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CHAPTER |
GETTING STARTED

INTRODUCTION

The THUNDERCLOCK PLUS you have purchased will give you and your
APPLE a whole new realm of capabilities. You can use it to print the

tinme and date on reports or listings, to time events, or to enhance
the usefulness of the many software packages for dat a—base
managenent , busi ness applications, communi cati ons, and time

managenent which can use the THUNDERCLOCK PLUS (see Chapter I1).

By adding THUNDERWARE s X—1O |NTERFACE OPTION your APPLE can
control your BSKR/ X—10O HOVE CONTROL SYSTEM giving you remote control
of AC outlets so you can turn things on or off at scheduled tines.
See Chapter IIl for nore details on the X—10O | NTERFACE OPTI ON.

For PASCAl. users there is the THUNDERWARE PASCAL SOFTWARE Di sk
whi ch contains the assenbly |anguage PROCEDURES needed to use the
THUNDERCLOCK PLUS features from PASCAL. It also contains several
PASCAL denp prograns and a program you can install to automatically
set the F)ILER date each tinme you boot your PASCAL system

And THUNDERWAREs optional DOS-DATER software w Il upgrade the
standard, non—eopy—protected DOS 3.3 on your disks so that DCS will
use the THUNDERCLOCK to time and date stanp disk files. Every time a
programis saved or a file is nodified, the current date and tine to
the minute are stored in the CATALOG with the file' s name.

UNPACKING

First you need to locate the packing list enclosed in the
shi pping box. This list indicates what should be included in the box

pl ease check that everything has been included. If anything is
m ssing, contact your dealer. Please locate the Warranty card. It is
very inportant that this card be filled out conpletely and returned
to THUNDERWARE in a tinely manner. This card will register you as
the owner of the product and allow us to better serve you in the
unlikely event that you should have any problens. It wll allow
THUNDERWARE to inform you of any updates, new software packages, and
new product offerings.
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HANDLING

The THUNDERCLOCK PLUS printed circuit (PC card is wuniquely
different from nost others you have handled. The prinmary difference
is that part of the circuitry of the card has power applied and is
running even when it is Qut of your APPLE Il. Please follow these
handl i ng precautions:

1. Retain the pink plastic shipping bag in which the printed
circuit card was packed. It has been treated with an anti-static
conpound which wll protect the card from being ZAPPED by static
electricity. NEVER use alumnum foil, black foam or black plastic,
which will actually conduct electricity and quite possibly discharge
the batteries on the card, or drastically change the time to which
the THUNDERCLOCK is set. Any tinme you renove or transport your
THUNDERCLOCK PLUS be sure to place it into its pink plastic bag.
This will protect it from static discharge and accidental discharge
of the batteries.

2. ALVAYS TURN OFF PONER TO THE APPLE 11 BEFORE INSTAIIING OR
REMOVI NG ANY PC CARD, | NCLUDING THE THUNDERCLOCK PLUS. Failure to do
this will alnmpst certainly danage your APPLE and every PC card

installed in it! |F YOU DAVAGE YOUR THUNDERCLOCK PLUS BY | NSERTING

OR REMWING IT FROM YOUR APPLE WTHOUT TURNING OFF THE POWNER. I T

WLL VO D YOUR WARRANTY !

3. DO NOT TOUCH the GOLD colored fingers at the bottom of the
PC card. These fingers carry information between the APPLE and the
PC card, and so it's a good habit to handle the card only by its
edges. Furthernore, touching certain conponents and parts of the PC
card around the SET/PROTECT SWTCH (at the top center of the card)
can cause the clock to lose tine. No permanent damage should result,
however. Handle the card by its edges and keep it in its plastic bag
when it’'s not installed in your APPLE I1I.
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INSTALLING YOUR THUNDERCLOCK PLUS

FIRST BE SURE YOUR APPLE 1S TURNED OFF. Your THUNDERCLOCK
PLUS nmust be installed in one of the I/0O slots inside your APPLE II.
The 1/0 slots are located to the rear of the APPLE (away from the
keyboard). Renpve the top cover of the APPLE Il by popping it free
at the rear, lifting up slightly, and pulling the cover to the rear.
This will expose the APPLE's main logic board. The I/O slots are the
rectangul ar plastic/netal elements at the very rear of the logic
hoard. The large rectangular netal box to the left is the power
supply. The left—npst slot (next to the power supply) is slot #O0,

the next one is #1, and so on until you reach slot #7 at the right
side of the logic board. If you look carefully to the front or rear
of the I/O slot connectors you will see the nunber for each slot.

Your THUNDERCLOCK PLUS will operate in any slot 1 through 7 of your
APPLE 11.

NOW MAKE CERTAI N THAT THE POAER TO YOUR APPLE | S TURNED OFF.

Find the power supply (the large rectangular netal box inside your
APPLE on the left) and touch it nonmentarily to be sure you have
grounded any static charge your body might be carrying. Insert the
gold fingers of the THUNDERCLOCK PLUS PC card into the 1/0 slot you
have selected by gently rocking the PC card as you gently push it
into the 1/0 slot connector. Be sure that the PC card is conpletely
seated in the connector —not tilted to the front or rear, but square
with the main logic board of the APPLE II. Replace the cover on your
APPLE.

CHECKING IT OUT

You are now ready to check that your THUNDERCLOCK PLUS is
properly installed and operating. Place the THUNDERCLOCK BASIC Di sk
that canme with your THUNDERCLOCK in your boot drive and close the
disk drive door. (If your APPLE doesn't have a disk drive, see the
next page). Now turn on the power to your APPLE, which should behave
nornally and boot the diskette. If your APPLE does not act normally,
TURN OFF the APpLE' s power. Check that all the PC cards are fully
seated and turn the APPLE on again. If this still does not work, see
the section on TROUBLE SHOOTI NG.

If your THUNDERCLOCK is properly installed and working, the
HELLO program on the THUNDERCLOCK BASIC disk will be run and wll
display the tine on your screen with a H —RES clock face. Note that
it was set to Pacific Coast Time during its final test at the
factory. You can set it to your local time by running the SET TIME
program supplied on the THUNDERCLOCK BASI C Di sk (see Chapter 11).
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IF YOU DON'T HAVE A DISK DRIVE

If your system is not equipped with a disk drive, you can enter
and then RUN one of the short BASIC programs below Select either
the APPLESOFT or |NTEGER BASI C version depending on which BASIC your
APPLE Il has installed. Type the NEW conmand, then enter the program
as shown. Then type the RUN conmand. It will print the date and tine
on the screen if your THUNDERCLOCK is working properly. Be sure to
substitute the slot nunmber of your THUNDERCLOCK for the question

marks (?):

APPLESOFT BASI C | NTEGER BASI C

10 PR#?: | N#? 10 DI M T$(25)

20 INPUT “%; T$ 20 PRE?; | N#?

30 PR#O: | N#O 30 INPUT “>* T$

40 PRINT T$ 40 PR#O: | N#O
50 PRINT T$

If this doesn't work, be sure you have entered the program correctly
and have specified the proper slot number for the question marks. If
you still have a problem go to the Appendi x on TROUBLE SHOOTI NG

ABOUT BATTERIES

The batteries which cone installed on your THUNDERCLOCK PLUS
are high quality ALKALINE type ‘N cells. Wth proper handling they
will last many years, regardless of whether your APPLE Il is turned
on or not.

