE 70 TGP LOCATION *

AR R R R R F R E AR R RN

4 DIRS
Y2
IKCA

STA DR
MSET 4,44, NTL1
BIET  5,0AR
BmA KIL2
LR 6,D4R
X DAR

30

%-CONTAINS OFFSET ADD IN TAB

HECHE R IR R R FE R B E R R

HGTE1 KOVE TU PREVIOUS 10C #

EERFEIE XA AR R RO AR R R R A R

A DINS
[ Ty

TAX

DX HODUE,X

BR O OEPIL O ACX
RTS

I OHCK

HEINEHXHIRIHEE H R IR RERRARR
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FAGE 135 M0 .SA: LOAD RECORDER

82034 ¥ MODE1 MOVE TO MEXT LOC #

B2437 L A-FREVIOUS LOC ¥

2038 FEEEREEEF A B R R E AR RE R ERRAR

029394 OFIA AD 20 ANKNL  ADD  #s2) ALD OFFSET OF TABLE
k20454 LFIC 97 TaX

B20414 OFiD DE 1480 A LIX  MODV1,X

020424 CFZ8 AD 01 0F23 ESR N HCx

B2643a 0FZ2 81 F44]

$2044A §FZ3 CC 89CF AMEIL WP MCX

B2145

(el 713 HELTHE R RN

§2047 % CHANGE RMODED *

52045 - HEEXTHL SHERNEREEREE

§2849A (F26 AD 87 BF2F Ml ER CHIS CHANGE TIME & DATE
§2054A OFZB AD 88 §F32 FSR Cxt2 W

628514 LF2A AD 89 [ RSR CA13 ETCD

02§52a 0F2C §7 92 A TA SFR SAMPLE PERICD REG
§26853A OFZE B kTS

§22545 OFF CC 6DOB ACKIL TMP  CHT
E2055A OF32 CC OE19 ACHIZ M HTW
{28564 BF35 L 0773 ACEIZ WP GTCD
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PAGE 036 MD .SAig LOAD RECORDER

12458

12659 HEXHEHHEHE

b2tsl ¥ SUBROUTINE HODE2

B2041 ENER REEE I RHAEH AR

F2et2A GF38 06 11 83 OF3E MOD2  BRSET 3,FDIS,KE20 1STSTIMEMENTEREMOD
26634 DFIB 83 1112 875 BRCLR 1,FDIS,MD22 1ST TIME SWITCH ON
028544 DFSE AD 23 ° CFe3 MD20 BSR uD2 UFDATE DISP WITH 2
820854 OFAD 82 11 04 UF47 BRSET 1,FDIS,HD21 {5T TIMERSWITCH ON
126664 PR3 17 11 A BOLR  3,FLIS 15T TIME ENTER #D
D2867A OF4S 23 07 OFDD ERA K22

b2E48A F47 13 11 A¥D2T BOR  1,FDIS

§2067A OF47 AR 06  BF5YL BSR  MD23 DEUS

§2070A CF4B A5 2C A 104 #Z40401100 SWITCH DISF ON
§2071A OF4D C7 DINR A 3ThA  DINS

824728 GFob B) ¥p22 RTS

§2473A OF51 CL 0788 ANDZ3 M IBUS

02§74

82875 SEERHEER FEEOH E L R R RS

62878 H HUDE2 WAKE X FOINT 70

jeen 1 REXT VAR H

t2e73 T s et

020754 OF34 B7 13 ANTN2 STA  AREE SAVE AREG

L2088A BFSE 9F TYA

2681A OFS7 AB 210 A ADD  #820

20628 CFS? 97 TR

020834 0F3A D 1Ef8 A LDA  HODVEX

B2054A GFSD M TF A ) WIF

20834 £F3F 97 TH

B2EBsA LF60 Eb 13 b LBA  ARES

A20E7A DFs2 81 R15

CRERE

§2089 BEXFHESH R L O LR

] E -¥2 SUB IPDATE DISPLAY %

2o ¥ CEEE S HE SRR IR L IR

BeESeA OF63 AD 61 BFCH P2 ESR VIZ DBUS DISP RUSY
D2E9IA DFBS Ab 01 A 1Da4  #xtuctozoy Ok bISP
£20544 [FE7 C7 0104 A ST IINS

§20%A OFeh AL 00 A (8¢} S 111

C2696A GF6C Ds 1020 AUD22 LB ROLFZ,X

B2E97A GFLF AL 20 A cMp ¥5

peesRA OFTI 27 82 UFTS Qw2

B20%%A OF73 AD 54 EFCY BER VD4 STACH

B21488 EF7S 5C w2t I

B2161A OF76 AT IF A LPX MYF 143 LINE DGHE
pRidza gF7B 25 P2 QFEC HS une

J21k3a OF7A AL 40 A 1% 34l

21044 GF7C D6 1020 A D23 LDA RODFZX

123454 OF7TF AL 2D A [ 474 |

bardea CF3t 27 82 OFES Beq o4

821874 OF8F AD 44 GFL9 ESR VD24 STACH

§21684 EFE5 3 24 INX

p21t%A OF3b AJ S5F A LrY #5F 284 LINE DO
§211EA OFEB 23 F2  OF7C BS L&

521414 GFRA AF B2 avb2 DX B2 KODE2 INITIAL DISP
21124 §F8C LE JALD A 10X FAV,X  VARIARLE

B2113A OFBF BF 95 A SIX xvi2

121144 (F51 3F 97 & fr A

§21i%4 DFF3 A8 30 A LLA #3560

t21164 OF93 E7 98 A STA  HADL

£21174 OFY7 AD 17 (FED RSR Wl GET HOURS
§2115A OF97 BE 95 & 1L S ) 14 DISP ADD

§21194 QFFR & 2F  OFCC SR WD&S s100

021264 GFYD BF 94 A 17 S {47

121214 OF9F AD 1A OFEB BSR VD22 MIN
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PAGE 037 MO
921224 OFAY AD 18
121234 OF83 AD 16
021244 GFAS &D 14
121254 OFA7 AD 12
021254 DFAT AD &5
021274 OFAB AE 4F
821284 GFAD AD 1D
21298 GFAF 61
g2138A OFBY 3C 98
p2131A OFR2 AE 09
£21324 GFE4 BF 14
021334 OFB6 A€ 97
£2134A UFEB AD 15
§2135A OFFA 81
421354 GFEB AD F3
$2137A OFED BE 98
221354 GFEF 4D 93
21394 OFCT AD 09
121464 OFC3 BF %%
521414 OFCS 81
121424 OFCH CC 5734
921434 OFL9 CC §712
121444 §FCC CC §7E3
{21454 BFCF LT (DE3

.SAN

[13:3:]
IFEB
fFEB
§FBB
OFEN

A
{rec

4 VD21

OFCF
FB0 VD22

EFSe
§Fce

A VI23
A VD24
A VDS
& V2

LOAD RECORDER
i S v O
kSR vb22
PSR vz
BER  vD22
BSR Vi21
LLX 344
BSR V23
RTS

I KADL
Lbx  #348
STX  XREG
LDX  #MADH
ESR Vpzd
als

BSR D2l
(1) S )
ESR KIW2
BsR VD&
ST e
i3

P pRUS
JHP  STACH
m ST
P HRS

12-38

SEC

YEARS

HOKTH

DATE

GET DEWP
PCSITION OF DEWP
§10D

ADDRESS
READ

RS

gT0



PAEE 138 KO

12147

12148

B2149

12130

21514 OFD2 AE 08
J21524 OFc4 DE IR0
621534 OFD7 AD I
§21544 0FD7 &
821254 {FDA Al 3B
21564 OFDC 25 02
821574 TFDE A6 31
§2158A OFED AD OB
B2159A CFE2 M OF
B2180A OFLA AD 04
B21561A OFES €1
121623 OFE7 CT 8745
21634 CFEA CC OFFE
p21644 OFID €T 0712
B2165
B2k

82167

E2168

821698 GFFR B1
§217e

B2171

21

1217

§21754 OFF1 B 50
221754 OFF3 A1 OE
621767 OFFS 26 §1
021774 BFF7 8t
EZ178A OFFE #D LE
021734 QFFA 4E BA
21854 GFFC Do 1A00
821814 OFFF A3 B0
§2182a 1581 97
021838 1082 4B 01
221644 1004 B1
121864 1005 CC OSUF
12186A 1008 CC 1684
g2187

g218d

02189

pzimm

b21%1

B2ivzA 1WB 8!
12193

121

£2195

§21%%

821574 10UC AD 4C
221934 18E A8 01
821594 1818 C7 0100
B22hA 1013 A2 00
122514 1015 D6 1060
22825 1418 AL 20
822034 1614 27 £2
§225%4 180 A 36
L2245 1NE SC
122084 10F A3 1F
122474 1021 23 F2
822054 1823 AL 40
22094 1025 5 1084
122i%A 1928 A1 20

Sk

LOAD RECORDER

R R E B
X HOMEA KIVE TO TOP LOC #
EEATHEE RS EHER R 1T AR EFHEE L

ANTA DX #3A ADA

A LDX  FAV,X  FIRST VAR
WFE7 BSR  NTA2  CADD
INCA
A AP 3538
tFE} PO  KTAL
A LA #531
OFED MTA1 BSR  MTad  STACH
A AD  ¥SF TDECD
OFEA BSROHTAZ M7
RTS
ANTA2 INP GACD
AKNTAT TP M7
AKTAR JHP  STACH

IS T R RS E RN R R E R
¥ HODEA MOVE TO PREVIOUS LOC #
HEF R LR E R R RS

HPA RIS

HEEX R R T E R RN T AL T KR
¥ HODEA HOVE TO MEXT LOC =
EEERRHERH R ENERREE EEERER AR SR
AENG DA KKV

A o asiE
tFF8 BNE KA RETURN
RS
1003 BNAT  BSR  KNAZ  NAME DISP
A LDX  #504
A L4 FAV,X
A ADD 60
TAX
105 BSR HNAL  HCX
kTS

A FNAL JRP DX
AKRZ JHP NAME

TEER TRER SN EEE K E IR TR BN EREE
¥ KODEA HAKE X POIRT TO *
¥ NEXT VAR '
TR R SRR IR LR
HTHA 37§

HEF P SRS LN NI R Y
H FA SUB UPDATE DISPLAY %
TR EEFE SRR EE IR RN R R

105A UDA  ESR VDAY DBUS DISP BUSY
A LDA  3T6BEE0401 CLR DISP
A STA  DINS
A X #$0h
ALDA2 DA MODFA,X
A Cr as2l
181E K3 DAl
1054 PR VDAL STACH
DAL IKX
A CPX  #$1F 183 LINE DONE
185 BLS  UDe2 '
A LDX 548
AUDAS LDA  MGDFA,X
A CHP 4820

19-39

FIX NAME SCURS-1ST INST

FRINT NANES IN
IF ¥EXT KEY FRESSED



PAGE 037 MD

022114 1024 27 R2
022124 1020 AD 28
822124 1928 X
922144 102F A3 SF
822154 1831 23 F2
822164 1833 A 0A
822174 1035 IE 1R0A
022184 1438 B5 93
B2219A 1034 A3 32
922204 1483C AD 16
122214 183E b6 93
§2222A 1040 AD 42
B2223A 1042 AE 04
£22244 1044 Da 1M
B2225A 1647 £B. 8O
B225h 1UT 97
§22274 104A AD OB
b22XA 104C A5 DD
§2225A 184E D A
922354 1820 €7 D103
B2231A 1433 8t
922325 1454 CL 0712
B2233A 1857 CL S90F
822344 1054 CC §786
82235

pas

§2237

gt

22334 183D B1
§2za

g224

bzzs2

9243

122437 1L5E AL A
22454 1060 PE 1Al
g2245A 1063 £D 17
022474 1850 #4 CF
D2Z73EA 1667 27 24
§22494 1069 At (B
§225tA 108D 25 U3
§2231A 185D IE 93
822524 186F CL UFFD
22538 1872 B7 93
822044 1074 B7 99
022554 1676 46 IC
22564 1078 KD 7
B2ZITA 1074 C7 G108
822565 1470 &1
0225%4 137E CC 0745
22k0A 1821 CC 0788
82241

§2262

62252

f22e4

§22654 10E4 43
§22:64 1583 42
022674 1086 23
022634 1087 42
$2069A4 1088 B7 14
822734 1088 Ab 50
822714 1280 E7 %%
§2272A 30BE BE 14
022734 1850 D6 1EDY
§2274A 1093 BE 95

.SAL
1k2E
1054

]
125
A

—
L.
wn

i I B I D I»

188

o -

1

»

1054
A

A
A
A

A.

A
167t
A
188D
A
W72
A
i
A
A
A
1081
A

A
A

A
A
A
A
A
A

LOAD RECGRDER
BEQ  UDA4
BSR VDAL STACH
WAt INX
CPX  #55F 244 LINE DOME
HE U3
VA LIX  ¥siA
X FAVX
LTA  HRD

ADD 3t B{D TO ASCI1
ESR VDAl STACH
LbA  HRD FRINT MAME IK DISP

BR NAKE

10X 4404

DA FAV,X
D 58l

T&X

KR VIAZ HCX
LbA  #XOGCOI101 BLINK DN
JESR Al DHUS
STA  DIWS
1S

VDAl MR STAGH

V2 P KX

ViR3 It DEUS

IR R IR TR ERLE RN
¥ KIDEA RDUTINE *
EFR X EHEX KRR K ERATHIENE
KIDA  RTS JUST RETURN
13833332355 2333133133
£ MODEA CHANGE #
FEREEEREXRXEERRELFER
THA  LDX #30A
I FAVX
BSR  CKAL  GACD
XD #S6F  ASCII 10 BCD
BQ  Crad
NP 4808
MO CHa3
CHA4  ESET  7,4RD
TR OKEA7
CAA3 STA  MRD

574 HERD UPDATE HEX MODE
ibA  3ZH0001180 BLIMK OFF
SR CMR2Z i
8TA  DINS
kTS

CHAt  JMP  GALD

(e 1 SN[ ) e

R HEX AR R L XA R E R EE R
% PRINT NANES IRTO DISP #
FERXEEEX FEEN A ER AR EE XN N KRTE
NAME  LSLA MIVE HODE KD

L3A 10 £5B

LSLA

LSLA

§TA  XREG

DA 5

§TA X2 ISP ADD
M1 LDX  XREG

LA K¥OD,X

X XvD2
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FAGE D48 HO SAi

02275A 1093 AD 6B 13A2
2764 1497 X 14 A KAK2
022774 1099 3C % A
122784 1098 A6 OF A
222794 103D B1 %6 A
022B0A 109F 24 ED _ 188E
§22814 1041 BI

p2282a 1842 CC 0702 A RAN3

LOAD RECGRDER
R NAM3
INC  XREG
I a2
LbA  #$F
% a2
BHS  HAMI
T8

JHP STACH

18-41

STACH



PHGE 241 MO

02284
82285
k2285
127
02288
$2267A 1BAS B7 13
§2290A 1047 F
B2C91A 1648 AR 20
822524 1088 97
122934 10AB Db 1781
$22940 10AE M4 TF
22954 1080 77
22754 1081 36 13
§22974 193 61
Yrat
12299
ezznd
(2361
T23e2A 1084 D %1
02334 1885 46 01
823845 1688 L7 C18
§23054 1088 AD 2D
23065 T1EED AE §0
23677 16RF D& 1CB4
§23k84 1002 A1 28
823494 1004 7 92
¥2316A $4CH AD 1L
823114 105 X
E23i2A 18CY 4D 22
§23134 14CB A3 IF
823144 10CD 23 F3
023154 140F AE 40
B23164 10D1 I 1CB0
823174 1408 A3 20
23184 10046 27 2
£231%4 1008 AD BA
§2328A 100s X
P2%1A 1008 AD 10
BZ3zeA 180D A3 TF
§332%8 1DF 21 R0
123245 10E1 CC 10FE
823254 1824 CC 0702
923264 1457 LT LT8G
923274 1024 O 1233
Bz328A 10ED CC 123B
32329
VEIXT
[ R
§2132
2z
823344 1070 55 ¥3
§2T35A 10F2 M4 TF
B23354 1074 A1 30
£2337A 10F6 25 1K
§2338A 1678 AL 10
DZ3398 10FA Bb 46
E2340A 10FC A 79
L2341 10FE AE 13
823424 1110 Bo 47
023435 1102 AD 73
$23448 1104 AE 17
223454 1106 Bb 48
(23464 11B AD &)
23474 1184 AE 1A

SA LOAD RECORDER
SEECHE R HH R E R B
¥ HODE4 MAKE X POINT 10 2
% NEXT VAR ]
EEESHEERERNE RN ERRTRAREARENE
AXTNA 5TA  AREG SHVE AREG
XA
A ADD 4828
THX
A LDA  MODV4,X
A AR MO
TR
A LA AREE
RTS

HEXEEE R EER I ETER T RN EXEXRERNEE

i ¥4 SUB PDATE DISPLAY #
R R T E R

1967 UB4  BSR  UD&6 DS
A LDA 4120600601 CLR DISP
A STA  DINS
10EA PSR UD47  ADDD
A LIX #5860
AUD42 LDA  HODFS,X
A CHP 452
1608 BT W4t
16E4 ISR UD4S  STACH
D41 IRX
165D ESR LD BDDD
A CPX  #$1F 143 LINE DOKE
1EEF HS  1De
A LIX  ¥348
ADAI LDA  EODF4,X
A o 520
140 BEQ D44
1924 BSR UD4S  STACH
D44 I
108D PSR Ub4S  EDID
A CPX  455F 244 LINE DONE
1801 BLS  UD43
& W
AUMS I STACH
AUDe WP DBUS
AUNMT TP ADDD
AUS TP BID

HEXN IO F R TR LR RS IR
¥ SUB UPTATE VARIARLES FR *

i HOIZS 435;6 H
EEEEFEEE AR EE LR R TR AR I
AVD4 DA KRD CHECK MODE 3
A KD STF
A LHP 3805
1115 BKE VD48
A ox  #sid
A ira WD
17 FSR  VD4F 50D
A DX #13
A LDA  KND
1 BSR V49 SICD
A Lox  #$17
A LA MHH
177 BSR VD49
A X #1a
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PAGE §42 nd LSA:H LOAD RECDRDER

£ZI4BA 110C RS 47 A LA HKIN

0239A 11E AD 67 U117 BSR VD49

B2350A 1110 &2 5B A LBX 850

02314 1912 BF 14 A STX  XREG

B2ICA 114 20 2E 1144 BRA  \D4A

B2I5IA 1116 13 11 A VD43 BCLR  &,FDIS  LEADING IERG BIT
B2I5AA 1118 AE 84 A DX  #s84

0235A 1114 DE 1400 A LoX  FAV,X

BZ306A 111D EF 14 [ S XREE

B2357A 11IF pb 01 A LGA  #ht CTIR IN MEM
G235EA 1121 B7 %% A STA Vb2

B270A 1123 X %6 A VD4L LBX XVI2 CTR IN MEM
B23604 1125 Eb AL A LbA  DXW,X  FETCH DATA
f23iA 1127 K 14 A LDX  XREE

B23624 1129 AD 2% 1174 BSR VD47 STURE CHRS LEAD ZERG
B23634 1128 3 94 A INC X2 CTR IN MIM
RF364A 112D BS 96 A 134 X2 CTR IN XEM
02354 112F Al 06 A [0 3113 WHOLE WO DONE
fz3eeh 1131 26 87 1137 BRE VD43

123474 1133 0C 11 §4 1134 RKSET 6,FDIS,VD43

G2IERA 1136 A6 16 A LA #s30 ZERC
P2365A 1138 AD 34 114E EER VD4S STACH
BRTFEA 113AAD IS 1171 VD43 BSR VIS KTh4
03371A 1130 BF 14 A 3TX  XREG

E2372A 13T REA 96 A Lka XD CTR I MEM
823734 1140 £1 DA A 'k P 3173

b2373A 1142 26 IF 1123 BE Vst

B2375A 1144 1D 11 A VD4n  BCLR  6,FDIS LEAD ZERD
BZI7EA 1346 K5 1 A 1DA #8481 CTR IN MEX
DZI77A 1343 F7 9% A STA  xvp2

B2378A 1144 BE %% AVDa2 LIX XVI2 Ci% IN MEW
823754 114C E& B0 A LA DKVAX

[ZZ5EA 1145 EE 14 A LIX  XREG

D238:A 1156 A 22 i174 ISR VD47 STCL
f23geA 1152 XK 96 A e X2 CTR IN MEM
023834 1154 B§ 06 A DA  XVD2 CTR IN ¥IM
{73847 1156 41 06 A #8506

B2355A 1153 26 37 1161 INE VD44

§23%64 1154 OC 11 (4 1341 ERSET &,FDIS, VD44

323874 115D 44 30 A iba #8330 ZERD
GiEBA 11SF AD 0D 1IEE B3R VD4E STREH
P23E°A 1161 AD OE 1173 VD44 BRSR VD&h L
0235064 1163 BF 14 A STX  XEEG

623914 1560 Bs 76 ) 1DA  Xvp2

023525 1167 M1 &% A g s

[23%03A 1169 26 DF 1144 ENE VD42

B394 1168 19 31 [ BOLR  4&,FI1S LD RIT
B23554 116D 81 R7S

G2358A 116E CC §702 AVD4S JaP STACH

123574 1171 CC 1083 AVDAE JHP HTH4

623564 1174 CC 6718 VD47 ¥ STCL

B235%%4 1177 CL B7E3 A VD4Y WP STCR

$24580

B24i1 SERRFHER HEE R SHEE RN SRR

§24f2 ] SUB MODE 4;5;b

82433 FHEXNH X B AR AR LR R

E2404A 1174 56 11 8C 11B% WOD4  BRSET 3,FDIS,HD&1 15T EXT
B24634 117D 02 11 39 1189 BRSET 1,FDIS,HD41 15T 5@ ON
B2456A 1182 &b 23 11AS ESR  ORGD

B24174 1182 07 11 19 11%E. BRCLR 4,FDIS MD42 UFD BIT
B24BEA 11BS AD 1B 1142 KR M VD4
024054 1187 2115~ N9E BRA  MD42

G2410A 1389 10 15 A KD41  ESET  O,FRED PD HIT
p24llA 1188 32 15 [ BSET 1,FRED ¥D 21T
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PAGE 841 N0 .SAt} LOAD RECORDER

824124 118D 14 15 A BET 2,RED D EIT
§2413A4 116F A 14 11AS ESR  ORED

024145 1191 AD 47 11N KR Ub4ss

824154 1193 17 11 A ECLR  3,FDIS

B2416A UF 13 11 A sk 1,018

§2417A 1197 AD 06 1I9F BER  KD43 DBUS
B2418A 1197 A6 OC A L4 #206E$1286 DISP ON
124194 118 (7 3103 A 5T  DINS

gz420n 115z 81 K42 RTS8

§24214 119F CC 0786 A MDAT WP DBLS

b24224 11R2 CC 16FR AFME P U4

62423

02424
$2425
§242
§2427
g2428A 11A3 R 73 A
£24294 1157 A1 G4 A
B247A 1iA? 26 0B 11EA
B2431A 11AB §1 15 28 1316

§24323 1A M LD A
124335 11BB E7 2F A
C2424A 112 13 13 A
f24754 1iB4 20 1L n1il2
§2436A 1136 M 0D A
paT/A LB 26 0B UG
B243BA 1iBA 03 15 17 1106
4R UED A 0 4
f2444h 11BF B7 2F A
B24414 1301 13 13 A
fa4dzA 103 24 00 D2
524434 1105 A1 6 &
02448p 1307 26 3D 11D
924454 1109 5 15 0A 11D
§24404 11CC AS OE A
025474 1iICE B7 &F
824584 1300 1515
E244%A 1102 4D 03
p2aska 1104 18 11
bed5ia 1106 81
124524 1:07 CT 096E
§2453

gaad

§2450

§2434

§2457

B2456A 110A Bs 53
§2555A T1DC AD 04
gastis 110 B7 13
f2dhia 11E8 4
E24ich 1381 BB 13 ]
B2482 11E3 97

§2462A 11E4 DT 182 A
n24L5

> >

HEIXEE I I R Y
SUBKOUTINE OREINIZE DATA &
FOR MODES 4;5;0 x
A ST e R R 2

GRED

GREDL

GREL

A
&

1127 DRENY
b

OREDH
A DREDS

LbA
£nP
BHE
BRCLR
LbA
574
&C
ERR
ine
EAE
BRILR
i
A
ECLR
BRA
Cup
ENE
ERCLR
R
§TA
ECLY
KR
BSET
k7S
e

¥RD HODE
i Kin4?
G501

0,FRED,ORED4 FB BIT
$1100C000 FPD VAL TO MUL
KeL

0,FRED D BIT
OREDS

$65 HODS?
0RED2

1,FRED,CRGDA ¥D BIT
$L0E110650 KD VAL T MUL
HEL

1,FRED KD BIT
TRED3
506 MODG?

ORED4

2,FRED,0RGD4 TD BIT
$E06061116 7D VAL 7D KL
KL

2,FRED D BIT

OREDS WO
4,FDIS  UFD BIT
Wi

MEEFREERIIRNREEAFEIANFRRRNE
SUB UFDATE KD4;5;6 #
DATA & VAR *
EEEEEEIER ERFEAEERER R RERREE

#
4

U458

LDA
)
§TA
LStA
LD
TAX
JHP

HRD
$304
ARE
X1
1

U4se X

R SRR EHE X IR AR E R
K5 SUB LFLATE DISPLAY ¥
A EHE R R IR LA A R ¥

§eahs

02457

k2358 s

248

BR47EA 11E7 AD I 1228 UDS ESR
B24714 $1E7 A6 81 A LDA
£2472A 11EB C7 £160 A 574
024734 11EE AD 3B 12ZB BER
B24744 11FT AE £0 A LoX
B24754 11F2 D& 1100 A 1052 LDA

upss  DHUS
3780008001 CLR ISP
DING

ADOD

50

HODFS, X
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PAGE 344 KO
G2476A 11FS AT 20
$24774 1377 27102
024785 11F9 AD 24
624794 11FB XL
024B6A 11FC 4D 3D
824814 1IFE A OF
p24824 1200 23 FO
D24534 1282 D6 1IW0
fz4840 1205 A1 2}
§24834 127 27 02
B2486A 1209 AD 1A
B24E7A 124B S
G2488A 120C A1 IF
§24874 12E 2372
B2470A 1210 AE 40
124914 1212 Bh 1040
E24%24 1215 A1 2
B24534 1247 27 02
024544 1219 £D EA
§23%5A 128 X
k24%eh 1210 AD 1D
124778 12K A3 SF
§2456A 1229 £3 FO
§24%9a 1222 OC 18D
p2stiA 1225 CC £7D2
§25i1A 1228 CC 0785
et
§2543
fz2o84
2543
ﬁ?uf&ﬁ 1228 ¥F %7
25674 12D Ab BC
325535 122F B7 93
12SEA 1231 AE 97
L2010A 1223 &0 E3
8351*4 1235 7 1B
b251ZA 1237 B1
0251.&4 1218 CC
£2514
ﬂ3515
]

tEE
E‘
d

F6IC

oA

1
i85 1238 WF

B"SI A 150 A8 10
12520A 123 &4 1F
25218 1240 B3 1B
125224 1242 1 A
025A 124 26 IS
025244 1245 A6 CE
025234 1248 A 02
g5t 128 W
825278 124B Bi
025284 124C CC 702

R-LH LOAD RECORDER
A P 420
1173 BEQ  uDS1
1225 ESR  UDSS  STACH
upss  IKX
1238 R LD
A CPX  #38F 183 LINE DONE
11F2 BS  ts2
A UDS7 LIA  MODFS,X
A CHP #20
1218 BEQ D38
1225 ESR 1D5S
Upss  INX
A OFX #1F
1202 RS  1DS7
A 10X #8349
A UDSI (DA HONS,X
[ CEP 420
1218 EEQ  UDS4
1225 ESR  uDSS  STACH
Ups4e  INX
1278 SR EDID
A CPX  #%5F  2&4 LINE DONE
1212 S LDs3
A P VD4
A UDSS JW STACH
AUDS6 JWP DHUS
FEEX ¥R A FEEE X IEE RELER
¥ KOUTINE ADDD
FEEN IR R FTERERT RN
AGIID LR MM
A LA #3BC
A STA  HADL
A LDY  $MADH
1238 ESR  ADID1 REMR
4 T4 BREC
§TS
A ADDD1 TP REMR
Rer3EciE i dtitiditisis
H ROUTINE BDD #
IR AR X SRR ERHE L EEX Y
EDID - TXA
A F) S 331 |
'] AD  #stF
A AlD  EREG
A CF  4#0a
1248 ENE  BDD
4 Lb4 #$2E  "."
1240 ESR  B3B2  STMH
i3
BDD1 TS
AR I STACH
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FACE 845 WO

g2538

8250

12532

82531

125344 124F AD 01
525354 1251 A6 01
82536A 1253 C7 S100
325374 126 B D3
§2538A 1253 AE §D
B253%4 1ZA D5 1028
§24%A 123D A1 20
$2HA 15F 27 02
B2542A 126t AD 1C
82334 133 I
023444 12864 AD IS
120454 1366 A3 IF
02546A 1263 Z3 FO
§25476 135A AE 40
1254E4 126C Ds 1023
825454 126F #1 20
G2550A 1271 27 2
B2SNIA 1273 4D A
823524 1275 50
9235534 1275 AD L3
SR IZTB AT T
82538 1Z7A 3 FO
E2556a 1270 €T HFC
L2557 1ZF o0 0712
25565 1282 CC 0786

Sa1

LCAD RECCRDER

RN AN AR E R RN E

¥5 SUB WPLATE DISPLAY #
RO R R L B L LSRRI R

1282 Dk
A
A
1228
A

A 62
A
1263
127

UDs1
1238
A
125A
A

A UDed
A
1273
127¢

Uhed
1238
A
1260
A

A UD&S

A UTb4

BSR
1ha
578
RSR
LIX
LDA
CHp
BEQ
B3R
18X
BER
£rx

LS
LBx
124
thp
BEQ
ESR
INX
BSR
cex
5
NP
J¥P
Jer

UDsh DRSS
+Z00809081 CLR DISP
DINS
ABDD
#00
HODF8,X
121
D41
LDES  STACH
)
¥$iF
uD62
40
RODF5, X
¥zt
Uz
UDs5

183 LINE DOKE

STACH

EDID
#SF
UDs3
VD4
STACH
BRUS

2h4 LINE 30kE
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PREE 940 MO SA LOAD RECORDER

12588

12561 MR I R LR R AN

82562 ¥ HODE3 MOVE T0 T0P LEC »

023563 . RN RHFEEOH S E R R R

§25H3A 1285 AD 07 I MTS ESR MTHR PREPAIR X FOR TAB
0255A 1287 BE 1780, A LJX  BODV3,X GET ADDRESS FROM TAB
12566A 1284 AD 81 128D BSR HTH NCX MOVE CuRsaR
§25674 128C 81 ]

§25684 126D CC W90F ANT31 TP HCX
§2569A 1290 CC QEF7 AKTIZ WP HIL

§2578

1257 HEFHEE R E A R R AR
gesr2 ¥ HODES HOVE TQ PREVIOUS LOC #
§es7y HEEREHX FHAERER R R BB R R NA Y
£2574A 1293 Cb D160 ANPT  LDA  DIXS GET FRESENT ADDRESS
625754 1256 M 7F A AD  $4TF

§2575A 1293 97 ThX

§25774 1209 DE 1781 A LDX  HMODV3,X FROM TAB
R2STEA 129C AD B0 12%F R WY X

125794 12E 81 213

§2585A 1297 (T O9IF AW3l WP RCOX

$2%1

12502 FEEK SRS LRI R LR RN RN R AR LR
§2553 * MODES MOVE TO MTXT LOC #
B2Sk4 SR EEE AR IR R R R
L2585 12A2 AB 20 AWKT AR B20 £DD OFFSET OF T4B
G2SShA 1244 97 TAE

E25SE7A 1245 DE 1760 A LI% WOV, X

§RS83A 1548 AD 81 124D BER 0 HNY HCx

E2SETA 1284 BB %18

D25%8A 1248 OT O50F AHNIY MP KCX

P29 )

§2392 FERREIEX ERER R ERR FHEL BARRNEE
£2593 i KOJES KAKE X POIRT 10 =
225%4 £ NEXT VA 3
82553 EEEEFEXEEEEEEMIREE IR RN EE IR
023958 12E B7 13 A KTN3 STA  AEEE SAVE RREG
B23975 1289 5F T¥A

§23%6A 1281 AR 20 A ADD #5240

B259%A 1203 97 18X

§25E8A 124 Dh 1780 A LD&  KODV3,X

GEelA IZE7 M TF [ 0 I 1712

§2kben 1329 97 TR

BZEE2A 12BA BS 13 A IDA  AREG

I25824 133C 91 RT3

[ FIY A

12580 HEEXEEER FHEX I RETF IR ERREEE
E2607 H SUEROUTIAE CHNG HOLF *
§R4E8 TAEE KEEX BN SEERERE RERNFEREY
B26E0A 128D 3F 97 ACEI [Tt ®ADH HIGH ARD IN HEM
§2616A 1ZBF &6 87 A LDA  ¥587

£26114 1201 B7 78 A STA  EADL

B25i2a 123 A2 {3 A ) S 11K} #OD3

826134 1205 DE 1ALS A LIX  F&Y,X

B2512A 18 K 26 A §TX VD2 DISP ADDRESS
82615A 12CA AD 27 - 12F3 BSR4 ETCD

228164 12ZC BF 96 A §TX  Xvig

B2E17A 12CE AD 29 12F9 BSR4 WRITE T0 MEK
126184 1200 AD 16 1268 B8R CH3)

(28194 1202 AD 14 128 R K3

GoLZEA 1224 AD 12 12EB BSR CM31

§2621A 12D6 BE §b A 10X xvd2

p2622A 1238 AD D4 12AE BSR MTN3

f2e2iA DA AD 20 12T ESR Oh BACD
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PAEE T47 MO .SA

82624A 12DC A4 OF A
B2620A 1IDE AD 17 12F9
B262bA 1280 AE OC A
02674 122 A0 12 1Fh

LDAD RECORDER

AND  4SOF ASCIT O ECD
BSR CN34 WHEM
LOX  ¥ZOOERILEY BLINK OFF
ESR CH33 IBUS

026284 12E4 CF Bitd A STX  DINS

125254 1X7 Bl i RT5

£2630A 12E8 BE 56 A CHIL DX XvDp2

026314 12ZEA AB C2  12AE PSR KTN3

fceleA 12EC AD 6 12F3 ¥R CER [410:]
(25334 12E BF 95 A ST X2

D2LIAA 12F) AD 87 13F9 ¥5R CKM4 YKEN
p26%4 12 Bl RT5

E2b384 12F3 CC 0793 ACMI2 JAP GTCD

828374 16 (L 078 ACr3x ImP  ERUS

E2636A 12F9 CC YAF3 A0k W oM

925374 12FC CC 07 ACKIE NP GACD

fakst

B2641 YA S L LR E R T LR

h2642 3 SUBRDUTINE MODE 3

poLds HESM N EE TR AT LA SR 52T

026443 12FF BE 93 15 1317 KIP3
028434 1352 56 11 50 130A
E2b46A 1385 §2 11 82 1330
U26474 1348 2 (D 1317
k26454 1308 RD OF 1318 KD31
fzkt7a 130 13 11 A
C2e5EA 130E 17 11 A
B2L35A 1310 AD 06 13i8
rcbhen 1312 b IC A

ERSET 7,¥KD,KD32 SET MDDE

BRSET 3,FDIS,ED31 15T TIHE ENT KD
ERSET 1,FDIS,ND31 15T TIKE S¥ ON
BRA  HD32

BR uD3

BCLR  1,FDIS

R  3,FDI5

ESR K33 DEUS

b4 $106001160

126534 1314 C7 0148 & S5Th DINS

B26544 1317 81 ¥D32 RIS

§74558 1318 OC 0766 A XDZ3 JHP TRUS

2656

{2ea7 FERETHE S HESER AR LR EREATY
§2653 ¥ K3 SUB UPDATE DIGPLAY
§255% RN ELEERHERAR R F R AR E

G2bola 131B £D 55 1379 UM
geskia 131D A6 01 A
25828 13IF L7 €140 A
f2bsis 1322 A U0 A
Zbeth 1324 D6 10AD A U032
j25e%n 1327 A1 20 &
U2hBSA 1329 g7 £2 132D
§25674 1XB AL &F 1370
fzb6Eh 132D 0 {31
0126535 1ZE A3 IF A
B2e7eh 1330 2¥FE 1334
126714 1332 AL 40 A
026728 1334 ©6 10AD A
26734 1337 Af 20 A
b2e74n 1339 27 €2 133D
126754 138 D3P 137C
26784 133D X D34
§28T74 133E A3 SF
Cee7eA 1343 23 F2 1
f2677h 1342 42 03
826804 1348 IE 1406
B2bE1A 147 F §b
BC6524 1347 3F 97
D2HESA 14D A6 B
026844 134D F7 98
Q2683 134F A) 22
f2bEeA 1351 BE Tb
26878 1353 A2 21

%D

b b
4.8
L=l + 3 > b i I J» T

ESR VD34 DHUS DISP BUSY
LDA  #240860001 CLR DISP

STA  HINS

LY #300

bk HODF3,X

g sl

Ba unE

TSR VDI STACH
16

CFX  #$1F 143 LINT DONE
®Hs  upa

X 4540
LDA  HODF3,X
T

BQ D34

3SR VI35 STACH
1

CPX #5F 2id LINE DONE
BS I
EDX 4583 LHI

X FAX

57X Xvm

OR  WAIH

LDA #4867

STA  HADL

BSR VDR 143}
X xR

CBSR VD33 STCD
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PAGE 48 M0

$2638A 1353 BF 94
$2407A 1357 AD OF
§2656A 1339 AD €D
126%1A 1358 AD 0D
926928 135D AD 14
126V36 135F AB 30
B26944 1361 BE 96
§2695A 1263 AD 1A

" B2hTEA 1365 AD 15
B2497A 1367 81
B255BA 1358 4D &9
126998 1364 BE 96
S2700A 1350 4D 11
12701A 1E AD D6
827820 1378 EF b
g27e3A 1372 61
27044 1373 CC 980
827454 1376 L 0TI
$Z706A 1377 CC 8786
427474 137C L 0722
$2768A 137F (T 12AE

,5A:1

A
1368
1368
1368
1373

A

A
137F
137

1373 w3t

17
1376
A

A VDI2
A VD3
A VT
A VD45
A VD3

LOAD RECORDER
SX xwp2
RSR I3
BSR  VBdt
ESR VD3t
BER IR
ADD 4530
ipx X2
BSR  Vb3k
ERR  WES
RIS

BSRR VDR
(911 S {111
BRI
BSR V133
5TX Xw2
RTS

JEP  KMER
i ST0D
WP IRUS
THP  STACH
AP IS
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PACE 047 MO .5A:1 LOAD RECOCRDER

121

12711 AEEEEEEN SHE FREX R AR RRRRNAN
B2 * ROUTINES FOR MODEZ #
12713 i FIRSE LOSGING H
82714 ETEREREENNBRREREREE SRNEHE AR
$27154 1332 8t . W17 RIS

027164 1333 61 KF7 kTS

§27174 1354 B1 MT¥7 RIS

12718

52719 FHE AR AT HEI TR R R
E2728 ¥ HOVE TO NEXT ¥ =
12724 HEFFHE ORI S L ER LR
027224 1385 AE 07 A HN7 LIx $#47 Ho7
327234 187 Ib 1AM A EDA  FAY,X  MAKE X POINT
BZ7Z4A 1334 B BY A &0 uat T0 FIRST vaR
§27TEA 1BC 7 TR

627267 1383 AD 1T 135R BSR EN74 KEX
27274 138F Eb 90 A b KXV k) PRESSED
§272EA 1351 26 B4 1387 bRt KKT1

927374 1373 3 G0 A I KK

B2736a 1395 ¢h €8 135F ERA  MNT2

27318 1357 A1 33 A MNTY CRP $5t3

§27324 1399 23 if 13A8 KBS M7

§3755A 153B A6 D3 A - 1D %3

B27144 139D E7 %0 A aTA KKV

§27:54 133F b5 91 A EN72  LD& KKy

B27364 1481 A3 3R A ) B 3 X4

927774 113 CE Q186 A LLX  DINS

827354 1345 6D L6 13AE R ENAY STACH
327354 1348 20 B 1385 BRA KN

§2740A 1384 81 K73 RIS

927414 13AB CL 69W ANNIE M) KX
27424 134E (T 712 A M7 W THCH

83743 .

