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o! You’ve done it again! You’ve gone out 
and bought yet another computer book. 
Just wait till you get home — “There you 
go, spending more money on that §7%<*>* 

£%’§* computer while the rest of us can’t even 
afford a night at the movies any more.” 

Yes my friend, like it or not, you are a 

confirmed hacker. In the early days of 
computerism, to be called a ‘hacker’ was an 
insult: it implied an unkempt slob, a bore with 
never a thought except for the holy machine. 
Today, the meaning of the term has flipped 180 
degrees. 

Now, the hacker is held in considerable awe 
among more conventional computer people. The 
hacker is the person who digs deep below the 
surface of BASIC or Pascal or whatever, into the 
bowels of the computer’s operating system. 
Hackers may not be completely expert with the 
computer's high-level language because they 
seldom use it. To hackers, a high-level language 
is really a useful collection of machine code sub- 

routines. 
This book celebrates the art of hacking as 

applied to the Microbee. It’s almost as if the 
Microbee was designed specifically with hackers 
in mind. Like Doolittle’s famed Pushmi-pullyu, its 
rear end is just as interesting as its front. At the 
back you will find up to five sockets, carrying a 
total of nearly 100 pins. Every one of them is 

there to allow you to put information into, or 
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take information from, your Microbee. Many 
sections of this book will show you how to 
‘hook things up’. 

The Microbee comes from a company called 

Applied Technology, whose main claim to fame 
used to be its series of circuit board kits, which 
could be plugged together to form a complete 
computer — sort of. Hackers loved them. They 

bought the kits and made ‘improvements’ as 
they assembled them. There were some weird 

computer systems around back in those days. 
Applied Technology also turned out kits for 

the ‘Dream’ computer, a learner’s micro. Many 
hackers developed their addictions on these 
machines, and even today, amidst all the IBMs 
and Apples, Dreams are cherished possessions. | 
certainly won’t be parting with mine. 

The Microbee was dropped upon us in a 
supplement to ‘Your Computer’ magazine in 
February, 1982. There, in glowing colour, was a 
picture of a new computer kit with a full 

keyboard instead of the Dream’s 16 hexadecimal 

keys — and it ran BASIC. 

| wanted one, everyone wanted one, but for 
a long time nobody got anything. Applied 

Technology was caught with its proverbial pants 
down; it just couldn’t deliver the landslide of 
orders. Every phone call was met with the 

response Jerry Pournelle always relates in ‘Byte’: 

“Real soon now ... ” But, to make a long story 
short, the Bees eventually started flowing, new
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models came out, and Applied Technology grew 
and grew. 

The kit Microbees didn’t stay kits for long. 
They were quite fiddly to build, and a sleeping 
disaster for the first-time kit builder. Soon, 
ready-made became the rule, but not before 
lots of hackers enjoyed the satisfaction of 
building and showing off a home-made com- 
puter. 

The first model change came with the ‘Plus’. 
This was simply a normal Microbee with a 
parallel port plug and memory battery fitted as 
standard, instead of being optional. Further 
model changes were mostly internal in nature, 
involving such things as using fewer memory 
chips, each with bigger capacity; in other words, 
modernising. 

Then came the IC model (Integrated 
Computer). This one had a new version of BASIC 
that supported colour commands, and, most 
importantly for the hacker, a change in clock 

speed. The earlier Bees used a 2 MHz clock; 

the IC changed it to 3.375 MHz. Suddenly all 
existing software ran faster, and software that 
depended on certain time delays, such as my 
RTTY and FAX programs, became all wrong 

(swear, grumble, grumble). But it looks like the 
change was made with a purpose in mind ... to 
write characters to the screen faster, so 80 of 
them could be laid down during normal 
television horizontal scan times. 

  
With the new 80-character by 24-row screen, 

the Microbee joined the big league. Networking, 
telecomputing, disk drives, CP/M software — all 
‘became available to the Bee user. The very 

latest 128K Microbee comes with dual disk 
drives, an optional amber monitor in matching 
decor, bundled software, and so on. But the 
hackers haven't been forgotten. The main 
computer still has those familiar 100 pins on the 
back. 

Tom Moffat 
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     AT LAST! A 
PUBLICATION FOR 
TEACHERS, PARENTS, 
STUDENTS ... AND 
ANYONE CONCERNED 
WITH THIS VERY   

      IMPORTANT ISSUE. 

  

ISSUES: 
Does your child really need a home computer? 
It’s become rather difficult to see through all the media 
hype! We provide down-to-earth answers to major 
questions (Will your child by handicapped without a 
computer? Or even handicapped by one?) 
The push into the schools market 
An impartial look at the wave of advertising power 
currently breaking over the (supposedly) lucrative 
schools market. Who really stands to gain — the kids, 
or computer manufacturers? >’ 

VIEWPOINTS: 

  

  

What the experts say 
Recognised authorities in the fields of both education 
and computing give their opinions. 
How the teachers feel 
Computers are likely to feature strongly in the future of 
education. We tell how teaching staff are coming to 
grips with this fact. 
What the kids think 
Are computers worthwhile? Just good fun? Or a waste 
of time? Students comment (candidly) on how they feel 
about computer education.   

  

PRACTICALITIES: v 
How to pick the right system 
For high schools, primary schools. 
Educational software 
What’s available; what’s really educational; what to look 
for when shopping. 
Networking and schools 
What it is; how it works; how it can help. 

Computer aided education in practice 
Getting right down to basics: how are computers 
actually used in the schoolroom? 
Computers in administration. The out-of-the-classroom 
aspect. How computers can streamline the behind- 
scenes running of a school. 

CASE HISTORIES: vf 
The UK scene 
How far has computer education advanced overseas? 
And how far will it go? 
True-life stories 
From schools around Australia — how computers are 
working for them. 

  

  

  

  

All this, plus a useful 
directory of services, and 
a simple-language 
glossary to help you in 
your purchase of a 
computer. 

AVAILABLE JANUARY, 1985 
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Letter 

From 

Applied 
Technology   

becoming available for the Microbee. 
The Microbee was introduced in the February 1982 

edition of ‘Your Computer’ and has become the most 
popular Australian personal computer to date. Today there are 
over 30,000 Microbees in daily use in Australia and worldwide, 
and the demand is growing daily. There are 39 Microbee user 
groups active in Australia, with others in Sweden, New 
Zealand, Israel and several other countries around the world. 
The Microbee has become a user’s machine and a lot of 
these people will gladly accept the tag ‘hacker’, for it was 
from the ranks of ‘hackers’ that the design of the Microbee 
arose. 

It is the owners who collectively determine whether a 
computer is a success or not, and their enthusiasm depends 
largely on the degree of support available to them. The 
continual support of magazines such as ‘Electronics Today’ and 
‘Your Computer’ has contributed significantly to the unique 
success of the Microbee. Another factor is the continual user 
interaction with the product, and this is evidenced by the 
scope of the contents of this handbook. 

Tom Moffatt's articles on the RTTY Decoder and the FAX 
Decoder deserve special mention in my opinion because they 
represent world firsts. Where else can you find informative 
articles on building what is virtually the receiving section of a 
home facsimile machine operating from radio broadcasts? 

Users worldwide will welcome this ‘Hacker’s Handbook’ as it 
represents a useful collection of articles in one bound volume, 
which will become a reference for years to come. At Applied 
Technology we are delighted to co-operate with the 
publishers of this much needed publication. 

T is a pleasure to see publications such as this 

Owen Hill 
Managing Director, 

Applied Technology. 
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Playing With the Microbee’s | 

Have you ever wondered how to make your Microbee 

display 80 characters across the screen, or change its 

cursor, or produce more rows of text on the screen? 

Eric Lindsay explains how these changes can be 

accomplished from within your programs. 

UNFORTUNATELY IT IS difficult to 
explain how the 6545 video chip in the 
Microbee works, but we can see a few 
of its effects with a simple POKE to 

memory. Since many other computers 

such as the IBM-PC, the Big Board Il 
and some Apple video boards use simi- 

lar chips, you may be able to use similar 
techniques with them. 

If you experiment a lot, you may end 
up with your video display completely 
out of control. Remember you can al- 
ways fix everything up by doing a ‘cold’ 
start (press <ESC> and <RESET> for a 
few seconds, so that you get the ‘Micro- 

World’ copyright message on your 

screen). Now to work! 
POKE 220,97 and you suddenly have 
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a full block-style cursor. POKE 2200,111 
gets it back to normal. Values between 
97 and 111 will give different heights for 
the cursor. Normally things are not this 
easy to change, and in most of the 
cases | describe you will have to load 
values into the 6545 chip. Luckily you 
can use the existing routines in the 
Microbee to do this, just by putting the 
values you want to change into memory, 
and then doing a ‘warm’ start (this just 
means you press the <RESET> key for 

a second or two, and release it to get 
a ‘READY’ message). 
When you do a cold start, your Micro- 

bee moves certain values from its 
BASIC EPROMs into its user memory 
and loads these values into the 6545 

video display controller. If you look in 
the BASIC EPROMs at location 47820 
(BACC hex), and at the next 15 memory 
locations, you will find the initial values 
loaded into registers RO to R15 of the 
6545. These values are moved to user 
memory at 210 to 225 (D2 hex to E1 
hex), where we can change them easily. 
All this is rather dry and not very excit- 
ing, so let’s try to make a few changes. 

Moving Your Display 
PRINT PEEK (212) produces the 

value 75. POKE 212,65 or POKE 
212,85, and then do a warm start by 
pressing <RESET>. This will move your 

video display starting point sideways, 
the same as is done by <ESC> <A> or 
<ESC> <S>. You can check this by using 
<ESC> <A> or <ESC> <S>, and then 
PRINT PEEK (212), and comparing the 
results. You can move your entire video 
display up and down by POKE 217,17 
or POKE 217,19. This is the location 
used by <ESC> <W> and <ESC> <Z>. 
Again, to see the result, you have to 
press <RESET>. POKE 217,18 to re- 
store the correct value.



Video Display 
The cursor can be altered via loca- 

tions 220 and 221, and you have al- 
ready seen some of the changes that 
are possible. Memory location 220 con- 
tains the number of the scan line at 
which the cursor will start, while 221 
contains the number of the scan line at 
which it will end. It normally starts and 
ends at scan line 15, thus giving a 
single-line cursor at the bottom of each 
line. However, you can put any numbers 
between 0 and 15 into these locations, 
and have your cursor of any height and 
at any position in the line of characters. 
Just try POKE 220,5:POKE 221,10 and 
you will see what | mean. 

Back already? No doubt you are won- 
dering why the cursor is no longer blink- 
ing? Well, | cheated a little, because 
memory location 220 originally con- 
tained 111, not the 15 | told you. How- 
ever, 111 is 64 + 32 +15. Ask a silly 
question . . . If you add 64 to your POKE 
(POKE 220,64+15) you get a blinking 
cursor. If you add only 32 you get no 
cursor at all, and if you add 64 and 32 
you get a blinking cursor, but at different 
speed. All easy, provided you remember 

to press <RESET> after poking the 
memory. 

Now we come to the hard bit: chang- 
ing the number of characters in a line, 
and the number of lines on the screen. 
It’s hard because you have to under- 
stand, in outline, how a television or 
monitor works. Otherwise you will just 
have a list of POKEs, and no idea of 
how to change them to suit your own 
needs. 

How A Television Works 
When a microcomputer presents any- 

thing on a video display, it has to send 
a signal to the display telling it to make 
a dot of light wherever a dot should ap- 
pear. Monitors or televisions make up 
their display from many separate pic- 
tures, or frames. A television makes 25 
frames each second. Each frame is 
made up of about 625 horizontal lines. 
You usually don’t see this many, be- 
cause some of them are lost in the black 
band which appears when a television 
picture rolls up and down the screen. 

Since having only 25 frames tends to 
produce a flickering effect, much like 

  

old-fashioned movies, each frame is 
split into two sets of 312 lines which are 
interlaced, so that each alternate frame 
shows the odd or the even lines. This 
reduces the flicker to an acceptable 
level. In microcomputer displays, the 
odd and even frames are mostly identi- 
cal, although it is possible to vary this, 
as you will see later. 

Now, to display anything on the 
screen, the microcomputer has to turn a 
dot on and off along each scan line. It 
has to produce enough dots to fill the 
entire line (512 for the Microbee), and 
then turn off the dots at the end of the 
line. It then has to signal the television 
to go to the next scan line, leave enough 
time for the television to do so, and start 
producing the dots for the next line, and 
so on to the bottom of the display. There 
it has to turn off the lines, tell the televis- 
ion to start the next frame, and leave 
enough time for it to do so. All these 
exercises have to be precisely timed to 
suit the television or monitor, and of 
course all the signals produced have 
fancy names. 

We can call the scan line the Horizon- 

  

  

  

> 

Details of the Microbee’s 6545 CRT Registers. 

REG REGISTER k/WK? ROM CONTENTS RAM RAM Description 
NO. Name Hex Hex Dec Hex tex of register 
@© Horiz Total hi BACC 5 95 De 21% Horizontal total, to take 64¢7@@ ns 
01 Chars/Row ty BACL 40 064 v3 Pll No of displayed characters 
2  HYSNC Fos Hs BACE 45 075 v4 2l2 korz Screen Position ESC A S$ 
@3 EHYV SYNCH nd "i BACE 37 B+7 05 213 ksync/Vsync for monitor 
04 Vert Total Ki BAL? 12 YIQ V6 O14 No of Rows, to equal 3213 scan lines 

05 VSYNC Adjust Vy BADI @9 BOG UT 215 for acjustment of scan line no 
@6 CharRows/trame i BAD2 IW M1E U8 216 Character rows to display 

J? VSYNC Fos vi BAD3 12 QlB OY 217 Vsynch, ESC w Z value 
¥& Mode Control i RAiM 48 072 VA PIE Allows interlaced scan, etc. 

@9 ScanLines/Row § WW BAUD @F YI15 OUR 219 Adj this for 24 lines, etc. 
1@ Cursor Start 4 BAD6 6F ll) ve 22¢ Cursor hlink & start 
11) Cursor End vi RAL7 GF @I15 ODD 221 Sean line where cursor ends 
l2 Start Acdress W BADE Gd 2 DE 222 MSB Top cf screen pace 
13 start Address Ww BALG ud Z DF 222 LSB " 
14 Cursor Pos R/w = BADA 6? 0 EO 224 MSS Cursor Position 
15 Cursor Pos R/A 6=BALF @@ W E | °25 LSB " 
16 Light Pen Pos Rk - - - ~ - MSB Liaht Pen 
i? Ligtt Fen Pos’ R - - - - - LSB position 
18 Update Loc r\ - - - - - Update screen adoress 
19 Update Loc i - - - - - to he accessed next   
  

          

Microbee Hacker's Handbook — 9 

  

  



Playing With the Bee’s Video Display 

tal Total, and it includes the time to re- 
turn to the next line (the Retrace time). 
The signal the computer sends to end 
this is called the Horizontal Sync Pulse, 
and this can be of varied duration, called 
the Horizontal Width. The length of time 
the whole frame takes is the Vertical 
and Total, since this tends not to be set 
too accurately, it is ‘fine tuned’ by a Ver- 
tical Sync Adjustment. The resulting fig- 
ure is the time for the whole frame, in- 
cluding the time in which nothing is dis- 
played. 

We can also adjust the number of 
rows of characters displayed, and when 
the frame ends (the Vertical Sync Sig- 
nal). As with the Horizontal Sync, there 
is also a Vertical Sync Width adjust- 
ment, used to make it easier to suit sig- 
nals to a particular television or monitor. 
When you move the display left or right 
on the screen you are really adjusting 
the Horizontal Sync timing, and when 
you move it up or down the screen, you 
are adjusting the Vertical Sync timing. 

Now we have to add a few calcula- 
tions. We know we produce 50 frames 
a second, of 312 lines. We also know 
that each character in the Microbee is 
16 lines high (count them), and that we 
produce 16 rows of characters. This 

means we see 256 of the 312 lines. We 
also know that we can produce 64 char- 
acters, and that each can be up to eight 
dots wide, or 512 visible dots on each 
line. 

| will tell you now (would | lie?) that 
we need enough time on each line to 
produce 96 characters, allowing for re- 
trace times and other delays. We also 
know, from the circuit diagrams supplied 
by Applied Technology, that the 6545 
chip has a 12 MHz signal, which is di- 
vided by eight, giving 1.5 MHz (in the 
original description in the February 1982 
Your Computer this was said to be 1.25 
MHz, but if that is correct, then all my 
calculations stop working). 

The result of all this is that you give 
a signal to the 6545 to produce a new 
character every 666.7 nanoseconds, 
thus taking 64,000 nanoseconds per 
scan line of 96 characters, or 
20,000,000 (1/50 second) per frame, or 
one second for 50 frames. Well, all the 
mathematics work out pretty well. Now 
we have to look at how the 6545 chip 
uses this sort of thing. 

Inside The 6545 
In the 6545, register 0 contains the 

number of characters per line, less one. 
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PRINT PEEK (210) will give 95, implying 
that 96 character times are used per 
scan line. Because we need to keep this 
timing pretty much correct, this figure 
should not be altered. 

Register 1, at memory location 211, 
normally contains the number of char- 
acters displayed, or 64. This can be 
changed to any number you please. 
However, if you change it by very much, 
you may also have to adjust the position 
of the horizontal sync pulse, which is set 
by register 2 at location 212. You will 
also find that although you can POKE 
211,80, you will not see 80 characters 
because some of them will run off the 
end of the display. 

Since the BASIC believes the display 
is producing 64 characters, you will find 
that each line starts in a different place. 
To correct this, the actual BASIC EP- 
ROMs must be changed. 

Register 3 contains the horizontal and 
vertical sync widths, is set to 55, and 
should not be altered. These settings 
are used to match the signals from the 
computer to those needed by monitors; 
in this case it produces a horizontal sync 
pulse that takes the same time as three 
characters, and a vertical sync pulse 
that takes the same time as seven scan 
lines. 

Things are more complicated when 
we consider the vertical timing. Register 
4, set by location 214, contains the 
number of rows of characters per 
screen. It is set to 18 because it in- 
cludes rows we don’t see. Also, the fig- 
ure it contains is one less than the 
number of rows produced, so it actually 
produces 19 rows of characters. 

| mentioned that each character is 16 
scan lines high. This figure minus 1 is 
placed in register 9, at location 219, so 
this contains 15. Between the two of 
them, these registers must produce 313 
scan lines, otherwise the television or 
monitor will roll badly. A little light calcu- 
lation music, and we multiply 16 scan 
lines by 19 rows and get 304. 

Luckily we still have register 5, the 
vertical sync adjustment register at loca- 
tion 215, which increases the number of 
scan lines by whatever number it con- 
tains. It contains 9, and thus everything 
works out. You can change the contents 
of all three of these registers, if the 
number of rows (contents of register 4, 
plus 1) multiplied by the number of scan 
lines per character (contents of register 
9, plus 1), when added to the contents 
of register 5, equals 313. 

  

Now, we turn to register 6, at location 
216. This contains 16, which is the 
number of rows of characters we want 
to display. You can reduce this freely 
and get fewer rows on the screen. How- 
ever, if you want to increase it, you have 
problems. For one thing, BASIC knows 
it can display only 16 rows; and for 
another, we still only have a limited 
number of lines on the screen. 

Let's change that. POKE 214,24: 
POKE 215,1: POKE 216,24 or 23: 
POKE 217,23 or 24 or 25 — you may 
have to experiment — POKE 219,12. 
Now press <RESET>. With a bit of luck, 
you will have a stable display with 16 
lines all squashed up into the top and 
middle of the screen, and random 
shapes on the bottom third of the dis- 
play. BASIC is still only showing 16 lines 
of text, since it puts text only in the first 
1000 bytes of your video memory. The 
bottom of the screen is displaying the 
contents of the second 1000 bytes of 
your video memory. You can POKE 
your own messages into this area fairly 
easily, as you can see by starting with 
something like FOR X=63488 to 
64000:POKEX,32:NEXT X. 

Incidentally, one of the things we just 
did was to ensure that each character 
displayed was only 12 scan lines high. 
This means you have lost the tails (de- 
scenders) on characters like j and y. It 
also means that if you really demand 24 
lines on the display, you have to change 
the character generator supplied with 
the Microbee (luckily this is fairly easy, 
but still not a task for beginners). 

While there are a host of other inter- 
esting registers in the 6545, | will deal 
with only one more of them, and that is 
register 8, at location 218. This is the 
mode control register, and normally con- 
tains 72. Try changing this to 73 or 74 
or 75. Changing to 73 provides an inter- 
laced scan. This means that each char- 
acter is only half as high as before, and 
you could theoretically fit 48 lines on the 
screen with ease. Unfortunately, the dis- 
play usually shakes so badly in this 
mode that it makes viewing intolerable. 

Details of all the registers on the 6545 
chip are included in the chart on the pre- 
vious page. Experiment a bit, even 
though you'll find some of the changes 
you can make will have no effect apart 
from stopping you video display from 
working. Remember, you cannot hurt 
your Microbee by playing with the 
keyboard, and you can fix your video by 
doing a cold start. n 

{
o
>



  

In response to Eric Lindsay’s article (see previous pages), 

which was originally published in ‘Your Computer’ 

February 1984, we received the following instructions 

from C. Angus and D. Edmonds on running the Microbee 

screen in the 80-character by 25-line mode, but still 

under full control of BASIC. 

      

YES, your Microbee can run a profes- 
sional screen in BASIC, despite what 
everyone has said to the contrary! If you 
Studied Eric Lindsay's article ‘Playing 
with Your Microbee’s Video Display’ you 
will already know the way to reconfigure 
the Microbee screen, but not how to 
interface it to BASIC. 

Reproduced at the end of this article 
is a machine code program which re- 
configures the 6545 CRT controller chip 
and provides a new VDU driver routine | 
which is protected from BASIC, such 
that a NEW, LOAD or a WARM START 
will not destroy it. But first a word of 
warning ... 

Back-up Foul-up 
We wouldn't be surprised if many 
people playing with the registers of the 
6545 become convinced their machine 
has developed a real fault, despite as- 
surances that any mistakes may be ob- 
literated by a cold start. Unfortunately, 
the ‘light pen’ registers of the 6545 are 
used to scan the keyboard. Normally, 
this can only be regarded as a clever 
piece of engineering on the part of 
Applied Technology; but, if an invalid 
combination of values is written into the 
6545 it no longer scans the keyboard, 
so when you press Reset and Escape 

  

A 25-Line by 

80-Character 

Screen in BASIC 
to do a cold start, your Microbee does 
not ‘see’ the ESC key and so only does 
a warm start! Turning the power off and 
on again does not help, as most Micro- 
bees are fitted with battery back-up. We 
spent several hours over one machine, 
with logic analysers and so on, until the 
great truth was realised ... you have to 
disconnect the battery! Our machines 
are now fitted with battery switches, 
which saves a great deal of hair-tearing. 

Explaining the Program 
Now, to the program. You have probably 
noted the six small sections before the 
actual VDU routine. Let’s deal with them 
in order of appearance. This program is 
loaded into the top of memory, so it is 
protected from BASIC by making the 
machine think it has less memory than 
actually fitted. BASIC uses a ‘top of 
memory’ pointer in location O0A0/A1, so 
if we reserve the top 200 (hex) bytes for 
playing around, we can load this pointer 
with 3DFF (hex) — that is for 16K Micro- 
bees, of course. Owners of 32K 
machines would use 7DFF (hex) and 
code the program from 7E00. All internal 
jumps are ‘relative’, so no recompiling 
should be necessary. 

Next, the necessary values are 
loaded into the allocated scratch area by 

  
lines 260 to 290, and line 340 calls a 
subroutine in BASIC ROM to load these 
values into the 6545 registers. Lines 380 
to 420 change an address in the BASIC 
scratch area (address 000B2/B3), which 
is the jump vector’ normally pointing to 
the VDU driver routine in the BASIC 
ROMs. The start address of the new 
driver routine is inserted here. 

As was pointed out in Eric’s article, 
we reduce the number of TV lines to 
twelve per character line, so normally 
the descenders of lower-case char- 
acters are cropped. To overcome this, 
lines 460 to 490 copy the PCG (Prog- 
rammable Character Generator) RAM 
into itself, but shifted four addresses 
lower. This effectively raises all the 
characters into full view. It is assumed 
that the PCG is in the INVERSE mode, 
either from a cold start or by invoking it 
under BASIC. This does mean your new 
display will be entirely in inverse video; 
if you don't like this, you could re-write 
the lines to re-invert the data. 

The last mini-section which returns 
control to BASIC may seem a bit 
strange, since a value is pushed onto 
the stack, but this is just a carbon copy 
of how this entry point is reached under 
BASIC and it is desirable to keep the 
pushes and pops balanced. This is a 

> 

a 
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A 25 x 80 Screen 

warm start point, so the program can be 
called before running a BASIC program 
without destroying it. 

At last, we come to the actual screen- 

displaying routine. Entry is at line 600 
and the ASCII code for the character to 
be displayed is passed in the ‘A’ regis- 
ter. All registers are preserved on the 
stack and the character code is further 
copied into the ‘B’ register, before the 
cursor address is transferred into the HL 
register pair and checked to make sure 
it is within the bounds of the screen. If 
it isn’t, the clear-screen subroutine is 
called, which also ‘homes’ the cursor. It 
should be noted that the cursor address, 
stored in location 01BH, is the true RAM 
address starting at FOOOH. This could 
prove useful in other programs where 
you may want to POKE directly to the 
screen. 

From line 740 to line 920, the ASCIl 
code is checked in case it is a relevant 
screen control code. In line 770, if the 
code is equal to or greater than a space 
code (20H), the character is printable 
and control jumps to line 1220. The first 
three lines here copy the character code 
back into register A, but with bit seven 
set to a one. This means the programm- 
able character generator will be used to 
write the letter to the screen, not the 
ROM. (We intend to copy this ROM, but 
shifted up, as described above, obviat- 
ing this necessity and enabling mixed 
text and graphics under this routine.) 

Line 1250 is where the ASCII code is 
written into screen memory; that is, it’s 
displayed at last! After this it's more 
housekeeping, starting with checking 
that the cursor is still on the screen. If 
it is going off the end, the screen is 
scrolled up one line, and the cursor 
moved back 80 characters (50H) and 
checked to make sure it is still in the 
screen area. The various screen control 
functions are comparatively simple, with 
the exception of Carriage Return. This 
is made complex by the fact that 80 
characters is not a convenient sub-multi- 
ple of 256, unlike 64 (which may well 
explain the Microbee’s normal display). 

Two useful facts may be observed 
about the cursor address: first, the most 
significant digit is always F(hex); and 
second, as each line is 50(hex) in 

length, a carriage return will always set 
the least significant bit to 0. This means 
only the middle two digits need to be 
processed. 

As the current cursor position is held 
in the HL register pair, we can Rotate 
Right the HL pair four bits and copy L 
into A, ready for treatment. This is ef- 
fected by lines 1660 to 1730. A is also 
preserved in B, and then we keep sub- 
tracting 05 from A until it is less than 05. 
As we got A from shifting HL, 05 repre- 
sents 50(hex) and this subtraction 
leaves A holding a figure representing 
how far along the current line the cursor 
is. If this is subtracted from B, which 
holds the original value of A, the result 
will represent the cursor address of the 
start of the current line, giving the 
answer we need. That takes us up to 
line 1000. A check is done to make sure 

  

   
Using the Routine 
That is the complete routine, but a few 
notes about using it are called for. First, 

this display absolutely fills the active pic- 
ture area, but most monitors have the 
display expanded too much to see all 
the characters and so need to have the 
horizontal and vertical size reduced. Un- 
fortunately, if your monitor has only a 
vertical adjustment, you will need to re- 
duce the overall picture size. 

You will also discover that a Clear 
Screen instruction (CLS) still only clears 
the top half of the display. This is be- 
cause it is not executed by the VDU 
routine. However, the screen is cleared 
and cursor homed by a Form Feed code 
(OC hex or 12 dec), which may be done 
in the immediate mode by Control L 
(pressing CTRL and L keys together). 
Available ‘control’ functions are listed 
below. 

  

MICROBEE 8@%25 SCREEN IN BASIC ANGUS and EDMONDS 

  

Cursor Up -"- 

Curs Left -"- 

Curs Right -"a 

Curs Down “nn 

Bell (beep) “=   

0 OF " 15 

H 98 8 

N SE " 14 

J SA 18 

G o7 * 7?   
  

we haven't got a value which takes the 
cursor to the bottom of the screen, and 
then we do the opposite type of shuffling 
to get the correct value back into HL. 
First, H is loaded with OF(hex), and L 
with A; then HL is rotated left four times, 
giving the most significant digit a value 
of F(Hex); the next two digits holding the 
value are transferred from A, and the 
least significant bit is equal to 0. 

So far, this is the most economic way 
we have found to effect this subroutine, 
but if anyone has a better way please 
let us know. 

The last couple of points which need 
a mention are lines 2040 to 2190, which 
contain the address locations used in 
the program, as well as the ASCII con- 
trol codes used, and lines 2220 to 2370 
which hold the values to be loaded into 
the 6545 registers. 

If you find you cannot adjust the hori- 
zontal hold of your monitor to stop the 
top line distorting, try altering the 
number of displayed lines to 24. This re- 
quires changing the values in lines 2280 
and 2290 to 18 (hex). We have not pro- 
vided the display repositioning facility 
(ESC W, ESC Z and so on), since the 
display already occupies all the avail- 
able screen area. This does mean this 
routine may be short enough to patch 
into Tape BASIC, as used on the earlier 
64K Microbees, but we haven't looked 
into this. 

Naturally, as the PCG is being used 
to provide the text display, neither 
graphics mode should be used — as they 
would overwrite the PCG RAM. Another 
point is that the CURS instructions will 
put the cursor in places you may not 
expect, so they should be used with care. 

ge ’ = 7 
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ADDR CODE LINE LABEL MNEM OPERAND 
BGOB1D 3 A routine to rearrange the Microbee VDU 

B@B15 3 to 25 lines of 8@ characters. 

BBS2G 3 usable from BASIC. 

GOB2S 3 By Don Edmonds and Chris Angus 

CBOH3B 3 18,Adisham St. 

SOO35 5 Maddington, 

GBB4G 5 W.A. 6199. 

@OB45 

BOSS 5 March 1984 

@8G55 

OGAS6S 
OB1 BS 3VDU DRIVER 86 * 25 

BO11G 5 by DECA 

BO12G 5 8 - 3 - 84 

GB130 

B46S BO1L4IS DEFR 16 

SESS BO1SS ORG SEG 

BOL46G 

BOL79 

GO1aD ;LOWER TOP-OQF-MEMORY POINTER 

BO1L9D 

3E@S 21F FID BGB26B LD HL, 3DFFH 

SEBS 22AGGS GB218 LD (MEMTOP) ,HL 

BO22GB 

BB23G 

BO248 sLOAD 6545 VALUES INTQ SCRATCH 

BS25G 

SEG6 21123F @@26G BEGIN LD HL,L6545 

SEG? 11D269 GOB27G LD DE, 99D2 

JEBC G1198H BH28S LD BC, G@@18 

SEGF EDBS GB29B LDIR 

BOIS 

BO31G 3SET DATA INTO 6545 

BB32G6 

SE11 2161986 BBI3O LD HL, @@E1 

3E14 CDA7e5 BB348 CALL 8SA7 

BOIS 

GB36G8 sCHANGE VDU DRIVER VECTOR 

DO37B 

SEL7 LLS22E BO3BG LD DE, VDUCON 

SELA 21B209 BB3ID LD HL ,S6B2 

SEL1D 73 BOIGBS LD (HL) ,E 

SELE 23 GOB41B INC HL 

SELF 72 BOIZS LD (HL) ,D 

BB4I3B 

BO44S 3CGOPY AND MODIFY CH.ROM TO PCG RAM 

68450 

3E2@8 21964F8 BS46GB LD HL , OF 894 

3E23 11986F8 BBI7S LD DE, SF8So 

SE26 B16668 GS4eo8 LD BC, 9890 

3E29 EDRS BBI9S LDIR 

BOSOS 

BOS19 

BOS2ZOS s;RETURN TO BASIC 

BOS3B 

3E2B 21E683 BOS48 LD HL, 83E6 

SE2E ES BB5568 PUSH HL 

SE2F C3SFe4 BOS6B IP 845FH 
BBS7B 

BBS58S sVDU HANDLING PROGRAM 

BOS5IB 

3E32 B8 @O6BSB VDUCON NOP 

SE33 FS GB61G PUSH AF 

3E34 CS BBE2S PUSH BC 

3E35 DS BBE3OB PUSH DE 

SE36 ES BB64B PUSH HL 

3E37 47 BBE5O0 LD B,A 

3E38 2ASBO1 BB66S LD HL, (CURSAD) ;is cursor off screen? 

