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AN INTRODUCTION T0O THE OHIO SCIENTIFIC SIXTEEN PIN I/0 BUS

Chic Scientific is pleased to introduce a unique new oroduct
line - The 16 Pin I/0 BUS. With this system, it is possible %o
add up to eight special function boards while occupying only the
backplane slot.

This is made possible by a novel BUS extension methad which
allows decoding, timing and eight bits of data to be carried on
standard, inexpensive 18 pin ribben cables.

Up to eight inexpensive 15 pin cables with s+andard DIP
connectors may be attached to a single CA-20 becard which in turm
occupies one slot of the standard Challenger backplane. Alter-
nately, cne 16 pin I/0 BUS cable mayvy be at*ached to the CA-13
board at the rear of all C4P and C8P products. Note, in the case
of the Cu4P-MF this allows system expansion beyond the normal four
slot backplane.

Currently Zive HEAD END CARDS are availablza for inter-
cennecticon to the system via the CA-20 or CA-13 boards.

Computer Interface to Sixteen Pin I/0 RUS

The 16 pin I/0C BUS mav be attached to your computer via
two different boards - the CA-15 or the CA-20. The descriptions
of these beoards are as follows:

CA-15 Beard

The CA-15 board 1s a standard accessory interface ingtzllad

on the following Chio Secientific svstems: CuP-MF
and C8P-DF.
The CA-1% is mounted at the rear of the computar and contains
the Zollowing interface connections:
Jovstick and numeric keypad
Modem and serial printer
Sixteen PTA lines (ncrmallv

system - AC-2

o P - ‘e
Sixte2en Pin I/0 3US



AN INTRODUCTION TO THE OHIO SCIENTIFIC SIXTEEN PIN I/0 BUS

Ohio Scientific is pleased to Introduce a unique new product
line - The 16 Pin I/0 BUS. With this system, it iz possible to
add up to eight special funetion boards whils occupying only the
backplane slot.

This 1s made pcssible by a novel BUS extensisn method which
allews decoding, timing and eight bits <of data to be carrisd on
standard, inexpensive 1% pin ribbon cables.

Up to eight inexpensive 16 pin cables with standard DIP
connectars may be attached to a single CA-20 beard which in turn
cccupies one slot of the standard Challenger backplane. Alter-
nately, cne 18 pin I/Q BUS cable may be at+ached tTo the CA-15

board at the rear of all C4P and C8P products. Ne+s, in

ok

ha case
of the CUP-MF this allows system expansicn beyond the normal Four
slot backplane.

Currently five HEAD END CARDS are availabls for inter-
connection te the system via the CA-20 or CA-13 boards.

Computer Interface to Sixteen Pin I/0 2US

The 16 pin I/0 BUS mav be attached %o vour computar via
two different boards - the CA-15 or the CA-20. The descriptions
of these boards are as follows:

CA-15 Board

The CA-15 board is a standard accessory Interfzce instzilad
on the following Chic Scientific svstems: CuP-MF, Cup-DMF,
and C3P-DTF.

The CA-15 iIs mounted at the rear of *he computer and con*tains
The following interface connections:
umeric keypad
izl printer
ne

nes (normally used for the Home 3Sscurisy
svstem - AC-17P)

Jovstick and n
Modem and se

™

Sixteean PTA

Sixteen 2in I/0 3US

H



|

The Zeatures of the clock subsystem are as follows:
Hours, minutes, seccnds and 1/10 secends

Day of weak

Day of month

Month of year
Four Year calendar

If you happen to own (or use) a C2 series or C3 saries

computer, tThe CA-20 board can actually contrel ths power cyelin

=

2f the entire computer when equipped with an opTisnal power
sequencer package. This means ycu can preset a time (month,
cay, hour, ete.) within the alock subsystem and when that oreset
time agreses with the actual time, A.C. power 1s applisd to t©
entire computer system through the pewer saquencar. AT a later
time, the systam's A.C. power may alsc be remcved and the svstem
shut down under software/clock subsvstam con<rol.

For applications where *the clock subsystam is nct required,
the CA-20A will perform zll the Sixtaen Pin I/0 3US Suneticns

associated with full-Fzature CA-20.

ZZAD END CARDS

HEAD ZND CARDS is a general name used to describe any or
all of the specizl funetion boards which at<ach “s the Ohin
Scientific 3ixtaen Pin I/0 BUS. There zrs currently five
such boards and, with the excaption of +he CA-22, thavy will

only interface with the computar via the Sixteen DPin I/0 30S.

-
-
-

lease note, as detailasd 2arlier, you mus™ use a2 ZA-13 or
2 CA-20 board at the "computsr 2nd" of the Six<een Pip T/0 3US

tD complets the intasrfacs.



In the following pages a brief product and application
description of the currently available HEAD END CARDS will be

Presanted.

Bit Switching and Sensing The CA-71

The CA-21 is a 48 line parallel I/0 board featuring three
6821 PIAs (peripheral interface adapters) and pretotyping/ inter-
connect areas.

The use of PIAs in the design allows fer maximum interface
versatility as you may configure any one of the 48 I/0 lines as
either an Input or an autput. As outputs, each line is capable
of driving a minimum of one standard TTL load.

Additional versatility is added because 2% of the lines,
when configured as outputs, may simultaneously function as
inputs. This feature, althcugh scomewhat cenfusing, is extremely
useful for applications such as switch matrix decoding.

Each of the 48 lines is brought out %o twe Ffoil pads
(suitable for wire wrap stakes) as well as a lccarion on one of
four 12 pin Molex-type female edge connectors. Theres ars also
eight 18 pin DI?P gécket locaticns which are intended for use as
prototyping areas. Additionally, the 12 PIA "hand-shaking"

lines are brought to 12 single foil pads.

l_J
~4

The CA-21, with proper buffering, may be used Sor virrual
any computer controlled bit switching or bit sensing application
that you can imagine. With a full complement of sight CA-Zls
interfaced via the CA-20, a total of 38u individually controllzhlis

I/0 lines are zossible!



An interesting application using one CA-21 board would be
& complete, if somewhat slow, smulation of the standard Ohic
Scientifiec BUS.

A more standard application might be augmenting the standard
Home Security System (AC-17P) with "hard-wired" sensors.

One type of sensor you could easily add is a standard
window "perimeter detector”. This could be done with commercially
available adhesive foil tape. You could then detecr a bresk-in
(through a broken window) By sensing'a break in the fcil tape.

Another useful applicatiocn ycu cculd set up in concert with
the AC-12P wireless A.C. Remote Control, might be sensing when
a roonm is entered. You could accemplish this with prassure-
switch door mats or door switches. When room antry is dermsctad,
the lights could be turned on or, turned off cn axit.

I you are designing any scrt of dedicated contrel systam,
the CA-21 is an idezl choice. You can easily'sense many
types of input (pressure transducers, flow Senscys, switches,

ete.) while controlling outputs from a simple single LED display

Tha CA-23

EFPROM Programmer

The CA-23 is an EPROM programmer designed for use with the
growing Families of S volt only EPROMS. With the (CA=23 ¥ou can
pregram and verirly all 1K through 8K byze IPROMS of +this TyDe.
Note these parts are often identified as 3K - 54K bir ZDROMS.

The CA-23 can program (or verify) data in two basic modes -

EPROM to/from EPROM or EPROM to/from computer RAM memcry.



Additicnally, EPRCM data may be read directly into the computer'’s
RAM memory.

There are fcur LED indicators on the CA=23. The first is
"SOCXET UNSAFE". This means that a programming voltage is
Present at the socket and if you insert or remove an EPROM it is
likely to be damaged.

The second indicatcr is "PROGRAMMING". This means thart your
EPROM is currently being programmed.

The third indicator is "ERROR". This mesans that somewhere
along the line your programming attempt was unsuccessul.

The final indicator is "PROGRAM COMPLETE". This means tha=x
your program and verificaticn was sucgessful.

The most intriguing application for this product is the

language. It could aven include a new character generator for'
your CRT or printer. Note, however, tinkering areound with the
internals of computers and peripherals requires a fairly high
degree of technical expertise. Also, most manufacturer's
warranties ars voided by these types of modifications.

Several 0EM (criginal equipment manufacture) and Research/
Development applicaticns will be immediately obvicus to those =7
you involved in that werk.

The CA-23, as previously mentioned, is designed for use
with 1X through 8K byte EPROMS. These Dparts come in various

-

package styles and have various oroduct names. or sxamclsa,

Int=l's 2K x 8 part 1s the 2716, Taxas Instruments' Dart is

Xxnown as the 2515.



The CA-23 has both 24 pin and 23 pin zerc inserticn fcores

sockets for reading, programming and verifying the EPROMS.

Prototyping —— The CA-24

The CA-24 is a sclderless bread-board designed for proto-
typing, experimental and educational applicatiens.

The bread-boarding is made up of seven solderlass tlug=-strips
of the type manufactured gy AP Products. Two of the plug-strips
centain a connection matrix of 5 by 54 connections and are used
as signal distribution points. Another pair of 96 location
plug-strips are for powering the bread-bcard area. The actuszal
experimenter area is comprised of thrae plug-strips, =2ach with
a2 10 by 64 location connectien matrix. Additicnally, sixt=aen
LED indicators and sixteen DIP switch pesitions are provided for
signal observation and contrel functions.

Beard I/0 is via TTL latches and bi-directional 2IA plobapes-
as well as direct (buffered) data, signal ané con*=el lines from
The computer BUS. This method allecws you to directly interconnect
devices such as 6850 ACIAs in addition *o doing mcre "isolated"
and/cr independent circuits.