SYMPTOMS OF DYING BATTERIES

A THUNDERCLOCK with dying batteries generally becomes ‘flakey’.
The tinmekeeping accuracy nmay change significantly. The time string
returned from the THUNDERCLOCK may say SUN ERR 0 12:00:00 AM. If
your THUNDERCLOCK has been in service a nunber of years, or has been
m shandl ed, you nmay wish to have the battery voltage checked. Your
dealer can do this for you. Check Appendix “B” for the procedure for
testing and replacing batteries. This appendix also contains a |list
of manufacturer’s part nunbers for replacenent batteries and where
to find them
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INSTALLING THE BSR/X-10 ULTRASONIC TRANSDUCER

If you have purchased the X—20 ULTRASON C | NTERFACE OPTION with
your THUNDERCLOCK PLUS, you wll want to install the ultrasonic
interface now This interface assenbly has a snail cylindrical
transducer in the mddle with a length of plastic tubing a one end
and a short length of cable with a 2-—pin female connector at the
other. This transducer converts the electrical signals produced by
the THUNDERCLOCK PLUS to ultra—sound which is then “piped” thru the
plastic tubing to your BSR/ X—20 COMVAND CONSOLE.

TURN OFF THE POANER TO YOUR APPLE, and renove the top cover.
On the front of the THUNDERCLOCK PLUS PC card (end nearest the
keyboard), at the extreme top of the card, you will notice a snall
2—pin plug. The white legend on the PC card identifies this plug as
‘P1'. The connector on the cable is not polarized, which neans the
transducer doesn't care whether the cable is rotated 180 degrees, as
long as the pins of the plug are fully mated wth the cable
contacts. Gently push this mate onto the 2—pin connector on the PC
card as far as it wll go. The cylindrical transducer should rest
inside your APPLE Il, and the plastic tube should be guided out thru
one of the openings in the back of your APPLE. Now find the snall
rectangul ar piece of Velcro that came in the box with the ultrasonic
interface. This piece of Velcro has a peel —eff backing which exposes
a VERY sticky adhesive. You should renmove the backing and place this
rectangul ar piece of Velcro on your BSR X+0 COWAND CONSOLE as
shown in Figure 1 bel ow.

COMMVAND CONSOLE ULTRASONI C ADHESI VE BACKED VELCRO PAD
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ATTACH VELCRO WRAPPED END OF PLASTI C TUBI NG
TO VELCRO PAD ON COMVAND CONSOLE




Now attach the end of the plastic tube with the Velcro on it to
the Velcro pad on your COMMAND CONSCLE as shown. Place your COVVAND
CONSOLE as far from your APPLE and its TV nobnitor as the plastic
tube allows, since they sonetines produce high frequency sounds
which may interfere with the proper operation of the ULTRASON C
COVMAND CONSOLE.

Repl ace the cover on your APPLE and turn on the power. |t
should behave normally. To verify that the BSR X220 ultrasonic
interface is properly connected and positioned with respect to your
BSR/ X—20O ULTRASONI C COWAND CONSOLE, enter the follow ng short BASIC
program Substitute the slot nunber of your THUNDERCLOCK PLUS for
the “?" bel ow

APPLESOFT OR | NTEGER BASI C>

10 PR#?
20 PRI NT “*AS”
30 GOTO 20

Now ‘RUN' the program You should see the red light on the front of
your BSR/ X—20O ULTRASONIC COMWAND CONSOLE flash on and off about 4
times per second. |If the red light doesn't flash, or flashes
irregularly, try re—positioning the plastic tube on the Velcro pad.
Make sure you have positioned it properly and that your BSR X210
COMAND CONSOLE is the ULTRASONI C npodel (designated as BSR nodel UC
301, or as Sear’'s npdel X10-014301). If you still have problenms, go
to the Appendix on TROUBLE SHOOTING See Chapter |11 for conplete
details of the us~ of your BSR/ X—2O ULTRASONI C | NTERFACE OPTION. To
stop the program press the <RESET> key.



CHAPTER I
USING YOUR THUNDERCLOCK PLUS

Your THUNDERCLOCK PLUS has a wi de range of applications. You
can use it in your own BASIC, PASCAL, or assenbly |anguage prograns.
And many of today's inportant software packages for data—base
managenent , busi ness applications, comuni cati ons, bul | eti n—board
systens, and tine managenent are designed to use the THUNDERCLOCK.
If you add the X—20O |INTERFACE OPTIQON, you can use your APPLE Il to
control your BSR/ X—20O HOVE CONTROL SYSTEM so your APPLE can turn on
your lights, water your [awn.. what ever you desire, according to
schedul es you create.

APPLICATIONS SOFTWARE PACKAGES SUPPORTING
THE THUNDERCLOCK PLUS

The software packages listed here are designed to use your
THUNDERCLOCK PLUS. If you have or plan to purchase any of these
packages, your THUNDERCLOCK w |l greatly enhance their useful ness on
your APPLE Il. These software packages include:

DB Master (Stoneware)

Vi si dex (Visicorp)

M cro—€ourier (M crocom

M cro—Tel egram (M crocom)

Ti ne Manager (M crosoft)

Cashi er (H gh Technol ogy)

Executive Secretary (Personal Business Systens)
Net -Wor ks (Advanced Data Systens)

Desk Cal endar Il (Tel ephone Software Connecti on)
Store Manager (Hi gh Technol ogy)

Dat a—Pex (Information Unlimted Software)
Transcend 3 (SSM

Accounting Plus Super/E (Software Di mensions)
CPApar t ner (Software Di nensions)

PROpart ner (Software Di mensions)

Softerm (Softronics)

Z—Jerm The Professional (Southwestern Data Systens)
0S9 (Stellation Two)

Pascal Speedup Kit (Stellation Two)

EEE I I R R I

You should refer to the nanuals supplied with these packages for
specific instructions for using your THUNDERCLOCK with then. If you
have an early version of VISIDEX, you may need to use the VISIFIX
program supplied on your THUNDERCLOCK BASI C Di sk (see page 2-4).

And with the THUNDERCLOCK s "Muntain Conputer Apple C ock"
conpatible format, your THUNDERCLOCK can be wused wth nany other
existing prograns witten to use the Muntain Conputer Cl ock.



THE THUNDERCLOCK BASIC DISK

The THUNDERCLOCK BASIC Disk that comes with your THUNDERCLOCK
contains a nunber of prograns that allow you to display the tinme in
different ways, set the tine, verify proper operation of your
THUNDERCLOCK, and assist you in learning how to use it in your own
prograns. You should make a copy of the THUNDERCLOCK BASIC Disk for
your day—to—day use, and put the original in a safe place. If you
exanmine the BASIC programs, you will see that nost of them use the
TCPUTIL (ThunderCock Plus UTILity) assenbly |anguage program
TCPUTIL is discussed in detail in Chapter V of this manual. TCPUTIL
is wused to find the slot your THUNDERCLOCK is in, and to
di sabl e/enable interrupts during DOS calls so you can run interrupt
driven programs (like SCREEN or the SCHEDULER) while using DOS. Here
are the programs you will find on your THUNDERCLOCK BASIC Disk and a
short expl anation of their use:

RUN SET TIME

SET TIME is a program for setting your THUNDERCLOCK PLUS. It's
easy to use and asks you for all the information it needs. Remenber
you wll have to put the SET PROTECT/ENABLE switch on your
THUNDERCLOCK PC card to the ENABLE position to set it. The SET
PROTECT/ ENABLE switch is located at the top—enter of t he
THUNDERCLOCK card. It is a small plastic box with two buttons on the
bottom and two buttons on top. To set the time, you nust put the
switches in the SET ENABLE position by pushing the two bottom
buttons IN so that the two top buttons are OUT (refer to the picture
in Appendix ‘F"). After you have set the time you should put the
switches back into the PROTECT position by pushing the tw top
buttons IN so that the two bottom buttons are OUT.