SE3B 7C BBE67B LD A,H 

SE3C FEFS BS68H cP BFS 

SESE 383F BB69B IR c,cLs 

SE4S CD723E BO7BS CALL SCREND 3 if yes, clear screen 

SEG43 383A BB71B JR NC,CLS j and home cursor 

BB72S 

BB73O 

3SE4S 78 @8748 SCRINT LD A,B 

3E96 FE7?F BB7SO cP DEL jtest for DELETE 

3E48 2846 BO7 6D JR Z,DDL@ 

3E9A FE26 DB77B cP SPACE stest for SPACE 

3E4C 3844 BO78B JR NC, DSP 

SESE FESA BB7IS cP LF jtest for LINE FEED 

SESS 2868 DPPBWBS JR Z,DLF 

3E52 FESS BG818 cP BS jtest for BACK-SPACE 

3E54 286C BOB2B IR Z,DBS 

3E5S6 FEG7 BOBIB cP BL itest for BELL 

3E58 2872 BBB4S IR Z,DBLS 

SESA FESC BB85G CP FF stest for FORM FEED >  



  

ADDR 

SESC 

ZESE 

ZE 6S 

SE62 

SE64 

TE46 

2E68 

SEGA 

sE6D 

SEoE 

SE4F 

SE7B 

SE? 1 

SE72 
3E73 
3E74 
3E76 
3E78 
3E?9 
3E7A 
3E7B 
3E7D 
3E7E 

SEF 

SE82 
SE83 

SE86 

ZESS 

SESE 

SE2D 

SERE 

SEC2 

ZECS 

SECS 

SECT 

TECR 

SECA 

SECC 

SECD 

SECF 

SEDI 

SEDS 

SEDS 

SEDGE 

SED 

SEDB 

SEDE 

SELF 

SEE1 

CQDE 

2321 

FESE 

2335 

FESD 

285A 

FEOF 

2897 

CDSEA” 

El 

Di 

Ci 

Fi 

Cc? 

ES 

7C 

FEF? 

2862 

El 

Cc? 

7D 

FEDS 

C9 

21SBFS 

ES 
LIGB1FS 

BICFR? 

36260 

EDBS 

El 

iSDA 

183A 

AF 

CBFF 

A8 

7? 

23 

7C 

CDV’?23E 

ZC 

{= 

2Z1SSFS 

LISSA 

B1ISBG?7 

EDRS 

219DF?7 

CDO93F 

2B 

CBé4 

2BAS3 

25 

18AG 

1299 

2B 

CBé4 

28F6 

3628 

1895 

ES 

ZLADBO 

B6368 

CDSFA? 

El 

188° 

ES 

LINE 

GBB6B 

G937D 

GBB 

BI8IB 

BBIDBS 

BOI1D 

PBI2ZS 

BOI3SD 

BOIP4G 

GBPSH 

BBIAG 

BOBI7B 

BB598BS 

BBIISN 

G1 999 

G1GB1S 

819629 

DBiIB3PS 

G1849 

DiIGSe 

Bi G6s 

G1078 

B1980 

B1DID 

Gi1BS 

B111G 

Gi1129 

Gi13B 

91199 
O115¢8 

G1i16G 

@1179 

@1i1189 

B119¢6 

G129D 

B1L295 

Bi219 

@G1215 

G1228 

Oi2IG 

91240 

G1256 

BG1266 

G1L279 

B1L208 

G12°8 

B1I2I00 

Gi1319 

B132¢6 

Gi338 

Bi 4s 

G135¢0 

G1 369 

B1376 

Gi 3eg 

B139G 

G1499 

GL4iS 

O14295 

B143q 

91446 

B145a 

G1455 

814668 

61465 

B147a 

Gidad 

G149S 

G1Sad 

BASIS 

G1S15 

Bi1S26 

91525 

B1S38 

Gi54¢a 

G1Ssd 

G1569 

C1578 

OiISED 

Gi1s5s9a 

916989 

PG16iB 

G14620 

B1638 

G14649¢d 

B165a 

91664 

LABEL 

CURS1 

SCREND 

SCND 

CLS 

DDL 

DSP 

psa 

LF 

DSI 

DLF 

DCR 

DES 

CRSINC 

DBLS 

DDL 

DBL 

CURSI6 

DCR 

CALL 
POP 
Pap 
POP 
POP 
RET 

PUSH 

LD 

CP 

JR 

POP 

RET 

LD 

cP 

POP 

RET 

LD 

PUSH 
LD 

LD 

LD 

LDIR 

FOP 

JR 

JR 

DEC 

BIT 

INC 

JR 

OPERAND 
Z,CLS 
sa test for SHIFT GUT 
Z,DSsO 
CR stest for CARRIAGE RETURN 
Z,DCRE 
SI ;test for SHIFT IN 
Z,DSI 

e 

CURS2 j$call s/r in BASIC ROM 

HL 3to update curs postn 

DE 

BC 

AF 

5 EXIT from VDU routine 

HL ’ 

A,H ; 

BF? 

Z,SCND 

HL 

end of screen 

last screen addr. 

ODD 

HL 

HL, SCRST ;cClear screen s/r 

HL 
DE, @FSG1 
BC, @7CFH 
(HL) ,SPACE 

HL 

CURSI 

DDL ;to keep jumps relative 

3set PCG bit 

sex Or char code into A 

Print char to screen 

inc curs count 

A 

7A 

B 

(HL) ,A 

HL 

A,H 

SCREND jcheck for end of 

NZ,CURS1 ; if OK, get out 

HL 3 else, move all text up a line 

HL,#@FSSd sSTART OF 2ND LINE 

DE, SCRST 

BC , 9792 

2 
3 

? 
3 

screen 

;SCREENFULL - ONE LINE 

HL, SF 799 
CLRLIN 
HL 
DE, OFFBS 
HL, DE 
A,SEFH 
H 
NZ,CURS1 
DE, 2958 
HL, DE 
LF1 

3;START GF LAST LINE 

s;clear bottom line 

sShift In entry 

s;Line Feed entry 

DCR ;just to keep jumps relative 

HL 3; Back 

4,H 

NZ,CURS1 

HL 

CURS1 

Space entry 

DBL j$just to keep jumps relative 

HL s;Delete entry 

4,H 

Z,CRSINC 

(HL), SPACE 

CURSI 

HL j;play a beep for Bell 

HL, OAD 
B,3¢ 3 

TONGEN 3; 

HL 

CURSI 

call "play" s/r 

in BASIC ROM 

HL ;Carriage Return entry 

 



      

   

  

ADDR CODE LINE LABEL MNEM OPERAND 
SEE2 8694 B16708 LD B, 94 fcalculates next line start 

SEE AF 916898 SHIFT1 XOR A jand puts cursor there 

SEES CBIC B1698 RR H 

SEE7 CBID 91799 RR L 

SEE9 190F9 81719 DJINZ SHIFT1 

B1729 

SEEB 7D G1738 LD A,L 

SEEC 47 91749 LD B,A 

SEED D625 B17358 SUB1 SUB 85 

SEEF FESS 91769 CP 8S 

SEFL 3OFA G1778 JR NC, SUBIL 

9178S 

SEF3 4F 91798 LD C,A 

SEF4 78 G1 899 LD A,B 

SEFS 91 G1819 SUB Cc 

SEF6 FE7D 91829 cP 7DH 

SEFB E1 Gi183o POP HL 

SEFS 309D 91849 JR NC,LFi 

SEFB 260F 818359 LD H, SFH 

SEFD 6F 91869 LD L,A 

91879 

SEFE 2604 918668 LD B,94 

SFOS AF 916899 SHIFT2 XOR A 

SFOL CBiIS G19BS RL L 

SFS3S CB14 B1919 RL H 

SFOS 1OF9 B1929 DINZ SHIFT2 

SFO7 16D6 BLISS JR CURS19 

91949 

G1935d 

SFSI B6SB 91969 CLRLIN LD B, 32 jclears a text line 

SFOB SE20 G197B .79C1 LD A, SPACE 

SFOD 77 G1989 LD (HL) ,A 

SFZE 23 G199D INC | 

SFRF I1SFA DB2BOSB DINZ L79C1i 

SFii c9 G201B RET 

G29829 

G2D3B 
SisB 82848 CURSAD EAU B@1SBH sholds cursor address 

FOSS G@28598 SCRST EQU DGFIBS jstart of screen ram 

@12D 9286S ESCF Eau S1SDH 

A78BE @2G7B CURS2 EQU @SA78EH ijcursor update in ROM 

IB29 8268S SPACE EQU 29 

OGES ‘82898 VMODE EQU S@BES 

A7SF 821986 TONGEN EQU GA7SFH ftplay s/r in ROM 

SO7F G82118 DEL EQU 7FH 

SOSA B82129 LF EaQU SAH 

S288 G2138 BS EQU 98 

BBO7 92149 BL EQU 87 

SB6C G2138 FF EQU SCH 

SOSSE 2168 so EQU SEH 

@22D B21798 CR EQu SDH 

SBOF 82189 sI EQU SFH 

BIAS 82199 MEMTOP EQU BBAS smemory-top loc in RAM 

B2299 

B22635 sSREGISTER VALUES FOR 6545 

G2218 

SFi2 SF B2226 Lé63545 DB SFH stotal horiz char count - 1 

SFiS SO G223B DB 3d s;displayed chars per line 
SF14 54 G2299 DB 34 s;start of horiz sync 

SFiS 68 G2259 DB Oe 
3F16 19 BG2269 DB 19 ;vert total char lines - l 

ZFi7? G2 G2274 DB QB? jvert timimg fine adjust 

SFi8 19 G228D9 DE 19 sno. of char lines on screen 

SFI9 19 B22968 DB 19 ;start of vert sync 

SFLiA 428 B2S58S DB 48 j;display mode (non-interlace) 

SFLIB AC G2T1G DE SCH 3scan lines per char line 

SFiIC 6C G2326 DB 6CH ;curs start and mode (flashing) 

SFLID BC B233G DE SCH ;curs end 

SFLIE OG G2346 DB Bo 

SFIF a6 B235G DB BS 

ZF2ZA 9a B2362 DE ga 

TFI1 AS B2376 DB BB 

8238S 

GB239G 

° W249 98 

CORD G2419 END 
eanag Total errors 
ViIDE SHES ESCF 19D L?Y9C1L SFOB SHIFT2 sFaS 

SUP1 SEED SHIFT1 SEES CURS1@ ZEDF TONGEN AZVSEF 

a DBL SEDS CRSINC SEC? DCR SEE L CLRLIN 3FS9 

LF 1 S3E98 DDL SECC SEcReT FO8S SCND SE7A 

CURS2 A’SE CURSI SE6A DSI SEBI SI DOOF 

DCRG@ SECS CR SBOBD DSO SEQ? so GOOE 

FF IAC DBL SECA BL BOB? DBS SEC2 

BS BIBS DLF SEBA LF BISBA DSF SE92 

SPACE GBE25 DDLG SEIS DEL BO7F SCRINT 3E45 

SCREND 3E?72 CLS 3E7F CURSAD SG19B VDUCON 3SE32 

L6s45 TF12 BEGIN SEMS MEMNTOP GAG 

   



  

  

Modems, 

Communications 

and the Bee 
  

THE WORD ‘modem’ stands for MOd- 
ulator-DEModulator. Modems take the 
computer’s digital signal and convert it 
into an analogue signal by coding on a 
carrier wave, and vice-versa. Mostly, 
modems are used to transfer data over 
public telephone lines, though they are 
often used for transfer over other media 
such as private lines or via radio. 

Since telephones were designed in 
the pre-computer days they are best at 
carrying analogue signals (with a rather 
small bandwidth), thus limiting the 
speed at which data can be transferred. 
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There are two main types of modem — 
synchronous and asynchronous. We 
shall concentrate on the asynchronous 
types, since they are used for personal 
computer communication. 

‘Acoustic couplers’ fit onto a standard 
phone and feed their signals into the 
mouthpiece of the phone. They are usu- 
ally less reliable than ‘direct-connect 
modems’ which are connected directly 
to the phone lines. (Warning: It is illegal 
to connect any electrical equipment di- 
rectly to telephone lines without Tele- 
com permission.) 

How do Modems Communicate? 
Most modems use a principle known as 
‘frequency shift keying’, or FSK for 
short. Basically, there is a carrier fre- 
quency which is transmitted constantly 
and is modulated up or down by 500 Hz 
to represent binary ‘1’ or ‘0’. For 
example, if the carrier frequency is 1700 
Hz, then 2200 Hz represents ‘1’, and 

1200 Hz represents ‘0’. Most phone 

lines have a_ frequency range 

(bandwidth) in the range 500 — 3000 Hz, 
which makes these FSK frequencies 
ideal for phone-line communication. 
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Humans are a4 sociable lot. They like communicating with 

one another and are always coming up with new ways 

of making the connection. For some time computer 

owners have had the option of communicating with 

others via their machines. For those who are thinking of 

buying a modem for their Bee, this article by Jon 

McCormack describes just what a modem is, how to 

connect it and what you can do with it once it’s up 

and running. 

  

So, now we know how to transmit the 
data, what is the format used? Unfortu- 
nately, this varies considerably and | 
have described one format below. 
Asynchronous transmission means 

each character is sent individually, thus 
each byte sent has its own synchronis- 
ing system (the data is transmitted se- 
rially — one bit at a time). This type of 
transmission is particularly suited to ir- 
regular transmission methods, such as 
directly from a keyboard. In effect, each 
character sent is a complete transmis- 
sion. Figure 1 shows one mode for 

transmission of a single bit. The mes- 
sage always has one start bit, followed 
by the data, then either one or two stop 
bits. Sometimes a ‘parity’ bit is included. 
Parity has two types — odd parity and 
even parity — and is used to detect er- 
rors. With odd parity the number of 1s 
in the data byte is odd; even parity is 
where the number of 1s in the data byte 
is even. 

These factors have an awful lot of 
possible combinations: one or two stop 
bits; odd, even or no parity; seven or 
eight bits per character, and so on. So 

  

  

  

  

  

  

SIMPLEX A —~> B 

A > B-. 
HALF DUPLEX ,ECHOED 

4 

A~=< B-- 

_- 

FULL DUPLEX A B 
      

  
what combination does everyone use? 
Well, the most common is no parity, one 
stop bit and eight bits per character. 
Most remote CP/M and bulletin board 
systems use this format, but don’t count 
on this combination when you dial other, 
non-public systems. 

Baud Rates 
There is often confusion over what is 
actually meant by the word ‘baud’. Baud 
rate is a measure of the speed of a line. 
It indicates the maximum number of 
changes on a line per second. So, if 
your modem has a speed of 300 baud 
and you have one start bit, eight data 
bits and one stop bit (a total of ten bits 
per character — no parity), then your 
modem transmits at a maximum speed 
of 30 characters per second. Most mod- 
ems operate at this speed, while some 
operate at 1200 baud (which is often 
less reliable). 

Data Transmission Arrangement 
There are three types of transmission 
arrangement: 

Simplex — sends data in one direction 
only. 

Half duplex — transmits data in both 
directions, but one way at a time. 

Full duplex — sends data in both di- 
rections at the same time. 

See Figure 2 for details. 
> 

Figure 2 2. . These are the three _ 2 
: basic { P 

  

8 of data ranemfeson.      

  

‘in one ‘direction. (as. In a publi ! 
address system, for example).. In 
half duplex, data transfer is in - 
both directions, but In only one. - 

direction at a time.. Full. dup! x 
transmission allows data 

- transmission in both directions 
simultaneously. Full duplex — 
modems achieve this by. having ig. 
two carrier. frequencies. (one: ae 
receive, one for transmit) which he 

are transmitted together. The 
line over which the transmission - 
takes place must have ‘sufficient | 
band width to prevent. the two” 

- frequencies from. Interfering with Loe 

    

   

  

each other. 
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Modems, Communications and the Bee 
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Whether you choose full or half dup- 
lex depends on the machine you are 
talking to. Usually full duplex is chosen 
when talking to remote CP/M or bulletin 
board systems. When you want to talk 
direct to another computer owner, half- 
duplex is usually used. (Simplex trans- 
mission is rarely used in modem com- 
munications.) 

The Microbee Modem 
| bought the Microbee modem. (If you 
don’t have a Microbee modem, don’t de- 
spair — most of this discussion is rele- 

vant no matter what modem you have.) 
The biggest trouble | had was getting 
the modem itself. Applied Technology 
seems to pride itself on new product re- 
leases and heavy advertising of new 
peripherals, yet all too often these new 
products are not available. The Micro- 
bee modem was advertised some time 
ago, and only after several trips to the 
local Microbee shop did | manage to put 

in an order. Several weeks later the 
modem arrived. 

As for software — | also purchased the 
new ‘Telcom |’ ROM package. This is a 
4K communications package which 
comes with an instruction manual. The 
program is well written and caters for all 
the parameters described above 
(number of stop bits, parity, number of 
data bits, and full or half duplex). In ad- 
dition, it provides 16 different baud rates 

ranging from 50 to 19,000 baud. 
Telcom performs a number of func- 

tions: 

1) Terminal Emulation: Typing ‘full’ 
or ‘half’ while in Telcom turns your Bee 
into a terminal for communication with 
other computers via the modem. The 
terminal emulated is the popular adm3A, 

which is used extensively with large, 
multi-user computers. In this mode the 
screen is 80 x 24 characters, just like in 

CP/M. While you’re in the terminal mode 
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you can do things like changing from 
half duplex to full duplex (or vice versa) 
and saving what appears on the screen 
to a Wordbee file (very handy) or di- 
rectly to a printer. | found it best to save 
to Wordbee first, edit out the bits you 
don’t want, and then get a printout. 

2) File Transfer: Telcom also pro- 
vides for transfer of BASIC, Wordbee 
and machine code files via the ‘hobby 

standard’ Ward Christensen protocol. 
This format provides error checking to 
see if the file came through, and is the 
same as that used by Modem7 and 
YAM (Yet Another Modem). The file is 
sent in 128-byte ‘blocks’, each accom- 

panied by a checksum. If the checksum 
matches the value calculated at the re- 
ceiving end, the next block is read; if 

not, the same block is sent again (up to 
ten times). 

3) Real-Time Clock: A pseudo real- 
time clock is also provided, which shows 
the time at the top of the screen and has 

an alarm function. The clock is ‘clocked’ 
by a 50 Hz signal derived from the 
Microbee’s crystal. This is fed to port B 

of the PIO chip. For me the clock was 
more trouble than it was worth, as the 
interrupts kept disrupting communica- 
tions and writing stray characters all 
over the screen. | eventually removed 
the connection to the PIO chip. 

Connection of the modem to my 
Microbee was straightforward. | just 
pulled out my old phone from its socket 

and plugged in the Beemodem (which 
comes with a phone so you can still talk 
to humans in the usual way). The other 
cable coming from the modem plugs 
into the RS232 port at the back of the 

Bee. It is good to see a product which 

requires no hidden extras; all the plugs 
are there and power is supplied from the 
Microbee. 

Figure 3 shows different RS232 con- 

nections, depending on what you want 
to do with your modem and what options 
you use on the Telcom ROM. With 
everything installed, | was ready to ‘talk’ 
to the outside world. 

Who Can You Talk To? 
There are four main types of systems 
you can talk to: 

a) Remote CP/M systems (RCPM) 
b) Computer Bulletin Board Systems 

(CBBS) 
c) Other modem owners 
d) Mainframe computers and private 

installations. 
Lets look at each of these in turn. 
Remote CP/M systems are meant for 

CP/M users who wish to exchange soft- 
ware and information, however you 
don’t have to have a CP/M system to log 
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COMMON RS-232 CONNECTIONS: 

PIN FUNCTION 

2 Tx Output signal from source (transmitter) 

3 Rx Input signal to receiver 

5 cts Clear to Send (input) - transmitter should 

send if logic "YES" 

7 GND GROUND voltage (@ volts). 

9 1gV 18 volt power supply (output) 

28 SV 5 volt Power supply (output) 

24 CLK CLOCK (output) signal. Receiver is ready. 

CONNECTIONS: 

microbee to microbee: 

From Pin To Pin 

2 =D. 3 

3 => 2 

Ss -> 28 

? -> 7 

22 -> Ss 

microbee to modem:     
  

  

  

From pin To Pin (on modem) 

2 -> 2 

3 -> 3 

5 -> Ss 

Z -> 7 

9 -> 9 

HOW MANY NULLS (9-9) DO YOU NEED? @ 

CAN YOUR TERMINAL DISPLAY LOWER CASE? Y 

What is the name of Digital Research’s standard debugger? 

to TARDIS. the 
distribution of 

system is designed to encourage 

DOMAIN CP/M software. 

Welcome 

writing and 

This experimental 

PUBLIC 

Any suggestions or enquiries please leave a message for the SYSOP in MINIRBBS 

or leave a comment when logging off. 

(Prompting bell means system is ready for input). 

What is your FIRST name ?jon 

What is your LAST name ?mccormack 

Checking user file... 

Logging JON MCCORMACK to disk... 

You are caller # : SG22 

Have you answered the user survey questions yet?y 

Wait while I check to see if you have messages waiting 

No, there aren’t any messages for you, JON. 

But check MINIRBBS anyway for public messages. 

#k* Latest system news updated on 31-Jul-84 *¥*¥ 

Want latest system information before entering CP/M Pn 

19:32:38 

GB G12 G6 

The time now is (Hrs:Mins:Secs).... 

You’ve been on the system for...... 

Continued over the page... 

Figure 3. These are the different 
RS232 connections for transfer- 
ring data from one Microbee to 
another, and from a Microbee to 

a modem. The configuration 
should be the same for other 
computers with the standard 
RS232 connections. 

Figure 4. A sample session with 
an RCPM system. The system 
first checks if your terminal 
requires nulls (delay between 
characters), and if it can display 
lower case. A password is then 

required ... and you’re in. In this 
session | had a look at what 
files were available on drive A, 
and then went into the message 
sub-system to read a few of the 
messages. (User input is under- 
lined.) 
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Modems, Communications and the Bee 
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on. The first time you dial up you are | --- Figure 4 continued. 
asked some questions, such as the Entering CP/M... 

number of nulls to be transmitted (usu- Ag>dir 
ally 0 — you only need\more for slow ter- AES-SHOW.TXT 2k ! BEETERM .OBJ 6k | BEEYAM .OBJ 26k ! BYE -COM = 6k 
minals or printers) and if your terminal CHAT .~COmM 2k CPM »«HLP 38k CPMCAT ~ALL 72k | CPV 2c 4k 

display | h t Th cPyV -OBJ 19k } DIR .COM 2k } DIR64  .COM 2k ! DISASM .BAS 8k 
can alsplay OWSI-CASe:C aias ers. Ihen pDIsASM .DOC 2k } ERAQ =€ 4k | ERAQ -OBJ 19k | FIND COM = 2k 
you are asked a ‘password’ question, FMAP . OBJ 2k FMAP3E .ASM 12k FORMAT .QBI 2k HELP .coM 2k 

which is usually the name of Digital Re- IBM-MOD7.ASM 6k i IBM-MOD7.C@M = 8k 
MEDTERM .OBJ 6k s LUNAR » DOC 2k LUNAR »~ MWB 2k MEDTERM .DOC 8k search’s standard debugger. You must WKBAUD LOR? Bk 

' ' 

' ‘ 

: ' ' 

‘ ' ' 

‘ i} IBM-mMOD7.DOC 2k | KERMTCPM.DIF 4k 

MESSAGES. HLP 8k | MINIRBBS.COM 26k ! MKBAUD  .MAC 2k ¢ 

‘ ‘ 

‘ ' 

answer this before you can proceed. (|f MODEM  .HLP 14k MS WS 4k | NAME “Cc 2k | NAME -OBJ) 6k 
you don’t know the answer look at any NSWEEP .OBJ 9 8k | ONLINE .COM 2k ! ONLINE64.COM 2k { ORBIT297.TAB 2k 
book on CP/M.) The question is used PKTADDR .DOC 4k } QUICK -HLP 92k | SIGMCAT .ALL 146k | SOFTWARE.HLP 12k 

: STERM -DQC 28k | SW-READ .ME 2k | SWEEP41 .DOC 18k | SWEEP41 .OBJ 28k 
because Telecom requires a password SWINIT41.0BJ 14k ! TARCAT .ALL @k ! THIS-SYS.HLPy 16k | TYPE COM 12k 
for anyone who wishes to leave mes- UNSCRUB .C 6k | UNSCRUB .OBJ) 8k |! WHATSNEW.COM 2k i WILDEXP .C 8k 

sages on the system. xYAM COM 28k 1 XYAMHELP. T 2k 1 YAM 2k | YAMPHONE.T 2k 

Once you're through all that, the fun _ 
begins. You are usually asked for your | *@™tisirbbs 
first and last names and the location you TARDIS Remote CP/M Message Subsystem...... 
are calling from. You are then logged on 
to the system disk and put into the CP/M Active # of msg*si 65 

. t From there ou can exe- You are caller # : S@22 

vite. most mi CPIM y d Next msg # will be: 189¢ 
cute most norma commands, or 
send and look at the messages from Function (&,R,S,K,C,G,P,xX,@,T,B (or ’?’ if not known) 1?? 

other users of the system. A sample out- | Functions supported: 
put from a session with a CP/M system S--> Scan messages R--> Retrieve message 

is shown in Figure 4 (this was obtained 5s Bree eet t : an ne pessage 4 
. é , + il romp e og --> eXpert user mode 

using the Wordbee Capture function on Q@--> Quick summary C--> Comment before exit to CP/M 

the Telcom ROM). G--> Go direct to CP/M T--> Time on system 

CBB systems are similar to RCPMs, B--> Read bulletin on latest software 

except they are designed for the ex- Commands may be strung together, separated by semicolons. 

change of messages between users. For example, ’R5123’ retrieves message # 123. 

You usually have to pay a membership For forward sequential retrieval, use ‘+’ after Msg #. 

fee to join the system; though anyone runction (E,R.$,K.0.6,P.%.@,7.B { > if net k 43> 
+ unction 3sR,S,;K,C,6,P,X,Q,T, or ’?? i no nown Te 

can dial up and read the messages, only MSG # ( 1 - 1799 ) to retrieve (C/R to end) ?71798+ 
members can write them. Use Ctl-S to Pause, Repeated Ctl-K’s to Abort. 

The standard set-up for RCPM and 
CBBSs is: Msg # 1798 Date entered: 94/88/84 From: GREG BLACK 

+ To: SYSOP About: REQUEST 
& 8 data bits 

® 1 stop bit Recently I downloaded YAMMBEE.OBJ from this system. Now I 
@no parity would like to obtain the file YAMHELP.T which it apparently 

oat needs to run its Help function. I would also like to obtain 

a full duplex, modem set to originate the source for the YAM program. If these are available (I 

mode. ‘ did not tind them with FIND) I would like to get them. I hope 
If you want to talk to other modem this is clear and that you can help me. Thanks. ...Greg. 

owners directly, you usually use half 

duplex. One of you is the ORIGINATor Msg # 1799 Date entered: 94/98/84 From: SIMON GERRATY 
of the call and the other is the To: ALL About: BEE SOFTWARE? 
ANSWERer. Set the ANS/ORIG switch 

: HAS ANYONE GOT ANY TIPS ON HOW TO DOWN LOAD SOFTWARE TO 
on your modem to one or the other (it A MICROBEE WHICH IS NOT RUNING CP/M? 
is arbitrary who is who, as long as I HAVE A 32K IC WITH NETWORK ROM FITTED. 

THANKS... 

SIMON 

** End of messages ** 

Function (CE,R,S,K,C,G,P,xX,@,T,B (or ’?’ if not known) 1?g° 

Character count: 2917 typed by system - 8 typed by you. 

The time now is (Hrs:Mins:Secs).... 14:36:98 

You’ve been on the system for...... BB: B4:44   Now, back to CP/M...   
   



  

  

  

    

you're not both the same). You’re then 
ready to transfer files via the Telcom 
commands SAVE and LOAD. 
Communication with mainframes and 

minicomputers is also possible — | have 
used my modem to operate university 
mainframe computers remotely. You 
can also phone up special databases in 
the United States (if you can afford the 
phone bill!). Note that for communication 
with these systems you must have a 
special user code and password, which 
are assigned to you by whoever runs 
the installation. It is unwise (and incon- 
venient) to phone up private installations 
and go experimenting. 

Conclusions 
| have some comments to make on the 
Beemodem and modems in general. 
Most modems run at 300 baud, which 
is very slow. This speed is fine if you 
just want to read a few messages or 
copy small files, but when you want to 
transfer large files it takes a lot of time. 
Some of the more expensive modems 
have a 1200-baud option which is a lot 
faster, however, all the systems | know 
of only work at 300 baud. The only value 
in buying a 1200-baud modem is for 
communicating with a fellow computer 
user who also has a 1200-baud modem. 

The Beemodem and Telcom ROM set 

  

  

Remote CP/M and Computer Bulletin Board Systems 

Australia 

Software Tools RCPM (ST-RCPM): (07) 
378 9530 24 hours EST. 
Your Computer BBS (MiCC-BBS): (02) 
662 1686 24 hours EST. 
Micro Design Lab RCPM (MDL-RCPM): 
(02) 663 0151 24 hours EST. 
Sydney Public Access RCPM (SPA- 
RCPM): (02) 808 3536 24 hours EST. 
Omen RTRS (OM-RTRS): 

RTRS): (02) 332 2494 24 hours EST. 
Prophet BBS (PROPHET-BBS): (02) 
628 7030 24 hours EST. 
Dick Smith Electronics BBS: (02) 887 
2276 24 hours EST. 

Newcastle RCPM (NCLE-RCPM): (049) 
68 5385 1700-0830 + 24 hours 
weekends. 

Melbourne CBBS (MICOM-CBBS): (03) 
762 5088 24 hours EST. 

Sorcerer CBBS (SCUA CBBS): (03) 836 
4616 24 hours EST. 

(02) 498 
2495 1630-0900 + 24 hours weekends. 

Sydney TRS-80 UG RTRS (STRUG- 

TARDIS RCPM (TARDIS-RCPM): (03) 
67 7760 1800-0800 + 24 hours 
weekends. 

PC Connection IBBS (PCC-IBBS): (03) 
528 3750 24 hours EST. 

Gippsland RCPM (GL-RCPM): (051) 34 
1563 24 hours EST. 

Gippsland MAIL BUS (GL-MBUS): (051) 
27 7245 24 hours EST. 

Adelaide Micro UG BBS (AMUG-BBS): 
(08) 271 2043 1000-2200 CST. 
Computer Ventures BBS (CV-BBS): (08) 
255 9146 24 hours CST. 

Outback RCPM (OUTB-RCPM): (089) 
27 7111 24 hours CST. 
OMEN II RTRS (OM2-RTRS): (089) 27 
4454 24 hours CST. 
OMEN Ili RTRS (OM3-RTRS): (09) 279 
8555 0800-2400 + 24 hours weekends. 

New Zealand 
Attache RBBS (ATT-RBBS): ISD 64 9 
78 9084 + 24 hours NZT Domestic (09) 
76 9084.     

are good partners, and so far have 
worked well for me. They put worldwide 
data communications within reach of 
any home computer owner, for a 
reasonable cost. | would recommend 
buying the Telcom ROM set, especially 
as it provides almost ail the software 
necessary for practical communications. 
When you dial up RCPM and CBBS 

systems, please answer all the ques- 
tions properly to help the system 
operator (sysop) make improvements 
for the users of the system. Also, don’t 
leave stupid messages or stay logged 
on for a long time — give all users a fair 
go. 

Figure 5. Please note the 
operation times. Most 
installations also require a — 

( ’ before youcanaccess _ 

    

Pp Ol 
sometimes have to pay a 
memborstif fee. 

  

Figure 5 gives a list of most of the 
systems you can dial up in Australia. 
One thing you find after purchasing a 
modem is the dramatic increase in your 
phone bill. Keep those STD and over- 
seas calls to a minimum! One might 
compare the use of modems now to the 
CB radio craze of a few years ago. 
Whether or not the home data communi- 
cations craze will flop as CBs did re- 
mains to be seen. However, at the mo- 
ment | can recommend anyone who is 
thinking of buying a modem to do so. It 
will release you from the isolation of 
your single-user computer, and allow 
you to ‘talk’ to thousands of other com- 
puter users around the world. Perhaps 
I'll see one of your messages on an 

a  § rCPM or CBBS system soon. a 
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Microbee Graphics 

IN LOW-RES mode the VDU is divided 
into 48 rows of 128 dots, which in- 

creases to a resolution of 256 rows of 

512 dots in high-res mode. Figure 1 de- 
picts these layouts. 
  

      

0,47 127,47 

0,0 127,0 

LO-RES 

(ea aa, SEPT, gs tp ema N 
0,255 511,255 

0,0 511,0 

HI-RES 

Figure 1. 

Most reviews of the Microbee comment at some stage 

on the limitations of its high-resolution graphics. However, 

many other computers do not even have such high- 

resolution, and the Microbee provides an alternative low- 

resolution as standard. The aim of this article, by Mike 

Oborn, is therefore to correct false impressions of the 

Microbee’s graphics commands of Microworld BASIC. 