B2744 BEER XMELTTERSBEERFENETE

42745 ¥ HIDE 7 ROUTDNE =

B2Ho AR FHL LN B EER A RELE

027474 1381 LE 93 15 1309 AOD7  BRSET 7,KE3,ME72 5T WOLE
D274EA 1384 $b 11 85 13RC BRSET 3,FDIS,EDT1 IBT ENT D
§27494 13R7 82 1t 52 13KC BRSET 1,FDIS,EI71 1BT SR ON
P275cA 1A 24 9p 1309 FRA  EDT2

627514 i35C AD IF 130D KD71 PSR U7

82752A 13|E 1311 A KR 1,FDIS

027534 1300 17 11 A kKGR 3,F0I8

§275¢8 1302 AD 05 13CA BSR K3 DEUS
§27554 1304 A5 00 A LoA  42e0GE11LE0

827558 130h C7 616 [ §T&  DINS

§2757A 1309 &1 M7z RIS

827554 1%A (L (756 A K73 WP DRUS

52759

f2743 R ELEFX PR LR S H T PN RE
12761 ¥ UPSATE ISP FCA HODE 7 *
1272 B3T3 331:iF3:131832 ¢t 1 3181131
BZ763A 13CD 4D 41 1410 UL7 ESR w7l RIS
127044 13CF A6 01 A 1DA  #Z3CEL0001 CLR DISP
627654 1301 C7 §18d A ST4  DINS

p27ERA 1304 AE D0 [ iy #sfd

827674 1306 D6 1DAD AUD72 LDA MIDF7 X

027684 1% A1 20 A Lrp st SPACE
827695 12D 27 §2 130F BER  wh .

27THA 1D AD 2B i46A BSR il STACH
827714 13DF 5C w7 I

§27724 1A A3 IF A trX $$1F 143 LINE DONC
E277%A 1452 23 F2 1304 KS 72
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PAEE 050 RO
R27I4A 1IEA AE 40
027754 1%6 Dt 1D
0Z776A 139 #1240
027774 1EB 27 02
027765 13ED 4D 1B
0277 13F SC
RZ7BEA 13FQ A3 SF
127614 132 23 F2
V7824 134 AE 87
027834 16 IE 1A
§ZB4A 1379 Kb 42
1274 13 £B 30
827864 13FD AD (%
§2767 1FF A2 47
§27554 1481 D6 1450
827684 1454 43 B0
827%tA 1486 §7
12708 1407 4D 14
G27924 1409 B1
127734 1444 (T 0702
027544 148D CC G9UF
127954 1410 CT 676
§279%

82797

12798

1279

B2500A 1413 4E 47
928kiA 145 DE 1400
628524 1413 4D 13
B2BE3A 14IA M4 OF
828834 141C B1 42
12315A 14€ 27 88
E26064 1420 A1 §1
$28i7h 1422 26 07
023184 1424 14 27
§2M9A 1425 B7 42
028144 1428 CT 14B6
28174 1422 A1 02
123124 142) 26 09
328134 143F 1B 27
323144 1431 F7 42
126154 1433 24 F3
82Bi6A 1435 CC (785
12617 148 ¥ 5
128154 1434 30 95
828124 143C 17 42
B2B2%A 143E 3F 5L
0ZR2IA 148 A B0
126224 1442 44
§26234 1443 17 9D
B2B24A 1445 AE 9T
426254 147 b FF
126264 1449 KD 73
$2627 1448 14 27
§28264 144D 1D &7

J282¢A 1447 GE BAFD 144

5263%A 1452 A6 B1
B2631A 1434 £7 86
E2832A 1456 B6 27
$26T34 1458 M FI
B2B34A 145A AB HL
628354 145C W7 27
G2B3EA 145E 3F 97
826374 140 46 B0

SA

A
. A D73
A
137
1404
un74
A
13Ek
Y]

& VITL
A VD72
# Vi73

LOAD RECORDER

8114
LDA
Cxp
BEQ
SR
IRX
erx
BLS
1)
1954
LiA
&0
58
1)1
LA
ADD
([
B3R
K18
np
JKP
JHp

A4y
HOTF7, X
129
Ln74
W

$5F
5073
1807
FavX
PLUG
153
vin
¥507
Fad,X
1561

Vo2
STACH

KX
LBUS

STACH

2b4 LINE DORE

STACH

HCX

HEXEER NS ERR R S
CRANGE RCUTIME FOR MLE 7 #
EEAE REERFEL RFE R AR R E SRR R

4

A CH7
A
1435
A
A
1428
A
1428
A
s
A CET
A tH71
1438

[
F
e

(=

)
5
P

r > P oo T e

—
o,
ﬁ’””

T I» =

CK73

» o> > o D I

LIX
LIX
R
AND
tep
15Q
Che
BRE
BSET
5TA
e
cH
BE
01
574
BA
)
CiR
IV
Th
oR
L34
DECA
o
L5X
LDA
¥R
BSET
BCLR
BRSET
104
T
L34
ARD
A3
STA
R
LDA

3547
FaLX
LYt
3113
Lo
CH7H
£1131
CH71
5,CARR
PLOE
oh74
$182
(w72
§,CARR
L
CH7H
GAT
DENP
ERP
FLOG
SaR
$ETHER

sAL
1544
A$FF
CH7b
5,04k
6,C4R

&A(D
15 5D

IF CONTINLE

ENABLE SWITCH O

STCR COUNT

FULSE 106

14C0

DAY CHANG BIT

7,8RTC,CH73 ETC BUSY

$351
poe

CARR
$$F0
11151
CARR
WADH
¥580
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PAGE 051 MO Sai
02836A 1462 B7 §8 A
0283%A 1464 AE 77 A
02646A 1465 BE BA FD 1466 CH7B
B2B41A 1465 B4 B4 A
12B42A 146D B7 48 A
028434 14D AD 4F - 143E
U2844A 146F {E BA FD 145F ON7C
828434 1472 B6 B2 A
28464 1474 ¥7 49 A
B2847A 1476 AD 46 14BE
§2848A 1478 GE BA FD 1478 CH7D
028494 147B B6 20 A
32850A 1470 AD SF  14BE
B2851A 147F € B8R 7D 147F CH7E
§2852A 1482 B5 8 A
§2833A 1484 A0 33 14BE
028547 1485 T BA FD 14Bb6 CN7F
028754 1489 2o B8 A
0ZE5bA 148 E7 47 A
$2357A 148D A OF I4BE-
E2B55A 14BF SE BA FD 148F (M7
§2559A 1492 B 57 A
BZELYA 1494 X7 46 A
23E3A 1486 AD 26 14BE
B2552A 1498 Bb 55 A
§2863A 1474 AD 22 4BE
EzEa%h 149C A2 2b ]

D28tch 18E TF Lrre
ECEREA 145F 5A

E2BE7A 1450 A3 20 A
[ZE584 1442 24 FA 14%E
028654 1484 AE 2E A
82B70n 1486 TF CH7
D287iA 187 A :
B2E728 1408 A3 28 &
U28714 1488 ZAFA  145b
[2E74R 14AC 3F %A A
128758 14E IF 90 A
[FETEA 1488 3F BE A
O2BT7A 14R2 1743 A
{28764 1484 17 10 f
25794 1486 AT OE A CH74
§2EDA 1SEB AD 67 140
§28%1a 14BA OF D168 A
B2zE2A 14ED 81

B2BE3A 146 CL fo#t A CH76
§28854 1401 CC 6788 A CH77

62885

LGAD RECORDER

STA  KADL

10X $HADH

ERSET 7,4R7C,CH7B RTC BUSY
LDA  HRS

STA MM KRS FOR NAX DEMAND
BR CH76  INCO

BRSET 7,ARTC,CH7C RTC BUSY
DA #IN

STA  MMIN  NIN FOR EAX DENAND
BROCHZE  IADO

ERSET 7,AK1C,TH7D RTC BUSY
L9A  SEC

/R CA%6 IACD

ERSET 7,ARTC,CK7E ETC BUSY
LA YEAR

BSR  CH76  IACD

ERSET 7,BR1C,CN7F RTC RUSY
DA  HON

STa  HEB  KONTH FOR BAX DERAND
KR CHIE  IACD

BASET 7,ARTC,CN7E RTC BUSY
LA TATE

TA K3 DATE FOR HAX DEKAND
RSR  CR76  IACD

b  LEYP

BSR CK76  TACD

IX 4T CIR PALSE
R X

IEX

CFL #PIR-1

RS CH79

L3 4TIVA

R X

i

LY #FDVA-1

S (47

R W

CLR VA

R R

SCLR  3,FRED

B 4,FRED

X 4206031108

15 (K77 DM

ST DIKS

KT

R Ia

IS
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PAGE 032 1 RLH

g28e7
12888
g2589
12es8
028914 1404 %1

b2E92A 1405 00 12 05 140D
B2873A 1408 03 890 82 140D

§2894A 14CE AD 27
§28%5A 14D &} 37

14F4
136

82856A 14CF 11 17 04 13
128974 1402 0D 1 1A 142F
B2BTEA 14DS §h 12 17 14EF

§26%A 188 A 17
B2900A 13DA 28 13

1471
15EF

LDAD RECORDER

EXREEERREERREREANTRRAERAR

r MAIN INT ROUTINE ® .
BREEEREREEEREHERE R R LN N

WINT  SET
ERSET O, FLON,MINS KEYISTILL PRESSED
BRCLR 1,PCRTA,KINI KEYBOARD STR PULSE
BR AN

AINL BSR RINT
RRCLR 1, GHFL, MIN2 RS232-OFF
BRCLR 6,PGRTB,MINT NO INT FROM §5232
BASET S,FLEN,NIKY BYTE RY BIT
BR O KINA RXSR
BRA  HINS

329414 140C 60 D1 19 14EF KIK2 BRSEY &,PGRTE,NIN3 RE232 NOT CONECTED

§2902A 14DF 10 19
§2913A 141 1A 32
B2504A 14E3 A6 IF
B2545A 145 B7 09
§2905A 14E7 A5 A
829474 1489 37 03
0290BA 14EB 12 19
129654 142D IE 81
B29145 14F %A
B2911A 1470 B)
§27124 14F1 CC OAFF
82913

02514

2915

et

82917

EITBA 14 BL U1
£29194 14F6 A8 IF
B2924A 148 @7
029214 14F9 D5 1E0D
129EA 1HFC B7 93
§2923A 14FE 3F 45
Br9adn 1500 1412
24254 1562 &1
2¥eh

§a%a

02528

02929

g2g:e

g253ia 133 CL 1590
E29224 1506 B5 BC
§2933a 138 B 10
BE934A 150A B7 10

f ol - e O S - S

I» Iv

™ = D o,

A
A
A
A

§29354 150 OF 13 F4 1583
§2536A 15CF £D 30 40 1552

B29374 1512 B &F
29364 1514 27 13
02937A 1516 34 BF
825484 1518 2D &F
§2943A 1514 26 31
29424 1510 14 18

ab
1

154

> 2 P oD

f2¢5A 15E 83 10 8D 132E

f2544n 1521 Bb 44

A

BSET  0,ENFL  SWITCH ON

BET  5,7L0M
DA #$0F 20N DELAY
STA  TOR

DA #sAD

STA TR

BSET  1,G4FL

BSET  7,PORTB (VP IDLE STATE
KIN3 (LI

R7i
MINE P RXSK

HESHE N R R R E A  FE R RS

% KEYEDARD INT SURROUTINE
SN SHHEF RS TR R S

KINT LA PORTE  GET XEY CHR
AD #IF KASK DFF HS3B

TR

Lb4  KBTRB,X GET CODE FROM TARLE
AT I ¢

R QTR

BSET  0,FLGN  SET REREAD FLAG-KB
K

KRR SRR EEE R TR LAY
¥ RTC INT SURRODUTIRE *
R FHEE R R TR R

RIN1 JHP  RIN3  JAP INST FOR LONG BR
RINT D& CRIC  INT STATIS
R FRTC
SA  RIC
FRCLR  7,FRTC,RINIY TOT INT EENERATEN
KRCLA  6,FRIC,RIND PERIODIC INY
ST  CPI  IF CTR=} FOR 15T TIRE
FEQ  INPS  TINE HAKE=10(B8MS)
DEC  CFI  PEKIODIC INT CTR

I
BNE T4
BSET  2,FRTC

BRCLR 1,FRTC,RIND SANP PERICD ENDED
LDA  ACTRS  SEC STERED 1XIN

329454 1523 BE 91 FD 1523 RINA  BRSET 7,ACTR,RINA

129458 1526 B1 81
029474 1328 25 04
029484 1524 16 10
§294%4 1RC 13 10

A
152E
A
A

W SEC
RO RINB
YSET  3,FRIC
BCLR  1,FRTC

926504 152€ OC 81 Db 1537 RIXB  BRSET 6,PCRTB,RIN7 CHECK IF R5232 IS
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FAGE §53 1 SA:l 10AD EECORDER

§2951A 1531 86 1E A LDA  #$1F  DISCONECTED FOR MOKE
§2724 1533 §7 43 A STA  CTRS  THAM 3SEC AND
025574 1535 20 12 1549 BRA IS SWITCH RS2 OFF
§2954A 1537 01 19 OF 1549 RIN7  ERCLE 0,ONCL,INPS

029554 1534 04 12 OC 1549 ERSET 3,FLEN, INPS

12764 1550 # 43 A DEC CTRS  RS232 COUNTER
02957A 1SHF 26 08 1549 BE  INPS

129%EA 1541 11 19 A B 00N OFF RS232

829554 1543 1F 1 A BUR  7,FORTB

12940A 1545 A 48 A LA #8438  TIMER INT OFF
$25614 1547 B7 08 A st TR

029824 1549 A OA AINS LDA  #SBA  100KS

02963 1548 57 8F A sTh Pl

829544 154D §B 27 12 1552 INP4  BRCLR 5,CARR,RIN1 IF COUNT DISABLED
(29554 1550 4D 54 1546 BSR  IWPT  CHEDX 1/P§ POINTS
02964A 552 09 10 §2 1557 RINI  BRCLR 4,FRVC,RIN2 UPDATE INT
12967A 1555 16 18 A BSET  &,FRIC

§29662 1557 (B 10 42 159C RIN2  ERCLR 5,FRTC,RIN3 ALARN INT
025694 1554 84 11 13 3578 BRSET 2,015, RIND

12576 1550 3¢ 45 A I DOCTR

§2571A 155F b 45 A L4 OXTR

129724 1561 A1 0A A DF 4584 TENIN

029734 1563 25 98 1570 B0 RINID

§R9TAA 1565 3F 45 A fR OWnR

629754 1567 14 11 A BSET  2,PDIS

T2974 159 14 61 A BSET  5,PORTS

129774 1555 A6 48 A b4 $3306E1050

12974 1%D 7 61 A STA  JINS ISP OFF

£29734 1570 b6 27 ARINIG LDA  CARR

B308EA 172 A4 OF A AND  HSUF

U2551A 1574 CE BA FD 1574 RIN  BRSET 7,ARTC,RING RTC RUSY
129624 1577 B1 86 A . e
L29E34 1579 27 6D 1568 BT RINS
025544 1578 Bb 27 A 4 [aRR
629854 157D A4 FO A HD EF
02944 57F OF BA FD 1S7F RINS  BRSET 7,ARTC,RIRY RTC BUSY

B2PB74 1582 FA Bb A Gra DN

129554 1584 §7 27 A 574 CARR

029834 15256 10 27 A BSET  &,CARR  [aY CHNG BIT
gR958A 1558 £F 27 31 139C RINS  BRCLR 5,CaARR,21M3

029714 1568 3C §1 A iR aCTR

25924 156D Bb 71 A Lia  ATR

§2993A 158F 8D 12 15A3 KR KINd

829744 1571 E7 1 A STA  ACTR

B29%54 1591 B 62 A tE? SRR

b29%:4 1595 2385  159C RS EIR3

G29974 1597 06 16 02 159C ER5ET 3,FRTC,RINZ

§29964 1394 12 10 A ESET  1,FRTC  SAMPLED PER ENIED
629994 1590 E5 1B ARING DA RRIC

D3MEA 10E &4 OF A ARD  dSEF MAKE MS4B-)
G3E8iA 1580 B7 10 A Sta  FEIC

Q3tE2A 1582 B 3

E38E34 15A3 OC E60A ARINS P DAAL

B4

(4] HEFEEE TR RO N R R R AR
E1443 ¥ SURRGUTIME FOR KEADING 1/PS &
paner BE R B R R R R
fasces 15A6 18 8D A INPT ESET  4,PORTA LEDS OF OPTOS ON
b3Li9a 15AE OE 20 32 134D BRSET 7,PORTA,INPL KB 1P
§301tA 154B IE TA A BET 7,04 W CTR TENP 1/P
$ZE114 155D OC 00 32 1SB2 INPI  BRSET &,FORTA,INPZ IVA I/P
035124 1SRG IE BB A BSET 7,06 KVACTR TEW 1/P
§3513a 1552 UA 0 B2 §5B7 INP2  BRSET S,PGRTA,INP3 RESET 17
BIL14A 15B5 IE BE A ESET  7,CR RESET C7% TEwp I/P
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PASE 834 | At

g3015A 35B7 19 40 A INT
0304 1D O 94 23 15DF INL
P3B37A 1SHC BE %A 19 1508
D30iBA 13EF 0B 94 14 15FB
Q30154 15C2 B6 TA A
030214 14 M OF A
$3821A 15C6 A1 03 A
B3t2zA 18 24 D4 1S(E
030237 13CA 3C 94 A
038244 13CC 28 24 1SFB
§3625A 15CE B6 A A INt4
0362:4 1T0 M FD A
G36274 1502 7 %A A
E38z84 1504 iR 94 &
038294 156 20 28 157B
p3tica 103 M4 YA 1D 1SF1 INN
Rub3fA 150 1L %A
938324 130D 26 19 1578
RIEZIA 15OF 3C %A LI {H ]
BIBIZA 11 B6 TA
§30354 15E3 A4 5F
BLEILA 1S A 87
030374 10E7 25 &F
ZH3EA 1T F9A G4 i
620374 15EC 1A §A
§30484 1XE 16 15
030414 15F3 1D %A
E38425 152 B6 %A
B30434 15F4 A4 F§
3354}"\ 15‘6 57 ¥A
{38454 1SFB IF FA 4 INi2
"54694 lfﬂi §0 9B 23 1620 N2
BIE474 15D 62 7B 19 1419
USG4EA 1680 6B 7B 36 1639
830494 1633 E5 9B &
DILSIA 1865 A4 OF 4
BILTIA 3637 A1 43 A
BIS2A 1607 24 04 1AIF

-3

—
e
b»:’pb»jmmpb

=
—_
Tl

C3E33A 1638 3C ':‘Ei A
B3840 168D 26 2 1539
B3£554 165F b ?a A IK24
E3t35h el M FO A
C3657A 1813 K7 9B A

0iii3h 1615 1B 98 A

BIESSA 1617 20 20 1639

§36EEa 1517 A 2R 15 {631 IN21
£38614 161C 10 7B A

83028 LBIE 217 W

£30634 1428 ZC 5B A IK2S
§38%6an 1822 B5 B A
B30eon 1624 A8 OF A
BIOLLA 1826 A3 07 4
B3re7A 3623 25 BF 1839
B3043A 1634 OF 9B 34 1801
b3bLPH 162D 1A 7B A
B3E76A 182F 3315 A
830715 1631 1D §3 A
838724 1633 RO §B A
BIE73A 1835 M FR A
034748 1637 B7 9B A
§3875A 1639 IF §B & INz2
230764 1633 BT BE 23 681 INI
E36774 163E CE BE 19 (654

016784 1681 03 BE 38 147A

LOAD RECORDER

BOLR  4,PORTA LEDS OFF

BRSET &,CW,IN1D FEING DEBOUNCED BIT
ERSET 7,CH,IN11 TENP 1/P EIT

BRCLE 5,04, 112 ;DEBOUNCED BIT
LY
END 0F
CP 83
BHS  INH ALLOS 305 OFF
(R JBEFORE REXT

e W ww

BRA  IN2
Lt (8 H
I3 S T T

ETA o H

BOLR 5,08 DEBOUNCED 5IT
RA INiZ

BRSET 3,CH,IN13 DEBOUNCED BIT
ESET 6,08 BEING DEROUNCED
BRA  INI2

W o Kd COUNTER

oA W

ELIE 1113 MASK Gr FLAGS
LEP 4307 7UKS DEROUNCE PER
BB INt2

BRCLR 7,04, INIZ TENP BIT

ESET 5,0 DEBOUNCED RIT
ESET  3,FRED  TRIGGER BIT

BAR  b,CH
L4 LW CLR COURTER
MD  4SFE

sTh M

BILR  7,CH TEW BIT

BRSET &,0UA,IN20 BEING DEROUNCED RIT
BRSET 7,CVA,INZ1 TEAR I/P RIT

tRCLR 5,Cva,IN22

D& V& ;

AND  ¥SOF ;ALLOW 30MS OFF

CRP §303 H

BAS  IN24 JHEFORE REXT

KL VA 4FULSE

WA I
s WA
B OHFL
TR A

BCLE  5,LvA  DEROWCED BIT
BRA  INZ

BRSET 5,0VA,IN23 DEROUNCED BIT
ESET 6,0  BEING DERGUNCED
We Inz2

W [V KVA COWTER

A VA

ARD  iSEF KASK OFF FLAGS
CE?  #567  70KS DEBGUKCE PER
R 7

KRCLR 7,CvA,IN23 TEWP BIT

BSET 5,0VA  DEEDUNCED BIT
BSET  4,FRED TRIGCER BIT

B 6,084

(24 VA  CLR COUNTER
R i

STA VA

KR 7,0v4  TEW BIT
ERSET 6,CR,IN3R BEING DERGUNCED BIT
BRSET 7,0R,IN31 TENP 1/P BIT

MCRA 5,0,IN32 ;
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PAGE 55 I SAtl

B3L75A 1644 B6 BE A
BID8A 1686 M OF A
B30E1A 1648 A1 83 A
930E2A 164A 24 04 1650
30834 164C 3C BE A
B3M544 IME 1 24 167A
BI085A 1650 Bb BE A
BIdBEA 1652 A FE A
83087A 1654 57 8E &
34884 16586 1 BE A
DIEBTA 1658 20 20 167A

B3U%RA 3654 4 BE 15 1472 IN3L

036914 185D IC BE A
§35T2A 185F 21 19 167A
130937 1681 3C BE A
§3074A 1663 Bb BE A
I3L95A 1665 A4 OF A
B3090A 1667 81 07 A
BITTA 166 25 CF  167A
B3075A 168 OF BE §4 1672

36594 165E 1A BE A
B316A 1670 1A 15 A
§314A 1672 1D EE A
031824 1674 Bb 3E &
§3103A 1676 A FO A
83154 1678 E7 DE A
831654 1874 1F B A

031688 167C £1

03187

03188

§3189

3in

B3I

631124 167D OF 11 §5 1468
F3113A 1680 #b 48 A
E3114n 1682 17 49 A
31155 1684 &1

§31164 1585 CC 0B h
63117

§3118

LOAD RECORDER
LM H
AND  3$LF  ;ALLOW 3LMS DELAY
{np ¥si3 H
§4S  IN34  ;BEFORE NEXT
I R ;PULSE
BRA INR2
I LA CR ;
AND  #sFE
STA (R ;
BCLR 5,0R  DEBOUNCED BIT
KA  INR
BASET 5,CR,IN33 DEBOUNCED BIT
BSET 5,02 BEING DEBOUNCED
BA INZ2 '
W I @ RESET COUNTER
124 CR
ARD  ¥SUF MASK OFF FLAGS
CKP #587  7UMS DEBOUNCE PER
BO  IN32
BRCLR 7,CR,IN33 TEWP BIT
ESET 5,0R  DELDUNCED BIT
ESET 5,FRED  TRIGGER BIT
N33 ECLR  &,0R
A CR LR COUKTER
ED #8570
STA  CR
IK}2 EOR 7,0R  TEPEIV

R13

HER R R IR R EE R IR R R
1 TIXER INT FRGM RAIT STATE #
EERX TR S R

TI¥S  ERCLR
LEA
5TA
an

1IN WP

7,FD18,TIV1
2201001880 STOP TIHER
TR

RXR
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_PAgE 156 T

3

§312

13122

03123
831244 1748
031204 1740
§3126A 1742
§3127A 144
031284 1746
8319

63130

83131

R
§3133A 1BA0
§31344 1BAD CC OCMD
§3135A 1BA3 CC 00B2
331364 1BR6 CC 9CR
031374 1349 [C 4CB2
93138A 1BAC CF OCR2
13139 1pAF OF SCR2
g3taeA 1EB2 OO BCB2
§3141h 1285 CC BCR2
B34z 198 CC OCB
£3143A 1EER CC ECFY
031445 1BRE CC DDA
031434 1BCY CC £DiA
B31464 TEC4 CC CD23
131474 1507 CC 07A
f3i464 1ECA CC 0097
f2149

63138

[EO4)]

p315e

3153
§3134A 10
I3sA 79 U
B354 12 9192
33178 1794
B3158
931554 1ME
G31685 17CE
131
BE1624 1708
B3163A 1708
§athas 3702
£3165A 1704
baita

03187

£3158

$3189

£3170
B3171A 1780
0i172a 1780
031734 1782
12174
031754 tTEE
831764 17EE
#3177
033784 1778
£317%A 1750
§3180A 1772
£3181

§3:82

§31E3

BF9S

P69
PESF

b3

g
DiB2

%172
73N

71

pip2
D3t

SA

F o

r e Iy o D D D

EEREEEEENELEIX ISR AR AN HEERETERNN R

P D I»

> T D

I

LDAD RECORDER

EREEERRREEAE EESERR RN HH RS BEEL £
L HEMRY ADDRESS FOR PARTICULAR #

4 IRSTRUCTION TO HAWLT ON

HEXEE X AH R RN R RN R RN R E AN R RN

oRE
FiB
F3
FIb
3]

HEEEH NI L R A R R R AR R EEE

KIeVT
$EF50
15254
9554
$9ESF

¥ JnP TABLE FOR RS232 INS »

FEER N A R R R E R

ORG
J¥p
a8
i1
k(o
BE

e
np
e
JHp
e

Ine
P
e
i
P

HREFEER I R HHE R R LT R
% FREVIQUS ViR ADD TAR FOR =

RXIN
INGR
Ik
Ings
N0t
INet
01
iNf1
g1
K8
k9
INGA
IkiB
INSC
INGD
INGE

] HOD3 IN DISPLAY

G
Fba
FLB
L3

! 1

FCB

®e
Fb3
FIB
2]

NIHs1e
sCETd
$9152

$93

FoDVI+SAL
$03

HoDVTIHSEE
55
$p152

03

HELHEE LR PR E R E N EEEERE

E NEXT VAR ALD TAD FIR %

¥ KOL3 1N DISPLAY E

FREIRERREEEELREXRE R EREERE N

R6
FDB
rDB

We
FCB

4N
FTd
FiB

BIDVI+$3)
$3192
$9.00

HEDV3+46E
t31]

HDVI+S78
0102

$DICE

HEEKEUER SEERRERN B ERRERRINNA
H DATA+VAR LFDATE FOR *
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PACE 0857 T

03184

13155

131804 1820

931878 1620 CL 10B4
031854 1823 CC 11E7
131554 1626 CC 126
$3190

EX L)

3192

§3193

§3194A 1738

31758 1730 7192
Bi%eh 1732 9394
JIIVA 13 0%
§3198A 1736 9798
pileeA 178 990
Bi2iEA 1738 DD
LRHH

132624 1770

BIzizA 1778 DiI2
B32t4A 1772 D3I
BIZETA 1774 DL
§32eA 176 D78
§32874 1778 D9RE
Badeza 1T7A FINI
8389

K |

UEFA |

322

13213

£2214

g3215

B32is

63217

giza

S215A 1E00
fixea 1RO 20
LR LTSN I |
93zzh 1B 28
03z2ss 1E38 2
fazien SEAB 28
VIR R S
B32254 1B 20
bazaTa ieTt 28
viZeeh 188 20
VEREL IR S
g1z
83z
3232
KRR
022334 100D
gadma b 44
E3Z3sh I0IE W
I XFXYS
biziga 04l
D32EA 1040 54
K32its 1058 5O
8324
b32z24 1020
b32434 1620 A
pi242A 1030 T4
03245
13246h 1060
U244 1060 M

.5A:1

> I

o Ir T B e P

g - - L -

LOAD RECCRDER
% MD4; 5,6 %
B B
ORC  Ua%s
TN UDA
JEP D3
e LD

HIEE ST I
5 NEXT VAR TAB FOR HD4;3;6
HEM N EH S S I R R

ORC  HODV4+s3)
FoB 5132
Fib 9394
FOB  §95%
FI3  s9798
FIB  $97D4
FI3  $DeD0
GG KIDVI+ST0
I B 1))
FIE  $D304
FIg  $ISD6
FUB  $D7D3
Fop $D990
FIB  $%0%0

HEXEEX AR R R IS EE R R R A T R AN
¥ DISPLAT FORMATS FOR DIFFERERT #
x #OBES FOR LOAD RECCRDER E
FEREE EEEEHER B RERH KRR EE RN R RN R RE X R

SRR SRR L R AR R R R
x DISPLAY FORMATS FOR RA¥ES =

' BRI R B R A TR

- U - - S O

a»

WRE  HRDD

FIC I (net wsed) I
FCC X (date & time) X
FLC Llstart of test) I
FCL Zlpelse facters) X
FCC  ¥ipresent demand)l
FCC % {may. demand) X
fCC X (tot, demand) Z
FCC % {puise leg.d X
FEC % {netwsed) I
FCC 2 (net esed) %

L REE IR LT AR PRI ERE R
¥ DISF FORMMAT FIR MODE2 %
SR HE R I A R R R R TN

OB WOIF1

FIC  AMATE fF /i
FCC  &PERIZD K. &
=G EODFI+sdd

FCC ATIvE TR
FCC  &PERICD DLR. ‘&
RE  no2

FCC  4Test started sn &
FE€  ATIHE PR 3
GRG  MIDF2+s4k

FCC  ADEAAND PERIOD &
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FAGE 658 T

152488 1078
]
§32504 1080
§3251A 1088
432524 1090
03253
432544 1000
832554 108
832564 103
13257
632584 10K
V32594 1040
03208 1CED
63261
832624 1028
§32434 1CE
132647 1079
03265
FIZ55A 1000
632874 1040
§32654 1018
03249
132734 1040
TI271A 1348
832724 1058
027
13T 1028
13275 1520
WITA 1330
12277
432784 1368
£32794 1360
¥I280A 1370
pi281
032824 1380
022834 1088
032044 1099
12285
03284 160
432674 1300
§32EA 100
23269
JIZFEA 1540
132914 1040
2324 1280
03293
032944 1160
132954 1DES
132584 1060
83297
bi258
02259
133
YE3UA 1518
332
03303
0334
I35
0330
§I37A 1538
1335A 1538
633094 1534
133164 1EC
B3311A 1B5E

84
20

b

"y Jgw Lo ] ra
[ ‘ag (=]

e

&4
20

]
20

7t
32

3
33

799
S¥9C
733
9FL8

A

ko

DI > >

LOAD RECORDER

FCC ATE 71 &

GG WIF4

FCC  tPresent peried &
[ VR 8 ivh
RE  MODFA+#$40

FCC  &demand: i
i & KVAhE
G KCDF3

FIC  &Demand pulse &
FEL & Kwh/palse §

(RG  nIDF3+540
FCC  facters: (/1€ )&
FCC & KVAR/pulse &

RG  KIDFS
FCC  &Maximow demand &
fF©lC & / h 5

RG  HONTH4D

FCC  drecorded: i
FCC & KV &
WG KIFS

FCC T, accumylatedd
r 1 iwh &
RC  MODFA+$4%

FCC  bdemand: S
FCC & KAk
0RG  NODFA

FCCL  b3elect displey &
FLL & &
RE  HODFA+$4

FCL  bmede. 3
fiE & Y
RE  HODF7

FCC &pelse legging &
FCC 42 -8T0P Y
&G KCDF7+%4k

FCC 41 -CONTINGE &
FCC &3 -START &

FERXEREXEHEEHECHIVEHNEN

¥ FREVIOUS LOC TARLE «

HEXTHEHE R AR
CRE  HODves+siB

% NOT NEEDED NQ SET HODE

I
¥ NEXT VAR LOC #
TR R R EE
036 HODV2+438
FOB  $9%9B
FIB  $9B9C
FIB  $9LSE
Fp3  $9FD4
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PACE ES59 T AL LOAD RECORDER

3312

933136 1578 DRG  MODV2+$78
033147 1578 D9IB A FIB  SD9DB

§33i54 1WA DRI A FIB DR

BT3ieh 137C  DEDE A I3 $LEDE

933174 1FE DFM A FOB  $DF98

B33

1333y

[ XEY ]

331 FERE SR IR I LT

§3322 ¥ JH¢ TABLE #

§4333 HEEX BN R LI ER

{32 1A4L e R

83325A 1440 CC 040 A P MM

E3326A 1643 CC 0EZ8 A ¥ KIM HIDE 1
§33274 146 OC OF33 A e Kp2 HODL 2
P3328A 1A49 CC 12FF A NF N HODE 3
03325 180 L 178 A JP MDA MODE 4
PE336A 1A4F CC 117 A J¢  wOD4 HILE 3
B33t 1852 L 1174 & (R 671 HOLE b
633324 1855 £ 1M A JEP KMOD7 mIIE 7
$33534 185E WG TRR+30

£33324 1A5E LT 185D A JEr KODA

B3in

34Tl EXEET RN EEER BIEEETARER
£3337 ¥ REYBOARD IMP ThB %
{328 FEEE I H L KRR R R R
£33394 1640 0R6 6K

F3345A 1886 OL 53% ] & KN

BIz4%4 1843 LT 0282 A THP KBA

§3342a 1846 CC fEH A b 4

E33434 1547 CL (802 & AP KR

833444 64T CL GBFC A W XBD

{33454 1847 LT 0304 A P KBE

33464 1852 (C1BSS A bt 42

§I347

033584 1£50 Bt KEF  BTS

4349

356 HEF IR EE RS IS L TR EARERT
LA % HOVE 70 T0° LOC JWP THB =
piss2 RN FEEE FEEE R R R LA T L TR AR
BI353A 1988 iE AT

T334 {980 CC Cald & L 1]

§3355A 1983 CC B2EC A P KT

§335ka 1996 COC JEED A Iy I 1)

fI3574 3969 £C 1285 A JWP KTS

033554 190 G AT+

$335%4 1715 0C 1382 & i K17

133627 {9iE 144 JaT+30

§33614 191E CC TFD2 A JE KA

13382

4353 ERB L R E AR IR E AR
15364 E KOVE TO FREVIDUS LOC JNP TAB ®
B335 FREX SRR MERE SRR SRS F R SRR LR AR R E
TI3heA 1940 OkE  JBT

b337a 1540 CC 040D A JHE  HAN

B3T65A 1943 CC LFLB [ Jvp - wP1

833654 1946 CC CFIB A P HP1

§33704 1549 CC 1293 A P NP3

03TA 1955 : ®G ET+21

§3372A 1955 CC 1383 A vy W7

$33734 155E oig JhT+38

033744 155E CC CFFE A I KPR

13375
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PAE 360 T

1337

LRI

KXy

133794 1780

$336¢A 1580 CC AR
933514 1983 CC OF1A
133824 1986 CC CF1A
BATEIA 1989 CL 12R2
£3384A 1993

B33%A 1955 CC 1388
133664 199E

§43874 199E CC OFR1
KX

13389

03358

33

$3392n 18ED

#33534 1880 €L 140
£3354A 1863 CC OF2b
33954 186 CL OF2b
8337bA 1829 CC 128D
§I3775 1895

93498 1895 LT 1413
B3399A 189E

D3454A JESE CO IS5E
p3431

B3482

8343

p34c4

BLsEsh 1BEQ

g3atea tED 00
B3A87A 1BE1  EE
a2 @0
B3a0%A 1883 EE
034124 1854 0D
A SES 0
BI4128 1&6 00
LIS EC IR 13
13414

03415

diaib

53417

paAIES 1809

B3I HE COE
g3szin 1861 A
134214 1882 00
B3azh 1283 ¢
§34ZA 184 IC
B3424R 1EES 19
B3425A 186 8B
plazea 1807 @7
g3427A 158 0D
034264 1809 06
§34280 1888 0D
034385 1508 4
§3404 80 OF
BEAZZA 180D W3
g34a 1HE D2
134330 180F 81
134354 1818 10
834364 1611 11
03437A 1812 12
Q34264 1613 13
1343y

.5h:1

> =D Ir

x>

> T I

Ay T D D o D

Fo g I i R S - O - -

LOAD RECORDER

SERREEREERHR AN RN NN F N RN ¥

i KWZ 1D KEXT LOC JP THB #
FERREEE S LR R H R R L IR R E R R RN BN

®E ST

TP HAN

JHP MM

TP ENY

M MN3

BRE  INT+2t

% HN7

ORE  INT+30

b 1
SRR 3T
1 CHANGE JHP THB #
ST I I TN ST ey It )

BRE  SEXT

NP M

Ine Crit

M o

P {HY

e SKIT+21

W M7

RE  SKIT+3D

JHP CHA

HEXEH ORI TN R
i EWABLE SET HOLE TAB #
HERHERHOHEEER R L

O0RG ESM
OB sl
FCB  SEE WODED EWARLE
FCB $00  ADDE2 DISHBLE
FCB  $EE  HODES ERABLE
FCB 08 HODEA DISARLE
FCB ¢80 MODES DISARLE
FCB  $08  MOLEh DISABLE
FCB  SEE  WODE7 EMABLE
FERAZERR FHE R AIE X FEN RS
% KEVHGARD TABLE #
THER XX REEX AN R R HELE
0RE KB
FLE  SDE
{8 s0A
FoR 808
FLB $0B
LB sEC
FEE 409
LB $08
B 807
FIB  $0D
LB $6
FI8 $05
FCB 404
FCB  §bF
FC3 843
FCB $B2
B ¢0
FI8 s
LB $11
I8 812
LB $13
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PAGE B8 T 5401 LOAD RECCRDER

13448 FEERLERHEE N EHE LN LR AR RN
LKL £ FIEST VARTAELE TABLE 2
53442 EEREELERE AR EEE HER L RERR
034435 1m0 B WV
34454 1808 68 A FCB  sDY
1345A 11 08 | A FCB %08
G344 1402 1B A B 418
B34M7A 1M 10 A FCE  s1b
B343EA 1AE4 1R A FCB s10
BI4iTA 1AS 10 A 0 B $1 |
p3450A taE6 18 A FCB sit
DIASIA 1887 OF A LB $0F
034524 1A0A URE  FA+$A
034330 1A 4F [ “FCB $4F

§3454

2455 HEX EHE LR R ERE
[3454 ¥ LISP VARIAMES %
E3457 EEEEDECE KRR EHXRERRETR
034568 1AEB RE  mODV1+38
B3457A 18438 DEBR A FIB  $DBe
§34b5A 1ABA  ETEY [ FIB  s838%
03atlA 1a5C  OBEC A F0B  saesl
0345CA IABE  BOSE A FDB  4$BSE
134634 1490 EBF3 A FOB  ¢BFLB
03484

B3455A 1MB RE  M3DVISZB
D34bLA 1AAB  B9ED A FIB 48923
034674 1A BERL ) FOB  $EBSC
024585 1AAC  BEBE A FIB  $EEBE
(34695 1ME  BFOR & FiB  $8F(3
034785 1AKY (B A FCB  $£8

§3471

B3472h 158 MC  XODVi+sed
£34734 1AER  C9CE A FIB  $L9Ch
f22724 1A CHIE A FIB  $Cl
034758 1AEC  CELE A FDB  $CECE
034764 1E  CF A FIB  SCFED
638778 16FE BB A FCE %83
034784 14 FE  KODVI+¢7D
3247%5 1AFD  DERS A FIB  $DEGS
13488

B3A814 1408 RE  HODVi+e43
L348ZA 1803 ©FCB 4 FI3  sEFCE
B34534 1AA  L509 A FIE  sC2C7
£3484a 180C  CBCC ) FI8  sCBCL
J34g5s 14E L & F0B  $CCCE
DZ4E8A IADG  CF3B © 4 FIB  $CFEB
BI4E7A 1ADD G HODV1+$DD
§34864 180D  CFID & 08 SCFID
13489

33490 M SR RS

03451 % VECTORES *
§34%2 FIFELEFE KHER
EI493A IFFH ®RE  §ifF6
BE454A 1FFE 167D A FDE  TIMS
BI4T5A IFFR (B3R [ FIB  KXR
C349EA LFFA 1804 A FIB  HINT
£34978 1IFFC 0480 A FLB  HAN
BI4%EA IFFE D40 A FDB  KAN
B3459 :

X4 1 END

TOTAL ERRORS 08808--COCHD
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FREE B62 1

i871 ALTR
bta4 ACTRS
14SE ADDY
0ASH ADDB
1228 ADDD
1238 ADDM
0bk4 APNS
B&D2 APNST
J6HF APRS2
04D3 APNSY
BEDb APNGA
BEDY? APNSY
teh9 APFS
05B3 AFPS
4013 AREE

0684 ARTC

1248 EDB1
1240 BDD2
1238 FDDD
03B EREC

08B ERTL
1014 BTCT
ECEA BURI
ICza MR

.5R:1 £0AD RECORDER

DEUBSEERSST £2945 02591 £2992 02554

B811530455 82944

V1256401285

01256881346

02327 2473 0250ERC25 7

82510 82513

BISE7#MISSS §1701

00593 83601 00603

20583 §5593+

£0602 B6ED4s

05587 Bletsx

00593 Heos

ED46h BRS7SEDESTY RUAEA $1672

84575 MOSESE

DECATHIOTET DSZ70 G479 00483 GL4E9 §0561 HGSHS 05641
RUSSD G053 B3672 LETET 84716 08725 60736 §6744 00748
BCS24 00823 GGS41 G083 08663 50871 61122 81156 §1157
81175 91175 31256 11256 $1298 B1388 O1315 09321 1827
F1836 B1329 81876 32079 G2066 62289 D276 2460 §2462
02556 12603 _
COL4E=00229 0258 09318 A322 §5421 L0424 80427 40430
REST4 EGS3S TR54D COSAT 0iB4B S1E74 01906 1921 G563
§1953 §I573 01982 H1987 31592 $2829 62840 02844 L2648
02851 L2654 1285 02981 2986