RUN CLOCK

CLOCK is a program which displays a H —RES wall clock on the
screen. The hands nmove and an audible “ticking” can be heard as the
time passes second by second. The current date and tine are both
di splayed as an ASCI|I string at the bottom of the screen. Press the
<ESC> key to term nate the CLOCK program

RUN TIME

The TIME program displays the tine from the THUNDERCLOCK PLUS
in three different formats on the screen: the AMPM the 24-hour,
and Muntain Conputer Apple Cock formats. The last I|ine displays
the time as the day—ef-month and fraction. The TIME program also
allows you to set the time by pressing the <5> key. The current
values of the time will be displayed on the screen and the cursor
will be left positioned so you can curse over the ones that are
correct and change any you wi sh to change. When you press <RETURN>
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at the end of the line the THUNDERCLOCK will be Set to the new tine.
You nust place the SET PROTECT/ ENABLE switch on your THUNDERCLOCK to
the ENABLED position to do this. Renenber to set it back to the
PROTECTED position when you are done. You should exit the TIME
program by pressing the <ESC> key.

RUN FRAME

FRAME is a program that displays the current tine from your
THUNDERCLOCK in a franed border on your screen. Press the <ESC
key to exit.

RUN DEMO

DEMO is a program which denonstrates the various features of
the THUNDERCLOCK( PLUS. It displays a menu of possible options. You
select the feature you want to examine or denpbnstrate and the DEMO
program shows you how to use that feature in BASIC. If you have the
X—20 OPTION installed, you can sent commands to your BSR/ X—10O system
fromthe keyboard.

RUN ADIGCLK
RUN IDIGCLK

These two programs are the sane. One version (ADI CCLK) is
witten in APPLESOFT BASIC, the other version (IDIGCLK) is witten
in INTEGER. They show the time as a LO-RES color digital display on
the screen. You can change the colors or exit the program by
pressing the <ESC> key.

BRUN SCREEN

The SCREEN program displays the current time in a corner of the
screen using interrupts. This program runs “in the background” so
you can do other things with your APPLE in the “foreground”. SCREEN
will ask you which corner and what format you want. The tine wll
then be displayed and continuously wupdated in the corner of the
screen and you will be returned to the BASIC pronpt. You can do a
CATALOG, run a program or enter a new program from the keyboard.
Your APPLE is doing two things at once! Displaying the tinme under
interrupt control in the background and executing your commands from
the keyboard. If you press (RESET> or if you change the “text
wi ndow’ paraneters, the tine display will be disrupted or stopped.
You cannot run another interrupt—driven program (such as the
SCHEDULER) or boot another disk without first terminating this
“background” program Wen you want to termi nate SCREEN you nust use

the BACKOFF program (discussed below) . NOTE: |If vyou want to
transfer the SCREEN program (or TSCREEN or BSCREEN bel ow) to another
disk, be sure to transfer the SDTIME. O file as well, since it is

used by all three SCREEN prograns.



BRUN TSCREEN BRUN BSCREEN

TSCREEN and BSCREEN are just like the SCREEN program but they
don’t ask or the format or corner questions. They both display the
time in the AMPM fornmat, TSCREEN places it at the top—ight corner
and BSCREEN pl aces it at the bottom—ight corner.

RUN LASTBOOT

LASTBOOT displays the current time and then reads the file
BOOTI ME from your disk to See when it was last booted. It then
rewrites BOOTIME with the current time. Then it runs the |NIRO
program LASTBOOT is run at the end of the HELLO program |If you
have wite—protected vyour disk, LASTBOOT wll termnate with a
WRI TE—PROTECT error.

BRUN BACKOFF

BACKCOFF is the program you use to turn off the interrupt driven
SCREEN prograns and the SCHEDULER. It turns off interrupts and frees
up the space these prograns use. Wen you want to turn off one of
t hese background progranms you should do it using BACKOFF, otherw se
you will Jlose the space they use or accidentally get interrupts
turned back on when you don't want them That can lead to strange
results. Turning your APPLE off, then back on and rebooting always
turns interrupts off and starts you afresh.

RUN SLOTFINDER

SLOTFINDER is a sinple program that locates the slot vyour
THUNDERCLOCK is in. It examines the first three bytes of firnmware on
each card in your APPLE to see if any of them natch the first three
bytes of the firmware on the THUNDERCLOCK PLUS PC card. You could
use the TCPUTIL program to do this, but SLOTFI NDER shows you how to
do it in BASIC

RUN VISIFIX

If you have an early version of the VISIDEX program from
Visicorp, you can use the WVISIFIX program to wupdate it to be
conpatible for use with your THUNDERCLOCK PLUS. Once you have run
the VISIFIX program on your VISIDEX disk, VISIDEX will be able to
use your THUNDERCLOCK for its system clock. The VISIFI X program wll
give you step by step instructions when you run it.
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RUN TEST

The TEST program checks to see that your THUNDERCLOCK is
working correctly. You should see Appendix “U for conplete details
on its use.

RUN DO AT

The DO AT program allows you to run a program boot a disk, or
execute a DOS command at a time you specify. It will ask you for the
tine at which you want to perform a DOS comand and the command to
be perforned. It wll then wait until the tine you specified and
execute the DOS command. You can specify any valid DOS command such
as RUN MYPROGRAM BRUN SOVETHI NG CATALOG, or PR#6 to boot
the disk in Drive 1. Be sure to remenber to put the disk with the
program you want to run in Drive 1 after you have answered the DO AT
questions. DO AT is very wuseful for starting up sone particular
program or application at a specific tine with unattended operation.

BLOAD RDTIME

RDTIME is an assenbly |anguage subroutine which allows you to
read the time without using the on—ard firnware. It is discussed in
Chapters |V and V, and Appendix “E" contains a |listing of RDTIME.

THE SUPPORT UTILITIES

The SUPPORT UTILITIES are programs and files on your
THUNDERCLOCK BASIC Disk used by the DOS system and the other
prograns on the disk. Wth the exception of the HELLO program you

will probably never need to use them directly. They are discussed
here so that you will understand how they are used.
HELLO
APPLESOFT
One of these two prograns will be run when you boot your disk.

If your APPLE has APPLESOFT BASIC in ROM the HELLO program is run;
if it has INTEGER BASIC in ROM the APPLESOFT program is run. These
progranms check to see if your APPLE has a Language Card. If it does,
it is loaded with the language not in ROM (FPBASIC or |INTBASIC).
After this is done, the INTRO program is run if the APPLESOFT BASIC
language is available. If only INTEGER BASIC is available, the
| DI GCLK programis run instead.
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TCPUTIL

The TCPUTIL program is used by nany of the BASIC prograns on
this disk. Its described in detail in Chapter V of this manual.