A quick calculation (on your Micro- 
bee?) will reveal that in either format 
there are 16 rows of 64 character 
spaces on the VDU, a total of 1024 ad- 
dresses in screen memory. This layout 
is depicted in Figure 3, where the 

screen origin is now depicted in the top 
left-hand corner. 
  

  

  

Unlike some other computers, the 

Microbee has the origin of its screen dis- 
play in the bottom left-hand corner. 

In both high-res and low-res modes, 
groups of dots can be addressed in the 
form of character spaces. Figure 2 de- 

picts these character spaces in both 

high-res and low-res modes, where it 

can be seen that low-res characters are 
far more chunky. 

Figure 3.       

  

(a) LO-RES (b) HI-RES 
  

  

  

  
        

Figure 2.       
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A character space can be addressed 
in either of two ways — by reference to 
its x and y co-ordinates, or by reference 
to its character position, which starts at 
0 in the top left-hand corner and in- 

creases to 1023 in the bottom right-hand 
corner. This leads us to study the range 
of commands provided in Microworld 
BASIC for graphics displays. 

Graphics Commands 
There are two ways of placing 

graphics on the VDU. The first is by 
turning on (or off) individual dots to form 
the desired shape; the commands for 
this are SET, RESET, INVERT, PLOT 
and POINT. Each of these commands is 

expressed in terms of the x and y co-or- 

dinates, as depicted in Figure 1, for 
example SET x,y, or PLOT x1, y1 TO 
x2, y2. These commands can be used 

in either high-res or low-res mode pro- 

vided the values of x and y fall within 
the respective parameters of that mode. 

For compatibility with programs writ- 
ten for computers with their screen ori- 
gins in the top left-hand corner, the letter   

‘H’ can be appended to these command 
words to invert the y-axis: RESETH x, 
y. For this reason a space must follow 
the command word if a suffix is not 

added. There are other suffixes which 

can be added to the PLOT command: 

‘l’ inverts the state of the dots being 
addressed, and ‘R’ resets the dots. 

The following short program will 
demonstrate the use of some of these 
commands: 

100 CLS: LORES 
110 FOR X = 20 TO 100 STEP 4: SET 
X,10: SET X,40: NEXT X 
120 FOR X = 10 TO 40 STEP 4: SET 
20,X: SET 100,X: NEXT X 
130 FOR J = 1 TO 1000: NEXT J 
140 PLOTI 20,10 TO 20,40 TO 100,40 
TO 100,10 TO 20,10 
150 NORMAL : END 

This program SETs dots in the form 
of a rectangle in the middle of the 
screen; only each fourth dot is SET. The 

PLOT! command then follows the sides 
of the rectangle, inverting the state of 
each dot and so giving a rectangle with 
three out of each four dots SET. The 
command CLS clears the VDU screen. 
If hi-res mode is used it is not necessary 
to clear the screen as this command 
does it automatically. 

Line 130 is only a timing loop to 

clearly separate the two phases of the 
screen display. (NB: A graphics mode 
(like ‘LORES’) must be specified before 

any of the graphics commands covered 
here are used.) 

The NORMAL command returns the 

PRINT output to normal format, which is 
not strictly necessary except after IN- 
VERSE, UNDERLINE and PCG. 

While it may be desirable at times to 
program a display by addressing indi- 

vidual dots, it is also possible to address 

groups of dots in the form of the char- 
acter spaces depicted in Figure 2. The



second method of placing graphics on 

the VDU is by addressing these char- 
acter spaces with the following com- 
mands: POKE, PEEK, CURSor and 
PRINT. 

First the CURSor command. This 
takes two forms — CURS x or CURS x,y. 
The first form of this command is similar 
to the PRINT AT command used in 
some other dialects of BASIC. The 

value of x is that for the position starting 
at 0 in the top left-hand corner of Figure 
3. Alternatively the CURSor can be 
positioned by referring to its x and y co- 
ordinates. Once the cursor is positioned 

we can PRINT the required graphics de- 

tail to the VDU. Both the following lines 
will print the same graphics character 
(the letter A) in the same place: 

120 CURS 960: PRINT CHR$(65) 
or 
120 CURS 1,16: PRINT CHR$(65) 

By the use of the POKE command we 
can place data into the RAM area of the 

Microbee which holds its screen mem- 
ory; this starts at address 61440. Posi- 
tion 0 on Figure 3 is this screen memory 
address; position 1 is 61441 and so on 

to position 1023, which is memory, ad- 
dress 62463. Thus the following line will 
also print the same graphics character 

in the same place as either of the two 
lines above: 
120 POKE 62400,65 

Now we know how to display our cho- 
sen graphics shapes we had better con- 
sider the range of shapes available. 

Graphics Characters 
In Figure 2 we saw that the character 

spaces in both low-res and high-res 
modes comprise a series of dots, each 

one individually addressable. High-res 
graphics use the Microbee’s programm- 

able character generator (PCG), a de- 

tailed study of which will be left until the 
second part of this article. However, nor- 
mal ASCll-coded characters are also 

formed within the same 8 by 16 char- 
acter space of figure 2(b), but the top 

four rows are left blank and the bottom 
three rows are only used for descenders 

on characters such as p and q and the 
underline in UNDERLINE mode 

This means that most ASCII char- 
acters are formed within rows 12 down 
to 4 — the first column (actually bit 07) 

  

                              

  

  

  

cone | SY" | cove |SYM~ | cone | SYM | cove | S¥M~} cove | SYM~ | cove | SYM | cone | SYM—| cove | 3Ot” 

0 o 32 64 @ | 96 ‘ 128 160 | g 192 224 a 

1 r 33 ! 65 A | 97 a | 19] ® 161 ‘ 193 | & 225 t 

2 1 34 " 66 B | 98 b |} 120 5 | 162 ' 194 a | 226 d 

3 J 35 + 67 C |99 c 131 | @ | 163 5 195 | @ | 227 : 

4 x 36 $ 68 D | 100 d | 132 | « 164 | 196 | @ 228 

5 ga }37 | % | 6s | E fro |e J ra3} Ff 16s | am 197 | EB | 229 
6 vy | 3 | & 70 F |i02 | ¢ 3a. | | a65 ig | @ | 230 

7 Q 39 , n G | 103 | 9 35 | PY a67 3 199 | Fo] on 

8 4 | 40 ( 72 | yy | roa | hb | 136 . 168 | g | 200 . 232 | § 

9 >} 4 ) 73 I | 105 i 137 169 1 201 233 4 
w | = | 42 |x 7 | J |i. | J ize | Ff a0 1] 202 DB} o34 | 

MW bs 43 + 75 K 107 k 139 q 71 q 203 | 235 

2 | y | 44 , 7 | Lt 108 | 1 vo | @ fizz | 204 | m@ | 236 | 

13 € 45 - 7 M 109 m 141 | be 173 & 205 fs 237 & 

4 | @ | a]. 7 | N |i | nm | 142] a | 7 qe | 206 | | 238 q 
» | @ | 47 | 7 | 79 | g fan fo | 143 | BY] 175 | 27 | B | 239 q 
16 8 48 G 80 p [12 |p 144 | og 76 | 208 | a 240 | gy 

7 6 49 1 81 Q }i3 fq 145 , 77 : 209 | g 241 a 

zw} @ | | 2 | a2 | R Jara fr fie | © | ve | a | 2r0 L 2a2 | @ 

9 | @ | 5 3 |] 33 | S Jas | gs | ta7 b 179 a auv {gt | 2aa a 

20 0 52 4 84 T 116 t 148 180 212 244 

21 * 53 5 85 U 17 u 149 | 181 213 | 245 

22 n 54 6 86 y jus fy 150 182 214 246 

23 4 55 7 87 W 119 w 151 f 183 215 r 247 

24 b4 56 8 88 % | 120 x 152 184 216 248 

25 t 57 3 | a9 Y faa} yi | 153 185 i 217 c 249 i 

26 ° 58 : 90 Z | 122 z | 184 ‘ 186 d 218 i 250 { 

27 6 59 ; 91 { 123 { 155 187 i 219 251 

28 8 60 < 92 N | 124 ' 156 188 | g 220 252 | 

2 | B 61 = 93 1 | 125 } 187 [ 189 hh 221 [ 253 k 

30 a 62 > 94 A 1426 | ~ 158 f 190 al 222 f 254 d 

31 a | ° 95 _ |r | g 189 191 5 223 255 i 

Table 1. 

cove | SX | cone |S¥M~ | cove | SYM~| cope | S¥ot7 | cove | S¥M~ | cone | S¥M~ | cone |S¥M~| cove | 307 

0 O | 2 64 @ | 96 ‘ 128 i 160 | 192 | B 224 

1 r 33 ! 65 QA |97 a 129 161 i 193 E 225 | Bf 

2 1 34 " 66 B | 98 b 130 162 a 194 E 226 & 

3 cl 35 + 67 Cc j 99 c 131 163 r 195 & 227 

4 x 36 $ 68 D | 100 d 132 164 E 196 ft 228 B 

8 @ | 37 | % | 6 | E | 101 e | 133] & 165 3 197 a 229 

6 Vv 38 & 70 F 102 f 134 166 8 198 FF 230 

? Q 39 , n G | 103 g 135 4 167 B 199 k 231 B 

8 4 40 ¢ 72 H_ | 104 h 136 168 200 ® 232 

9 >} ) 73 I | 105 i 137 169 201 233 

Ww = 42 * 74 J 106 J 138 170 202 ij 234 f 

M1 v 43 + 75 K 107 k 139 mm fi 203 k 235 a 

12 y 44 > 76 L 108 ] 140 172 A 204 i 236 ii 

13 € 45 - 7 M 109 m 141 | 173 A 205 : 237 R 

14 @ | 46 . 78 N 110 n 142 i 174 A 206 238 A 

19 Qo | 4 “ 72 | QO fain ° 143 8 178 207 & 239 

w% | B |] 48 | @ | 8 | p fiz | p | 44 |B | 176 | 2 E 240 | 

7 6 49 1 81 Q 113 q as | o 177 209 R 241 & 

18 8 50 2 82 R 114 r 146 : 178 a 210 E 242 q 

19 e 51 3 83 S 116 s 147 179 & 211 E 243 

20 9 52 4 84 T 116 t 148 180 4 212 il 244 

2 x | 53 5 | 3 | U far | ui] a9 181 5 213 | 245 

22 Nn 54 6 so | Y [is | Vv 150 182 5 214 g 246 

23 4 65 7 87 W 119 Ww 161 183 ti 215 g 247 fj 

24 xX 56 8 88 X% | 120 x 192 | B 184 216 g 208 | 

25 t 57 9 89 y | 12 y 153 185 & 217 249 & 

26 S 58 3 90 Z | 122 z | 18 186 A 218 fi 250 

2 | g | 89 ; 1 C [123 | € | 195 187 A 219 251 

28 A 60 < 92 \ | 124 ' | 156 a 188 a 220 252 A 

2 | g | 8 93 J ji | 3 | 187 a mo) | 253 

vo |g |e | > | 9 | A | aze | ~ . 198 | | 190 B | 2a | B 
1 a 63 2 95 127 | gy | 189 | B 191 223 i 255                                   

Table 2. 
> 
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is also left blank to provide a space be- 
tween each character on a line. Using 
this portion of each character space en- 
sures adequate spacing between lines 
of text, but makes it difficult to build a 
picture using the character set provided. 
A complete listing of the graphics sym- 
bols using the POKE command in high- 
res mode is provided in Table 1, where 
it can be seen that 32 special graphics 
symbols (codes 0 to 31) are provided. 

Using the PRINT CHR§$(x) command 
(where x is the ASCII code between 0 
and 225) will produce a slightly reduced 
listing. Codes 0 to 31 are not printable; 
they are control characters -— for 
example CHR(7) is BELL — Control G; 
Code 127 is delete. By the way, ASCII 
code 95 is not included on the Micro- 
bee’s keyboard, but can be generated 
by pressing the shift and delete keys 
simultaneously. 

From Table 1 it can be seen that in 
high-res mode, codes 128 to 255 print 
inverse characters of codes 0 to 127. 

Table 2 provides another listing of 
graphics characters, this time in low-res 
using the POKE command. Where 
codes 129 to 255 were inverse char- 
acters in high-res mode, these have 
now become chunky graphics. However, 
note that codes 192 to 255 are merely 
repeats of codes 128 to 191, created by 
numbering each of the six dots that 
comprised the low-res character spaces 
of Figure 2(a). This has been repro- 
duced in Figure 4. 

  

  

  

        

1 2 

4 8 

16 32 

Figure 4.   
BUZZZ... BUZZZ... 

If we want to turn on the dots num- 
bered 1, 2, 4, 16 and 32, for example, 
we total the value of the relevant dots, 
add them to 128 and we have the code 
for that shape specified in Table 2. Un- 
like high-res and other ASCII char- 
acters, low-res characters fill the full 
character space and can be joined to 
build solid pictures. Note that the high- 
res characters of codes 0 to 31 are also 
available in low-res mode. Using the 
PRINT CHR(x) command produces the 
same reduced character range as we 
saw above with high-res. 

PCG and the Five Graphics 
With the standard graphics behind us, it 

is now time to consider the role of the 
programmable character generator 
(PCG) in creating the Microbee’s five 
graphics modes. This piece of hardware 
not only controls the high-res and low- 
res modes, but also UNDERLINE, IN- 
VERSE and PCG, which we have not 
yet considered. It is this PCG which is 
responsible for the Microbee’s graphics 
limitations. 

In the first part of this article we saw 
that high-res graphics characters (in- 
cluding the normal ASCII characters) 
are formed in a character space of eight 
dots across by 16 down, as shown in 
Figure 5. Each dot (or bit) is represented 

BIT VALUE 

BYTE NO. 27 J 26 f 257 24 f 23 7227 21 7 20 

1 

2 

3 

4 

5 

6 

7 

8 

9 

at
 

Cd
 

Figure 5. 

    
  

by a number between 1 and 128, with 
the value of each row (one byte in the 
Microbee’s memory) being represented 
by a number between 0 and 255 — 0 if 
no bit is to be displayed, or up to 255 
if all dots in that row are to be displayed. 

Each PCG character can therefore be 
represented in memory by 16 bytes, 
each of which represents a combination 
of dots that is to be displayed in each 
row to form the desired shape. With 128 
characters available in the PCG, it takes 
2048 bytes (2K) to represent these char- 
acters. 

The required bytes are POKEd into 
memory using DATA and READ com- 
mands. PCG memory starts at memory 
location 63488, with the first character 
occupying bytes 63488 to 63503. The 
following program demonstrates the 
technique of loading a PCG character 
into the first character space in the PCG 
RAM. Figure 6 shows how the DATA 
statement was calculated. 
The program: 
100 DATA 56,56,56,26,254,186,186, 
186, 186,56,40,40,40,40,40,40 

110 FOR | = 63488 TO 63503 
120 READ A: POKE I,A 

  

  

130 NEXT | 

140 PCG: CLS 

150 POKE 61440,128 
160 NORMAL 

BYTE NO. etal 

a 56 
2 56 

= = 
4 “16 

= ae 
6 “186 
7 186 

8 "186 
~~? "186 
10 56 

“iH 70 
42 ~40_ 
413 “40 
14 40 

“5 “40 

< =     

Figure 6. 
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In line 150 we have used the POKE 

command to place the PCG character in 

the first location in screen memory (re- 
member the top left-hand character 

space?). The reason for this choice is 

to print the PCG RAM contents in the 
top four rows of the screen. Initially the 
inverse character set occupies the PCG 
RAM where your own PCG characters 
will be loaded, and these are the second 

By substituting the following line in the 
above program, the difference in the 
PCG RAM using the PRINT command 
can be seen — the inverse set is listed 
first. 

128 characters listed. (NB: If you have 
not reset your Microbee since using 
another graphics mode, the PCG RAM 

will contain those characters, not the IN- 

that we cannot PRINT the first 32 ASCII 

characters (remember?) and therefore 

must resort to the POKE command. 

However, when using the POKE com- 

130 CURS 0 + X: PRINT CHR$(X) 

Now we have seen how PCG char- 

    
  

mand we must add 128 to the ASCII | VERSE set.) acters are created, it is time to use them 
code because the PCG characters oc- in graphics displays. 
cupy the second 128 characters in PCG 100 CLS > 
RAM. Nevertheless, with the PRINT 110 PCG 
command, PCG characters are coded 0 120 FOR X = 0 TO 255 
to 127 — clear? 130 POKE 61440 + X,X 

The following program will demon- 140 NEXT X 
strate this by using the POKE command 150 NORMAL 

66106 DATA 8.4,0,6.6,.0.0,6,60,80,8,.6,.80,.6,8.8 
06188 CLS: LORES HG11@ DATA @.6,@,6,0,7,8,17,18.17,16,8,8,8,8.16 

00119 FOR K=2@ TO 190 STEP 4:SET %,1@:SET 4.40: HEKT 88120 DATA @, ee 192.160.29,8,176,32.64,128,126,.64,32, 16 
96126 FOR K=18 TO 49 STEP 4: SET 20,4: SET 10@.K: NEXT 06136 CATA 8.9,0.1,30,8,6.1,.6,.5,6,.4,7,8.6,8 

68148 DATA 16, 32, 192,0,0,2,9,4,154, 122,34,199.8.8,@.8 
86156 DATA 16,16,16,32,64.125.@.126,64.48,8.4, 184,64.8,8 
@G16 FOR I=63488 +65%416 TO 659466+71%16-1 
80176 READ A: POKE I.A 
6o16G Hi I 
BO136 PIG 
46206 “=1 
O@218 CURES » 
86228 CURS %.5 
88238 HORMAL 
88240 END 

6@136 FOR J=1 TO 1086: NEXT J 
86148 PLOTI 26,16 TO 26.44 TO 
@@iS8 HORMAL: EMC 

144,46 TO 168.18 TO 28.16 

  

   

  

(ee ee es ee en ee ee 

PRINT 
>PRINT 

"ABC" 
"DEF"    

itr Listing 1 (above) produces the duck shown on the left. 

ie Belowand left are other samples of the Microbee’s 
graphics. 
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@0180 DATA 56.56.56, 16.254, 166,186,165, 186.56,40,40,48,49,40,40 
30119 FOR I= 63488 TO 63503 
68120 READ A: POKE I.A @0100 HIRES 
68138 HEXT I 66110 PLOT @.6 TO 8,255 TO 511.255 TO 511.8 TO 6.8 
@8146 PCG: CLS @012@ PLOT 8,4 TO 511,255 
@G15a PUKE 61446, 128 @013@ PLOT 8,255 TO 511.0 
66168 HORMAL @814@ CURS 5,5: PRINT USED 

f @15@ END 

Se a“ 
a a 

a a 

80108 CLS 29 we a 60118 PCG a a 
60126 FOR x=8 To 255 we we 
6G138 POKE 61440+%, x a 
@0140 NEXT x ~ 
@Gi5@ NORMAL m 

7 

OF LIS BO 5E++BORSG00.N NE TORRE | 4S%2" (+, -. /Q1234567689: ; 
@ABCDEFGHI.IKLMNOPGRSTUVW/Z0.1%_tabodefahi jk lmnop ras a 
(Wt det Ont et Tbe Ear AR Ae Se A 
Ce) We lc cP ae Lo) tahedef aha yh hriap ~ |     
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PCG Graphics 
We have already used the POKE, 

CURS and PRINT commands to place 
PCG characters on the VDU. The other 
command used is PEEK. 

While there is a limit of 128 prog- 
rammable characters, there is no limit 
on the number of times any of these 
characters can be placed on the VDU to 
build up a picture — in other words it 
could be reproduced 1024 times to fill 
each character space on the VDU! Also, 
a larger character can be built up over 
several character spaces — either side 
by side or in rows. The program in List- 
ing 1 will draw a duck which extends 
over six character spaces — three in row 
8 and three in row 9 immediately below 
the row 8 characters. 

In line 160 we have POKEd the DATA 
into ASCII codes 65 to 70 (remember it 
could have been 33 to 38, when the 
PRINT characters would have been 
“MH#& %&", for example). Movement 
can be achieved by a FOR NEXT loop 
increasing the value of X to a maximum 
of 61 (the end of the line). Character ‘A’ 
created in the program has all bits off 
— itis a blank. 

To create the impression of move- 
ment it is necessary to remove the first 
character from the VDU and replace it 
with another character in the next char- 
acter space. This can be achieved in 
one action by ensuring the overlaid PCG 
character covers the first character while 
still moving one character space. By 
adding a trailing blank (‘A’) to each 
PRINT command (‘AABC’ and ‘ADEF’) 
we will ensure that none of the earlier 
duck is displayed. 

The movement created by the above 
program will not look smooth. To im- 
prove this, the PCG character which 
overlays the earlier one should provide 
some natural movement (for example in 
the legs and tail). The smaller the move- 
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ment, the more PCG characters, but 
also smoother graphics. Additionally, 
moving less than one character space 
each time will smooth out the graphics 
display but will require even more PCG 
characters to handle this movement. All 
that is needed is patience, plenty of 
graph paper and of course a maximum 
of 128 PCG characters. 

High-Res Limitations 
Now that we have a better under- 

standing of the PCG characters, we can 
consider how the programmable char- 
acter generator creates high-res 
graphics. 

To demonstrate, the following pro- 
gram draws a line around the VDU 
screen and then joins the diagonally op- 
posite corners. The command USED in 
line 140 returns the number of PCG 
characters used in PLOTting this display 
— 29 in all. 

100 HIRES 
110 PLOT 0,0 TO 0,255 TO 511,255 

TO 511,0 TO 0,0 
120 PLOT 0,0 TO 511,255 
130 PLOT 0,255 TO 511,0 
140 CURS 5,5: PRINT USED 
150 END 

For there to have been only 29 PCG 
characters used, even though the lines 
PLOTted in this program must have en- 
tered around 280 character spaces, 
means that where the PCG character 
created by the PLOTted line is a dupli- 
cate of another PCG character used 
earlier, anew PCG character is not gen- 
erated, but the first PCG character is 
reused. This can be demonstrated by 
PEEKing into the screen memory at any 
location and seeing what PCG character 
has been created for that character 
space. The following can be input in the 
IMMEDIATE mode to return the ASCII 
code of the PCG character created.   

PRINT PEEK(61444) 

The ASCII code returned was 131. If 
once again in the IMMEDIATE mode we 
input: 

PRINT CHR$(131) 

the output is one character space of the 
top line of the VDU showing that seg- 
ment of the PLOTted line. 

It is possible to run out of PCG char- 
acters quite quickly drawing circles or by 
PLOTting random lines. Therefore to re- 
duce the: number of PCG characters 
used in high-res mode, either restrict 
your graphics to a portion of the screen 
or draw straight lines where possible, 
rather than angled lines or curves. 

Other Graphics Modes 
We still have not covered the UN- 

DERLINE and INVERSE modes. These 
also use the PCG RAM and are more 
easily explained now that we have 
covered the other modes more fully. 
When using the UNDERLINE com- 

mand the last byte of each character 

loaded into the PCG RAM is coded 255 
- remember, all dots turned on? This 
means all characters will have the bot- 

tom line in that character space turned 
on (that is, an underline). A// output is 
underlined until the command NORMAL 
is encountered. 

Under the INVERSE command, as 

the normal ASCII characters are loaded 
all bits are inverted. A/! output is then in 
inverse video until once again the NOR- 
MAL command is encountered. 

Conclusion 
This completes our look at the Micro- 

bee’s graphics. Obviously the choice of 
the programmable character generator 
provides some limitations on the Micro- 
bee’s graphics, but it does allow finer re- 
solution of graphics displays. aw 

FUZZZ... EBUZZZ... 

  

   



AS YOU must know if you read Mike 
Oborn’s graphics article on pages 22-26 
of this publication, the normal Microbee 
screen contains 1024 characters, distri- 

buted in 16 rows, with each row contain- 

ing 64 characters. In the ‘low-res’ 
graphics mode, each character is com- 
posed of six ‘dots’ — two across by three 
up — each of which can be ‘on’ or ‘off’. 

This gives 64 (2 raised to the power of 
6) possible low-res characters. The 

Programmable Character Generator 

(PCG) contains room for 128 char- 
acters, and in low-res mode each of the 

64 characters is repeated. However, 
when using the low-res mode we are not 
aware of these individual characters. 
The final effect is of a screen of 128 

dots across by 48 dots up, where the 
bottom left corner is addressed as (0,0) 
and the top right corner as (127,47). 

Now, what would happen if we 

wanted each dot to have three modes 

— ‘off’, ‘on’ or ‘half-on’ (that is, shaded)? 
If we kept six dots per character, we 

would need 729 (3 raised to the power 
of 6) characters — too many to fit in the 
PCG. So we would have to reduce the 
number of dots per character; down to 
four, in fact, which would give us 81 
characters. 

More 

Bee Graphics 
After reading Mike Oborn’s article ‘Microbee Graphics’ 

when it was originally published in ‘Your Computer’ 

magazine, John Martin was inspired to work on 

unearthing more of the Bee’s graphics capabilities. Here 

he describes how to create another set of graphics 

characters. 

                        

    

Figure 1. 

Figure 1 shows how a character can 
be divided into four dots. Each dot posi- 
tion is given a number, starting with 1 
at the top, and multiplying by 3 to give 
3, 9, and 27 at the bottom. Each dot 
mode is given a value: O for off, 1 for 
half-on, and 2 for on. Thus, a character 
whose four dots were half-on, on, off, 
and half-on (see Figure 2) would occupy 
a position in the PCG given by: 

1x1 + 2x3 + 0x9 + 1x27 = 34 

Since each character is divided into 
four dots vertically, the screen will be 

able to hold 64 dots across and 64 dots 
up. So there are fewer dots available 
than in low-res (4096 compared with 
6144), however, the dots can have three 

modes instead of only two and are a 

nice square shape. > 
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More 

Bee Graphics 

Chomp, Chomp, Chomp, Chomp 
The characters are composed of four 

byte patterns: ‘Off’ dots are (in binary) 
00000000 = 0 decimal, 

on dots are 
11111111 = 255 decimal, 

and ‘half-on’ dots are 
01010101 = 85 decimal 

alternating with 
10101010 = 170 decimal. 
So to produce these graphics char- 

acters, we need a program which will 

put 0 in the PCG for ‘off dots, 255 for 
‘on’ dots, and 85 and 170 alternately for 
‘half-on’ dots. 

Figure 3 contains a BASIC subroutine 
which will produce these characters in 

the PCG from character 0 to character 
80. A machine code routine contained in 
the DATA statements is poked into 

memory from location 336 onwards. 
Line 1140 runs this routine, and the re- 
mainder of the subroutine produces four 

‘cursors’ in characters 81 to 84 for use 
in a later subroutine (4000). 

If you type in this subroutine, pre- 
ceded by a calling program ... 

10 GOSUB 1000 
20 END 

... RUN it and then type: 
>PCG:PRINT CHR(34):NORMAL 

you should see the character in Figure 

2 displayed on the screen. 

Figure 2. Represents 

a character whose 

dots are half-on, on, 

off, and half-on. 

Dae ae Rapuara 
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Figure 3. 

O1000 REM...Graphics Characters Generated... 

©1010 RESTORE 1050 

O1020 Z=326 

O1030 READ Y:IF YO THEN 1146 

01040 FORE Z,Y¥:Z=Z+1:GOTO1o: 

©1050 DATA 32,0,248,221,23,0,9,6,4,221 

019060 DATA a5 oe! ,24,16,4, 16,248. 221,233,4 

O1070 DATA 0,14,4,221,126,16,254,4,204,152,1,254 

01980 DATA Pepa. 160, 1,254, 1,204,171,1,221,43,13 

01090 DATA 32 3, 221,52,4,0,167,221,202,16,30 

O1100 DATA 48,216,221,54,16, 4,221, 43,221,229 

O81110 DATA 193,62,0,185,32,225,201,6,4,54,0 

O1120 DATA 35,16,251,201,6,2,54,85,3 5,54, 170,35 

OL11LS0 DATA 16,248,201,6,4,54,255,25,16,251,201,-1 

01140 Z=USR (336) 

O1150 FOR 1=64784 TO 64847 

01160 FORE I,0 

O1170 NEXT I 

O1180 FOR 1=64785 TO 64845 STEF 20 

O1190 FORE 1,24:FORE I+1,24:NEXT I 

O1200 RETURN 

  

The Routine Work 

  
Having created our graphics characters, 
we now need to be able to use them! 

Unfortunately, we can’t just use SET, 

PLOT, and so on, but we can write 

some of our own routines to do similar 
things. Figure 4 contains a subroutine 
which will set a dot, whose position is 

(I,J), in mode Z. | is the position across 
the screen, J is the position up the 

screen, where the bottom left corner is 

(0,0) and the top right corner is (63,63). 
Z is O for off, 1 for half-on, and 2 for on. 

The calling command is GOSUB (I,J,Z) 
2000. Note that putting Z=0 makes this 
command similar to the BASIC RESET. 

  

  

    

  

Figure 4. 

02000 REM...SET I,J im mode Z... 

VAR(I,J,2Z) 
IF Teo OR T2653 THEN RETURN 

O2030 IF J*£O OR J263 THEN RETURN 
Q2040 A=62400+I1-J/4¥*64 
O2050 B=4—-J+J/4x"4 
O2060 C=FEEK (A) 
O2070 IF C£1i28 THEN LET C=0 ELSE LET C=C-128 
Oo2080 D=1i:IF Bei THEN FOR E=1 TO B-1:D=De¥2:NEXT E 
O2090 E=C/D 
QO2100 E=E-E/ #3 
M2110 C=C+(Z-E) ¥D+128 
QO2120 FORE A,C 
O2120 RETURN   
 



Figure 5 contains a subroutine to 
draw a line from point (V,W) to the point 
(X,Y) in mode Z. The calling command 

is GOSUB (V,W,X,Y,Z) 3000. Again, 
when Z=0 this command is similar to 
the BASIC PLOTR. 

Note the BASIC commands INVERT 
and PLOTI do not have equivalents 
here, because of the three available 
modes. 

  

Figure 5. 
  

  

    

10 

REM...FLOT V,W TO X,Y in mode Z... 

VAR(VW,X,Y,Z) 

T=INT (SGN(FLT (X-¥V) )) 

U=INT (SGN (FLT (Y-W) )) 

IF U=o AND T=0 THEN GOSUBC X,Y, Z172000: RETURN 

A= (¥-W) *U: B= (X-V) ¥T 

IF AsH THEN 2100 

FOR I=V TO X STEF T 

J=(Y-W) #CT-V) + OX-¥) #U/32 J=d/ OX-V) +W 

GOSUBCI,3,Z172000:NEXT I:RETURN 

FOR J=W TO Y STEF U 

T=(X-V) #(J-W) + (Y-W) #T/22 T=1I/ (Y-W) +V 

GOSUBCI,J,Z12000:NEXT J:RETURN 
  

  

Figure 6. 

  

GOSUE 1000 

CLS 

Z=1 

FOR @=0 TO 62 STEF 3 

OoOs5O Z=1-(Z=1) 

00060 GOSUBRCO,O,0,62, 2172000 

  

GOSUB[63-0,9,0,0,Z12000 

NEXT @ 
90110 GOSUB 6000 
OoO120 END 

  

  
  

  

GOSURL463,63-@,63-8,0, Z1300¢ 

  

GOSUERT OOO 

CLS 

FORQ=OTOS 1 

Z2=(O+1)-(O+1); 

GOSUBCO, 31-8, 

GOSUBLO, 

GOSUBE 

GOSUEE 

NEXTQ 

OO1G0 GOSUBR6OOO 

OO11O END 

  

    
In Figures 6 and 7 there are a couple 

of programs which call on this line-draw- 
ing routine, together with the results ob- 

tained. The reference to subroutine 
6000 is to a suitable ‘screen dump’ 
routine. Note also in line 50 of figure 6 
the method used to ‘toggle’ the line 
mode between ‘on’ and ‘half-on’. >   4° 
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Figure 8. 

  

O80N0 

O5010 

OF020 

O80 

OS040 

OSOS0 

OF060 

OSO7O 

O5080 

NSO9O 

OS1oOo 

REM...Fill a Rectangle... 

VAR(V,WIX,Y,Z) 
T= INT (SGN (FLT (X-V))) 
U=INT (SGN (FLT CY-W))) 

IF T=0 OR U=O THEN GOSUBCYV,W,X,Y, 213000: RETURN 
FORSf=Ve TAX soe esi 
FOR DSW Oe Ye STER  U 
GOSUBCI,J,ZI2000 
NEXT J 
NEXT I 
RETURN 

  

  

  

  

      
  

  

       

c 

Flouce ®: OO010 GOSUE 1000 
OoOoLO CLS 

OoO02s Z=2 ; 

QO: hORSP=S0) TO. 0 STEP 56 

Z=1-(Z=1) 

OOOSO Vers WHF: X=BePs Y=Rer 

00060 GOSUBCV,W,X,Y,Z215000 

Oooao70 NEXT F 

OoOoOBoO GOSUR 600n 

Figure 10. OOO9O END 

O4000 REM. ..Cursor Control... 