The CA-24 also contains a "clock" generator which is
continuously wvariable fronm approximately 25,000 Hz. through
70,000 Hz. You may alsc connect the clock to an cn-bhoard 13

stage divider chain. This allews division of the “undamental
=

. 1 ‘ I e =
Irequency by as little as 2~ (Z) to as much as ? (35,3386).
The applications for the CA-24 are orimarily prototyoing
and experimenting. PFarts may be insertad and removed frem The



terminal strip blocks over and over. Interconnection of parts
is accomplished simply with solid, narrow gauge wire jumpers.
Errors in design or connection are extremely easy to correct.
The CA-2t lends itself very well *o structured experiments
that are common in the educational environment. It is an ideal
tecol to aid in the teaching of computer and computer Iinterface

Sfundamentals.

The CA-25

Accesscry Interface

The CA-25 is designed to implement some of the functions
normally asscciated with the CA-15 interface hoard.

It allows ycu to directly connect the Home Security Systam
(AC-17P) and/or the Wireless A.C. Remota Cont=ol System (AC-12P)
to C2 and C3 series computers. Additicnally, if vou cwn an alder
Ohic Scientific computer, you can now easily connect these syswems
to it.

An eﬁtremely useful application of the CA-25 i3 associarted
with small business systems. Using the CA-25 with the Home
Security System, and perhaps a CA-1S5V (Univawrsal Talevhone
interface wi*h speech synthesizer output), the computer could

do payroll, inventory, ete. by day and "guard" the shop by nighr.

Analecg T/0 -——— The CA-22

The CA-22 is a high speed analog I/0 module. Altheough the
CA-22 is classified as = HEAD END CARD, it differs from the rest
of the family in that it may alsc be piugged directlv invwo the
computar's standard internal BUS. This zllows “or maximum

Flexibility in the use of +the Ca-27.



The analog input section of the CA-22 consists of a
18 channel @nalog multiplexer. This means that you may connect
up to 18 sspararte signals directly to the CA-22. Also included
1s a2 sample and hoid circuit followed by the analog to digital
converter circuitry.
The A to D cenverter is capable of either § bit or 12 bis
oreration. You may select these options under software controli.
The accuracy of the converter is plus or minus cne in
the least significant bir:. The stability of the circui+ is
rated at one milliveolt drift per degree Centigrade,

The A to D conversicn is exTrenmely fast., I+t is capable
of digitizing up to 65,000 samples per second in the 3 hHi+
cenversion mode and 28,000 samples per second in the 172 hi+ mode.

Shanncn Sampling Theory states that signals should be samplad at

.

twice the highest frequency present. Therefcre, it is possible far

s
you To convert signals with a frequency greater than 30K Hz.
Clearly, high fidelity audioc is well within the spectrum oF
the CA-22.

The multiplexer has very high impedance inputs and is
capable of accepting inputs in the range of -1J volts through
+10 volts. The input is jumper selectable for other settings
including a single sided range of 0 through +10 vol+s.

Due to the indeterminable nature oI the actual inputrs
that you may actually apply *to the CA-22, cnly the aultiplexer
inputs are brought ocut. However, a guad cp-amp is laid our in
foil which you may populats in several 4iffsrant mcdes o handla

scme of the more "common" input configurstions.



The analog output section of *+he CA-22 consists of two
identical high speed digital to analog converters. Each DAC
can convert either 8 bits or 12 bits of data. Data input to
the DACs is latched in such a manner that, when in the 8 birt
conversion mode, the other four (of the total of twelve) bits
are continucusly output at a predefined value. You may., of
course, define that value under software control.

The output of each DAC is buffered with a high speed op-
amp capadle of changing cutput voltage at the rate of 20 volts
per microsecond. The standard configuration of each output is
bi-polar with a voltage swing of -10 volts through +10 volts.
This is jumper selectable to allow a uni~-polar output of 0§
through +10 volts.

Some additicnal I/0 capacity is provided on the CA-22.
There are three TTL level inputs and six cpen collector logie
cutputs. These are strappable tc be either standard TTL level
outputs or high-voltage outputs.

You can use the CA-22 for a multifude of analeg sensing
and/or analeog controlling applications.

Using the proper transducers and the 16 input channels,
you can monitor the temperature in several zones of a home or
office. By extending this system with a Ca=21, you cculd
maintain precise temperatures by switching the proper controls
onn and off.

Another interesting, if somewhat obvicus application, is
in audio prccessing. Reverberation, phase shirfting and echoing

are just a few of the uses you could implament,



If you used blocks of RAM for data storage, other appli-
cations such as frequency doubling, etec., could be experimented
with.

If you apply more sophisticated software techniques, such
as & fast Fourier transform, on stored input data, very elaborate
signal processing becomes realizable. Projects such as audio
spectrum analyzers and speech recogniticen experiments are
certainly practical. Note, in these types of applications you
are likely to find scme signal pre-processing in hardware
is certainly beneficial - if not totally necessary.

If you employ beoth DAC cutputs and the on-board unblanking
circuit, X-Y oscilloscope plotting is an irnteresting applica+tion.
By using these techniques and one cr more of the analcg Inputs,
you can construct & digital storage scope. Nota, both of these
applicétions require that you have access to an escilleoscepe

capable of X-Y input as well as blanking.

sSummarvyv

With the intrcductien of the 16 pin I/0 BUS, Ohic Seisn<ific
has cpened a new world of interfacing capabilities Zor both
the large and the small computer user.

Systems ranging from totally automatad sampling and
control staticns to complets R/D setups =c aducarticnal lab
stations are now available to you via s<tandard building blocks
and standard computer systems.

For pricing and availability, ecntact your near=st Chis

Scientific dealer.



Purpcse and Scope

The CA-20 1is designed to expand the I/0 capabilities of
the 0ST Challenger Series. Each CA-20A is capable of supporting
up to eight "HEAD END CARDS"™ away from the computer card cage
while requiring only one card slot of the motherboard for the
interface. The CA-20, in additicn to the features of the CA-204,
also includes a time of day clock and real time clock with
interrupts or polling capability. The clock is supported by
battery power which is automatically recharged whenever the
computer is turned on. The CA-20 is installed inside the
computer mainframe and the accessory boards (HEAD END CARDS)
are outside of it, virtually increasing I/0 capability to any
desired amount. Several CA-20 boards could be installed in
one computer by readdressing the CA-20 with jumper connections

provided on the board.

~12-



CA-20, CA-21, CA-22 Board Software

0S-85D Process Control Basic has six reserved words
interfacing with the CA-20, CA-21 and CA-22 boards. These
are the DGIN, DGOUT, ANIN, ANQUT, TIME and DATE statements.
This software assumes that a CA-22 must be located at PORT @
of a CA-70 or J2 of a C4P or CB8P, or inserted directly into

the rack at address C78u4 if ANIN and ANQUT are to work.

1s°?
For TIME and DATE, to use the CA-20 programmable clock, it
must be located at C78E116 (as shipped). OCtherwise, a polled

clock and calendar will be maintained by monitoring the one-

second ticks of the 470 flcppy ceontroller board.

DGIN Base, Bit, Variable

DGOUT Base, Bit, Value

DGIN reads the CA-21 board. A PIA bit and register are
selected and read and a zero or one stored in variable.

DGOUT writes the CA-21 board. A PIA bit and register
are selected, value is evaluated to be zere or non-zero, and
a zero or cne written, sending the data line low or high,
respectively.

Base is an expressiocn yielding the address of the desired
FIA date register.

Bit is an expressicn yielding a byte value selecting a data
line (bit #-7 of a data register). TIf the bit selected is greater

than 7, higher PIA registers are addressed
(address=base+L(bit/8)%21),

and the line selected is mod8 (bit). Values larger than a byte

-13-



get a function call error. Base and bit are similar in behavior
te the address and byte of the POKE statement.

Variable is any legal BASIC integer or floating
variable.

Value is any legal BASIC integer or flecating

expression.

A syntax error is the normal result of misuse, but bad
addresses can cause crashes when the attempted initialization
of a PIA for reading or writing 1is done over operating system

addresses or other forbidden locations.
ANIN Channel, Variable

ANIN reads the CA-22 board for analog-to-digital
data.

Channel is an expression with a value from #-15, which
is used to select an input line to be read. Variable is any
legal BASIC floating or integer variable, which will store a
value from # to 255 (integers) or 255.9375 (flecating). A full
scale is used. (For the -18 volts to +18 volts setting, this
means that -18 volts would yield a #, @ volts a 128, and +1D
volts a 255 or 255,8375.)

Twelve bit mode is always selected, but use of eight bits

merely results in a fraction of zero.
ANQUT Dac, Value

ANOUT uses the CA-22 board to output digital-to-analog

data.

—1L-



Dac is an expression yielding & value of zero or one,
selecting digital-to-analog converters one or two, respectively.

Value is any legal BASIC integer or floating expression
with a result greater than or equal tc # and less than 256.
Twelve bits will always be output, but the four least significant

bits for an integer value will be zero.

TIME=Hours{, Minutes {, SecondsH
TIME Hours, Minutes, Seconds
DATE=Month, Day, Year

DATE Month, Day, Year

TIME= sets the system time-of-day clock. The CA-20 is
used, if possible. Otherwise, a polled clock is maintained
using the one-second ticks from the 470 floppy controller. The
choice is made after some simple tests for system configuration
are made during the beootstrap procedure. Only the first para-
meter is mandatory. All parameters may be any legal BASIC
integer or floating expression with results within parameter
ranges.

TIME stores the system time-cf-day values into the floating
or integer variables provided by the user as parameters. All

three are mandatory.

DATE= sets the system calendar using hardware as the

TIME= statement does. All three parameters are required and
may be any legal BASIC expressions.

DATE stores the system calendar values into the floating
or integer variables listed as parameters.

Hours ranges from 8 to 23, as the system time uses a 2U-

hour nomenclature.

~15=-



Minutes and seconds range from £ to 59.

Month ranges from 1 to 1Z2.

Day ranges from 1 to 31 and is checked against year
and month for & legal Gregorian date.

Year may be two or four digits. Two digit values are
added to 1988 (all legal Gregorian dates are four digit).