SDTIME.O

Wien you run the SCREEN program it |oads SDTIME O between DCS
and its buffers. SDTIME.O is the assenbly |anguage program which
actual ly displays the time on the screen under interrupt control.

TEST.O

TEST.O is an collection of assenbly |anguage subroutines used
by the THUNDERCLOCK TEST program

VISIO.8

This file is used by the VISIFIX program when it updates your
VI SIDEX program disk to be conpatible for use with the THUNDERCLOCK
PLUS.

BOOTIME

This is a snmall text file maintained and used by the LASTBOOT
program |t contains the tine the LASTBOOT program was run.
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PROGRAMMING IN BASIC

The THUNDERCLOCK PLUS is an input/output device: you can read
characters fromit or wite characters to it. Wuat happens when you
read the THUNDERCLOCK PLUS is determined by the READ MODE, and what
happens when you wite to it is determined by the WRITE MODE. The
READ MODE selects the format in which the tine is returned on a
read, while the WRITE MODE decides what the THUNDERCLOCK PLUS does
with characters witten to it. These two npdes are set by witing
speci al characters to the  THUNDERCLOCK  PLUS. These  speci al
characters are called MODE CONTROL characters.

SETTING THE READ MODE

The READ MODE is selected by witing special MOIDE CONTROL
characters to the THUNDERCLOCK PLUS. In BASIC this can be done
conveniently as part of the INPUT statement used to read the tine.
For exanmple, if you wanted to read the tine in the AMPM format from
a THUNDERCLOCK PLUS in slot 4 into the string variable T$ you would
use an input statenent like this:

<APPLESOFT BASI C

10 D$=CHR$(4): REM CNTL/D
20 PRI NT D$; " PR#4’

30 PRINT D$; " | N#4”

40 INPUT “%; T$

50 PRI NT D$;’ PR#C’

60 PRI NT D$; "I N#O

<| NTEGER BASI C>

10 DI M T$( 25)

20 D$="": REM CNTL/D
30 PRINT D$; " PR#4”
40 PRINT DS;’ | N34”
50 | NPUT “>', T$

60 PRI NT D$; " PR#O"
70 PRINT DS;” | N#O'

First the INPUT statenent wites the character “% or “>" to the
THUNDERCLOCK PLUS, setting the READ MODE to the AMPM format. The
I NPUT statenment then reads fromthe THUNDERCLOCK PLUS and the tine
is returned in T$ in the AM PM format.

READ MODE CONTROL CHARACTERS

Here are the READ MODE control characters and their effects:

Sets the READ MODE to return the tine in the AMPM ASCI| string
format. After executing the APPLESOFT BASI C st at ement

INPUT “%; T$
the string variable T$ will contain a string such as

TUE MAY 12 4:32:55 PM
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Sets the READ MODE to return the tine in the AMPM
format. After executing the | NTEGER BASI C st at enent

INPUT “> | T$
the string variable 1$ will contain a string such as

TUE MAY 12 4:32:55 PM

Sets the READ MODE to return the tine in the 24 hour
format. After executing the APPLESOFT BASI C st at enment

I NPUT “&";T$

the string variable 1% will contain a string such as

TUE MAY 12 16:32:55

Sets the READ MODE to return the tine in the 24 hour
format. After executing the | NTEGER BASI C st at enent

INPUT ‘<, T$

the string variable IS will contain a string such as

TUE MAY 12 16:32:55
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" " ( SPACE)

Sets the READ MODE to return the tine in the Muntain Conputer Apple
Clock Format. After executing the APPLESOFT BASI C st at enent

I NPUT

or the I NTEGER BASI C st at ement

INPUT " ":T$

the string variable T$ will contain a string such as

05/12 16; 32; 55. 00O

Sets the READ MODE to return the tine in the numeric format. After
executing the APPLESOFT BASI C st at enent

I NPUT “#“; MO, DW DT, HR, M\, SEC

or the | NTEGER BASI C st at ement

I NPUT “#“, MO, DW DT, HR, MN, SEC

the variables in the variable list wll ~contain the follow ng
i nteger val ues:

MO The current month (1 thru 12).

DW The current day—ef —+the—week (0-6)
wher e 0=Sunday, 1=Monday 6=Sat ur day.

DT The current date (1 thru 31).

HR The current hour (0 thru 23).

MN The current minute (O thru 59).

SEC The current second (0 thru 59).

SETTING THE WRITE MODE

The WRITE MOXDE is selected in the sane manner as the READ MODE,
by witing special MODE CONTROL characters to the THUNDERCLOCK PLUS.
From BASIC this is done by using the PRINT statenent. Setting the
WRI TE MODE deternmines what the THUNDERCLOCK PLUS will do wth
subsequent characters witten to it. Unless told otherwise, the
THUNDERCLOCK PLUS assunes that characters witten to it should be
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interpreted as BSR/ X—20O commands and should be gent to. the BSR X+O
ULTRASONIC COWAND CONSOLE (see the —chapter on the BSR X420
I NTERFACE). W will only summarize the WRITE MODE control characters
here, they are discussed in nore detail in other sections of the
manual :

Alerts the THUNDERCLOCK PLUS that the characters that follow,
up to the next <RETURN>, are to be used to set the tine (see SETTING
THE TI ME bel ow).

"*" Alerts the THUNDERCLOCK PLUS that the next character should
be interpreted as a “COWAND DURATION' for subsequent BSR/ X—320
commands (see the chapter on the BSR/ X—10 | NTERFACE) .

“/” Selects one of the three interrupt rates the THUNDERCLOCK
PLUS can generate. See the chapter on USI NG | NTERRUPTS.

SETTING THE TIME FROM BASIC

The first step in setting your THUNDERCLOCK is to place the
SET PROTECT/ ENABLE SWTCH on the PC card to the SET—ENABLE position
(see the SET TIME program on page 2-2). Setting the time from BASIC
is done by setting the WRITE MODE to the “SET TIME MODE’ and passing
a string of characters in the proper format to the THUNDERCLOCK
PLUS. The character “!” alerts the THUNDERCLOCK PLUS that the
characters that follow should be used to set the tine. The “!” nust
be followed by the time in the exact format shown bel ow

!'NM W DO HE MM SS<RETURN>

Note that each field is separated by a <SPACE> character and the
entire string is termnated with a <RETURN>. The fields have the
foll owi ng meani ngs:

NM Two ASCI| digits (01-22) defining the nmonth,
where 01=JAN, 02=FEB,..., 12=DEC.

W One digit (0—6) defining the day—ef —+he—week,
where 0=SUN, 1=MON, ..., 6=SAT.

DO Two digits (01-31) defining the date in the nonth.

HR Two digits (00—23) defining the hour in 24-hour tine,
where 00=midnite, 01=1 AM...,|1=11AM 12=noon,
13=1PM ..., 23=l1PM.

NM Two digits (00-59) defining the mnute.