O4O010 T=31i:J=31:72=2:A=61983:B=1:C=150 

04020 PORE 4€,208+B:FOR D=1 TO 8:NEXT D:FOKE A,C 

04030 Y=PEER(258):IF Y=255 THEN 4020 

04040 IF Y=S:RETURN 

O4050 IF Y=S:CLS:GOTOQ 4020 

94060 IF Y=16:GOSUBR 6000:GOTO 4020 

04070 IF YrEl AND YiS5:Z=Y-32:GOTO 41230 

04080 IF Y=9 OR Y=15 OR Y=2i:J=J-(I<6%) 

04090 IF Y=12 OR Y=14 OR Y=44: J=J+(J320) 

O4100 IF Y=10 OR Y=14 OR Y=21:TI=I+(1 20) 

O4110 IF Yell OR Y=15 OR Y=44:T=I-(¢1¢63) 

04120 GOSUBLI,I,ZI2000 
O4120 GOTO 4020 
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Another useful routine to have, not di- 

rectly available in BASIC, is one to draw 
blocks. Figure 8 contains a subroutine 
which fills in (in mode Z) a rectangle 
whose diagonally opposite corners are 

at (V,W) and (X,Y). Figure 9 is a pro- 
gram using this to produce a ‘projection’ 
effect. 

Finally, we have in Figure 10 a sub- 

routine which allows the user to draw or 
modify screen patterns with a ‘cursor’. 

Memory location 258 contains a number 
which tells which key is pressed at any 

time (regardless of upper or lower case) 

— if no key is pressed, it contains 255. 
This is checked in line 4030. Line 4020 
flashes the cursor. The cursor is moved 
up, left, right or down by pressing |, J, 
K, or M (notice the pattern formed by 

these keys on the keyboard). Pressing 
U, O, N or < moves the cursor up and 
left, up and right, and so on. The mode 
is changed by pressing 0, 1 or 2. Pres- 
sing C clears the screen, pressing P will 
print out the screen at any time, and 
pressing E will return to the controlling 
program. Notice in lines 4080 to 4110 

the method used to keep the cursor on 
the screen. Figure 11 shows an applica- 

tion of this; the ‘block’ subroutine was 
first called four times and then the let- 
ters were added with the ‘cursor’ sub- 
routine. 

Well, there it is — another set of 
graphics for the Microbee! Certainly dif- 
ferent to any of the others, and a lot of 

fun to investigate with many pleasant 

patterns to be discovered. They even 
have some practical applications (de- 

signing Fairisle sweaters?). But, be- 
cause the routines are in BASIC, they 
are very slow to run! If anyone out there 
has the time and skill to spare, and can 

speed things up by redoing these 
routines in machine code, write to Your 

Computer or ET/ magazines at 140 
Joynton Avenue, Waterloo 2017. a



  

A Handy Place For 

Machine Language 
Routines 

There are literally hundreds of small, interesting machine 

code routines being published for the Microbee. Many 

address the difficulty encountered in selecting a place to 

store code where it won’t be either wiped out by BASIC 

or itself wipe out BASIC’s own essential data (scratch, 

pointers, and so on). John Dowdall has found a handy 

place for your machine language routines. 

WHEN THE COMPUTER is a 64K 
Microbee, you don’t want to garble 
BASIC itself by putting a routine in 
BASIC RAM storage. There is at least 
one place available for this purpose 
which not only doesn’t interfere with 
BASIC or any of its data, but is totally 
invisible to BASIC under ordinary cir- 
cumstances. There are, of course, some 
circumstances under which BASIC will 
both ‘see’ and corrupt your routine, but 
these can generally be avoided. 

Let’s sidetrack just for a moment to 

consider what happens when BASIC 
finds a program line containing the 
keyword ‘REM’. 

If you check your Microbee Handbook 
(page 120 in the new edition), you will 
see that BASIC will ignore everything 
after the REM during execution of the 
program, even to the extent of leaving 

lower case text unchanged. 
Have you leaped ahead of me yet? 

Suffered a blinding flash of inspiration? 
Heard BELs ringing? 

If not, stay with me for a few moments 
while | explain. The fact that BASIC ig- 
nores anything after a REM means that 

it will a/so ignore a short (less than 180 
bytes) machine-code routine stored 
there. 

There is only one remaining difficulty 

— how to get the machine code in there? 

It would be easy to do if the keyboard 
had 256 keys — one for each possible 
single byte number — you'd simply type 

them in! As it.turns out it is nearly that 
easy. The way BASIC stores a REM line 
in program memory is: two bytes for the 
line number, one byte for the line length, 
and then the text of that line followed by 
a byte containing 13. The next byte after 
the 13 is for the NEXT line number. 

In the line: 

10 REM This is a comment line 
the stored codes are: 0 10 27 32 161 
32 84 104 105 115 32 105 115 32 97 
32 99 111 109 109 101 110 116 32 108 
105 110 101 13. That fifth byte, 161, is 
how BASIC stores REM, and the num- 

bers following it are the ASCII codes for 
the rest of the line. 

So, down to the method (I know, you 

were wondering ... ). If you make the 

first line of your program the one in 
which you store the routine, the addres- 
ses to POKE the data are easy to find. 
A BASIC program is stored from ad- 
dress 2304 decimal onwards. Allowing 
two bytes for the line number, one for 
the length, one more for a space and 

one for the REM, address 2309 will be 
where to begin POKEing your routine. 

Create the REM line, and after the 
REM, place at least as many asterisks 
as your routine length. 

10 REM 8288888888 88 te tie ee 

OI KK IK 

20 REM The rest of your program 
from here on 

Add this routine to the end of your 

program: 

25000 FOR !=0 TO XX : REM Re- 
place XX with routine length 

25010 READ A:POKE2309 + 1,A 
25020 NEXT | 
25030 DATA 

46,0,89,80,62,248,211,2,21,32,253,62,1 
84 

25040 DATA 
211,2,29,32,253,45,32,237,201 

and type GOTO 25000 <RETURN>. 

When you get the > prompt, list line 
10 — most if not all of the asterisks have 
gone. You can now get on with your 
USR calls and the rest of the program. 
| usually add the M/L routines after the 
main program is finished and completely 
de-bugged. 

It is advisable to make the REM line 
(in which you save M/L code) the first 
line in your program. If however, you 

add, delete, or edit lines prior to this 
REM line, remember to change the start 
address of your POKEs in line 25010. 

Once your routine has been installed 
and the lines from 25000 deleted, you 
can now SAVE or SAVEF the program 

quite safely and retrieve it with the 
machine code intact. 

So there you are; a neat and safe way 
to save your machine code. The 
example code used in the DATA state- 

ments is Milan Hudacek’s Sound Effects 
Tone Generator, described elsewhere in 
this magazine. a 

ce a ee 
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Solving Equations 
on the Bee 

lf your work or interests require you to solve more 

than the occasional equation, Brian Syms has come up 

with three methods of using the Bee to help you 

MANY EQUATIONS crop up in science 
and engineering, which can’t be solved 
directly. A simple example would be to 
find the value of ‘t’ for which 

t — exp(-t) 
Solutions of equations of this type 

usually involve some kind of trial and 
error, in which you try to guess a possi- 
ble solution and then substitute that 
guess into the equation. The result of 
this substitution is then used to refine 
the guess, and the second guess is then 
substituted, and so on. The process is 
known as ‘iteration’ and we talk about 
‘finding the root of the equation’. Obvi- 
ously, computers are ideal for this sort 
of repeated calculation. 

There are several simple techniques 
for solving equations by computer. They 
all start with rewriting the equation so 
that when the variable has the appropri- 
ate value the equation will be equal to 
zero. For all other values of the variable 
the equation will not be zero. In other 
words, instead of writing 

t= exp(-t) 
we write 

f(t) = t— exp(-t) 
and we try to find the value of ‘t’ for 
which f(t) is zero. 

My equation-solving methods all re- 
quire initial guesses or ‘seeds’. In many 
cases we already have some idea, from 
the problem, what sort of answer to ex- 
pect. If we don’t know where to look for 
a solution the computer can be used to 
step through values of ‘t’ to look for the 
values between which f(t) changes sign. 
The root must be near these values. 
Figure 1 shows such a listing for our 
example problem. It can be seen that 
the answer, or root, lies between 0.5 
and 0.6. 

The Binary Search Method 
One simple but effective technique for 
solving such equations is called the ‘Bi- 
nary Search Method’. This is very simi- 
lar to the old number guessing game — 
the one where you try to guess a 

a 
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number, someone tells you if your guess ; 
is too big or too small, and eventually | Figure 1. 
you zero in on the secret number. 

We need two ‘seeds’, t1 and t2, one 
larger and one smaller than the accurate |97!9% REM figure 1, table of t1 
solution, so that f(t1) is greater than zero | 5... 1, ae tNT (tt : » 1574784 , # (t) 
and f(t2) is less than zero. The average | ggi0g For Tiz 9 TO 1 STEP 9.1 

t3 = (t1 + t2)/2 @G13G FO = Ti - EXP(-T1L) 
99149 PRINT T1,(F8.2 FQ) 

will therefore be closer to the root. We | ggisg next T1 
then calculate f(t3) and if it is greater | ggigg enp 
than zero we replace t1 with t3, other- 
wise we replace t2 with t8. We can now 
calculate the average of the two new | >run 
guesses, and go around the loop again 
and again until the difference between | t #(t) 
t1 and t2 is less than some predeter- | 9%: ~1. 86 
mined value. O.1 “8. 86 

Figure 2 shows a BASIC listing of a | 2°? “9.61 
program to solve our example by the Bi- | ?°> “8.44 
nary Search Method, together with the | °°. aa 
result of running the program. In order | , 7 3.95 
to illustrate the answer better the pro- | , > 8.26 
gram prints out all the guesses. g.8 3.35 

2.9 B.49 
1. G.63 

Figure 2. 

OBiGG REM 15/4/84 version 

@Gi119 PRINT" Binary Search method" :PRINT : PRINT 

99126 INPUT “First Seed: ";T1l 

OG13G INPUT "Second Seed: ";T2 

OB149S IF ABS(T1i - T2)<1E-4 THEN 290 

96156 T3 = ( T1i + T2)/2 : REM next guess 

OG169 PRINT CFS.4 T3]3 

GG17G FO = T3 - EXP(- T3) 

QO@G1se@ IF FO <G@ THEN LET Ti = T3: GOTO14d9 

O@G19G T2 = T3 : GOTO 149 

992066 PRINT: PRINT" it worked ! the answer is at t = ";CF8.49 T3] 

GG21G END 

>run 

Binary Search method 

First Seed: .S 

Second Seed: -6 

@.5509 6.5759 6.5625 98.5687 9.5656 98.5671 9.5664 9.5667 
G.5669 9.5679 

it worked ! the answer is at t = B.5676 

  
 



  
The Secant Method 
Another way of achieving the same re- 
sult is known as the ‘secant’ method. 
This also requires two seeds; the differ- 
ence this time is that it doesn’t matter 
whether or not the two guesses straddle 
the root or not. The idea is that if we plot 
t1,f(t1) and t2,f(t2), they can be used to 
point to the value of t,(t3) at which f(t) 
is zero. Figure 3 gives some idea of how 
this works. Because f(t) isn’t a linear 
function of t, t3 won’t be the exact root. 
It should, however, be closer than t1 or 
t2 

Using similar triangles we can show 
that 

t3 = (f(t1)t2 — f(t2)t1) / (f(t1) — f(t2)) 
If we now replace t1 with t3 and t2 with 
tl, we can go around the loop again and 
again until t1 is sufficiently close to t2. 
Figure 4 shows a listing to solve our 
problem by this method, including a 
sample run. Once again, all the inter- 
mediate guesses have been printed out 
for us to inspect. 

Newton’s Method 
There is one other technique commonly 
employed to find the solutions to equa- 
tions. This is known as ‘Newton's’ 
method, presumably after Sir Isaac. It 
has the advantage of only needing one 
seed and the disadvantage of being 
very difficult to describe why it works. If 
our first guess is t1, we calculate 

g(t1) = (f(t1 +d) — f(t1)) /d 
where 

d = t1/1e5. 
(Readers with a knowledge of calculus 
might recognise this as a crude form of 
numerical differentiation.) 

Our second guess is then given by: 
t2 = t1 — f(t1) / g(t1) 
This process can be repeated time 

and again until two successive guesses 
are equal. A program to solve our 
example by this technique is shown in 
Figure 5. 

By now you might be wondering why 
we need three methods; why not be 
content with one? The sad fact is that 
they don’t always work! Sometimes one 
of the methods will fail to find the root. 
For my own use | have strung the three 
programs together in a menu so | can 
try each one in turn. If two of them agree 
on an answer, | can be pretty confident 
that it is correct. a 

+() Rt) |-- - 
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Figure 3. 

Figure 4. 

981989 REM 15/4/84 version 

@G@1198 PRINT" Secant Method": PRINT :PRINT 
9G@12@ INPUT "First Seed: ";T1 
G@G138 INPUT "Second Seed: ";T2 
OG14S@ Fi = TL - EXP(-T1) 
9BG1589 F2 = T2 - EXP(-T2) 
@G168 TS = (FAXT2 - F2K¥TL)/(F1 - F2):REM next guess 

9B178 PRINTCFS.4 T3]; 
@B188 IF ABS(T1-T2)<1E-4 THEN 232 
9G198 T2 = T1 
96298 T1 = T3 
@O218 IF ABS(T1-T2)<1E-4 THEN 2398 
93228 GOTO 149 
@823G PRINT:PRINT " Success again! the root is at t = ";C(F8.4 TS] 

93249 END 

>run 

Secant Method 

First Seed: oJ 

Second Seed: 6 

@.5675 6.5671 8.5671 

  

  

  
Success again! the root is at t = G.5671 

Figure 5. 

GBGiGS REM 15/4/84 version 

GB11G PRINT "Newton’s Method": PRINT 

9G12G INPUT " Seed = ";5T1 

GBG13SG DO = TL1/1ES 

G@B149O9 TE=T1 

GB1S5SG GOSUB 26d 

O9169 Fi=FOP 

9G17G TH= T1 + DE 

881898 GOSUB 269 

9G199 Gi = (FOG - F1)/DEG 

O9209 T2 = Ti - Fi/Gi 

G@9219 PRINT(FS.4 T2]$ 

GG226 IF ABS(T1-T2) <1E-4 THEN 249 

99239 T1 = T2: GOTO 136 

9G249 PRINT: PRINT"Hooray for Sir Isaac! the root is 

at t = ";CF8.4 T1]J 

88258 END 

O8266 FO = TH - EXP(-TO) 

B9B27G RETURN 

>run 

Newton’s Method 

Seed 

9.5678 68.5671 

Hooray for Sir Isaac! 

= 2a 

G.5671 

the root is at t = 9.5671   
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Microbee Music 
By Milan Hudacek | 

This article exp 
_ generation and 

_ possibilities that 

THE MICROBEE tone generator uses a 
single bit of port B of the programmable 
input/output interface. The speaker is 

connected to the output bit by a driving 
transistor. Clearly, there’s not much 
‘hardware involved — that’s why all the 
sound-generation relies upon software. 

The obvious shortcomings of this ap- 
proach are twofold: You can generate 
only single-voiced melody, and you can- 
not do anything else while playing, be- 
cause the central processing unit (CPU) 
is fully occupied with handling your 
speaker bit. The actual tone generation 
is done simply by periodic setting and 
resetting of the speaker bit. Generally 
speaking, the faster you set and reset, 
the higher the pitch of the tone. 

The shape of the resulting audible sig- 

nal is approximately a square wave, as 
shown on this figure: 

i To 7o, LoL 

——. 

  

+ 

The frequency (pitch) of the tone is 
the reciprocal value of the period T, 

which is the sum of the Ton and Toff in- 
tervals: 

frequency = 1/T = 1/(Ton + Toff) 

For example, to generate the piano 

tone ‘middle C’, the required frequency 
is approximately 262 Hz and Ton plus 

Toff = 1/262 = 3.8 milliseconds. 
The quality (timbre) of the tone is 

given by the Ton and Toff intervals ratio. 

The MicroWorld BASIC Play command 
always uses 1:1 ratio but we can experi- 

ment and create some interesting ef- 
fects using variable ratios as well. 

The loudness of your MicroBee is 
fixed and, unfortunately, cannot be 
changed by program independently from 
the timbre. (However, if you'd like to al- 

leviate somewhat the roar of your 
machine, | recommend replacing of the 
resistor H27 in series with your speaker. 

Its original value being 27 ohm, | re- 
placed it with a 100 ohm resistors and 
the headache ceased miraculously. The 
R27 resistor is located just under the 
right shift key.) 
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Now, let’s try practically what has 
been said above — periodic setting and 
resetting of the speaker bit using the 
MicroWorld BASIC out command. The 
out command has this format: 

OUT int1,int2 

Int1 and int2 are integer expressions: 
int! represents the output port address, 

and int2 is the data which should be out- 
put. 

The address of your port B is 2, but 
what data should actually be output? If 
you don’t use your RS232 interface, you 
can output O and 255 alternatively, 
toggling all eight bits simultaneously 
(255 decimal corresponds to 11111111 
binary). If your printer or whatever is 
connected to your RS232 line, then the 
output data will have to affect only the 
speaker bit (D6) and not the RS232 out- 

put or DTR control line. The fastest way 
to find out about the “quiescent” state 

of the B port is to type in: 

PRINT IN (2) 

Your MicroBee probably responds 
with 184, which is the decimal equiva- 

lent of 10111000 binary. Setting the D6 
bit (they are counted from right to left, 
starting with zero), we get 11111000 bi- 
nary, which corresponds to 248 decimal. 
Thus, by alternating your port B output 

between 184 and 248, you toggle your 
speaker bit without your serial-con- 
nected printer going mad. 

Now, try a simple program using the 
above described principle. The program 
will do this: 

       
    
      

If the Ton and Toff intervals are pre- 
set, see what happens: 

BQ:B@ INPUT TNF 2 GNF 

08118 DUT 2, 248 
QO128 FOR 1-1 TON 

88128 NEXT | 

08142 OUT 2,186 
Q@15@ FOR I=1 10 F 
QO168 NEXT 1 
08178 GOTO 118 

After entering the run command, you 
have to input the N (Ton) and F (Toff) 
values. You can enter any number be- 

tween 1 and 255, but even if you try N,F 
— 1 (the shortest interval possible), you'll 
find to your great disappointment that 

what you hear is a low-frequency clap- 
ping, instead of the expected music of 
spheres. (You should have expected 
that! Didn’t you know that BASIC is too 
slow for audio-frequency handling?) 

Notice that when you press any key 
on your keyboard, the clapping fre- 
quency lowers. This is because the 
BASIC interpreter checks, after each 
line of program, whether you’ve pressed 
the BREAK key (which you have to use 
to exit from our program). Whenever 

you press a key, you include a short 
sub-routine comparing the key code with 
the BREAK code - this prolongs the de- 
lays, and in turn lowers the frequency. 

But don’t despair. There exists an easy 
way to overcome the laziness of your 
BASIC — we shall discuss it later. Mean- 
while, let’s create some modest sound- 
effects with what we have learned so 
far. Here is a couple of them: 

@@10@ REM RADIATION DETECTOR 
@@11 REM (PERHAPS SUITABLE FOR YOUR THREE MILE ISLAND GAME) 
@8120 IF RND(.S THEN 158 
@8128 OUT 2,248 
08148 GOTO 128 
@8152 OUT 2,186 
Q8162 GOTO 128 

8180 REM HEARTBEAT 
Q8112 OUT 2,248:0UT 2, 184:0UT 2,248 

@8120 FOR I=1 10 258 

Q8130 NEXT I 

@8142 OUT 2,184 

@815@ FOR I=1 TO 258 

Q8160 NEXT I 

08172 GOTO 118 

@810@ NAME-1T-YOURSELF-1 

@8110 FOR N=1 TO 
QO128 OUT 2, 248:0UT 2, 184 

Q@12@ FOR I=1 TON 

Q8148 NEXT I 
@8150 NEXT N 

@B168 GOTO 118 

8100 REM NAME-IT-YOURSELF-2 

@@11@ FOR N=1 TO 48 

8128 GOSUB 183 

@O138 NEXT N 

88148 FOR N=48 TO 1 STEP -1 

08158 GOSUB 188 

88168 NEXT N 

08172 GOTO 118 

@81@ OUT 2,248:0UT 2,184 

819 OUT 2,248:0UT 2,184 
8208 OUT 2, 248:O0UT 2, 184 
Q0218 FOR I=! TON 

08220 NEXT I 

QB228 RETURN 

Now, putting Assembler to work: The 

only way to implement audio-frequency 

bit-handling in microcomputers is to pro- 
gram the appropriate sub-routine in 

machine code, by using your MicroBee 
Editor/Assembler ROM. However, you 
don’t have to own it to benefit from our 

“research”, or even understand Assem- 
bly language, if you want to incorporate 

our sound-generating sub-routine intc



  

your BASIC program application. 
The sound-generating sub-routine, to 

be most universal, has to fulfill these re- 
quirements: 
1. Ton and Toff intervals must be inde- 
pendently presettable. 
2. Tone duration must be presettable 
(but not necessarily independently). 
3. The sub-routine must be able to be 
called from BASIC, using the USR 
function. Moreover, it should be _ re- 
locatable to fit anywhere without the 
need of reassembling. 

The USR function implemented in 
MicroWorld BASIC has this format: in- 
teger variable = USR (integer expres- 
sion 1, integer expression 2). 

The integer variable on the left is 
compulsory and denotes the fact that 
USR is a function and not a command. 
In our case, it will be a dummy variable 
because we don’t need any value to be 
passed back from our sub-routine to 
BASIC. 

The integer expression 1 is the ad- 
dress of the user program. We have 
three possible places to put our sub- 
routine: 

1. Hires scratch pad (first 100 bytes 
from 0) 
2. BASIC program area (see text) 
3. Spare RAM (1024 bytes from 62464 
decimal) 

You cannot use the Hires scratch pad 
if you’re going to use high-resolution 
graphics in your application program 

You can use your “spare RAM” any- 
time if you don’t mind disturbances on 
the screen during sound-generation — 
this is due to the hardware construction 
of your MicroBee and cannot.be avoid- 
ed. (The “spare RAM” is, in fact, an un- 
used half of the PCG character RAM. 
When it’s accessed, the VDU switches 
its internal data bus to the CPU data bus 
and cannot refresh the monitor screen. 
This isn’t apparent normally if you just 
POKE or PEEK data in this area. Run- 
ning programs here, however, causes 
trouble.) 

Placing the sub-routine in your BASIC 
program area (2304 to 16383 for I6 kilo- 
bytes, 2304 to 32767 for the 32-kilobyte 
system) is dangerous — precautions 
have to be made for the sub-routine not 
to collide with your BASIC program and 
variables on one side and your strings 
and stack on the other. However, this 
might be the only way if you wanted to 
use Hires graphics as well. 

(To be quite honest, we have yet 
another possible place for our sub- 
routine: in the mysterious illegal area 
under 2304 decimal. Part of it is used 
as a BASIC scratch pad, but there do 
exist gaps; probably 512-1023, 1112- 
1280, and so on. But don’t tell anyone.) 

In our initial experiments, let's place 
our sub-routine in the Hires scratch pad, 

  

starting with the address 0. The integer 

expression 2 of the USR function is 
passed to the machine code sub-routine 
in the BC register pair. In fact, it’s op- 
tional, but we certainly have use of it. 
What about passing the Ton delay inter- 
val in B and Toff in C registers? 

The remaining parameter to be 
passed is the tone duration. We shall 
pass it by POKEing it into a known ad- 
dress. Here is our long-awaited tone- 
generating sub-routine: 

8088 08108 ORG @ 
2200 2608 8=— «8118 LD L.@ STONE DURATION (DUMMY VALUE) 
8882 59 08128 LOOPS: LD EC +LORD OFF? INTERVAL COUNT 
O08S 58 138 LD 8 sLORD ‘ON’ INTERVAL COUNT 
0885 SEFB  WB148 LD A248 +"SPEAKER BIT ON’ VALUE 
Q886 0382 BRI QUT (2),A = sOUTPUT TO PORT B 
0886 15 @@168 LOCP1: DEC D *DECREMENT COUNT 
9089 28FD = R172 JR NZ, LOOP! LOOP FOR 'ON' INTERVAL 
G88B SEBS = D1 8B LD A 186 +"SPEAKER BIT OFF’ VALUE 
@86D D3e2 RIS QUT (2),A — sOUTPUT TO PORT B 
QOeF 10 @8288 LOOP2: DEC E +DECREMENT COUNT 
Q810 20FD = 8218 JR NZ, LOOP2 sLOGP FOR ‘OFF’ INTERVAL 
@812 2D 0228 DEC L sBUMP TONE LENGTH COUNTER 
BQ13 22EF = BR 2B JR NZ, LOOPA LOOP FOR NEXT PERIOD 
@eiS C9 e248 RET tRETURN TO BASIC 
0880 8258 END 

0888 Total errors 

LOOP2 @@aF LOOP! 8888 LOOP 2882 

The sub-routine is relocatable, as it 
uses only relative jumps. 

The tone-duration value will have to 
be POKEd to the second byte of the 
sub-routine, which is the operand byte 
of the LD L, data instruction. (This is a 
very simple and innocent example of 
self-modifying code, and computer-sci- 
ence purists are already going to burn 
us at the stake. Nevertheless, | think 

that, considering our simple application, 
this is the most efficient approach.) 

The sub-routine is quite short and the 
most convenient way to use it in a 
BASIC program is to use the DATA 
command and POKE it into the working 
area, at the beginning of your BASIC 
program. 

It's now necessary to convert the 
hexadecimal object code produced by 
the Assembler into decimal. I’ve done it 
to spare you the toil, so all you have to 
do is just to type in: 

QB188 DATA 46,8, 8% 88,62, 268) 211, 221, 32s 255,62: 184: 21112129032) 
2551 45, 52s 237; 281 

G8118 FOR 1=8 10 21 
@@128 READ D 
08138 POKE I.D 

@G148 NEXT 

@ViS@ INPUT “B.C.L : "sBCL 
QB168 POKE 1,L 

@8178 15USR(8, Be25+C) 
88188 GOTO 158 

Notice how the Ton and Toff parame- 
ters are passed: integer expression 2 = 
Ton*256 = Toff. This is because we 
want to pass Ton in register B and Toff 
in register C. Multiplying by 256 decimal 
virtually equals to shifting by eight binary 
bits. 

Now you can experiment yourself. 
After starting with the RUN command 
you have to enter B (Ton _ interval 
length), C (Toff interval) and L (tone 
length). All values should be entered in 
the range of 1-255 plus zero, which is 
actually equivalent to 256. 

Exit from the program by hitting the 
BREAK key. Notice that: 
1. The timbre of the tone changes if you 
change the B/C ratio, keeping B+C 
constant. 
2. The tone duration does not depend 

on L only butonB+C as _ well. In fact, 
it's proportional to L*(B+C) because L 
is actually the number of tone periods. 

You can already use this sub-routine 
for some nice sound-effects but there 
still remains a lot to be improved and a 
lot to be discovered. Meanwhile, as 
usual, some interesting effects for your 
perusal. Here are seven of them, com- 
bined in a single program. If typed in 
carefully and started by RUN command, 
it should produce amazing sounds until 
stopped by the BREAK key. 

@O100 REM sere MICROBEE SOUND EFFECTS sxees 
QO118 DATA £5 @,8% 88,62, 248) 2111 2:21 321 255: 62s 18h» 211s 21 29 32s 
253; 45s 321 237) 281 
@8t28 FOR 1=8 10 21 
@8138 READ D 
001469 POKE 1,0 
Q8158 NEXT I 
QBIGd REM eeeee RANDOM EFFECT SELECTION eeeee 
@817@ ON INT(AND*S) GOSUB 282, 290, 352, 428, 488, S42, 688 
@8188 GOTO 178 
QO152 REM seeee EFFECT 1 eames 

A=INT(RND83@) 
@@218 TSINT(RND*1@g) 

FOR N=@ TO 26T STEP INT(RND#28)+1 
@8238 MeINT(ABS(FLT(N-T))) 
@@248 POKE 1, 
@8259 ISUSR(B, (T+ 1-4) *256+H+1) 
@8268 NEXT N 
2278 RETURN 

REM eeeee EFFECT 2 ennne 
08298 FOR N=1 TO INT(RND#20)+1 
@Q380 POKE 1, INTCRND#1@a) 
@831@ 1=USR( INT (RND®256) «256+ INT (RND*256) ) 
@8320 NEXT N 
@@S3a RETURN 
QQ348 AEM eesee EFFECT 3 ernee 

T=INT(RND*1 88) 
@@36@ FOR N=1 TO T STEP INT(RND#1@)+1 
28378 POKE 1, INT(RND+108) 
BO382 I=USR(B, (T-Ne1)62564T-NeL) 
@8398 NEXT N 
@8628 RETURN 
Q@S18 REM eeeee EFFECT 6 eenee 

@6528 FOR N=1 TO 188 STEP INT(AND#5S)+1 
@8432 POKE 1,28 
@8449 I-USR(@, 2564N) 
@8458 NEXT N 
@@S68 RETURN 
BG478 REM eee EFFECT 5 exnne 
#8482 FOR N=183 TO 1 STEP -INT(RND*5)~-1 
00699 POKE 1,28 

1=USR(B, 2564N) 
08510 NEXT N 
@0528 RETURN 

REM exes EFFECT § somes 
20548 FOR Hei TO 32 

POKE 1,1 
@B56R I=USR(B, INT (RND®256 ) *256+1) 
88570 NEXT AM 

» @85BB RETURN 
BG598 REM eeees EFFECT 7 exeee 

Q8688 T=INT(RND#1 G2) 
Q061@8 FOR N=T TO 1 STEP -INT(RND©18)-1 

B0628 POKE 1, INT(RND+182) 

QBE38 I=USR(G, (T-N+1)*256+T-Nel) 

GUE4E NEXT N 

RETURN 

Personally, | like the ‘Effect 1’ most 
of all. | think it’s a real marvel and I'll 
eat my hat if you don't like it. If you want 
to enjoy it separately from the others, 
just type in: 

270 GOTO 200 
GOTO 200 

> 

  
  



Microbee Music 

And Now the Theory 
What makes the sound-effects so excit- 
ing and how can we produce them just 
by switching on and off the current 
through the speaker? 

Every periodic physical phenomenon, 
such as sound, can be represented by 
the sum of the period frequency and its 
multiples. The period frequency is called 
the fundamental and the multiples are 
called harmonics. 

The quality of a sound depends on 
the number of harmonics and _ their 
prominence. This is what we did in our 
sound-effect program: we varied the 
number of harmonics and their promi- 
nence and we did it at random or period- 
ically with different periods, or even with 
the periods randomly changing. That’s 
why we got such a variety, using only 
the simple on-off switching principle. 

Type in Listing 1. 

After starting it with RUN, you should: 

1. See a picture of a square wave with 
a varying duty cycle (the duty cycle is 
the ratio of the ON interval to the sum 
of the ON and OFF intervals — that is, 
the period). 
2. See a graphic representation of the 
relative prominence of the fundamental 
and harmonics up to the 20th harmonic. 
3. Hear a sound corresponding to the 
waveform just being shown. 

Unfortunately, you can’t hear the 
sound when the graphics start moving — 
the reason has been already explained 
earlier in this article. The sound is al- 
ways produced after the corresponding 
waveform has been displayed, together 
with its frequency-domain representa- 
tion. (That's what the graph of har- 
monics is called, as opposed to the ac- 
tual waveform shape, which is often re- 
ferred to as the time-domain representa- 
tion.) 

Harmonic Analysis 
This technique of analysing waveforms, 
which provides pictures about the har- 

monics, is called harmonic analysis. It is 
an indispensable scientific tool. 

Watching the harmonics move, and 
listening to the sound, you'll notice how 
the shape of the waveform directly influ- 
ences the quality of the sound you hear. 

The total content of harmonics in- 
creases with the duty cycle decreasing 
from 50 per cent, while the fundamental 
is continuously diminishing. A pure 50 
per cent duty-cycle square wave has 
only odd harmonics — or, rather, their 

envelope’ in the spectrum often has a 
periodic character. 

Does it matter if we swap the lengths 
of the ON and OF intervals? No, as far 
as sound is concerned. The only differ- 
ence would be in the direct-current com- 
ponent (mean value) of the signal — the 
absolute values of both the fundamental 
and the harmonics remain unchanged 
and, as you can’t hear the DC — the re- 
sulting effect is the same. (Moreover, 
there is a coupling capacitor in your 
MicroBee, protecting your speaker 
against an excessive DC bias.) 

In practice, it means you don’t have 
to worry which of the two intervals is 
actually ‘speaker bit on’ and which is 

  

Listing 1. 
  