02523 12527

£2525 £2528%

07328 12480 $2496 (2516382544 42553

06187455623 B6BPY 00893 LITI0 CEDI4 D515 08523 L4926
L9 BUT4T §G945 50948 Bi672 3108 B1E54 02511 02521
£9149:00041 $L2% 83650 81872

OEI7SIE1421 $1425 01435 §1453 §1457 1471 $1477
B1541301827 $1673

01553 F1556¢

8Ce? FUFULE 01534 561 BiSevs

BC74 BUFUIT 01556 §i563 D159

0081 BUFUI2 §1550 $1545 0140l

§CEE BUFVII 1545 $1529 01974 B1277 B1597 1601 §1604 (16072
6071 BFUL4 01349 Eib(BE

JCS4 BUFULS 1570 §1573 81572 Bi593 01602 01845 Bol9s

SCT7 BUFUIA 21584 Bi5%1 bieils

EC9A BUFUI7 01389 11593 Diblix

0C2E BUFL2
[ [{ i
UC3A BUFUA
8CIE BUFE
C48 BUTls
§927 CaRR

¢pCB CHT

fE10 CHTY
tEY3 CAT2
BE1H CHT3
bF2s Lt

0F2F Ch1
tr32 Cri2
8FT5 CH13
12ED (X3

1288 (x31
12F3 CK32
12Fb C¥33
12F9 CH3A
12FC CK33
1413 C¥7

1552 §1558
#1355 41557 41550
BiSed 81553
[1559 #1565
TSe2 B1584 E15hH
BEI7OXE0378 Doasl G40 SL4A7 §0478 (1272 §1281 1IN
§1255 Y2808 G813 02B27 42B2d 2832 02833 (2964 42979
§2934 B2983 U2939 125%
§iB4THI2IT4
i394 HEST D860 21883 DiEbS G1BRY §1BElx
£1E54 BIBST 91862 R1843 (iBe3 91BEZ:
81377 11883
B2£ 49503294 RTL55
82147 2054
B2t k2inox
02451 §2056s
L2609%05376
J2413 2619 G2620 Q2L30E
02615 Gze32 22b36e
02627 §2637%
12617 82825 42634 L24EE
12623 B2b3e
$2B00u02258
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PAGE B3 1

1428 CM71
1438 CH72
144F CK73
1486 CH74
1435 CH75
14t CH75
1401 CK77
1498 Cr79
1456 CE74
1486 CU7D
146F CN7C
1478 CH7D
147F CH7E
148 CH7F
148F CA78
1428 CH7H
$E5E Cha
107 {hat
1081 [wA2
1072 LHA3
106D {HA4
0573 CONt
§57D OGNz
ES7F DRI
540 TON4
0506 CONS
§5C8 CONk
§548 CON7
i5HF CONE
§SBb CONG
GEED Cink
§24F CONT
QoEF CPI
fo8E R

fitiC LREE
BOBC CRTC
EBEY CTEA
JEEC CTEM
2553 O
6043 LTR
3698 CvA

[SFERN ]

§A7A DAY
iA8) DA2
BAED DAI
BA%4 D4
LALF TAA
bhEA TAAC
BB DeAll
5610 TAal2
E70A DADD
§71A DADIY
§723 dadi2
1054 IAR

§087 DATE
8788 DRI
07856 DBUS

Lann LOAD RECORLER

126497 L2811

D812 12817

12829202829

D2Rid (2677

B2802 LoB1LE

2826 RIBAT 02847 12058 92853 02857 52861 H2563 0288%
12380 17BBAR

028652668

§2870892873

B2a40xiB4l

§2B445[2844

D 2B4Bx242848

62851382851

02BS4%R2EC4

£2856%02858

D2BES 1261802615

§2244203408

pZ4s 12255

02256 bz2alx

02250 d22%is

2248 L2251

DEI9Y LE370E

§E391 66294 Sdadiz

16279 BR4bix

FEAI2 Bl2172

J0MY §6414 DUAZ4R

00378 05461 GL435s

GRa21a5h42]

BRaz4Dbszs

V642705427

$E430xI025C

05337 037cx

§ideB=R29I7 02537 L2740 (2763

PREATRE2C7E Q3014 §3676 83077 GU078 (37T 4308T EIGES
03EE7 DI0ED 0300F GUE91 €309 L3074 03098 {IN9P E3101
83te2 o31L4 GIUES

DL10BefRSEY ULB7Y $31D41 B15E1 M174

Eh1o0B03:9 62932

tige7ig161d

pI9a5 5571

aigEy EhoTIx

$8:142£2952 82950

FULATRE2E7S 03012 93046 CI0AT7 G348 §3049 §3053 03635
§3057 13058 D350 (3341 §3043 3064 63068 13049 23071
DXE2 83674 0TS

0062302ETH S3618 03014 63017 CIU1A 3019 K023 03025
£3327 DI02E GII30 030AD QI0IT 03034 L3eIL 83039 ¢H4Y
B3042 5044 03040

§1273 Bi1276s

01277 §12B1e

1282 sizpER

§1237 M2

00373 93261 C1272s

71 147903003

th486 fYscax

0482 b4y

G057 Q5657

DOsb0 EREAA UGCATR

bebbs 50670 Lb72s

0123500273 04275 ¢428B8 $U237 C0T61 0302 DUHIT 603U
89746 40747 82015 $2016 02617 L2017 K2020
DO1ASRELZSD 00428 B3BE1 B1974 B2B09

(o745x0L747

08345 90744200778 C4788 NOB16 G1641 S10&4 H1E23 01929

10-64



FAGE &4 T

g% DDA
9188 IDAT
toes 0B
1095 DEMP

#1490 DINS

SCER DXVA
BRAl DKW
GACS DON
2ACH DOX1
34D4 DON2
7056 DOW
§84% DREC
$08D IRTC
$905 EOLA
RED ECLH
§641 EREC
16EQ ESH
140 FaV

8011 FRIS

2012 FLEN

8015 FRED

E018 FRIC

0745 CACD
0£19 CRFL

8793 CTCD
4484 WRS

0685 HRSA
2674 1AC3
£643 1ACO1
G64b IACER
U7EF INR
§7FA TACH
477D 14CR2
0819 TACK3
848 180D
§707 TADM
#534 ICON
153 1COM
154D 10082

541 LUAD RECORDER

01996 BZ073 02142 42234 12260 02326 02421 12501 02558
12637 82455 02706 42738 82795 62884

E01325t8198

0R137600781 60830

10133500208

08125¥b0468 63469 MIA70 40472 20534 11912 01524 92817
§2818 62662

08136200272 06277 30287 10252 KU300 4365 B0312 40693
20745 $4779 0827 05981 01014 DN33 41062 1878 4118
81939 B1950 02012 42027 02671 02094 $2159 12230 02257
02344 92419 02472 $2536 $2574 G228 24T 12662 62757
12756 D275 02861 12578

DU1S3+E1Z07 B1236 1236 41239 11246 02379

1452601 230 $1233 244 02360

M 34151508

B13e4x1348

$344 D124T

00144502331 £2982 42987

UB115E1S47 01552 €553 4I55R 01560

a5t

BONASREIS16 01623 §1658 S1685 11697 1708 41726 11765
§003788652

B112600%:7 00570

CH17ERE124 B34S

0815086027 01853 0162 B1579 02112 §2152 $2180 42217
§2224 L2245 (2355 62613 B2688 42723 DE7B3 B2788 (2601
CEM3 B2

GUE913E0282 08293 $8315 §0331 COGE1 40682 UORES $0689
00692 BLETS UDET7 £0BO4 B3BL6 23052 G962 01UE5 11686
01695 01165 1904 11505 D1914 DIF1S 42062 02063 82065
02085 E2068 02353 62367 02375 BZUB6 02354 02404 12405
02417 BE41S 02416 B245H 02645 §26% 42649 2650 02743
§2749 GZ752 02753 12987 02575 $3012

DO8SHEEITY G0SHY G06DH DSEBA §3663 00634 01391 91392
$129% 01407 01404 §1466 £1420 L1443 0144 61450 41452
B1475 BI453 01484 41485 01494 V1455 41496 §1497 D152
D589 1518 §1625 L1856 D1678 01687 91699 61719 1748
§1787 02852 62858 62943 02924 02955

ROSS4NEEET9 GOT86 $44S7 DEZDY GOALE 00401 DUAES L8419
D0ATS G424 §6441 GOAAS D447 $2452 10496 0497 B3STT
BOSSB (0547 D2410 02411 §2412 02431 02434 02438 (2441
62445 £2049 02877 2678 B3040 43670 43164
EE0EAXE02LS (6267 BD3ZD 0442 DU4S3 60444 0CATS GUETR
BU781 1520 11925 2933 02934 2935 32936 12542 92943
42943 32949 (2566 02967 B256B 2957 2598 12999 3001
08757 9765 DETTLERI1S $2162 E2259 BZ83F 4281b
BOOSERES3EY §3513 SE912 04 E9ST DITSY 61581 01382
$1455 01493 1498 91501 B1504 $1507 41508 $1501 pisi2
11528 03525 £1655 DI7E7 02896 G292 42908 62554 02958
0075741861 02656 52636

§D14200252 (0422 BU5A1 B1R84 $19E3 €2841
D143H00243 .

00551 $0555+00875 00535 BES73 B1610 01759 028E3
64559 besee

40558 1S6Ee

£0852x01507 #1659 1755

QESE HDESEe

04852 GESER

00853 10861

85568 EOLES EEo4TIOICHD

D0643 §0643 08650

08363560362 81335 E0484 04447

oeaaneIN

3B BEF72E

1@-65



FAEE 865 1

§54C 1C0N3
15F8 IDENP

SA: LOAD RECOADER

10367 §0373s
00457 104bbs

$5FF IDENPL SCALS UB49x
6637 TRENRZ G473k

ocen Ined
§CAC INODY
OCAF ThOC2
§CB2 N3
0CEF Nt
8CC7 IN012
6CD2 ING13
ECDC IND 14
RCID INOTS
ICEN NGk
ICE3 INtB
ICF INOBI
0CF3 THRE2
ICFb IN0E3
iCFY INDY
8004 INDA
ED17 IiGAL
§DI4 INGB
a3 K6l
§02F IN0Q)

1619583134

J1k22 11627

81624 11620

B1B3E4TI10 03136 §3137 43138 §3139 43148 13148
$1538 Biekx

01641 V164b301849

Hetd §1650x

01651 N7

V147 Gi45EN

B1E50 §1653 01459
P1bb5x03142

01666 67250148 1663
B16b7 B1674xb1654 §1858
D1b69 1674201636 1598 81719
$1880103143

fie4a03144

1895 0701

61707¢03145

§1718x03146

Q1728881727

177 IROCIO 1744 31700

1537 INDC2
047 IKBI3
§D62 INGS
DAY INSCH
DAE INODT
§D71 INIC3
L7 INGDY
§D7A IRMD
4085 189D
097 1KLL
DAY INGE)
1558 181
15IF 1K1
1508 1M1t
1578 IN12
15F) INI3
1508 IN14
15FA 12
162 IN2S
1519 THEL
1639 I¥22
1631 Ik23
1646F IN24
1678 IN3
1451 I¥30
1654 INI1
167A IN32
1672 I%33
1658 N34
154D 1K1
1582 INP2
1587 INP3
154D IKP4
1549 IKPS
154 INPT
1940 JAT
1544 JET
8758 11T
W76E T

(17294417

§173925177%

{1724 1729 1750281772

B1734 $1751 §1755E

01743 11756

81747 £1757%

IS 17sER 778

bi76ER03147

HTAanITs

§1784403258

§176h Bi7En

fib16x

G336 §303%35

$3017 1330

G308 33654 D3D29 43532 §3837 (3045x
B3B3 €3848 (Id4lx

(3322 §3025¢

bIpekx

C3G46 3047

B3547 G35al%

03E4D B3554 BASS9 §3562 G087 LIL75#
SI460 §306B §EOT1

B52 13050

$3076%

Q376 B3555E

§3077 53090=

03478 B3004 DALET S92 L3IGYT7 (3165
33058 £3090 C3161s

0382 Figass

$3E0T Sdniix

BIt11 GE613E

630313 LaMITE

12941 12585

62938 £2953 02954 §2955 12957 §29bex
62965 V3LicE

05174505996 03353 83458 1334t
08175851635 $336b §3371 83373

00244 38705»

GEA3 H72

19-66



FAGE Gtb T

8779 11
0781 JXT2
7CF M
1840 THK
1840 MR
1988 JNT
1832 ¥&A
9884 KBaAl
18EB XFB
08E3 KBEL
GBD2 KBC
{EED KBL1
BBEE KBC2
UBFY KBCI
§8FC KXD
1503 KEDS
§96C KBD2
B3C4 KEE
e XBEL
1855 KBF
8556 KBN
§54E KEN1
88aC KEN2
8AF KENI
168 KE7AB
14F4 EINT
L0748 KKV

0097 KADH
0893 KADL

1200 RAN
§412 %A1
(516 KANIS
£319 Hnkil
8510 MARIZ
ESE3 MAK13
$422 ¥ARH
8445 HANID
044D HAN1E
1525 KAK17
§527 HANIE
§337 KANLY
B41A KAN2
§51F MAM2t
350D MANZZ
85108 nakzd
8513 MANA
1522 KAK2S
BAF4 MANZD
5EE HANZ?
B47E MANT
885 NARS
G436 HAND
B40E MARS
84F3 MANT
$432 NANS
B4FL HANT
§78F MEX

85715 mCX1
BEAF KDI1

0ESF MD12

WSkl LOAD RECGADER

R728 $6731¢

06730 LE730e

BeB14%DRE2T DRE2Y

ROIE3BE7IT7 BIIIT

B0173005717 07324 §3333

BR74300985 31016 93379 3384 0338

00994%03341

J0994 60997

L H X} Tiket )

01803 1105ex

11822503343

01325 b3

21822 B163sx

DI1832 R1L41s

BiLALHLTIAS

013456 E1053

LR ATRES ;

B1b122E3345

B1h12 EiE17s

03:45 B334te

Ge97E0T4Y

DE378 dp987s

Ba0B4 CHOBTLBEG9D G1004 B1E13

g0782 §0589¢

Ce161s82921 83418

02895 $25iEs

B0Ea3EE0335 GE343 0726 80979 82174 62727 02729 627H4
12735 feER

00127%8021% $0220 1138 $1226 §1362 81718 §1733 61730
D174 2114 €2173 02505 BZ507 2609 82682 D2ETA £2849
00125xbE210 00224 G0Z2T D139 p1224 91228 D1368 #1720
§1723 01768 &2116 B2138 02508 (2611 #2884 $2333
§0192283325 53354 $3367 GIIBD $3373 §3457 5498
GUZE2REEZES

04330 EiZ42

(o337 Ghaaas

$0333 253448

£6331 CEadse

Jl212#060215

G2223 GE2uex

§O22Y L23Es

BB G047+

L53h BU345E

BE3T1 $0355x

poze7sis21d

$0435

BGIZS E333Se

BEI2B Bluass

§0329 333

BOZ4REEIS2

DUR26xE1554

£0349 01251

Bh267%B8288 05271 BB27S

£32782562E9

pE254x03382

11K G RFE )

00325x00353

eaz2angL227

i

01038 BiGa1eD2397 L2033 D244 62185 §2233 02563 02560
02598 82721 02794

A R H R

B198T 01920#

01506 81928 51921 81927

12-67



PAGE &b7 1

0E6S KD13
§E63 D14
8Ees M5
SEET MD1B
QEGC ¥D17
9E3 HD1B
gESD MI1Y
IF3E ND23
§F47 ¥D21
9FSh M2z
iFo1 KD23
13th ¥Bd1
1317 032
1318 D33
1189 #D41
1198 K42
119F D43
1142 kD44
136C ¥
1309 H072
13CA K273
§345 ¥DD
8623 MBVA
1023 XD
$02F ML
1838 HEM
LD5E HEMR
IDAT MERS
S645 MHH
§652 Kl
14LD 811
1800 KIKH2
14EF HIN3
1451 FINS
bi83 XINA
1404 HINT
§04% RMIR
pe47 LD
§59% WD
BF 15 WML
a3 rvit
1242 %k3
1248 ¥R11
1385 iW7
1397 %71
139 W72
1340 WN7S
1348 ¥N74
13AE ¥NTS
SFF1 HbA
1605 KRAL
1608 ¥aAZ
EFFB hAY
bE2E HOD!
8FZ8 K2
12FF K03
1174 KOD4
1381 MID7
102D HIDA
1008 BODFI
1020 Kobr2
1CAY HODF3
1CeY MIDF4
1DO8 HOLFS

S5h:1 LUAD WELLKDER

911997 11928

91916 k19298

yivzz 41530

01508 11931

BI910 01913 01925 p1vics
01904 Bigee

B9 £1919 15262

§2h2 (2064

82565 C2bhge

82163 12067 02872

82069 S207x

02045 12645 B284CH

02644 2647 D26T4%

02651 12855

B2464 $2405 t2418s

02457 R2407 B2420s

2417 Lz2421s

po408 §242z

2743 42749 270l

0247 22756 02757

82754 02753%

C0117#03427 12339 {2860
gEE72xLE411 BOA1T B8418 $R420
16871250307 §0393 80396 13478
$UOB2EE1I5S 1152 11374 1241 02433 12440 Q2447
E8124200213 £1829 01830 K1633 #1634 01841
Bigree

00212 HEE7H

§0119x85423 02340 (2542
D2140#50253 20425 DES44 01647 81983 12045
f2B%2 L2853 L2eh5x

12876 §2501%

§2297 G2B98 62960 (2901 B2910%
[2RET {2512

BLi4ixilaas

SXF1803456

JhizEetoazs $2348 £2846
JEIIERIAZ2 02342 2806
E2129¥50261 CE6TE 1048 (2254
p2e3TEl3aRY 93382

k2042 B2G4ax

12580=F3383

£2583 1259ix

J222=02739 4380

82728 €273i

92720 82735

82732 12748s

2t 827418

12718 B274C%

D2e3 12174802232 QTIE7

€2183 Eziac*

82175 $z186#

L2176 2175%

IRNIIE26

1286220327

B2p44837323

peal4rbi32y 03230 43331
047483332

0217203734

§0:b4281941 £1952 ¥3234 03238
BOIETER2ER H2104 §3242 ¥324b
INb755z684 2672 43258 #3262
BLIEEENZD7 02314 03200 BI2I4
UD16ESE247S DO4ET K2491 43266 QU270

12-68



FAGE 668 T

1029 KODFS
DAY HODF7
1060 HODFA
1ASE NDVL

1BOW KODVZ
1788 HODV3

1760 KODVA
0983 KON
OFED K1
4F17 NP1
1293 493
129F K31
1383 #7
OFFS 1PA
0093 FRD

EDE3 KRS
o7 K251
gEEC M1
JEF4 ¥T11
1285 K13
128D BT:1
1291 K132
1382 517
IFDZ KTA
UFER FTAY
IFE7 KiA2
LFEA HTAZ
6FED XTA4
CEF7 ML
GF D& ETLI
EFE8 X
GFS4 HTN2
12AE PTH3
1045 KTk
1384 ¥W7
1008 NINA
EE17 MWV
BADT MUL
BAED MAL1
$AID KUL2
158E Nak1
1097 NAK2
10A2 WaN3
1084 MAME
1EED #n0D
VR REH
§74F ON2
750 oN3
£736 Ond4
8750 ONG
6726 OnOF
{045 GoCTe
1185 ORED
1156 (RGN
105 ORED2
1102 ORGI3
1106 ORCL4
1107 QRGIS
8027 FDVA

.5A:3 LGAD KECORDEK

DI16%02539 02548 03274 03278

08170882767 02775 3290 13294

BE1716622H 82289 05282 $326h

CHLSAE01853 2004 02030 B2041 03438 13465 03472 93478
B34ET B3487

0915782083 83301 #3307 13313

BO15BR02565 82577 02537 $2600 #3154 63159 43182 0317
B3173 43178

ROISOXR2293 03194 (3202

BL1ALsE0247 GOAT] R1B5B $19769 02855
02be7:43368 BILY

02831 12033

82574281378

§2379 s2oais

E2716403372

B21EG=ITI74

ph12tEbp2ed 03332 30699 DEG39 0978 06994 41003 01812
B1822 B1B23 L1826 BINID C1034 S1038 H1044 01047 §1451
§1851 §1BS2 Di903 §1959 81975 02218 82221 £2251 (2253
02334 Ez428 L2453 B2644 {2747

BLZ30 bEL22 BGEI4 B1141 01385 B1E27x(2145
£1B30 EiB4in

(2803283305 03356

62665 02067%

B2Ba4H0TE5T7

fo56L S2ohEX

02504 §256%E

$2715RE3TI0Y

J2151%83361

82156 GzitbE

02153 21628

§2168 G2145%

E15B E21848

£2683 E2p12802569

BZIIE k2215

BZ218 BZ320x

CA77a§2133

EZSoERbE22 (2631 62708

01114 £2785%52397

£2717%

p2ipc

G18E2 8:18BTXOIT3T 42059

61249 §1350k

Bi3t7e4:373

01362401365

t2272x52280

0275

(2275 t2552%

p2i84 §2222 62255

SET17ZEE273 63219

06t8: EDSELE

Boe2? §oavoE

f0sE0 $04E3 DLASS 3D&BT LOoY4 §5701x
DEe79 fO&EAR

08£78 §L782

§0342 o7k

flEEEE7EE 2923 02970 62971 $2974
£2304 §2433 £2420%

D247 §2434

B2437 B2443x

82435 82442 (2449

B2471 §2438 BI444 G2445 12451k

B2s49 §2452%

poI7OE2E£02 00418 D414 BE417 LOK1Y 00458 BR4T1 G007

12-69



PAGE 869 1

8621 PDW

§042 PLOG
B80 PORTA

0641 PORTR

3017 FRYTY
§7E4 XM
8005 RETX
1352 i1k
1978 RINI
1563 RINN
1357 RIN2
159C RIN3
1588 RINS
1343 RING
1537 RINT7
1574 KIN8
157F RINY
1523 RINA
1528 RINB
1506 RINT
1748 RIMVT
8950 KMo
5B RMEX
§80C EMR
BLED RMMFi
8ABE K01
BAE7 ROL
§298 ROLI
BAYS ROLE
Ban7 Z0R
BAAD ROR1
§O9E R5H

BO1E RSH1

009F RSL
801F RS2

$EE2 RTLR

93CE RTCRI
§E0D &TCR2
08F® RTCRI
8CI3 RTCHY

$CH2 KTCRS
§CU7 RTCRS
taFi RICK7
312X
GBI 402
bESE RX3
B44 RX4
BB4F EXS
§B6Z RXS
the4 KX7
{EAY RXIN
$00E RXIRL
§41A RXNMD
$E20 RXR

5k:0 LOAD RECORDER

BE511 DRSS 30527 DRSIL 02532 $2872
ORILTEBOZIE0 DR3B8 BO3P2 LO3TS NEI97 BCALE T0449 Q0S8
90504 BESIE §0518 8U521 #9523 42847
00113200228 00231 §2754 £2B04 02809 12814 82619
BEI30R00154 G0349 00579 CBa7 41507 11609 H1B12 81814
02893 83008 83007 03011 43613 83615
UO131ER195 DOETT S0&96 £1423 11423 01438 11441 £1455
B1470 DU476 B1784 02897 B2701 L2909 42918 02950 62759
82576
00R72%R1431 Q1441 B1452 01465 41478
§oETeI09E
GIRATAD140Y
£2934 Q2sb4 L2968
B2969 $2573 02977
82931202935
bbb 125084
§2941 92958 §2950 02996 62997 12997«
02983 12954
$2993 fanEsx
(5L §2754%
§2781x029E1
12966502784
§IT4RE2945
B84l (2747 B29o0s
82855 d29ize
02180015637 01444 13I8
§1135ER1250 62744
61137 §114ix
§6577 SGb0b GRaITEIDBLY £203Y
0617 BBb22e
bI331E01334
B132F261371
E13E0#81357
f1zgasfried
$1315k 01370
J17ei1328
DOIBSELiS45 01568 §1573 61576 1556 41600 V1603 01819
81665 Ui6BY BibB2 DiEW4
B01ESEE4573 Q5930 38552 #0555 §1542 BITED B15E7 §1593
$1642 Y1046 £1721 B1737 D143 Di7E2 W176% 01777
G011 061621
[D19E3068%T 01344 &
§1645 L1854 F3723 8
81773
fi54h L1493 -
11497 $1504% :
0i4%5 B1G11%
01498 B1512 §1526
01393 11474 51495 61503 91504 41510 1011 91519 01525
[ 3X]
Q1524 15318
1360 §3568 Bi517 01527 B1542x
01315 152k
§1422 §i420%
p1428 Figils
D1430 2143%x
8ik27 hi4chH
§I437 G1440x
§1424 B145B C144D Gidd2 D1447x
§1458 §1456%
60179261531 43133
BE42e01513
pt134283447 01514 $1520 01522 #1636
§1437202116 03455

1551 91567 $1572 01580 #1585 41637
1725 $1738 G1736 01740 81743 01771

19-78



PAEE 17§ 1

OAFF RXSR
§B2C RXST
pdia RXTX
8090 SAH
CI%D SAL
0B) SEC
481 SECA
1881 suJ7
§y2 5
§5C% SPRES

5A:1 LOAD RECGRICR

11391062512

01371 137

BUGT7RE1405 01433 V1444 D1est
00854930514 60539 28597 62828 2824
COBaSxEaate 02823

$RIIB200254 D345 G170 B1993 £2B47 02946
Ba13ea 0245

00177501048 QU352 43397 13359
BROGIRA1162 §1775 01909 82352 02999
95341 josale

95D& SPRESS 00441 B04A0s

5SEB SPRESA D04S4xLisnd4

GSF1 SPRESS §R440 €6442 SQ450s
0SF2 SPRESG DOA4H §9457%

U5FS SPREST datbx

531 551

bobd STib
8671 8511
6678 8512
8590 5513
1691 8514

8£74 £515
beEl 5516
Be37 852
BB3F 554
G645 554
6653 553
0657 556
§65B 587
8485 553
téey SE9
B41F 855
956 SN
£94) STID
BFEE ST1
g741 SN2
4958 12
§¥3C €T3
t7b4 5T4
0545 512
6768 &7
8968 817
€3t 578
I3 817
0702 STAGH

el £TAM
812 STARL
B753 STC
§7CC 5T
1718 STCL
CLBY STHRH
£8ID 57Nt
bodb ETN1L
6844 STNIZ
£85% STR2
BE&3 STNEL
b273 STN
#1885 §TN31
815 TN
8826 SThM
OB4E STHRZ
JEsb STRM

B0591 9504

BI527 §UL34x

00497 BR53e

BIS38 G535

GC496 $RS3E §O3S0w

9515 §8522 G0524 66531 §0S3T GOSIT BRIA2 00345 0547
VR

DLT40EEESS0

§LS43#68543

J0593 08500 085ETE

9L508 €OC11e

L0510 BES12 DOG14x

B4517 dE52ls

00517 §6533+

BISZ0 ({S25e

[0526 $6534x

$8523 LL532x

00340 24P DO40LE

B10SS 01899 C11042

81479 #1095

01673 51577 i1

D172 G1054

G1E34 §3103 811d5x

U737 il

B1105 E1311%

1369 §1102 §1163 1130 01012
11083 £1:84 81113s

BIETD B1691 BRI £1109 Blll4s
11675 {1065

2185 #1091

10799 56567 GOBZISLLTET 01112 1557 1214 12184 92202
P22B2 02325 L2456 62508 02028 §2557 02707 62742 §2793
BOBLE#0IBET GCOT2 §0933 1608 €1736
L0B74 Gtb7eE

C72:01113 03932 319968 G214 (2399 2705
BEB4 GEiTE

91872542378

sB0aLRDESTY B0662 120 B2BZH
G704 15783 LiT10x

BG7E2 LUTRE SAFi4n

0eFT 0911 DLRYEx

90925 GRT2TRLETSD

§e931 3FIT00953 §E756

08943 (094Es

BEFSD ALT5T

0B8N 66727 B(Y4E

LeBPEAR1 ALY B1758

LE917 405232

OIS MeG41R
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DEBI S
GETB 5UD2
0ESF SUD3
SEYS SUD4
9EBF SUIT
S8E9D SVDT
BEEJ SVIT1
SEES SVIT3
SEEY SVITA
SEAS SVBTS
BEAE SVDT
$EB7 SVDT7
§ECT SVDTR
BED2 SVOTY
BELD SVITA
Ei19 TCR

5048 TIR

BO2E TIVA
£025 T
1683 TIN1
167D TIRS
#eF TX1
£573 X2
3RS TX3
EEER TX4
[REY TS
BBET TX6
8557 TX7
B TX8
GBEl X9
0ESE TXR
10D TXSR
EEIF THERY
182F U454
gre3 up2
BF73 B2
BF&C D22
grF7c Bzl
UFBS thz4
1318 13
1320 W
1324 W32
1334 U033
133D U4
10B4 UM
1508 ub4t
HEEF 1T42
1001 UD43
1054 UDad
1E6E4 U345
110A UD4S
10E7 Ub44
1REA 347
1EED D48
1E7 125
11F3 1051
1iF2 U2
1212 D53
121B U4
1225 UB55
1228 Li%6
1282 W57

BLH LGAD RECOKDER

BIT43 1945
0143231947
01952401958

D174 1955

§1528 21937

01930 §195%:

B1937 01948 §199es
D1544 11955 019578
01765 61978 §1575 01984 01969 11994 §199E:
1963261943
0198801968
Bif73x01973
§ioB2R015E2
UivB7*81987
bi9922§1992
Q8134598279 CU2E4 BO297 BO30T 01395 91408 F1419 91480
B2905 32114
0013523281 08295 $5207 S0324 B1376 1418 §1473 02547
82881

00874208405 02859
E8073x06353 02864
g3112 3114
$3112%03454
pLa5SEbi4E] 61466
§1454 1457

B145T 11454

§1364 Dl4sEx
B1453 E1447 §1470%
1423 £1535 01439 61456 §1471%
Bise? §14752

01451 (1452 §1477%
01474 K14B1 01457+
Bis2t E1452%

B3 3x41532 01628 1459 C1674 01757 H1769
G403 01384 §1411x
D240 2454 3184
E2064 £2092x

02378 §2106x
e2h9ex82102

D2ib4¥t2116

82106 B210E%
B2t f2hetn

BR585 $26LE%
02ta4xB2678
BoL72EE2e78

Q275 R2676k
B2362383187

209 §2311s
Fx{ ¥t ras T
02316582323

£2218 5230«
82310 12317 12325
B2414 §245E%
B2302 §232¢62

§2365 L2227
P12 12321 023282
22470543163

(2477 §24704
§247502452
E2471x02498

2493 Do49sH
52473 §2406 B2494 G2T0EE
02479 d25k1s

D245 3a02459
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PACE 872 T RLH| LOAD KECORDER

1208 UDSB 42485 12457+
124F UD6  DZSI4ei3109

1263 UD61 82541 02543%

1254 D62 B239442586

1260 UBKZ  £2548102555

1275 UD64 02550 825520

127F UDS  R2542 B2551 82557+
1282 (D6 D234 12550

130D 137 D751 82763x

130F UD71 8769 12774

1306 U72 42767502773

1366 W73 0Z7Sed781

1EF D74 02777 62775k

100CUDA 0154 $2157

101E UDA1 02263 €22058

1015 UDs2  02241x62207

1025 UDAT 12209402215

102 UDAL  DZ21T 2213

GSTF UBE B1Z3 B1129s

6971 UKD 01i21#d1153 01177
OFSA V32 R2UiIn

OFES VD21 02117 B2126 D213EaE2136
OFEB V22 02121 G2122 D21Z3 D2124 12125 2136
OFCH VDT 02692 $2142

$FCO VIZ4 62099 02147 12143

OFCC VD25 02119 2128 D2139 E2144%
OFCF V26 B2134 §2145s

1342103 Q27

1368 VD31 026B9 02693 B2691 0269B¥
1373 VD32 02485 12692 02698 2764¢
1376 VB33 $26E7 02701 12705

1379 VIS4 (2860 42706s

1370 VIIE  B2647 L2675 §2456 27074
137F W36 DA9S 12708 L2708%
15F8 V34 62324 D2XT4RE24Z2 £2499 62556
1123 V41 PZISFH2IN4

1144 VM2 D2PEREZETS

1134 V243 02386 §2367 B2T70#
1161 VB4s  §2335 G266 DE3E%
1162 VD45 0239 §2358 02192
1171 ¥046 02370 237 52397

1170 D47 0232 §2161 CZ358e
1116 VJ4E 0277 (2353 ‘
1177 VD49 02340 $2343 02346 §2349 123994
1144 V344 02352 02375

13FA VD7 0782s

140A V371 02770 G278 G786 62793%
1408 Vp72 D751 42754

1410 V373 62763 LETSE

1WBUA 0216

1654 \3A1  S2284 §2212 92220 G2232%
1057 VpA2 02227 1223

1054 VD43 92i97 42229 GZ2B4s
OAFZ WEEX  DI3802i2638

DAFC WMENY 03383 §1385%

OBEC WRFR  GESba BE62TH

86FS WAL BB631 2U634M

0990 V1 QIMTHIISD

9A3A WUIE  $1225 N1235H

BAS) W11 01243 DiZége

0ASE Wi2  $1229 $1ZI2 91235 81238 E1253s
BTBA W2 B116sEi16

G908 W3 U1177RL1160

DAL WA DIISEXITEL
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CASS WV
PAZS WVS
B2 W7
§504 wvB
9982 U9
UTEA WVA
§7F2 VB
BFFh WNC
Ghk2 WD
$A04 WUE
SALE BT
17EE WM
082 XOFF
1083 XON
1514 XREC

eSS XvD2

BT YEAR

.5A:1 LOAD RECCADER

B1250 81245 41247 §1249%
01181 012280

11164 M1152

01183 M1Bée

1187 81190x

0191 1194

1195 §1198s

B1159 h2g2s

1213 §12568

01385 11189 $1193 #1197 91201 V1285 1207%
B1212601215

01146882452

E0840501525

BOE3THHIS0S

D0M44301221 03617 69630 D712 60714 $9732 00734 $4763
RG767 04792 LOBAD BETE3 90985 1121 #1124 01137 #1154
01159 01173 91178 41331 1345 11358 11364 21367 MY
$1381 41835 01875 K879 02132 L2RLY 62272 02276 42351
8236 12361 02371 12390 62304

00126460615 DL6IB $9620 00529 80432 £1126 01128 81132
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02148 §2271 02274 02277 02279 (2558 42359 07363 42364
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11. HP85 SOFTWARE DESCRIPTION.

11.1. Down loading program.

11.1.1. Line numbers: 10 - 880

Routine: Main routine.

Description: This routine is the main downloading
routine. The functions of this routine
are as follows:

i) Initializes the screen and inputs
an option for analysis.

ii}) 1Imitializes the RS5S232.

iiji) 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: 83¢ - 1282

Boutine: Enters stack of data. -

Description: This subroutine downloads a stack of
data from the load recorder. The stack
of data consists of seven numbers. The
variable contained in I$ 1is used as an
instruction to the lcad recorder. The
I$ is initialized before executing this

subroutine. This instruction is sent
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11.1.3.

11.1.4.

Line numbers:

Routine:

Description:

Line numbers:

Routine:

Description:

before the seven values are down loaded.

The instructions are as follows:

i) Start 21% )
ii) Present information 28
iii) Previcus information a9
iv) Next information 2A
v) RS232 off PB
vi) Start date %1
vii) ©Start time 2D
viii) Acknowledge RE
1289 - 15309

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
R5232 communications. Timer 1 would
time out if no response occurs from the

load recorder.

15480 - 1690

Interrupt,. )

This subroutine is the RS232 interrupt
routine. It is executed when the RS5232
part has received a string of data

followed by a carriage return.
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11.

11.

11.

11.

11,

11.

.19.

Line numbers:

Routine:

Description:

Line numbers:

Routine:

Description:

Line numbers:

Routine:

Description:

" Line numbers:

Routine:

Description:

Line numbers:

Routine:

Description:

Line numbers:

Description:

1790 - 1820
Sum check.

This subroutine computes the sum check

| for the data that has been received.

1330 - 1889
Reset RSZ32.

Resets the RS5232 port.

18980 - 19560
Maximum and total.
This subroutine computes the maximum and

total accumulated values.

1970 - 2980
Initialize R5Z32.
initializes the RS5232

This subroutine

port in the HP85 for the load recorder.

2899 - 2238
Createg files.
Inputs the file names and crea@es the

necessary files on tape for analysis.

2240

This chain instructicn loads and

executes the DRAW program from the tape.
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11.2.

11.2.1.

11.2.2.

11.2.3.

Draw programs

Line numbers:
Routine:

Dascription:

Line numbers:
Routine:

Description:

Line numbers:
Routine:

Degcription:

18 - 430

Main draw routine.

This routine 1is the main draw routine
which 1is executed from the download
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.

449 - 560

Bplot subroutine.

This subroutine is called from the main
DRAW routine, It creates the Bplots
from the data in the program for the

graph.

578 - B63Q
Inputs stack from file.
Inputs a stack of data from the data

file. The stack consiste of numbers.
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11.2.4. Line numbers:
Routine:

Description:

11.2.5. Line numbers:
Routine:

Description:

11.2.6. Line numbers:
Routine:

Description:

11.2.7. Line numbers:
Routine:

Description:

640 - 73@

Opens files.

This subroutine  has the following

functions:

i) Inputs data file names and headings
of results.

ii) Opens the required data files.

740 - T78@

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.

799 - 1382

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 acale of the X axis is
calculated from +the maximum demand of

the investigation.

1390 - 157@
Draws axes for new day.

This subroutine c¢lears the screen and
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draws the axes for a new day.

11.2.8. Line numbers: 1580 - 1830
Routine: Plots graph.
Description: This subroutine plots the graph for a
demand period obtained from the data

files.

11.2.8. Line numbers 1840 - 2020

Routine: Prints heading.

Description: 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) DPemand period.
iv) Maximum demand for KW and KVA.

v) Total consumption for KWh and KVAh.

11.2.18. Line.numbers: 2049 - 2179
Routine: Computes totals.
Description: This subroutine computes the +total
accumulated KWh and EVAh for one week.
These values are used 1in the tariff

calculations.
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11.2.11.

Line numbers:
Routine:

Description:

2188 - 2992

Calculations.

The results are computed for one week to

calculate the monthly tariff expense of

the

consumner. This subroutine

calculates the following:

1

ii)

iii)

iv)

vi)

vii)

Combined wmaximum demand for the
week.

Consumption for the week.

Average power factor for the week.
Load factor.

Cost of General rate for the month.
Cost of large user rate for the
month.

Effect of improvement on power

factor.

11-7



APPENDIX H

HP 85 FLOWCHARTS



APPENDIX H

12. HP85 FLOWCHARTS.

12.1.

12.1.1.

12.1.2.

Downlcoading flowcharts.

Main HP85 program.

T T T T T T T T e T T e T e e e e e e e T e =
Display heading
Input type of analysis
DO CASE I3 i
A L F :
Download and Input file
open files names
i DO DRAW program
ERD

Accomplish data link with load recorder.
SUB 197@ initialize RSZ32Z.

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

—— e — — ———————— i — —_—— i — AR . - —— i —t——— ]

Downlocad stack of data.
Store data in file.
Compute maximum and total.

Store computed max. and tot. values in new filel
Display last data downloaded.
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12.2. Draw progran.

Input file names and headings.
Initialize array variables and plots.
Print first batch of data.

Print heading and format for graph.

D0 WHILE NOT ECF

Get stack from file.
Compute total for one week.
Plot graph
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13. HP85 SOFTWARE LISTING.