The following discussicn of available machine code
subroutines is merely to describe to the potential user their
availability and use. The subrcutine addresses may change
after this paper is published. Refer to the documentation
supplied with (Process Contrel Basic) for the addresses to
call in your version.

The process control extensions to BASIC are always
resident and may be accessed from assembly programs whether
BASIC is loaded or not. When these routines error out, how-
ever, they will attempt to JMP to BASIC error reporting routines.

DGIN subrcutines:

DIASML - set selected bits of a PIA data register to
input mode. Store the data register address at 1916 (low) - lAlB
(high). Store a byte in X with zercs in the bits to become
input lines and ones in the lines to be untouched. JSR to 366316.

DIASM?2 - read a PIA data register. Store the data register
address in 1916 (low) = 1A16 (high). JSR to 367@16. The read
byte will be returned in A.

DRSTOR - restore PIA toc previcus state. JSR to 36?616.

DGOUT subroutines:

DOASM1 - set selected bits of a PIA data register to output

mode. Store the data register address at 1916 (low) - 1A16 (high).

-16-



Store a byte in X with zeros in the bits to become ocutput lines

and ones in the lines to be untouched. JSR to 369D16.

DORITE - store a data byte into the data register. Store

the data register address at 19 (low) - lA16 (high). Set Y

16
to zero and put the data byte in A. If used with DOASM1, the

control register will be restored. JSR to 369516' If control
register restoration is undesirable, set up as for DORITE but

JSR to 36Au16.

ANIN subroutines:
ATASM]1 - select 12 bit mode and set a channel for input.

Load the channel number (ﬂ-Fls), into register X and JSR to

371816'

ATASM?2 - read the currently selected channel until the
valid data flag indicates the read is good. If the flag fails
to go valid in 2558 clock cycles, this routine will JMP to HLEq oo

the BASIC error reporter. JSR to 372B The eight most

16’

significant bits will be returned at AF the four least significant

16°
bits will be returned in bits #-3 of Bﬂls.

ANCQUT subroutines:

Store the 8 MS bits at AF the 4 LS bits, if desired,

16’
in bits 0-3 of Bﬂls. Set Y to B# or 2, selecting DAC 1 or 2 and

JSR to 3777 for 12 bits, or load A with # and JSR to 377D

16 18’

for 8§ bits.

TIME subroutines:

When the polled clock is in use, the hours, minutes, and

seconds values are stored at 37C2 - 37CL respectively. To

16 16°

maintain the polled clock, JSR to 37C5,. at sub-second intervals.

To tell whether the polled or programmable clock is in use,

-17-



location 37FD is @ if polled, T if programmable.

16 Fig>

To set the programmable clock, lcad 396116 - 396316 with

hours, minutes, and seconds, respectively. JSR to 386F16 to

set seconds, minutes, and hours; 387C16 to set minutes and hours;

388716 to set hours. To write any clock register, store the
register number and value at 39A6, . - 39A716’ respectively, in

BCD form and JSR to 399A16'

To read the programmable clock, JSR to 383D and hecurs,

16

minutes, and seconds will be stored at 396116 - 3963, respective=

65
ly. To read hours, minutes, or seconds individually, JSR to

38B3 3BA9 or 38GA respectively. To read any clock

18° 16° 16?
register, store the register number in BCD at 39A616, and JSR to

398%16. The value will be returned at 39A716’ in BCD.

~18=



Software

Address Determination

Fach "HEAD END CARD" can have up to 12 distinct sub-port
addresses which are required to accommodate the various functions
of each board. An example of this is the CA-21 which has three
PIA's (peripheral interface adapter). £Each PIA has four distinct
register lccations internal to it which must be accessed indepen-
dently. Therefore, for correct processor communication with
+this accessory board, 12 independent and distinet 8 bit register
locations must be accessed (read or write). This is accomplished
by the above mentioned subset of port addresses. To rephrase
that, each of the eight ports has 12 separate sub-port addresses
that will enablé that port (read or write) and each sub-port address
will enable an individual sub-port c¢n the "HEAD END CARD" if so
equipped.

The address subset (RANGE) of each port is determined in
the following manner. First the board select address range of
+the CA-20 is found by determining the hardware configuration of
the address decoders. The CA-20 as shipped from the factory is
$C7XX (hex). Conversion to decimal will result in a board select
range of 50844 to 51199 decimal. If the board select address
has been modified by the user then these figures will have to be
changed as required. Each individual base port address can now
be found by BASE ADD. = BS+(PORT #X16). Where BS is the board
select address (50944) as shipped from the factory and PORT #

is the desired PORT from 0 to 7. Assume you wish to find the

—1G-



base address of PORT #5. Using the above equation, it is found
that the base address is 50844 + (5X16) = 51024. To find the
entire subset of the PORT add 15 to the base address. For PORT #5
the range is 51024 to 51039. Notice that the entire port subset
actually includes 16 distinct addresses but only 12 will ever

be used. The first four of each port (for PORT #5 51024 to 51027)
should not be used and the upper 12 are the actual subset. If
any of the first four of the port subset are accessed the "HEAD
END CARD"™ will not acknowledge and no data will be transferred

in either direction (read or write). The conly thing that weould
happen i1f any of these are accessed is wasted machine cycles.

To find the sub-port address for a given location cr register
on a "HEAD END CARD" connected to any port, the sub-port address
number should be added to the port base address. TFor PORT #5
this would be 51024 + sub-port number. The sub-port number is
found by converting the least significant hex-digit of the hex
address found in the "HEAD END CARD" manual to decimal. TFor
example: If the "HEAD END CARD" register address desired was
specified as $C70A then the (A) would be ccnverted to decimal
(10). TIf this card is connected to PORT #5 of the CA-20 then
this sub-port address weculd be 51024 + 10 = 5i024. In most
"HEAD END CARD manuals the sub-port number will be identified
in the software section. Under no circumstances should the
sub-port number be less than 4 or greater than 15.

The previous method will work with all "HEAD END CARDS"
installed in any one of the eight ports and may be useful In

generating efficient code for multiple "HEAD END CARD" installation.

—-20-



It should be noted that this is not a necessary function at
run time and should be avoided especially if a low number of
cards are being interfaced. 1In this case the addresses should
be precomputed and inserted directly into the code (variable
would be faster) to increase processing speed. It should also
be noted that if a "HEAD END CARD" is installed in PORT 8,

the "ADDRESS MAP" in the "HEAD END CARD" manual may be used
directly since PORT # has the same port subset addresses as
the original 0SI accessory bus. The machine code programmer
should notice that each port is identical in structure of
addressing and each is 16($F) from the last/next.

Basic PROG #8 could be used to read the sub-ports of a
PIA on the CA-21 "HEAD END CARD" with data registers at sub-
ports 4 and 6. This program assumes that the registers have
already been defined as inputs and is simply a demonstration
of one possible method of generating the sub-port addresses
required. If the CA-21 were moved to another port changing
the number (5) in line 60 would redefine the address of that
card. If the CA-21 were installed at PORT @ this number would
be changed to (DEV=8).

Basic PROG #9 builds upon this addressing scheme and does
two opefations. First it initializes all six data registers
as inputs from an unknown state, then reports the results of
reading the six registers in binary. This program can be
directed to any port by changing the 5 in line 140 toc the
desired PORT number. It 1s beyond the scope of this paper to
cover techniques used in PIA programming. PROG #9 is merely
a demonstraticn of a possible addressing scheme that could be
used to generate efficien% code for multiple sub-port interfacing.
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Tn PROG #A we will cover a more difficult task. Let's
assume that the CA-20 has been populated with three CA-21
"HEAD END CARD" interfaces and for some reason are randomly
connected to PORTS 2, b and 7. PROG #A will perform the
same task as PROG #9 but will be interfacing to three PORTS
and 18 input data registers. The program cculd be easily
expanded to handle up to eight CA-21 cards by modifying
lines 130 and 1u40. Instead of simply displaying data, the
data could be stored feor later reference or acted upcn

immediately.
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PROG #5

ASSUMES CA-Z1 ALREADY IMITIALIZED AS-IMPUTS
READ TWO SUB-FORTS 4 ANDG 6 AMND DISFLAY BINGRY

BHSE=30534 (REM

DEW=3 (REM
FRINTTRECZT 2 "TRo4z240" (REM
FOR SUE = 4 TO & STEF2 CREM
ARD=BARASE+SLE+ DEY+1E) (REM
DTR=FEEK CADL (REM

FRINT"DHRTH RERD AT FORTH#"
FRINTDEY " SUB-FORTH#"SUB"WAS “;

175

188
128

P55
o
228

B 4

FOR DIGIT = ¥ TO 95TEF-1:.RENM
HE==DTA AND 270ISIT
IFHEXC:B THEM PRINT"1":
IF HE==8 THEN PRINT"g":

NEXT DIGIT

S0

239

e
[

=38
=58

SR

FRINT
HE=T SUE

EME:: OF : FROGRAM

CH-29 BASE SELECT ACLD.