08180 REM +++ SQUARE WAVE HARMONIC ANALYSIS +44 
808118 DATA 46, Q, 89, BO, 2, 248, 211, 2. 21, For 2575, 62,184) 211, 2. 29, 32 
@O128 DATA 252, 45, 32, 2757, 201 
@@13@ FOR 1=8 TO 21 
@814@ READ D 
@@15@ POKE I,D 
@@16@ NEXT I 
@O178 CLS:LORES 
@818@ CurRS 1:2 
@Bi9S@ PRINT “SQUARE WAVE HARMONIC ANALYSIS : 
@@2@O CuRS 3,15 
@O21@ PRINT "1 2 3 4 
@@220 FOR T=E3 TO 122 STEP 3 
80230 GOSUB 290 
@O240 NEXT T 
@@250 FOR T=122 TO 62 STEP -3 
@O2E60 GOSUB 290 
@@270 NEXT T 
@@280 GOTO 222 
BOzS0@ DVW=(126-FLT(T))/6% 

DUTY CYCLE" 

53 6&6 7 €& 9 10 11 12 17 14 15 16 17 16 19 20"; 

@OZOO CURS 44,2:PRINT INT(DQ*SO)3"% “SCURS 1,1 
@851@ PLOTR 8,47 TO T,47:PLOT T+1,47 TO 126,47 
@O520 PLOT @.46 TO T, 46:PLOTR T+1,46 TO 126,46 
@@TIO AB=1/(1+D8) 
@0340 FOR N=1 TO 28 
@OISO ASINTCABS(SINCFLT ON) #3. 144A) /FLTON) /3. 14) #10) 
BOIEO K=N*E-2 
Q@@5780 I= 
@O58O IF A=@ THEN 420 
@O59Q@ FOR I=1 TO A 
@8480 SET K,I+E 
00410 NEXT I 
00420 FOR J=I+7 TO 47 
BO430 IF POINTCK, J)=@ THEN NEXT# J GEO 
@044@ RESET kK, J 
@B450 NEXT J 
BB4EB NEXT N 
@0470 POKE 1, 1000 
BO4EO0 I<USR¢O, (65+T) #2564+126-T) 
@@430 RETURN 

  

Listing 2. 
  

@@1@Q@ DATA 46. 0,69; 60-62, 246, 211-2, 215 52,257, 
@011@ DATA Z5F, 45, $2. 257) 201 
@0120 FOR I=@ TO 21 
@@120 READ D 
@@14@ POKE I.D 
@@i150 NEXT I 

G2, 164,211,029; 22 @@1iES@ POKE 1. INTCRND*3@) +1 
00170 T=INT«¢RND+1@@) +1 
@01EO@ FOR N2=Q@ TO ZT STEP INT¢CRND*2@> +1 

00190 MeINT*cABS(FLT*N-T))) 

@O280 I=USR¢(OB, (T+1-M) + 29564+M+1 ) 
00210 NEXT N 
O@z2@ GOTO 168 

  

  

  
Listing 3. 

ADDR CODE LINE LABEL MNEM OPERAND @Qz8 DrBz @2=70 OUT 12),8 sOUTPUT TO PORT B 
2000 22180 ORG @ Qc: 2h @QZEQ@ LOOPS: DEC HL +DECREMENT "OFF’ COUNT 
2808 012000 280110 LD EC. 3° ON' INCREMENT DUMMY VALUE @V2t 7D 20298 LD AL +GET LSB OF ‘OFF’ COUNT 
@BOz 110880 80120 LD DE. sSAME FOR ‘OFF’ INTERVAL QQz4 B4 222280 OR H *TEST FOR ZERO 
@QZE O09 Q@@izZ@ LOOPV: EXX +SWAP REGISTER BANKS QWzsS 2OFR S271 JR NZ, LOOP 3LCOP FOR SPEAKER BIT OFF 
Q007 TEFS @0148 LD A, 246 *LOAD *SPEAKER BIT ON’ VALUE 827 DS Q0220 EXXx sSWAP REGISTER BANKS 
Q@209 2AZEQ@Q 88150 LD HL,» (ONINT> sLOAD 'ON’ INTERVAL LENGTH @Qz2E 7D @2=70 LD AVL ‘GET LSB OF TONE LENGTH COUNT 
@@ec a9 @B1E0 ADD HL: BC tINCREMENT Q@B=29 B4 Q0740 OR H ‘TEST THE COUNT FOR ZERO 
@@2D L2c2EOW = =8B170 LD *ONINT), HL sSTORE AGAIN @@zA 2ODA 20250 JR NZ, LOOP@ +LOOP UNTIL ZERO 
@212 D7: Q@1E0 OUT «2),—~A sOUTPUT TO PORT B @@zC DIY QQ7E0 Exx tSWAP REGISTERS BACK 
BBiz <6 @@:190 LOOP1: DEC HL sDECREMENT "ON’ COUNT @@=-D C9 202372 RET tRETURN TO BASIC 
@B12= 7D 20-00 LD AL ;GET LSB OF 'ON’' COUNT GOO. @@>E@ ONINT: DS z t'ON’ INTERVAL INITIAL LENGTH 
Q@0iG B4 Q0=210 OR H *TEST THE COUNT FOR ZERO QAz @Q290 OFFINT: DS 2 s°OFF" INTERVAL INITIAL LENGTH 
@@15 2OFE Q2-20 JR NZ, LOOP} sLOOP FOR SPEANER BIT ON 2222 00420 END 
@@17 TERE 28-72 LD A, 184 sLOAD ‘SPEAKER BIT OFF’ VALUE @2@00@@ Teta errars 
Q@Q19 2AT@Q® AB=240 LD HL, ‘OFFINT? +LOAD *OFF’ INTERVAL LENGTH 
@@ic 19 @8=50 ADD HL; DE ; INCREMENT LOOP[ 8 Q@@22 OFFINT Q@70 LOOP! @@12 ONINT @02E 
@Q@1iD 227280 AB=lE0 LD (OFFINT),»,HL ‘sSTORE AGAIN LOOPQ O@@e     

    

mo 

  
  

 



  

‘speaker bit off — it simply doesn’t mat- 
ter. 

Now, let's go back to our sound-ef- 
fects. The program in Listing 2 is a 
somewhat modified version of the ‘Effect 
1’ we produced before. 

The lines 100-150 ‘POKE’ our 
machine-language sub-routine into the 
memory. 

The tone length is initialised on line 
160 as a random number in the range 
of 1-30. (This isn’t a mistake: the ex- 
pression INT(RND*N) returns a random 
number in the interval 0,N-1 since RND 
is always less than 1.) 

The variable T, assigned on line 170, 
is a half of the period of pulse-width 
modulation of the square-wave signal. 
This means we're going to periodically 
change the duty cycle of the waveform. 

The step of the pulse-width modula- 
tion is a random number 1-20, as seen 
on line 180. 

Not So Confusing 
Line 190 looks rather confusing, thanks 
to MicroWorld BASIC, but isn’t difficult to 
understand: the value of M changes 
from T to O and back to T again during 
one modulation period. (The modulation 
period is given by one complete FOR- 

Finally, line 200 calls the machine- 
code sub-routine. Both ON and OFF 
interval lengths vary from 1 to T+1, but 
in the opposite phase: their sum re- 
mains constant. This means the pitch 
remains constant during one complete 
FOR-NEXT loop. Only the quality of the 
sound changes. 

This approach does have shortcom- 
ings. The modulation is done by BASIC 
and, therefore, the change of frequency 
or duty cycle can’t be made smooth — 
you can actually hear the intervals be- 
tween steps. This brings about an addi- 
tional low-frequency modulation of the 

- signal (which might be useful in many 
cases, because some of the resulting ef- 
fects are really interesting). 

But wouldn't it be nice to have a sub- 
routine, which could change all the tone 
parameters smoothly, producing a syn- 
thesiser-like gliding sound? 

It would, and the sub-routine is in List- 
ing 3. 

The principle remains the same. 
Notice, however, this modification: 

1. All parameters are now 16-bit values, 
rather than eight-bit — this extends the 
tone range. 
2. Both the ON and OFF interval values 

The increment can be zero, in which 

case this sub-routine resembles the old 
one. It can, however, be a positive or 
negative number and we'll see in a while 
what can be done with it. 

Type in the program in Listing 4. 
Lines 100-170 load our new sub- 

routine to the memory. Lines 180-220 
ask you about the tone parameters; the 
ON and OFF increments can be nega- 
tive, positive or zero. 

‘Passing The Parameters 
Notice how the parameters are passed 
to the machine-code sub-routine: each 
is POKEd as a 16-bit quantity into two 
successive memory locations, the least 
significant byte first. The specific ad- 
dresses for each tone parameter are ob- 
vious from the program. 

Run the program and, as the program 
prompts, successively enter: 

1000, 1,-1,0,999 

To have some more fun, try these 
combinations: 

1000, 1,-1,1,999 
5000, 1,-10, 10,490 

  

  

  

  

  

, 1,7,1,1,1000 
NEXT loop between the lines 180-210 in are incremented once during each tone 1 1 1 0 1000 > 
our program.) period. pores 

Listing 4. 

@01@0 DATA 1,0,0,17,8,0, 217, 37,8; O 217,62) 246, 42,5110, 9: 34, 51,0 00270 INPUT "TONE LENGTH : “SL 

@011@ DATA 211,2,43; 125, 180, 32, 251,62, 184,42,57,0) 25, 34, 57,0 @M25OQ POKE Si»N:POKE Sz. N/256 
20120 DATA 211,27, 43,125, 180, 32, 251,217, 43,125, 180, 22, 217; 217 @B24Q POKE 52.F:2POKE S4,F/256 
@0120@ DATA 201 @@250@ POKE &,.L:POKE 9,L/256 
@@149 FOR I= TO 5@ @O260 POKE 1,8:POKE 2, B/256 
@@15@ READ D @0270 IF B)=@ THEN 290 
0@@16@ POKE I.D @@z2zSO POKE 1, INTCFLT¢CB)+E5536):POKE 2, INTC CFLT(B)+65976)/256) 

@0172 NEXT I @0290 POKE 4,D:POKE 5,D/256 
Q9@1E0 INPUT "ON INTERVAL : “SN @O07@0 IF D)=0 THEN 32 

@0190 INPUT "OFF INTERVAL =: "SF @@210 POKE 4, INTCFLT¢*D)+65536) :POKE 5, INT¢¢FLT¢D) +€5576)/256) 

@OZ09 INPUT "ON INCREMENT : "3B @BI2O0 1=USR¢(Q@) 
@0210 INPUT “GFF INCREMENT : "3D 28250 GOTO 1&8 

Listing 5. 

@O10@ REM +++ ODE TO JOY 4: @0=90 NEXT I 
@O11@ DIM TES), LES), xciz) 20480 FOR I=-1 TO E5 

@012@ DATA 1,.0,0.17:0,0. 217, 32,0: 0, 217) 62, 248, 42, 51,0, 9 34, 51,0 Q@041@ IF I)-1 THEN 460 

@@135@ DATA 211.2, 43, 125,160. 2, 251,62, 184,42, 52,0) 25, 24, 52,8 00420 N=8600:F=E00 

@@140 DATA 211, 2,43, 125, 180. 32, 251,217) 42, 125,160) 22, 217, 217 20422 B=-4:D=-4 
@@158@ DATA 201 Q0440 W=142 
@01E0 FOR I=8 TO 50 904590 GOTO 540 

@@170 READ D G6O4E60 IF T«J>=@ THEN E62 

@018@ POKE 1.D @O470 E=xc¢TclIo-41) 

@019@ NEXT I. @O489 B=4:D=-4 
@8202@ DATA 2@, 28, 21,23, 22, 21, 20. 1,16, 16, 18, 20, 20,16,18;,98 @O49@ NezrEsF=N 

QW2i@ DATA 20, 20, 21, 23, 2%, 21, 20, 18, 16, 16,18, 20, 18, 16, 16,8 @OS@O W=L¢1)+4560/'(F +N) 

00220 DATA 16, 16, 20, 16, 16, 20, 21, 20, 16,18, 20, 21, 20,16) 16; 16,11,98 @0510 IF 1(65 THEN 548 

@O27Q DATA 20, 20. 21,27, 22, 21, 20; 71,168.16, 16,16, 20,16, 16,16 G@QS20 B=-1:D=1 

20240 FOR I=8 TO ES GOS520 W=N-1 

@B@250 READ TT) @0540 POKE S1.N:POKE S2,N/256 

GB2EO LCIO=3 @O55@ POKE 5=,F:POKE 54,F/256 

@O270 NEXT I B@5E6Q POKE S,W:POKE 3, W/256 
O@BSE6O LCL FHSIL C29 SS2LeF7IHSsLeZS oP: LeADwsserL(aFreaPTiL_(HHrez 090570 POKE 1,B:POKE 2, R/256 
@O@290 L¢S6 )=2:L¢64ao=2 @Q@580 IF B)=0 THEN 620 
00700 L612)542L614) 24°20 (26) =420L 630) 34201648) 420654) =42Llibti=4q @@S59@ POKE 1, INTCFLT(B)+65526):POKE =, INTOCFELTOB)4+655769/2561 
0@710 L¢65)=4 @@E@O POKE &,D:POKE 5. D/256 

Q@Q@220 FOR I=@ TO €5 @0610 IF D) =O THEN 620 

BOZZzO PLAY TéEID,LET) OBE20 POKE 4, INTC FLT*(D)+6E557E6):POKE 5, INTCtFLT¢D'1+E5576) -r56> 

CO740 NEXT I @@670 K=USR«O) 

Q@@75@ PLAY @.6 Q@E40 NEXT I 

BOZE@ DATA 196,184,172, 167,157, 144, 136,126, 121,114, 107,198, 95 B@ES@ END 

@O770 FOR I=0 TO iz OB@EE0 PLAY @LtI) 

@O2E@ READ X« IT) @OE70 NEXT I   
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Try to experiment yourself. If you want 
to exit from the sub-routine prematurely, 

perhaps due to improper input tone 

parameters, you have to do it by pres- 

sing the reset button, because our sub- 
routine ignores the BREAK key. Just 
press the reset button, hold it down for 
a while, then release it. Run again. 

Notice that: 

1. If both increments are equal to zero, 

the tone pitch and quality remains con- 

stant. 
2. If both increments are positive, the 
pitch will decrease. 
3. The pitch will increase with both in- 
crements negative. 
4. If the increments are of opposite po- 

larity, the one with greater magnitude 
prevails. 

5. If the increments are of opposite po- 
larity with the same non-zero mag- 
nitude, the resulting sound seems to ‘ro- 

tate’, resembling the popular Leslie ef- 
fect. 

Something Strange Happens 
Some of the parameters are inter-re- 
lated. For example, if you enter the ON 
interval length equal to 100, ‘incre- 
ment’=-1 and ‘tone length’ = 1000, oe oe : : : 

something strange happens: as the tone | Note that the three cells are mounted near the speaker and wired via the switch on 
length is actually the number of the tone | the side of the case to the core board. 
periods, and the ‘increment’ is added to : _— 
the interval length of each period, it’s 
obvious that we get a negative interval 
length before the tone ends. 

A negative 16-bit integer number N 
actually equals 65536-N, which means 

we suddenly get a very large number as 
the interval length. That’s why you hear 
a very low-frequency clapping in such 
cases, and you have to use your reset 

button to bail out. 
There is a simple formula to prevent 

this happening. If any of the increments 
is negative, it must fulfil this require- 
ment: the absolute value of the incre- 
ment times the tone length must be less 
than the initial interval. This is valid for 
both ON and OFF intervals. 

The program in Listing 5, if typed cor- 
rectly, should produce something 
resembling Ode to Joy. (Sorry, Ludwig!) 
The first part is produced using the stan- 
dard MicroBee BASIC command PLAY. 
The second one is played by our new | The red switch selects 2 MHz or 4 MHz operation. 
sub-routine. Hear the difference! a 
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   Proud Bee kit builders who want to house their machine 

in one of the newer, more attractive, casings may 

encounter problems with incorporating the Bee's 

regulator. Eric Eulenstein did, and applied himself to 

overcoming the difficulty — here are the results of his ingenuity. 

Kit Bee’s Power Supply 
FOR THOSE who, like me, were 

novices in the world of computing but 
were also adventurous and bought the 
original Bee in kit form, the greatest mo- 
ment of all was when the final stage was 
complete and it worked ( ... or was it the 
sheer relief of finding no serious prob- 
lems that meant calling in the experts?). 
From then on, learning to drive the 
beast (Beest?) and how to make it do 

as it was told has also been a lot of fun 
— the sheer power | have at my finger- 
tips is amazing! 

But time passed, and Applied Tech- 
nology offered another case in which to 
house the Bee; and since it was much 
more attractive than the original flimsy 
shell, | could not resist getting one. Then 
emerged the problem of how to adapt 
the machine’s single five-volt regulator 
to fit the new case. 

It was mounted on the aluminium 
base plate which served as a heat sink 

for it. (Later models have two smaller 
units sharing the load, but with no heat 
sinks.) With the new case an alternative 
mounting had to be found, and rather 

than modify the circuit boards | decided 
to adapt the original regulator. 

Using Existing Materials 
Obviously a heat sink was needed, so 
| decided to use the original. | only 
needed to cut the aluminium base plate 

so it would fit neatly under the new 
case, in the area between the assembly 

screws at each end, and to cut a circular 
piece out at the speaker vent. 

Then six 3 mm holes were drilled in 

the plate (four at the corners and two at 

the mid-point of the long sides), for sec- 
uring it to the new base. By holding it 

Mounting the Bee on two 
sets of feet (one on top of 

the other) increases circulation 
of air under the machine and 

helps your Bee stay cool. 

in position and using it as a template, 
holes were drilled through the new base 
for securing with 3 mm bolts and nuts, 
and another two holes were drilled 
through the original regulator mounting 
holes. Then the positions of two 6 mm 
holes were carefully measured, marked 

and drilled for the two legs of the reg- 
ulator to protrude inside the case. 
Assembly was a matter of first placing 

the regulator in position on the under- 

side of the new base, fitting the heat 
sink plate over it, then slipping two 3 
mm bolts through the lot and screwing 
nuts on the inside (with a solder tag 
under one of the nuts). The regulator 
was now sandwiched between the case 
and the heat sink plate. 

The six heat sink securing holes were 
then fitted with 3 mm nuts and bolts, but 
with a couple of washers between the 
plate and base to maintain the air gap 
set by the thickness of the regulator 
flange. 

When fitted, the front edge of the cir- 
cuit board under the keys was very 
close to the base because of its inclina- 
tion, so the three bolts that came 
through needed to be as short as possi- 
ble to prevent contact with the circuit 
board tracks or key tags. 

      

Making the Connection 
Finally, connection was made between 
the regulator and the main board via 
three lengths of stranded wire (with suit- 

able colours such as red for 12 V in, 
orange for 5 V out, and green for earth) 
from the two pins of the regulator and 
the earth solder tag direct to the appro- 

priate points on the main board. The 
speaker was then secured into its re- 

cess and also connected via another 
two similar lengths of stranded wire to 
the two points on the main board. The 

circuit board was secured into the new 
base at the appropriate points, and the 
top covers fitted. 

One last task was to fit new rubber 
feet. Because the regulator protrudes 
further than the four feet on the base, 
new feet were required. | used four 

small, square, stick-on rubber feet on 

the original feet, but later applied four 
large feet beside the original ones with 
the smaller ones on top, to gain a little 
more space under the Bee for better air 
circulation. 

Not only does my Bee now have 
greater eye appeal with the new case, 
and therefore is more prestigious, it 

does not have any hot spots on the 
case. What a mighty little machine! 
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Microbee Variables 
  

By Eric B Lindsay 
  

Microbee owners don’t yet have utility programs such as 

variable listers for programs, nor any method of locating 
variables in memory. These can be easily written if you 

understand precisely where and how the Microbee stores 

variables. This article explains how to locate and decode 

them. 
MICROWORLD BASIC dedicates two 

bytes of memory as a pointer to the lo- 
cation in memory, of the value of each 

variable. It contains a variable table area 

from 1280 (500H) to 1696 (6AOH) or 
416 bytes, in which are stored in strict 
alphanumeric order the 208 two-byte 
pointers for the real variables AO to 27. 

There is another variable table area of 
52 bytes from 1712 (6BOH) to 1764 

(6B4H) for the pointers to the 26 integer 

variables A to Z, again in strict alphabet- 
ical order. 

The pointers to any unused variable 
will contain 0. This makes it fairly easy 
to write a simple program in BASIC that 
goes through PEEKing at the variable 
table, and listing only those variables 
that are used. You can also PEEK loca- 

tions from immediate mode. 

You can use the monitor if you have 
Editor-Assembler or WordBee. How- 

ever, as WordBee has a tendency to de-   

stroy BASIC programs, | would be cau- 
tious about using the monitor in 

WordBee to see what is stored in a pro- 
gram. 

Each two bytes in the variable table 
print to the location of the start of the 
corresponding variable, and are in the 
usual low-byte, high-byte form. Those 
not familiar with hexadecimal arithmetic 
can find the location by multiplying the 
second (high) byte by 256, and adding 

the first (low) byte. This gives the loca- 
tion to PEEK for the start of the variable 
value. 

The variables in a program are stored 
in the order in which they are encoun- 
tered in the program, and — except for 

string variables — are stored immediately 
after the program in memory. BASIC 
takes care of where the program starts 
and ends, and where the next free 
space for numeric and string variables 

is, by means of another set of pointers 

    

which are located as follows: 

Program start: 2256/7 

Program end: 2258/9 
Next available variable location: 2264/5 
Next string variable location: 2268/9 
Value to which SD is set: 2240 

When you do a cold start, these poin- 
ters have values placed in them to en- 

sure that BASIC programs start at 2304 
(900H), and that the variable pointer is 
set to the next location in memory and 
the string pointer to 256 (100H) below 
the top of memory. Incidentally, you'll 
find these cold-start values stored in 
your BASIC 5.10 EPROMS, starting at 
BA3AH. 

The values of the integer variables A 
to Z are stored as two bytes per vari- 
able, the same as pointers, in low-byte, 
high-byte form. You can find the value 
by multiplying the second byte by 256 
and adding the first byte. You'll notice 
that the results of this give the value of 
the variable if it is between 0 and 32767. 
Negative numbers do not work so well. 

In fact, at first glance, they don’t ap- 
pear to work at all. However, if you sub- 
tract the number you calculated from 

65536, you'll come to the value of the 

variable. Negative numbers tend to be 
stored in computers in two’s comple- 
ment form, a complete description of 

which appears in most text books, or 
you can read Les Bell’s article on binary 
and other arithmetics in the November 
and December 1981 issue of Your Com- 
puter. 

Integer arrays are more complicated. 
When you dimension an array, say DIM 
A(2,3), you find that the array is actually 
three by four, since it starts from zero 
and goes to two, and from zero to three. 
Enough space is set aside in memory 

for each of the array variables stored 
two bytes each. 

In memory, you'll find each array 
starting with 255, followed by the 

number of dimensions stored as a single 
byte. This is followed by a two-byte 

value for the size of each dimension ex- 
cept for the first one. The last two bytes 
are the size of the array in bytes. The 
actual values are stored after this, in the 

same form as regular integer variables. 
Real variables AO to Z7 are more in- 

teresting. The number of bytes used to 
store a real variable depends on the 

value you assigned to SD from BASIC.



You require half the SD value in bytes, 
plus one byte. Since the normal setting 
for SD is 8, this means each variable oc- 
cupies five bytes. If SD is four, you need 
three bytes; if SD is 14, you need eight 
bytes per real variable. 

If this bit is on (if the value of the byte 
exceeds 128 or 80H), then the number 
is positive. If lower, the number is nega- 
tive. The next lowest bit (bit six) is set 
on for positive exponents, and off for 
negative exponents. The remaining six 
bits of the first byte are the value of the 
exponent of the number, which explains 
the allowable range of the MicroBee’s 
real variables — approximately plus and 
minus 64. The bytes that follow contain 
the actual number, two digits per byte, 
in binary coded decimal (BCD) form. | 
must admit | have never encountered 
BCD before in a home computer. 

BCD is really easy to understand, if 
you happen to speak in binary or 
hexadecimal. Each byte contains eight 
bits, and these are taken four at a time, 

_and used to code the 10 decimal digits 
zero to nine. The surplus bit patterns, 
which in hexadecimal would be_indi- 
cated as A to F, are simply not used. 
This means that if you view the location 
of real variables using a monitor, which 
displays in hexadecimal, you will actu- 
ally see the value of the variable dis-   

played. However, life wasn’t meant to 
be easy, so if you view these bytes as 
decimal numbers, they make little 
sense. You have to convert them to bi- 
nary, take the top four bits and the bot- 
tom four bits separately, and convert 
these back to decimal. | told you that 
you needed to read Les Bell’s articles 
on binary arithmetic... 

Arrays of real variables are treated 
much the same as integer arrays. The 
first byte stored is 255, followed by the 
number of dimensions (the maximum al- 
lowed is 255, but limits of line length will 
prevent you getting anywhere near that 
limit) then the actual dimensions are 
stored, two bytes per dimension, in low- 
byte, high-byte form (except for the first 
dimension, which doesn't appear to be 
stored). After these is a two-byte count 
of the number of memory locations the 
array occupies. The values in each 
array variable come next, and these are 
stored in exactly the same manner as 
normal real variables. 

The real fun comes in decoding string 
variables. The pointer in the real-vari- 
ables pointer area points to one vari- 
able-storage area above the program. 
Here, you find zero, followed by a two- 
byte pointer in low-byte, high-byte for- 
mat, followed by a count of the number 
of characters in the string, followed by   

more zeros to bring the total memory 
used to the same total as an ordinary 
real variable. 

If you follow the pointer, you'll find the 
first string variable is stored 256 bytes 
below the top of memory, and that it is 
stored in reverse — that is, if you have 
a string “abcd”, it’s stored as “dcba”’. 

Working backwards from the location 
at which the string is stored, near the 
top of the memory, you have the ASCII 
codes for the string, followed by 128, 
which indicates the end of the string, fol- 
lowed by yet another pointer. This points 
to the pointer that pointed to the string! | 
At the end (or bottom, if you like) of all 
the string variables, you will find a 255. 

That covers all the variables, as 
stored in the MicroBee. The program 
listed will find and display all variable 
storage areas, and also the program 

area. 
As programs tend to occupy a lot of 

space, you may prefer to use it without 
lines 410 to 470. The results of the pro- 
gram are shown, with it displaying vari- 
ables as used within itself. Lines 100 to 
200 can be changed in any way, and 
merely include a fairly wide range of var- 
iables to give the program something to 
do. All sections of the program will run 
independent of the others, provided you 
include line 270. a 

  

@@100 REM DISPLAYS VARIABLES, TABLES AND PROGRAM> AS Nos 14/2783 @0660 PRINT*NEXT STRING VARIABLE LOCATION“'§PEEK( 2412)4(2562PEEK (Z+13)) 
Qv112 LET A = 1v0 @0670 PRINT*VALUE OF SD NOW SET TO "sPEEK(224Q) 
@@120 LET 3 = -100 

@013@ LETC =A * 8B INTEGER VARIABLE POINTERS 
@014@ LET A® = 100 

@015@ LET B7 = -100 1712 15 15 17 15 19 15 0@2000000080 
Q4160 LET CO = 1.2345678E08 1728 0 @ 180 15A0000080000080 
@0170 LET D7 = -1.2345678Ev7 1744 0000000 8000620900 182 15 
00180 LET E@ = 9.8765422E-v6 1760 @@ 178 150 
Q@0190 LET F7 = -9.8765432E-05 REAL VARIABLES POINTERS 
@02¢0 GOS = "ancd" Press any key when ready 
@0210 DIM G7(2,3) 

Q0220 DIM HOI, 4) 128d 2! 15 089000000908000900 
@0230 LET C7(0,@) = 4567.899 1296 0©YV OC OBOHOKBOBACL EAD 2615 
Q@624@ LET G7(1,1) = 7654 1312 31 In O9@Ood0 CBee HOBHABA 
00259 LET HES(0,¢) = "defg" 1328 6 8300068006460 C4000 36 15 
Q@0260 LET H@S(1,4) = "xwvu" 13% 441150 7000000000000 
O270 Z = 2256! J=O 1360 62@ 0000060880000 8 46 15 
00280 PRINTtPRINT “INTEGER VARIABLE POINTERS® 1376 5) 1582000920000 00 0 56 15 
@029@ FOR X = 1712 TO 1764 1392 122 15 039d COOBRDOCK200 
00300 IF J = © THEN PRINT? PRINT X3 14408 20 OHO BOA HACAHAEE 
0310 J = J + 181F J = 16 THEN LET J = 1696 
@0320 PRINT PEEK(X)3 
@6330 NEXT PROGRAM AREA 
023409 PRINT#tPRINT "REAL VARIABLES POINTERS" Press any key when ready 
@0350 PRINT*Press any key when ready" 
@036@ IF KEYS = ""THIN GTO 360 2304 0 100 59 32 161 32 68 73 82 80 76 65 89 B3 32 86 
@0370 JeQtFOR X = 128@ TO 1696 2320 65 82 73 65 66 76 69 832 44 32 84 65 66 76 69 83 
@¢38@ IF J = @ THEN PRINT!tPRINT X3 2336 32 65 78 68 32 8@ 82 79 7) 82 65 77 83 22 65 83 
00390 J = J+ I81F J = 16 THEN LET J =@ 2352 32 78 Ill 115 32 49 52 47 50 47 56 51 13 @ 110 12 
@C4@2 PRINT PEEK(X)3! NEXT X 
Q@0412 PRINT?PRINT "PROGRAM AREA" VARIABLES AREA 
Qv420 J=OtPRINT "Press any key when ready" Press any key when ready 
@0434 IF KEYS = "" THEN GOTO 430 
@0444 FOR X = PEEK(Z)+(256*PEEK(Z+1)) TO PEEK( Z7+2)+(256%P EEK(Z+3)) 3854 255 120 @ 156 255 246 216 195 16 @ @ O 67 16 8 @ 
00450 IF J.= @ THEN PRINT!PRINTX3 3870 0 20) 18 52 86 120 72 18 52 86 120 187 152 118 84 50 
Q6460 J =J + I8IF J = 16 THEN LET J = @ 3886 68 152 118 84 50 6 127 04 0 25520480 60 
Q@0470 PRINT PEEK(X)3tNEXT X 3902 196 69 103 137 @ 192 0000192 60080 192 
Q0048v PRINT:tPRINT “VARIABLES aREA" 3918 0202202 192 @0 6 0 196 118 84 @ @ 192 0 

02490 J=0tPRINT “Press any key when ready" 3934 070192 00u 0 1922 0090 192 00 
O@50@ IF KEY4 = "" THEN GOTO 50 3950 620 192 0800 192 @008 2552905 
@@510 FOR XSPEEK(2Z+2)+(256*PEEK(Z+3)) TO PEEK(Z+8)+(256*PEEK( Z+9) ) 3966 0 50 @ 126 249 40192 6000192 008 
Q0520 IF J = O THEN PRINT#PRINT X}3 3982 2192 0000192 000019200080 
00530 J = J+ ItIF J = 16 THEN LET J = 3998 192 02000192 60820 192 000200 
Qv542 PRINT PEEK(X)38 NEXT X 4014 126 242 4 @ 208 8 7 © 182 15 32 
Q0550 PRINT!tPRINT *“STRING VARIABLES" 
00562 J=OtPRINT "Press any key when ready" STRING VARIABLES 
00570 IF KEYS = "4 THEN GOTO 570 Press any key when ready 
@@58Q FOR X = PEEK(Z+12)+(256ePEEK(Z+13)) TO 22512 

@0590 IF J = @ THEN PRINTSPRINT X¢ 32491 255 15 173 128 117 118 119 120 15 128 128 103 102 10! 120 15 
@2600 J= J+ JtIF J = 16 THEN LET J = @ 32507 51 128 100 99 98 97 
@0610@ PRINT PEEK(X)+ PROGRAM START 2304 
@@620 NEXT X PROGRAM END 3854 
00630 PRINT:PRINT ®PROGRAM START" yPEEK(Z)+(256eP EEK(Z+1)) NEXT VARIABLE LOCATION 4024 
00640 PRINT"PROGRAM END" sPEEK (Z+2 )+(256%P EEK(Z+3)) NEXT STRING VARIABLE LOCATION 32491 
@@650 PRINT"NEXT VARIABLE LOCATION sPEEK (Z+8)+(256*#PEEK(2+9)) VALUE OF SD NOW SET TQ 8 
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PEEK, POKE and Screen | 
Some people find PEEKs and POKEs in BASIC complicated 

enough, and turn pale at even a mention of machine 

code. Tim Berry has written a simple introduction to 

these concepts — and screen RAM — using a Microbee. 