13.1. Download program (LRCD.PRG).
The following basic program listing is the main

HP85 program used to download the data from the load

recorder.
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13
L)
30

183
1t )
58

79
80
28
168
118
128
138
148

154

168
178
1388
193
289
218
2219
238
248

258
268

278
Z8d
2998

384
318
320
338
340
358

368
378
388
3909
4848
410
420
4138

440
450

468
478
438

CLERE

COM REAL MN$C61,1$C121

pigp v E22 2322333340333

XXxExx™

DISP " ¥ ANARLYSIS PROGRAM
FOR Xx* .

gISP ;" X LOARD RECORDE
DIsp * FXXRERXkRkdkkdxkxey
b+ % 3+ 4

DISP

DIM B(7)

Hi=8 & W2=8 @ V1=0 @ VY2=9

DIM E(7)

FOR I=1 T0 7

E<I)=8

NEXT I

S;SP "IS ANALYSIS RERUIRED F
DISP “"DATA STORED ON R FILE
oR*

DISP "IN THE LOAD RECORDER"
DISP “<(F;L OR AR-ABORT>"
INPUT 1%

IF I$="A" THEH 22%8

IF I$="L™ THEN 239

IF I$="F" THEN 888

GGTO 1708 :
REM DOWH LORD AND OPEH FILES
gISP “ATTACH LOAD RECORDER T
DISP “HP WITH RS232 CORD"
DISP "({PRESS 'CONT' WHEN REA
DY>"

PRAUSE

WRIT 2886

GOSUB 19578 B REM INITIALIZE
RS§232 :

ENARBLE INTR 18;112

GOSUB 1838 @ REM RESET INHTS
ON INTR 18 GOSUB 1548

OH TIMER# 1.,2808 GOSUB 12%5@
C=1

CONTROL 1B8.9 ; 133R REM TXON
»RESET RX @

I$=CHR%$(62)

ODUTPUT 18 USING “#.K" ; I¥
J=a

IF J=0 THEHN 398

IF J=1 THEN 35®&

IF J<>2 THEN 388

OFF TINER#® 1

GOSUB 2858 @ REM CREATE FILE
S

I$=CHRS$(6B)

Los5UB 8%@8 B REM GET STACK OF
DRTH

W=0¢5>-18~D<{1)
V=D(62-18~D(1)

PRINTH# 1 ; D(2),D<(3).,0<(4)
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458
599
518
520
538
549
558
568
o7e
S8o

S538
668
618
628
638
648
658
668
678
6588
698
7es

718
-
738
7408
7oB8
768
’ra
788
738
8ae

gta
828
838

848
858
864

878
289
3%18
=31

216
921
238
249
958
858

I$=CHR$(51)

GOSUB 898 @ REM GET STACK
PRINT# 1 ; DC2),D(3)>,D(4>
PRINT# 1 ; W,V

I$="8"

GOSUB 398 @ REM GET STACK

COSUB_ 1788 @ REM SUM CHECK
IF D(7)=S THEN 618

IF I$="8" THEN 548

IF I$=CHR$(58) THEN 598 ELSE
668

I$="g"

GOTO 548

FOR L=1 T0 6

IF D(L)=ECL) THEN 740

FOR L=1 TO 6

ECL)=D<LD

NEXT L

BEEP 50,30

BEEP 280,30

DISP D(1);D¢2);D¢3);D¢4)

IF DC1>=11 THEN 758

GOSUB 2199 @ REM STORE DATA
IN FILE

GOSUB 1898 2 REM MAX + TOT
1$=CHR$(58)

GOTD 548

NERT L

ASSIGH* 1 TO %

CREATE H$&*'",1,256

RSSIGN# 1 TO Ns&»'™®

PRINT# 1 ; W1,V1,MW2,V2
ASSIGN# 1 TO X

DISP “LAST DATA DOWN LOADED
WAS FOR; ™

DISP "DRY No. *;D(1)

DISP "TIME *;D(2);"h";D(3)

DISP "DEMAND ‘PERIOD No. ";D(
4)

D1sP

DISP “DETACH LOAD RECORDER®

DISP “(PRESS ‘CONT' WHEN REA

3 ]

GOTO 886

GOTD 2248

REM_ENTER STACK OF DATA

STATUS 18,9 ; SO REM CHECK
TXOH/OFF

IF 59>=128 THEN 968

WAIT 568

STATUS 18,9 ; S9

IF 59>=128 THEN 968

CONTROL 18,9 ; 133

ON TIMER# 1,2808 GOSUB 1299

578 LOSUB 1838 8 REM RESET INTS
958 ENABLE INTR 185112

998 DUTFPUT 18 USING “#,K* ; 1%
19868 J=98

1318 IF J=8 THEN 1B18
1828 IF J=1 THEH 978
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1838
1848
18506
1860

187va
1688
1998
1160
1118
11286
1138
1148
1158
1166
1178
1188
1198
1266
1219
1228
1238
1249
1258
1268
1278
1288
1238
1388
1318
1328
1338

1348
1358
1368
1379
1388
1358

14086
1418
1420
1438

1449
1458
1469

1478
1480
1458
1588
1518
15208
1538
1549
1558

1568

IF J>2 THEN 1988

OFF TIMER# 1

FOR I=%t TO 7

STATUS 18,9 ; SSR REM CHECK
TXON/OFF

IF S9>=128 THEN 1128

WAIT Sae

STATUS 18,3 ; S9

IF $9)=128 THEN 1128
CONTROL 18.9 ; 133

ON TIMER# 1,28088 GOSUB 1258
GOSUB 1338 @ REM RESET INTS
ENABLE INTR 18;112

SUgPUT 18 USING "#,K” ; 1
iIF J=8 THEHN 1178

IF J=1 THEH 1138

IF J=2 THEH 1130

IF J>3 THEN 11306

IF I<¥ THEN 1258

DCID=HUM(DS)
DCID=BINANDC(DCI)>, 15>

GOTO 1268

DCIX=VAL(DS$)

OFF TIMER# 1

NERXT I

RETURH

REM TIMER#1 SUBROUTIHNE
C=C+1

BEEP ©,388

IF C>5 THEHN 1376

STATUS 18,9 ; S8R REM CHECK
TRON/OFF

IF 53>128 THEN 1528

HARIT Seo

GOTD 1528

OFF TIMER# 1

WAIT 588 :

DISP "ND REPLY FROM LORD RE

CORDER "

BEEP 35,2488

DISP

DISP "DETRACH LORD RECORDER"
DISP "PRESS ‘CONT*' WHEN DON
EII

PRUSE

DISP

DISP "RECONNECT LOAD RECORD
ER"

DISP "AND PRESS 'CONWHT'”
RBISP

PRUSE

ON TIMER# 1.28868 GOSUB 12508
c=1

J=1

RETURN

REM INT ROUTINE

STATUS 18,1 ; S1@ REM GET I
HT CHUSE

IF S1>16 THEN 1669
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1570 S1=BINAND{(S1,16)

1588 IF S51<16 THEN 1668

1598 ENTER 18 USING "Z%.,%K" ; O$

1688 STATUS 18,11 ; S1# REM GET
END OF TEXT CARUSE

1618 S1=BINRND(S51,6)

1628 IF S1=2 THEHN 1688

1638 IF 51<>4 THEN 16609

1648 J=3

1658 GOTO 1699

1668 J=1

1678 GOTO 1698

1668 J=2

1638 RETURN

1788 REM SUM CHECK

1718 S=8

1728 FOR T=1 TO &

1738 D=IP(D(T>»~-1888)

1748 S5=BINEDR(S,D)

1758 D=IP(FP(D(T>-18063%19)

1768 S=BINEOR(S.,OJ

1778 D=IP(FP(D(T)-108>%18)

1788 S=BINEOR(S.,D)

1798 D=FP(O(T)~-18)%18

18898 S=BINEOR(S5.D>

1818 HEXT 7

1828 RETURH

1838 ggﬂ RESET INT STRATUS ON RS2

1348 STRTUS 18,1 ; St

1858 IF S§1=8 THEH 1889

1868 COHTROL 18,9 ; 1338 REM RES
ET RR @

18v8 GOTD 1848

1888 RETURH

1828 REM MAX & TOT

1988 IF H1>D{(5> THEH 1528

1918 W1=D(5> - :

1928 IF V1>D(56)> THEHN 1548

1938 vi=D{(6)

1348 W2=W2+D{(35)

19598 Va2=VZ2+D(&D

1968 RETURN

1978 REM INITIRLIZE RS5232 ROUTIN
E

1238 RESET 18 B REM RESET RSz232
INTERFACE

1598 CONTROL 18,16 ; B8 REM HO E
OL FROH HP

2648 CONTROL 18,3 ; 828 REM 1288
BRUD

2913 CONTROL 18,4 ; 382 REM 7ASC
I1:25TOPS; EVEN PARITY

2828 CONTROL 10,12 :; 62 REM EOLR
—ACK

2630 CONHTROL 18,13 ; 138 REM EOL
H-CK

2848 CONTROL 19,14 ; 2@ REM XOFF
-STX

2858 CONTROL 18,15 ; 38 REM XKON-
ETX
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29608

2870

2880
2898
2190

2118
2128
2138

2148

2158
2160
2178
2188
2158
2288
2218
2229
2238
22498
2258

CONTROL 18,11 ; 1588 REM TR
ANSMIT ON-OFF CONTROL-ON;TE
RMINATE ON EOLA+EOLN
CONTROL 18,1 ; 1128 REM GEN
ERATE INT ON FRAMING & PARI
TY ERROR AND RECEIVED DATA
AVAILABLE

RETURN

REM ROUTINE TO CREATE FILES
gé?? "APPROXIMATE DURATION
BISP “TEST <{DAY>"

IHPUT H

DISP "NEW NRME REQUIRED OF
FILE TO"

DISP “"STORE DATA? (6 LETTER
S MAX>*™

INPUT N#

CREATE H$,H.,4352

ASSIGN#& 1 TO N$

RETURH

REM STORE DRTA IN FILE

FOR I=1t TO 6

PRINT# 1t ; DCI)

NEXT I

RETURN

CHAIN "DRAKW"

END
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13.2. Draw program (DRAW.PRG).
The following basic program listing is the HP85
program used to plot 'the graph, compute and calculate

the results.
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18
29
38
48
S8

63"

e

89

28
188
118
128
138
148
158
1568
178
13883
198
288
210
229
230
248

258
268
278
288
258
Kqzle)
318
328
338
348
358
3609
378
388
398
488
418
4208
438
448

458
460
{479
488
498
988
518
528
538
548
559
o608
o778

COM REAL N#C61,IsrC11

REM MAIN PROGRAM FOR DRAWING
CLERR

GOSUB 648 2 REM ENTER NAMES
GOTO 7B

GOSUB 719

DIM W$L3]

DIM VY$ES5]

DIM P$LS3

J=8

GCLERR

GOSUB 448 @ REM BPLOTS

ON ERROR GOSUB 748

IF J=1 THEN 28389

READ® 2 ; HW1,V1.,K2,Y2

IF J=1 THENH 2838

READ# 1 ; S51.,S52,S53

IF J=1 THEN 2838

READ# 1 ; 54,55.86

IF J=1 THEN 20838

RERD% 1 ; W,V

IF J=1 THEH 2838

GOSUB 1848

GOSUB 798 @ REM PRINT 1ST SC
REEHN

¥Y=Y*5

D{v7)=8

WS=5

Wg=a

VS=8

Y8=6

x8=0

GOSUB 578 @ REM GET STACK
IF J=1 THEH 468

GOSUB 2849

IF D(7)=DC1) THEN 37@
GOSUB 1390 @ REM NEW DAY
D{7I)=D(1) :

GOSUB 1588 @ REM PLOT GRAPH
G070 328

copyY

GOTO 2638

ASSIGHN# 1 TO *

ASSIGH# 2 70 %

REM SUBROUTINE TO CRERTE BPL
0TS

FOR I=1 T30 S

READ W3.V3,P3

W$LI, IT=CHR$(H3)

VSL1, I1=CHR${V3)

P$LI, II=CHR$(P3>

HEXT I

DATA 112,136,322

DATA 136,808,112

DATA 136.,32.112

DATA 136,886,112

DATA 112,136,322

RETURHN

REg GET STRCK OF DRTA FROM F
IL



586
5949
668
518
6249
6348
640
658
658

678
688
638
vBa
710
728
739
749
798
V68
°7e
788
790
ges
818
828
838
849
259
869
ara
8go
3578
Sep
81y
Gza
38
940
259
368
379
9g8a
593
1868
18108
1828
18308
1848
1858
1868
1878
1888
1430
11aeg
1118
1126
1138
1148
1158
1168

J=3

FOR I=1 TO &

READ® 1 ; D<K

IF J=1 THEH 638

NEXT I

RETURN

REM ENTER NAMES & OPEN FILES
IF I$="L" THEN 688

gESP "ENTER NAME OF DATAR FIL

INPUT HN$
DISP
DISP "HEADING OF RESULTS"

INPUT H$
ASSIGH# 1 TO NS
ASSIGHE 2 TO HNea*'"
RETURH
REM ERROR ROUTINE
IF ERRN=72 THEN 778
BI?P "ERROR";ERRH
RETURN
SCALE 8.,248,~18,188
MOVE 5,95
LRBEL *GRAPH SHOWING®
MOVE 5,88
LABEL “ELECTRICITY"™
MOVE 5,81
LABEL "CONSUMPTION FOR®™
MOVE 5,74
LABEL “THIS PERIOD"
MOVE 5,75
MOVE 5.78
MOVE 5,85
MOVE 5,68
MOVE 66,60
HOVE 5,58
MOVE 5,45
MOVE 5,35
MOVE 5,36
MOYE 5,295
MOVE S58.36
MOVE 58,25
MOVE 5,15
MOVE 5,18
MOVE 5.5
MOVE 58,18
MOVE 58.5
YAXIS 140,18
LDIR 5@
MOVE 120,38
LABEL "COS"&CHR${135)
MOVE 113,68
BPLOT P%$.1
MOVE 155,389
LRABEL "KHW"
MOVE 156,68
BPLOT us$.1
MOVE 178,30
LABEL "KVA"“
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1178 MOVE 165,69

1188 BPLOT Vs$.1

119 LDIR B

1288 MOVE 125.-2

1218 LRBEL "o"

1220 HMOVE 125,47

1258 LRBEL *.3"

1248 HOVE 125,96

1258 LABEL "1*

1268 Y=C(IP{(V1-1@)+1)>%V%¥2

1278 FOR I=1 TO 3

1288 IF I<5 THEN 1318

1258 MDVE 185, 28%1-5

1388 GDTO 1328

1319 HMOVE 185.,20%I-3

1328 LABEL VAL$(IXYIEB-/56)

1338 NEXT I

1348 MOVE 140.9

13568 DRAW 240.8

1368 MOVE 143.,-8

1378 LABEL “TIME (hrs)*

1388 RETURN

1398 REM CLERR AND FDRM ARXIS FOR
HEW DRY

1488 COPY

1418 GCLEAR

1428 SCALE 8,249.,-10,1848

1438 XAXIS 8,18

1448 YAXIS B,18.08.188

1454 MOVE @,-8

1460 LABEL “"@*

1478 FOR I=1 TO 11

1488 IF I<5 THEN 1518

1498 MOVE 1%286-5.-8

1588 GOTO 1528

1518 MOVE IxZ2e-2.-8

1528 LABEL VAL$(IX2)

1538 HEXT 1 :

1548 MOVE 5,98

15568 LABEL "DARY “&VAL${D(1))

1568 T1=94

1578 RETURN

1586 REM PLOT GRAPHS

- 1598 HWS5=D(S)¥H-Yx180

1688 V5=D(5XxV-YX188

15610 PS=D(S5)*¥H-(D(6O%¥2%x188
1628 T2=D(2)*18+D(3)/68%x1n
1638 IF D{1)>1 THEH 1660
1648 IF D{4>>1 THEN 1668
1658 GOTO 1728

1668 MOVE T1.,Hs

1678 DRAW T2,HS

1688 MOVE T1.,V4

1698 DRAHW T2,VY5

17886 MOVE T1.P4

1718 DRAH T2.P5

1728 MOVE TZ2.HS

1738 GOTO 1738

1748 BPLOT HW$,1

1758 MOVE T2.V5
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1768
1778
1788
1798
1888
18109
1828
1338
1848

13858
1868
1378

1886

1398
1588

1318
1928
1938
1948

1558

1968
1978
1388
19598

2848

2818
2828
2838
2848
2858
2858
2878
28308
20998
z1laa
2118
2128
2136
2148
2158
2168
2178
2188
2199
2288

2218
2228

2238
2248

BPLOT ¥s$.1

MOVE T2,PS

BPLOT P$.,1

W4=W5S

Y4=Y3

P4=P3S

Ti=T2

RETURH

PRINT "ELECTRICITY TRRIFF 1
HVESTIGATION®

PRINT “RESULTS FOR ":N$
PRINT

PEIHT *Start of test eperiod

PRINT 81:;%/?;82;",";53; TAB(
28);54;"h" ;55

PRINT

PRINT “Demand Period:";TRAB(
28);586;"min”

PRINT

PRINT "Max. demand:*

IMAGE 16X.80.40D,4R.,~

PRINT USIHG 1938 ; W1lthN¥*ca/
S6i"KH"

PRINT USING 1938 ; Viikviens
S56;: "KVA"

PRINT

PRIHT "Tot. consumption:"

IMRGE 14X.,8D.40.4R.~

PRINT USING 1988 ; W2%WH; "KW
PRINT USING 1388 ; V2%Y;"KV
ah*

PRINT USING "g-"

RETURHN

GOTO 2138

REM OBTAIN TOTARL FOR WEEK

IF W8=1 THEHN 2178

IF ¥8>8B THEHN 2128

IF 0<{1)<2 THEN 2178

y3=t

HO=UW3+D(5>

VI=U9+D(6>

GOTO 2178

IF D{1>=2 THEN 21358

¥g=1

G070 2698

IF X8<>1 THEH 2898

He=1

RETURN

REM CRLCULATIONS

PRINT

PRINT "¥¥RXEXixikiskididxyisx
F¥dckdkkxe

PRINT USING *6-"

PRINT “Combined maximum den
and:"

PRINT HUSIHNG 19238 ; V1xVx60-
S56; *KVA"

PRINT
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2258
2268

2278
2288
22548

2308
2318
2328

2338
2348

2358
2308

2378
2339
2358
2498
2418
2428
2439
2448

2458
2468
2478
2488

2498
2588
2518

2528

2538
2548

2558
2568
2578
25388
2598
26680
2618
2628
2630
2648
2658
2668
2678
2680

2698
2788

PRIHT "Consumption for the

weak:"

PﬁENT USING 1988 ; HW9%N: "KH

PRINT

PRIHT "Power factor:"

PRIHT USING "16¥.Z.DD* ; KW9

PP QL3 185

PRINT

PRINT "Load factor:*®

PRINT USIHNG "18X.0D.D.A" ;

EBXUxIBB/(U1*U*(66/SG)X?¥24
; lxl’

PRINT

ERIHT "MONTHLY EXPENSE FOR:

PRINT

PRINT “¥Xix¥irXrddiddbisiyrs::
b 492454434

PRINT

PRINT *GEHERAL RATE:"“

PRINT

PRINT "Service charge:"
PRINT USIHG 2478 ; “RY;2.2
PRINT

PRINT *"First 1388 units:"
SRIHT USING 2478 ; "R®*;219.
PRINT

PRINT "Exeading units:"
IMAGE 28X,A.6D.0D

PRINT USING 2478 ; *R"; (HOX
4%H~-15883%.112

PRINT

PRINT =TOQTAL:*"

PRINT USIHG 2478 ; “R";2_.2+
219 S+ {(W9%4¥H—-1i586»% . 112
PRINT ™dkkdki¥dkidirirridirxy
b+ 5555 &350

PRINT USING =3

PEINT "L.V. LARGE USER RATE

PRINT

PRINT "Searvice charge:®
PRIMNT USING 2478 ; "R“:;38.8
PRINT

PRINT "Demand charge:¥
BC1y=13 . 63V12VX68-56

PRINT USING 2478 ; "R":;D(1)
PRINT

PRINT "Ener9» charge:"
D{2)=WH9%4%X B486

PRINT USING 2478 ; “"R™;D(2>
PRINT

PRINT "TOTRHL"

PRINT USING 2478 ; *R";390.8
+0C1Y+0DC22

PRINT *$¥Z¥i¥3x¥didddiidixxx
F¥IF X xEg”

PRINT
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2710

2728
2730

2748
2758

2768
2778

2788
2730

2888
2818

2828
2838
2848
2858
2868
2878
28¢8
2858
2988
2918
2928
2938
2948
2958
2968

2978
29348

2958

PRINT “POWER FQCTOR IMPROVE
MENT : *

PRINT

PRINT “Power factor at maxi

mun demand: "

g(3)=H1*“*68156/(91*U¥68/56

g?IHT USING “"16X,Z2.0D" ; D¢

IF IP<D{(3>%x1@)<9 THEN 2798

PRIHT "Improvement of rower
factor is not Justified."™

GOTO 2980

PRINT “With a rower factor

of 8.9" )

PRINT

PRIKRT "The L.V¥. LRRGE USER

RATE would he:®

PRINKT

PRINT ®Service charse:"

PRINT

PRINT USING 2478 ; “"R";38.8

PRINT

PRINT "Demand charse:"

DC1)=13 . 6%(HiXWECB/56) /9

PRINT USIHNG 2478 ; “R";D(1>

PRINT

PRINT "Enerery charge:®

B{2)=HSX4IHX . B485

PRINT USING 2478 ;; "R™;D(2)

PRINT

PRINT "Total:"

PRIHT USING 2478 ; "R";38.8

+DC1X+DC2)

PEINT

PRINT "X%%xfriiddiddrdtrediris:

XXk

END :
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APPENDIX J

14. EMULATOR HARDWARE DESCRIPTION.

14.1.
14.1.1,

EXORCISER SECTION,
Programmable timer module.

The 684@ PTHM chip is used +to generate timing
signals between the two micros.. It contains three 18
bit timers which can be programmed to wvarious modes,
viz, astable mode, cne shot mode and pulse count mode,
The PTM is decoded to H218@ location of the exorciser’s
USER memory map. The c¢lock freguency 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 190kHz. Timer 2 is programmed in the one
shot fetriggerable 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 6885
miero. 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 exorceiser program control.

The block diagram of the PTM is shown in figure
14.1. The one shot timer (T2) is triggered from either
Tl or the 1load instruction (LI) signal of the 6885
micro. ‘The LI signal is triggered each time an
instruction is fetched by the 6885 micro during program

execution. During the 6805 target system program
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14.1.2.

execution, timer 2 1is triggered by timer 1 (astable
output). This prevents timer 2 from timing out during

users STOP and WAIT instruction modes.

T1
.'"“'— et
| i
1C20 T~ T2
b
| - =J
LI

FIGURE 14.1 'EMULATOR PTM BLOCK DIAGRAM.

The software interrupt (SWI) routine of the 685
micro changes the trigger scurce t¢ the LI pin before
executing +the stand by STOP instruction. The LI
trigger pulses will terminate once in the stop mode
causing timer 2 to time out. The PTM then generates an

intefrupt to the exorciser.

Data bus buffer.

The inverted data signals on the mother board of
the exorciser are buffered through Ul (74620) which is
an octal bi—derictional inverting buffer. The address
decode signal ARD R/W 1is used to control the DIR
control pins of Ul (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.

14.1.4.

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 HAZP@ to HATFF. 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.

Qutput latches.

Quad D type latches (7475) are used for output
control signals on the emulator board. These output
latches are write only memory locations. The latches

are as follows:

14,1.4.1. IC19.

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.. D@ to D3 which selects various address
decoding pages (A4 to A7) in the EMUROM. The
memory select latch is address decoded to H2218 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 guad latch is divided into 2 dual latches
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which are selected at two different memory

locations.

i)

ii)

Latch 1.

This latch 1is enabled from address decoder
IC1® which is selected at memory location
H2018 of the USER memory map. Input pins 2
and 3 are connected to the data signals D@
and D1. This 1latch drives +two signals,
namely, the ram LED and the RESET. The ram
LED (pin 186) is used to indicate 6805 program
execution. The RESET (pin 15) is used to
reset the 6885 micro on the reset line for
initialization. Both these signals are
controlled by the exorciser.

Latch 2. |

This latch is addressed by IC12 from the 6885
part of the emulator. This latch is known as
the one shot latch. The input lines (pin 6
and 7) are driven by AD@ and AD1 of the 6825
méin data buss. This enables the latch to be
serviced from both the 6805 and 6839 micros.
It is address decoded to HIFF5. The output
of this latch controls the source of the one
shot trigger (T2 of PTM). The 12PkHz astable
frequency (T1l) 1is selected by the exorciser
when the memory is transferred to the 6805.
The trigger source is changed to the LI pin
of the 6885 when the memory needs to be

transferred back to the G6B@I. The memory can
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14.1.4.3. ICZ21.
This

Both

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 19@kHz +trigger source is used during
emulation to overcome the memory transfer
when the user STOP or the HWAIT instructions;

are used in the target system program.

latch is alsoc divided into two dual latches.

are selected by the exorciser and are driven

by D@ and D1 of the exorciser data buss.

1)

i1)

Latch 1.

This is addressed at the memory location
HZ22¢0@ of the USER memory map. This latch is
known as the memory buffer control latch.
The output signal at pin 15 1is wused as an
indicator of memory transfer. Pin 16 1is used
to enable two complementary buffers to alléw
the 8k ram to be transfered between the 68@5
and the 6809. When pin 16 is a logic_ 1 the
6805 buffer is enabled, connecting the 8k ram
to the 6885. When pin 16 is a logic @ the
6809 buffer is enabled, connecting the 8k ram
to the 6809.

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 (LI) Pin latch, which is
used to change the state of the LI pin in the
target system. This feature is mainly used
as a select line if different pages of memory

maps are used in the target system.

14.1.5. The 6888 exorciser buffer.
This buffer (buffer 1) is the main buffer
interfacing the 6805 with the 6823 buss signals. It

consists of three octal buffers and the control logic.

€809 BUSS TIMING.

R/W

1))

DATA e

A
>___
>_____

>___

€805 BUSS TIMING.

AS

. S\
ADD ——Q
R/W -——<

A/D VALID ADD VALID DATA\/—

FIGURE 14.2 EMULATOR BUSS TIMING DIAGRAM.

|

D
[ —
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The function of the buffer is as follows:

14.1.5.1.

14.1.5.2.

- Control signal logic.

The buffer block contains the gate logic which
converts the 6808 control buss to the 6885 control
buss. From the buss timing diagram figure 14.2 on

page 14-6 the following truth table was drawn up.

E AS Ds
a 1%} 1 %
1) a %]
1 2 P %)
1 1 & 1

TABLE 14.1 EHULATOR CONTROL LOGIC TRUTH TABLE.

From the above table the boolean expression for

AS, D5 and R/W is &as follows:

—

E . @ = E . Q

AS =
DS = E . @ = E . @Q
R/W = R/W

These control signals and the high address buss
(A8 to Al12) are buffered through U17.

Address data multiplexing.

The buffers U15 (address AZ to AT) and U16 (data
D@ +to D7) is controlled to achieve an enabled
multiplexed address/data buss for the 6805 micro.

The Ul6 is an octal bi-directional buffer with a
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direction (DR) and enable (QE) 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 (AD to A7) is
multiplexed to the 6885 buss when the E signal is
a logic ¥ and the data (DG.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 QE = E . BE

Uil6 OE = E . BE

-

A0 - A7 U15 —

: OE
E [:>x}——~—
_ _ L A/D

< i

DO - D7 016 |’
OE DR

BUFFER ENABLE )

R/W

FIG 14.3 EMULATOR MULTIPLEXING BLOCK DIAGRAM.
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14.1.5.3. Buffer enable.

14.2.
14.2.1.

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 HO@ to H1FFF

in the USER memory map of the exorciser.

PIN1S U21 Do
BUFFER ENABLE

FROM ADDRESS DECODE ~—| \————- 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 ¥ and the memory must be

addressed to activate the address decoder.

6805 SECTION.
The 6825 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 (74LS5244)
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14.2.1.2,

which is enabled when pin 16 of UZ21 is a logic 1.
Address data buffer (U23).

Due to the multiplexed address/data buss a more
complex control 1logic was required to control and
select U23. Pin 16 of U21 (represented as B) 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 EKarnough maps were used to

calculate these buffer control signals.
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OUTPUT

INPUT

DR

OE

DS R/W

AS

5

TABLE 14.2 EMULATOR OE AND DR TRUTH TABLE.
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i) The Karnough map for OE.

B.AS
DS.R/W 23 P1 11 1@
oo | o 8 (1) @

61| @ o 1 2

11| o o X 1

2| 2 @ X 1

The Boolean expression -for the output enable QE is

as follows:

CE = B . AS + B . DS
QE = B ( AS + DS )
OE = B + AS . Ds

OE = B . AS . DS

ii) The Karnough map for DR.

B.AS
DS.R/W g 21 11 10
20 | X X % X
dI_ X X %] X B -
11 X X X 1
18] X X X %

The Boolean expression for the direction control
is as follows:

DR = AS . R/

DR = A8 . R/W



14.2.2.

B
DS l>w _
AS % | .
- b—-‘ >0O— DR
R/W

FIGURE 14.5 EMULATOR OE ARD DR CIRCUIT LOGIC.

The additional select signal ES in the above
figure is used to disable the buffer when the

hardware ABORT is activated.

Software interrupt Abort logie.

The 6885 user program 1is stoped at the required
break points by inserting the Software Interrupt (SWI)
instructions in the progranm. The 68085 machine code
instruction for SWI is HS83. These break point
instructions are inserted in the memory by the
exorciser at the required addresses. The 6885 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 deéigned 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 pressaing the
ABORT switch on the emulator board. Basically this
logic disables the data buss buffer (U22) and enables
two tristate Dbuffers which inserts a H83 on the data
buss when the switch is activated during a 1load
instruction. The timing diagram below illustrates the
operation of this logic. The input signals to this
logic 1is the data strobe (DS); the load instruction

(LI) and the switch.

S e S
SWITCH [\f\]\]
PIN5S U28 | \
PIN9 028 ’ \
 PIN1 U28 \_j47
PINI2 D28 | ’ \

DS ’ \ ‘ \
PINS U27 \ ’

FIGURE 14.6 EMULATOR ABORT LOGIC TIMING DIAGRAM.
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14.2.3. 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 1line OE . and WE is

derived from the DS and R/W signals.

14.3. POD.

The pod. consists of é buffer and a 40 way IC
connector which 1is 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

1ii) contrel buss

iv} port lines

This pod is used to emulate the 6825 micro of the
target systemn. It enables the target system to be
accessed by the exorciser.

The data buss is buffered through aﬁ octal bi-
directional buffer (74L5245) 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 = AS + DS
DR = AS . BR/W
. DR = AS + R/H
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14.4.

14.4.1.

14.4.2.

As indicated in the circuit disgram (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 nmap with a common 6805 map. The common

6825 map is addressed from HOPP@ 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 6895 memory map consists of an 8k ram which is
address decoded by two ROMS. The EMUROM "is used, in
combinatién with U019, to address the RAM in 2k blocks
under different software conireol, as required. The
STEROM is used to decode the Dbottom 156 bytes of the
RAM for the 68@5 micro. This is to enable and disable
the RAM for the internal I1/0 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 (Ul2) 1is used to a@dress

decode latch 2 of 1IC20 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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/%% %)
TARGET
SYSTEM
1FF5
LATCH 2 1C29
1FF6
TARGET SYSTEM
1FFF
2000
ONE SHOT LATCH
2007
208
LI PIN
200F
2010
4 BIT LATCH RAM
2017
2818
SPARE LATCH
281F
NOT USED
2108
PTM
21FF
2200
NOT USED
BFFF
Co
USER RAM
MODULE
MM568183
FFFF

FIGURE 15.1 EMULATOR MEMORY MAP
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PoRo
0310
PRzZa
RO30
R4
PASG
2060
078
2180
o9
BOAD
GPBY
Baca
22D
COED
VOFQ

2}%]
%1%
%1%
;%]
%)
%)
2
@26
DA
23
5%
5%
%)
1)
vo

2o

}%
7%
%1%}
%}
%)
%)
%1%
6
ZA
po
7%
a2
%]
)
%1%
7]

2o
2%
%%]
0]
721
%1%
2
6
A
%16
o
1)
%]
17/
o
%]

1%
e}’
%}%]
%1%
%)
%1%
1%/
26
A
22
08
0%
%
23]
%1%

%)

)1/
%%]
%]
oo
71%]
1%
4%
%1%/
DA
21%
1%,
71%,
1%2}%/
1%/
5%

1]

1%
21%)
]%]
%]
1%}
%]%]
%1%]
%14/
PA
%))
(1%
%1%
7%
1G]
0o
%1%}

7%
1%
71%]
1%
4%}
vo
%1%
4%
OA
1%
7%
2
2]
1%
L71%
41%]

4%
o
"%
Po
1%
1%
/1%
2%
PA
7207
a2
20
{2%]
e
%%
%]

%1%
©oa
e
0o
%]
%)
%%
4)%]
PA
1%
%)
5]
a3
0o
oa
%21%)

%1%)
oo
20
02
0]
20
4%
%1]
BA
1%
%)
0
%1%]
%]
%1%,
12}%]

2
@a
2%
%)
2%
21"
2%
{2l
A
1%
2%
2%
2]
2]
21"

%

{217
5]
%1%)
29
%%
o
%1%
23
QA
%%}
2%
%)
5]
%%)
%]
417

1%
%)
%)
[%]%]
2%
2]
v
20"
A
1))
2%,
(21%)
2%
22
%1%
2%,

2}%]
2}
2o
%1%
20
1%
22
217
DA
7%
122
%%
%1%
1%
%)
%1%

2%,
1%
2%,
4%
2}
21%]
}%
7%
©BA
1%
i)
1%
%%
%%
5%,
1%

%)
1715
1%
%1%
1%
o2
%%
51%8
JA
%]%]
)
%1%
2
51]
%]
%]

FIGURE 15.2 MOTOROLA ROM (MOTROM) CONTENTS.
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0% %)
0210
vaze
PR30
P340
©Rase
va6o
2aTa
@28
1l
DaAD
voBE
ZoCo
LoD
P2EL

@OFD

@23
23
23
23
@3
23
@23
03
23
23
B3
@3
23
B3
23
23

@1
%%
21
Bo
21
1)
21
1%
g1
2]
a1
2}
21
0]
21

4%

21
%1%]
21
2
21
%]
21
3}'s]
21
20
@1
1%
21
%1%
01
@gid

a1
]
01
1%
@1
4]0
21
]%]
21
%%
21
%
21
1%
21
71

21
21
02
2o
21
21
171%]
%1%
21
g1
%)
2%
a1
@21
e
%1%

21
01
7%
1%
01
@1
%]
1%
g1
a1
2
%1%
a1
21
%]
2]%]

@21
21
1%
o
21
21
%%
%
g1
@21
%1%
%%
@1
21
%%
%1%]

21
a1
20
20
21
@1
1%
5]
@1
21
20
2o
21
21
20
o)t

g1
01
21
a1
1%
o2
2o
%1%
21
o1
a1
21
710
%l
1]
151%]

@21
@21
21
21
%/,
%)
e
1415
g1
21
21
@1
5%
%1%
721%]
%}%]

21
21
21
21
4%
28
1%
%1%
@1
@21
21
21
%15]
7%
oa
1%

21
71
21
21
7%
21%]
%]
%%
21
21
a1
p1
%%
1%/
%%
210

21
21
21
a1
21
21
21
21
124%]
%1%]
2
2%
2}
a
%1%
2o

21
21
@1
21
g1
21
21
21
2}%]
%]
0o
20
4%,
72}"%
20",
%)

a1
21
21
21
21
o1
71
21
e
2a
a
2}%)
0]
%2}%]
2}%)

%)

@9
23
23
29
29

@29
79
e
28
28
@28
@08
08
@3
28

FIGURE 15.3 EMULATOR ROM (EMUROM) CONTENTS.
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100
2210
2Rz
2030
0042
gas5a
peed
51 2]
P08
2a9e
PIAD
2JBY
pacCo
ZoDo
ZAED
gorag

1741
%)%
1%
%]
1%
53]
21%)
%]%]
21
o1
21
@1
21
@1
21

21

12%]
120
a1%]
%]
0]
%1%
21%]
%)
g1
21
o1
@21
21
21
21
@1

g1
3]
1]
%)
o
)
%]
%%
23
21
21
21
21
21
@21
21

vl
%]
9]%]
%)
151%]
{1%]
1%
121%}
33
21
o1
Pl
21
1733
21
21

%%
4%
]
1%
a3
%1%]
1%]
%1%
@1
21
g1
@21
@21
21
a1

21

%)
%)
%)
2o
%1%
)
1%,
1%]
@1

P21

@01
21
21
1
21

@21

21
%2}
%1%
1%,
7%
v
1915
@20
23
21
g1
21
21
01
@21
21

21
(%]
%]
%,%]
%]
%1%]
5]
2%
@3
@1
01
g1
g1
@1
21
21

%3]
2o
%%]
%)
23
2
%)
(%}%]
21
21
21
@21
Z1
@21
21

21

20
%%
3
oo
2o
1)
%%
23
@21
a1
21
21
@1
Z1
g1
@1

g1
1%
oo
%%}
e ]
7%
%
%%
23
21
o1
21
@1
21
a1

g1

21
%)
71
29
(2}%]
@
%2}
%1%
D3
a1
01
@21
21
g1
21
a1

%1%
%1%
0o
0o
%1%
%1%
1%
1%
@3
21
a1
21
a1
@21
21

21

2%
%1%
%%
@0
(%%
%1%
%)
%%
3
21
21
21
21
©B1
@1

21

o
%%
4%,
%1%
a
Qa
1%
{41

21
21
g1
21
21
g1

o1

7[5
%%
%]
%]
20
%%
51%]
5%
23
31
21
21
a1
21
21

21

FIGURE 15.4 §STACK ROM
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APPENDIX M

17. EMULATOR SOFTWARE DESCRIPTION.

This section contains a detail description of the

enulator software subroutines.

17.1. 6805 EMULATOR SOFTWARE.

These 6885 operating system routines are loaded

into the 6805 target system memory map from H1EBZ to

H1FFF,.
17.1.1. SWIR H1F8Z
Routine: Software interrupt routine

Routines called: DUFM

Description: This routine is executed when a SWI
breakpoint is encountered in the target
system ©program. SWIR 1is a software
interfupt vector. The functions of this
routine are:

i) it branchesr to copy the memory
routine, to store a known program
counter in the stack.

ii) 1It changes the one shot trigger to
the LI pin.

1ii) It +transfers control over to the
exorciser by executing a stop
instruction.

A RTI instruction is wused to return to

the target system program once, the
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17.1.2. DUPH

Routine:

Description:

17.1.3. RINT

Réutine:

Description:

control is transfered back to the 6805

by generating an interrrupt.

H1F8E

Copy memory routine.

Thé internal memory addresses (H@ to HF)
are mirroer copied to HIF@2 to HIFBF in
the 8k ram. This enables the exorciser
to excess +the internal I1I/0 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.

H1FSA

Recovery interrupt routine.

The vector address H1F9A (in memory

locations H1FF1 and HI1FFZ) is changed

with the target system interrupt vector

(in wvector address HI1FFA/B) by the

exorciser to enable this routine to be

executed by the 6885 micro after an

interrupt. The functions of this

routine are:

i) It restores the user interrupt
vectors.

ii) It copies the modified interrupt

states from the stack to the memory
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17.1.4. REST
Routine:
Routines called:

Description:

17.1.5. CINT
Routine:
Routines called:

Description:

image H1FOO.
iii) It copies +the entire image stack
block H1F@F - H1F7F to H@F - HT7F.
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

Restart routine

SWIR from a SWI instruction.

It is a cold start routine that is
executed after a hardware reset which is
generated by the exorciser in the BEGN
(6808) routine. The function of this
routine is to clear the ram memory of
the internal 6885 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.

H1EB@

Change I1/0 status interrupt routine.
DUPM

This routine is executed when the
internal I/0 of the 6885 needs to be

changed. The vector address H1EB@ (in
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17.1.6. VECTORS

Description:

memory location HIFEF and H1FF@) 1is
changed with the target system interrupt
vector (in vector address HI1FFA/B) by
the exorciser to enable this routine to
be executed after an interrupt. The
functions of this routine are:

i) It restores the user interrupt
vectors.

ii) It makes the program counter point
to the STOP instruction of the éWIR
routine.

iii) It changes the required I/0 memory
address with the index in H@C.

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,

H1FEF

CINT and RINT vectors are temporary
stored in memory locations HIFEF and
H1FFi. These vectors are interchanged
with the main interrupt vectors to

execute the reguired 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 HEP@DZ to HETFF.

17.2.1. BEGN

Routine:

Routines called:

Description:

HEOR@

Begins instruction.

55TA; SSTB; SLDA; SLDB.

This is the main emulater 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)

ii)

iii)

iv)

v)

vi)

vii)

It enables the 8k block (buffer) to
the exorciser and holds the reset
of the 6885 active.

It changes the one shot trigger to
the astable timer ocutput.

It 1loads the interrupt vector and
updates the- 3ump table for all
additional instructions.

It clears the break  point
addresses.

It loads the boot program and
vectors (6805 emulator code) into
the 8k ram.

It initializes the timer chip.

It transfers the memory to the 685

micro.
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17.2.2.

17.2.3.

17.2.4.

S5TAA

Routine:

Description:

SLDA

Routine:

Degeription:

STAB

Routine:

Description:

viii) It removes the reset to allow the

x)

REST routine to be executed in the

68085.
It waits for the interrupts and
flashes the run LED.

HE11D

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 ACCA 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
accunulator A into the memory location

{address contained in the X index

register) of the USER memory map.
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17.2.5.

17.2.6,

SLDB
Routine:

Description:

INTR

Routine:

Routines called:

Description:

HE135

Loads ACCB from USER memory.

Loads the memory byte (address of_which
is contained in the X 1index register)
from the USER memory map into the

accumulator A.

HE180

Interrupt routine.

SS5TA; SLDA; SSTB; SLDB; XBUG.

The 6805 micro stops to transfer control

to the exorciser causing the one shot to

generate an interrupt tec the exorciser.

This would cause this routine to be

executed. The functions of this routine

are as follows:

1) It disables the timers and transfer
the memory to the exorciser.

ii) It copies the staok. area and

| ccemputes the stack pointer from the
known PC (H1E82).

1ii) It copies the relavent 1I/0 memory.

iv) It restores the program information
into the break point (SWI)
locations.

v) It updates the approrriate 689
registers with the 68805 registers.

vi) It +transfers the control to the

monitor by executing the XBUG of
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17.2.7. CONP
Routine:
Routines called:

Description:

17.2.8. CHNG
Routine:

Routines called:

the exorciser.
This would finally envoke the EXBUG mode

of the exorciser.