DEVICE FORT HUMBER
PRINT ©ISPLAY FORMAT
SUB-FORT MNUMBER 4 AND

FIND SUB-FORT ADDRESS
RERD SUB-FORT DRTH

PRINT DATA IW BINARY

-23=
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16 GOTO 1268 PROG #3

£9

48
B
Pe{t I

198
124

o
$a
WU 3

N I L e
T Lo [ G0 WD GO O
Bl wn )

G 2

INITIALIZE ALL INFUTS OM CH-21 CHRD AS-INFUTS
FEAD ALL INPUT REGISTERS AND LISPLAY
AS BINARY. S5TOP

ERSE=563944 :REM BASE ADDRESS CA-24

1 DEY=3S (REM FORT LOCHTIOM
HOO=EREE+ (DEVHL1S) (FEM CRLCULATE SUB—PU%; ERSE
REM CIMITIALIZED ALL REGISTERS AS-INFUTS
FOR sUB=15 TQ 4 S7EF -1 JREM SUB-PORT MUMBER ~°
: PORE ROD+ZVE. 8 (FEM 54A%H 8@ IN SUB-FORT=
NEXT (REM CONTIWUE TILL ALL DOME
FOR SUB=STOASSTEFZ CREM 5,7, 9,11, 13,15 CONT. REG
o PORKE HDG+EUE. 4 CREM SET DORSDTA TO DTH
HERT ‘REM <IMITIALIZE: COMFLETE

3 REM READ RLL IMPUT RESISTERS AMC DISPLRY 85 EINARY
PRINTTRBC 4G "F53543248" ‘REM DISFLAY FORMAT

i FOR SUB = 4 TO 14 3TEPRZ JREM 48,3, 18, 15, 14 TR REG
: DTR=FEER (RDE+SUE D (REM GET DATH FROM REGISTER

. PRINT"CHTA READ AT FORTH#";
- PRIMTDEN"SUB-PORT#"SUB: TABC 342 "MAS ™
; FRINTTABC4@);

FoR DIGIT = 7 10 @ STEP-1
HEX = DTR RND Z°CIGIT
IF HEN<S® THEN FRINT'L®;
IF HEX=8 THEN FRINT"@*,
NEXT GIGIT

o PRINT

278 MNEXT =SB

578

S88 EMD:OF  FROGREAM

NI



19 GOTO 426 FPROG #A

=28

48 INITIALIZE ALL INPUTS OM CR-21 CRARDS AS-INFUTES

58 READ ALL INPUT REGISTERS AMD DISFLAY

S RS BINARY. STOF

1688

lig BASE=SHS<44 ‘REM BRSE ADDRESS CA-Z8

150 CHRDE=Z CREM HWUMBER OF CR-21 CARDEZ
148 DATR 2. 4.7 CREM PORT LOCATION OF CARDS
igg

1¥a REM DO FOR HAS MANY CRRDS 8S THEREE ARE

129 FOR JOB=1TOCARDS  READ DEY ;REM GET FORT NUMBER

125 | ADD=BASE+(DEY+15) ‘REM CHLCULATE SUB-FORT BASE
196

288 : REM INITIALIZE ALL REGISTERS AS—-INPUTS

ZZ8 ;. FOR SUEB=15 TO 4 STEFR -1 (REM SUB-PORT NUMEER

248 FOKE RADL+5SUB. & :REM STRSH 8 IM SUE-FORTS
ZEE . MEHT (REM CONTINUE TILL ALL DONE
2EQ - FOR zUB=STOASLTERZ TREM 5, 7.9,24, 12,15 CONT, REG.
JE4 515 I FOEE ADD+ELE, 4 ‘REM SET DDRSDTR T OTH

ZZ8 ¢ HEXT (REM INITIALIZE COMPLETE
Zdi

368 . REM READ ALL INPUT REGISTERS AND LISFLAY AS BIMARY
ITO ;. PRINTTREC4®); "PeI42248" REM DISPLAY FORMAT

288 . FOR SUB=4TO145TEFZ ‘REM 4, 6,3,18, 12, 14 DTH REG
408 DTR=FEEK (RDD+SUR) :REM GET DRTA FROM REGISTER
44@ FRINT"OATA READ AT FORTH#Y;

428 FRINTDEY " SUB~-FPORTH#"SUG; TREC 34X "NAS";

448 PRINTTAB4A2;

458

468 FOrR DIGIT = ¢V TQ @ STEP-1

470 HEX = DTR AND 27DIGIT

48 IF HER>8 THEM PRINTY1™:

Zee IF HEx=g THEN PRINT"G";

SZe MEXT DIGIT

525

Sz0 FPRINT

o935

S48 . MEXT sUB

5548

Sel MEXT JOB

=

So8 BN OF - PROGEAM

-5



TABLE I
CA-20 PORT ASSIGNMENTS

HEX DECIMAL PORT # SUB-PORT # HEX DECIMAL PORT # SUB-PORT #

C704 5058 0 m C7uy 51012 Y 4
C705 50949 0 5 CT45 51013 Y 5
C706 50950 0 6 C746 51014 Y 6
c707 50951 0 7 C7u7 51015 m 7
c708 50952 0 8 C748-  51016- m 8
C709 50953 0 g €749 51017 y g
C70A 50954 0 10 C7LA 51018 n 10
C70B 50955 0 11 C74B 51019 4 11
C76C 50956 0 12 CT4C 51020 Y 12
C70D 50957 0 13 C74D 51021 m 13
C70E 50958 0 14 C7LE 51022 4 14
CTOF 50959 0 15 C74F 51023 y 15
C71u 5096L 1 y C754 51028 5 y
C715 50965 1 5 €755 51029 5 5
C716 50966 1 6 €758 51030 5 6
C717 50967 1 7 C757 51031 5 7
C718 50968 1 8 C758 51032 5 3
C719 50966 1 9 C759 51033 5 9
C71A 50970 1 10 C75A 51034 5 10
C71B 50971 1 11 C75B 51035 5 11
C71C 50972 1 12 C75C 51036 5 12
C71D 50973 1 13 C75D 51037 5 13
C71E 50974 1 1Y C75E 51038 5 14
CTLF 50975 1 15 C7SF 51039 5 15
C724 50980 2 ly C784 510U 5 y
C725 50981 2 5 C765 51045 6 5
C726 50982 2 6 C766 51046 6 5
C727 50583 2 7 C787 51047 6 7
C728 50984 2 3 €768 51018 5 8
C729 50985 2 9 €769 51049 5 9
C724 50986 2 10 C76A 51050 5 10
C72B 50987 2 11 C76B 51051 6 11
C72C 50988 2 12 C76C 51052 6 12
C72D 50989 2 13 C76D 51053 6 13
C77E 50990 2 14 C78E 51054 5 14
£727T 50991 2 15 C76T 51055 6 15
C73L 50996 3 m C774 51060 7 i
€735 50597 3 5 c775 51061 7 5
C736 50998 3 6 C776 51062 7 5
€737 50999 3 7 C777 51063 7 7
C738 51000 3 8 C778 51084 7 8
C739 51001 3 9 C779 51065 7 g
~C73A 51002 3 10 C774 510686 7 10

_C73B_ 51003 3 11 C778B 51067 7 11
c73C 5100 3 12 c77¢C 51068 7 12
C73D 51005 3 13 C77D 51089 7 13
C73E 51006 3 1l C77E 51070 7 14
C73F 51007 3 15 C77F 51071 7 15
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Clock Software

Using Standard 03-65D

Table IV lists the maximum used BCD code of each four bit
byte (two per word) when reading or writing to the clock. If
either of the bytes in the eight bit counter words do not legally
reach four bit lengths (e.g., day of the week uses only the three
least significiant bits), the unused bits will be unrecognized
during a write and held at zerc during a read. If any illegal
data is entered into the counters during a write cycle, it may
take up to four clocks (for months in the case of the month
counter) to restore legal BCD data to the counter. The latches
will read and write all four bits per byte. Each of the counter
and latch words can be reset with the appropriate address and
data inputs. The counter reset is a write function. The latches
can be programmed to compare with the counters at all times by
writing one's (1) into the two most significant bits of each
latch, thus, establishing a don't care state in the latch. The
don't care state is programmable on the byte level, i.e., tens
of hours can contain a don't care state, yet unit hours can
contain a valid code necessary for a comparison.

Table TI lists the address codes of the clock and their
associated functions. These addresses, as all signals to the
clock, are implemented in hardware by a PIA, which must be
initialized before "talking" to the clock. The initialization

procedure for the address lines is
POKE 51P77,9:POKE 51876,31:POKE 51877 ,u4

for write set up and
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POKE 51077,58:POKE 51476,31:POKE 51877 ,62

for a read set up. The address for a clock access cycle can
now be written tc 51876. Selection of the hour counter would
require POKE 51676,4. The address must be written before
reading or writing from the clock. Refer to PROG #1, lines

210 and 250 and PRCG #2, lines 280, 290, 330.

~28=



Writing tc the Clock

The PIA interface to the clock must be initialized for
writing before attempting to write to the clock. The procedure

after setting up the PIA address format is
POKE 51879,34:PCKE 51878,255:POKE 51879,38.

Refer to PROG #1, lines 250 and 310. The address of the desired
cleck register must now be written by POKE 51876,ADD (PROG #1,
line 340). The write data and WRITE command are then performed
by POKE 51078,DTA (PRCG #1, line 3u0). Line 350 checks to insure
that a complete write cycle has taken place. Line 360 resets
CRB-7 which was used internally to the PIA tc reset the WRITE
command.