SS Two digits (00-59) defining the second.
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Wien the string is witten to the THUNDERCLOCK PLUS, and the
SET/ PROTECT switches are in the SET position, the tine base in the
THUNDEROLOCK PLUS will be set to the time specified in the string.
For exanple, let’'s say you wanted to set the tine to Thursday, March
7th 2:08:30 PM Since the tine is PM we add 12 hours to convert to
24—hour time and get 14 hours. Thursday is the 4th day—ef—+the week.
Let’'s say the THUNDERCLOCK PLUS is in slot #3. The BASIC program

10 PRI NT D$; " PR#3”
20 PRINT “1G3 4 07 14 08 30"
30 PRI NT D$; " PR#0”

sets the tine as we wanted. NOTE THAT YOU MJST | NCLUDE THE LEADI NG
“0" IN TWO-BIA T FIELDS IF THE VALUE |S LESS THAN 10. Here is short
and sinple BASIC tine—setting program one version for APPLESOFT and
the other for | NTEGER:

<APPLESOFT BASI C>

10 D$=CHR$(4): REM CNTL/D
20 PRINT “TIME? MM W DD HH MM SS"
30 HTAB 7

40 INPUT “*; S$

50 PRINT D$; “PR#3"

60 PRINT D$; “IN#3"

70 PRINT "!":S$

80 INPUT "% ; T$

90 PRI NT DS; “ PR#0”

100 PRI NT D$; " | N#0"

110 PRINT T$

<I NTEGER BASI C>
10 DI M T$(25), S$( 25)

20 D$="": REM CNTL/ D

25 CALL -936

30 PRINT “TIME? NM W DD HH MV SS’
40 VTAB 1: TAB 7

50 | NPUT “*, S$

60 PRI NT D$; " PR#3"

70 PRINT D$; *1N#3”

80 PRINT “!“;S$

90 I NPUT “>*, T$

100 PRI NT D$;” PR#0”

110 PRI NT D$;” | N#O'

120 PRINT T$

130 END

This program asks you for the time and prints the fields that need
to be entered. It then sets the clock, reads the tinme back, and
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prints it for your verification. Be sure to put the SET/PROTECT
switches back into the PROTECT position after setting the time to
insure absolute tine base integrity against accidentally clobbering
by prograns that bonmb or go astray.
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CHAPTER Il
THE BSR/X-1 0 INTERFACE

THUNDERWARE's X—20O ULTRASONIC | NTERFACE OPTION allows your
APPLE Il to transmt control signals to your BSRI X210 ULTRASON C
COMWWAND CONSCLE. The COMVAND CONSOLE then inpresses these control
signals on your already existing 110V AC wiring to renpotely control
lights, appliances, or alnost any electrical device you plug into a
BSR/ X210 REMOTE MODULE. The THUNDERCLOCK PLUS BSR/ X—10O ultrasonic
interface is designed to operate with the BSR X320 ULTRASON C
COMVAND CONSCLE, npodel UC 301 or nodel X10-014301 (SEAR S). This is
the COWAND CONSOLE that operates with the BSR X320 CORDLESS
CONTROLLER. Be sure you have the right nodel COWAND CONSOLE or it
will be unable to “hear” the signals from your THUNDERCLOCK PLUS
BSR/ X— O ul trasonic interface.

You should read the OABNER' S MANUAL that came with your BSR/ X210
system and understand the terns wused to describe the various
conmponents of the BSR/ X320 system W will use then extensively in
this discussion. It would be a good idea to spend sonme time |earning
how to use the BSR X320 system nmanually so you understand how the
various functions (ON, OFF, DIM BRI GHT, etc.) work.

The THUNDERCLOCK PLUS BSR/ X—0O ultrasonic interface consists of
an ultrasonic transducer which converts the electrical signals sent
by your THUNDERCLOCK PLUS into wultrasonic signals which can be
detected by the BSR X320 ULTRASONIC COWAND CONSOLE. The COWWAND
CONSOLE then inpresses these control signals onto the 110V AC wring
in your hone or business. The BSR/ X210 REMOTE MODULES plugged into
the 110V AC wiring detect these signals and perform the specified
actions.

Before going any farther, be sure that your THUNDERCLOCK PLUS

ultrasonic transducer is properly installed. See the section on
I NSTALLI NG THE BSR/ X— O ULTRASONI C TRANSDUCER i n CHAPTER 1.

THE THUNDERWARE SCHEDULER SOFTWARE

The THUNDERWARE SCHEDULER SOFTWARE package is a powerful tool
which allows you to define schedules for controlling your BSR X210
REMOTE MODULES. Qur nenu—driven software allows you to define
conpl ex schedules easily and save them on disk. The SCHEDULER runs
in~ the background under interrupt control, while you run another
program in the foreground. The SCHEDULER SOFTWARE, along with a
nunber of  denv, time setting, and utility prograns for the
THUNDERCLOCK PLUS, comes on disk with the X—20 ULTRASONI C | NTERFACE
OPTI ON.
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SENDING BSR/S-10 COMMANDS FROM YOUR OWN BASIC
PROGRAMS

Your BSRI X320 COMWAND CONSOLE has 22 buttons for sending
commands. These are labeled thru 16, ON, OFF, BRIGHT, DIM ALL
LIGHTS ON, AND ALL OFF. The THUNDERCLOCK PLUS X—210O ULTRASONI C
I NTERFACE can send all 22 of these commands. You also have control
over the "duration” of the conmands, that is, how long a command is
transmtted. Wen you use your BSR X210 COWAND CONSOLE nmanually,
YOU determine the duration by how long you press the button. The
“duration” control feature is used primarily in conjunction with the
DI M and BRI GHT control s.

To send commands to your BSR/ X—10 ULTRASONIC COWVVAND CONSOLE
thru the  THUNDERCLOCK  PLUS, you just wite the characters
corresponding to the command buttons to the THUNDERCLOCK PLUS. These
characters are:

BUTTON CHARACTER BUTTON CHARACTER
1 A 12 L
2 B 13 M
3 c 14 N
4 D 15 0
5 E 16 P
6 F N Q
7 G OFF R
8 H BRI GHT s
9 [ DM T
10 J ALL LITES ON U
11 K ALL OFF v

Your program wites these characters to the THUNDERCLOCK PLUS using
the BASIC “PRINT” statenent. For exanple, suppose your THUNDERCLOCK
PLUS is in slot 4. The program

<APPLESOFT OR | NTEGER BASI C>

10 D$="": REM CNTL/D
20 PRI NT D$; " PR#4”
30 PRI NT “ ADQIKR’

40 PRINT D$; “PR#0"

would turn REMOTE MODULES 1 and 4 ON and REMOTE MODULES 10 and 11
OFF.

At this point we are ready for some “hands on” experience. You
will need to get two of your REMOTE MODULES. For these experinments
you should have one LAMP MODULE with its UNIT CODE dial set to “1”
and one APPLI ANCE MODULE with its UNIT CODE dial set to “4”. Be sure
that both REMOTE MODULES and your COVMAND CONSCLE “HOUSE CODE’ dials
are set to the SAME letter. Plug both REMOTE MODULES into wall
outlets nearby. Plug an incandescent light into the LAMP MODULE and
be sure the light is turned ON. You need not plug anything into the
APPLI ANCE MODULE, as it mmkes an audible “click” when it is
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activated. Be sure your COVMMAND CONSCOLE is plugged in. To be sure
everything is setup properly, open the cover on your COWAND CONSOLE
and press the buttons “is, and “4”, then press “ON' and “OFF". You
shoul d have heard the APPLI ANCE MODULE “click” and the light should
have gone off. If not, check that you have things set up properly
and try again.