HZ2EBA

Continues program instruction.

STAA; SLDA; STAB; SLDB; BEGS3.

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 68@5 stack.

ii) It copies the internal mirror block
to HI1F.

iii) It swops +the RINT wvectors in the
6805 memory map for recovery.

iv) It stores the SWI instructions into
the pProgram 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 €849 micro in a wait for

interrupt mode.

HE36E
Changes specific memory instruction.

STAA; SLDA; STAB; SLDB; CON2
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Description:

17.2.8. BPST

Routine:

Foutines called:

Description:

17.2.19. BPCL

Routine:

Routine called:

Description:

This  routine is an  added  EXBUG

instruction which is executed by CHNG on

the command 1line of fhe exorciser. The
functions of this routine are as
follows:

i) It stores the address of the memory
change byte.

ii) It swops the CINT interrupt vector
in the 6885 memory map.

iii) It transfers the control to the
6885 by executing CONZ in the CONP
routine.

This transfer would cause the CINT

routine in the 6805 to be executed to

change the required memory byte.

HE3BD

Break point set_instruction.

XBUG

This routine 1is an added XBUG command
routine which is executed to set a break
point in the break peint stack. The
break point address is stored in the Y

register before executing this routine.

HE3DC
Break point clear instruction.
XBUG

This routine 1is an added XBUG command
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17.2.11.

17.2.12.

17.2.13.

BPAC

Routine:

Routine called:

Description:

BPDS

Routine:

Routine called:

Description:

CTBEG
Routine:

Description:

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

Break point all clear instruction.

XBUG

This routine is an added XBUG command
routine which is executed +to clear all

break points in the break point stack.

HE411

Break point display instruction.

XBUG

This routine is an added XBUG command
routine which is executed to display the

break points.

HE140

Instruction table. ]

This table is the lock wup instruction
table used by the 6849 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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18. EMULATOR FLOWCHARTS

18.1. 6835 Emulator flowcharts.

18.1.1. Software interrupt routine.
SWIR
DI

DO subroutine DUPH

Change ONE Shot trigger

18:1.2. Duplicate memory routine.
Load X with H10

DO WHILE X > @

H1F@2

[ Copy byte from HO to

18.1.3. Return interrupt routine.

r_SWOP vectors

Copy mirror image stack
into chip

Fix interrupt mask in
TCR




13.1.4. Reset routine.
Clear memory

SWI break point

18.1.5. Change interrupt routine.
SHOP vectors

Make program counter point to
STOP instruction in SWIR

Change reguired byte

Copy mirror image stack (DUPM)

= L i  — — ——— —— ———  —— = - ]
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18.2.

18.2.1.

6829 Emulator flowcharts.
Begin instruction.

| Activate 6825 RESET ]
Enable 6809 buffer

Enable required memory map

Store emulator instruction table vectors
Clear break points

Clear memory H1800 to HI1FFF

Load boct program into 63885

Store SWI vectors

Initialize timer

Transfer control to 68@5

Disable RESET

———— e e — e, . e —— e —— o ——— o — —
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18.2.2.

Interrupt routine.

SET interrupt mask

IF TIMER 2 interrupted

[ o e e T T e . AR ——— ek ———— A ———— ]

Timers off

6829 buffer enabled

IF I/0 state flag
set

THEN ELSE
Adjust stack DO WHILE <> PC
pointer === | @ pemmememee———- e ]

-—_—— e e e, e, e, E e _m_—_—h e e - e Em——— - ———y

Copy internal memory

Restore program information into
break points

Adjust stack pointer
Update 6808 register with 6885 registers

IF INTE after Gegin

[Copy user prcgram vectors

b xaos *
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18.2.3.

18.2.4.

18.2.5.

18.2.6.

Continue program instruction.

T T e e e = . = —— — ———

Restore modified vectors from EXEC
map

Copy stack area
Swop Return interrupt vectors in 6885

Store SWI instructions into break
points

Astable to ONE shot
Enabtle 6825 buffer

Execute BEG3

Change memory instruction.

Store address of memory change

SWCP interrupt vectors with CINT
routine in 6865 map

Bxecute CONZ2

Break point set instruction.

point address

[Record Y register break ]

BPCL
Clear Y register break
point address
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18.2.7.

18.2.8.

Break point all clear.

meory
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18. EMULATOR SOFTWARE LISTING.

18.1. The 6885 emulator software listing.
The following pages represents the software listing of

the B85 emulator board assembly language program.
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PAGE 001 EMUIS  .SAu 8895 EMULATOR SOFTWARE

aGE01 FT  P=&d

gogs2 TIL 4805 EMRATOR SOFTRARE
i1 EEEERFERRRER AR FER N HHL R

20004 ¥ HEGS PROGRAK FOR »

83005 *  ERULATOR CARD ¥

acees FERRERE AR R R

peae

ogees FHEE FEREL BHEX RN

eoisy i EQUATES =

CEEL FEEEENER KRR

o1l

fpet? iFFS A LIE ERY  S1FFS  {NE SKOT TRIG
6613 1F ek ACHIT E3U $IF8A  1/0 CW FLAG
R iFF3 A SFH EBY  SIFFY  STACK PDINTER
$6813 1FF4 A BFL EQY  SIFF4 AIDRESS

§bets ifiE A INTE EQY  $IFEE  INT COUNTER
87 ifF4 ATRTH  EQ  siFF%  INT VECTOR
jo6i8 i A INTL EQU  $IFFR

ane19 1FF1 f RINS  EGU  SIFF1 RECOVERY IWT
LB | iFF2 A RINL  EGU  $iFF2  VECTOR

goo1 iFef A CIN  EBY $IFEF  CHG I/0 ETAT
gy 1FFE A CINL  EQU iFF0 VELTOR

ROgEI 1FeC ACHE  EQ  SIFEC 10 ChG ADLIESS
10024 it # 8TR EGL  sBE

04423 Hiij A TIKC1 EGU $IFOY TIHER CONTROL REG
10026 ) & TIKC ERU 1] TI¥ER CONTROL REG
gpcz? Ghby A TR gy 357 TIKER CONTROL ®K2h
igoze

HA Y

T xf ] £ REEE R EEE SRR KRR R R RN R R LN RN R
RN ¥ KACRD INSTRUCTION FOR STEP x
il xvd FEEEFEER R R NI F R RO AR AR R
0e3y

I SICP  RALR

85035 fCE &P

20238 ENDM

66037
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PAGE 02 EMGS

1%
B0

BG4

182

9943

00EMA 1FR)

085 ]
00D4A 1FBR AD BC
038474 1FB2 46 §1
BO8SSA 1FB4 7 1FFS
0$045A 1787 A4 08

© B085HA 1F87 7 1FSA
§9851A 1FEC

308524 15D 89
¢85S

CE0S

10ESS

§085

20457

14458

0BOSI4 1FBE AE if
§U8EEA 1FFQ Db FFFF
80814 1F93 D7 1EFF
108524 1F96 TA
P08 1797 26 7
868644 1759 81
§0M5

bEs4é

06887

§eo68

80649

00476

0087:A 1FOA Ch {FFA
£08724 1F9D CE 17F1
088734 1FA8 C7 1FF1
BEI74A 1FA3 OF iFFA
GOBTSA IFEb Cb §FFR
004764 1FA9 CE 1FF2
20574 1FAC C7 37F2
G64754 1FAF CF iFFB
BOETRA 1FRR Cb 1FFA
DIEBEA IFES AQ 03
Q0BRIA 1FE7 97
CO0EZA 1FEB AB 03
§08338 $7BA C7 1FEE
606844 17ED F5
106854 1FEE D7 1F08
000664 1FCY b 1FEE
Q0LE7A FCA 44
020884 1FCS L7 IFEE
COEBA RIS 27 03
COLTIA IFCA SA
Q06%A 1FCB 20 FO
DIO2A TFCD AE 76
R0B¥3A 1FLF Tb 1FOF
000944 1FB2 £7 OF
10E%54 3P4 5
00I5EA 3FDS 26 F8
004974 1707 Cb 1F LY
808984 1FDA §7 1D

Skt

6865 ENULATOR SOFTWARE

R R H IR E R F

SOFTWARE INTERRUPT ROUTINE #

HEE R SRR RS E R FR RN L1 E

1FBE SWIR
A

A
A
A

Gif  s1Fed

BSR  DUPH COPY MEM & KNOWN PC
1A #30 OkE SHOT TRIG DVER
5Th  LIE TOLI FIN

Lo i

STA  CHIO CLR THG 170 FLAG
510P

RT1 CONTINUE

B R R R R A R H T AR

CUPY MEMORY SUERDUTIME =

FH AR XER A E R R R R R AR R

A DUPN
A DUPY
A

H3

X 4$10 COFY KEKORY
BA 1,0 FROHO-F
STA  $1EFF,X 10

DEX 1FU3-1FSF
BKE  DUPt

kTS

FHEE RN R F KR

¥

RECOVERY INT ROUTIRE *

FEER X HEEX RS R R EE R R EEEE

RINt
A

#
iF Ll

1FED
A RIN2
A RIN3
]

ARTF

h
A

G0E79A 1FDC 6C £D K2 1FEY

SE1388 IFDF 1D 09
BO1NiA 1FED BE
o1 FS

A
RIN4

LDA  INTH Swap
LDX  RINH VeCTORS

514 RINB
81X INTH
kA INL
LXK
54 KR
S WL
LiA  SPL
5 i3
o

LA 83
5Ta 1ML

L% X FESTURE IRT STAT
STA  $IFe,X FROM STAK
L4 INC

DElA

5TA  INTC
PEQ BRI
DEX

BRA  RIM

LIX  #7 TFR STALK HEM
iDA  $IFOF,X BACK INTD LHIP

STA  $IF X
DX

WNE  RIN3
LDA  TINI
S TiKC

BRSET 6, TINC,RINA FIX INT KASK
FLR 6,ICR  IN TR
RTI
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PAGE 103 EMUSS
01

001t

T H

§01%

(THY

D004 1FE2 AE 70
OB109A 1FE4 6F OF _
001104 1FE6 SA
#0111 1FE7 26 FB
B011z4 1FE9 83
1113

20114

20115

(1380}

20117

$0138

01154 1668

1z

O012A 128 CB IFFA
081224 iEB3 (E IFEF
G014 1686 ©7 IFEF
851242 1EB? OF 1FFA
003254 1EKC 06 1FFR
081264 1ERF CE 3FFD
081274 1EL2 C7 1FF}
G8128A 1ECS CF SFFB
00104 €08 C6 1FF4
801304 1ECE AD 05
001314 1ECD 97
E01324 1ECE 7
§01TA 1ECF CE IFUC
UEI36A 1ED2 A6 OB
0154 104 B 0C
68134 1ED6 b 1FE
101T7A 189 7
061384 IEDA Cb 1F19
00134 153D E7 0D

SA:

1FE4

6BUS EMULATOR SOFTWARE
AR R R EREERE
¥ RESTART ROUTDEE #
FHEFHH X E R R SR ERER
AREST DX 370 CLEAR HEMORY
ARESL CLR  ¢F,8

DEX

WE  BES!

5Kl

L EEEE X AR RN SR E AR ERE R

INT CHANGE 170 STAT =
FEFEERER X BELREE R R RRERERER

*

5

DT> X e o o3 D

e T T B>

A
A

83424 1EDF OC 6D 02 1EE4

BO14ta 1EE2 13 99
BY1428 ES4 4D 6B
DO1434 itEb A6 BO
61444 EED C7 1F6A
J01454 IEEE A6 €1
§l4bA 1EED €7 IFFE
GOI&7S 1EFO BS
£1434 1EF1 CL IFEE
gns4y

1351

£

BEISZ

60133

Bl
201358 IFEF
GElS6A 1FEF
691374 1FH1
B156A TFFC
851594 IKC  1F8I
BUletA IFFE i
(1313}

hie2

feul

1ERS
1F9A

A

fEF1 CIN3

I > I>

A Cikz2

134

LDA
LbX
5TA
SiX
LbA
L
574
§TX
LDA
SUb
TRl
DEC
LX
LA
L)
L3A
54
iDA
STA
ERSET
ECLR
ESR
LTA
§Th
154 .
574
RTI
e

$1EBE

IKTH
CIxH
CINd
INTH
INTL
CINL
CINL
INTL
grL

05

§w3P VECTCRS

KAKE PC POINT
T8 570
INSTRUCTION
X

CHG
1403
$0¢
$1FI18,X
X
TIECL
TINC

b, TIKC,CIND
&, TR
CINZ
3489
CHIO
$561
LIE

CrANeE /0

FIX TCR

COrF Y MENORY

DUrH

EE O B SR AR E A R LR S
IKTERRUPT VECTORS *
FEHEEEER R LR B R R AR

¥

TOTAL ERRORS d4380--00009

[i:44
FiB
FoB
Gib
FIB
I3

B

$IFEF
Cikt
EINT
$IFFC
ENIR
REST

19-4



FACE E04 EMKS  .5A:5 6803 EMULATOR SOFTWARE

IFIC CHG

1F8A THID
1EF1 CIN2
1EE4 CIN3
IFEF CIMH
IFFE CINL
1EBY CINT
1F98 DUPY
1FBE DUPK
IFEE INTC
1FFA INTH
1FFB INTL
1FFa LIE

1FE4 RESY
1FE2 REST
1FED FIN1
1FCE RINZ
1FCF /1IN
IFET RING
1FF1 RINH
1FF2 RINL
iFGA RINT
1FF3 SPH

1FF4 SFL

TesE 5TP

1FBl &Ik
G0y TCR

E0CD TINC
1FE9 TINCY

CEO2IxENITT

0EN13RB0000 CE144

10142 §0148%

{0140 101422

ERsz1ebb122 00123

fos2zxbi12e 00127

101212001355

Dota0=08063

08045 CBLS9RLNT4AS

EtEadRGET OROBL J008R
EOC17¢80671 £0074 39121 €124
DON1E60CTS DOGTE 4125 80128
Coe12e08048 4014

priggsigin

Efidgsibioy

i SRR TIE

LhGE? LiEoax

R g

1A HO

BEkT9xcE072 OUITI
boeapelt7e £1077

LT IINY

13

PoRITHEETY [N

Efo24xb (5!

EORAExERITY

tEE27062150 o141

GORZEREEETE GLOSY £O139 40146
$p0Zo=00097 £0133

19-5



19.2. The 6889 exorciser software listing.
The following pages represents the software 1listing of

the 6809 exorciser assembly language program.
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PAGE 301 EMRY ,5A: bBEY EMRATOR SOFTRARE

113! 0T P=i4

foce2 TIL 5809 EMIATOR SOFTWARE
111 K FEREREEEEERERRIENEAEE ENAAER

LRl * bERY PRC FOR EMULATOR #

L1135 + CARD #

00616 FHELFHE LR E I

ey -

bEL §] FFE) A BEMM EQU  SFFF0  USER MEM MAP CHOISE
peoey FF1& A PCOR EQU  SFF1b . APPROPRIATE REGS
0ati FFi8 A USP EQY  SFFI8  IN EXED WAP
e FF1A A IRY EQ  §$FF1A

B4z FFIL A INRX EQU  sFFIC

t6013 FFIE A DPR  EN  SIFIE

05014 FFIF A MR EQU  $FFIF

boais FF2d R EBRR E  $FF20

11 41 FFA A CCR  EQU  $FF21

§t017 Fr22 A SSP ERM  sFF22

113 3%:5 4088 A PCON EQU  s4fif  PC FLAG

aké19 2600 A HMCHG EQU  s2008  MEM BUFF

1A iFé A CRIO EQU  SiFOA  CHANGE 1/0
fe0z1 1FF3 ASPH  EQU SIFFS STACK P H
gliz2 1FFE A SFL EQU  $IFF4  STRCK P L

08823 Folz A XSG EQU  $FR2  RET 10 YRE LOC
(] {FFA A INTH EQU  $iFFA 05 INT VELTOR
BEOZS IFFE AINTL IR si1FF3

bod2s IFFL A RIWd ERU  $IFFY RET INT VECTOR
akez7 iFF2 ARIML EQU  $IFR2

bo6zs 1FEF A CINH EQU  $IFEF  CHG INT VECTOR
88029 1FF8 ACIR  EQU  $IFFS

140 Kf {FEC A CRE  EQU  41FSC  HOLDS CHG ADD
71Xt t88C A CHSY  EQU  ¢G#5C  HOLDS CHE ADD
poER 2624 ACRZ EQU  $2e21  CONTROL REC 2
Beb33 2820 A CR13 EQU  s2020  CONTROL RES 1/3
L] 2022 A LTt EQU s2832

feoss 2023 ALALl EQN $2823

{01 2024 A LAT2 EQU  s2024

Xy 2025 ALALZ EQY %2025

20038 2026 A LATZ EQU  s20zb

3] k¢ 2027 ALY O EQ s2027

20048 {FF5 A LIE  EQU  $IFFS  LI/E LCCATION
1112} ik Ak ERY s2iN

60gs2 2018 A LED ER)  $2(18  FLASH LED

£043 4063 A LESM EQU 4003

g0 4001 A TIMT EQU s3I

§0045 §i2  ATIFZ ER $4502

L HRITY FFF8 A IReB  EQU  $FFFA  ¢9TINT VECTOR
bLG47 FFF? A INRL  EQU  $7FF?

B0EE goEF A PORTA EQU  $Of08

1143 0681  APRTE ESU $0001

BO&SE g0l A DDA EQU  SOLE4

08451 65 ADIE EQ $00S

fobs2 g Bees A TIR  ERU  sDild

ED0S3 BB A TCR  EQE  s0DL9

EO0%4 EAN A BOOT EQU  $E4AF

6085 16 AInR R SElEd

goEs 400F A BP0 EQU  $400F  BREAK POINT §
Bes? ;018 A BRI EQU  $4810  EREAX POINT 1-8
60058 4020 A PCRT EQU 4826  PRC CONT OF BP
1] R FIIE A XOUT4H EQU  $FBIE 4 CHRS TO SCRCEN
Bonae FI21 A XPCRLF EQU  SF821  C/R L/F TO SCREEW
pedst AU3E A VECT ER 460

gake2 FFIE A TABEEC EQU  SFFOE  JWP TABLE

111X FF1§ A TAED EQU  SFF1 VECTORS

10064

19-7



FAGE 102 EMUIY  .5A:1 6809 ENULATOR SOFTUARE
BORGS EREEEAEREELEE R N HE R HHIRER

80067 # RECIN INSTRUCTION FOR

pods8 o OROTING

B0y # INITIALIZE FTN %

00878 & WIT FOR INTS ]

N FEEEREHEE MRS R

b0072

pud734 ECM (0 13 11 ]

GR0745 EOJD 86 0O A BECK LDAA  #40) RESET 65
RODTEA ESD2 B8E 2018 A LDX  #LED

GLO754 EOLS 17 £115 E11D LESR  55TA

BO077A E0SB B B2 A LDAA  #s82 RIF-H0T
BOE7BA ESBA BE 2080 A 10X $CHE  LED-OFF
60079 E0§D 17 B10D E11D LESR S84

GOLBOAECID BE FFFE A LY $HEMN  EMABLE
006B1A E813 17 #10F E125 LESR  SiDA REQUIRED
EOSE2A EQIA BA €3 A (RA  #03 MEMORY
fotsiA EIB 81 1% A CHPA  #si0 kAR OR
GOSSsA EBIA 2D §1 EGID BT  HGs DISABLE
fo0asA ERIC 4F CLiA COMPLETELY IF
GEDBLA ESID BE 2810 A BEGE LDX BN EXT McH
§0E37A ED20 17  EEFA EI1D LESR  E5TA REQUIRED
B08s38A 023 86 0% & LbAA  #800 ASTAELE 70
JUGESA EG2D BE TS A X 4t {NE SHCT
GOs%eA E€2B 17  BUF2 EN1D LESR  §5TA

fotoA E02B BE EIBD A LDX  $INTRR  LGAD INT
BEESZAER2E WF FFIE A STX  INRK VECICGR
p08534 EL31 BE E14D A LDX  $CTEEG  STORE JHP
BLOSsA ECZA BF  FFIE A STX  TAREC  TARE
DOE9SA E37 BE E1ED A LbX  #{TEND  VECTORS
BED9A EQ3ABF FFIE A STX  TAtnk

200974 E03D IGBE BBOF A LDY  #5F CAVE VECTORS
BO89BA EG4Y 38 AT IFFY A BEGS LEAX  SIFFLY OF USER
800954 E445 17 05D E135 LESR SilA PROGRAM
GRIS0A E043 47 AT 4033 A SR VECTY

0ikA ERAC 31 ¥ BEY

GRIGZA ER4E 26 F1  EIN BRE  BEGS

QOTEZA EBSD BE 9210 A LDX  #sid CLR EREAK
001644 E0S3 &F B7 4G0F A REG4 CLR  ER),X  POINT
S018%A E057 38 9F X ADDRESSES
$81884 ECEF 26 FB EES3 BNE  BEC4

60374 E4SD I6BE 13 A LY  #s@id

G010EA EESF 86 &0 b LI&A 4300

S01074 Efs1 30 AR 1ECF A BECY  1EAX  $1ECF,Y CLR NEMDRY
fiot1sa £06S 17 OUES E13D LEER  58TA

00IAERE X1 F kY FROM 180}
B0112A ESbA 26 FS EBSY EkE  Etft T8 {FFF
001334 E46C I0BE S A LDY  #s0350  LOAD EDOT
GUIT4A EO70 A6 A9 E4AF A BEG2  LDAA  EDOT,Y  PROGRAM INTO
f01154 E674 38 &7 1EAF A LEAX  $1TAF,Y oBOS KM
BB1164 £078 17 B0A2 E11D LESR  55TA

BOUTAELTBR L T bEY

00:18A E47D 26 F1  ED78 BE  BEG2

BOTIPA ES7F & IFFC A DX §siFFC BET SWI
Be12tA ELB2 17 GPAN E125 LER  SIa VEETCR
G0I214 E0BS 8  IFFD A LDX  #sIFFD  AND STORE
£51224 EDBD 17 REAA E135 LESE  SiDB IN USER
SUIMAENMB BE 30 A LDX  #VECT  PROGRAM
GUiZ4A EOBE ED OC A 71 o | VECTORS
6015

80126 ] IRITILTZE TIMER

$3127

801234 EI90 86 Fb A LDAA  #sFb TIKER 2,0ME
DRIZFA ECF2 BE 2621 A LIX K2 SHOT
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PARE $03 ENUY

00130A ERFT 17
001314 EL98 Bb
§0132A EOFA BE
601334 EMD BD
DI134A ECSF 85
D0ITA EBAY B2
001367 ECAS4 8D
§01374 EQAb Bb
01384 EQAB BE
601374 EGAB BD
BOI4EA EDAD Bb
BB1414 EGAF BE
361424 EGE2 £D
§01435 ERR4 Bh
§¥144A ERRS BT
$01454 087 8D
861458 TURB B
GO1474 ESRD BE
t0148A ERCO ED
E01494 EQC2 86
83150A EOCA B
DO151A ERC7 8D
51524 E0CT Eb
801534 EOB BE
£B154A EOCE 8D
001554 EEDC 86
to156A EGD2 EE
BO1574 ES 8D
£81584 ECD7 B8
B81594 EL2F Bt
263654 EGDC ED
B0ibIA ERE 85
Bu1624 EOEY EE
B0163A ET ED
{4164A ELES £
§016%A EQE7 62
fE14bA ECEA I
BE17A ESEC 7D
Be1sd4 ECEF 26
E03é0A EF1 7D
BE170A EOF4 26
001718 EUF6 7D
§E1724 ERFD 27
001738 EWB 7F
801744 ECFT 86
B0I734 E180 BE
BE176A E1O3 ED
001778 E145 Tt
80178A E303 &5
§017%A EibA B7
BOiBRA ETED BS
GOIBIA EXIF 8T
th182A E112 B2
101834 ETi4 74
ES164A E117 74
J01B5A EMA TE
$618h

0e187

00188

nee

BN

Lp4)]

01924 ENID ES
bo193A E120 20

.SA:1 6BDY ERULATOR SOFTRARE

9085 E11D LESR  55TA

3 A LDAA  43Bh TINER 3 OME

ctel A LI 3R SHOT

T E11D BSR  SSTA

7 A LA 48F7

a2 A LbX  #k2

77 B BSR  S5TA

7 A LDAR  #s7 TIMER 1

28 A LD  KR13  ASTRRLE

7t EID KSR §5TA

6l A LDAA #8501 180X

A2 A LDX  #LATS

&9 Ei1D ER SSTA

it ] LDAA 384

2027 A X #al

2 Ed B3R SSTA

&0 A LbtA 500 S0 MIC SEC

224 A LiX  #4%2

5B ElD B3R 55T

R A LDAR #8332

5 H Lix  at2

¥ E BSR  S5TA

11} A LbAr 508 SIXIC SEC

a2 A LIX AT

4D EID Esk  S5TA

] A LDAR  #505

281 A LEX  #HAL3

#  Eild BSR  §5Ta

) 4 LiAy #3501 BUF-6885

M A LDX  #HCHG LED ON

3 EHD ESR E5Th

% A LDAR  #$75

Zt2d A LIX #0813 TIMERS OPERATE

B i FSR  S5TA

&2 -& LDah  #i62 DISAELE RESET

218 A LIX  #LeD TD 8565

EF BEGI  CLI

4301 A MANL TST  TIN WAIT FOR INTS

& EN7 BNE  EAM

402 A 5T TIR

1£ EL4 BHE AN

803 A 78T LEMA

tb E108 B MANZ

83 A CiR  LEDH

k2 h LIsA 3802

318 A LD #lED

iB EID PR S5TA

Ell4 A WP AAKS

33 h NG LA HSFF

4603 A TAA  LEDH

i3 A LbAA 3403

218 A DX  #ED

iy B Bk S5TA

402 A KAN3 DEC  TIRR

4001 AWM DEC TIMI

EIEC A P KAN]
FEREEHE O EH R R L
% SURRDUTINE STAA %
FHEEEH GO LR

FOFC A BSTA RITA SFOFC

i D2 BRA S5T1
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PACE 004 EMIK? ,SA:l bEGY EMULATOR SOFTRARE
Q0IR4A E122 A7 B4 A S5 STRA X

BB19SA Elz4 3% RTS

13194

06147 HEE LR AR
f0198 ¥ SUBRQUTINE LDAA &
L1 ¢ B PN HEH L
§ozid .

BIEMA EIZS ES FUFC A SLDA  BITA  SFCFC
CO2szAEIZB 28 60 E12% e N
BB213A EIZA &b B4 ALLDY tDas X

802444 E12C 39 RTS

po2i5

gt2ts SEEERHA S HEE R
0287 ¥ SUBROUTINE STAB *
ga2e8 FEEFE BN B LR R R
06209

BOZIMAEIZD BY FOFC & 55TB  EITA  $FCFC

ge2itAE13 20 00 E132 BRA  55T2
002124 E132 E7 B4 A SST2 STAR X

BOCIZA E134 3¥ RT3

BR214

[i¥at] HE R F RN R E R L NS
thzib * SUBROUTINE LDAB =
§0217 FEEXFH R R E R R B AR E R
L8218

El2i9A EI3S BS FOFC A SLDB  RITA  $FUFC

GOZZSAEY3B 20 R EI1ZA B  LD2

10221 E1SA B B4 A LLD2 LhAR X

B82224 EYIC 3¥ RTS

€6223

f el

20225 FEEE ST R HE S TR

tazzb ] INTERRUPT ROUTINE #

po2:7 FHEXHEERERE FEEE

flzz8

iy

B0Z%5A E180 ®E  INTRR

1K)

fi2aERi 1A U IR &l

QOZSZA E1B2 BE 202t A X #e2 GET 5TAT
B0Z34A E1BS BD 9E  E133 B5R  StIA

092304 E1B7 B4 02 A ANDA #8002 TIKER2 INTRUPTED
8023bA E1BY 1827 §12A E2B7 LBEQ INTS :
bRZS7AEIBD L6 97 A LIAB  §857

po23zA E6F BE 2028 A LDX  #CK13  TIKERS OFF
plz3va £152 80 99 L12D BSR  GSTB

joZesA E194 B 12 A iDAA  #882 BUF-KGT
GE2AIAEISR BE  CER A LbX  #CHS  LED OFF
§O242A E199 €3 82 E1iD RSk S5TA

GE2A3AEITB BE 1FEA A 10X #HID  I/0 STAT FLAG
§0244A EISE BD B3 E123 BSR SLDA

BZACA EIAP B4 6D A 4XDA  #81 Do 10 IF 17
BO24bA E1A2 26 M EIDB BRE  INT3 821
CO247AEIRE 7F  4L5E A iR PCON

C0248A E17 1SBE 408 A LIY 8

BOZ4FA E1AB 31 A4 ATNT1 LEAX Y COPY STACK INr@
§0250A EIAD 82 B6 E135 E5R 5LDB

D6251A EIAF 30 IF LEX

802524 EBt 17 FF71 KIS LESR  SLDA

$0253A E1B4 1663 1FB2 A CMPD  #41FB2  KNDWN PC
BO254A E1B8 26 1B E1D2 ENE  INT2

BE2SBAEIBA IF 20 A Tov,) STACK P HEM
§0256A EIRC BE IFF3 A LIX  #5PH

Q02574 E1BF 17 FFSB EIID L¥SR  55TA
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PAGE (05 EMUY ,S5A: 6EDY EMNATOR SOFTWARE

082584 EIC2 BE  IFFA A LDX 5

102594 EXC5 17 FFS E12D LESR  SSTB

0D260A E1CE CC 8080 & DD 4500 CRD
MAAENE N M A LERX Y

082524 E1CD 17 FF4D END KSR SSTA

002434 E100 20 1C  E1EE BRA  INTA

B264A E1D2 31 ¥F i

G0265A ESD4 25 5  E1AB BE INTS

$0256A E1D6 20 15 EIEE KA INTA

B02674 E1DG B 1F0A A INT3 LDX  #[HID

BI2SAEIDB GBS 00 & Lisd #8300

§02i9A EIDD 17 FF3D E11D LBS® S5TA

002764 EIER 8E IFFA A LDX  #SPL  ADIUST STACK
VITMA EIE3 17 FFSF 125 LESR  SLDA

BIZ72A EIEG 68 05 A SUA  #535  POINTER
002734 E18 8 1FF4 A LBX  #SPL

082744 ESEB 17 FF2F EI1D ISR SSTA

DOZ7A EIEE B SFOS A INT4 DX #S1FQD

802764 EIF1 17 FFIL E125 LBSR &DA  COFY RELEVANT
C0277A EIF4 BE. MO8 A LDX  4PCRTA  MEN FROM
002784 E1F7 17 FF23 EA1D L3R 55T

002794 EIFA B 1FB1 A LIX  #$1FG1  $G0 10 $OF
0O28LA EIFD 17 FF25 E125 L[5SR SLVA

BO281A EXD S 6801 A LBX  $PORTB

802828 E283 17 FF17 E41D LR  S5TA

§20IA E26 B IFCA A LDY  $$iF04

02344 £239 17 FF19 EI25 LBR  SLDA

U0ZSA EXC SE  MOA A DX  4DDA

G02664 EZ0F 17 FFOB EIDD LESR  S5TA

§C2E7A EM2 B IFIS A DX $$1FES

0U2B3A EZ15 17  FF4D E125 LR 504

G0265A EZiB 6 1805 A LBX  350B

0U29¢A EZ1B 17 FEFF EIID LESR  SSTA

002914 EXE B FIR A DX $$1FC3

982974 E221 17 FRO1 125 LBR  GiDA

J0XTA E204 BE GOS8 A LIX  3TIR

00254 £227 17 FEF3 Ei1d LESR  5STA

002054 EZ24 8 1FL9 A LDX  #$1709

102964 E220 17 FEFS 135 LR SLDA

W74 EZE B MO A LIX  $7CR

DE2584 £233 17  FEET E11D LISR  SSTA

102994 E236 160E 4018 A LDY  $BP1  RESTORE
DUSMBA EZIA AE A6 A NT7 LT Y PROCRAM
B0301A EZIC 27 M6 E244 BER  INT8  INFOATION
OS24 EZSE 46 A3 1D A (AR $19,Y  INTO USER
903634 £31 17 FEDY E11D LESR SSTA  FROSRAH
DRIBAA E244 21 22 AINTR LEAY s2,Y

BO3I5A F2¢6 158C 4020 A CHPY  $FERI

GO3B6A E24A 26 EE  E2% HE K17

GO3M7A EMC B FFA A LIX  45PL  ADJLST
$e306A £24F 17 FEE B35 LESE &DB  STACK POINTER
WIRAEX2CB 05 & BDDB 4505

663104 £254 17 FEDS 12 LESR  S5TB

GO3MIA EZS7 BE  IFFA A INTH LDX  #S7L  CET STALK
063124 E254 17 FEDS 135 LES® SLDB  FPCIKTER
003134 E2D 8 IFF3 A LIX 457K

0U314A E260 17 FEC2 E125 LER  SLDA

ISAERIF 13 A ™ ,0

§0316A E265 FF FFIB A ST USP  \GET APPROPRIATE
WA ERS IF B A TR DX \RECS FROM EXEC #4P
033154 E264 17  FECS E135 LESR SLDB  \AND STORE IN
PO3LGA EXD 38 IF X \BLS STACK
$0320A E26F 17 FEB3 £125 LESR SLDA  \AREA
003214 E72 SA KCB \PC 1 LESS
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PAGE 805 EMUI?

§8322A E273 FD
§032TA EZ76 38
DB3244 £270 17
03254 ETE &
E8320A E27C D
NIRTAEZF U
803284 E281 17
WIBAER P
§0330A E287 30
10314 EX9 17
083324 E26C B7
§03T3A E26F FC

A1
FF1b &
IF

FEBA E133
FFIC A
3

FEAL E123
FFIF A
1F

iy 0125
FFAl &
fFl16 A

BE334A E292 1CE3 IFEE A

B03TA EX6 DD

I E°H4

BI33HA EZ298 J0SE G086 A

80574 EXC EC
0EE3EA £258 3
033304 E284 17
REI4EA E2A7 36
0034A EXT 17
B62428 T24 31

£ 4530 & INT1R
AT IFFR A
FE76 E11D
f1 A
Fe81 12D
22 A

003434 EE 108C S518 A

E034LA E2R2 25
S0345A EXRY TE
B854 E2R7 1T
0037 EZY T
11EE:

[ ReH

po3sk

03

10352

#0233

$0354A EZRA BE
E0ITTA E2ED 17
§0356A E2X0 BE
003574 E203 17
003sBA EXb IF
BBISTA E2(B FC
§0%0a EXB 17
BU361A E20E 30
B03624 ED 17
$I3534 ERI FC
BO3b4n E26 38
kE3a5A E2D3 17
207664 EXD B
03478 £2OE ¥
103:88 EXB 17
E0385A EZET B
0037¢A EXL N
Be371A E228 17

8 2%
fl2 A IKY
EF s

§TD
DEX
LBSR
CLRA
&1
EX
LBSR
STAA
KX
LESR
ETaA
18]
CHPD
BT
Loy
(1]
LERX
LESR
LERX
LBSR
LEARY
CHEY
BYE
JHP
{1
RTL

PCR
SLDB
INRX

SLDA
ANk

5LD4
R
PCOR
1S1F0N
INTS
186
VECT,Y
SIFEQ,Y
S57A
1,
§5TB
2,1
1510
INT10
YBUS

!
{
!
/
-
/
/
f
/
/
/

6809 EMURLATOR SOFTWARE

CHECX IF
INTRR 1S
EXECUTED AFTER
BEGN AND

COPY

USER PROGRAN
VECTIRS

FEEEREFEEHE N R R AR R A

» [ONTIRUE PROGRAM INSTRUCTION =
SHEVEH SR F AR R

iFF3 A CONP
FEAS E125
iFFE A
FEEF E1SS
3 A
Frie 4
FESF E12D
iF

FE4A E11D
FFIL &
iF

FES2 E12D
FFIF &
if

FE3A EiiD
FF2t A
iF

FE3Z E11D

COI7zh EXB 1GBE 1670 4

GEI73A EZEF 30
i34 X1 17
SISTAEF4 3
10374 EX8 17
853774 E2FB 31
$0378A EXD b
103794 EXFT BE
§03804 EN2 17
BE38IA E305 B2
963524 ENB 17
003B3A E3¢B IF
003544 EJID BE
B0385A ENN 17

F AN
FES1 E125
A9 1FAF A
FEZ2 E11D
3

F§  E2F
IFFA A
FE20 E125
1FB A
FE2A E135
13 A
IFF1 A
FE12 E125

LDX
LESR
LiX
LESR
TER
Lip
LBSR
bex
kSR
LoD
X
LR
EDAA
DEX
LESR
L4
BEX
LESR
LIY
LERX
LE5R
LEAX
LESR
DEY
BNE
Lhx
LESR
Lo
LESR
TR
Lo
LESR

$3PH
siva
$5RL
5103
BX

FCOR
SSTR

S5TA
INRX

5878

Y
15l

S5TA
EBR

§5TA
1878
SEF,Y
SLDA
S1FSF,Y
SSTA

CONt
3N
5LDA
AL
SLIB
D,
RN
SDA
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\RESTORE
\HODIFIED
\STACK FRO
\EXEC HAP

L N e e Y e e e

COPY STALK HEA
FROM PAGE B TO
PAE 1F

INT VECTOR
RET INT VECTOR
S VECTORS -



PACE 307 ERMUY .S 5809 EMULATOR SOFTWARE

B8366A EZ1I BE 1FF2 A LDX  #RINL

E03R7A E31A 17 FEICEIZS LBSk SLDB

BI3B8A E319 88  IFFB A LiX $INTL

0038%A E3IL 17 FLOE E12D LBSR  5STB

WISNA ESIF BE  IFFR & X $INTH

RO3TIA EXR2 17  FDFA E11D LBSR  SS5TA

OBI92A E325 IF 38 [ 2 ]

G0%IA EX7 BE  FF1 A LEX  4RINd

SE3%4A E32A 17 FIFD E11D LISR  55TA

QOITA ERD BE  FFZ A LD #RIRL

BYI96A ES30 17 FDFA E12D LB5R  S5TR

DO3TIA ET3Z IGBE 4090 A LDY  3BP1 STORE SWI
LR37HA 337 AE M A CON4  LDX R INSTRUCTION
RO3WA EZIT T7 18 B4R REQ  CON3 INTO USER
OAA EZZB BL FFIE A X PCOR PROCRAN
BO4NA EE 27 $B E34B BER  CON3

BiateA EZ40 17 FRER E1ZS LESR  &DA

S0A3A EMI A7 B U A STan si,Y

Bh4%4A E38b 86 EBY A LEAA 4583

$04854 £48 17 FDD2 Ei1D LESR  S5TA

§U4REA E34B 31 22 & CONS  LEAY 2,7

004d7a EWD 108C 820 A CHiY  #PGRI

BOABBA E351 26 E4 EXW B  COh4

BO49A EXST Bb  Ef 4 CON2 LD 1311 ASTARLE T0
BOAIGAEZSS BE IFFS A X HIE CHE SHOT
Q04114 £T58 17 FDE2 E11D LESR E5TA TRIGEER
£0412A E35B Bb U1 A {DAA #5181 EUFF-580%
004134 ESSD BE 2000 A 1D $KCHG  LED N
be4lsA E368 17  FDEA EI1D LESR  S5TA

2041548 EXI B8 96 & LDAR  #59% TIIHERS OPERATE
G0416A E365 BE 2328 [ LhX $X13

§04174 EX8 17 FDEZ £11D {B5R  SSTA

{04184 E36B 7 EGEA k JHP BG3

5419

f042d - EEERFHEENMEEFIEEERERERIRNEENRRERES
§1421 % CHANCE SPECIFIC HER INSTRUCTIOR *
§0422 FEEEEFHEX R R B R SR R R R R AR
§0423

[0424a ESE BE  00IC A CHNG LEX  #CHRY ADIRESS OF o CHG
BoAZTA E371 17 PRI EISS LESR &ilB

p042bA EX74 6E  IFCC A LLX  #CHE

804275 £E377 17 FIEI E12 LI5R 557

§64287A EX7A 4F (kA

0B429A E37B IF 01 A TR DX

504304 E37D 17 FDAS 125 LRGSR BLDA

pA431A £4RO 36 B9 IFLO0 A LEAX  $1FED,X

BC433A ETE4 17 RIS EIDD LESR  BETA

LE4T3A EXB7 BE  IFFA R 1} $INTH  GS¥AP VECTORS
804348 E3BA 17 FITBE123 LBSR  S5iDA

BOAXIA E3BD BE  IFFE & LIX  $N°L

BE436A E390 17 FDA2 E135 LESR SLIB

Be437A EX93 IF 03 [ TFR U

DO43BA EXPS BE IFEF A LIX  #CINA

BO435A £398 17 FDBA RIS LESR  SLDA

bO4&40s EIVR 8E  IFFY A LpX $CINL

BL441A E3FE 17 FDMAELE LESR  SLDB

(04424 EW1 BE IFFR A LIX  $IKTL

B04434 E344 17 FDBS E12D LESR  SSTE

BO4%4A E3R7 BE IFFRA A LDX  $INTH

80445A ESMA 17 FITAEILR |BSR  S5TA

B04sA EMD IF 3D A Ha SR

LB447A E3AF BE  IFEF A LIX IR

Bl44BA E3B2 17 LGB EI1D LESR  SSTA

piA49a E3ES BE 1FFO [ LDX INC
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PACE J0B EMUI? .SA 6809 EMULATOR SOFTRAKE

BOASEA E3RB 17 FD72 E12D LKSR  SSTR

fOIAETRB 21 96 E3S3 BRA  CONZ

452 .