When writing to the counters, the data should be checked
to insure that an illegal code will not be written. See Table IV.
Refer to PROG #1. In line 70, the maximum decimal code for each
counter is provided to the variable (CHK) in line 120. Before
writing to the counters or latches, the decimal code must be

converted to BCD. See PROG #1, lines 370 through 400.
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REM FREOG #1

REM FPROGRAM TO WEITE TO TIME OF DAY CLOCK

REM THIS FROGRAM ERXITS WITH THE CLOCK IN WRITE MODE

REM WRITE THEU PIA

DR=31876 . CA=DA+1:FEM A DRATASA CONT

DB=Ch+1:CEB=DB+1:REM B DATASE CONT

CATHMONTH, 12, DAY OF MONTH. 34, ORY OF WEEK, 7, HOUR, 2=, MINUTE, 53
SCODE=Z MHTH=Y REM MINUTES TO MONTHS

GOSUE ZEs:REM INITIALIZE FOR WRITE

1 ADD=17:GOSUBZEZ0 - REM MASK ALL INTEREUFPTS

FORACD=MNTHTORCODESTER-1: RERDASF ( READ CHK FEINTAF: ( INFUTDTA
IFf DTRXCHE THENW RUM

i GOSUBZTE :GOSUBZZE  NELTACD | REM COMY 2-BCD, WRITE

g ADD=Z:DTA=18:G05U8 ZZ0:REM SET ZELOHDE UNDER 42

1 REM GO OW INFUT

3 ARL=21 DTA=8:FEM SET UP FOR GO

3 PORKEZSEE, 8 INPUT"HIT RETURN WHEHN RERDY": AF: POKEZSED. &7
3 GUSUE Z28:REM G0 COMMARND

RUN"PROGZ

REM czugy INIT PIRCSE AND FIACSA RS OUT
POKECA. @ FOKEDA. Z1:REM FPIRSA ALL OUTS

REM CRL-INPUT, CR2=INPUT

REM CRHA-7 GOES HIGH ON TREAILING EDGE OF INT. RER
REM CRz HIGH FIA PULLUP USED TO PULL READ HIGH
FOKECH. 4 FOKECE. 34 POKEDE. 255 :REM FPIASB ALL OUTS
FEM B AND CB2=CUTPUY

REM CRE-7 GOES HIGH OM ~ EDGE OF RERDY

FEM CB2 SOES HIGH OGN CRA-F SET

FEM CRA-V REZET BY REBCING DB

REM CEBZ GOES LOM WHEM WRITE TO PBG-7

i FOKECE. 35 RETURN

REM {SUEY WRITE TO CLOCK

REM PASS ADDRESS IN ADD, DATAR IN UTH

FUKE DR, LD PORE OB: DTH

D=FEEKCCBY  D=DRNDAIZE: IFD=8 THEN Z5&

O=FEEK{DES  RETURN:REM RESET CRE-~¢ DATR USELESS

REM (SUB» COMYERT DTA FROM DECIMBL 7O Z-BCOD

IF DTA<L3 THEMN RETURN

TEMF=INT (DTAS1E 5 LOW=DTA- (TEMF+18) : TEMF=TEMP+16
DTR=TEMF+LOW RETURN
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Reading from the Clock

The PIA interface to the clock must be initialized for
reading before attempting to read the clock. The procedure

after setting up the PIA address format is
POKE 51879,58:POKE 51878,0:PCKE 51479,62.

Refer to PROG #2, lines 330 and 380. The address of the desired
clock register must now be written by POKE 51876,ADD. See

PROG #2, line 150. The READ command 1s then passed to the

clock by POKE 51877,54. See PROG #2, lines 380 through 400.
Line 390 waits for valid data. Line 400 gets the read data

PEEK (51878) and removes the READ ccmmand POKE 51877,62. The
data must now be converted from BCD to decimal. See PROG #2,

lines 170 through 180.
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16 FEM PROG #2

20 REM FROGRAM TO READ TIME OF DAY CLOCK

20 FORI=1T038: PRINT (NEXT

SO REM REAC THRU FIA

60 DA=S1076:CA=DA+L:REM A DATA-R CONT

7§ DB=CA+1:CB=DE+L: REM B DATAZB CONT

88 ACODE=2:MHTH=7:DIM C#(125:REM STOP AT MONTH

99 FORI=1TOLE: READCHL D) MEXTI FORI=LTC? : RERDDST 1) (HERTI
196 DATA JAHUARY, FEBUAR'Y, MARCH, APRTL. MRY, JUNE. JULY, ALGUST
119 DATA SEFTEMEER. OCTOBER. NOWEMEER, DECEMEER

129 DATA SUNDAY. MONDR'Y, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, SATURDHY
139 GOSUE 278:REM INITIALIZE FOR READ

148 FOR ADD=MNTHTORCODESTEP-1

156G POKE DR, ADD:REM SET UP CLOCK ADDRESS

166 GOSUE 386:REM READ CLOCK

178 MI=DTARNDE4E  ME=iMS 162419 : LI=DTRANDLS

159 TIME=MS+L5:REM COMYERT DECIMAL BACK TO 2-BCD
23 TCRDD2=TIME  NEATALD

B FRINTCHRECLI DTS00 " S CBCTERI 0 TOEn "
18 IF T(4)=312 THEN Pi=1

226 IF Tid)=31Z THEN T(4)=T(4)-12

225 IF Te4:=0 THEN Tisr=12

239 FRINTTC42; " "Te3 v "Tean "

248 IFPM=LTHENFRINT'FIt "5 GOTO268

256 FRINT'AM "

256 PM=0:GOTOL48:REM GO DO IT AGAIN

70 REM (2UBx INIT FPIAE RS IN:FIASA RS OUT

288 POKE CA, 58:REM @al1llaid

299 FOKE DA 31 REM PIACA BLL OUTRUTS

ZAR REM CHL=INPUT, CAE=OUTFUT

248 REM CRR-7 GOES HIGH OW TRAEILING EDGE 0OF INT. RER
IEW REM CAZ FOLLOWS CRA-Z

330 POKECH. 62 POKECE, 52 FPOKEDE, @:REM PIASE HALL INFPUTS
348 REM CELI=INFUT, CEZ=0QUTFUT

Z5@ REM CRE-7 GOES HIGH OM ~ EDGE OF RERDY

ZEA REM CBZ FOLLOWS CRA-Z & MUST BE HIGH F. REARD

Z7E POKECE, 62 (RETURN

80 POKE CA, 94 RFEM (SUBY RERE CLOCK

%90 RDYSFEEKCCR) ROY=ROYANDLZS : IFRDY=BG0TIZSE
450 [TR=PEEKCDES PUKECA, 52 RETURN: REM GET DRTA
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Reading and Writing

Programs #1 and #2 provide the two basic functions of
setting the time (#1) and reading the time (#2). Each has
its own initialization routines. PROG #1 must set up for
writing and PROG #2 must set up for reading. Normally, only
one utility program for writing will be required on your disk
@ut several programs will be reading the clock. For this
reason, it may be wise to include a routine in the BEXEC*® of
vour disk that will initialize the clock for reading when
booted. Now the programs that read the clock dc net require
an initialization routine (assuming this has already been
done). The only programs that will require initialization
routines now are the set time utility, PROG #2, and any special
programs for interrupt initialization. When using this scheme,
any programs that initialize the clock for a write must initialize
it for a read before exiting. Refer to PROG #3. The routine at
line 200 sets the clock for writing on the first call (uses line
65 DATA) and sets it for reading on the second call (uses line
75 DATA). Thus, when entering the program, line 200 is called
at line 90 and before exiting, line 200 is called at line 190.
An alternate approach: instead of reinitializing for read at the
end of the program, it could call BEXEC#%, though this may not
be desirable in scme cases (BEXEC* could change some parameters
you have set up since booting).

We now may access (read only) the clock in any program with-
out the requirements of an initialization routine. DON'T FORGET
WHEN TRANSFERRING THE PROGRAM TO ANOTHER DTSK, BEXEC® OR THE ROUTINE

MUST ALSO BE TRANSTERRED. Reading the clock is now reduced to
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FEM FROG %2
REM PROGRAM 70 WRITE TO TIME OF DAY CLOCE
FEM THIS PEOSEAM LERYES THE CLOCK REARDY Ta READ !0
REM HREITE THRU FIA
DR=518ve  CH=DA+L REM A DATASA CONT
DE=CRH+1 : CB=DE+L REM B DATACE CONT
DATA 1.8, 2 24, 4, 4 3034 2, 295, 5, 38
CRTAMONTH, 12, DAY OF HUNTH;:l Ay OF NEEK~|-HHURLn4)'£:-ﬂId”TE143
CATA 1,53, 4, 31, 1. 62, 5, 858, 2,8, 5, 62
ACODE=3  MWNTH=7  FEM MIMNUTES TO MOMTHS
GOSUE 2890 FEM INITIALIZE FOR WRITE
ADD=17 GOSUBZEE  REM MRASK ALL INTERRUFTS

FURALC=FNTHTORCODESTEF-1 : RERDRS : READ CHK: PRINTAS: ; INFUTDTA
IF DTANCHE THEW RUH
GOSUBZZ0 . POREDA, 2. FOKEDE, 3:G03UB338 HESTHOD

48 REM GO OM INFUT
FORE2285, @ INFUTYHIT RETURMN AT THE TIME"; A% POKEIZSIR, 27
& ALD=Z1 DTR=4.FEM ZET UP FOR GO

S8 GOSUE Z2ZEEEM GO COMMAND
136 GBDUE_BG END REM SETUFP FOR RERD

=als REW CSUBX 15T ENTRY SET TO WRITESZME SET T RERD
18 FORIN=1TO8: READIA:READIE  PORECAR+IR, IB:HNERT

FETLEN

REM CZUEY WRITE TO CLOCK

LJL)..»L -
1 REM FHES RLERESZS IN AL DRTAR IN DTH

48 FOKE DA, ARD FOEE DB DTH

1 D=FEEX LD D=DANDLLS: IFD=8 THEW z
D—PCEthB,.RETUEﬂ.REH RESET CRE-V DATH USzLES:

7O REM (SLED CONVERT DTA FROM DECIMAL TD 2-BCD

IF DTA<CLE THEN RETURNM

38 TEMF=INTOOTAAL0  LOWN=DTA-(TEMF+18 1 TEMP=TEMP+La

1 DTA=TEMF+LOW: RETURN
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line 380 of PROG #4. Line 390 must also be included if
decimal data is required.

The read initialize routine to put in BEXEC® could be
as follows:
2 REM INITIALIZE CA-20 FOR READ
4 DATA 1,58,0,31,1,62,3,58,2,0,3,62

6 ADD=51p76:FCORI=1+26:READIA:READIB:PCKE ADD+IA,IB:NEXT,.

PROG #4, #5, #6, and #7 assume that the clock has previously
been initialized for reading by BEXECH or PROG #3.

PROG #4 displays the time from months to seconds. Since
this is a 2t-hour clock, to display the time in the 12-hour feormat,
lines 210 through 225 were included (when using PROG #3 to set the
time the hours are entered in the 24-hour format).