Now let’s enter a short BASIC program that wll allow us to
exercise the  THUNDERCLOCK PLUS BSR/ X—10 conmmand capability.
Substitute the slot nunber where you ve placed your THUNDERCLOCK
PLUS for the “?* bel ow

<APPLESOFT BASI C> <I NTEGER BASI C>

10 D$=CHR$(4): REM CNTL/D 10 DI M C$(80)

20 1 NPUT “ COMMANDS: " ; C$ 20 DS="": REM CNTL/D
30 PRINT D$; " PR#?" 30 | NPUT “ COMMANDS: *, CS
40 PRINT CS 40 PRINT D$; " PR#?"

50 PRINT D$; “PRHO" 50 PRI NT CS

60 GOTO 20 60 PRI NT D$; " PR#0"

Now if we run this programit asks:
COMVANDS:

Let's type the letter “A” followed by a return. Did you see the red
light on the front of your COMMAND CONSOLE come on nonentarily? Try
it again. If the red Iight did nt go on, nake sure the THUNDERCLOCK
PLUS ul trasoni c transducer is properly connected and positioned.

Now let’s try turning REMOTE MODULES 1 and 4 ON and OFF. Type
“ADQR’' followed by return. The red light should flash, you should
see the light plugged into the LAMW MODULE go on and off, and hear
the APPLIANCE MODULE click. |If you type “ADQRQRQRQ" followed by
return, the light and APPLI ANCE MODULE should go on and off several
tinmes. Getting the hang of it? Try typing “ATS’, that should dim and
then brighten the light in nodule 1. Wich brings us to the DIM and
BRI GHT functi ons.

BRIGHT AND DIM CONTROL

Both the BSR/ X—210 LAWP MODULE and WALL SWTCH MODULE have DI M
and BRIGHT control capability. The APPLIANCE MODULES do not (you
woul dn’t want to DIM your washer, would you?). How DIM or BRIGHT a
light gets depends on how long you hold down the DIM or BRI GHT
button on your COVMAND CONSOLE. This is called the “duration” of the
DI M or BRI GHT conmmand.

The BSR/ X—0 REMOTE MODULES have a total range of 128 separate
steps between fully BRIGHT and totally DIM The THUNDERCLOCK PLUS
ultrasonic interface allows you to specify the duration of a DIM or
BRI GHT command. This is acconplished by witing a special WRI TE MODE
CONTROL character to the THUNDERCLOCK PLUS. When the character “*”

3-3



(asterisk) is witten to the THUNDERCLOCK PLUS, it alerts it that
the next character it receives should be interpreted as the DURATI ON
of any further commands. The characters used to define the duration
are “A" thru “Z". “A’ sets the duration to its shortest value (0.1
seconds) , “Z" to its longest (5 .3 seconds). The letters “A’” thru
“Z" used here for duration control should not be confused with the
letters “A" thru “V used as commands. The THUNDERCLOCK PLUS
interpretes only the first non-space character after a “*’ as a
duration code. A duration of approximately 3.4 seconds wll| traverse
the full BRIGHT+o-BIM or DI M+to-BRIGHT range in one operation. The
exact duration in seconds corresponding to each duration control
character can be found in the QU K-REFERENCE SUMMARY on the | ast
page on this manual. |If you wanted to traverse, say, 64% of the full
range, you would send the duration control character whose duration
was closest to 64% of 3.4 seconds (2.17 seconds). That would be the
duration control character “K’.

Each tine you “initialize” the THUNDERCLOCK PLUS by executing a
“PR#Nn: | N#n” statenent in BASIC, a default duration code is set,
equivalent to the duration code “E’. Once a duration has been set,
it remains in effect for all follow ng conmands until a new duration
code is set or until you do another PR/IN to the THUNDERCLOCK PLUS.

Let's try using the duration control feature in our program
above. In response to the “COMMAND: ” pronpt let's type

“ARQ*R TS

followed by a return, we have put sonme spaces in the line to make it
nore readable. The THUNDERCLOCK PLUS will ignore the spaces, so we
can use them freely. This command sequence reads: Mdule 1, OFF, ON,
set duration of following comands to “R', DIM BRIGHT. The Iight
plugged into REMOTE MODULE 1 should go OFF, then ON, then it should
go fully DIM then go back to fully BRIGHT. Wen the THUNDERCLOCK

PLUS sees the “*“ it knows that the next character, “R’, is the
duration code for the following DIM (“T") and BRIGHT (“5") conmands.
Let’s try that again, but this time we'll run the light thru several

DI M BRI GHT cycles with:
“A *R TSTSTSTSTS”

The smallest DIMBRIGHT duration code is the character “A’. Each
DIM BRI GHT command we send wusing this duration wll increase or
decrease the brightness by 1/128th of the full range. Let’s dim the
light connected to REMOTE MODULE “1" to about 3/4 full brightness,
then dimin the smallest steps possible:

AMT *A TTTTTTTTTTTTTTTITTTTITTTTTTTTT

The “*M sets the “duration” to about 2.6 seconds, so when the
followng DIM conmand (“T") is executed it dins the light to about
3/4 its full brightness. The “*A" then sets the “duration” to the
shortest possible value, about 0.1 seconds, and the DM comands
that follow step the brightness down by 1/128th each.
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Note that commands other than DIM and BRI GHT should be sent wth
duration codes of “C' or greater. The BSKR X0 system may not work
reliably if you use duration codes “A” and B’ with any conmands
ot her than DI M and BRI GHT.

Now that you understand how to use your THUNDERCLOCK PLUS to
send BSR commands, try witing sone sinple BASIC prograns that send
commands to your REMOTE MODULES at specific times or intervals of
time using the clock function of the THUNDERCLOCK PLUS. Here's a
little program that alternately dins and brightens the [light
connected to REMOTE MODULE “1" every minute (replace the “?* wth
your sl ot nunber):

<APPLESOFT BASI C

5 D$—CHR$(4): REM CNTL/D

10 PRI NT DS;” PR#?"

15 PRI NT DS$; " | N#?”

20 | NPUT “#“; MO, DW DT, HR, NN, SEC

30 IF SEC = 0 THEN PRINT “*D A *N T

40 |F SEC = 30 THEN PRINT “*D A *N S’
50 GOTO 20

<I NTEGER BASI C>

5 D$—=": REM CNTL/D

10 PRI NT D$; " PR#?”

15 PRI NT D$; " | N#?”

20 I NPUT “#", MO, DW DT, HR, MN, SHC

30 IF SEC = 0 THEN PRINT “*D A *N T”
40 I|F SEC = 30 THEN PRINT “*D A *N S”
50 GOTO 20
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CHAPTER IV
USING YOUR THUNDERCLOCK
FROM ASSEMBLY LANGUAGE

You can use all the features of the THUNDERCLOCK PLUS from
assenbly |anguage. The same READ MODE and WRITE MODE control
characters previously described apply in this discussion. There are
two entry points in the firmvare used to READ and WRITE the
THUNDERCLOCK PLUS. The WRITE entry point is at address $CNOB and the
READ entry point is at address $CNO8. The “N' in these two addresses
represents the slot nunber of the THUNDERCLOCK PLUS. Reading and
witing is acconplished by a sinple subroutine call. On a WRITE
call, the character to be witten to the THUNDERCLOCK PLUS should be
in the A-REQ STER For the purposes of this discussion, let’'s assunme
you have placed the following definitions at the start of vyour
program

EIJTCP EQU $CNO8 ; READ ENTRY PO NT
WITCP  EQU  $CNOB ; WRI TE ENTRY POl NT

READING THE TIME

After you have set the READ MODE by witing the appropriate
READ MODE CONTROL character to the THUNDERCLOCK PLUS, you read the
time by executing a “JSR RDTCP". Upon return from this subroutine
call, the time will be stored as an ASCI|I string in the GETLN input
buffer at address $200. The format of the string is determ ned by
the READ MODE |ast set. Upon return, the X—REGQ STER will contain the
length of the string in the GETLN buffer. The last character stored
inthe time string will be a CARRI AGE RETURN character ($80).