RECENTLY | WAS talking to a friend 
about computing and | mentioned 
Machine Code ... to which he replied, 
‘Machine Code! I’m just learning about 
PEEK and POKE, and | don’t even un- 
derstand what you’d use them for.’ Well, 
the answers are many, but two applica- 
tions are: 

1. Testing specific screen locations to 
see what is there. 

2. Quick single-character printing on 
the screen. 

These applications involve PEEKing 
and POKEing to the Screen RAM. 

In Microworld BASIC the ‘PEEK (int)’ 
command gets a number from the mem- 
ory location specified by the integer (int), 
whereas the command ‘POKE intl,int2’ 
stores the integer int2 in memory loca- 
tion intl. 

A_ section of memory called the 

Screen RAM is dedicated to the screen 
(TV screen or monitor), and contains 
numbers that represent different char- 

acters, irrespective of whether they are 
from the Standard Character Set or your 
own characters (PCGs). The computer 
is constantly updating the screen from 
the numbers in the Screen RAM. 

On the Microbee the Screen RAM be- 
gins at memory location 61440 and 

ends at memory location 62463. Each 
location corresponds to a character pos- 
ition on the screen, the screen itself 
being divided into 1024 such positions 
(64*16). The top left-hand corner corres- 
ponds to memory location 61440 and 
the numbering increases across the line 
until the end, then back down to the be- 

ginning of the next line. As there are 64 
positions in each line the second line 
begins at memory location 61504 
(61440+64). The bottom right-hand 
corner corresponds to memory location 
62463. 

To print a character in a specific 
screen position simply POKE the char- 
acter number to the corresponding 
Screen RAM location. To find out what 
character exists at a specific screen 
position, PEEK to the correct memory 

location. Here is an example: 

  

188 CLS 

118 POKE 61446,65 

128 CURS 2,1 

130 PRINT PEEK (61449)       

This short program POKEs an ‘A’ into 
the top left-hand corner of the screen. 
It then PEEKs that location and PRINTs 
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the number next to it. For printing single 
characters this use of the POKE com- 
mand is quicker than the PRINT com- 
mand, and you may have noticed that 
the CURS command is not needed. 
Testing screen positions with the PEEK 
command saves both time and memory, 
as you don’t have to set up and examine 
a huge two-dimensional array. 

Moving Across The Screen 

Simulating movement across the screen 
using POKE is fairly straightforward. 
You simply POKE the character onto the 
screen, pause, then clear that location 
and POKE the character into the next lo- 
cation, and so on. The following pro- 
gram may make it clearer: 

  

108 P=61952 

118 CLS 

128 FOR I=1 TO 64 

13@ POKE P,65 :REM ‘At 

14@ FOR J=1 TO 5@: 

:REM Pause 

POKE P,32 

NEXT J 

158 

166 

178 

REM Space 

P=P+1 

NEXT I       
To move more than one character at 

a time you move them in sequence. The 
computer runs so quickly they appear to 
move together. 

To list the Standard Character Set run 
the following program: 

  

188 CLS 

118 FOR I=@ TO 127 

128 CURS I*8 

138 PRINT I; 

148 POKE 61445=I*8,1 

158 NEXT I 

168 CURS @       

The PCG characters start at 128 in 

the character set. Thus the equivalent of 
the three commands PCG: CURS 0: 
PRINT‘“A” is the one command POKE 

61440,193. 
You may have noticed that you don’t 

have to be in PCG mode to POKE PCG 

“ characters; it is possible to do the same 
with the Block Graphics Characters. 
Whenever you execute a high-res or 
low-res command your Microbee loads 
the Block Graphics Characters into the 
PCG RAM. You can use the previous 
program to list the PCG or low-res char- 
acter sets by typing in the following 
modifications: 

  

  138 PRINT 1=128; 
  

  

100 P=61454 Q=62431 R=61488 | 148 POKE 61445=1%*8, 

118 CLS 1=128 

126 FOR I=l1 TO 16 

13@ POKE P,65: POKE Q,66: POKE R,67 

135 IF I=16 THEN 176 

14@ FOR J=l TO 50: NEXT J 

158 POKE P,32: POKE Q,32: POKE R,32 

160 P=P+1 Q=0-64 R=R-1 
178 NEXT I 

    

  
  

   



      

Program Using PEEK and POKE 
The following listing is a simple game | 
wrote for the Microbee. It uses PEEK 
and POKE to check for empty spaces 
and to print characters onto the screen. 
Although this program is fairly self- 
explanatory, you don’t need to under- 
stand how it works in order to enjoy 

playing it. 
The idea of the game is to move from 

the left-hand side of the screen, through 

the simple maze and out the space on 
the right-hand side without exceeding a 

fixed time limit or getting ‘squished’! The 
four keys ‘[’, ‘]’, ‘Q’, and ‘A’ control the 
movement left, right, up and down re- 
spectively. 

  

  
  

  

84635 

gaasr 

gaas9 

66096 

@aags 

Gag? 

@8186 

88116 

4@115 
@6126 

Wiad 2h 

a6148 

86156 

B@i55 

48166 

ge178 

GH134 

8H196 

@a135 

G428G 

66218 

44226 

Ha225 
@a227 

66236 

4@232 

Ba235 
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s@utmISH 
BY TIM BERRY 

REM 
REM 

CLS: CURS 27,15: PRINT"SQUISH" 

REM--PCG DATA------- 3-9 rrr rrr rrr 

REM WALLS ; 

DATA 66.60,66,68,.66,60,66,66 

DATA 60,60,60,66,60,68,.6@.66 

REM PLAYER 

DATA @,741.3,3.4,3,.7,11 

CATA 414.3,.2,2,.2,52,.6,86 
DATA @,6,126,128,0.128,192,166 

DATA 166,.126.126.128.125,128,192.6 

REM SQUISHERS €196,197) 

DATA @,.6.63.63,63,63.62,63 

DATA 63,63,63.63,63,63,0,6 

DATA @.6.252,252. 252.252, 252.252 

DATA 252,252,252. 252.252,252,0,6 

REM--SET UP PCGS--------- rrr rrr nnn 

FOR 1=64528 TO 64607 

READ D: POKE 1.B 

NEXT I 

REM--MAP DATA-------------- rrr rrr 

REM MAP 1 

DATA 12,16,8,1,2.16,6,4 

DATA 2.414,.44.,7,5,13,9,15 

REM MAP 2 

DATA 13.16,.8,1,14,6,4,2 

DATA 14.12.9,5.7,3,45,44 

REM MAP 3 

DATA 2.16,11,.1,6,14,3.9 

DATA 12.7,5,8,.4,13,16,15 
REM--SELECT RANDOM MAP-------~--~--------—- 

R=INT CRND*3) 414. RESTORE 
REM--DRAW MAP---------- ort 

(194.195) 

FCG. FOR I=1 TO 16 
REM Db POINTS TO GAP IN ROW I 

READ OD. FOR J=1 TO 16 
REM CHR¢166> I5 A SPACE IN PCG MODE 

REM PRINT"AAR" IS A WALL CHAR (1922 

IF D=J THEN PRINT CHR¢(168>;-CHR«168; ; 

ELSE PRINT"AAR", 
IF 1=16 AND J=16 THEN 

PRINT CHR‘16@);CHR C1663: 

25 
SE ae 

NEXT J. NEAT I 

NORMAL: CURS @ 

REM DRAW EXIT 

FOKE 61562,193: POKE 61583,.193 
FOKE 616236,4193: FOKE 61631,192 
REM--SET UP PLAYERS FOSITION------------~ 

P=61622) G=Pi T=a 

FOKE F.i94) POKE Ft+i.4195 

Haars 

BH336 

Bass 

643396 

@4395 

Gas? 

66406 

Ga465 

6a4a7 

6a416 
ga415 

aa4i7 

46426 

@a425 
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86435 
44446 

66445 
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86466 
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88436 
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Ha4968 
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80616 

GG615 
66617 
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88635 

46646 
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BH687 

Ba678 
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REM--SET UP SGQUISHERS-------------------- 
DIM X(8).F C89) L=61566 
REM--START------------------------------- 
PLAY 12:17)24322347512322;20 
REM--PLAYERS MOYEMENT-------------------- 
REM CHECK FOR SQUISHER & TIME 
IF PEEK¢P)=196 OR T=24@ THEN 988 
REM INCREMENT TIME COUNTER & GET 

REM MOVEMENT CHAR FROM KEYBOARD 

T=T+1: A=ASCCKEYS 
REM P=OLD POSITION 

REM CALC NEW POSITION ¢@ 
GOTO 448 

GOTO 444 
IF A=93 THEN LET Q=P+zZ: 

ELSE IF A=94 THEN LET Q=P-2. 

REM POKE 255.@ = QUICK KEY REFEAT 

IF A=65 THEN POKE 258.0: Q=F+64 

ELSE IF A=8i THEN POKE 258.4: Q=P-64 

ELSE 664 

REM CLEAR: OLD POSITION 

POKE P,.32: POKE P+1.32 

REM CHECK IF NEW POS IS A SPACE 

C=PEEK¢(Q): IF C=32 THEN LET P=Q: GOTO 496 

REM CHECK FOR LAST SQUARE 

IF P=61566 AND A=93 THEN 866 

REM CHECK FOR SQUISHER 

IF C=196 THEN 908 

PLAY 4 
REM FOKE CHAR INTO NEW POSITION 

POKE F.194. POKE FP+i.195 
REM--SQUI SHERS~--------- rn rrr 

REM #¢I3=PO0S FCIS=MOVEMENT FACTOR 

FOR I=1 TO 8 

REM 2 IS TEMP VALUE OF <I> 

2=KCI3 > IF 2456 THEN 654 

REM IF 2=@ THEN CALC RND START POS 

REM RND COLUMN MOVING UP 

N@=RND: IF N@<@.5 THEN LET FCIs=-64,. 

2=62482+INT CRND#15> 44, GOTO 686 

REM RND COLUMN MOVING DOWN 

IF N@¢<@.935 THEN LET F¢1>=64° 

2=61442+INT CRND*155 44> GOTO 686 

REM LAST COLUMN MOVING DOWN 

Fcld=64) 2=61498; GOTO 6288 

REM CLEAR OLD FOSITION 

POKE 2.32: POKE 2+1,32 

REM CALC NEW POS 

2=2Z+F C1). C=PEEK C23 

REM IF NEW POS IS NOT A SPACE OR 

REM THE PLAYERS CHAR, THEN XC¢ID=@ 

IF C=22 OR C=194 THEN 636 

ELSE LET #¢1I}=@: GOTO 70@ 
REM FPOKE CHAR INTO NEW POSITION 

FOKE 2,196. POKE 2+1,197 

REM SET #¢I3 TO NEW YALUE 

KCI =2 

NEXT I. GUTO 406 
REM--PLAYER WINS------------ 97 nn orn 

PLAY 42517 FOR I=1 TO 2 

PLAY 24;522;42; 73419-51751? 312,222,206 

PLAY A2;73419;47542547524522,12;7 
PLAY 49;547517512;324517522;12 

IF l=4 THEN PLAY 26;547:519;512 

NEXT I 

CURS 27.6) PRINT "WELL**DONE" 
CURS 27.9. PRINT" YOUreWIN " 

PLAY 47.8: GOTO 339 
REM--FLAVYERS LOSES----------------------- 
PLAY 1,2:8.2342,2)10,2:8,231,2 
CURS 27.8 
IF T=24G THEN PRINT"TIME’S UP" 
ELSE FRINT">SQUISHED<" 
CURS 27,9! PRINT" YOU LOSE " 
PLAY 4,8 
REM--------------- -----------------------. 
CURS @: END 
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Bee-Thoven 
Many people support Australia’s own Microbee, covering 

a range of activities from business to games. One of the 

many applications developed for this machine Is the 

BeeThoven/BeeComposer hardware and software 

packages. Mike Newnham reviewed them recently. 

NO DOUBT all users of the Microbee 
are familiar with the capabilities of its 
tone generator. It produces a series of 
beeps and pops that resemble tunes 
and, using machine code routines, it can 
be made to generate quite unusual and 
effective sound effects. 

Milan Hudecek of the Melbourne- 
based firm Robotron, who wrote the arti- 
cle ‘Microbee Music’ which appears 
elsewhere in this magazine, is now mar- 
keting a piece of hardware called 
‘BeeThoven’ which plugs into the Micro- 
Bee parallel port and takes sound syn- 
thesis on the Bee a few steps further. 

Also available from Robotron is a pro- 
gram called ‘BeeComposer’, which is a 
machine code music composition pro- 
gram for use with BeeThoven. 

The main elements of BeeThoven are 
three tone generators, one noise source 
and three noise/tone mixers. The fre- 
quency of each tone generator is inde- 
pendently programmable over a wide 
range. Noise may be mixed with each 
of the tone sources, and a programma- 
ble envelope generator is provided for 
amplitude modulation of each voice for 
functions such as attack and decay and 
programmable volume control. 

All these features combine to permit 
the creation of a wide range of sound 
effects and musical notes. BeeThoven is 
supplied with a demonstration tape giv- 
ing some idea of its capabilities, and 
after using the package for a time, | be- 
lieve there are not many sounds it can’t 
reproduce. 

A software driver which allows your 
programs to control BeeThoven is also 
provided on the demo tape. All com- 
mands to control sound generation are 
passed to BeeThoven via this driver. 

There are also two DB-9 plugs 
mounted in the case. These permit the 
direct attachment of either Atari or VIC- 
20 joysticks. The BeeThoven driver is 
used in this instance to read the ports 
and return the joystick position to the 
calling program. | found that running 
under BASIC the response is a little 
slow. This is no fault on the part of 
BeeThoven, but is due to the 
impracticality of using BASIC for real- 
time applications. Under machine code 
the performance was excellent, the only 
controlling factor being the efficiency of 
program coding. 

The documentation supplied with 
BeeThoven is first class. It is presented 
in a spiral-bound booklet which leaves 
nothing out; each command is_ fully 
explained as to its function and use. 
There is a program on the demon- 
stration tape called ‘Tutor’, which is 
used in conjunction with the manual to 
guide the user through the commands 
and explore the operation of each. The 
manual contains a table which specifies 
the data values required to generate 
each note of the tempered musical 
scale, and there are both BASIC and 
Assembler source listings of routines to 
generate various sounds. 

While BeeThoven is not physically 
large, its size belies its abilities. It is a 

most impressive device. BeeThoven, 

demonstration tape and manuals to- 
gether sell for $89.50. 

Very Impressive Composer 
For an extra investment of $29.50 you 
can purchase BeeComposer, which 
transforms ‘impressive’ into ‘very impre- 
ssive’. 
BeeComposer is a machine -code pro- 

  

Product Review Summary 
  

  

          

Product: BeeThoven BeeComposer Combined Package 
Ratings: 
Ease of use: Very good Excellent Excellent 
Entertainment: Good Excellent 

Educational: Fair Excellent 

Documentation: Excellent Excellent 

Use of graphics: Very good 
Value for money: Very good Excellent Excellent 
Holds interest: Yes Addictive 

Price: $89.50 $29.50 $119.00 

Review unit from: Robotron Pty Ltd, PO Box 232, Mooroolbark 3138.     
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gram which enables the user to create, 
transcribe and edit musical compo- 
sitions, and immediately play them on 
BeeThoven. It supports all standard 
musical notation and provides for the 
selection of key signature, time signa- 
ture and tempo. You can compose in 
three parts, or voices, and save all your 
compositions to tape for later playing or 
editing. 

After loading, BeeComposer signs on 
with its own fanfare, then displays the 
great staff and below it the lower bass 
staff. Music is entered onto the staves 
by means of simple keystrokes. Cursor 
control makes the tasks of composition 
and editing very easy indeed. BeeCom- 
poser makes very good use of the 
MicroBee’s high-resolution graphics and 
all characters are clearly recognisable 
as the musical elements they are de- 
signed to represent. 

On the ‘flipside’ of the BeeComposer 
cassette, a demonstration composition 
is provided. This is loaded in via 
BeeComposer and, when played, is a 
perfect example of the magic of the 
BeeThoven-BeeComposer symbiosis. 

One observation made by a number 
of people who have seen and heard this 
package in operation is that it has real 
potential as a means of teaching music. 
The user is able to write a piece and 
play it immediately. He or she may then 
edit the composition, replay it, and 
demonstrate instantly the behaviour of 
each individual element of a piece of 
music. Some students of music may find 
that the replacement of pencil and music 
book with keyboard and screen is a very 
enjoyable change. 

One thing | discovered is that experi- 
menting with BeeThoven and BeeCom- 
poser becomes almost as addictive as 
programming itself. Programming ses- 
sions that last until 5 am have revealed 
some very talented home programmers. 
Perhaps this offering from Robotron will 
awaken latent musical talents in some of 
them too. 

Again, the manual supplied with 
BeeComposer is first class in both qual- 
ity and presentation. It clearly explains 
the operation of every command used 
by BeeComposer, and provides a de- 
scription of the use and function of each 
component of music notation. 

To sum up, BeeThoven is certainly a 
worthwhile addition to your system. If 
you intend purchasing it, then ! would 
recommend that you also buy BeeCom- 
poser, especially if you have a musical 
bent. 

If Robotron maintains this standard 
of quality, we should see some excel- 
lent products from the company in the 
future. 
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A problem which must plague most personal computer 

owners who use a tape recorder for cassette data 

storage is setting the volume control when loading a 

program. Eric Eulenstein built a simple monitor to help 

him get it right, and made some surprising discoveries in 

the process. 

Volume 

Control & _—_ 
of Program Loading 

MOST COMPUTERS require a volume 
setting within a very small range before 
they will accurately load program mate- 
rial, and because of the variation in 
depth of recording on a tape with dif- 
ferent recorder brands, and the varying 
playback responses of different brands 

of tapes, many microcomputer owners 
probably have a frustrating time estab- 
lishing a suitable volume control setting 
for each tape. 

Although originally used with a Micro- 
bee, the unit described here can be 
used with any personal computer and 

will simplify loading procedures. It also 
provides an audible signal which will 
help users develop efficient loading 
techniques, and even identify system 
troubles that would not otherwise be evi- 
dent. 

The Microbee has a ‘clipping’ circuit 
which automatically controls the input 

signal to the level required by the 
machine: providing the input signal is 

above a certain value, the loading of a 
program is assured. | bought a new tape 

recorder to use with my Bee and found 
reliable loading required the volume 
control to be almost on full. This did not 

appear to be out of the ordinary at the 

time, and performance was satisfactory 

at 300 and 1200 baud rates. 
Eventually it dawned on me that a 

monitor speaker would be an asset, to 

determine the start of a program on a   

wa : 

tape and so help with correct loading. | 
built one using a small speaker from an 
old transistor radio, but with a 500 ohm 
pot in series to regulate the sound pro- 

duced by it. This mechanism became an 

important aid in the loading procedure, 
allowing me to quickly find the gap be- 
tween programs; to cue up the start of 
a program and avoid false starts; to 
monitor the program and identify tape 
drop-outs; to check that the head 
azimuth was optimised; and so on. 

Adjusting Your Azimuth 
l'll diverge from my original course to 
explain that last-mentioned benefit. 

Have you ever tried to load somebody 
else’s program tape, especially at 1200 
baud, and received a BAD LOAD mes- 
sage? One of the reasons can be in- 
compatibility between the azimuth of the 

tape recorder head and that of the data 
on the tape. 

Most recorders allow access to an ad- 
justing screw, usually via a small hole, 
allowing the azimuth to be set to its cor- 

rect position. By using a_ suitable 
screwdriver and listening to the program 
while the recorder is playing, the record- 

er head can be adjusted for a particular 
tape by tilting it one way or the other 
with the adjusting screw (usually only a 
very small change is required) until the 
sound is as sharp or harsh as it can be 
made. This should then allow loading of   

   

  

    

the troublesome tape. 
Don’t forget you'll have to readjust the 

azimuth to suit one of your own tapes 
again, prior to SAVEing the new pro- 
gram onto a spare cassette! Then you 

will have a copy to suit your own equip- 
ment. 

Back to the Story 
After constructing my monitor speaker | 
decided to attach a meter to it, in order 

to be able to determine a minimum set- 
ting of the volume control for reliable 
loading. The first observation | made 
was that the meter was reading a strong 
signal before the program signal started. 
| was even getting a signal when there 
was no cassette in the recorder, but with 
the play key depressed. So, what was 
it all about? 

Pulling out the AUX plug stopped this 
false signal and further checks showed 
that with the AUX plug removed | was 
able to load a program at a much lower 
volume control setting! Obviously an os- 
cillatory action was created by the pres- 

ence of a loop completed when the two 
plugs were inserted at the same time. 

| dismantled the recorder and took a 
good look at the circuit board, which re- 

vealed that the two sockets were both 
earthed at different ends of the circuit 
board’s earth track. Apparently the earth 
was reactive in some way, with each 
end connected separately into the com- 
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puter, and stimulated by the operation of 

the play key. 
The recorder had been intended only 

for recording or playing, in an entirely 

different environment. But when using it 
with a computer I’d found it convenient 
to leave both plugs in permanently, and 
in this case the earth loop inside the 

machine became reactive and caused a 
super audio oscillation. 

There is only one way to eliminate in- 

ductive reactance in a case like this: 
short circuit the inductance. So, | 
bridged the earth points at each jack, 
and (using a fine single-strand insulated 
wire) | connected them radially to vari- 
ous points in the earth loop on the circuit 
board, particularly to those points that 

are extensions to the centre of the 
board, to pick up the earthy end of 

bypass capacitors and so on. 

Success 
On testing the reassembled machine | 
found the meter registered nothing other 
than program signal — great! | then set 
the volume control low enough to cause 
BAD LOADs on the MicroBee and ad- 
justed a trim pot in series with the meter 

so it registered 2 on the scale of 10 — 
now it can always be used to set the vol- 
ume to a measured level. (i usually aim 
at between 6 and 8 on the meter.) 

For those who have computers which 

require the volume to be set at a special 
level, the meter can be used to establish 

the upper and lower limits. Then, by ad- 
justing the volume to the mid-point, the 

meter reading can be set with the trim 
pot to, say, 8 on the meter scale. Thus, 
every time a program is to be loaded, 
by setting the volume control on the 
tape recorder to get a reading of 8 on 
the meter a reliable loadis assured! gy 

  

PARTS LIST 

Jiffy box (Dick Smith Cat. No. H2753) 
Level meter (Dick Smith Cat. No. Q2100) 
Signal diodes... 4x OAQ1 or similar 
Trim-pot....04..5.. 
Potentiometer.... 
Resistor... 
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NORMAL CONNECTION 
TO TAPE RECORDER 

NEW 
CONNECTION 

NORMAL 
*.. CONNECTION 

TO TAPE RECORDER ‘MIC’ } 

  

  

  

  

TRIM POT 

it 

  

100 

VOLUME ° ; 

. € 

SPEAKER     

Typical! It ain’t pretty but it does the job. | mounted all the bits in a cheap ‘jiffy’ box 
with the connectors on one end. 
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Ideas, additions, improvements 
and service checklist 

for your microbee 

This section contains ideas, additions, improvements and 
changes that can be made to your MicroBee. Many improve- 
ments are already in the latest MicroBees. 

This is not the Technical Manual and does not replace it. 

Most of its ideas have been compiled by Max Maughan, En- 
gineering Manager, Applied Technology. 

These ideas and additions are for your interest and can be 
added to your MicroBee by you or someone with hardware 
knowledge. The only things that will be added by Applied Tech- 
nology are the modifications required with upgrade. These will 

only be done with the upgrade and not under any other cir- 
cumstances. 

  

engineering — 
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FIELD CHECKLIST _ 

  

Please note: This list is written for people with some electri- 
cal knowledge. You must know how to use a multimeter and 
a low-wattage soldering iron. In many cases a working Micro- 
Bee would be handy to be able to swap parts; when swapping 
parts put the suspect part into the working unit. For example, 
swap the 6545 from the dead unit to the working unit; this way 
if there is anything in the dead unit causing the chip to fail 
it won’t damage the good one. 

  

DISCONNECT BATTERY WHEN CHECKING UNIT 

  

FAULT 
No power on or picture 
dead unit 
Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Power-on beep but no picture 
Ditto 

Ditto 
Picture but no beep 
Ditto 
Loss of picture after a couple 
of minutes 
Ditto 
Ditto 
Breaking out of programs back 
to ready 
Only cursor on screen after 

CHECK 
Try another plug pack unit; if machine OK check wiring and voltages — 
should be no load 14-16 volts 
Still dead, plug pack OK — remove cover, check input voltages at D14, 
check D14 for open circuit and D15 for short circuit 
Still dead — check all tag tantalum capacitors for burnt tops; with 
suspicious ones, remove one leg from board and power up 
Still dead — if input volts OK, check the three 5 volts: 1. pin 16 IC2, main 
board; 2. pin 16 1C3, main board; 3. pin 24 IC30, core board 
Still dead, all 5 volts OK — try another core board 
Still dead, core board OK — change IC25 Z80CPU 
Still dead, CPU OK — remove IC9 6545, leave out, and try for power-on 
beep 
Still dead, 6545 out — change IC1 PIO, try for power-on beep 
Still dead, all above OK — time for an experienced technician with 
test equipment | 
Check leads from DIN plug to monitor for open circuits 

Still no video, leads OK — try running a BASIC program using play; 
test control ‘G’ 
Still no video, core board and 6545 OK — time for Service Centre 
Check wiring to speaker and speaker for open circuit 
Change IC1 PIO and check TR3 under keyboard 
Check regulators under keyboard for loose screws stopping 
heatsinking 
Regulators heatsinking OK — change IC9 6545 
IC9 OK — try another plug pack 
Change plug pack — bridge rectifier breaking down in plug pack 

Change plug pack - same as above 

REMEDY 
Replace or repair plug pack 

Replace D14; remove D15; don't 
replace D15 
Replace capacitor 

Any 5 volts missing, check and 
replace 7805 reg. 
Change ROMs, service core board 
Replace Z80 
Replace 6545 if beep heard 

Replace IC1 PIO 
Take unit to MicroBee Service 
Centre 
Repair connections 
If no go then replace 6545 

Service Centre 
Repair wiring 
Replace PIO or TR3 
Tighten nuts or use pop rivets 

Replace 6545 
Replace or repair plug pack 
Replace bridge rectifier in 
plug pack 
Replace bridge rectifier in 

5 to 10 minutes 
Black bands moving up screen 

plug pack 
Keys not working 

No keyboard input, 
incorrect video 

Change IC9 6545   Check DIN plug — move to see if bands change; if no change, try another 
plug pack 
Replace plug pack 

Resolder contacts while pressing hard on keytop; if still no go, remove and Resolder or replace 
replace (use a solder sucker to remove solder from contacts and PC holes) 

Replace IC9 6545   
  

Know Your Limits When Attempting Repairs 
The faults and remedies listed are the most common faults 

and easy to fix. Other less common faults are harder to locate. 
These faults involve removal of soldered-in ICs. Experience is 
required to locate correct ICs, and boards damaged by re- 
moval of chips will not be replaced. Normal /abour costs will 
be charged to repair the damage. If in doubt use your nearest 
MicroBee Service Centre. 

A good example of what can happen when you try to do 
something you don't know enough about happened in June 
1983. An electronic magazine published an article on upgrad- 
ing your MicroBee from 16K to 32K yourself at a fraction of 
the cost. Applied Technology’s price for this upgrade was 
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$125.00. A customer reading this article decided to do it him- 
self. 

However, after his attempt to do the upgrade, the MicroBee 
didn’t work any more, so Applied Technology’s service depart- 
ment received the unit to restore it to working condition. Some- 
how this customer had managed to destroy all the RAM chips 
on the core board. To restore his MicroBee to a 16K unit cost 
him $130.00; five dollars less and he could have had a 32K 
instead of his original 16K. 

Unless you have plenty of money to waste, know your limits 
when attempting repairs or connecting things to your Micro- 
Bee. If you’re not sure how to do it, ask for advice from some- 
one with the required knowledge. 

a



BATTERY BACK-UP 

To get longer life from your battery, switch it off when it is 
not needed. Even though battery back-up is great, it is still not 
as good and reliable as a good copy on tape. You never know 
when the battery will go flat. 

If you must have battery back-up 24 hours a day, seven 
days a week, then install a rechargeable battery. By switching 
the battery off when it is not required | have had the same 
battery for over twelve months. 
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NOTE: These batteries are not stocked or sold by Applied 
Technology. 7 

Facts About Plug Packs 
These units have been tested and approved by their man- 

ufacturers to run the MicroBee. We have no control over the 
quality of parts used in these units. 

It is normal for them to get warm after a period of time run- 
ning under full load. The MicroBee uses between 900 ma and 
1 amp and the plug packs are designed to supply 1 amp. 

In the plug pack there are three components: 1. Trans- 
former, 2. Bridge rectifier, 3. 2000 uf capacitor. The part that 
usually fails is the bridge rectifier. It is not the continuous sup- 
plying of 1 amp of current that causes this to fail, but the 
power-on surge current, which can be as high as 30 amps. 

Under warranty the whole plug pack is replaced free of 
charge; this does not include the leads. Outside warranty cus- 
tomers are up for the cost of a new plug pack, but in most 
cases the plug pack can be repaired. 

Repairing A Plug Pack 
There are two types of plug packs: 1. The Arlec that plugs 

into the power point; 2. The MicroBee one, fitted on a lead. 

  

  

To repair no. 1, lay pack on its side on a hard surface and 
hit with a hammer along the joint, then pull apart. For no.2 
type, unscrew four screws, then tap around the joint to get 
apart. Replace the bridge rectifier with another bridge or four 
diodes, then re-glue or screw back the cases. 

Just as a point of interest, MicroBees don’t mind being left 
switched on. For example, on August 24 1982 at the Gosford 
factory we wanted to find out the MTBF on the MicroBee. A 
MicroBee was switched on with a program running in a con- 
tinuous loop, and was left on for 24 hours a day, 7 days a 
week. On July 14 1983 that MicroBee was still running, and 
not one component had failed. So when you’re not using your 
MicroBee, put it to work; for example, use it as burglar alarm. 

No failures in eleven months = 325 days = 7800 hours. 
This would be equivalent to using your MicroBee for three 
hours a day, 7 pm to 10 pm, seven days a week for 2600 
days — which amounts to 7.12 years. 
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WORDBEE AND EDITOR 
ASSEMBLER IN THE SAME 
MICROBEE 
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MICROBEE PRINTER | 
INTERFACES 

PARALLEL PRINTER 
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IMPROVING RS232 OUTPUT 
ON THE MICROBEE 

BY Max Mauanan 
Aptuicn Técnnovoay, 
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The RS232 output from the MicroBee will not drive all RS232 
receiving devices because it has no negative drive signal. If 
your receiver is a 1489 IC receiver you will have no problems. 
If the receiver has an input resistor you will probably have 
problems. 

If you know the receiver circuit works because it worked on 
another machine with an RS232 transmitter circuit, OK. Then 
you need to try the above circuit modifications in your Micro- 
Bee. For a quick and easy test use a battery between 4 and 
12 volts. Current drain from the battery is low so it could be- 
come permanent. Disconnect RS232 plug when not in use to 
save battery life. 

Another suggestion is if your printer has a —12 volt supply, 
connect it to a spare pin on the DB25 plug, feed it back to 
the MicroBee and connect it to R3. The only other way — a 
rather untidy way — is a separate 12 volt supply. 

REMOVING THE LINEFEED 
CHARACTER FROM THE LIST 
OUTPUT STREAM 

Some printers, usually parallel interface models, perform 
both a carriage return and line-feed when they receive the 
ODH character (return). Since the MicroBee sends an OAH 

(line-feed) code in the listing as well as a return, double spac- 
ing results, wasting paper. 

To remove this problem, a special routine can be placed into 

  

  

the spare RAM which intercepts the LF code before it gets to 
‘the output routine. 

The assembly code to accomplish this is as follows: 

0148 FEOA cp iF sis it a linefeed 
014A c8 ret z riff it is,dont print it 
014B C3xxxx jp routine ;print the character 

The address “xxxx” depends upon which stream is being 
used for the printer. 

Parallel printer address BSF8 Xxxx = F8B5 
300 Baud RS232 address A87A xxxx = 7AA8 
1200 Baud RS232 address A87F xxxx = 7FA8 

The 16-bit printer vector must also be changed to print to 
the intercepting routine: 

Store 48H, 01H at addresses 
00B4H, OOB5H for parallel printer (device 1) 
OOBAH, OOBBH for 300 baud RS232 (devise 4) 

OOBCH, OOBDH for 1200 baud RS232 (device 5) 

In BASIC 
To make the above changes from BASIC, run the following 

program after the MicroBee has been cold started 

Parallel printer (device 1) 
00100 DATA 254,10,200, 195,248,181 
00110 RESTORE 100 

00120 FOR I=328 TO 333: READ A : POKEI,A: NEXT I 
00130 POKE 180,72: POKE 181,1 

300 Baud Serial Printer (device 4) 
00100 DATA 254,10,200,195,122,168 
00110 RESTORE 100 
00120 FOR I=328 TO 333: READ A : 

00130 POKE 186,72: POKE 187,1 
POKEI,A: NEXT I 

1200 Baud Serial Printer (device 5) 
00100 DATA 254,10,200,195,127,168 

00110 RESTORE 100 
00120 FOR I=328 TO 333; READ A : POKEI,A: NEXT I 
00130 POKE 188,72: POKE 189,1 
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IMPROVING KEYSWITCH 
RELIABILITY 

_ To improve the reliability of the keyswitches on the Micro- 
Bee, a resistor network, RN1, has to be changed. 