PROG #5 gets and saves the time in decimal format in the
variable array T(7)-T(#). This array cculd be used in a program
to perform a specific task. In PROG #5 it 1s used simply to display
the time in decimal.

PROG #6 1s an example of a software alarm-type function
(this could be done with the latch and counter hardware interrupt;
direct or polled).

PROG #7 can be used to set the clock oscillater frequency
if a good frequency counter is availlable. Connect the frequency
counter to D4 (pin 19 of UIH). Run "PROG7". The frequency
shouid be exactly 500 Hz. A constant read of the thousandths

counter produces the 500 Hz square wave.
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REHM PROG #4
REM FROGRAM T3 RERD TIME OF DAY CLOCE
FORI=1TO0zZ  FRINT (NERT
REM INITIALIZED BY BESECs+ OR PROG #2 FOR RERD
REM FEAD THRU FIA
DR=5187%  CA=0A+L REM A DARTASA CONT
bE=CA+1 . CB=0B+1: REM B DATHSE CONT
FACODE=Z  MMTH=7  DIM C$C125:REM STOF AT MOMTH
FORI=1TO1Z  RERDCECL Y (HERTL :FORI=ATOT :REACGLF LT (MERTI
CATH JANUREY. FEBUARY. MARCH. APRIL. MAY, JUNE. JULY. ALGLIST
DATA SEFTEMBER. OCTOBER, HOYEMBER. DECEMEER
DATH SUNDAY, MOHDAY. TUESDAY, NEDHESDARY, THURSDAEY. FRIDAY, ZATURDAY

FOR ACD=MNTHTORCODESTEF-1

GOSLE 399:REM READ CLOCK

TCADD)=TIME : NEXTALD

PRINTCHR$C1T0; DECTCS0), * " CHCTCH L TEN »
IF TC43=312 THEN PM=1

IF T¢4r=313 THEN T(4)=Ti4>-12

IF TC4)=0 THEN TC4)=12:REM 24 HOUR CLOCK ADJ
PRINTT 40 " " TS " TiEn "
IFFM=1THENFRINT “PH "3 GOTO2EM

FRINT A "

PM=R:G0TOL4E:REM GO 0O IT AGRIN

REM (SUE) READ CLOCK

FPOKEDA, DD POKECRA, 54 DTA=FEEK (DB (FOKECH: €2
MS=DTARNDZ4E - ME=(M5 L& p+dd  LS=DTAANDLS  TIME=MS+LS RETURN
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18 REM

FROG #5

28 GUToEEY

s THE SUB AT LIME 1@wzi- COULD BE USED IM

43 YOUR PROSERM TO GET THE TIME. DON'T FORGET
At T SET THE CLOCK T THE READ MODE RS

g8 DESCRIEED IMTHE MANUAL BEFORE USING THIZ

P

28 FLACE THE WEIGHT<ADDY DESIRED IM (ADD) AND
[a GOSUE 19620; THE TIME WILL BE RETURNED IN
140 DECIMAL INTHE “YRARCTIMED. <&TH> WILL COMTHIN
118 THE TIME W PACKED BCD.

128 IF DECIMAL TIME IS WOT HEEDED LIME 1824

1z4 MAY BEE REPLACED WITH A RETURN

140

154 THE RODRESSCALDY MEIGHTS RRE RS FOLLOKWS:

pRtt] AOD=7MONTH ALD=&/DRY OF MCONTH

A7E RDOD=5-DAY OF WEEK ADD=4HOLUR~-24 HOUR ZLCK
138 ALL=3-MINMUTE ADD=2SECOND

159 ACD=1-HNDTHZ-THTHZ  ADD=3-THOUSANDTHS

el it

=io AMPLE C3SET THE TIME AND SAVE IT2

ZZn

225 FGRADD=yTOESTER-L (REM SET UF WEIGHT

A GOSUB 188928 (REM G0 GET TIME

! TLRCD =T INME ‘REM ZRVE  TIME

Z2Z6 MEXT : GOTOZ29 CREM UMNTIL DOME

2a8

258 THE YARIAHELE ARRAY TOEX-T(FY NOW HAS THE TIME
258 AS WEIGHTED ABOWE-THE USEFULNESS OF THE HUN-
2ra CREDTHS BMD THOUSANDS IS GUESTIONRELE IM BRZIC
a8

282 CMOW DISPLAY THE TIME IW CECIMAL?

284

254 FORRCD=VTO2STEF-1 (REM SET UR HEIGHT

232 PRINTTCRDD M CREM DISPLAY IN DECIMAL
254 HERT (REM UNTIL DOME

N FRINT CHREC1Z, (REM CBRRIAGE RETURN
e GGTO 23@ CREM GO DO OIT AGHIM

el

498 | FVUITHIS IS5 THE OHLY SECTION OF THIS !itring
428 RN FROGREAM THAT ¥O0U WILL NEED EEEREEY
16085 REM GET THE WEIGHTED TIME

18820 DR=S107VE  FOKEDA, LD POKEDS+L, 94 DTA=PEEK(DR+Z) (FOKEDA+L, 52
1686040 ME=DTARNDZ4E0  MS=IMS 165418 L5=DTAANDLS  TIME=M3+L5 . RETURN
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1o REM FROG #6
114 GOTO 2éw

120
130 :  BET/AN ALARM TIME: HOUR(24 HOUR CLOK) AND
148 :  MINUTE THEN TEST THE TIME FOR A MATCH

138 THE TIME COULD BE MRATCHED FOR DATE AS WELL
168 A5 DOWN TG THE SECOND

188

135 .

298 IMFUT"HOURCOF 243" HOUR (REM GET HOUR TO TEST
=18 IMPUT"MINUTE": MIMNUTE (REM GET MINUTE TEST
228 GOTO zZEd (BEM GO CHECEKE FOR MATOH
28

248 TEST THE OFERATCRS ALARM TIME AGRINST

2e8 THE REAL TIME UNTIL MATCH

68

am FEPEAT UNTIL (MATCH>

PETE I ARD=4: GO5LE 18620 (REM GET HOUE
=98 IF TIMEZSHOUR THEN S0OTO 228 CREM HOUR MATCH?
i (I ARD=Z GUSUE 10628 CREM GET MIMUTE
i1a IF TIME<EMIMUTE THEW GOTD 238 REM MIM HMATCH?
29 G070 Zae ;MATCH FOUND

Z2A

248 MATCH HAS BEEN FOUNKD TG BE TRUE

354 AT THIS FOINT #AN ALARM ROUTINE

368 WOULD BE ENTERED

Eéa ; PEIMTY!PDr vy rtnirpy e erinrne
=15 FRINT"EtIDI v e EKE P firrrrrrirrnnninay
483 e I
418

428 END: GF FROGEAM

ST

1BBBﬁ o FROCEDURE GET THE WEIGHTED TIME
18829 [A=3187¢  FOKEDA, ADD : POREDA+L, 54 DTR=FEEK(DA+2)  POKEDA+L, 5
18848 ME=0DTHRHDZ4E : ME=M5<160 448 LS=DTAANDLS : TIME=MS+L5  RETURN
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108 REM FROG #7

118

128 PRINT" L R RS R
138 FRINT" PUVEVUITHIS PROGRAM CAW BE USED TO; !!hririeis
148 PRINT® R R R
142 PRINT" PPV HIARTIST THE CLOCK QSCILLATOR:ttterrerte
1586 PRINT® L R RN
135 PRINT

15 PRINT FROBE (D4 OF THE CLOCK WITH 8 G000 FEEQUENCY
178 FRINT® COUNTER. THE FROGREAM SETS UF A COMSTANT RERD
1280 PRINT™ QF THE THOUSANDTHS COUNTER WHICH SHOULD

138 PRINT" FRODUCE A S80. 8@8 HZ SRUARRE WAY

208

214 FEM CIMITIALIZED» FCRE RERD

215 FEM INITIHLI"E HOT KNEEDED IF PREVIOUS INIT

228 DATA 4. 53. 4. _>l.t 1,62, 2. 58,: 2,8, 3. 62

23 FOR IM = 1 TO &

248 READ IA

245 READ IB

238 FOEE S18Ve+lR, IE

295 NERT CREM END CINITIALIZED

eI

et EEH {RERD COMSTANT THOUSAMDTHS )

278

2EH FOKE 34876 @ REM THOUSANLTHS COUNTER

2948 FOKE 51877, 54 REM RERD COMMAND

Ze EME:: UF FROGRAM DOING CONSTAMT RERD
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The "GO" Command

Tce synchronize the clock with real time, a "GQ0" command
exists which can be used to reset the thousandths of seconds;
hundredths and tenths of seconds, and seconds counters. After
setting the lower frequency counters (minutes through months),
the appropriate address (21 decimals) and a write pulse can be
sent to reset all counters mentioned above. This allows the
clock to be started at an exact known time. It can also be
used as a stopwatch function. The "GO" command is the start
and a ccunter read is the stop point. The ¢lock does not steop
during or following a read, sc each read would be a split time.

PROG #1 and PROG #3 uses this function.

T



The Real Time (Clock

The circuit includes addressable real time counters and
addressable latches each for thousandths of seconds through
months. The counters and latches are divided into bytes of
four bits each. When addresssad, two bytes will appear on the
data I/0 (input/output) bus. The data, in binary coded decimal
(BCD), can be transferred to and from the counters via the data
I/C bus so that each set of two bytes (one word) can be accessed
independently. Available are thousandths of seconds, hundredths
of seconds, tenths of seconds, seconds, minutes, hours, day of
the week, day of the month, and month counters with corresponding
latches for alarm-type functicns. Interrupts available C(hard
wired or polled) are latch and counter compariscn, every tenth
of a second, every second, every minute, every hour, every day,
every week, and every month. Also a standby interrupt output
is available. This output can be used to power cycle speclally
equipped systems using latech and counter comparisons. To
support this feature, other functions are available on the CA-20.