For exanple, if you wanted to read the tine in the AMPM ASCl |
string format, your code would look like this:

LDA #$BE >
JSR WITCP ;SET AM PM READ MODE
JSR RDTCP ; READ TI ME | NTO GETLN BUFFER

The first character placed in the GETLN buffer is used to “fake” the
BASIC input routines so they wll accept the character “:“ which
occurs in the tine strings wthout giving the “EXTRA |GNORED
MESSAGE. for READ MODES “% and “& the first character in the GETLN
buffer will be the double—gquote character ($A2) . For READ MODES *“>“
and “<“ the first character will be a space ($AO.

When you read the tine in the numeric node (“#“), the format is

different than that for ASCI| strings. The tine is returned as a
series of fields separated by comms. Each field consists of two
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ASCI| characters (“0" through “9") representing the decinmal values
of nmonth, day—ef-—-week, date, hour, nminute, and second. |If your
program | ooked |ike this:

LDA #$A3 ;"#"
JSR WITCP ; SET NUMERI C READ MODE
JSR RDTCP ; PUT VALUES I N GETLN BUFFER

Then upon return from the RDTCP subroutine call the GETLN buffer at
$200 woul d contain a character string of the form

09, 01, 17, 22, 46, 57

whi ch woul d translate as:

09 = The nonth, OCTOBER (OL=JAN,. .., 12=DEC)

01 = The day—ef —week, MONDAY (00=SUN, ..., 06=SAT)
17 = The date, 17th (00-31)

22 = The hour, 10 PM (00-23)

46 = The minute (00-59)

57 = The second (00-59)

THE MOUNTAIN CLOCK FORMAT

If you want to read the time in the Muntain Conputer Apple
Clock format from assenbly |anguage, you handle things a little
differently. Witing a space character ($A0 to the THUNDERCLOCK
will NOT return the Muntain format on the next read. Instead, you
nust wite a $00 to one of the peripheral slot scratchpad nenory
addresses immediately before calling the READ entry point. This
address is $5F8+N, where N is the slot nunmber of your THUNDERCLOCK.
Here's an exanple for a THUNDERCLOCK in slot 4:

LDY #4 : THUNDERCLOCK SLOT #
LDA #0

STA $5F8, T ; SET MHC FORMAT

JSR RDTCP ; PUT TI ME I N BUFFER

Upon return from the READ call the tine string, in the Mountain
Conmputer format, will be in the GETLN buffer starting at $200.

SETTING THE TIME

Setting the tine from assenbly |anguage requires successive
wites to the THUNDERCLOCK PLUS in the exact format described in
SETTING THE TIME in Chapter |l. Renenber that the first character of
the tine setting string nust be a “!” and the |ast character nust be
a carriage return.
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READING THE TIME DIRECTLY
WITHOUT USING THE FIRMWARE

The firmmvare supplied on the THUNDERCLOCK PLUS makes it easy to
read the tinme from BASIC or assenbly |anguage. But there nay be
tines when you wish to access the tine without calling the firnware.
The THUNDERCLOCK firnware wuses the expansion ROM nenory space
(sonetinmes referred to as the “shared |/O space”) from $C800 thru
$CBFF (1024 BYTES). This nmenory space is enabled whenever you call
the THUNDERCLOCK' s firmmvare. |If the tine nust be read from an
interrupt—+evel program (see Chapter V), or you do not want the
$C800 “shared” 1/O space enabled, you wll have to read the tine
wi thout accessing the firnware. The THUNDERCLOCK PLUS uses a clock
chip (NEC uPD1990C), which nmintains the time and date information
as 40 bits (ten 4-bit nibbles) in registers internal to the clock
chip. These registers are not directly accessible from the APPLE s
data bus. Instead, these 40-bits nust be shifted, out of the clock
chip serially. Appendix “E" is a Ilisting of the short assenbly
| anguage program RDTIME which can be called as a subroutine to read
the tine and date and place their values in nenory. It contains the
required control routines and can be used as a guide in designing
your own RAM-based driver. A version assenbled to BLOAD at $7000 is
supplied on the THUNDERCLOCK BASI C di sk.

SENDING BSR/X-10 COMMANDS

You send BSR/ X210 commands using the same “conmand button
characters” described in Chapter 1l1l. Here’'s a sanple program that
sends a string of BSR/ X—20O commmuands to a THUNDERCLOCK in slot 3:

WTCP  EQU SC30B

START LDX #0 ; NI TI ALI ZE STRI NG PO NTER

*

LOOP LDA CMDSTR, X ; GET A BSR COMVAND CHAR
BEQ DONE ; BRANCH | F END OF STRI NG
JSR WITCP ; SEND TO THUNDERCLOCK
I NX ; BUMP STRI NG PO NTER
BNE LOOP ; AND CONTI NUE

*

DONE JMP  $FF69 ; DONE, GO TO MONI TOR

*

Khkhkhkhhhhhhhkkhkhkhkhhhhhhhhkhkhkhkhkhhhhhhhhhkhkhkhkhkhkhhhkhk

* THE BSR COMMANDS STRI NG

* SET DURATION TO “C", 1 AND 2 OFF, THEN ON,
* SET DURATION TO “M', DIM BRI GHT
*

CMDSTR ASC “*C ABRQ *M TS”
HEX 00
END
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CHAPTER YV
ALL ABOUT INTERRUPTS

The  THUNDERCLOCK PLUS can generate interrupts at three
different rates: 64Hz, 256Hz, and 2048HZ. Before getting into the
details of wusing interrupts with the THUNDERCLOCK PLUS, a general
di scussion of interrupt use in the APPLE Il is in order. Al though
this next section is sonewhat conplex, read on, it get’'s nore BASIC
later on.

Wien an interrupt is generated by a peripheral card in the
APPLE II, the processor (the 6502) ignores it if the |NTERRUPT
DI SABLE FLAG in the PROCESSOR STATUS REGQ STER is set (=1) or
acknow edges it if the |INTERRUPT DI SABLE FLAG is clear (0). Wen it
acknow edges the interrupt, the follow ng sequence of events occurs:

The current contents of the PROCESSOR STATUS REGQ STER (P) and
the PROGRAM COUNTER (PC) are pushed onto the stack. The next
instruction is taken from the address contained in |ocations $FFFE
and $FFFF. In the APPLE Il MONITOR ROVMS this address points to a
routine in the MONITOR called “IRQ. This routine saves the contents
of the A-REG STER in PAGE ZERO |ocation $45, and pulls the contents
of the PROCESSOR STATUS REQ STER saved when the interrupt occurred
from the stack and inspects it to see if the interrupt was caused by

a “break” instruction (a $00). If not, it assunes that it’'s a real
interrupt and junps to the interrupt routine beginning at the
address contained in locations $3FE and $3FF. The “INTERRUPT

ROUTI NE” should save the contents of the K and Y REQ STERS, reset
the | NTERRUPT REQUEST hardware |ogic on the peripheral card, and do
what ever needs to be done (the interrupt task). Wen it is done, it
shoul d restore the saved contents of the X and Y REG STERS, |oad the
A-REG STER with the contents of PAGE 0 location $45 (saved at the
beginning by the MONITOR) and return to the interrupted program by
executing an RTI instruction.