This resistor network is in front of IC4 under the keyboard 
frame. It is used as a pull-up resistor on the input lines of IC4 
and does not appear on the circuit diagram. 

The resistance value of this network is 3k3 or 4k7, which 
is too low. The resistance has to be increased to 33k (or near 
to this value); a 33k network or eight 33k resistors will do. 

To remove the old network, pull out keyswitches nos. 1 and 
2; remove them as described in the notes on repairing keys- 
witches. With switches removed, suck out solder from the re- 
sistor network connections. Remove resistor through keyswitch 
holes. 

Fit new resistor pack, then refit keyswitches. If you have to 
use resistors they may not fit under the keyboard frame. If you 
cannot fit them; solder them on the bottom; there is plenty of 
room underneath between the base and the case. 

If you have a machine with faulty keyswitches it is advisable 
to change the resistor network first. Most if not all of your faulty 
keys will disappear. . 

This repair can be done by the service department, but the 
normal repair charges will apply if the machine is out of war- 
ranty. It is not necessary in most cases to change this resistor 
if key operation is okay. 

| a a 

KEY BORRD 

FRAME "eae > + RA2 

  

ESc A 2. 3 

            

REPAIRING KEYSWITCHES 
ON THE MICROBEE 

   

_ Tools required: 1. soldering iron; 2. solder sucker; 3. long- 
nose pliers; 4. small screwdriver; 5. ink rubber. 

If you have any keyswitches that are hard to use on your 
MicroBee and you can't afford the down-time to send it in for 
repairs, then you or someone you know who can use a solder- 
ing iron should be able to fix that troublesome keyswitch. 

The keyswitch has to be removed and the contacts inside 
cleaned with an ink rubber or very fine emery paper. 

To remove a keyswitch the MicroBee has to be completely 
removed from its covers. Remove the keytop of the faulty key 
— just pull it straight off. Then, with your soldering iron and 
solder sucker, remove the solder from the holes holding the 
keyswitch in the main board. Caution: do not use too much 
heat on the switch contacts or you may melt the plastic switch 
case. 
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| 

With the solder removed, from the keyboard side grab the 
keyswitch body with a pair of long-nose pliers near the frame 
on the right and left sides. Then pull up; if all the solder has 
been removed it should pull out easily. 

Then with a very small screwdriver remove the bottom of 
the switch (watch out for the spring). With the switch apart 
clean the two gold contacts. Re-assemble the switch and in- 
stall back into the Bee. | 

The whole job will take around 15 minutes. Note: only at- 
tempt this on machines out of warranty. Keyswitches are com- 
pletely replaced on warranty machines or any machine ser- 
viced by Applied Technology. 
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CASSETTE MOTOR 
CONTROL FOR LOADING AND 
SAVING ON MICROBEES 
WITH COLOUR 5.22e BASIC 

SOFTWARE 
> LOAD (cr) Color Basic LOADING 

" " > OUT 9,8 : SAVING SAVE "test" (cr) 

HARDWARE 

7474 or 74LS74 

5.6K Resistor 
1N914 Diode 
D.P.D.T. Toggle Switch 

Minature 5V Relay 

- BC108 Transistor 
- 22uf Tag Capacitor 
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On the IC MicroBee the 7474 can be placed in IC32 position 
(cut tracks first), connect pin 1 IC30 to OV. The relay can be 
mounted in the spare socket. 

Operation 
Out 9,0 set the 7474; this latches the relay when the con- 

tacts close, starting the motor. When anything is written to the 
screen FOOO, the 7474 is reset, stopping the motor. During 
loads and saves nothing is written to the screen except the 
“", The capacitor stops the relay from changing during this 
write to the screen. Load and Save out 9,0, then write and 
set the 7474 again. PLAY, LLIST, LPRINT also out 9,0, so the 
switch has been added to stop the relay clicking during play. 
This allows you to rewind your tapes without disconnecting any 
plugs. Test control “G” then space.



CASSETTE MOTOR 
CONTROL FOR LOADING AND 
SAVING ON MICROBEES 

WITH STANDARD 5.1 BASIC 

Note: With 5.1 BASIC you can use the same circuit as the 
Colour BASIC but you cannot use the F000 signal and you 
have to enter a bit more software. 

Software 
5.1 BASIC LOADING > OUT 9,0 : LOAD (cr) 
When the tape is loaded use one of the two suggestions 

in the operation. . 
5.1 BASIC SAVING> OUT 9,0 : SAVE “test” : OUT 10,0 

(cr) 
Or> OUT 9,0 : FOR X=1 to 3: SAVE “test” :next x : OUT 

10,0 (cr) saves “test” three times then stops motor. 

Hardware 
Same as used with Colour BASIC version. 

CciReuvuir Pinto 1FGIy 
fiw 10lc3 Zciy “ Ce a 474 ARSE 7474 

OAT 1B PAH Aust TER 

The 7474 can be mounted in the spare socket but the relay 
will have to be mounted where it fits best. Stick it on the back 
or side near the spare socket. 

Operation 
To have the motor stop automatically after loading, save 

your programs with Auto start; the first line of the program 
could be 100 OUT 10,0 REM stop Motor on Cassette. 

Use port 10 not port 8; if your programs are run on a Colour 
MicroBee they will not upset the colour. Port 8 is used for col- 
our. 

The other way to stop the tape is to manually press Reset 
or type in >OUT 10,0. 

DUAL-SPEED MICROBEE 
WITH 5.1 BASIC 

     

L. Aan é£ Li JOCK Sree OS 

from 2mbz2 To 202 

usa Sorrwareé (Wo susrcves) 

LX F403 2% Le TK RASISTORS 
28G-A 280 PIO-A 

Harpware Ke Quiked 

CIRCUIT 

Pt 13 ‘reeb 3IMHZ 9     Put 1 
IC 3% 

  

% TPS” 
oR foro LLE5 

  To maxe Power on At 
amnz Pins Aan 5 

MEY NEED RAvERSING 

ALSO 13 Ano \ 

Pt 12 
LC34   

<01.08k Sipe of Main Boare 

  

  

  

i—ye Cur Trace Fton buf 
Brioce Ras J Batis FRha/no 2a 
b a8 Tt Taeens 

Ne ‘ IY = Tacx on Borap 
7S 3 ALL ONIER LINES 

a — : essa ARE. PODkD WIKAS 
‘—_? ’ 3 e e 

Genes SOeKet 4 

Sorrwege Chancine Speen Ine FRoaeams 

1D 

2g 

FORA ©¢\1TO2y.! PLAYA : NExTA 

ovt 9,63: REM Suiten TO 3BmeG 

FOR B= |! Today + Play Bt NExt B 

OUT 8,f + REM Suntec BALK To 2 MEG 

GOTO 10 + R&mM LOOP 5¢ 

DECODING EXTRA 
sds dl eh AM teal hee 

Ports 20 Hex to 27 Hex or 2F hex 
Selectable from 20 Hex to 70Hex in 10H steps 

Note: 
Ports 00 to 20 hex are decoded in the MicroBee 
Port 00 is the same as 10H 
Port 08 is the same as 18H 
Port OF is the same as 1FH 
Address line A4 is not decoded, causing the double up. Not 

to worry, 223 ports left. __ __ 
Address lines AO to A7 and control signals |ORQ, M1 and RD 
need not be buffered if they are only used to drive one gate 
each. Data lines must be buffered. 

  

     JORIS # %027H 

   
   

46138 

  

45138 

Note: By replacing the 74LS138 with 74LS154 you can decode 
twice as many ports. See data books for pin connections. 
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SCANNING UP TO 255 
SEPARATE INPUTS ON 
ONE PORT 

Using Machine code to check for on/off, zero or one. 

T4L8/38 CAnw 8& USED FOR Inputs 
LESS DECODING — 

    

     

, 

Yoy a FRom 

To Dg of Any DPnA Line 

     

  

    74 
4s 

24 
    

   xe 48 ro fs 

   
    

  

Wye 
REE 8 
AE 70 FS 

OTHER 25/3 

ADDR CODE LINE LABEL MNEM OPERAND 

3960 00100 ORG 3000H 

3000 2A0040 00110 LD HL, (4000H) ;Address to store results 
3003 01200F 00120 LD BC,OF20H ;Port20 C_ start B at OF 
3006 EDA2 00130 INI sinput with increment 
3008 C9 00140 RET 
0000 00150 END 

00000 Total errors 

For output use the same decoding circuits, but the output 

chips will be different. 74LS154 or 74LS138 if no latching is 
required. If latching is required use 9334, 74LS259 or NE5090. 

There are plenty of output instructions to use using Reg ‘B’ 
as a counter of A8 to A15.     

     
   

   
      

    

2 
4L9138 

1S +6 

~———— 

A 
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64K ROM PACK 

This pack will work on any 16K or 32K MicroBee with 5.1 
BASIC or 5.22e Colour BASIC. All that needs fitting to the 
MicroBee is a 50-way expansion plug to the core board; no 
modifications are needed. 
ROMs or the ROM at COOO and DOOO in the MicroBee 

must be removed and fitted in the pack. These ROMs cannot 

be disabled under software without modifications. 
To use the pack with 5.1 BASIC, enter under BASIC 10, (n), 

where n is any number from 0 to 7. Then enter >EDASM, and 
ROM at location (n) will be executed. 

With the IC MicroBee enter under BASIC >PAK (n) where 
n is any number from 1 to 7. (ROM 0 is in the Bee and has 
to be removed or the core board modified.) The ROM at loca- 

tion (n) will auto execute. To use ROM 0 use »OUT 10,0 then 
PAK. 

The eighth set of 8K ROMs are all wired in parallel except 
for the power supply pin to +5 volts. The five volts is only 
applied to the selected ROM and is latched there until a new 

ROM is selected. You can only have one ROM powered up 

at any one time. There is no need for extra power supply to 

run this board; it uses the +5 V from the core board. 

If you cannot get a 74C137 IC then the following circuits will 
do the same job. 
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CIRCUIT CHANGES (ONLY 
FOR EARLY MICROBEES) 

Orginal Video Circuit. 

  

  

Rl 3.3K 
R15 2.2K 

R16 1.5K 
R17 2.2K 

R18 820 ohms 

R19 330 ohms 
R20 82 onms 

R21 4.7K 

R25 22K 
c20 22 uf 

DS 1N914 

  

NOW 

10K ( cTS ) 
270 ohms 
1N914 now D16 

1K 
330 ohms 
330 ohms no change 
82 ohms no change 

82 ohms (tape circuit) 
NOT USED 

NOT USED 

18K( w.red in parallel 

wach DIODE ) 

UPGRADING THE BASE 
BOARD 
  

© 

| Ze32 4 - 

7¢4892, TPG 

3:375 muz 6 

  

CHANGE 12:OmHzk CRYSTAL To _13:$ 7N2 

13.$muz TPS Ic 26 - 

lhl   

      

  
Changing Clocn Srean 

ADD Link 

    

g 
40) 
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SEL 
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J cur A 

Zen + IL Inv. nrc 15 
t WEF TO & 

825123 1 “ov PIO 
—L . 

Fi0d 
8K RESISTOR 

ACROSS Dis 
  

Note: Base boards from REVISION H and later have modifica- 
tions (2) and (3) already done. The artwork has been changed. 
Check board before doing mods 2 and 3. 

OFFICIAL STANDARD FOR 
JOYSTICKS ON THE 
MICROBEE 

DB15 port and joystick connections. 
Connections for the Spectravideo ‘Quick Shot’ joystick. This 

unit normally has a DB9 plug fitted and for the MicroBee you 
need a DB15. 

Connections for the DB9: 

UP 
DOWN 

. RIGHT 
LEFT 

. Not Used 

FIRE 
. Not Used 

. Switch common 

. Not Used 

Colour code of wiring: 
White = UP, Blue = DOWN, Brown = LEFT, Green = 

RIGHT, Orange = FIRE, Black common return for all switches. 

C
O
N
A
M
A
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Connections For MicroBee Via The DB15 

   
   

    

  

Pin Status Usage DB15 connections 
1 Supply +5 Common for Resistors All 10k Resistors 
2 Data 7 FIRE button range + 10k 
3 Data 5 Select player 2 + 10k * 
4 Data 3 LEFT rown + 10k 
5 Data 1 DOWN lue + 10k 

6 Not used ce 
7 A ready Do not connect oC. 
8 Earth Ov Return for Switches lack 
9 Not used u «Ce 

10 Data 6 Not allocated + 10k * 

11 Data 4 Select player 1 + 10k * 
12 Data 2 RIGHT iGreen + 10k 
13 Data 0 UP White + 10k 
14 Not used N.C. 
15 A strobe Pull low (to pin 8) 1k2 resistor to pin8 

The three pull-up resistors marked with an asterisk are not 
essential, but help to give reliable ingut from the port. N.C. 

means Not Connected. 
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Pinout of the DB15 connector viewed from the solder side. 
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TESTING YOUR JOYSTICK — 

When you have modified or constructed your joystick, you 
will need to test it and check it is functioning correctly. 

00100 REM joystick test program for Microbee 
7255 :REM initialise the port 

00120 A = rN(0) :REM read joystick on port zero 
00130 A = 143 = ,A AND 143) :REM converts to positive logic 
00140 B = -(A AND 1) :IF B THEN PRINT “up", 
00150 B = -(A AND 2) :IF B THEN PRINT "down", 
00160 B = -(A AND 4) :IF B THEN PRINT “left", 

00170 B = -(A AND 8) :IF B THEN PRINT “right”, 

00180 B -(A AND 128) :IF 8B THEN PRINT “fire", 
00190 IF A=0 THEN PRINT “nothing",A ELSE PRINT A : 

00200 FOR T = 1 TO 100 : NEXT T : REM short delay 
00210 GOTO 120 

If the program is RUN without a joystick connected, the dis- 
play: 

up down left right fire 143 
should print continuously up the screen (provided all inputs of 
your PIO float LOW with no input connected). When the joys- 
tick is plugged in, the display should change to: 

nothing O 
repeating continuously. If you now push the joystick forward 
the display should change to: 

up 1 
Now press one of the fire buttons while still holding the stick 
forward; this should show: 

up fire 129 
Move it slightly left and you should see: 

up left fire 133 

Continue until all combinations have functioned correctly. 
Once you are satisfied that all is functioning correctly you can 
Start writing your own joystick software, or modifying your exist- 
ing programs to make use of the joysticks. 

Don't forget if you develop any good programs please take 
them to your local MicroBee distributor for forwarding to ‘Hon- 
eysoft’, or send them directly to: 

Honeysoft Pty Ltd 
82a Jubilee Tce 
Bardon 4065 Qld 
We may be able to sell them on your behalf, or at least in- 

clude them in users’ group material for distribution to other. 
MicroBee owners. 
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SIMPLE INTRUDER ALARM 

  

One way to use your MicroBee for a simple alarm system 
is to use the parallel port. Wire it up in a similar way to the 
joysticks, only instead of wiring up to the joystick switches wire 
up the reed switches and contacts on your windows and doors. 

The program will have to look for open circuit and not closed 
circuits, but this shouldn’t cause any problems. Exit and entry 
delays can also be programmed. The alarm can be the internal 
speaker or use a spare port — 9 or 10. If you have the cassette 
load control relay fitted, use this to drive an external alarm 
(with its own circuit and power supply). The length of time the 
alarm is to ring can also be programmed, as can self-testing. 

This is one way of getting your MicroBee to work for you 
when you're not using it. Switch your screen off; it’s not needed 
when you're not looking at it. Just switch it on to check the 
status of the doors and windows when the program is run. 

Leaving your MicroBee on 24 hours a day won't hurt it; there 
is very little to wear out. 

  

  FAowt 
' peok 

  

          
With eight inputs you can have a good selection; window 

switches can be wired in series on one bit. You can also pro- 
gram to look for closed circuits such as emergency switches. 

MODIFYING A TV SET FOR 
USE AS A MONITOR 

  

To achieve the best results from your MicroBee with its 64 
characters per line you need a special monitor. If you can’t 
afford one of these the next best thing is a modified television 
set. 

If you have a small B/W portable or large old B/W set, then 
in most cases it is possible to use them as a switch-selectable 
TV/monitor. 

Note: There are some TV sets you cannot convert, so a cir- 
cuit diagram of your set is needed first. 
Parts Required 
1 x RCA socket to connect the video from the MicroBee 
1 x 470 ohm 1/4 watt resistor 
2 x 1N914 diodes 
1 x 0.1 uf monolithic capacitor 
1 x spdt switch (if you still need a TV set) 
2 x 600 mm shielded cable 

All these can be mounted in the set near the aerial input.



INQI4 
VIDEO 

ShieLoeD 

CABLE 

Uino£o yg 

wet 

VIDEO 

DRIVER 
  

Note: You cannot expect to get the same quality picture 
from a converted TV as you get with a professional monitor. 
If you want to do a lot of computing a good monitor is the 
best investment. 

INTERFACING THE HALF- 
INTENSITY COLOUR 
SIGNALS 

With three colour signals, R G B, it is only possible to get 
eight foreground and eight background colours. Black is 
counted as a colour. 

To get a greater range of colours the MicroBee has three 
extra signals, R1, G1, B1; these are the half-intensity signals. 
All six signals are TTL level signals (you can’t have haif-level 
TTL). Mixing R with R1 has to be done in analogue and is 
best done in your monitor. 

Most colour monitors accept TTL level R G B signals, then 
convert them to analogue to drive the colour guns. The half-in- 
tensity signals have to be interfaced between the TTL output 
(in the monitor) and the analogue input. 

The following circuits show one possible way to do this mix- 
ing; note: it may not be possible with all monitors. 

MICROBEE DB15 PIN CONNECTIONS 

    

1,C.SY¥wC + 2,.¢.syNe — 3. Ba 4. Gé 5. Ra 6. Blue 

7, GRRGe 8. Rep 9. Pvors 10 to 15 Ovolt GND 

TTL INPUT 

RED hep Gow 
Like 17S, 

  

oven Cr Meuir Times TAREE 

  

SVOLT POWER CIREYIT PIAS WEED CHANGING To POWER LXTAA 

  

    

ZC 

+/2 78085 | %S§ To 77% 
PIONOTOR Onips 
Suppey   

T ‘Bynes,   

WORDBEE TAB SCALE 

00100 CLS REM M.S.Maughan 7th July 1983 

00110 IF PEEK (2225)= 1 THEN 190 

00120 UNDERLINE 

00130 CURS207 ;:PRINT"W o r d bee Tab 

00140 NORMAL 
00150 POKE220,20 :POKE140,0 :POKE216,17 

00160 POKE162,30 :POKE163,128 -POKE2225,1 

00170 CURS340 :PRINT "Press Reset to Continue" 

00180 GOTO180 

Scale" 

  

  

            

  

00190 FOR X=62464 TO 62527 :POKE X,46 :NEXT X 

00200 Y=49 
00210 FOR X=62464 TO 62527 STEP 8 

00220 POKE X,Y : Y=Y+l :NEXT X 

00240 EDASM 

00250 END 

HEX-DECIMAL CONVERSION TABLE 

COL. 3 Ole 2, COLL COLO 
HEX DEC HEX DEC HEX DEC HEX DEC 

0 0 0 0 0 0 0 0 
1 4,096 1 256 1 16 1 1 

2 8,192 2 512 2 32 2 2 
3 12,288 3 768 3 48 3 3 

4 16,384 4 1,024 4 64 4 4 
5 20, 480 5 1,280 5 80 5 5 

6 24,576 6 1,536 6 96 6 6 
7 28,672 7 1,792 7 112 7 7 

8 32,768 8 2,948 8 128 8 8 
9 36, 864 9 2,304 9 144 9 9 

A 40,960 A 2,560 A 160 A 10 
B 45,056 B 2,816 B 176 B 11 

Cc 49,152 c 3,072 C 192 Cc 12 
D 53,248 D 3,328 D 208 D 13 

E 57,344 E 3,584 E 224 E 14 

F 61,440 F 3,840 F 240 F 15 

TO convert 8517 Hex to Decimal 

col. 3 8 = 32,768 

col. 2 5 = 1,289 
col. 1 1 = 16 
col. 0 7 = 7 

34,071 or 34071 decimal 

> 

  

Microbee Hacker's Handbook — 57



PROGRAM AID VARIABLES 50-WAY EXPANSION PORT 

VARIABLES USED IN PROGRAMMING... ces ececcrcevcccces PROGRAM PIN Z80 NAME DESCRIPTION 
1,2 +12 v Input/output Power connection for Microbee 
3,4 Ov system ground 

A B c D E F G H | 5 Port-09 * (0) goes low when port is accessed 
6 Port-08 * (0) goes low when port is accessed 

J K L M N 0 P Q R 7 WAIT * (I) used to slow down the CPU 
8 Port-0A * (0) goes low when port is accessed 

Ss T U v W Xx Y z 9 INT * (I) interrupt input 
10 HALT * (0) indicates CPU is halted 
11 NMI * (TI) generate non maskable interrupt 

AO Al A2 A3 Au AS AG A7 12 CPU clock (0) 3.375 mhz or 2 mhz (N1) 
13 BUSAK * (0) Acknowledge bus request 

BO Bl B2 B3 Bu BS B6 B7 14 BUSRQ * (I) request use of bus 
15,16 +5 regulated from CORE BOARD 

co Cl c2 c3 ch cs c6 c7 17 RFSH * (0) for refresh on dynamics RAM 
18 RESET * (1/0) O/C input/output 

D0 01 D2 D3 D4 DS 06 D7 19 M1 * (0) indicates instruction fetch 
20 IORQ * (0) indicates port access 

E0 El E2 E3 Eu E5 E6 E7 21 RD * (0) read strobe 
22 XWR * (0) deglitched write strobe 

FO Fl F2 F3 Fu FS F6 F7 23 SEE NOTE N2 see note (N2) 
24 MREQ * (0) indicates memory access 

GO Gl G2 G3 Gh GS G6 G7 25 Al4 
26 AlS Most significant address BIT 

HO H1 H2 H3 H4 H5 H6 H7 27 Al2 
28 Al3 

10 1 12 13 4 15 16 17 29 Al0 
30 All 

J0 Jl J2 J3 Ju J5 J6 J7 31 A8 
32 Ag 

KO Kl K2 K3 K& K5 K6 K7 33 A6 
34 A7 

LO Ll L2 L3 L& L5 L6 L7 35 A4 
36 AS 

MO M1 M2 M3 M4 M5 M6 M7 37 A2 
38 A3 

NO N1 N2 N3 NG NS N6 N7 39 AO 
40 Al 

00 ol 02 03 O4 05 06 07 41 . D7 128 data line 
42 Ov system ground 

PO Pl P2 P3 Ph PS P6 P7 43 DS 32 data line 
44 D6 64 data line 

Qo ql Q2 Q3 Qu Qs Q6 Q7 45 D3 8 data line 
46 D4 16 data line 

RO R1 R2 R3 R4 RS R6 R7 47 D1 2 data line 
48 D2 4 data line 

so Sl $2 $3 Su $5 S6 S7 49 ov system ground 
50 DO 1 data line 

TO Tl T2 T3 Th TS T6 T7 

uo Ul v2 U3 Ub U5 U6 u7 Notes: 
* . . 

i 7 3 rr Wi i VG 7 means active low signal 
40 Wt 02 43 wt WS we W7 (O) means output from MicroBee 

(I) means input to MicroBee 
xo x1 i x5 xt x5 x6 x7 (N1) Standard MicroBees = 2 MHz. Early 64K = 2.25 MHz. 
Yo Y1 Y2 Y3 Yu Y5 Y6 Y7 IC models = 3.375 MHz 
20 21 22 3 zy as 26 i (N2) Core boards, old style 8000 series — this is (0) ROM 

SELECT * ; new style core boards and 56K board - this is 
PHANTOM () * a   
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Haven't you always thought that your Microbee could be the very best machine 

ever ... if only it had a proportional analogue joystick? ... (hammer, hammer, 

hammer) ... And if it had a parallel printer interface ... well, it follows that you 
could hang a parallel printer off the side, doesn’t it? ... (bash, bash) ... And that 

printer would really be earning its keep if you could somehow wire up a phase- 

locked loop decoder, a pitchpipe tuning aid and a shortwave receiver, to the 
Bee, so you could receive the signals that would let you print out weather maps 

.. @ bit of Clag should hold it ... hmm... There must be room for a.. um... 
ROM reader to plug in the back there somewhere ... Oh, but there’s an 8-bit 

port free, too ... a super special ‘screen spotter’ light pen would be just the 

thing ... dum-de-dum ... Need a bit more ROM room — just daisy-chaining a few 
slave boards will give you up to 308K total ... pass the, er, daisies would ya? ... 

whistle while you work ... Couldn’t possibly fit a modem on there — too 

expensive to run anyway — so... ah... why not... rrrip out that Telcom EPROM 

.. and bung in a new one that'll make the Bee display in a different typeface? 
.. piecacake ... time for a quick game before lunch ... hmm... might just pop in 

an Extended CHIP-8 V2.0 interpreter/compiler from Dreamcards ... makes things so 
much more spectacular, don’t you think? ... Zoink, Zap, Neeeooow, Vroom, Pop, 

Frizzle ... Wow, got the munchies something fierce ... Can't ... seem .. to find ... 
the door ... 
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Project 674 

Proportional analogue 

joystick for the Microbee 
  

The joy of a joystick! A twiddle of the fingers as your spaceship 
races through the cosmos, zapping space invaders and other 
various baddies with searing photon torpedoes. Or a tank on a 
battlefield, dodging the mines. Or your Tiger Moth bucks through 
the turbulence as your skilful fingers guide it gently towards a 
landing. Fasten your seatbelts, folks, because with this ETI 
project, you'll be joining the fun. 
  

Geoff 
Nicholls      

  

MOST COMPUTERS offer joysticks as 
options. And most of them arent as 
snazzy as this one. Your average home 
computer joystick, or games controller. is 
nothing more than four switches, actuated 
by a central handle. Leaning the handle 
one way or another actuates the 
appropriate switch, which — tells — the 
computer to drive a dot or other shape 
across the screen in the direction given. 
Some computers allow two switches to 
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    operate at once; that is, if you lean the 
handle 45 degrees from North, the North 
and East switches will operate together, 
moving the dot from lower Icft to upper 
right. 

This arrangement is quite OK for many 
applications, but you can only move at 
one speed, in only cight different 
directions. Now, consider the — true 
analogue joystick. On the outside it looks 
the same... a vertical handle that can be 
moved around. BUT... when you move 
the stick say 24 degrees from North, the 
dot will follow” exactly. If you move 
quickly the dot moves quickly. If you 
move the stick slowly the dot just creeps 
along, and it stops or changes direction   

when you do. Here’s where the really 
subtle control becomes available for such 
tasks as a precision landing of a lunar 
module. You can even write your name 
with it. 

All analogue joysticks must use an 
analogue-to-digital converter. Many 
computers have them built in but the 
Microbee doesn’t, so we have to supply 
one. Two, actually, one for vertical values 
and one for horizontal. Six-bit conversion 
is used, giving 64 different values each 
way. The seventh bit tells the joystick 

whether an X or a Y value is required, 
and the eighth bit feeds results back into 
the computer. So, the whole business 
works through one eight-bit port. 

A bit approximate 

Before the joystick can be used, a short 
driver routine must be loaded into the 
computer, usually as part of the main 
program requiring the joystick. The 
program, and the joystick A/D converter, 
form a device called a ‘“‘successive 
approximation converter’. It is a very fast 
scheme that works in the following way: 

Imagine you have a piece of coaxial 
cable, and some ratbag has stuck a pin in 
it, and broken the pin off. You know the 
cable is shorted, but you don’t know 
where. There are two ways to find out 
... first you can cut off a metre at a time 
until it comes good. If luck isn’t with you 
you will end up with a nice collection of 
one metre lengths of coax, with the short 
in the very last one. (Shades of Monty 
Python’s “‘stringettes’ — 3” lengths of 
string, good for tying small parcels, ideal 
present — Ed.) 

In the “sensible method you cut your 
losses, so to speak. You first cut your 
coax in half, knowing that will leave one 
good bit and one bad bit. You then cut 
the bad bit in half, leaving half of that 
good and half bad. You keep on cutting 
the bad bits in half until you have 
localised the short. The beauty of this 
system is that no matter where the short 
is, it takes exactly the same number of 
cuts to find it. And it’s the fastest way to 
‘find the short. 

In the joystick we cut its value in half, 

and then look at a comparator. If the 
value is above half the maximum it tells 
the computer to store a bit, and then cuts 
the upper half in half. looking for a “too 
high” or “not high enough” indication. 
And so it goes for all six bits. The result is 
a binary representation of the joystick 
value, stored in the computer. 

The “halves” are generated by that
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HOW IT WORKS — ETI-674 
The circuit includes most of a successive ap- 
proximation analogue-to-digital converter. 
The rest of the converter is actually the 
Microbee! 

Resistors R4 to R22 form a binary ladder 
network, also called an ‘R-2R’ network. The 

actual resistance of the resistors in the 
network is not critical, provided they are 
closely matched. IC4 is used to ensure that the 
digital signal levels from the computer’s PIO 
will swing to within millivolts of the supply 
rails, i.e: 0 or 5 volts. If the six-bit number ap- 
plied to IC4 is ‘n‘, then the voltage at the junc- 
tion of R4-R6 will be Vcc x n/96. Thus, if n=0 
the voltage will be 0 and if n=63 the voltage will 
be 3.28 volts. 

Resistors R1, R2 and R3 are chosen to shift 

the voltage range to match the output voltage 
range from the joystick. Trimpots RV1-RV4 are 
used to fine-tune the joystick range. 
Comparators IC1 and IC2 compare the vol- 

tage from the joystick ports to the voltage from 
the ladder network; if the latter exceeds the 
former, then the comparator output is high, 
and vice versa. IC3 selects either the horizon- 
tal or vertical comparator output to feed to the 
computer, according to the state of bit 6, which 
is set by the software as required. 

To read the joystick, the computer selects 
the pot (horizontal or vertical), then starts out- 
putting six-bit data via DO-D5, while reading 
the comparator output. As outlined in the text, 
this process is done one bit at a time, so only 
six operations are required, independent of 
the actual value. This technique is called suc- 
cessive approximation.   

ADDR CODE LINE LABEL MNEM 

G@GGG Total errars 

LOOP @8eCc     

66146 ;JOYSTICK DRIVER ROUTINES, Tom Moffat, 1/12/92 

G@a230 ;Joystick routine, get X if C=GG, get Y if C=4G@. 

@@1iG 
a4au G@G126 DEFR 
asaa 46134 ORG 

6ai4a 
@G15@ ;Initialize the PIQ: 
G@oi6a 

@G@@ SECF G@8176 LD 
4842 D261 86196 OUT 
HEG4 SESH GH196 LD 
@s@4 D261 60260 QUT 
aeas Co Ga21e@ RET 

6e228 

48246 
ase? 79 G@a@256 LD 
G8@A 1626 84268 LD 
@eac B2 64278 LOGP OR 
@8@D D3ae@ e628 QUT 
GSGF DBGG ab2ra IN 
@811 CB7F 66366 BIT 
@Gia 2801 GasiG JR 
@815 AA @6326 xarR 
G16 CBSA 86336 SRL 
@81S8 36F2 66346 JR 
@SiA E43F 6@354 AND 
@aic 4F @@366 LD 
GaidD CF 66376 RET 
aaeea 66386 END 

QFPERAND 

16 sASSUME HEX VALUES 
8366 

A,@CFH ;SET FOR CONTROL 
(19,8 
A, 8a ;DDR 1g0G0GaG 
(19,4 

A,C ;SELECT X OR ¥Y ¢CBIT 4) 
D,2@ ;SET "TRY" BIT ¢BIT 5) 
D ;COMBINE THE TWO AND... 
(82,8  3SEND TO A/D CONVERTER. 
A,¢@)  ;GET THE RESULT. 
75 3TEST COMPARATOR BIT. 
2,¢+3 ;IF LOW SKIP NEXT INSTR. 
D sKILL "TRY" BIT IN A REG. 
D s;SHIFT TQ NEXT POSITION. 
NC,LOOP ;00 AGAIN UNTIL FINISHED. 
3FH ;CHAP GARBAGE OFF FRONT. 
C,A ;LOAD WHAT’S LEFT INTO C. 

sAND RETURN TO BASIC.   
  