These are discussed in another secticn of this manual.

ST I



Four Year Calendar

The clock always "rolls" the month at midnight, February 28.

Therefore, each leap year, the clock must be reset.

Standby Inferrupt

The standby interrupt output is the only input or cutput
enabled during the power down mode (system power off). This
signal would only be operational in specially equipped systems
that have a "smart power sequencer". That is a current sink
driver which is available on the CA-20 that could "FLAG" a
power sequencer package to turn on the computer. This output
could also be used to power down the computer under software
controcl. Once set, the output is "TRUE"™ until reset by writing
to the interrupt control register disabling it. Thus, an un-
attended system could power itself up at a predetermined time,
perform a task, and shut itself off. This feature would also
require a modification to the "firmware" as described in a later
section.

Refer to Figure 3 (Interrupt Register Format) for interrupt

mask control register information.
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Interrupts

The interrupt output is controlled by the interrupt status
register (eight bits) and the interrupt control register (eight
bits). See Figure 3. The status register contains the present
state of the comparator (compares the counters and latches) and
the outputs (one bit each) of the tenths of seconds, second,
minutes, hours, week, day of the month, and month counters. The
interrupt status register can only be read. The interrupt control
register is a mask register that regulates which of the eight
bits in the status register goes out as an interrupt. The control
register cannct be read from. A one (1) is written intc the
control register to select the appropriate interrupt output.

If more than a single one exists in the control register each
selected bit will come out as an interrupt. This will appear as
an interrupt occurring at the highest frequency selected. The
interrupt is seen as a rising edge to CAl of the PIA, which must
be initialized to "pass" the interrupt to the system bus if
desired. The interrupt can be hard wired tc the bus or could be
used as a polled interrupt by polling CRA-7 of the PIA. CRA-7
is acknowledged by reading DATA(A) (51876) which resets CRA-7.
The interrupt from the clock is acknowledged by addressing and
reading the status register. Once acknowledged, the interrupt
output and status register are reset. The only way to disable
the interrupt output from the clock to the PIA is to write all
zeros into the control register. O0f course, the PIA could be re-

initialized to disable TIRQ ocutputs.

~13-



Batteries

The batteries for standby operation of the real time clock
(included with the CA-20) are charged befcore shipment. Due to
normal self-discharge characteristics of nickel-cadmium batteries,
they may require charging after the initial installation before
an extended standby coperation (power off over an extended period
of time). The batteries are recharged automatically by the CA-20
whenever the system power is cn. A full charge cycle would
consist of approximately 12-hours with the system power on (6-hcurs
for two days). Fully charged batteries should operate the clock in
the standby mode greater than one month. TFor applications that
could conceivably require longer standby operaticn, provisions are
made for connecting to user supplied (remote) standby batteries of
greater capacity than can be placed on the circuit board. The
batteries supplied with the CA-20 should have a useful 1life span...
from three to five years.

If replacement becomes necessary, only premium guality (AA)
sealed nickel-cadmium batteries should be used. Lead-acid or
alkaline cells, or any battery designated (DO NOT RECHARGE) should

never be used unless the charging action cf the CA-20 is defeated.
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Clock Adjustment

The RTC (real time clock) on the CA-20 board may from
time to time require a slight adjustment of the crystal
trimmer capacitor (C2) if it appears to be gaining or losing
time. Refer to Figure 2. The trimmer capacitor can be
adjusted by uszsing a small jewelers screwdriver or your
fingernail. Two separate methods could be used to "TUNE"

the oscillator.

Frequency Measurement

Connect the probe of a frequency counter to D4 of the
clock chip (a vector pin is provided for this). Run PROG #7.
C2 should now be adjusted until a 500.C00 Hz square wave 1is
verified. The instrument (screwdriver, etc.) used to adjust
the trimmer capacitor must be removed each time a readlng

is taken.

Time Measurement

Adjust the trimmer in the direction required (Figure 2).
A small degree of rotation should be performed. Check the time

after a period of at least Z4-hours to evaluate the results.

-

— TRIMMER CRPRTOR L2

FASTE®

SLdwewe
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ADDRESS CODES AND FUNCTIONS

Af

9

All others unused.

TABLE

FUNCTION

Counter

Counter -
Counter -
Counter -
Counter =
Counter -
Counter -
Counter -
Latches -
Latches -
Latches -
Latches -
Latches -
Latches -
Latches -
Latches -~
Interrupt
Imterrupt
Counter Re
Latch Rese
Status Bit
"GO" Comma

Standby In

-LG=

i1

Thousandths of Seconds

Hundredths and Tenths of Seconds

Seconds
Minutes

Hours

Day of the Week

Day of the Month

Months

Thousandths of Seconds

Hundredths and Tenths of

Seconds
Minutes

Hours

Day of the Week

Day of the Month

Months

Status Register

Contrel Register

set

t

nd

terrupt

Seconds



TABLE III

COUNTER AND LATCH RESET FORMAT

Dg D1 D2 D3 D4 DS D& D7 COUNTER QR LATCH RESET

1 8 9 i ) 4 ) i Thousandths of Seconds

8 1 2 ] 2 i 9 g Hundredths and Tenths of Seconds
i @ 1 g o 4 4 4 Seconds

o Z i 1 i g g a Minutes

) i 4 2 1 g i g Hours

] i g il 9 1 g 4] Days of the Week

i ) B iy i i 1 D Days of the Month

i 2 i g B f 2 1 Menths

FOR COUNTER RESET Al— AP MUST BE 17618

FOR LATCH RESET A4— AP MUST BE 14411
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DR o L = 4 bs Dt 07
R O N S B i
WRATE N ™ N N CORTROC
Q, Y ity Q9 Q Q Q. 0 | PEESTERS
WAL 1/ ROUR
V) SEC 1/ DAY
D/ seL 1/ WEEN
LOMPRRATOR — 1/ MONTH
SuTRUY _l J I-—
A D0 DL Do DoKW D [l D [is Do o INTERRBUPT
DEAD STRTUS
Q Y 8 e] a | a § | 3 [RULSTIR
TP T WTLRRUWPT
LA ' WTPLT
FlouRe S
TABLE TV
MAXTMUM USED BCD CCDE
UNITS MAX USED TENS MAX USED
COUNTER ADDRESSED Dd D1 D2 D3 BCD CODE Duw D5 De D7 RCD CODE
Ten Thousandths of a Second g 8 g 9 i I/70 I/0 I/0 I/0 g
Tenths and Hundredths of Seconds I/0 I/0 I/0 I/0 9 I/0 I/0 I/0 I/0 g
Seconds I/0 I/0 /0 1/0 9 /0 I/01/0 8 5
Minutes I/0 I/0 I/0 1I/0Q g I/0 /0 T/0 & g
Hours I/0 I/0 I/0 1/0 g I/0 /0 0 Jif ?
Day of the Week I/0 I/0 I/0 B 7 4] @ [ul 4 i
Cay of the Month I/0 I/0 T/0 1/0 3 1/0 I/0 6 i 3
Month I/0 I/0 I/0 T/0 3 /0 @ 4 i 1
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SPECIAL HARDWARE

CA-20

Refer to Sheet 1 of the schematics. The CA-20 1g equipped

with special circuitry to perform the following:

WATCHDCOG TIMER

NMI ON FPWR UP

SYSTEM RESET ON PWR UP
STANDBY INTERRUPT/AUTO CYCLE
POWER FAIL RESET

Switch

A DIP (dual in-line pole) switch is used to configure the
CA-20 to one of many possible operating modes. The pins of the
switch are designated 1 through 16. In this discussion, the eight
switches will be referred to as SW1-SW8 (SW1l includes pins 1 and

16; 3SW8 includes pins 8 and 9.

NMI

SWW enables the non-maskable interrupt to the processor.
This should only be used in systems designated by the factory.
NMI can be used (with special firmware unless designated as such -
NOT PRESENT) t¢ autc boot the system on power up. This could be
used in conjunction with the standby autc cycle feature for un-
attended power cycling of systems or turnkey bocotstrap, or auto
restart power fail situations. With SW1 in the enable positicn,
NMI occurs after a reset and a delay periocd determined by U3I and
UlF. Normally this would be the conly NMI in the system so scoftware
polling 1s not required. In the case of multiple NMI sources, NMT
may be read at 51876, bit 7. The PIA will not require initializatiocn

after a reset since this is a data input. NMI is reset (disabled) by
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writing a one (1) to D2 of $C7A@ (511d4). If either SW2 or SW3

is true, NMI is enabled by the system reset. This register alsc
contains other function enable/disable bits which must be cbhserved
(SW2/SW3 must never be true at the same time). NMIEN (non-maskable
interrupt enable) at J8, pin 5, is a remote input to enable/disable

NMI. SW1 can override this funetion.

System Reset

System Reset, J8, pin 3, is an (or) function with the 510 board.
Reset can be generated by the front panel switch, the CA-20 output
or the processor select signal on the 510. The application will
determine whether the last signal should be included. The system
reset is generated by the CA-20 under several circumstances and
opticns. Power on reset is always generated by the C1l3, RS
circult. Power down/fail reset is always generated by the standby/
power fail circuit ¢2/Q3 and discrete circuitry. The other two
regets are optional and can be controlled by manual switches or

software. These are the "watchdcg timer"™ and the "sync detector”.

Watchdog Timer

The watchdog timer 1s manually enabled by SW6. The circuitry
consists of a resetable timer (UlF, U37), watchdog reset contreol
(U3E, U3H), and an enable control (U3F, SW6). The watchdog enable
(U3r) is reset by any system reset and must be enabled by a write
to $C7AQ (51184). A (1) on D1 enables and a (@) disables the
watchdog. After enabling, the watchdog must be signaled that the
program is "running" by a write teo $C7CH (51136) at a rate at
least slightly faster than the timeocut period of the timer (UlF,
pin 1). If the watchdog timer times out, a system reset will be

generated. This would cause all to be set and if so equipped/
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desired, a new "boot" would take place.