1043

80454 EFREEE R HH M R R SR R RN
2 * FREAX POINT SET INSTRUCTIW #
faa%s N HEE R S R R R
E0as7

004584 EXD BE 40 A BPST LDX  #EMM Y REG CONTAINS
§0459A EXCO BC 4020 A BPST  CHPX  #PERI  THE EREMX
A ERI Z7 4 B9 BEQ  Bp&2 POINT

GB4seiA E3C5 10AE 81 A (1) S ()

BO&kZA EXCB 26 F&  ESCE BNE  BPS1

Coab3A CICA TRBE FFIA 4 Yy  ORY

BO4b4A EXE 104F E3 A Y X

U5465A £2D1 10BE CER0 & Y  #08

UO4bbA ETDT J6BF FFIA A STY  INRY

DES67AEZDI7E FW02 A PPR @ UG

0458
64569
bo4re
11273
fo42
GE473

BEIE R HE R R RN LA BRI R R R E RN RN

¥ BREAK POINT CLER INSTRLCTIM &
IR R E R R R

§047¢A EBC BE  4H10 A BPCL  LIX  #EP1 Y REG CONTAINS
CU470A E3DF MIEEFF1A A LY  IRY EREAK POINT
B047ch EXI 8L M20 A BPCY  CNPX #PERI

D04T7A E3ES 27 10 E3FB 3 I ]

B0470A EXE3 1iAC B A Py X

S0479A E3ED 26 F&  E3E3 BE IO

BG4EEA 3D I08C KOS A LDY  #s#d

fG4E1A E3F1 104F E3 [ sTY X

EO4R2A EXA I0KF FFIA A STY  IRRY

Bi4B3A ESFB 7E FSL2 AR W bi:ll

EDsE4 .

C485

10488 FIt3 g it r i T atirrtitidtitiisitattiiy
$§a87 X BREAL POINT &L CLEAR INST %
L] B RN R R R E R R F R T AR AN
ipagy

E04%68 EXR 8E 410 A BFAC DX #BP1

f0471A E3FE 1GBE E608 & Yy #i0

BO4Y2A E4E2 10AF B b BPA1 STY N4+

Do493A E450 80 46X [ CEPX 3PGRI

004944 E&4B 26 FR E&f2 BRE  BPAL

BEA95A E288 ICRF FFIA A STY INRY

§04%4 E4RE 7€ FSC2 A JrEP XRUG

15457

004538

80459

BESES

Bo5k

EE502

TOSH3A E411 1088 48190
$ESE4A EAIT 5D FL2]
ROSISA E418 38 M
tasteA EMA BD FUIE
GUSE7A EAID 1860 2020

FHEE AN R E R F L E R
% BREAK POINT DISPLAY INST #
HERERFRERN R F R AR R R

BOSEBA E421 26 FO  EAIB

L0SI%A ER3 TE FSC2
63510
fp5ts
512
16213

AWIS LDY 4B
A IR XPLRLF
ABDL LEAX Y
A IR XTH
A CHPY  #PGRI

BE Wi
A M AmE

R R R A
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PACE 007 EMUY  .SA:} 6809 EMULATOR SDFTWARE

£e514 ¥ INSTRUCTION TABLE =
20515 FSRERERR SN H AR R ER LR IR
516

6035174 E140 DRG  SE148
BOS1BA E148 42 ACTBEG FCC  /BEGN/
00154 E144 (£1] FUB  BEGN
005284 E145 43 A FCC  /CONPR/
EOS21A E14R E2BA 4 F0B  CONP
boSzeA E14C A3 A FCC /OHNGY
$05234 E150 E36E A FIp  CHMG
BHS24A £152 42 A FIL /3517
205254 Ei5h BED A FIB  BPST
BL525A E153 42 A FCL /Cl
§0327A E15C Bl A 0B EPOL
GS28A EISE 42 A L /wat/
§0525A EI62 EXE A FIB  EPAC
GOSIRA E164 42 4 FCC  /DS/
0033iA E148 B4l A FIB RIS
0532 Ei89 A CTED EQ)  sE1t9
gz

Be534

60535 KD

TETAL ERRORS b0enf--fG0L0
TOTA. WARKINGS ROEUR--G0008

FRIF 88R  DER142E6327 BE3bG
FF2E BER  0OMIDRR3E2 GL369
EDS1 BEET  $(309sg0112

EG7) BEGZ  hit4xibllB

ECEA BEGT  Oi1e6x[6418

EGS3 BG4 DOIG4xIRi0h

E041 BEES  BEGYERMSILZ

EQ1D BEGH  QLEB4 BRCELH

EShE BEGHN  DEIFAE0S19

E4AF EDBT  GOED4AxDO114

ALLF BPE BROSEINIA

010 EP1  QIESTHRE299 02397 GB4SE ED474 0O4R) RSE3
E4BD BRPAT ERATREDRATA

ESFR EFAC  O4PO#OD2

E3E3 BPCY GR47ER(1479

EIF8 EPC2 G477 9403#

ESIC EPOL  BR4T4RREDZT

£418 BPL1  L0505*508

£411 7P DECOIRlCHL

E3CY 2PS1  pD4TTeOIdE2

EID9 BP32  OB4bD CE4RTs

ZYER BPST  00428%D8523

FF2I TR  BCEiex

IFECCHG  UI3b=i4le

LROC CHG1  BEOIIRE(S24

IF0A CHIQ  Cos20xfe24l BC267
E36E THHG  BRACAED(DZ3

iFEF CINH  00528%8043B 08447
IFFD CINL  QDB27RGLAAD 0§49
E2EF CON1  DOI73#£0378

EIS3 CON2  GR40T#00401

EZ43 CON3 00379 #1401 poslee
E317 CONG  (B35Ee004E8

E2BA CONP  GUICAXEISEL

2020 CR1Z S0033xGL132 30148 69162 HD2I0 00418
2021 CR2  GOE32+00129 00135 233
E140 CTEES 00893 H351Bs
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PAGE 118 EmWly  .5A11 bB2Y EMULATCR 507 TdaE

E3b? CTEND
§004 DDA
05bs DIB
FFIEDPR
Frrg THRH
FFF? TIRL
FFIC INRX
FF1A IRY
E14B INT]
E29C INTI)
E1D2 IiT2
E1D8 INT3
EIEE INT4
E2B7 INTD
E257 INTh
£23A INT7
E244 IKTE
E254 INT?
ITFA INTH
ifFB INTL
Eigg INTR
180 INTER
2623 LAt
2025 LAL2
2927 LALS
2022 LATY
2424 LAT?
202h LATS
ZiB LB
4403 LEDX
IFFS LIZ
E134 LD
E134 1152
EQEC MANT
E108 HAkZ
E114 BANT
E117 KAN
2008 HCHE
2010 KEM
FFFE KEMK
4800 FLOR
FE16 PLOR
4920 FER]
2008 PORTA
bE61 PORTE
1FFT RINA
IFF2 RIM
E1Z5 ELDA

£135 SLIB

\FF3 SPH
iFF4 SPL
FfF22 5P
E122 88T1
E132 8812
E11B 55TA

E13D 5878

§0095 80532%

0085030285

1] 1E1 1425

08513

(11133 100

BRIAT#

BE012e40320 60363

D0 1RR0ALT BU466 GDA7S B5482 QC4%5
ED249350285

DII37aL0344

L0254 Li2b4x

DC245 267

§U263 §E2bb §0270%

00236 EQ3abe

§311s

Held i Xl

BEIBY EEIG4x

O U135 1545

SRR RLTT IS0 10433 fhasd
BOS2S2ED3TY CO30E (2435 §6442
BEz3zx

GoISSEECCTT 00238

BOO3S4E0 144

BOL3TEEEI5E

CREIT#GEISS

8 XIS P

PE03LRE8147

REE3T=EE1ITT

§0L4IL4TS L1160 CR17D EiOt
BREA3RT1 §0173 ¢AT
LEs4xDODED G410

00282 £0203»

pi220 §fzzis

ShaTHEES

(8172 Ghivee

0070 86377 J01BIx

BRIES ({1B4x

DOIFELEE7E £R159 (0241 10413
3143 £4a45
s Ehl
[E01ExG6247
GEE0PabLdz2 00333 6O
BEESEXCILLT BO407 DU
T H e

Bg04%a 06281
J{tcbxL0ZER 208393
EEE27 09385 §63%5
Q5tR1 B3G9 BO1ZD GO201xGD234 3044 90252 (027 R0ET6
BE2ED LU2E4 00258 §0292 65296 09314 BE320 CR3ZB 80331
2030 £0374 00300 $03B0 §0402 CG4A3D 40434 50439

§0122 (219=06250 0O3LB 4312 LO3LB GE324 0357 06382
G037 RGAZT 05435 £04adt

BOSTIEE2SH G0X1T BH3T4

pLe22x80258 00278 0273 80307 00351 DG3%6

037

OB193 §D154s

fh2i1 0312

DUI75 20879 GO0E7 L0099 ROT1R RO116 BO1Z0 00133 8013k
§0149 05142 GD14S G848 E0151 GL154 §0157 016D OR163
80176 80482 BEI92#00242 10257 §0252 8249 (0274 40278
60282 §4236 CO298 0B294 B0298 00383 £0337 ONI62 (M36E
G071 B0376 0371 EBIS4 D405 DDAST C0414 00417 BE4Z2
80445 ph448

8021 0x 36239 GU259 G0310 GO341 CO3LE §9365 £03B% LOISE

7 (0400

3
459 B3476 {8493 EUSEY7

c
o
[
o

19-16



PAGE #11 EMN? .5A:1 6B1Y EMULATOR SCFTSARE

B0427 96443 10430
FEOE TABEE DO8623L0094
FFIO TaEND  D00A3:00094
$0I% TCR  8MSIeI2T?
Beoa TDR  pHUTZEEE293
4001 TIMD  0O44x00167 L0164
4002 TINZ  DCB4GHERIGT 04183
FF18 USP  BOMIC»BA31D
4830 VECT  QOBo1x0{0B $3123 26337
FOC2 XBUS 08323280345 G467 00453 40476 QU5IT
FEIE XDUT4H LORS9#L0506
FO21 XPCELF 386505CDC0A
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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.

APPLICATION
e Personal Computer e Telecommunication Systems
e Electronic Typewriter e Instrument Devices
o Word Processor e PQOS Terminal
e Facsimile e (ther Peripherals
e Plain Paper Copier _
=- . .‘: A; 7;:::;"; -C’ ) - Co _ s-,‘ Loe T ‘"f"ar.::; :f- P A e Tt .-:g:.;M
TN ]“-e m ;i Display * " | ModuleSize - - View Area > |- Character Size =2
'Model No. " Fonts - WxHxT(mml * |* WxH(mm]} ~ { WxH(mm) HEEL
16 characters 3.2X%X8.2
DMC 161064 | 17 5x10+Cursor 80X 36X 10 64.5% 13 (3.2x5.95)
DMC 16106C | 15ono™®™ | gx74Cursr 80X 36 10 64.5X13 | 3.2X5.95
DMC 16117 }Bﬁﬁ';a'“‘"‘ 5x7+Cursor 80X36% 10 64.5% 13 3.2%5.95
DMC 161068 }Gﬁf";m“‘-‘“ Ex7+Cursor 130X44 X 10 39 13 4.3X3.5
DMC 16207 38 characters 5x7+Cursor 84X44X 11 §1X16 | 2.95X5.55
DMC 20215 20 characters 5x7+Cursor 1EX 48X 83X18.6 | 3.2X5.55
DMC 32216 gzng’;:m"" Sx 7+ Cursor 175 X484 X 11 120X18.6 | 3.2X5.55
DMC 40209 5 onaracters 6x 7+ Cursor 220X53X 10 155X 19 2.9%6.05
DMC 40218 3 oaracters §x7+Cursor 182X33.5% 11 152.5%16.5 | 3.2X5.55




DMC Series

FEATURES

(1) 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 intemal character genera-
tor (RAM).

(5) Many instructional functions by means of program such as “clear
display”, “home cursor”, “onfoff cursor”, “blink character”,
“shift display”, “shift cursor”, “read/write display data”, ete. are
available,

(6) Compact and light weight design enable easy assembly on device;

(7) Single “+5V” power supply.

(8) Low power consumption

(9) DMC Series is most suitable for use with micro computer peri-
pheral, word processor, POS terminal and telecommunication
systems etc. )

-

C = |Comsumption) 0TS | Temperaturs | Temperature
“WxH{mm)} { vop-Vss | VEE-VsS | Method [TYP(mW). | "7 {g) "~ | - e
: —20"C ~
_— ep—1 —C
0.6X0.7 +5 A A {0 30 0 ~50°C +70°C
0.6X0.7 +5 -— %D—14B 10 30 x »
0.6X0.7 +5 —_ UD—4B i0 30 ' »
0.9X%1.05 +5 —_ 140-%B 10 55 » v
0.55%0.65 +5 — wD—kB 12 45 ” ’
0.6%0.65 +5 — ©UD—-%nB 12 45 ’ v
0.6X0.65 +5 — ©“o-%B i5 75 » .
0.52x0.6 +5 — KUD—-4%8 15 90 " »
0.6X0.65 +5 —_ XD-X%8 15 75 ’ .
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ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS

e (o] S ool [ [ | i o
?&73;”@" Vtu- — 2.2} — | Vee] Vv %%thgfgy v -\-’\cicss —_ ol=|71v
Ve v | — |3 os|v S’%@i@’w Yel — |of—|us|v
i "High™ Vo | fone0-205maj2.4 ] — | — 1 v Imput Votags | vy — s | = [veel v
%?;:LW“ Vo | TorhamA | — | — o4V $mxgu" Ta ol —{+s0lC
Coment Y [ tee | veess.ov | — o5t fmaf | 0, [Tt - |-20] — |+70] ¢

XVee=5.0V £ 5%, Ta=25C

TIMING CHART "
- .o Ce B N CiinT R ' R R
e fem .07 7| sympot | - Massuring Condition .+ [ —ounderd Value £ Unitd
: i min. typ. TEX. T
Enable Cycle Time TockE See Figs. 1and 2 1000 — _ nS
Enable Pulse Width, High Level PWEn See Figs. 1and 2 450 - _— nS
Ensbie Rise and Decay Time tEs.tES See Figs. 1end 2 — -—_ 25 nS
Address Setup Time, RS, R/W-E 145 Ses Figs. 1and 2 140 — — nS
N Data Delay Time {DDR See Figs. 2 - - | 320 nS
Data Setup Time tosw See Figs. 1 185 _ _ nS
Data Hold Time - tH See Figs. 1 10 - — nS
Data Hold Time 1oHR See Figs. 2 ) 20 —_— - nS
Address Hold Time taH See Figs. tand 2 10 - — nS
EVee=5.0V £ 5% Ta=25C
" @®FIG.1 WRITE OPERATION @®FIG. 2 READ QPERATION
] ' Vg \hm}(
Rs V:: Vm]K RS ) Y Vin
Tan D-L‘—'-'-I
1 A St g Pt g 5t
Aw Vi { B/w / Vi - Ving
PWin l:;l PWER Tan ~
E. i ==l " — v |v ——
—/V;l ' v‘:’“':" k Viu £ —_&)? " Vlu_-xt'_.‘"-' Viu
L s tosw ..‘.:. 1, [*— 1o oWk
DBe—~0Br :‘:_:){ Vsiid Dots ’(3:: DBe~DEr .oy i Vaiid Dats ,]’(::‘_:
{¥riss Data from MPU 10 MODULE) {Fesding Drta from MODULE 1o MPL)



DMC Series

OPTICAL CHARACTERISTICS

Vali :
Item Symbol Test Condition Standard Value Unit
min, typ. max,
Ta=0°C 4.0 — — v
. . Voo
Liquid Crystal Drive Voltage — —
{Recommended value) 1/8 duty ~Vee Ta=25C 4.1 o v
(Vo) Ta=50"C — — 4.2 v
Visus! Angle Range G—8& Cr=13 30 — — deg.
Contrest Ratio Cr &=20, ¢=0" 10 - —
Rise Time Tr Vo=4.1V, §=20" — 100 200 mS
Decay Time Td Vo=4.lV, §=20" — 100 200 mS
Ta=0°C 4.4 — — v
Liquid Crystal Drive Voltage Vee —
{(Recommended Value) 1/11 duty ~Vee Ta=25"C - 4.5 - v
(Vo) Ta=50'C — — 4.6 v
Visuaf Angle Range Hh—g Ce=3 25 —_ — deg.
Contrast Ratio Cr =20, ¢=0"° 8 - -
Rise Time Tr Vo=4.5v, §=20' — 120 240 mS
Decay Time Td Vp=4_5V, f=20° — 120 240 mS
Liquid Crystal Drive Voltage Voo Ta=0°C 47 ) 48 [ 43 | v
ui rive -
{Rc:commended Vah.:e) 1/16 dUtY —Vee Ta=25'C 4.4 4.5 4.6 v
(Vi) Ta=50C 4.1 4.2 4.3 v
Visual Angle Range &—8& Cr=13 20 - — deg.
Contrast Ratio Cr & =20, ¢=10" 6 -_ —_
Rise Time rr Vp=4.5V, =20 - 120 240 mS
Decay Time d Vp=4.,5V, §=20" - 120 240 mS
EVee=5.0V+ 5%, Ta=5T
@ Definition of Viewing Angle § and ¢ @ Definition of Viewing Angles 83 and 8y
z{§=0"})
&1 cr d
”
ye=0)jB2 /'
! o
] -
: c 2 <20°<8)
N R AN % 3
) A —— |/ ™~
- 1
- 8 i :
T ' " Viewing Angle

(© Definition of Contrast Ratio CR

Brightness

y{¢=0")

a: Brightness in non sefect signal
b: Brightness in select signal

[P —
Viewing Angls Rangs

© Definition of Optical Response Time

Viewing Direction

I rI it I
| e |
NonSelect Signal (U~ U o
g .
g égQ § Select Signal %:
E e
Time
Lzr l Td
Riss Time Decay Tima
Non-Select Signal

Those time that the brightness of fighting seg-
ment reaches 90% from 0% is Tr and that reaches

10% from 100% is

rd.

(6]



EXAMPLE OF POWER SUPPLY POWER SUPPLY RESET

DMC Module The internal reset circuit will not be correctly operated,
when the following power supply condition it not
o O e . e e .
- satisfied. In this case, please perform initial setting
[ l according to the instruction,
<2 | Sym- | Messuring i3 | Standard Value :
112 eemnn3 2 1 - ltem bol | Condition  [mmin.ltyp. Jmex.| ot
oA &P © Power Supply 1, —_ ot — 110 S
Rise Time ree . m
Power Supply _1_
£ OFF Time torFr _— H mS
-OGND
£ -2
> Va
O+5v
s
» Va o t0k2 ~20kQ 0.InSStrecS10mS 10FF 2 1mS

B NQTE: When the voltage of Vee is different from
the recommaended voltage, the viewing

Note: The item torr  defines the time when the power supply
is off, when the power supply shuts down mementarily

angle may be changed. or repeats on-0ff state.
PIN ASSIGNMENT ) .
Pin No, Symbol Level - Function . ;I;jb c'::se interface data fength
1 Vss —_ Power Supply Vefltage OV (GND) ;‘;eoiﬁafj:u:nbmne’dgg‘ur
{ -—
2 I i MY D83 e I e e
K| Vee _— Power Supply for Liguid Crystal Drive g:nts::; s}:r m:;uu"’a c:z::l::e:
' . bits twice,
4 RS H/L Register H: DataInput Transfer of upper four bits
Select L: Instruction Input and low four bits is performed
in sequercse,
. *i riace data lentgth
p H: Data Read (Module = MPU) * in case inte
5 R/W HAL L: Data Write {Module +MPU} is 8 bit,
Data transfer is performed by
6 E H, H—L Enable Signal ‘I’;é"_"ﬂ eight buses of DBO —
7 OB ¢ HoL Datwa Bus Line
8 DB 1 H L '
9 0B 2 HAL ’
10 0B 3 H/L .
. 1 DB 4 H/L v -t
12 DB § HAL L
Y 08 6 H/L ,
i DB 7 H/L -

ENOTE: In the data bus line, data transfer is performed two times by the 4-bit or one time by the
8.bit in order to interface with 4-bit or 8-bit MPU.
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DMC Series

INSTRUCTIONS
._ . Code Cow ot 7T | Enecutes,
+-Instruction | oo [R/wl0B{DB[DB[DBDE JOB D8 [DB Description _ e | Time e
7 6151 4 3 2 ! 0 © Jimax) s
Clear Disp} Clears all display and returns the cursor to
_ pisy 0|0 0 00 0l0 ojo ! the home position (Address 0), 1.64mS
Returns the cursor to the home position
{Address 0), Also returns the display be-
CursorAtHome 1 0 | 0 | O JO {0000 1 f3]|; - hiedtothe original position, DD | 1.64mS
RAM contents remain unchanged,
Sets the cursor move direction and speci-
fies ar not 1o shift the display. These oper-
Entry Mode Set ¢cjpojofojoiofo Pvog s ations are performed during data write 4045
and read.
. Sets ON/OFF of all display {D) cursor
Display On/OH oflolofojoflo] 1 |D]c|B |ONOFF (C) and blink of cursor posi- | 4045
tion charscter (8],
Cursor/Display ; Moves the cursor and shifts the display
Shift 0 0 g 0 0 P IS/CIR/L[ % | > without changing 0D RAM contents, 40,3
. Sets interface data length {DL} number of
Function Set 0 0 0 0 P (oL N F x| display lines (h] and character font {F). 4045
Sets the CG RAM address. TG AAM data
gg RAM Address ojolo ! Aca is sent and received after this setting, 4045
00 RAM Address Sets the DD RAM address. DD RAM data
Set 0 0 ! Aop is sent and received after this setting 40.5
Reads Busy flag [BF) indicating internal
Busy Flagl Address | 1 |eF AC operation is being performed and reads | 405
Read address counter contents.
CG RAM/DD RAM . .
Data Write ] 0 WRITE DaTA Writes data into DD RAM or CG RAM. | 40xS
CG RAM/DD AAM Reads data from DD RAM or CG RAM, .
Dats Read 1 | Arap Data : 40uS
®NOTE:
Code Description Execute Time {max.)
I/D=1: Increment DD RAM: Display Data RAM fep or fose = 250 kHz
D =0: Decrement CG RAM: Character Generator RAM Ho when frequency chenges
S=1: With display shift ACG: CG AAM Address executio;'l time also changes. ’
S/C=1: Display shift ADD: DD RAM Address Corresponds
S/C=0: Cursor movement to cursor address, Ex.
R/L =1: Shift 1o the right AC: Address Counter, used for both -
A/L=0: Shift to the feft DD RAM snd CG RAM When fcp or fose = 270 kHz,
BL=1: 8-bit % :[Inald] 40iS x 222 = azus
. . 270
CL=0: 4bit 7 Cnts
N =1: 2lines
N=0 tline
F = 1: 5x10dous
F=0: 5x7dots
BF = 1: Internal operstion is being
performed.
BF = 0: Instruction scceptable.

WNOTE: For details in program, refer to the User’s Manual which is separstely provided.



~OPTREX

CHARACTER FONT TABLE (Correspondence between .Characters Codes and Character Pattern)

U

Lowsr 4 oe———rr 4bit] 0000 | 0010 | 0011 | 0100 | 0101 | onta | o111 | 1010 | 1011 [ ts00 [ tson | vas0 [ 1mai

: RAM e

XXXX " 8] "2 8| Lo E:::O sanag -'--= N R
owo - ( | ) : Pana” | "atn" : H - b Soa's gltl”
= |= l"-l I...G ---.= .I.. L J o =

wooan | @0 F | | B e | | F | |

- EY T ) P P I S T I A

X X X X0010 ) R B ER T B I Rt Bl e

XX X X0011 O 0 T s Y B O I I e e S

xxoxxopp | O | b | )BT L. ) L b EE

..‘. ... =.... = = I.-. (1111 -:... *oR L1 1113 - =.m-

S G I e v B il I o 0 el OO o A

- - =”'. E E 2”2 | & 8 | samen ..E-. saneg -:::c el | sesnd

X X X X0111 t8) I N RS R T T e B i B -3 o 3

i "’ =.“= E E =- |= En ] [] (] e --==' ! E sen :...:

xooxxtoon © | @ LR e deil BT L e

‘2) .= .nu E =- u= s IR ‘"E- E =E .'E E E

X XX X100t RN NN I A “ewed

L = == .E' ...:. -: sevee oo “a = l: [T 1]

x x x x 'uln (3) ..E.- - == ...E '::.- . E -.‘. -.E.: ...-E § § § ." E -.i..

= =r -.- - E Ll =. - .E'E- g'... =.--= ... (1111}

MXXX loll “) ..E.. := .." E-l E':l .=s ::=§. :-= E.ll. g.'lg "t .E.'E

x x x x ' ‘ao (5) := .‘.-- asus ::E:: -;- i .E..:= ::--= '--= = ..= =.§.. §-=‘§
wanan | 278" “E s .= bt LSS i lEO

XX xx1101 {6) N e ) n.i § : g =- -::E- ...:- .= III-= .g:ll ..:.-
.'. - i: ..'-- L ) .' 1114} ..E..= ”I:.. ..-- .—:
SR I I I | o TR T e R R S Y B
» » L] LIl "hw » - -
XXX X111 LR I O L I L e I B

* CG AAM: Character patiern srea which can freely be rewritten by program,

o



DMC Series

DISPLAY DOT PATTERN
- " Model Number ai ) g::;?;:?;ﬁon *" | Character Size mm | > Dot Size mm ™" Dot Pitch’ e
5 -.i 0.5 t__ _.‘ 0.05
DMC16106A D o 5
{16 characters 1 line) " ¥ ‘ )
: el ~ o
DMC161068 T - D ' 3 D
{16 characters 1 line) HiH]? al s
= T 0
5 —-! 12 r— _.1 0.6 pa— —) .05
DMC16106C : 3 2 I:]
(16 characters 1 fine) ' - ; J
' 1
5 -.1 12 r—- _.1 0.6 fuo— —) ’J‘s
_ seoes i w - e
DMC16117 . o |__ 01 g D
{16 characters 1 line) T ¥ |
' T
5 —rmpe— ...| a.ssl..__ — I..H
tH g
DMC16207 isl 55 D:Ess ...,J D
{16 characters 2 lines) A
| 5 = o ¥
s —>{ 3.2 pe— -] 0.6 le— _.i !.“_-“5
DMC20215 = 2 E: 538 I: 0.65 E-L] D
{20 characters 2 lines) .
2 In
| ; 32— oo —
DMC32216 %.‘ e s E on E_L D
{32 characters 2 lines) _1 —
sanna ,l.l T
2.9 —-0.52 i et |
2 L= ==
DMC40209 e’ - 6ts o g D
{40 characters 2 lines) == a— 1
g B . ¥
jm === f——-nma g
5 e N —»] 08 I.... _ﬁ |..l'_-"s
DMC40218 =, - D:Ea | D
(40 characters 2 lines) f T
swrara— 8.4
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5.9.3.1 Adding EXbug Commands. The user has the ability to add as many
four-character commands as desired. The only limiting factor is memory size.
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
ijs in use), and must have told EXbug where his command table resides. The user
command table format must be as follows:

Example:

CTBEG EQU* Command table beginning
FCC/CMD1/ Four character command
FDB (MDIE Entry address of command
FCC/CMD2/ Four character command
FDB CMD2E Entry address of command

F&C/CﬁDN/ Fo;r character command
FDB CMDNE Entry address of command
CTBENDEQU* Command table end

Once the user command table is stored in memory, EXbug must be informed qf its
location by having the beginning address of the table (the va]ge of CTBEG in the
zbove example) put at locations $FFOE and $FFOF, while the ending address of the
table {the value of CTBEND in the above example) is put at locations $FF10 and
$FF11. 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 FIB statements in the source. For the above
example, the source code required to generate the proper object code to
initialize these Tocations would be:

Example: ORG $FFOE
FDB CTBEG, CTBEND

NOTE: An ORG statement or END statement would be required.after the two source

lTines shown above, so that the object code would not be produced at location
$FF12 or beyond.

If the command table and commands are loaded from an MDOS 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
&t these locations. :

Pressing the ABORT pushbutton will not modify locations $FFOE through $FF11.
However, pressing the RESTART pushbutton will cause these locations 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 $FF1l. 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 DP 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 $FS5C2. User
programs that are intended to return to EXbug and initiaiize EXbug variables,
should return by jumping to location $F564.

5-30



FAGE 014 EXRUG0? .SA:1 EXRUG2 VERSION 21,4809 15 MAR 1979

00818
00419
00620
00621

F2ra

00422A F2AA 10CE FFES

A
A

¥

* EXBUG FOWER-UP INITIALIZATION

#
START EQU &
Lns

$XSTACK INIT SP

B-15

00623 § INITIALIZE RAt
O0LZ3A FZAE CE FFO2 A Ly 3AT0P42
006204 F2EY 8 EFF A LY #70PTGT
0042tA FIE4 AF  3E a st -2V ATORU
006Z7A FZBL BE FBA1 A LEX  #CRCMD
00L22A FZB? AF 4C A s sGy CDEEG-ATOR. U
QOL2¢R F2BB 30 06 R LEAY  &X
004304 F2BD AF 4E A ST shEU COEND-ATOR, U
004314 F2BF 4F CLRA
004328 F2LO OF (LRR
O0CAFXLI FD FFE6 A LU
00L34A F2C4 ED 4 A ST oU
0OLES % INITIALIIE HALT OW ADDRESS FIA

 QOLMBAFZCH CE FCFE A LIy  $ACIASL PIA BASE ADDRESS
OOLTAFLP (€ FFL A LBD  $¢FF3C A DATA YO QUTRUT
O0L22A FZIC ED 44 A $h 44U A DIR+CNTL
GORZPA FCE C& (4 G LBB  §%4 B DATA TO OUTRUT
00640A FZOO ED 45 A 0 LU B DIR+NTL

- 00441 : # INITIALIZE MAP CONTROL PIA
GLaZAF2R C TFTF A LED  #$7F7F  A+B DATA OUTRUT
00£43A F205 ED 43 A £ &Y #E DIR
002458 F2LI7 &6 2C A RL- T 3 7. W A CNTL
00L40A F2IF ER 4A A ST 10U A+B CNTL
G0tds # COME LP IN EXEC %P
008874 F2DB 17 0824 FROZ LESR  EXEC
00443 & INITIALIZE ACIA
QLR FZIE S 63 A L #83 RESET ACIA
00e50A F2EO E7 (4 A B 0
O0LSIA FE2 G 31 A (R £ X3 RESIRE 2 £T0P EITS
O052h FZEA BT 04 A £ 0
O0LT3A FES B 95 FITE BSR REAIRG  SEND 2 CHARACTERS
OMTRA FES 2D %4 F2TE ESR  READRS
DOLSTA F2ea IF 3 A TR WX '
OUSEA FRC 20 IF A INACIA LEAX  -LX COUNT CHAR SEND TIME
002578 F2EE A6 (4 A i 0U ACIRSC
OLESA FIFO 88 (2 A EITA #2 (HAR SENT?
OMICAFF2 7 FR OFRC EER  INKCIA N
O0h00 FF§ & E700 A CFX  #$£700  REALLY 2 §TCP EITS?
G0GLIA F2FT 2B 04 FHD Ml IACIAL YES
Ouiza FZF9 b 35 A LB #5395
OMLZA FFBET € A £ 6l ACIRSC
O0LL4A FFD LA 40 A TRCTAL (RAB  §440 SAVE IN SBIT
Q06L5A FIFF E7 47 A L35 A EBIT .
OMALA FIGL TF FFIE A (R  PROFR  SET PSEUDD DPR=D
OOLLTA F304 &6 3 A LA #5530 SET FSEUDD I, F MASKS
GMLEEh F206 E7 FF2l A STA  FRCC
00470 # GET HERE FROM ENTERING AT $FSi4
00471 F¥9 ARENTEREQU #
O0L7ZA F309 1OCE FFES A s NSTAX INIT &P
OML7ZAFCD SE FFW A LDX  $STAK  INIT FSEUDO SP
O0474A FI0 BF  FFZ2 A X fPsAve
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@ MOTOROLA

{1.0 MHz)

MC68A40
(1.5 Mitz)

c68
2.0 MHz)

PROGRAMMABLE TIMER MODULE (PTM)

The MUEB40 is & programmabie Subsystem comgponent ohheMm
family designed 10 pravide variabie system time imervals.

The MCES40 has three 16-bit binary counters, three Corresponding
control registers, and & status register. These couners are under soft.
were conrol and may De used 10 cause sysiem imerrupis anctior
penecate outpur signals. The MCESS540 may be wiilized for such tasks as
frequency measurements, event courting, imerval messuring, and
similar tasks. The device may be used for square wave generation,
gated delay signals, single pulses of controlied durstion, and pulse
width modutation a5 well ps system interrums.
® Operates froem a Single § Volt Fower Supply
@ Fulty TTL Compatibie
® Single System Clock Required {Ensblel
# Seiectabie Prescaler on Timer 3 Capabie of € MMz for the MC6840,

6 MHz for the MCB2A40 and B MH2 for the MCBRS40
# Programmabie Interrups (RQ) Output 10 MPU
® Readabie Down Counter Indicstes Counts 10 Go Until Time-Out
@ Seleciable Gating for Frequency or Pulse-Width Comparison
& FESET Inpnn
® Three Asynchronous External Clock and GatelTngger Inputs

Imernafly Synchronized
® Three Maskable Cutputs

MOS

(N-CHANNEL, SILICON-GATE
_DEPLETION LOAD)

PROGRAMMARBLE TIMER

MAXIMUM RATINGS '

L SUFAX
TERAMIC PACKAGE
CASETYS

P SUFFIX
PLASTIC PACKAGE
CASETW

S SUFFX
. CERDIF PACKAGE
.t CASE TR

Rarting Symbol Valoe Unit
Supply Vohage vee -03w+70| Vv
inpun Voltage V'_-f_l ~Q3w+70( V
Opersting Temperature Aange ~ Ty 10 Tp :
MCEB40, MCSEAAD, MCEBBAD T D +70 .«
MCEBAOC, MCEEALDC A 4l + &5

Siorage Temperaiure Rasge Tong [—551w0 +153 1 °C

THERMAL CHARACTERISTICS
Charscianstc Symbol Yalue Linig
Thermal Resisiance
Cerdipy ]
Plastic fia 15 W
|_Ceramic 50

Tmmem«ummnwwmmmMnmwmnuewhgh
SUtc wohages or slectric fitics; however, it is advied that noringl precautions
be taken 10 avoid appiication of any voltage higher Than maximum raued vohages
10 thes hagh-mpedance Crouwt. Relipbiity of oparanon i enhanced it unused in-
Puts sre tad 10 80 approdrate logis vokape level it g, enher Vg or Ver).

FIGURE 1 — PIN ASSIGNMENT

Veshh e nOCY
G2 g ov
oz xf6 -
czga {1 DO '
a3ls zsr'lm
calls apjoz2
] b i fox B
RESET( 2t Da
ol ol 05
Rsallw - 1[I D6
RSN wp o7
Rs22 e
R/wIn 6] csy
vees 1511 €50
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@ MOTOROLA

MC146805E2

Advance Information

l

8-BIT MICROPROCESSOR UNIT

The MC148805E2 Microprocessor Unit {MPU) belongs 1o the MBS
- Family of microcomputers. This 8-bit fully static and expandable
microprocessat contains a CPY, on-chip RAM, 1/0, and timer. t is a
low-power, low cost processar designed for low-end to mid-range ap-
plications in the consumer, automative, indusirial, #nd communications
markets where very low power consumption Constitutes an important
factor. The following are the major features of the MC146305E2 MPU:
Hardware Features: -
» Typical Full Speed Operating Power of 2 mW @ 5V
& Typical WAIT Mode Power of & mW
® Typical STOP Mode Power of 25 xW
@ 112 Bytes of On-Cnip AAM
® 16 Biditectionat 1/0 Lines
® Internal B-Bit Timer with Sottware Programmable 7-Bit Prescaler
® External Timer Input
& Full External and Timer Intermupts
® Muhiplexed Address/Datwa Bus
® Master Reset and Power-On Reset
#® Capable of Addressing Up to Bk Bytes of External Memory
@ Single 3 10 6 Vol Supply
@ On-Chip Oscillarar
® 40-Pin Dual-in-Line Package
® Chip-Carrier Alsg Available
Software Festures:
# Similar to the MCE300
‘@ Efficient Use of Program Space
® Versatile Interrupt Handling
® Trye Bit Manipulation
® Addressing Modes With Indexed Addressing for Tables  ~
#® Etficient instruction Set
& Memory Mapped 1/O
® Two Power Saving Standoy Modes

MERCS
Tt Famiy o! Mirocomputers

MCL_EAH Part Number -
A Parnculys MBBDS Farmuiy Yersion
MCEETSPY

T———£PROM Version

MC146B05E2
T & CMOS MEA05 Famiy Member

M 1 )
tL——An Evaluation Program Stored n AOM
A Package Type

CMOS

THIGH PERFOAMANCE SILICON GATE)

88T
MICROPROCESSOR

L SUFFIX

CERAMIC PACKAGE
CASE 715
S SUFFIX
N CERHP PACKAGE
i CASE TM
L P SUFFIX
[ERPERN PLASTIC PACKAGE
L CASE 71
PIN ASSIGNMENTS
RESETV(]T @ e Voo
L1 P wflosct
ul3 3. [10sC2
=391 L] 37 Erlusn
RIW ﬁ 5 %180
ASfle = hpar
PAT[] 7 nfire2
Paslie nires
PaS q 9 2[IPe4
Pasf]io n[Ires
Pazfn xlires
Pué 12 2 [rBe7
Paif]i3 80
Pp.oﬂ 4 73
azlis . [Is2
Angis % gaz
As0[? 2 [Jo4
asfie b} gas
asfle z2[ss
vssl2 28y




MC146805E2

MAXIMUM RATINGS ivohages retersnced 10 Vg 5)

Ratings Symbal Value ]
Supply Vonage voo -0310 «B.0 v
Al input Volsges Except 0SCY Vie | Vpn+0519vee-0S v
Cuwrertt Lirpin Por Pin Excluging Yoo and Vg ] 10 ma
Operatwry Temperausrs Rarge Ta Gw -+ *C
Storage Temperature Range T,_‘g - EBh 10 + B0 L'

THERMAL CHARACTERISTICS
Chwracteristics Svmbal | Vaiue
Thermal Resistance
Plastic - 100
Cerdip . LTy & | Tw
Ceramac 50
Chip-Carrier TED

FIGURE 1 — MICROPROCESS0R BLOCK DIAGRAM

This deviCe CONINE CHCWY 10 Protect the
INPVtS Againgt damage due 10 high 5T volt-
ages or eleCinic Tislds; however, it 5 sdvisad
that normal precautions be teken 10 Svoid ap-
plication of any voltage higher than masi-
mum rated vohages 10 This high smpedance
circyit. For proper opecation it is recommend-
od that Vig, and Vin be consiesined 1o the
range VoS X Vi or Vo0 SVOD. Rekabiity
af operstion is enhanced i unused inputs srs
tied ta &N spprorisss logic volisge level
le.g., either Vgg or VoDl

0sC1 0sC? FEEEY Lomiem G
T 5
SN ) o B T :
e o {oe]
Pag v e s
1!_
Fat CPyU . ‘-.-E.l'l
razwsllpd Pon Cow Comor Mux
Por " L] Dw Bus ‘Q-E.ﬁ? on
qu Pa3 10 Fes Reg p—— Deret ha-Tiem B3 AdGress/
Fas wa—t l—e M Caw
Prs -2 am i Ba Bus
ra - e L2 65,
- boZonse
M
™ b2l 2
B0 e Ay [—tow 22
PET = - ‘u....”m Ftarss  sooem
Pors !ME- T D;: | SIS Bus
1
B . PriwEpd Feg Reyg L | e ay
Y0 ppsepiie h 1% e 812
e 3
PBS aplae
PBG mp X .
j——t= A5 ACOvess SmODR
PE7 aas= 12k [ )
RaM Ll Cowmro ——= 05  Caa Stroe @D
_-5 R/'W Readr W
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DC ELECTRICAL CHARACTERISTICS 3.0 V Vpp=3.0 Vac, Veg =0, Ta= 0% 10 JO°C, uniess ctherwise nciad)

Characreristics Symbol Min Maxz LUnkt
Output Voriage L GaL % 100 pA VoL - 01 v
Vou {Vpp-01 -

Towd Supply Cunrent 1€, =50 pF — no DC loscsi e =5 a3

Fun V) =02 V, Viu=Vpp=-0.2V1 oy | - 13 mA

Wait {Tent Conditions ~ See Note Below) nn - 20 A

Stop (Test Conditions = See Note Below) _Inp - “100 ph
Chrtput Hgh Yonage ’

1 0 AD=0.25 mAl AB-AT2.B0-B7 Vo 27 - v

h an=0.1 ma) PAGPAT, PRO-PET Vo 27 - v

ILoap=0.25 mAl DS, &5, VW Vou 27 - v
Qutpan Low Voitege

hnap=025 mAl ARATZ, BO-EY VoL - 0.3 v

th GAD=0.25 mA) PAG-PAZ, PBO-FEY VoL - 0.3 v

Iy san=0.25 mAl DS, AS, R/W Voy - 0.3 v
Input Fhgh Voltage : ’

PAD-PAT. PEO-PET. BO-E? Vim Lt - v

TiMER, TRG, REGET v 25 - v

05C1 _ Vi 21 - v
Input Low Vohage 1AD inpas) viy - 05 v
Frequancy of Operstion

Crysw fose 0.032 LE ) MHz

Externat Clock s DC 1.0 MHz
Input Current .