ENABLING INTERRUPTS

In normal operation the THUNDERCLOCK PLUS does not generate
interrupts. It takes a specific set of actions to enable interrupts.
You nmust first put the address of the machine |anguage *“I|NTERRUPT
ROUTINE” in locations $3FE/ $3FF, with the LEAST SIGNIFICANT 8 bits
of the address going into $3FE and the MOST SIGNIFICANT S bits of
the address going into $3FF. To actually enable interrupts, two
actions nust be performed: (1) A value of $40 nust be witten to
the THUNDERCLOCK PLUS |NTERRUPT CONTROL REGQ STER (2) A “CLI”
(Cear Interrupt Mask) instruction nust be executed to be sure the
processor will recognize interrupts.
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This is done by the follow ng sequence of instructions:

LDY SLOTNO
LDA #$40
STA $C080, Y
CLI

where the Y-REGSTER is loaded with the SLOT nunber of the
THUNDERCLOCK PLUS in the wupper 4 bits ($10 for SLOT #1, $20 for
SLOT #2,..., $70 for SLOT #7). PLEASE NOTE that the THUNDERCLOCK
CONTROL REG STER nust always be addressed using the indexed—Y node.
Ref erencing the CONTROL REG STER using an absolute address will not
wor k properly.

Now when an interrupt from the THUNDERCLOCK PLUS occurs, the
processor wll transfer control to the “INTERRUPT ROUTINE' whose
address you placed in $3FE/ $3FF. After saving the X and Y Registers,
you nust clear the interrupt generated by the hardware logic on the
THUNDERCLOCK PLUS peripheral card. This is done by the followng
sequence of instructions:

LDY SLOTNO
LDA $C088, Y
LDA SC080, Y

The | NTERRUPT ROUTINE may now perform whatever task needs to be
done. At conpletion, it needs to restore the saved contents of the X
and Y REG STERS, load the AREG STER with the saved contents in $45,
and execute an RTI.

DISABLING INTERRUPTS

Interrupts fromthe THUNDERCLOCK PLUS can be di sabled (turned
off) in any one of four ways:

(1) By writing a zero ($00) into the THUNDERCLOCK PLUS | NTERRUPT
CONTROL REG STER at address $C080, Y. This resets (turns off) the
THUNDERCLOCK PLUS interrupt generating hardware.

(2) By hitting the RESET key on the keyboard. This resets the
THUNDERCLOCK PLUS interrupt generating hardware.

(3) By READING or WRITING the THUNDERCLOCK PLUS. This resets the
THUNDERCLOCK PLUS interrupt generating hardware (see bel ow).

(4) By executing a “SEI” (set interrupt mask) instruction, which
does not turn off the interrupts being generated by the THUNDERCLOCK
PLUS, but prevents the 6502 processor from “seeing” them This is a
convenient way to temporarily suspend interrupts. You can turn them
on again by executing a “CLI"” instruction.
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There may be occasions when you want to be able to read or
wite the THUNDERCLOCK from the foreground while leaving Interrupts
running. Normally interrupts would be left disabled after you read
or wote the THUNDERCLOCK. If you want interrupts to be left enabled
after a read or wite, you nust place the value of $40 in two
“screen” bytes as well as in the THUNDERCLOCK | NTERRUPT CONTROL
REG STER. The addresses of the screen bytes are $478+n and $7F8+n,
where “in” is the slot nunber is the lower 4 bits. You should be
sure to zero these two bytes when you want to disable interrupts
conpl etely.

READING THE TIME FROM AN INTERRUPT-LEVEL ROUTINE

If it is necessary to read the time from an interrupt—evel
routine, care nust be taken. If you attenpt to read the tinme from
the THUNDERCLOCK by calling the on—ard firmvare, sonme undesirable
side effects wll occur. The THUNDERCLOCK' s firmmare will place the
time in the GETLN buffer at $200, possible destroying characters
being put there by the wuser thru the keyboard for the foreground
program Also, because the THUNDERCLOCK s firnmware uses the $C800
“shared” 1/0O space, you may cause conflicts with other peripheral
cards using that space. |If your foreground program has called a
peri pheral using the $C800 space and an interrupt from the
THUNDERCLOCK occurs, you don't want to call the THUNDERCLOCK s

firmvare because it will turn off the foreground peripheral’s $C800
space. Wen you return from the THUNDERCLOCK s interrupt routine,
the foreground peripheral’s $C800 firmmvare will be “gone”, and the

results are usually catastrophic.

Instead of calling the THUNDERCLOCK' s firmvare from your
interrupt—+evel routine to read the tine, you should incorporate the
assenbly |anguage subroutine “RDTIME" to do this for you. This short
subroutine is listed in Appendix “E" and a version assenbled to run
at $7000 can be found on the THUNDERCLOCK BASIC Disk that cane with
your THUNDERCLOCK.

POLLING FOR INTERRUPTS

If there is more than one peripheral in your APPLE generating
IRQ interrupts at the sane tine, you need to he able to tell which
peri pheral has caused the interrupt. If, for exanple, you had both
the THUNDERCLOCK and a serial—eard generating interrupts, then when
an |RQ interrupt occurs you nust determne whether that interrupt
was caused by the THUNDERCLOCK or the serial—ard. You can determ ne
if the interrupt was caused by the THUNDERCLOCK by examining the

THUNDERCLOCK' s “interrupt asserted flag” in the THUNDERCLOCK
CONTROL REGQ STER. Wien the THUNDERCLOCK causes an interrupt, bit 5
will he set (—2). If this bit is clear (=0), then some other device



is causing the IRQ interrupt. The follow ng sequence of instructions
checks that the interrupting peripheral is the THUNDERCLOCK PLUS:

LDY SLOTNO ;

LDA $C080, Y ; GET CONTROL REG STER

AND #$20 yCHECK BIT 5

BEQ NOTTCP ; BRANCH | F CLEAR, NOT THUNDERCLOCK

LDA $C080, Y ; CLEAR THE | NTERRUPT
LDA $CC88,Y ; WE JUST RECEI VED

Note that the “interrupt asserted bit” is automatically cleared when
you clear the interrupt with the last two instructions above.

NOW THAT YOU KNOW ABOUT INTERRUPTS
WHAT CAN YOU DO WITH THEM?

Interrupts can be wused for a variety of purposes. Most
frequently they are used to assure that sonething happens at regular
intervals of tine. Such things as analog—to—digital conversion,
periodically checking the “RING indicator of a MDEM for an
incomng call, toggling an output at regul ar intervals, or
accurately timng an interval between events. The THUNDERCLOCK PLUS
can generate interrupts at any one of three software selectable
rates: 64HZ, 256HZ, or 2048HZ. The interrupt rate is set to 64HZ
automatically whenever you SET THE 