Sync Detector

The 6502 processcr generates a "SYNC" signal each time it
does an instruction fetch. The synce detector monitors these sync
pulses to determine if the processor is still running. This is

enabled by writing to $C7A@ (51124). A (1) on D# enables it and

a () disables missing sync detection. SW5 enables missing sync
detection to generate a system reset pulse. The enable is reset
on system reset. If either of the other two processors on the

5190 are selected, the missing sync detector must be disabled.
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SPECTAL FUNCTIONS

D7 D6 D5 D4 D3 D2 D1 Do
$C7A8 51194 X X X X X P=ENA NMI ENA WATCHDOG ENA SYNC
$C7CP 51136 ¥ X b X X ¥ ¥ X
SC7CPH=WATCHDOG "TIC" - DATA IRRELEVANT
BOTH ARE WRITE ONLY
FUNCTION 5W8 SW7 SW6 SWS SWu SW3 SW2 SW1
NMT X X X X C )] C 8
WATCHDOG ¥ b C X X ¢ C X
SYNC % ¥ ¥ C X g C X
NMIEN X X ¥ ¥ C f C #/J8, pin S
R.T.C. IRQ X C X X X B C X
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Installation

CAUTIGN: Remcve power from the computer before proceeding with
the following steps. Remove the screws that fasten the cover to
the computer, then carefully remove the cover and set aside.

Cn some C2-C3 systems the Molex power connector to the muffin
fan(s) must be discconnected before complete removal of the cover.

The ribbon cables from/tc the "HEAD END CARDS" should be
routed through the floppy/hard disk cable access hole (C8F, C2Z,

C3) at this time. If installing in a C4P the cables should be
routed in the same manner as the floppy cable (through the point
where the cover screws to the frame). Do not tighten these screws
excessively when reinstalling the cover.

Referring to Figure 1, connect the ribbon cables to the CA-20.
It is recommended that the first "HEAD END CARD" ribbon cable be
connected tc Port @, then as more are added in the future they
be connected to Ports 2, 4, 6, 1, 3, 5, 7 in that order. Refer
to the "HEAD END CARD"™ manual for power supply connections/require-
ments. Refer to the Power Distribution section of this manual for
power connecetions to your "HEAD END CARDSY.

Find or create (by moving another card) a free slot close
enough to the ribbon cable access hole to give maximum or necessary
ribbon cable lead length outside of the case and install the CA-20
in this slot. Be very careful to align the 48 pin bus connector
correctly as damage could result from faulty installatiocn.

Return the cover to the case in the reverse order of removal,
making sure that any ground straps or fans, if any, are reconnected.

Installation of the CA-20 in the C4P MF, C4P DF or C8P DF

which are 505 Rev. B (CPU) based requires that the accessory bus
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interface on the 505 Rev. B be disabled. This is very important
since 1mproper operation of the CA-20 will be experienced i1f not
done. Remove the 505 Rev. B from the card cage. Pay close
attention (a quick sketch would be helpful) te any connectors

that may have to be removed to get the 505 Rev. B in a suitable
position for the following actions. Referring to Figure 2, remove
the integrated circuit packages U4H and U3G. These two packages
should be labeled (8T26 or 75136). This can be accomplished with
a small screwdriver or similar instrument. Alternately pry up

on each end (short end with no pins) of the package until it has
been "rocked" out of the socket. Be sure that the screwdriver

is placed between the package and the socket and not between the
sccket and the printed circuit board. You should find this to be
a very simple operaticn. Alternately the accessory bus on the

505 Rev. B could be readdressed moving the enable line Ifrom U5J
Pin 15 to USJ Pin 14 ($C6XX). This is not recommended since this
is an 0SI reserved address block and could possibly cause problems
if any upgrades are ever added to your system. This type of
modification should be left to an experienced technician with

the proper tcols and knowledge. If a "HEAD END CARD" was pre-
viously connected to the A-15 card on the back of your computer,
it should now be ccnnected to Port @ on the CA-20. Software

for that card will still be fully compatible. The other inter-
face operations of the A-15 will be unaffected and can still be
used as explained in your manual. When this is completed re-install
the 505 Rev B in the computer taking care to replace any connectors

previously removed in the exact locations noted before.
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Return the cover t¢ the case in the reverse order of removal

making sure that any ground straps or fans, 1f any, are reconnected.
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Power Distribution

Each 16 pin ribbon cable "HEAD END CARD" interface port on
the CA-20 has a digital ground reference and a +5V supply pin
(Pins 8 and 16 respectively). These may be used to power some
of the "HEAD END CARDS" directly. Refer to the "HEAD END CARDY
manual for each board interfaced to determine whether power
shculd be supplied directly through the 16 pin ribbon cable or
by alternate means. Examples would be the CA-21 and CA-25 which
are supplied through ribben cables. To interface these simply
plug in the ribbon cable. On other boards such as the CA-22
(analcg interface) and CA-24 (solderless prototyping board) the
power must be supplised via alternate means. On these "HEAD END
CARDS" Pin 16 has been left open and a "HEAD END CARD" standard
power connection is provided. Power to the card should be
supplied via this connection from either an auxiliary supply
or rcuted back tc the system supply. In the case where system
power will be routed to the "HEAD END CARD" via these connectors
from the system supply, sclder pads have been provided near the
edge of the CA-20 board for VCC (+5V) and ground. If system
power 1s tapped, extreme care must be cbserved to prevent over-
loading the system supply. Alsc, if several dirsctly powered
devices such as the CA-21 are installed, system power supply
capabilities must be observed. The best approach when installing
multiple accessory boards or any one accessory board with high
current requirements is an auxiliary supply dedicated to the
accessory cards. The directly powered "HEAD END CARDS™ such as
the CA-21 and CA-25 have been supplied with the capability of

auxiliary power supply connections. Under these circumstances
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Pin 16 of the ribbon cable is cut and +5V and ground are routed
through solder pads or connectors. Refer to each individual

"HEAD END CARD"™ manual.
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THAT THE CLOCK

(REM CRRERIACGE RET
CREM FRINT DAY

CLEAR SCREEN
SCREEN IS CLERR

CLOCK

SREM START-MINUTESSTOP-MOMTH
JUH, JOL. AUG, SEF, QCT, NOY, DEC

GET 412 MONTHS
STUFF INW ARRAY
LOGE UKTIL DORE
GET ¥ DAY MEEK
STUFF IH ARRAY
LOOF UNTIL DOHE

RERE CLOCK
STUFF BRERY WATIME
LOGF UNTIL DONE

MO OLF
OF WEEK

JREM FREINT MOWTH NO CRLF
(EEM PRINT DAY OF MONTH
CREM AL FOR 24 HOUR CLOCK

16 GOT0 29 FROG #E

o8 READ TIME OF DAY CLOCK (CR-Z9
8 SHME AS CPROG #40

Sl THIS PROGREAM ASSUMES

b7 I HAS BEEN INMITIALIZED FOR READING
ed BY MODIFIERD vBEREC#: QR <FROG #32
o

a8 FOR ZCROLL =1 TO 28 ‘REEM

M FRINT

168 NEAT SCROLL (REM
118

126 FEM (DEFINE> RODRESSES OF
128

148 DR=Si876 . CA=DH+1 REM A DATAAH COHT
158 DBE=CR+1: CEB=DE+1: REM B DHTACE CONT
168 MINUTE=2 MHTH=7 :DIM MHNTHFI12?

178 OHTA JAN. FEES, MAF. APF, IMAY.

138 DATA SUM. MOM, TUE, WED. THU. FRI, SAT

128 -

=88 REM (FILL DISPLAYY ARRA

218 FOR T = 4 TO 12 cREM
g REAL MNTHECI> (REM
SZE NERTI REM
248 FOR I =14 TO 7 (REM
piwts] KERAD DHY$CI (REM
el HEXTI :REM
PR I

=23 REM (FILL TIME) RREHEY W CURRENT TIME
228 FOR ADD = MNTH TO MIMUTE STER-1

et 515 GOSLE S&s (REM
18 TIMECRDD y=TIME CREM
228 ME=T RLD ‘REM
s 5

Z4a FEM (DIZFLRY TIME:

2o PRINTCHREE(LZ

SoE FEINT DRYECTIMECS ;" "

ZVE PRINT MHRTHECTIMELT )

238 PRINT TIRMECSH, "

208 IF TIMEC4»=312 THEN FM=1

460 IF TIME<33=212 THEN T(4x=T(4r-12

418 IF TIMEC4 =4 THENW TIME (4)=12  REM
420 PRINTTIMEC4Y: (REM
438 PRINT TIMECZD":",; JREM
Ad4d PRINT TIMECZY, " " ‘REM
458 JFFM=1THENFEINT "FM ToEaToEva
468 FRINT"AM i

478 Fr=0: 50TOECE CREM
459

45 C(SUB> "RERD CLOCK
Zea POKEDR, ADD tREM
318 POKECA. 54 SREM
528 DTA=FEEK(LE) REM
238 FOMECH. &2 (REM
48

ZZe EEM (DTARX=ECD TINME MW
=08 MZ=BTAANDZ448 CREM
IE MS=OMDALE el :REM
388 L5=LTRANDLS ‘FEM
358 TIME=MS+LS :REM
£89 RETURM  © END OF-READ CLOCK

£4 HOUR CLOCK ADJ
FRINT HOUR

FRINT MINUTE
PRINT SECOMD

G0 DO IT BGRIN

SET UP CLOCK ARDRESS
SEND RERD COMMAKD TO
GET THE MWEIGHTED TIME
REMOVE REAC COMMAND

CLOCK

COHY TO DECIMAL

GET MS-BYTE

CONVERT TO DECIMAL

GET L5-BYTE

MERGE TIME=DECIMAL TIME

 TIME=DEC/DTA=ECD
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