FESET, TR0, Timer, 05C1 bl - ! A
Three-S1zte Output Leakage .

PAD-OAT, PSO.PET, BO-B7 st - 10 o
Capacitance

AESET, 0, Tamer G | - il
Capaciiance

DS, AS. R/ AB-A12 PAO-PAZ, PED-PE7, BO-B7 Con - e o

NOTE: Test canditions far Quwescent Current Vaiues are:
Fort A and B programmed as inputs.
ViL=0.2 V lor PAD-FA?, PEO-PET7, and BO-B7.
Vip=¥pp = 0.2 V for RESET, TRT. and Timer.
O5C1 input is 2 squarewave from Vgg+02V 1o Vpp — 02 V.
0502 outpwt ioad linciuding Tester) is 35 pF maximum.
Wait mode Inp i attected knedriy by this tapacitance.

4-987



MC146805E2

DC ELECTRICAL CHARACTERISTICS 5.0 V Ivpp =50 Vac & 10%, Veg»0, Ta= 0% 10 70%, uniess ctherwise rated)

Charactersics Symboal n Mazx Uit
Vo, - [ 3] ¥
Output Vorage h o0 <100 A 7 Von Vop-01 ~ v
Total Supply Currert (Cy =YX pF — On Bus, () =50 pF — On Pons,
No OC Loadt, toye=1.0 a8 ino - 0 mA
Runtv) =02V, Viy=Vrn ~ 0.2V
wait (Test Condnions = See Note Belaw) inn - 15 mA
S10p (Test Condmons — See Kote Geiow! ipp - 200 .y
Quipus Fegh Vohape
th oa0= 1.6 mAt AR A1Z, BG.67 VoH &1 - v
W pan =036 mal BAD-PAT, PEO-PE? Vo &7 - v
Ihoan=16 mAl DS, AS, R/ VoH 1. - v
Quipwt Low Voitage
W pAG=1.6 mA] AB-AT2, BO-27 Veg - 04 v
taapg = 1.6 mal PAJPA?, FBGPEY Yo - 04 v
I gap=1.6 mAl DS, AS, R/iW VoL - 04 v
input High Vonage
FAC-PAT. PEC-PE? Viw lvpg-20 - ¥
TIMER, IAD, REGET Viu vpp-08 - v
©5CY Vi |Vpp=15§ — v
Intut Low Vollage (AN inpus) Vi, - o8 v
Freqwency ol Operanon
Crystal tosc 0.032 5.0 Mkz
External Qiock _Inse oc 50 Mtz
Input Currmny
HESET, IRQ., Timer, 0SC1 n - 3 kA
TrresState Cutput Leakage
PAO-PA?. PEO.PHT_BC-BT st - 230 A
Capaciance
FESET, W3, Timer Gn - 5o L
Capacitance J
DS, AS, R/W. AB-AT2. PAG-PAT, PSO-PBY. BO-B7 Cout - 12.0 oF

NOTE: Test conginons for Ciiescent Cutrent Values are:
Fon A and B programened as mputs. -
Vi = 0.2 V tor FAG-PA7, PEG-PBT, ang BO-B7.
Vim=Vpp ~ €2V for RESET. IRE. and Tuner. .
0SCY input is 2 squarewave rom Vgg+ 0.2 Vo Vop — G2 V.
CS{Z owiput lcad Lrchuding 1ester) 5 35 BF maximuen.
Wit mude Unnh s attected lineariy by this capacitance.
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TABLE 1 — CONTROL TIMING V55=0, Tao=0" 10 0

.

. Vop=aDV Vpp=50V £ 10%
fosc=1 Mz fosc=5.0 MHz
Characterancs Symbal Min Tyn Max Min Typ Max Urit
1/Q Fort Turang = nput Setvp Time {Figute 31 pyasy | 500 - - 250 - - ns
Input Holg Time (Figure 3 1ASLPX | 100 . - hle ) - - ns
Cunput Delay Time (Rigure 21 A8 PV - - [+ - - 0 ns
interupt Setup Time (Fgure 8 - NLASL 2 - - 0.4 - - x5
Crystal Oscitiator Startup Time (Fgure 5) 19xXOV - 30 30 - 15 10 ms
Wan Recovery Striun Time thgure 7 TASH - - 10 - - 2 uS
Stop Fecovery Siantup Trme {Crysial Oscilatord (Figure 81 s a5+ - ) 0 — 15 100 e
Aeguired Interrupt Feiense (Figure 8 DSLIM - - 5 - — 1.0 pS
Tumer Poise Wiaih 1Figurs 7t TH. 3T 05 - - 0.5 - - teve
Reset Fulse Width [Figure 5) RL 5.2 - = 1.08 - - 53
Timer Feriod tFiqure 7) TTLTL 10 - - 1.0 - - Loye
Interrupt Fulse Wigth Low (Figure 16 LI 1.0 - - 1.0 - - teye
Imterrupl Puise Penod (Figure 16] YL - - - - - - leye
Csckator Cyce Paiod 1175 of toyg) Loy | 1000 — — 200 = - ms
G5L1 Puise Wiath High - g |30 = - 75 - - s
Q5C1 Puise Wihh Low 0oL 0 - - Fi] - - ns
¥ The minimum period YLy Should o1 BE iess than the number of 1,e EYCES it 1akes 1o execute the imerrupt servics routing phs 20 1o,
CycChes.
FIGURE 2 — EQUIVALENT TEST LOADS
=
TTL Equnatent Vop=4sVv CMES Equvaien
MMDS10
or Egur Rz Test Point
oo - ]
. c
S S %MMD‘?&D ]:
b or Equiv.
= B L B2 | C C=50 pF, PAD-PAT, PBO-PBT
PAD-RAZ, PRO-PBY | 1.3k 21k 50 oF =130 pF, AS-A1Z BO-B7, DS. AS, R/W
:?‘%’-ﬁ:? 25k | 20k {130gF with Vop=5V £10%
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FIGURE 3 — 1/0 PORT TIMING
Wiow =08V, YigueVpp-2.0V, Vpp=50 + 10%.
Temg=0* 10 0*C, C on Port= 50 pF, toge= 5 MHE

Address -
Srobe

Fort .
input -

Py A i ——— 1 5 P~

LTI,

*Tne sodress sirobe of the first Cycie of the next iInstrUChon a5 shown m Tabie 11,

f—1A5LPV

TABLE 2 = BUS TIMING (T4 =010 70°C, Vg5 =0 VI See Figure 4

fosc=S MHz
. . . TosC=1MHz, | VOO=50V £10%, | -
Num Charscreristics Symbol Vop=34V . Tt Unit
50 pF Load ond 13 pF Losd
Min Max Mon Max
1 Cycle Time oy | 500 ot 1000 oC ns
7 Tulss Waih, 15 Low PWEL | 2800 = 53 - ns
3 Puise Width, DS righ of £0, WhH, Low PWew | 1800 - 375 - s
4 Ciock Transmion 1o, t - 120 - k1) ns
8 A/W Hoid o ) - ] - s
) Non-Muxed Address Howd 1AH B - 100 -~ ns
n R/W Delay from DS Fai tan - 500 - X0 ns
i3 Non-Mured Address Delay from AS Fse 1aDH o X0 ) 00 n$
17 WPy Fead Daw Seiup PeR X0 - 118 - ns
18 Reat Deta Holt DR 1] jlees) 1] 150 ns |
19 MPU Data Despy, Write ADDW - o — 120 ns
Fil Write Darta Hold AW 80 - 5 - n
23 Muzed Agdress Deisy from AS Rme R0 0 %0 1] 120 fa 3
-} uxed Addreas Vahid 1o AS Fall 1ASL &0 - &S —- ny
25 | Muxed Address Hoi - taur | 250 750 5 180 ny |
26 Deizy DS Falt 10 AS Risa ASH B0 - 160 — ng
27 Puiss Width AS Hrgh - Pwacu | 850 - 175 - ns |
.| Delay, AS Fall 1 DS Rise ASED an - 160 - ng
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FIGURE 4 — MC146806E2 BUS TIMING

O™ = O @ [+
0§ ‘:——“" ® _;-]_ e .;-\
—» <-(B) : e (®)
RIW .
4—@—:— . -l—- . “""@"" ™ “"'@
JR——~ ol 0 —
ABATY
(31} » — 4—@ 1-@-»' -1—--!-« -4@—> > =@
- pog? N Valid Addr :v.,lii: Dals
MPU Write . i |
— @ _J D | N - o— 7% 4 8
. E————< Valid { Valid Read Dals ‘ ]
BO-B8Y ] ! \

MPU Read

PYLIGH=20V, Viow=05V I Vpp=a V

VHIGH=VpD - 20V. Viow =08V lor Vpp=5V ¢ 10%
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FIGURE & — POWER-ON RESET AND RESET TIMING

080\ __L e r T T T I L T L L T L T L L T T L L T L T T T T
ES.E OO 1020 ":w__-“w. \y ‘"L“"’{ .
As il R — I i ! mn_n__n M. n M |y -
g A e TR e IR e O
2 M s e e e e reri

AB-A12

PO W////////7/ SOL I SRATINA) Sall ] T W PO, Y

Fusl Inyrucion

) & S

X

[ QT G 1F

New PCH

FE

05C1 Pin

Oscillator Wavelgrm

‘oL 10OH

1oLoL

Crysial Oscillator Connecuions

MC14GO0SE 2

10 M0
38 p——"AN—3 29

osr.z{.-..—{m_-{ 0sC1

L. I
ICQSQ ICOSCI

"
Crystal Paeramelers Represantiative Frequencies

5.0 MHx 4.0 MH: 1.0 MHry
RS max E0N o0 4000)
[#1) 8 pF 7of 6 pF
[#] 0.02 pf 0.012 pF 0.008 pF
a 50 k Ok Nk
Cosch 15.3) pF 15-20 pF 15-40 pF
Coscy 15.26 pF 15-25 pf 15-30 pf
Cry#tal Corcunt

L 1 A§s "’

i} k)
05C2 co 0SCH
it

| [ n
QsC2 0t 0sCl
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FIGURE 6 — MG AND TCH7 INTERAUPT TIMING

[P, JEEPFINEN. Y JIPFP P FOVSUIPYN SRR Y NP PRI T N JPUNUIY S S ST SRS B

AS__J"j 1 [

I I

I I I 3 1 '\ I M f

DS 1 1 1 1 1 1 [ 1 | | R N o W ISV S

Unmun

AB-AL2 ‘:x: X \
Address Bus ot Op Code Addiess

V4 A X ] f X

— [*-NiLASL,
INQ or TCRy

1F 1F Int Rouling - Int Rmn'nnl

»
Staring Adde Lasl Adds ‘—‘}'_ML
¥ A f}

A

Mux BO-07 é ":
AddrlauIDall x X x x
us

5P-1 SP-2 SP-3 SP-4 Nepw PCH New PCL
. 400 6 GEID 6 LD 6 G 6 M 6 G 4 TN SV & G & D
Next Op Coda FAIRGY  FBUAD) st Op Code ATl
Faitmetl FO 1 Timern In Routing Op Code
iy
/ N A

RIW S N\

"DSUH — The internupting device must ralease the IAQ hne witun (His ma 10 prevent subsequent recagmnon ol tho same inteHupt.

FIGURE 7 — TIMER INTERRUPT AFTER WAIT INSTRUCTION: TIMING
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FIGURE B — INTERRUPT RECOVERY FROM STOP INSTRUCTION: TIMING

asca" LTI S22t LTI ENTTETETT LTI T LT LT LT 1
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FUNCTIONAL PlN_ DESCRIPTION

Vpp and V55 — Vpp and VSs' Prowide power 10 the
chip. VDD provides power and VS & ground.

iRQ {Maskable Intsrrupt Requestl ~ R is & leve-
sensitive and edge sensitive mput which can be used 1o re-
Quest an intertupl sequence. The MPL completes the cur-
rent instruction belore it responds 10 the request. IF IRG is
lew and the internupt mask bit (1-bit) in the Condition Code
Regrster is clear, the MPU begins an interrupt sequence 8t
the eng of the curremt instruction. The interrupt circuit
recognizes both a “Wire ORed” level as well as pulses on the
R tine (see Interrupt Section for more detaits), (R0 requires
an external resistor 10 VD for “Wire OR™ operation.

RESET — The RESET input is not required for start-up but
©an be used 10 resel the MPU's internal state and provide an
orgerly scftware start-up procedure. Refer to the RESET
section for & detailed description.

TIMER — The TIMER input is used for clocking the on-
chip timer. Refer 10 TIMER section for a detailad description.

AS {Address Stwrobe) — Address Strobe LAS) is an output
strobe used 1o indicate the presence of an address on the
&b muhiplexed bus. The AS kine is used 10 demuniplex the
eight least significant address bits from the daa bus. A laich
comrofied by Address Srrobe should capture addresses on
the negative edge. This outpul is capable of driving one stan-
derg TTL load and 130 pF and is avaiiable at 105C ~Swhen
the MPU is not in the WAIT or STOP sines.

DS (Data Strobe) — This output is used 1o transfer daz 1o
o from a peripheral or memory, DS occurs anytime the MPU
does a data read or write. DS also occurs when the MPU
does 2 data transfer 10 or from the MPLU s internal mermory.
Refer 10 Table 2 and Figure 4 for timing charactenstics. This
output 1 cepable of drning one standard TTL load and

130 pF. DS s a continuous signat 31 fosC -5 when the
MPU is not in WAIT or STOP state. Some bus cycles ae
radundant reads of op code bytes,

R/W (Reed/Write] — The R/W ouput is used 1o indicate
the direction of data wansfer for both internal memory and
1/ 0 registers, and external peripheral devices and memories.
This output is used 10 indicate 10 8 selecied peripheral
whether the MPU is going 10 read or write daia on the next
Data Strobe (R/W low=processor write; R/W
high = processor readl. The R/W gutput is capable of driving
one standarg TTL load and 130 pF. The normal stsndby stste
is Read thight.

*
AB-A12 {High Order Address Linse} — The AB-A12 output

- hnes consttute the higher order non-muttiplexed addresses.

Each output line is Capable of driving one standard TTL load
and 130 pF.

BO-B7 (Address/Data Bus) — The BO-B7 bidirectionat
lines constitute the lower order addresses and date. These
fines are multiplexed, with address presaent at Address
Swrobe time and data present at Data Strobe time. When in
the data mode, these lines are bidirectional, transferring daa
1o and from memory and peripheral devices &5 indicated by
the R/W pin. As outputs in either the data or address
mades, these lines are capable of driving one standard TTL
foad and 130 pF.

0SC1, 0SC2 — The MC14580562 provides for two 1ypes
of oscillator inputs — crystal circuit or external clock. The
w0 osCifiator pins are used 10 imerface 10 8 crystal circut, as
shown in Figure 5. If an external clock is used, it must be
connected to OSCY. The inpul at these pins is divided by five
to form the cycle rate seen on the AS and DS pins. The fre-
quency rnge is specified by fgsc. The ©SC1 10 bus transk
tions relationships are prowided in Figure 9 for systemn

designs using osciflators slower than 5 MHz.

FIGURE 9 — OSC1 TO BUS TRANSITIONS

wo 1
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MPL} Read
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MPU Wie Mux Addr

MPU Wnte Data

* Read dats “niched™ on DS fa.
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Crystal — The circuit shown in Figure 5 is recom-
mended when using 2 crysial. The internal oscillator is
designed 10 inerface with an AT-cut paratief resonant
Quarz crysial resonasor in the fraquency range
specified for fnge i the electrical characteristics
1able, An external CMOS osciliator is recommended
when crystais outside the specified ranges are to be
used. The crystal and components should be mounted
28 close as possibie 10 the inpul Pins 10 Minimize out-
put distornion and siart-up stabilization time.

Exrernal Clock — An external clock should be ap-
phed 1o the OSC1 input with the 0S5 C2 input not con-
nected, as shown in Figure 10,

FIGURE 10 — EXTERNAL CLOCX CONNECTION

05C1 9
oscaly
No

Connecton
1. [m]

MC3456805E2

U {Load Instruction] = This outpul 1§ usked 10 ncicate that
& feich of the next opeode is in progeess. LI remans low dur
ing an External or Timer mterrupt. The LI output 15 only used
for cenain debugging and 1est Sysiems. For normal opeta-
1ions this pin is not connecied. The LI ouiput 8 capabie of
driving one siandard TTL ioad and 50 pF. This signal
overiaps Data Strobe.

PAO-PAT ~ These eight pins consiitute tnput/Qutput
Forg A, Each line 1 indevidually trogrammed 1o be either an
input or output under sof:ware conrol via its Data Direction
Register a5 shown below, An I/0 pin is programmed as an
output when the ceeresponding DDA bitis set10 2 ™1, angd
2s an input when it is set to 8 "0, in the ouiput mode the
bits ace laiched and appear on the corresponding ou1pul
pins. An MPU resd of the pont bits programmed 3 outputs
reflect the 1as1 value writien 10 that location, When program-
med a5 an input, the input data bitls) areé not laiched, An
MPU read of the port bits programmed as inputs retlects the
current status of the corresponding input pins. The
Aead/Write port iming is shown in Figure 3. See typical 1/Q
Port Circuitry in Figure 11, During & Power-On Reset or ex-
1ernal EESET all Fines are configured as inputs (zero in Data
Direction Register). The output port regisier is not initialized
by reset, The TTL compatible three-s1ate dutput butfers are
capabie of driving one standard TTL load and 50 pF. The
DDR is a read/wrie register.

PBO-PB7 — These eight pins interface 1o Input/Output
Pont 8. Refer 10 PAD-PAT description for details of opera-
non,

Data Direction

-] 4 2
s Do Tooralorropomporaloon oo sae
T T T T T L LT

Port A
Fegister 00
Pin PAT PAB PAS PA4 PA3 PA1 PAT PAD
7 6 1 0
Daa Direction

Register LDDB? [DDBE I DDEE[DDB& ‘ oCa3 [ DDBZI DDE1JEDBD $0005

|

e LT T T T T T T Jom
e A AALELE
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FIGURE 11 — TYPICAL PORT /O CIRCUITRY

Daza Drecion
(4—-: Regsier
Bt
To Lached
And ——d  Ouiput Ourput
From Daa 8t
CPy
Input
Reg
B
-—
AN Input
#0
Pin
TABELE 3 — /0 PIN FUNCTIONS .
R/W |DDR 170 Pin Functions
0 ¢ The i/Q pun 5 0 mput moge. Daia 15 wartten
m16 1he Qulpul dars aich.
o 1 Daza 15 wrnten intg the oulpul data lich ang
oUW 10 the 110 pun, :
] [4] The state of 1ne b U pin s sead.
1 ' The i U e s N 30 ouipul mode. The autdur
cata 31Ch s read.
MEMORY ADDRESSING in Figuré 12, are part of the external memaory map. All of the

The WCT46805E2 is capabie of addressing E1927 tytes aof
memary and I/ regisiers. The address space is divided mio
iniernal memory space and extemnal memory space, as
shown in Figure 12,

The internal memary space is located within 1he first 128
bytes of memery ifirst hal! of page zero) and it comprised of
the /0 port locations, timer locatiors, and 112 bytes of
BEAM. The MPLU can read from or write 10 any of these loca-
tons. A program wrilte 10 on-chip logations is repeated on
e external bus o permit off-chip memaory 10 duplicaie the
coment of on-chip memory. Program reads 10 on-chip loca-
tions also appear on the exterrial bus, but the MPU accems
data anly from the addressed on-¢hip location, Any read
cata appesaring on the input bus is ignored.

The stack pointer is used 10 address ¢iaa stored on the
siack. Data s siored on the siack during isterrupts and
subroytne calls. At power up, the siack pownter is set 1o $7F
and i is decremented as data is pushed omo the swack.
When data is removed rom the stack, the stack pointer is in-
cremeried. A maxirrum of B2 bytes of RAM s available Jor
s18ck usage. Since most programs use only 8 smail pant of
the sliotted siack locations for interrums andt/or subroutine
stacking purposes, the unused bytes are usable for program
caia storage.

All memory locations above location S007F are part of the
exiernal memory map. In addition, ten locations i the IO
portion of the lower 128 tiyvtes of memory space, as shown

external memory space is user definable except the highest
13 tocations. Locations $1FF8 tg $1FFF af the external ad-
tress space are resenved lor interrupt and reset vettors {see
Figure 12b.

REGISTERS

The MC146805E2 contains five registers as shown in the
programming model in Figure 13. The interrupt $tacking
arder is shown in Figure_14.

ACCUMULATOR (A} — This Accumulstor is an B-bit
general purpose register used far arithmetic calculations and
data manipulations.

INDEX REGISTER {X] - The X register is an &-bit register
which is used during the indexed modes of addressing. it
provides an 8-t operand which s used to creaie an eHective
adoress. The mdex regisier is also used for data manipula-
tions with the Read/Modify/Write type of instructions and
as 8 1emporary storage regisier when not performing ad-
dressing operations.

PROGRAM COUNTER {PC) — The program counter is 8
13-bit register that containg the address of the next instruc-
1ion 10 be executed by the processor,
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. FIGUAE 12 — ADDRESS MAP
° i) Pores 0006 Port A Daia Regriar SO0
Access Toreter Fort B Data Register SO0t
va 2 RAM F
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e 08 1@ o060
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FIGURE 13 — PRDGRAMMING MODEL
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: ayd l a l PCH u
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NOTE: Since the Stack Ponier odcrements durng pushes. the PCLg

sracked trs1_ fouowed ty PCH, e1c Puting trom the stack s

the teviese OfQer

STACK POINTER ISP} — The swack pointer is 3 13-bit
regisier contaiming the address of the next free location on
the siack. When 2¢tessing mematy, the seveh most.
significant bits are permanently set to 0000001, They are ap-
pended 10 the six least-significant register bits 10 produce an
address within the range of $007F 10 50040, The stack area of
RAM is used 10 store the return address on subroutine calls
and the machine Stae during interrupts. Dunng exiemal or
power-0n teset, and during a “'reset stack poinier” nstruc-
tion, the stack pointes is set 10 its upper hrmit [SO07F). Nested
interrupts and/or Subsoutnes may use up 1o 64 {gecimal)
lncations, beyond which the siack pointer “wraps sround™
and points 10 its upper fma thereby losing the previousty
siored information. A subroutine call occupies two RAM
bytes on the stack, while an imerrupt uses five bytes.

CONDITION CODE REGISTER (CC) — The condition
code register i & 5-bit register in which each bit is used toin-
dicate the results of the instruction just executed. These bits
can be individually tested by 8 program and specilic action

1aken as 3 result of their state. Each of the five bits is explain-
ed below.

Haf Carry Bit (H) — The H-bit is set 10 a one when a carry
octurs between bits 3 and 4 of the ALY during en ADD or
ADC insiruction. The H-bit is useful in Binary Coded Decimal
addition subroutines.

Intecrupt Mask Bit 1) — When the 1-bit is set, both the ex-
ternal interrupt and the time? interrupt are disabled. Clearing
this bit enables the above interrupts. 1 an interrupt oocours
while the it is set, the intérrupt s latched and will be pro-
cessed when the I-DiT i next cleared.

Negstive Bit {N) — When set, this bit indicates that tha
result of the last arithmetic, logical, or data manipulation was
negative ibit 7 in the result is a logical one).

2aro Bit {Z) — When set, this bit indicates 1hat the result
of the fast arithreTic, jogical, or data manipulstion was 2erg.
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Caery Bit {C) — The C-bit is set when a carry or & borrow
out of the AL occurs during an arithmetic instnuction. The
C-bit is also modified during bit test, shift, rotate, and branch
types of instruction.

RESETS

The MC146B05E2 has two reset modes: an active low ex-
ternal reset pin {RESET) and a Power-On Reset funciion;
refer 10 Figure 5.

RESET {Pin #1) — The RESET input pin is used 1o reset
the MFU and provide an orderly sohware stast-up pro-
codure. When using the external reset made, the RESET pin
must stay low-for 2 minimum of one teye. The AESET pinis
provided with 8 Schitt Trigger 10 improve 1ts noise immun-
1y capabiiity.

Power-On Resst — The Power-on Reset occurs when a
poesitive transition is detecied on VDD. The Power-on Reset
is used swrictly for power tutn-on conditions and should not
be vsed to detect any drops n the power supply vohage,
There is no provision for a power-down reset. The power-on
cirtuitry provides for 2 1920 10yc delay from the time of the
{irs1 pseillator apération, If the exiernal reset pin is low a1 the
end of the 1920 1oy time out, the Drocessor remaing in the
reset condition,
Either of the two types of reset tonditions causes the
following 10 occur:
= Timer control register interrupt request bit ibiz 7)
is cleared 10 & 0",

« Tirner comrol regisier interrupt mask bit ihit 6) is
w1108 "1,

— All daa direction register bits are cleared wa 0
{inpush.

— Siack pointer is set 10 $007F.

— The address bus is forced 1o thé reset vector
{$1FFE. $1FFFL.

— Condition code register interrupt mask bit (I} is set o

a~1r.

— STOP and WAIT lstiches are reset.

— Externaf interrupt la1ch-is reset.

Alt ciher funciigns, such as other registers (mdudmg out-
put ports! the timer, eic., are not cleared by the reset condi-
tians,

INTERRUFTS

The MCI145B05E2 is capable of operstion with three dif-
ferent inerrupts. twa hardware {(timer interrupt and external
intermupsl and one sofiware {SWI. When any of these inter-
rupts oceur, normal processing i suspended at the end of
the current instruction execution. All of the program
registers (the machine state) are pushed onto the stack; refer
10 Figure 14 for stacking order. The agpropriate vector paint-
ing 0 the starting address of the internupt senvice routine is
then fetched; refer 10 Figure 15 for the interrupt sequence,

The priarity of the various interrypts from highest 10
lowest 5 as follows:

HESET = %—External imterrupt-=Times Interrupt

TIMER INTERRUPT — #f the timer mask bit {TCREl s
cieared, then each ime the tirmer delrements 1o zerg liransk
tions from SO1 10 8001 an interrupt request is generated. Tre
sttual processors inerudt is generated only if the intesrupt

*Any current instruction including SWI.

mask bit of the condition code register is also cleared. When
the interrupt is recognized, the cutrent state of the machine
is pushed onto the stack and the Lbit in the condition code
register is set. This masks further interrupis umiil the present
one is serviced. The processor now wectors 10 the timer in-
terrupt service routing. The address Tor This Service rouline s

~ specified by the contents of $1FFB and 51FF3 unless the pro-

cessor is in @ WAIT mode in which case users of mask ver-
sions BPAXXXX and AWSXXX should refer 1o the appendix
for additional information regarding exceptions 1o this func-
1i0g. The contents of $1FFE and $1FF7 specify the service
routine, Also, sofiware must be used 10 chear the timer inter-
rupt request bit ITCR7). A1 1he end of the timat interrupt ser-
vice routine, the software notmalty executes an AT insirue-
tion which restores the machine state and s1ans executing
the imermupted program,

EXTERNAL INTERRUPT — f the interrupt mask bit of the
condition code register is cieared and the external interrupt
pin (RQ is “low,” then the external interrupt oocurs. The ac-
tion of the externat interrupt is idenncal to the umer intesrupt
with the exception that the serwice routine address is
specified by the contents of $1FFA and $1FFB. The interrupt

. logic recognizes both a “wire ORed™ level and pulses an 1he

external interrupt Jine. Figure 16 shows both a functional
diagram and timing for the interrupt line. The timing diagram
shows two ditferent treatments of the interrupt line TR 10
the processor. The first configuration shows many interrupt
linex “wire ORed™ 10 form the interrupts a1 the processor.
Thus, if after servicing an interrupt the TRQ remains low,
then the next inierrupt is recagnized. The second method is
single pulses on the interrupt Yine spaced fas enpugh apart 1o
be seniced. Users of mask wversions BPAXXXX end
AWSXXXX should refer 1o the appendin regarding excep-
tions 1o this function. The minimum 1ime betwesn pulses is &
Tunction of the length of the interrupt service routing. Dnce a
pulse occurs, the next pulse should not oCtur until the MPU
software has exited the routine tan RTI ocours). This time
[1) s obiained by adding 20 instruction cycles lone cycle
Leye=5/105 ! 10 the total number of cycles it takes ta comr
plete the service routine including the RTlinsiruction; refer
10 Figure 6.

SOFTWARE INTERRUPT {SW1) — The software imterrupt
is an execuizble instrugtion. The acion of the SWI insiruc-
tion 1 similar 10 the hargware wnterrupts, The SW) s ex-
ecuted regardiess of the sime of the interrupt mask in the
condition code register. The service rouline address is
specified by the contents of memory ocatons 51FFC and
$1FFD. See Figure 15 for Interrupt 2nd Instruction Process-
ing Flowchan.

The foliowing three funclions are not strictiy interrupls;
however, they are tied very closely 10 the umerrums These
functions are RESET, STOP, WAIT,

RESET ~ The RESET input pin and the internal Power-on
Reset funclion each cause the program 1o vector 10 an in-
fiakzanion program. This vector is specified by the coments
of memory locations $1FFE and S1FFF. The imerrupt mask
of the condition tode register is also sel. Refer 10 RESET
section for details.
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FIGURE 15 — INTERAUFT AND INSTRUCTION PROCESSING FLOWCHART
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*NOTE: The ciease of TCR bit 7 must be sccomplished with software,
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FIGURE 16 — EXTERNAL INTERRUPT
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STOP — The STOP instruction piaces the MCTAG0562 in

a low power consumption mode. In the STOP function the
imernal oscillator is Jurned off, causing ait internal process-
ing and the timer 10 be hatied; refer 1o Figure 17. The 0S and
AS ines go 10 & low state and the R/W Ene goes 10 3 high
siste. The multiplexed address/data bus goes 1o the data in-
put state. The high order address hines remain at the address
of the next instruction. The MPL] remains in the STOP mode
untdl an external interrupt or reset occurs: reler 1o Figure B
angt 17.

During the STOP mode, timer control register (TCR) bits 6
and 7 are altered 1o remove any pending timer interrupt re-
quests and to disable any further timer imerrups. External
interrupts are enabled in the Conditon code register. Al
other registers and memory remain unahered. ANl /0O lines
remain unchanged.

FIGURE 17 — STOP FUNCTION FLOWCHART

Stop
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Andg Al Clocks
TCA Bt 10
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Fetch External fmermupt
of Resst Yector

WAIT — The WAIT mstruction places the MC1456305E2 in
& low powet consumption made, e the WAIT mode con-

mode.

surmes somewhat mare power than the STOP mode: refer 1o
Table 1. In the WAIT function, the internal clock is disabied
{rom oY internal circuitry excent the Timer Circuit: refer 10
Figure 18. Thus, all internal processing is halied excep? the
Timer which is aliowed 10 count in a normal sequence. The
R/W line goes 10 8 high state, the mutuplexed gddress/data
bus goes 10 the data inpyt state, and the DS and AS linet go
10 the low state. The high order address lines remain at the
address of the next instruction. The MPU remaing in this
siate uniil an external intesTupt, timer interTupt, or & Teset 0C-
curs; refer 10 Figures 7 and 18.

During the WAIT mode, the Fbit in the condition code
register is cleated 10 enable interrupts. Alt other registers,
mematy, and /O Enes remain in their last state. The timer
may be ensbled to aliow 8 perodic exit from the WAIT
mode. I an external end & Bmer interrupt oCCur a1 the Same

. time, the external interrupt is serviced first; then, if the timer

interrupt request is not cleared in the extermnal inerrupt
routine, the normal timer interrupt inot the timer WAIT inter-
rupt is serviced since the MCU is no longer in the WAIT

TIMEA

The MPU tirner contains 8 Single B-bit software program-
mable counter with 7-bit software selectsble prescaler. The
counter may be preset under program control and
decrements 1owards zero, When the counier decrements to
zero, the timer inierrupt request bit, i.e., bit 7 of the Timer
Control Register {TCRA} is set. Then if the timer interrupt is
not masked, i.u., bit 6 of the TCR and the I-bit in the Condi-
1ion Code Register are both cleared, the processor receives
an imerrupt. After completion of the current instruction, the
processor proceeds 10 store the appropriate registers on the
s18ck, and then feiches the timer vector address from loca-
tions $1FFB and $1FFS in order 10 begin servicing the inter-
Tupl, uniess it was in tocations S$1FFG and $1FF7 the WAIT
mode.

The counter continues 10 count aher 1t reaches zero,
allowing the sofiware 10 determine 1he number of internal or
externdl input tlocks since the timer interrupt request bit was
set. The coumer may be read a1 any time by the processor
without disturbing the count. The contents of the coumer
becomes stable prior 10 the resd portion of s cycle and does
nat change during the read. The timer interrupt request bit
remains set unil cleared ty the software. If this happens
before the timer interrupt & serviced, the interrupt is lost.
TCRT may also be used as & scanned siatus bit in a non:
interrupt made of operation (TCRE= 1),

The prescaler is & 7-bit divider which is used 10 exiend the
maximum length of 1he timer. Bit 0. bit 1, and bit 2 of the
TCR are programmed 10 choose the appropriate prescaler
output which is used as the counter input. The processor
cannat write into or read from the prescaier, however, its
coments are cleared 10 a% “0's” by the write pperation inwo
TCR when bit 3 of the written data equals 1, which siiows Tor
truncation-free counting.

" The Timer input can be configured for three different
opersting modes, plus & disabie mode depending on the
vaiue writien ta the TCR4, TCRS control bits, Refer 10 the
TIMER CONTROL REGISTER section,

Tirmer Input Mode 1 — i TCR4 and TCRS are both pro-
gramimed to 8 0", the input to the Timer is from an internal
clock and the Timer input u disabled. The internal clock
made can be used Tor periodic interrupt generation, as well
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. FIGURE 18 = WAIT FUNCTION FLOWCHART
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< & reference in frequency and event measurement. The in-
1emal clock s the instruction cycle clock and is cpingiden
with Address Strobe (AS) exceot during 8 WAIT instruction.
During a WAIT instruction the AS pin goes 1o a low siate but
the mernsl clock 1o the Timer continues 10 run & its normalt
rate.

Timer input Mode 2 — With TCR4=1 and TCRE=0, the
intemal clock and the TIMER input pin are ANDed together
1o form e Timer input signiat. This mode can be used t1©
measure extermnal pulse widths. The extemal pulse Simply
tums on the imernal clock for the duration of the pulse. Tha
resclution of the court in this mode i +1 clock and
therefore sccuracy improves with Jonger input pulse widths.

Tirner Input Mode 3 — M TCR4=0 and TCRO=1, then all
inpuls 1o the Timer arg disabled.

Tiener Input Mode 4 — If TCRA=1 and TCRS =1, the in-
ternal cock input to the Timer is disabled and the TIMER in-
put pin becomes the input 10 the Timer. The external Timer
pin can, in this modes, be used 10 count extemnal events
as weltas external frequencies for generating periodic imer-
rupts. '

Fiqure 19 shows a block diagram of the Timer subsystern.
Power-on Reset and the STOP instruttion cause the counter
1o be set 10 $F).

.
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FIGURE 18 — TIMER BLOCK DIAGRAM

Selecred by Selecred by TCRO,
Exiesnat TCR4, TCAS TCA, TCR2 . -
Input BEns
Comsol
Prescaler
r— 7 Bns
Tiﬂmﬂd .
Clock .
by Wi Fead inerrupt
TCHY
AN e
N
Schware Functions
NOTES:

1, Prescaier and B-bit counter are Ciocked fafling edge of th internal ciock [AST or external ingut,
2, Courter i wiitien to during Data Strobe (DXS) and coums down continucusty.

Timer Control Register (TCR)

7 6.5 & 3 2 -1 0
LTCR? TCRE |TCF|5JLCR4]TCHTCR;I TCHT]TCR;I

All bits in this regester except bit 3 sre Aead/Write bits,

TCR7 — Timer interrupt request bit: bit used Yo indicate
the timer interrupt when it s logic "1,
1 — Set whenever the Counter decrements 10 Zefo, O un-
der prograin Control.
0 — Cleared on external reset, power-on reset, STOP in-
STUCTigN, OF program conirpl.

TCRE ~ Timer interrupt mask bit: when this bit is a logic
" it inhibits the timer Interrupt to the processor,

1 — Set on external reset, power-on reset, STOF instruc- -

Ton, of program control.
0 — Cieared under program contral.

TCRS — Extemal or internal bit: selects the input dlock
saurce 10 be either the external timer pin O the imemal
dock. (Unatfected by FESET)

1 — Select external clock source.

0 — Setect internal crock source (AS).

TCF4 ~ External enable bit: controt bit used to enable the
external timer pin, {Unatiected by RBESET))

1 — Enable external timer pin.

@ — Disable external timer gin.

TGRS TCR4
[ G linternat clock {AS] 1o Timer
[} 1 |AND of intermnal ciock [AS) and TIMER .
pin 10 Timer
1 0 |Inputs 10 Timer disabled
1 1 |TIMER pin 10 Timer

Refer 10 Figu:e 18 for Logic Representation.

TCR3I — Timer Prescaler Reset bit: writing 8 1" 1o this bit
resers the prescaler 10 zero. A read of this location always in-
dicates a 0.~ {Unatiecred by AESET.

TCRZ, TCA1, TCRO — FPrescaier agdress bits: decoded 10
select one of eight taps ©n the prescaler. (Unaflected by

RESET.}
Prescaler

TCAR2 | TCR1 | TCRO | Result
1} 1] 0 -1
] 0 1 -2
0 1 4] -
0 1 1 -8
1 0 4] - 16
1 [+] 1 -2
1 1 0 - 64
1 -1 1 -128
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INSTRUCTION SET
The MPU has a set of 61 basic insuuctions. They can be
divided ima five dillerenl types: regisier/memory,
read/modity/wite, branch, bit maniputation, and contral,
The lofiawing paragraphs briefly explain each type. AD the
MSIUCHONS within 3 given type are presented in individual
tables.

REGISTER/MEMORY INSTRUCTIONS ~ Mast of these
instructions use two operands. One operand is either the ace
cumulator of 1he index register. The other operand i§ ablain-
ed iom memory using one of the addressing modes. The
jump uncandizional (JMPT and jurmp to subroutine {J5R] in-
sructions have no register operand. Refer 10 Table 4.

READ/MODIFY/WRITE INSTRUCTIONS -- These in-
siructions read a memory location or 3 Tegister, modify or
1251 itS Contents, and write the modified value back 1w
memory &f 10 the register. The 1est for negative or zerg
ITST! instruction i an exception 1 the read/ modity/write
sequence sincCe it does nol modify tha value. Refer 10
Table 5.

BRANCH INSTRUCTIONS — This set of instructions
branches if 8 panicular condition is met, otherwise no opers-
ticn is performed. Branch instrucCtions are two byte instrug-
tions. Refer 10 Tabie 6.

BIT MANIPULATION INSTRUCTIONS — The MPU
capable of sefting or cieating any hit which resides in the first
25 tytes of the memory space, where 8l port registers, port
EDRs, timer, timer control, and on-chip RAM reside. An ad-
ditiona! feature allows the software 10 1653 and branch onthe
sine of any bit within these 256 locations. The bit s&, bit
ciear and bit test and branch functions are all implemented
with a single instruction. For the 1est and branch insiructions
the value of the bit tested s also placed in the carry bit of the
Condition Code Reginer. Reler 10 Table 7 for nstruction ty-
cle tirming.

CONTROL INSTRUCTIONS — These instructions sre
register reference instructions and ere vsed 1o conirdl pro-
cessor operation duning program execution. Refer to Table 8
for instruction cycle timing.

ALPHABETICAL LISTING — The complete instruction set

is given m alphabetical order in Teble.  ~

QOPCODE MAP SUMMARY — Taple 10 is an opcode map
for the instructions used on the MCU, )

ADDRESSING MODES

The MPU uses 1en ditferent addiessing modes to give the
program mer an gpportunity 10 optimize the code 10 ak situa-
1ons. The vanous indexed addressing modes make 1 poss-
ble 10 iocare data tables, code conversion 1ables and scaling
abies anywhere in the memory Space. Shart indexed ac-
cesses are Single byre insiructions. whike the kongest instruc-
tons [ihree byles) permiy tables throughout memary. Shart
and long absclute addressing is piso included. Two byte

direct addressing instructions access all d21a bytes in most
applications. Extended addressing permits jump instrucuons
10 reach a1 memory. Tabie 9 shows the addressing modes
{or each instruction, with the eflects each instruction has on
the Condition Code Register, An opcode map s shown in
Table 10.

The term ~Etfective Address™ or EA is used in describing
the varous addressing modes, wihich 15 defined as the ad- |
dress 10 of from which the argurnent for an instruction is fet-
ched or stored, The ten addressing modes of 1he processor
re described below. Parentheses are used 10 indicate “con-
terts of,” an artow indicates Vis replaced by” and a colon in-
dicates concatenation of two bytes.

Inherent — In inherent instructions all the information
necessary 1o pxecute the insiruction i contained in the op-
code, Operaugns specifying only the index register or ac-
cumulatcr, and no other arguments, are included in this
mode,

Immediste — In immediate addressing, the gperand is
contained in the byte immediately following the opcode. Im-
mediate addressing is used 10 access canstants which do not
change during program execution {e.Q.. a constant used 10
initiakize a loop counter).

EA=PC+1, PC—PC+2

Diwect — In the direct adtressing mode, the etfective ad-

dress of the argument is contained in & single byie following

“the opcode byte. Direct addressing allows the user 10 direct-

Iy address the lowest 255 bytes in memaory with a single twg

byte instruction. This includes all on-chin RAM ang WD

registers and up 1o 128 bytes of off-chip ROM. Direct ad-
dressing i§ efficient in both memory &nid speed.

EA=IPC+ 1 PC—PC+2
Agdress Bus High—0; Address Bus Low=—[PC+ 1)

Extended — In the extended addressing mode, the etfect-
ive address of the argument is contained in the two bytes
following the opcode. Instructions with extended addressing
modes are capable of referencing arguments anywhese in
memory with a single three byte instruction, When using the
Motorota essembier, the user need not specify whether an
instruction uses direct or extended addressing. The
essembler sutomatically selects the maost efficient aodressing
mode,

EA=|PC+11IPC+2); PC—PC4+3
Address Bus High—(PC+ 1); Address Bus Low—{PC+ 21

indexad, No-Offset — In the indexed, no offset addressing
made, the affective address of the argument is cornained in
the E-bit index register. Thus, this addressing mode can ac-
cess 1he first 256 memory Jocations. These instructions are
onty one byte long. Ths mode is used 10 move a ponter
through a table or 10 address a frequently referenced RAM ar
1/0 location. :

EA=X; PC—PC+1
- Address Bus High—0; Address Bus Low~—X
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TABLE 4 — REGISTER/MEMORY INSTRUCTIONS

350897 O

L00L-¥

Addressing Modm
indawed ndeved Tndened
immediste Dhvsct Extanded {No Offestl 8B4 Otfewt} 1188 Dfsat}
On [ ] Op ! ’ Op ’ ) On ! [ Op ’ [ Op / !
Function Mnemonic | Coda | Bytes | Eycles | Code] Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycien | Code | Bytes | Cycles
Load A from Memory | LOA | A6 | 7 TR 2 3 | G| 3 I NG N O 3
L.oad X Irpm Mamary LDOX AE 1 2 113 H h] CE 3 4 FE 1 3 tE 1 [} DE 3 5
Store A i Mamory STA - - - a7 2 4 (%] 3 [ Fi [} 4 E? F] ] p? 3 []
Store X in Memory 5TX - T =T s | 3 T | FF 1 PR T T oF |3 3
Add Memary 15 A ADG 1 AR |7 FT R I I O N S ] (o6 [ 3 5
Add Mamory and ADC
Carry 1o A A | o2 2 Jow] 2 a |en] 3 4 | m| 3 e | 2 « || a 5
Subttact Memaory [V ] A 2 2 Bo 2 3 co k] 4 Fo 1 J [41] 2 q Do k] ]
s“!"““‘]' “H'"“’"’ Wom | coc [ A2 | 2 | 2 [®w2] 2 3| cx | 3 | & | F2q{ i 3 e | 2| 4 | p2] 3]s
AND Memory to A anp | oA ] 2 2 | a4 ] 2 3 |cal 3 | | 1 el 2 4« oA | 3 5
OR Mamory wiih A orA | AA | 2 PR TS 3 CA 3 T R B T BT 1
Excumve ORMemory | gon | ag | 2 | 2 o8| 2t 3 Jes] o | & ) 3 e | 2] « |Joa)] a3l s
Arithmatic Compare A
with Maroory cve | oA | 2 2 e 2 3 et | a a | R 1 1 | m 2 ¢ Joo | o3 5
Adibetc Compad X | cox | a3 | 2 | 2 |ma| 2| 3 lea| 3| 4« | m) 1 [ a |ea| 2] 4 loa|3]|s
Bit Test Mamory with
et cotemarel | BIY as | 2 2 |es| 2 3 el 3 A [l 1 1 | s [ 2 ¢« |os i 3 5
Jump Unconditional JMP - - | - [ecl 2 2 [ece| 3 1 e ] 4 2 | ec | 2 2 |oc | a ‘
Jump o Subrouime 1ER = T = teo] 2 5 0| 3 N G M 5 1 e | 2 8 |00 | 3 7
TABLE § ~ READ/MODIFY/WRITE INSTAUCTIONS
Addressing Modes L4
Indexed e ned
inharent 1A} Inbarant 1X) Olrect No D) (8.61 Ottast)
G | 7 ] 7 T oo | 7 7 [ Oe | 4 T O | 7 7
Function * Mnemonic | Cods | Bytes | Cycles | Code | Byles | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles
Incremant NG T 3 [ ¢ 3 | ac | 2 B | 7c | 1 5 | 66 | 37 )
Decremant DEC | A | 1 3 5| 0 I L O T I 5 | 6A | 1 )
Cloar CLR W T 3 | oF i T 2 & | IF 0 5| 6 | 3 ®
SRR oM | & 7 O A T O 0 I T (& [ 7] ¢
Nagste
e omplement] NEG o | 3 |0 ] 2 ™| 2 O I 5 | e | 2 )
Rotets Left Thru Cerry ROL 49 1 3 59 1} 3 n 1 ] 9 1 5 o ? [
ey LTy aoRn | e | v [ 3 |st 1 [ 3 [e [ 2|6 [ [ 1|6 (6| 2 (8
Logicat Shelt Lalt 151 T 1 3 = 1 3 | . | 2 8 | 7@ | 9 5 | o8 | 2 "
Togeal St Arght Tsh “ 1 D 0 I ENE 5 | 1 5 | &4 | 2 )
Anthmane Skl Rght | ASA a7 1 T i I A 5 A 1 5 | ¢ | 3 3
T T it st Jao | v |3 |sol v} s jao] 2| 4w |1 e jeof2]|ecs
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TABLE & — BRANCH INSTRUCTIONS

Relative Addressing Mody
. - [ [

Function Mrasmonic c?- By | Cycies
Branch Alwarys BRA x 2 3
Branch Never BAN FAl 2 3
Branch IFF Higher T3 2 2 . 3
Branch (FF Lower or Same BLS 23 2 E]
Sranch IFF Carry Clawr BCC 4 2 3
iGranch FF Higher or Samef iBHSH 4 2 3
Branch IFF Camry Set BLS % 2 3
(Branch IFF Lower} 18L0) 5 2 3
Granch |FF Not Equad BNE 26 2 3
Branch IFF Equal BEQ 7 2 3
Branch IFF Hatl Carry Clear BrCC B F] 3
Ergnch iFF Hati Carry Set ’ BHCS .} 2 3
Eranch IFF Plus BPL 24 2 2
Branch IFF Mings | EMI 28 2 3
Branch IFF Interrupt Mask Bit is Clear BMC 2C 2 3
. Branch IFF interrupt Mask Bi is Set 85 20 2 3
Branch iFF Imterrum Line i Low 8iL it F] 3
Branch IFF interrup Line & High BIH 2F 2 3
Branch 10 Subroutine BSA 4D 2 6

TABLE7 — SIT MANIPULATION INSTRUCTIONS
Addressing Modes
Bit Set/Clear Bit Tust and Eranch

Function Mramonic Op ] ] Op 7

Code | Byiw | Cyctes | Code | Bries
Branch IFF Bnn s Set ERASET nin=Q.. 7 - - - 2an 3

. ] Brench IFF Ba n s Clear BRCLA nin=0._.7} - - - 0%+ 2»n 3 ]
Se18an BSETnln=0..N | 0+2en 2 L] - - —

Cear Bit n BCLAnIn=0.. 7 | 11+2en 2 5 - -

- TABLE 8 — CONTROL MSTRUCTIONS

Inharerit

_ _ t !
Function Mnemonic Cﬁo Byss | Cychs
Transter A 1o X Tax a7 1 2
Transter X 12 A TXA 9F 1 2
Set Carry Bnt SEC 95 1 2
Clear Carry 8t CLC 8 1 2
Set Imerrynt Mask Bit SEI 1T i ] 2
Clear Imestupt Mask Ba cu QA 1 2
Sotrware \nsernumt Swi B3 1 10
Fetwrn from Subroutne ATS 81 1 &
Return fram nerrupt AT BO 1 g9
Reset Siack Pomter ASP 9C -1 2
No-Operation NOF 50 1 2
Stop STOP BE 1 2
Wan WALT BF 1 2
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TABLES — INSTRUCTION SET

[*] o [ £ - o|einfele oo [¢|ojo|o|tiae|en =l (Jtadl ] | lelajo|o|o[e]|n <lclo e =] [® = LALALALIESE ) LI1L AL
N - L - [ ] CJCRLALIL] CREA AT At A R AL DL ) d tI1 AL wlgjc|e|a|ip|e =< <lelajeleicior |o|c|o|e|<|n|c|c|n ={9 |8
m z < |= - L] LILAL AL ALS CAL ARSI AL I AL R AL Bl ] £ lul L R S A R L L 3 e 1O [« (@ je fefz]e | @ |c|@|®]<|nj]=|y e (]
5 - . L] . CILLALAL) eleje|a|eje|wie LAl . » |80 oid|e|oje|e|o|n|e L] CRCR AL Nl LA B R [ L0 0 LL]
M x < |t L] [ 3 8% |8 (6|0 AL IR I L XL tIL ] o8 lolelnldislsls L] L N slehlojaleo|s|b|o|e|e|d *e|e
)
L [2 Y = \
=
534
32
,B | = =t j b3 I3
o
E 3=
%8
XD < ¢ | xvl e e« » = »
i3]
JW
4 B =t [ kg EARSE B e "
HEE
W bd Eib.d o
M [ X [ > N r
m b4 R L3 25 || B4 b 3 Ed
&
M = tad ta rd
M o b3 ] o | 2 Ik » L3 £ SR 41,3
gpmaslu oottt bol | lolndls kel ate (Bl el s aldole  lalala e lola lalels - hnlaluta bl s b
! =5 P Jor] pu] o} n, |u] = [} o
@[ | 5 [ fea| ] 2| £ [men ol | | i o e i ccccmﬁnwmm 215 mmwwmﬁﬁ e o R nwnw

LConoron Cade Synoos

Loag CC Regester From Stack

A Test and Ser ot Troe. Cleared Dttranse.
® Not Atlected

7

0 Cwared
t Se

errut Mask
N Negsive L5agn Bl
Z Zec
C CortyiBorow

H Hatf Corry tFrom Ba 3
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TABLE 10 -- MCOB06/MC 1480806 INSTAUCTION SET OPCODE MAP

[T} —Branch Rowd/ Morky [ Writs Control Ragtet / Moy
T N e e e e e e e e L e e e
] -1 | xi T Gl 7 ml_r,_m_r_mx_lJ._lu_r...m._ w—L} + lJm_‘ lm—‘ 1y, T 4;
] BASETD BSETO ARA NEG NEGA NEGX NEG NEG RTI SUR SUB suf su8 sua sus 24
[ang L_ll% L‘Alsi._‘____nr_&,_;___._m__j.___ﬂﬂ ] wnla il o 1 ml‘c 2 mj#,_z_m! b us ; u} ! u;

) BARCLAO | ACLAD BIN 3¢} cme CMP cup CMP cmP cmp \
r_..m_..__n.._u‘..x_....ugu..._.ug i I ol ke L] L1 TN TR .
3 BREETY | BSETY uHI g e |, see ] e ; 11:14 soc 1 SeC 1
L..M—.L—.I.l%.l...—lliLL—..Mli ¥ ¥ 1 T T o 4 mg X J% 1] 1’ T .
3 BRCLRY BCLRY 1% coM COMA COMX [+ L] CoM Swi CPX <PX r.P)i Lra crx CPx 3

,__mu____]___u!_ 2. m* 1 F whl L n‘ 1 o] H \ 1. _nyjl b ] Al n\: % u;
T R SRA LSAY | SA LSA AND AND AND AND AND AND 4
. BREET? NSET? [ [« LS L5R L 3 HO 2 mn
_.lll__.l._...l.l‘__l__..lii.[i___lu.‘ S P, LK S ()N O SN N | ] 'HJ#‘.J._..Dlﬂ 1. l: } ') !5.4.__11“‘_.
] BACIAT | WCLAT BCS 5 mt BT 5 ar . [} mt R 11} " &
] i“ R N ORA ! om(' ROA ' ROR ' LO»I\H%‘ tha ! 1DA LDA ! 1LOA ? []
__n:n_ .l““:?l ‘IISHI:D H IINEM; zjo_m! Ju Rm'u 1“ mr} i u\: 1. "i . . 1 It | 2 Jq 1 J:{ J: u‘li 1 LA PIL -
7 uncut:!‘ BCLRl BEQ ASR ASAA " ASAX ASR ASR TAX 5Ta ETA STA SCA L 5TA " 7
r...llLI.l_.._ _.L.._I.I‘.J__..Ms. . ot M‘; 2. “: ] I= ; lN% ¥ i J!Ig b | ll: ll} 4
¥ BASET BSETH suee 1T st LSLA LSLx 'LSL L5L CLC toRn EOR EON Ecmml EOR 3 Eon " Iﬂ
,._m.._...l_...l.'l - J__!l.k‘ I 4 | '1{ L H; ; u;.. a]__a._mg. i uq %
)] BRCLA4 BCLA4 BHCS hoL ROLA ROLK ROL ROL SEC ADC ABC ADE ' i Al mr ADC « ] .
00y a aipla nr‘. H aepl: . Digll _mi A nmJ; 3 m; 1 |= 5_ m; M1 paly J.l' J‘ { 5 -
A : EC (A1) OnA OfAA ORA A ORA DRA A
Jm_m‘l L‘E’n’c 2 “Lnu )_D Efmq& |o_umu 1 Decm | o L} %__ L1 au | 2 pinly | gur .t ] _|1!1I "; L]
] nnmnn" ICLM‘ BMI ’ 1114 ADD ADD LADC{“ ADD ADEJu | AQIL! ﬂ|
l E N INCA 3 INCX ! NG ¢ INC N ; RSP JMP ! JMP i JMP Jwp ’ JMP ! C
€ JBISE:‘S.' LGSEW BMC INC 1 n% L “{ L Y ; m; 1 m{ 1 141 L] m; 1 ‘;‘ i)
I_unl_ P oy - 1 L JSA dsn JSA 1]
D enmo_ scine s T8t T$TA N Tsném_ 157 . 87T wl ne norm. BSR JSH el anm Ly i - H
: Lo (v} LD LOX Lox tox £
ti J““ﬂ':’l x.“Hc ™ " — Lﬂo' ' i bnm i anla s it gt ¥ L
r aacul?' BscLAY nH ' cLA N CLRA ’ CLAX I eun CLA WAT XA STX TR (311 134 TX F
1111 [11HEI _m 1 !_“_ m ] muj ) WY ER [LINA] [T ] [t 4 .1 3} L] b !_sn wi mi]t L] 111
' LEGEND
Abbrevistione for Address Modes
WH inharant F = Qpcode in Henadecimal
MM immediate M
DIR  Dusct ' # ol Cycles (HMOS Varsionsl————M 4 3 Qpcode in Binary
ExT Entendad Mnemonic se—————i{—3 SR 4]
AEL Awlniive Byies ————— 1 X 0000
BSC Bit Sei/ Claer
BYD B8it Test and Branch f Address Mode
x indexed (No Otfsat} § ol Cyclas ICMOS Versiansl
"1 Indaxed, 1 Byle (B-Dit) Olfset
X3 Indaxad, 2 Byle 116-Bit) Qfisat

CMOS Yersiona Oy
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Indexad, 8-bit Ottust — Hers the £A is obtained by adding
the contents of the byte foflowing the opcode 10 that of the
index register. The operand is therefore located anywhere
within the lowest 511 memory locations, For example, this
mode of addressing is useful for salecting the m-th elementin
an n slerment 1able, All instructions are 1wo bytes. The con-
tents of the index register {X] is not changed. The conters
of {PC+ 11 is an unsigned B-bit integer. One byte otfset in-
dexing permits look-up tables 10 be easily accessed in either
AAM or ROM.

EA= X+ PC+1); PC—PC+2
Address Bus High—K: Address Bus Low=X+(PC+ 1)
Where: K=The carry from the addition of X+ (PC+ 1}

Indexad, 18-Bit Crifset — In the indexed, 16-brit offset ad-
dressing mode the effective address i$ the sum of the con-
tents of the unsigned B-bit index register and the two un-
signed bytes following the apcode. This addressing mode
can be used in & manner similar 1o indexed 8-bit ofiser, ex-
cept that this three byte instruction allows tables to be
anywhere in memory [e.g., jump tables in AOMI. As with
direct and extended, the MESDS assembier determines the

mast efficient farm of indexed offset ~ B or 16 bit. The con-

tent of the index register is not changed.
EA=X+[{PC+1:(PC+2)); PC~PC+3
Address Bus High—{PC+ 1+ K;
Address Bus Low—X+{PC+2)
Where: K =The carry fram the addition of X+{PC+ 2}

Relative — Relative addressing is only used in branch in-
structions. In refative addressing the contems of the 8-bit
signed byie following the opcode (the otfset) is added 1o the
PC if and only if the branch condition is 1rue. Otherwise,
cortrol proceeds 10 the next instruction, The span of relative
addressing is limited 10 the range of ~126 10 + 129 bytes
from the branch instruction gpcode location. The Motorola
assernbier calculates the proper olset and checks 1o see f it

is within the span of the branch.
EAxPC4+24(PC+1); PC—EA it branch taken;
otherwise PC—PC+2

Bit Set/Claar ~ Direct addressing and bit sddressing are
combined in instructions which set and clear individual
mernory and £/ bits. In the bit set and clear instructions, the
byte is ified 25 # direct address in the location following
the opcode. The first 256 addressable locations are thus sc-
cessed. The bit 10 be modified within that byte is specified
with three bits of the opcode. The bit se1 and clear instruc-
tions oCtupy two bytes, one for the epcode lincluding the bit
number} and the second 10 address the byte which contains
the bit of interest,

EA={PC+1); PC—PC+2
Address Bus High--0; Address Bus Low-tf'Cd— 1)

Bit Teet and Branch — Bit test and branch is 8 combina-
tion of direCt pddressing, bit addressing and retative sddress-
ing. The bit address and condition {set o clearl 10 be tested
is part of the opcode. The address of the tryte 10 be 1ested is
in the single byle immediaely following the opcode byte
(EA1L. The signed relative B-bit offset i in the third byte (EAQ) and
is added 10 the PC if the specilied bit is set or clear in the
specified memory location. This single three byte instruction
atlows the program to branch based on the condition of any
bit in the first 256 locations of memary.

- EA1={PC+1)
Address Bus High~-0; Address Bus Low—(PC+ 1)
EA2=PC+3+ (FC+2); PC—EAZ if branch taken;
- gtherwise PC~PC+3

SYSTEM CONFIGURATION
Figures 20 through 25 show in general terms how the
MCI46805E2 bus struCture may be ulized. Specified inter-
fave dewalls vary with the varicus peripheral and memory
oevices employed.,

FIGURE 20 ~ CONNECTION TO CMOS PERIPHERALS

Address
Decode
(F4EVE) Chip
Enable
CE
] AB-A1Z{ Address T |CM.DS
MCISG805E2 Pergiberal
CMCS IMC 146878 e1e.)
Micronr
BO-EY < Address/Data Bus > ADG-AD?
AS Adgress Strobe s
DS Data Sirobe g
AW Reag/Wre -
Tﬁ—c Interrupt TFG
. oscipe~ — AWMHL _ _ Jevout inciessis
AESET RESET
RESET
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FGURE 21 — CONKECTION TO CMOS WULTIPLEXED MEMORIES

MC146805E2

Address
Decote o
Enabie
E CMOS

AB-A12

J Muttipiexed
Agdress AE- Memory
A0 mcmessTE:

006 AD7

AS Agddress Strotw »
o Datz Strobe a
Read/Wri
T ead/ Write w

FIGURE 22 — CONNECTION TO MES00 PERIPHERALS

AB-A1Z
ML ILEB0EEZ
B5)-87

Address
Decode

Address

Agdress/Data Bus

Chin
Eelect

NOTE: in sorme cases, pullup resistors of arhar leved
shding 1echriQues may be required on Signa's
" goung trom KMOS 16 OMOS pars

Addresy
Stabe
Lath RS0, ETC

Dara Swobe g
Read/Wirte -

Interrum ﬁﬁ

| RESET
RESET
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PGURE 23 — CONNECTION TO LATCHED NON-MULTIPLEXED CMOS ROM AND EPROM

BO-B7 : Agdress/Dana Bus Cats |QO-Q7
AS305ED CMOS
Ll Non-Myxed
Adares A0-A7 ROM o
garesy EFROM
AB-A2 Address AR
Read/ Outgut
prwpYYme_ Read Adgress Enable z
Tata Strcbe Decode "
Ds —
Address Chip
ag) Srobe Enabie 3
FGURE 24 — CONNECTION TO STATIC CMOS RAMS
MC1468058 2 ¢ CMOS
TMOS Stanc
MLroptocesso RAaMs
80-87 Agdress/ Daa Bus m-p7
Agdress "4

Sirobe Qcra
AS Laich $ Ao-47

Al Atdress A8
28.A12 teres ), "
Chip
Agdress Enable
Decode [3
Dasa Strobe Wrie
DS —
Reaa/ w
— | Wrate
R/W|
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FIGURE 25 — TONMWECTION TO LATCHED NON-MULTIFLEXED CMOS RAM

5957( Address. Dats Bus Daa 10007
CMO5
- MCEREED | Aodess acar "“g“::“
AS-R12 Address > L]
Data Quiput
Ds S1robe Address Enable 3
Decode
Aeads
S o — ) e
R/W
Address .
AS Swrobe e
Enabie
E
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Tabie 11 provides a detailed descripti- 1 of the irformation
present on the Bus, the Read/Write (/W) pin and the Load
instruction (LI} pin during each cycle for each instruction.

This information is useful in comparing aclual with ex-

TASBLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION

pected resuits during debug of both software and hardware
as the control program is exscuted. The information s
categorized in groups according 1o pddressing mode and
number of cycies per instruction.

Address Mode Ly u '
- Cycies | Cycia # Address Bus e Pn Deta Bin
inharsnt
LSRLSL
SR NEG t Cn Code Address 1 1 Op Code
CLR ROL 3 2 | Oo Code Address +1 1 0 | Cp Code Next Instruction
kcom rom 3 | Op Code Address +1 1 0 | Op Code Next instruction
DEC INC TST,
r;?gfeﬁ e ) 1 | Op Code Aderess 1 1 | opooce
RSP WAIT NOP TXA 2 | Op Code Address +1 1 @ | Op Code Next Ingtruction
1 Op Code Address 1 1 | ©p Code
2 §0p Code Atdress +1 1 2 | Op Coda Next Instruciion
RTS . 3 | Stack Poimer 1 g { brelevant Data
- 4 | Stack Pomter +1 1 ¢ | vreievart e
5 | Stack Poiater + 2 1 0 { krelevart Dos
6 | New Op Code Address 1 0 | New Op Code
1 Op Code Address H H Op Code
2 | Op Code Adaress +1 1 0 | Op Cooe Next Instruction
3 | Suck Pointer 1] 0 1 Rewumn Address {LO Byl
4 | Steck Pointer =1 -] 2 | FRetumn Address (H] Byw)
SWi 1 & | Swack Poinr —2 Q 0 | Contents of index Register
6 | Swack Pointer =3 ] ] Conternts of Accumulaior
7 Stack Pointet —4 0 0 1 Coments of CC Register
B Vector Address 1FEC (Hex) 1 0 Address of int. Routng (HI Byel
e Vecior Address 1FED {Hex 1 Q Address of int. Routine ILO Byt
10 | imerrum Rowtine Stanting Address 1 0 | imerupt Routine First Opcode
1 Op Cote Address 1 1 Op Code
2 | Op Coce Address +1 1 0 | Op Code Next instruction
3 | Swck Pointer 1 0 { irrelevant Dara
4 Siack Poimer + 1 1 ¢ irreievant Data
RTL g 5 Stack Ponter + 2 1 4] irrslevam Data
6 | Steck Poimer +3 1 ¢ | lrrvievart Deta
7 | Steck Pointer +4 1 0 | ineievert Dea
8 | Stack Poriter + 5 1 ] Irreteart Dan
9 | New Op Code Address 1 1] New Op Code
firmediare
16DC ECA CPX
0O LDA LOX 2 1 [ Gp Cove Address 1 1 Op Coow
AND ORLA BIT 2 | Cp Cove Address + 1 1 0 | Opetand Owa
SBC CME Sud .
{6k Set/ Claar
1 Op Code Address ] H Op Code
BSET » 2 | Op Cove Address +1 1 1] Aodress of QOpecand
BCLA 5 3 | Aodress of Qperand 1 O 1 Dperand Dima
n 4 1 Agdress of Operand 1 0 | Operand Dew
E ] Address of Opersnd 0 0 | Manipylaied Dats
@ and Branch
1 {Op Coce Address 1 1 Dp Code
BRSET n 2 | Op Code Address + 1 1 0 Address of Operand
BRCLA 5 3 | Address of Operang 3 0 | Operand Dara
" 4 | Op Code Address +2 1 0 | Branch Ottset
S 1 Op Code Addrass +2 1 0 | Branch Ottset
[Relxtive
BCS B¥L BMCC BLS 1 [0 Cote aozen 1| 3 [omces
IL BMC BEN BHCS 3 2 | Op Code Address +1 1 0 § Branch Ot
BIF BMI BMS BRA 3 {Op Code Address + 1 1 [} Branch Otfest
1 Op Code Address 1 1 Op Code
2 ] Op Code Address +1 1 0 ] Branch Ctiset
BSA 5 3 | Op Code Adgress +1 1 0 | Branch Otset
4 | Subroytine Starting Address 1 0 { First Subrouting Op Code
5 ] Suck Pointer 0 0 | Petum Agdrem ILO Byteld
5 | Sueck Porter ~1 ] O | Retwn Agdress (! Byl

4-1015




MC146805E2

TABLE 11 ~ SUMMARY OF CYCLE BY CYCLE OFERATION LCONTINUED)

Acdres T
e ) Lt T ] 8] oeun
Direct
P 2 1 Op Cade Address 1 1 Gp Code
2 Op Code Address + 3 b 0 | Jump Address
o ok 1 op Cooe Aadress 1 1 | opcode
AND ORA BIT 3 2 Op Code Address + 1 1 0 Address of Operand
3 Address of Qperand 1
$5C CMP SUS pere @ | Operand Dan
] Op Cove Address 1 1 Qp Code
1T s 2 Op Code Address +1 1 0 | Aadress of Operand
3 Address of Cperand 1 0 Operand Cata
4 Op Cove Address + 2 1 ] Dp Coae Next lnstruction
1 Op Coge Aadress 1 1 Qg Code
STA 4 2 Op Cooe Adrress + 3 1 0 Agdress of Qpetand
§TX 3 Op Cose Address + 1 1 0 { &ddress of Operand
. 2 Address of Operand g 0 | Ooerand Dawn
1 Op Cooe Address 1 ] Op Code
LSLLSR DEC 2 |Op Code Address +1 1 D | Address of Operand
CLR ROL 5 3 Cpensnd Address 1 Q Curcent Cperand Data
by 4 Operang Acddress 1 b} Current Operand Dats
COM ROR
H Coperand Atdress 0 0 New Operand Daa
1 Op Cote Address 1 1 Cp Code
2 Op Code Address + ¥ 1 1] Subroutmne Address ILO Byiet
JER 5 3 Sutrouting Swarting Address 1 Q 151 Subroutine Op Code
4 Swack Fonter o 4] Return Address 1L Bytel
5 Siack Pomter ~ 1 0 ] Return Addreas (HI Bytel
Extenced T
1 Op Coce Aggress 1 1 Op Code
me 3 2 |Co Cooe hadress + 1 1 0 1 Jump Address (HI Bytel
3 Op Coge Atdress +2 1 0 | Jump Address ILO Bytel
ADC BIT ORA 1 Cp Cooe Adgress 1 1 Op Cose
ADD CMP LDX M 2 Op Coze Agdress + 1 3 s] Address Operand (H Bytel
AND EQR SBC 3 Op Code Aadress + 2 1 [+ Adaress Qperand ILO Byie) -
CFX LDA SUR 4 Addrass ¢l Operand 1 0 Operand Data
1 Op Cooe Address 1 1 Op Cooe
STA 2 ) On Code Agdress +1 1 0 | Aadress of Cperand tHI Sytel
STX 5 3 Op Cete Aodress + 2 ] Q Address of Opetant L0 Sye)
4 Op Code Address + 2 1 0 Address of Qperand (LQ Byel
5 Adaress of Operand ] 0 Opetant Dats
1 Co Cooe Apdress 1 1 Op Cooe
2 Op Coode Address +1 1 4] Aadress of Subrouting 1M1 Byie)
sR & 3 Op Coce Address +2 1 0 Addiess of Subrouune (L] Bye
a4 Sulirguine Starting Address 1 0 151 Subroutne Op Cooe
5 Stack Pginter +] 0 Fiewrn Address (LG Bytel
[} Swck Forer =1 Q 0 Faturn Address (H1 Byie}
Sndexad, No-Ottast
IMP 2 1 Up Coce Address 1 1 Op Cace
. 2 Gp Cooe Aodress + 1 1 Q Op Cade Mext Instructon
3
:gg Egi ED):! 1 |Op Code Adaress 1 1 | OpCooe
" LaND ORA BIT . 3 2 |Cp Cooe Aqoress +1 1 0 | On Cade Nest insiruenon
£BC CMP SUB 3 {index Regster 1 G | Coeana Dete
1 Op Coce Adaress ] 1 Op Code
18T 4 2 Op Coge Agdress +1 1 o] Op Coge Nest instrucuan
3 Ingex Fegster )] 0 § Operand Date
4 Op Coge Adcress + 1 1 ¢ Op Code Next Instrucuon
1 Qp Code Aduress 1 1 Op Coce
£T1A P 2 Cp Coce Ladress +1 ] o Op Code Next Instructon
ETX 3 Op Code Address + 1 1 0 Qp Coge Next instruction
4 Index Regster 4 0 | Opetand Datwn
1 Cp Cooe Address 1 1 Op Cooe
tgiﬁ LNSEF‘ISI?'EE 2 Op Cooe Address +1 3 ¢ | Op Code Nexi instrucion
CLR ROL 5 3 [inGex Fegster 3 0 | Current Operand Daa
COM ROA 4 |incex Regater 1 ¢ | Cunent Operand Data
S Index Fegister 4 0 | New Qperang Data ]
t Op Coge Address H 1 Op Coge
2 |OpCode Aogress + 1 3 0 | Op Code Nexi Instrucuan
JSR 5 3 |intex Regsier 1 0 1 15t Subroutme Op Code
4 Stack Ponter ] Q Fetum Address iLQ By}
L] Stack Porer — ) 3] 1] Felurn Asdress iHt Byie)
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION {CONTINUED)

Sodrem Mot T] Cyu-lcm-r Addrees Bus r"x] o ‘ * Deta Bus
1 [Co Cace Address 3 1 | Op Cooe
JMP 3 2 | Op Coce Address +1 1 o | Ottsen
3 | Gp Cope Adigress +1 1 0} Otfser
ADC ECR CPX ¥ | Oo Coce Adaress 1 1 | OpCode
ADD LDA LDX 4 2 {Op Cade Adgress + 1 1 G | Cttset
AND ORA CMP 3 Op Code Address + 1 P 0 Offset
sU8 BIT SBC 4 Index Regisier «+ Otiser 1 0 Operang Dats
1 Cp Code Address 1 1 | OpCode
STA 2 ] Op Code Adcress +1 1 0 §Oitser
STX S 3 | Oo Coge Address + 1 1 o | Otfset
4 | Cp Code Address +1 1 0 | Otfset
S |ingex Register +Ottser 0 0 | Operand Data
1 | Op Code Agddress 1 1 | Op Code
2 | Cp Coce Address 1 1 0 | Ottser
78T 5 3 | Op Coge Aagress + 1 1 & | OHser
4 Index Fegister + Otset 1 ¢ | Operang Cata
5 Cp Code Address +2 1 [+] Cp Code Next Instruction
LSL LSA 1 Op Code Address 1 1 Op Code
ASR NEG 2 |Op Code Address + 1 i, 0 | Oftsen
CLR AOL 8 3 [ Op Cove Adgress +1 ? o | Oifser
COM ROR 4 |incex Register +Otfser 3 0 | Cutrem Operand Cata
DEC INC §  ]incex Register +Otfsen 1 b ] Current Operand Daw
6 | index Fegster «+ Otiser Y 0 | New Operand Data
1 | Op Code Address ] 1 | Op Cade
2z Op Code Address + 1 1 s} Ofiser
JsA 6 3 Op Code Address +1 1 4 | Ofiser
- 4 | ingez Regisier + OHser 1 0 | s Subroutine Op Code
5 | Siack Poimier 0 ¢ | Return Adcress LO Byte
[ Siack Posnrer -1 0 1] Rewurn " Address Hi Byig
indexes. 16-Eit Offser
1} Op Cooe Address 1 1 | Op Coce
NP & 2 [ Op Coode Aodress +1 l 0 | Otfset (HL Byel
3 | Op Coce Address «2 1 0 | Offset LD Byrel
4 | Op Code Address +2 1 0 | Ofiset 1LO Bried
ADC CMP SULE ¥ QOp Coce Adgress 1 1 Cp Cote
ADD ECR SBC Z | Op Code Agdress +1 1 O | Ottset (K Byre)
AND DRA 5 a Op Code Address +2 1 4] Otiset ILO Bye)
CPX LDA 4 | Gp Coce Address +2 1 0 | Otiser ILD Bytel
BIT LDOX 5 ingex Aegister «+ Otiser 1 4] Operand Dawa
1 Cp Coce Aadress 1 ) Jp Cove
2 Oo Coce Address + 1 1 4] Ditset (H Bytel
5TA e 3 | Op Code Aogress +2 1 o | Otfser (LO Bviel
STX 4 | Op Code Adciress +2 1 0 | OHzer ILO Byte)
5 | Op Code Address +2 1 ¢ | Ottset (LO Bviel
§ | ingex Regisier + Qifser 2 ¢ | Operang Dara
1 Op Coce Agcress 1 i) Op Code
2§ Op Code Aaaress +1 1 0+ | Otfser tHl Bytel
3 | Op Cote Address +2 1 0 | Otset ILO Byie)
JSR 7 4 [ Op Code Andress +2 L] 0 | Ofiset (LD Byl
5 {ingex Regisier + Otfset L @ | 1st Subroviine Dp Coce
6 Stack Ponier s} 0 Retutn Address ILO Bytel
7 | Siack Powmter —1 1] 3 | Returrt Address (HO Bytel
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MC146805E2

TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION {CONTINUED}

MC146305E2 INTERAUPT CLARIFICATION

Under cenain greumsiances, the MC 1468062 |BPAxxxx
B AWSxxxx) B-bit Micreprocessor Unit THQ injerrupt does
not canform 10 the operation described in this Advanced In-
formation Sheet {ADRES0R 1),

1. The level sensitive TR mode, which is by far the mast

frecuently used, i FULLY OPERATIONAL: thus, most
MCIE00EE2 spphcations are unaffected. However,

the edge-triggered iNQ interrupt mode MIGHT NOT BE
SERVICED under cerlam programmang Cifcufns1ances;

therefare, it s recommended that the edgetriggered

mode nat be used.

2_An inlerrupt-vecior address CAN BE improperty

generated in some Crcumstances, There is & possability
that when an extenal interrupt [HRQ) ang timer inter-
rupt obowr during the Wait mode {foliowing 3 Wait in-
struction), address locations $1FF2 and $1FF3 are
selected nstead of vecior locations $1FFE and $1FFT.
There are three specific exampies fisted below: two of

41018

Instructions Cycles LCyd. uL Addres Bus l "E,ff‘] Al l Dets Bus
Cthar Functions
SIFFE 0 1 0 | irelevart Data
S1FFE 0 1 4] irreievam Daw
1 SIFFE 1 1 ] inglevant Daa
Hardware RESET 5 2 S1FFE 1 1 1] Ingievam Dats
3 |SIFFE t ? G | Vector High
4 S1FFE 1 1 o Vector Low
5 |Resat Vector = 3 1 D} Op Coge
1 $1FFE . 1 1 0 trrelevant Data
- - L4 . [ »
- L L] . . .
- - - - - »
Powst on Feset 1922
- 18 |$IFRE 1 1 4] frislevant Data
1920 [STFEE 3 3 D Vecior High
1921 |S1FFF 1 1 4] Vector Low
1522 | Reser Vecior 1 1 0 10p Code
Itruction Cycs | Cyclen 7 Aderess Bus P A C Data Bus
:.as*. Cv!:le ol Previous 0 X 0 x
1 Hexy Op Code Address [+ 1 @ | iredevam Datx
2 |Nest Gp Code Address X 1 Q | treievant Data
3 14 X 4] 1] Feturn Agdress 11O Byie)
AQ interrupt 10 4 JSP~3 x 0 0 | Retum Agdress (HE By
{Tuver Vector $1FF8, $1FF5 5 3P-2 ) 4 1] [+ Coments index Reg
& 593 X 2 ¢ | Contems Accumulstor
7 SP-4 X 0 0 | Coments CC Register
S1FFA % 1 ¢ | Vecux High
- $iFF8 X 1 9 | vector Low
10 |iRT Vetor x 1 0 }im Routine First
APPENDIX

these require no action and the third has a recommend-
ed solution.

a. Those not using the Wait mode need not take any
action,

b .1 the Wait mode is used without external imerrupt
{IAQ pin held highl, no precautions are required.

¢ .When IRG can be active llow!l during the Wait
mode, the vector in focations $ 1FEG and $1FF7 {the
Wait mode Timer interrupt Vector) shoukl be
guplitzied in $1FF2 and $TFF3. In this way the cir-
cumstances that caused sebection of 1the second
wer1or do nat disturh notmat program execution.

On future MCI4GB05E2 parts, no special actions will be
necessary, If you have questions, contact your Mawrols
distribuier or Motorola sales o'fice, or contact Motorola
Microprocessor Applicanons Engineering in Austin, Texas.
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MC146818

Advance Information

REAL-TIME CLOCK PLUS RAM (RTC)

The MC145818 RearTime Oock plus AAM iS 2 peripheral devicer
which inciudes the unigue MOTEL concept for use with various
MICTOProCessors, microcomputers, and larger computers. This part
combines three unique features: a complere time-pf-day clock with
alarm and one hundred yesar calendar, a programmable periodic inter- -
rupt and square-wave generaior, and 50 bytes of low-power siatic
RAM. The MC148818 uses high-speed CMOS technglogy to interface
with 1 MHz processor buses, while Confsuming very fisthe power,

The RealTime Clock plus RAM has two distinct uses. First, it is
designed as a battery powered CMOS part (in an otherwise KMDS/TTL
system} including ali the common banery backed-up functions such as
RAM, time, and calendar. Secandly, the MC 145518 may be used with a
CMOS microprocessor 10 relieve the Software of the timekeeping
waorkload and 10 exend the available RAM of an MPU such as the
MC146805E2.
® Low-Fower, High-Speed. High-Density CMOS
& Internal Time Base and Oscillator
& Counts Seconds, Minutes, and Hours of the Day
& Counts Days of the Week, Date, Month, and Yesr .
® 3V 196V Operstion
® Time Base Input Options: 4.184304 MHz, 1.048576 MHz, or
32,768 kHz
Time Base Oscillator for Paralie! Resonant Crysta’s
490 10 200 xW Typical Operating Power at Low Frequency Time Ease
4,0 10 20 mW Typical Operating Power &t High Frequency Time
Base . .
Binary or BCD Represeniation of Time, Calendar, and Alarm
12- or 24-Hour Clock with AM and PM in 12-Hour Mode
Daylight Savings Time Option
Automatic End of Month Recagnition
Automatic Leap Year Compensation
Micragrocessor Bus Compatinle
MOTEL Circuit for Bus Universality
Multipiexed Bus for Pin Efficiency
Interfaced with Software as 64 RAM Locations
14 Bytes of Clock and Control Registers -

53 Byies of Genaral Purpose RAM
S1atus Bit Indicates Data Integrity
Bus Compatiie Interrupt Signals (IR}
Three interrupts are Separately Software Maskable and Testable
* Time-gt-Day Alzrm, Once-per-Second to Once-per-Day .
* Periodic Raies from 30.5 gs 10 500 ms
*» Endol-Clock Upcate Cycle
® FProgrammabie Square-Wave Output Signal
® Clock Qutput May Be Used as Micraprocessor Clock Input
» At Time Base Frequency +1 or +4
® 24-Pn Dughin-Line Package
®-Chip Carner Also Available

L K N

?

CMOS

{HIGH-PERFORMANCE
SIUCON-GATE COMPLEMENTARY MOS)

REAL-TIME CLOCK
PLUS RAM

P SUFFAX

. S SUFFIX

. U CERDIP FACKAGE
. CHIP CARRIER cast 6D
ALS0 AVAILASLE

PIN ASSIGNMENTS

NC H: o N b Voo
oscy [§2 23 sow _
osc2 {3 220 s

apo 4 21 g CRQUT
ADY IS 2GH Cxes
202 06 19 FQ
ac3 [i? 18 [) RESET
aDa fla 1P s
ADs 09 W[ N
ADE fno %0 AW
ADT 11 4[] AS
veg 012 30
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