    

    

  

      
R9 4k7 

JOYSTICK 
ASSEMBLY 

*R2 

DBi5 PIN 3 1" 4 
CONNECTIONS 

great network of 4k7 resistors, with the 
output feeding two comparators at once. 
Each joystick pot, X and Y, goes to one 
comparator. A series of NAND gates 
selects which comparator output goes back 
to the computer. The NAND gate X/Y 
selector is driven by bit 6 from the 
computer. An assembly language listing of 
the A/D converter driver is provided for 
those interested. 

VERTICAL 6 

  

   

   

LISTING 1 

+5V 

  

    
   

      

R124k7_ -R1S4k7 —-R18 4k7       

ov 

IC4 4050 
    

There are actually two subroutines 
necessary for the joystick to be used in a 
BASIC program. First the routine at 2048 
must be called to set up the parallel port 
for the joystick. This need be done only 
once at the start of the program. Then the 
rcutine at 2057 is called to get a joystick 
value. The “USR” function in Micro- 
World BASIC makes this easy, since you 
can pass information both to and from a 

  
machine code routine. You send in a ‘‘0” 
to get a horizontal value, or a “64” to get 
a vertical value. To specify a point on the 
screen you must do each one. 

The BASIC demonstration program 
given in Listing 2 shows how this works. 
The program only’ writes dots to the 
screen, leaving a trail of dots behind. 
Anything more elegant must come from 
your own imagination. > 
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Joystick types 
There are a number of different joystick 
assemblies around, and the type you use 
affects some components in the circuit. The 
important parameters are; 

(1) Ratio of minimum resistance to total 

resistance. 
(2) Ratio of maximum resistance to total 

resistance. The project has been built up 
twice, once by Tom Moffat and once by 
ETI. Tom used a joystick with pots of about 
100k total resistance, with minimum and 
maximum resistances of 0 and about 90k. 

The ETI version used pots with minimum 
resistances of around 8k and maximums of 
around 12k out of a total resistance of 20k. 
We understand that the most common type 
supplied will be mechanically identical to 
ours but will have a total resistance of 
around 5k. This means that the ratios men-   

  

Close up. Front and rear views of the joystick used. 

2k to give a useful range adjustment. 
The table here gives the component 

values to suit the three types of joystick 
discussed. 

  

  

tioned earlier will be the same as ours, but Construction 

the trimpots would be reduced from 5k to | First work out where the joystick will mount 

JOYSTICK R1 R2 RV1,2 RV3,4 
5K 100K 82K 180K 2K 2K 

20K 100K 82K 180K 5K 5K 

100K none 91K 91K 20K none 

Note that, when using the 100k version the 0 V wires from the pots have to return 
to 0 V on the PC board. 

  

QO110 REM 
REM Initial ize 

   

  

     

       

    

si 450 

NOL4)d | : : 
0150 : A-DD test" 

OO1G60 PBRINT'2 + Range test" 
PRINTS : Drawing" 
INFUT"P rogram no. ? 
IF PCL ORPDS_ 

         

      

   
REM ‘Machine code 1 

  

no4e 
00440 REM 

— 00470 FOR A= 

— 00480 REAL 
00490 PORE 

— OOF O00 NEXT 
00510 DATA & 

  

REM. 

  

  00850 RETURN 

— O01 REM Test programs tor ETI 674 joystick project. 

subroutines to 

625207. 2141-82 128, 211.1,2015401 522) 
DATA 21910, 2031 127,40, 14170, 203,58, 43, 242,230, 3,79, 201 

Get horiveneal value 
Get. vertical :        

routine. 
QOBOOH 

2478) 211,0 

  

XSUSR (2045) : REM Initialize the FIO. 

LISTING 2 
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in the box, remember that the pe board has 

to fit as well! Put the joystick right up one 
end so that a large area is left to rest the 
wrist on — you don’t want to develop an 
ache after a few minutes use. A square cut- 
out was required for our stick (obtained 
from Benelec). Drill lots of holes and file 

out to exactly fit the flange on the stick. The 
unit is secured with four self-tappers 
through the box to bite into the plastic 
mounts on the stick base. Solder wires to 
each lug on the pots, around 200 mm allows 
slack when the pots are moved. 

File a bevel to allow the ribbon cable to 
pass between the box and its lid, and the 
mechanical stuff is done. 

The pe board can be made up now, start 
with the 4k7 resistors, and be careful not to 
put them where R2 and R3 have to go. Sol- 
der in the remaining resistors and the four 
capacitors and trimpots. The ribbon cable 
comes next, if you are using a solder-type 
DBIS5 plug then simply follow the overlay 
diagram. Some suppliers may provide insu- 
lation-displacement (ID) plugs, you'll have 
to carefully work out the wires if you get 
one — watch the 0 V wire, it is out of 
sequence. 

The wires from the joystick pots can be 
soldered in now. Next, solder the ICs in 
place. Take particular care to orient them 
correctly and avoid touching the pins of IC3 
and IC4 — they are static sensitive. Solder 
their Vcc and 0 V pins first. 

The pe board was held in place with dou- 
ble-sided sticky pads, one also being used to 
secure the ribbon cable to the inside end 
face of the box. 

Testing and setting up 

Having built the unit, the next step is to 
type in the test program and check that all’s 
well. It is wise to save the program before 
plugging in the joystick in case a spike stuffs 
a bit or two. The first test covers the D-to-A 
converter and you will need a digital mul- 
timeter connected to read the voltage at the 
comparator’s positive input. The most con- 
venient place to attach the probes is across 
R2. Now run the #1 test and type a few dif- 
ferent numbers in, noting that the voltage 
changes with the number, with ‘0° you 
should read around 1.8 volts, while a °63° 
should read about 2.75 volts. If you go 
through the range from 0 to 63 you should 
observe an increase with each number. If 
you get a decrease at some points then 
cither a 4k7 resistor is open circuit or the 
data is not getting from the port through to 
the outputs of the 4050, 1C4. B



  

microlbee joystick 

   DB15 CONNECTOR 
REAR VIEW    
  

  

  

      

PARTS LIST — ETI-674 

Resistors ........... all Ys W or V2 W, 5% 
RRA RS erect. See table 
RAR 22 es ess 4k7 
ROS 2A ee eee Bes 2k7 
RVISRV 4s eee ee See table 

Capacitors 
GUsC2- Car we as 100n ceramic bypass 
OSS ata tee 220p disc ceramic 

    
Integrated circuits 

      ICTIC2 Se: Neen LM311 etc. 

Overlay and wiring diagram. Assembly of the pc board and wiring it up are IGS. eet ae eae 4011B 
G4 esis 4050B fairly straightforward. Make sure you orient the ICs correctly. Take care in wiring 

the DB15 plug. Note that pin 8 (0 V) is out of sequence on the ribbon cable. The 
whole thing mounts nicely in a‘UB1" zippy box, with the joystick mounted through 

the bottom (which becomes the top), right up one end, leaving enough room to 
mount the pc board. 

Miscellaneous ; 
Joystick assembly; ETI-674 pc board; zippy box 
155 x 95 x 50 mm; DB15P 15-way subminiature 
plug; ribbon cable; double-sided adhesive tape. 
hook-up wire, solder, etc. 

Price estimate: 
$32-$35 

NOTCH OR SPOT 
AT THIS END   

  

  
  

  

  

Attention Technical 
Authors! 

electronic and related advance on royalties, 

  

  

  

        
        
    
   

Have you just written monthly magazines like 

    
    

   
   

      

what you believe is the Electronics Today and __| fields. So why not send either. 
best-ever book on a Your Computer, Federal your typescript to us, for | Interested! Send your 
computers, or electronics | Publishing Company als an obligation-free typescript to: Jamieson — 
theory/practice? If so, | publishes technical books.| evaluation and proposal? | Rowe, Managing a 
you’re no doubt eager to | We have the resources t If we like what we see, Editor, Electronics 
see your work in print edit, typeset, lay out, -you’ll get a generous | Group, Federal 
and published, as soon as | assemble, print and | proposal for publishing | Publishing Company, 
possible. distribute almost any kind} rights. We’re not stingy 140 Joynton Avenue, 
As well as publishing of book in the computing, | when it comes to your WATERLOO, NSW 2017 

a : ; sak 
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ALTERNATIVE 

HOW WOULD YOU LIKE a Microbee 
display that looks like the letters have been 

: cast in hot metal? Or maybe you want some 
Now you can have just about any typeface you want on your ‘space-age’ characters that look like they're 
’Bee. Just swap the existing EPROM for one that has an off the control panel of Dr Who’s Tardis. 

Or perhaps some text ‘written’ onto the 
‘alternative’ character set and unless you're really unlucky you | seen with a quill pen. 

won't need to do any other modifications. With other computers you’re pretty well 
stuck with the screen characters they came 
with, but if you’ve got a Bee you can have _ 
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CHARACTER SETS 
ae 

just about any typeface you want. Why 
change? To have something a bit different. 
Variety is the spice of life! 

New screen characters can be provided in 
a temporary fashion, via the Microbee’s 
programmable character generator, or 
more permanently by the method we will 
now describe. 

Most new Microbees are provided with a 
facility for telecomputing, that is, using a 
telephone to dial up some remote comput- 
er. This is all very nice if you live in a big 
capital city where the remote computers 
live, but if you are in a country area (or Tas- 
mania), every session of telecomputing will 
most likely cost you a whacking big phone 
bill as the trunk charges tick over. Eventu- 
ally we’ll be able to telecompute for the cost 
of a local call, but until then part of your 

Microbee is going to waste. 
Several software suppliers have got onto 

this idea and are providing program pack- 
ages in EPROM that can be plugged in 
instead of the Microbee’s ‘Networking’ or 
‘Telecom’ EPROM. You can always change 
them back later. 

Part of the original telecomputing feature 
involves re-formatting the ’Bee’s screen for 
80 columns by 24 lines. This requires 
smaller characters than normal to fit them 
all in. The software to do the re-formatting 
is in the Networking EPROM that is 
removed to make way for new program 
packages. But the data for the small char- 
acter set stays in the Microbee! It’s in the 
*Bee’s character generator EPROM, in a 

part you'll never see unless you attack it ina 
special way, and that’s what this project is 
all about. 

The “Bee’s ‘normal’ character sets fits 
nicely in 2K of memory, and the earher 
computers had a 2716 EPROM to provide 
this memory. Newer “Bees use a 4K 
EPROM, a 2532. The lower 2K has the nor- 

   
Tom Moffat 

39 Pillinger Drive, Fern Tree 

Tas 7101 

    

  

  

mal character set, and the upper 2K stores 

the ‘little’ characters. 
What we are going to do is swap the exist- 

ing EPROM for one that has a nice jazzy 
‘alternative’ character set in place of the lit- 
tle characters. If you’ve got an older ’Bee 
that only has a 2K EPROM, you'll see how 
to fix that up as well. But first we have to 
have some way to get at the new characters 
without the use of the Networking 
EPROM. 

The Microbee’s screen activities are con- 
trolled by a 6545 CRT controller chip. The 
6545 figures out what character to show by 
continuously scanning through the screen 
memory starting at decimal address 61440. 
But the 6545 has its own address ‘hotline’ to 
the actual screen memory chip, so as far as 
it’s concerned the addresses start at 0. 

Scanning continues until all the 11 
address lines to the screen RAM are cycled, 
and then it all starts over again. As each 
new address is fed to the screen RAM, the 
data that comes out of it is treated as 
addresses and fed to the character gener- 
ator, where it selects a group of 16 bytes. 
Which of the 16 is energised is determined 
by the 6545 which attacks the character gen- 
erator directly with four more address lines. 
Data from each character generator byte 
comes out broadside where it’s applied to 
an external shift register to be clocked out 
one bit at a time, as video. Whew! 

Now it just happens that the 6545 has 14 
main address lines, and only 11 go to the 
screen RAM. Two don't go anywhere, but 
the highest order one is tied to the highest 
address line on the character generator 
EPROM (in newer ‘Bees. On the older 
ones we'll fix it!). So if we can cause the 
6545 to raise that last address line high, it 
will select the second half instead of the first 
half of the character EPROM, and produce 
the alternative character set.   

All we have to do to get that last line high 
is tell the 6545 to start counting from 8192 
instead of 0. In BASIC we ‘“*POKE 222,32” 
and then hit Reset. Yahoo! The new charac- 
ters will be in force until we either “POKE 
222,0” or cold start the computer. It is also 
possible to change character sets as part of a 
program, as shown in Listing 1. Line 210 
gives direct access to the 6545, so you don’t 
have to hit Reset to make the change. 

Now some bad news. Because of the way 
the 6545 generates a cursor, the cursor will 
not exist when the alternative character set 
is in use. But what’s a cursor between 
friends? We usually want to get rid of the 
cursor during the running of a program, and 
you'll still have a cursor under Wordbee, 
which generates its own. 

Legal modifications 
If you’re lucky you can bring all these 
changes about simply by bunging in a new 
EPROM for the character generator. If 
you're not so lucky you'll have to do some 
surgery on the main circuit board. You'll 
soon find out where you stand if you 
“POKE 222,32” and then hit Reset. One of 
three things will happen: 

1. Your character set shrinks to little 

characters. You won’t have to touch the cir- 
cuit board, just put in the new EPROM. 

2. The screen goes blank. DON’T PANIC! 
Use Escape and Reset to cold boot the com- 
puter and bring the screen back. Lucky you, 
the circuit board mod won't have to be 
done, but you’ve got a 2K instead of a 4K 
character generator. Raising the address 
line just switched the EPROM off altogeth- 
er. Go ahead and put in your new EPROM. 

3. Nothing happens, other than losing the 
cursor. You will have to do the mod which 
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6@1@@ REM This program displays the standard character set 
@011@ REM from the EPROM, and then flips back and forth 
@@126 REM between the standard and alternative character sets. 
@613@ CLS 
@@14@ FOR 1=@ TO 127 
@@15@ POKE 61446+256+1,1 
@6168@ NEXT I 
@@17@ K=32: GOSUB 20@: REM sets up alternative characters 
@018@ K=@: GOSUB 2@@: REM sets up standard characters 
@08198 GOTO 178 
6626@ REM subroutine to select a character set specified by "K" 
@0218 IN#@ OFF: OUT 12,12: OUT 13,K: IN#@ ON 

@@22@ FOR T=1 TO 1006: NEXT T: REM little time delay 
@623@ RETURN 

  

Listing 1. Shows how to change character sets as part of a program. 

  

  

@@1@@ REM Display the character set currently 

@611@ CLS 
@@12@ FOR I=128 TO 255 
@613@ POKE 6144@+1,1 
@6148 NEXT I 
@015@ END 

in the PCG. 

  

work area into the PCG. 
Listing 2. Check your character construction. Run this BASIC program after block-moving your entire 
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cg 
6545 

MODIFICATION 1 
a) CUT TRACKS TO PIN 18 AND 20 OF IC13 

c) CONNECT PIN 18 TO PIN 17 OF IC9. 
b) CONNECT PIN 20 TO TRACK THAT WENT TO PIN 18 of IC13 

MODIFICATION 2: CUT TRACK TO PIN 4. 
CONNECT IT TO PIN 15 
INSTEAD 

a
T
 

oc
ce
bo
s 

SQ 

= 

aD 

a 

1C16 
825125 

ut! 
1C13 
2716/2532 

ap ape 

Qa a 

Sa =p 

aS =D 

- ep 

ap ee 

18 = 
> SS 

es ee 

= ep 

= =e 

= a= 

  

to be made.   Figure 1. An underneath view of the main Microbee pc board showing the two modifications that may need 

  

will now be described. 
What you are about to undertake is an 

‘approved Applied Technology upgrade’ 
which explains why many off-the-shelf 
Microbees already have it done. It must be 
the first ‘approved’ project I’ve tackled; 
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most (like memory upgrades and power 
supply changes) certainly aren’t approved. 
Being ‘legal’ somehow takes the fun out of 
it, but let’s get stuck into it anyhow, it won’t 

take long. 
Observe Figure 1 which is a view of the   

bottom of the main Microbee board. You'll 
have to do some rather fine slicing of tracks 
and soldering, and if you don’t feel up to it 
any experienced technician should be able 
to help. 

Open the Microbee and remove the 
memory battery (saved everything?) fol- 
lowed by the top board. You may have to 
remove some Silastic-type goo to do this. 
Next remove all the screws holding the 
main pc board/keyboard assembly into the 
case. When it comes free the speaker will 
probably be attached to the case, so don’t 
break any wires. Remove IC13, the charac- 
ter EPROM. Lay the board over so it 
matches Figure 1 and prepare your scalpel 
(seriously, a surgeon’s scalpel is ideal for 
this). 

Locate IC13’s socket from the bottom 
and carefully cut the tracks at pins 20 and 
18. Use a tiny bit of wire to connect pin 20 
to the track that used to go to 18. Use a 
longer bit of wire to connect pin 18 to pin 17 
of IC9, the 6545 (this is the new address 
line). Carefully check your work for shorts 
and then install your new character 
EPROM. 

Modification 2 has absolutely nothing to 
do with new character sets; it prevents ran- 
dom flashes from messing up your screen 
displays. It was included here because it’s 
normally done at the same time as the 
character EPROM mod, so you might as 
well knock it over too. And while you’re 
inside the computer perhaps you should 
consider doing a memory upgrade... 
(oops — shouldn’t say that!). 

Making new character sets 
Figures 2 and 3 show three new Microbee 
character sets exactly as they appear on the 
screen. They were worked out on graph 
paper and then entered directly into 
memory via the ‘monitor’, at hexadecimal 
addresses from 2000 to 27FF. You can pur- 
chase them ready to go as detailed below, or 
make your own. 

There are BASIC programs around 
which let you use the screen instead of 
graph paper to construct characters, but 
I’ve found the ‘manual’ method easier. 
Since each character occupies a 16-byte slot 
in memory, a character’s address can be 
worked out by taking its ASCII value in 
hex, and making this the middle two digits 
of the four digit starting address. Thus you 
would find the letter ‘‘A” (hex 41) at 
address 2410. ‘‘B”’ would be at 2420. 

The actual format (which bit goes where) 
is described in the PCG programming sec- 
tion of the Microbee instructions so we 
won't repeat it here. You can see how your 
character construction is going by block- 
moving your entire work area into the PCG 
and then running the little BASIC program 
in Listing 2. 

Be sure you occasionally save your work 
area to tape as well. When you’re satisfied 
with the result you can move your whole 
character set to 2800, copy the first half of 
the existing character EPROM to 2000, and 
then make an EPROM from the data in



  

2000 to Z2FFF. No EPROM programmer? 
You haven’t built the ETI-668 kit? Oh dear. 
Well hang in there, we'll soon sort that 

problem out. 

The new character sets 
explained! 
Typewriter — I’m using this one in Word- | 
bee as I write, and it looks quite nice. It 
must be the ‘serifs’, the little bases some of | 
the letters stand upon. They give a sense of 
class. I must admit the inspiration for this 
one came from the Dick Smith Challenger 
computer. 

This type of character is seen in just 
about all traditional print — newspapers, 
magazines, even ETI! The little letters in 
the control characters actually describe 
what they do — form feed, group separator, 
etc. The exception is the little arrow for 
‘return’. This is needed for Wordbee. 

Data 70 — This character set most likely 
originated as Letraset stick-on letters. 
Letraset is frequently used in laying out 
advertising, and a lot of people see the 
results. Now Data 70 pops up in newspa- 
pers, on the sides of buildings, on labels on 
equipment, everywhere. I bet that if you 
look through this issue of this magazine 
you'll find Data 70 used somewhere. 

A partial version of the character set | 
appeared in ETI several months ago as a' 
BASIC program. This one comes as a data 
file, and includes all the lower case letters 
and punctuations. 

Script — People do it, enlightened type- 
writers do it, so why not computers? This 
character set relies on each character enter- 
ing and leaving its cell at the same place, so 
they give the appearance of all being strung 
together. The numerals aren’t of the same 
character set, they come from an archaic 
style of writing that sent the characters well 
above and below the centre line. A program 
listing in ‘script’ with those big numbers 
looks quite silly. But it’s all good fun. 

Now, we could have published all the 
hexadecimal code representing these three 
character sets. It would have resulted in 384 
lines of code with 16-bytes in each line, for 
you to key in under Monitor. Boring to 
read, and boring to do. Roger Harrison 
never would have printed it (would he?). So 
here’s what you can do if you want a new 
face for your ’Bee. 

Send $15 to the author for which you will 
receive all three new character sets on a 
1200 baud cassette, in a nice padded bag, 
postage included. Typewriter will be at 
2000-27FF, Data-70 at 2800-2FFF, and 
Script at 3000-37FF. You can then block 
move them into the PCG, incorporate them 
in your programs, put them in EPROM, or 
whatever. 

Alternatively, for $25 I can supply a 2532 
type EPROM with the Microbee’s standard 
character set in the normal place, and one 
of the new character sets in the second half 
of the EPROM. That’s only $5 more than 
the retail price of a blank EPROM, and it 
includes postage. The recommended second 

  

  

Tired of boring old "stock-standard" characters on your 

Microbee? How about making it into a living antique.. a 

replica of an old time mechanical typewriter. You ought 
to see this "typewriter" character set go with Wordbee! 

At the other end of the time scale is the “Oate-iG" character 
set. You'll see ihis one used in a lot of advertising where 

image is desired. 
hes nearly been done to death but it looks good on the Microbee. 

a high-tech, “space age" 

Thid it a denondtnation of the "weript" chanocten wet. 3744 
bet you’ue neuer deen a conputen anite Like thin, hove you? 

The numbers Look Like they’d be none of hone on 0 grouedtone... 

"This coaputer had its final crosh on July 26, 1084. R.9.P." 

(a fact "Gata-70" 

  

Figure 2. The three new Microbee character sets exactly as they will appear on the screen. ‘Typewriter’ on 
the top, ‘Data-70’ in the middle and ‘Script’ on the bottom. 
  

  

Microbee Standard: 

OF LIB 299EV4<OOROCOOMNA | POURRA 1" #9787 Cet, —. “BIZB456789: <=> 
@ABCDEF GHI JKLMNOPGRSTUVMXYZE\1*_‘abcdefghi jk lmnopgrstuvuxyz{ | }*% 

Typeur iter: 

FET DEE BREE RE |"ES%R7 (Dat, —, 0122456789: 

@ABCDEFGHI JRLMNOPQRSTUUWRYZE \ t+ ‘abcde fghi jklmnopgrstusuxyz{!}*% 

Data 70: 

ST TE ESOT 

Script: 

SS OL TT VAT 

OSE UHETESES | NESE ( 

GRECOEF CHI JRL MINOPORSTLAWHY EC It< abcdet ahi jk lmncagr st UvwHYe {13*Z 

ROSE WEBEEERE 1"EGZ8" (14+, -. 0123450780: 5 <=>? 
G@ABCNEFGHS YXAINGPARSTUNUXYZL \I ‘obedefohijAManopqrdtuumcayy 13% 

427 

dk+,-, GI 3NSE18F: | <=>P 

  

Figure 3. What you see is what you get if you replace the existing EPROM with an EPROM which can gen- 
erate other type faces.   
    character set is typewriter, it’s really lovely 

to use, especially with Wordbee. Data-70 
looks pretty spectacular, but I fear you 
would soon tire of it. Script? Well, maybe, 
but would you use it after the newness 
wears off? 

Remember that this whole process is 
reversible. If in a few years the cost of 
telecomputing comes down to a reasonable 
level, you can always pull out your alterna- 
tive character EPROM and put the old one 
back in, and nobody will be the wiser. 
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Project 671 

Parallel printer interface 
for the Microbee 
Nick-named “the Bee pee interface’, this project allows you 
to connect your Microbee to a printer having a ‘parallel’ or 

‘Centronics’ input. It’s simple to build and low in cost. 

    

THERE’S NO SUBSTITUTE for hard 
copy from a computer in a myriad of situa- 
tions and applications, but I don’t really 
have to tell you that. There’s no doubt that 
the most cost-effective way to provide hard 
copy from your Microbee is to buy an old 
teletype, rig up an interface for it and do 
some software Jiggery-pokery to convert the 
*Bee’s ASCII output to Baudot. But that’s 
all explained in Project 672 elsewhere in this 
magazine! However, if your desires and 
budget stretch to a ‘real’ printer, then here’s 
how to do it. 

The Microbee’s parallel port won’t drive 
a paralle] interface printer directly. The 
’Bee’s parallel port is ‘driven’ by a Z80 PIO. 
To signal a peripheral attached to the port 
that the data’s ready and waiting, the PIO 
puts a ‘strobe’ signal on pin 2. Trouble is, 
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the STROBE pulse is generally too short. 
Simple solution? — stretch it! In addition, 
most parallel interface printers generate an 
‘acknowledge’ signal to let your computer 
know that they’re “busy”. The ’Bee’s PIO 
needs an appropriate-length pulse to know 
that, so I’ve taken care of that, too. 

Next problem is the price of printers. 
Good quality 80-column dot-matrix printers 
have recently plummeted in price and can 
now be obtained for under $500. If that’s 
what you're after, fine, shop around. If, like 
quite a few readers, you like to (or is that 
have to?) watch your spare cash but really 
want a dot matrix printer, then finding 
something gets a little harder. 

In ‘ETT’ May we reviewed the Multitech 
MPF-II computer. With it came a 40- 
column dot matrix printer. I looked closely 

at the price and its capabilities. Apart from 
a comprehensive character set, it included 

graphics capabilities. Hmmm. At around 
$230 retail (inc. tax), it represented very 
good value for money. While 80-column 
printout is desirable, I found 40-column 
printout to be no real drawback, especially 
at that sort of price. The MPF-II Printer was 
imported and distributed by Emona Enter- 
prises, Suite 204/661 George St, Sydney 
NSW 2000. (02)212-4815. The company has 
distributors in all states. 

While the construction here specifically 
relates to this printer, the interface will 
work equally well with 80-column printers. 

(Note: The MPF-II printer input circuitry 
is CMOS and the usual care should be taken 
to avoid damage.)
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CENTRONICS ACK DIL SOCKET @9 
* SEE TEXT 1@V 

Circuit. Simple, huh? The numbers shown in the DIL socket refer to the DB15 
wire numbers in the MPF II printer ribbon cable, viewed looking down on 
the DIL socket. The DB15 plug numbering refers to the pins when viewed 
from the front of the plug (pin 1 uppermost). 

  

The circuit interfaces a Z-80 PIO port to a 
MPF-II printer. It is also suitable for use with 
a Centronics style printer. 

The timing diagram for the interface is 
shown in Figure 1. 

The PIO ARDY line goes high to signify 
that a byte is available at the port lines DO- 
D7 of port A. This triggers Monostable 2 to 
generate an active low pulse of about 20 ps 
which signals the printer to accept the byte. 
The printer will raise the BUSY line while it 
is processing the byte, or printing a line. 

Note that BUSY on the MPF-II_ is 
ACKNOWLEDGE for a Centronics printer. 

When the printer is ready for more data it 
lowers the BUSY line thus triggering 
Monostable 1 and generating an active low 
pulse of about 2 us, the rising edge of 
which terminates the ARDY signal. 

These pulse lengths are for the MPF-II. If 
your printer requires other pulse lengths,   

HOW IT WORKS ETI-671 

      
RIGHT ANGLE 

PC MOUNT PLUG 

change C1 and/or C2 according to the 

formula t = 4000 x C 
where t is in seconds, C is in Farads. 

ARDY 
P RINTER a 
STROBE = 
  

PRINTER 
BUSY 

This is only an approximate formula, but 
should be within 20% or so of the actual 
pulse length. 

  

    

Below. Full size pc board artwork. 
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Resistors................. all Va W, 5% 

unless noted 
R1, R2, RB... 10k 

Capacitors 
Chics irerecnencdoreneneeness 470p ceramic 
C2 ..4n7 greencap 
OD cessccncascrwitenestnacs 100n ceramic bypass 

Semiconductors 
UT ec eantaneereenneets 74LS123 

Miscellaneous 
ETI-671 pc board; 16-pin IC socket; either 

an Ansley 609-M165H insulation displace 

ment plug or a 16-pin DIL header; DB15 
right angle pc mounting plug: two 6BA 14" 
screws and nuts; cable to suit printer. 

Estimated cost: $10-$12 
(not inc. printer plug & cable)       

DB15 RIGHT ANGLE 
PC MOUNT PLUG 

  

      

                              

    

  
Construction 
There’s not much to building this one. Start 
with the right-angle plug, mounting it on the 
component side as in the photo. It is better 
to drill the mounting holes and screw the 
plug to the board before soldering, to 
relieve stress on the pins. 

I used a socket for the IC, and recom- 
mend that you do too. The resistors and 
capacitors are not polarised and may be 
assembled in any order. 

Connecting the printer 
If you are using an MPF-II printer, you 
should use 16-way ribbon cable supplied 
with the printer. An insulation displace- 
ment DIL plug will fit directly onto the rib- 
bon. Note: I have utilised a ‘reverse’ type 
ID plug, that is, the first conductor in the 
cable connects to pin 16 of the DIL socket. 
The plug type I used was an Ansley 609- 
M165H. Check carefully that the plug you 
use has the same pinout. 

The circuit diagram shows how the cable 
conductors connect to the DIL socket. The 
numbers shown refer to the cable, starting 
at the end with the blue stripe as No. 1. The 
socket is shown as viewed from above. For 
example, the No. 1 conductor connects to 
pin 16 of the socket, the No. 2 conductor 
connects to pin 1 of the socket, and so on. 

If you are using a Centronics printer, you 
cannot simply attach an ID plug to the Cen- 
tronics’ cable. The most straightforward 
solution would be to use a DIL header plug, 
and strip and solder the wires one by one. 
The accompanying table shows the relation 
between the DIL pinouts, the MPF-II cable 
and the Centronics signals. 

(Note: The MPF-II BUSY signal corre- 
sponds to the Centronics ACKNOWL- 
EDGE.) > 
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Using the printer 
To call the printer from BASIC, it is first 
necessary to use the output redirection com- 
mand, to tell the Microbee that a parallel 
printer is connected. There are two ways to 
do this. The printer can be the list device or 
the output device (or both). To set up the 
printer as the list device, which means any 
program LLIST commands will output to 
the printer, type the following: 

OUTL#1. 
To make the printer an output device, 

which means it will print anything that nor- 
mally appears on the VDU screen, type the 
following: 

  

  

  

  

    
  

          

    
  

  

      

    

  
    

  

  

  

  

     
  

   

OUT#I ON. 

bed 
r? *720-f 
re gizt 

2D 
re 123 
re 124 re 2 cate ie: 

Le Fine print. The message reads: “This low cost thermal printer can print graphics with 280 dots per line or 

DIL SOCKET Tor? °}2a— characters with 40 per line. The ETI-671 interface connects it to the popular MicroBee computer. Most 
Ti]e 0/29 “Centronics” printers can also be driven by the ETI-671. Build it and save $$$$s over a serial interface 

CENTRONICS lee * option!” SiS SOU ns 3 Seed Sac ar ae Se eas ie aaa Been 
mG 14/e e|32 The printer will not begin printing until it return. The Microbee normally sends both 

15] @ 0/33 either receives a carriage return code or fills a carriage return and line feed, so double 

% : : 7 up the 40-character line buffer. To send a _ spacing will result in program listing and so 
tale 236 carriage return to the printer when it isan on. Applied Technology has supplied a pro- 

CENTRONICS output device, insert the following: gram to overcome this problem; it is repro- 
CONNECTOR PRINT “ ” or PRINT CHR(13);. duced ‘elsewhere in this article. The 

Most parallel printers automatically carry program needs to be run every time a cold 
out a line feed upon receiving a carriage start is executed, but may be deleted once it 

, is run. a 

O\”@ Pin connection table 
ee 

DIL socket MPF-II Centronics Sianal 
pin Nos printer cable Nos connector Nos gna! name 

1 2 1 STROBE 
2 4 19,20 GND 

3 6 21,22 GND 

4 8 23,24 GND 

5 10 25,26 GND 

6 12 27,28 GND 

7 14 10 BUSY(MPF-II), ACK (CENTRONICS) 

8 16 NC not used 
9 15 9 D7 

10 13 8 D6 

1 11 7 D5 
12 g 6 D4 

13 7 5 D3 
14 5 4 D2 

15 3 3 D1 

16 1 2 DO 

Frint the NFF-IIT 
“sm Lo remove 

Ssracter fet 
trom the 

ycesParsliel Fira 
isi 

fewice=UOu 

[EEE —- aw i i 60+ sees - efaridkiane   
  

  
  

70 — Microbee Hacker's Handbook



  “Project 736 

Print weather maps 
with your Microbee 

using our “picture plucker’’ 
facsimile decoder 

Be the first on your block to have your own weather maps! This 

project allows you to decode the signals of shortwave stations 
transmitting ‘radio facsimile’ weather maps and satellite pictures 

and then reproduce them on your dot-matrix printer. 

MAY 29, 1983, was the day the drought well 
and truly broke in Tasmania. The rain 
poured down from dawn till dusk. The roof 
leaked and the lawns became mudholes. 
The farmers rejoiced and everyone else 
grizzled about their ruined weekend. If 
they’d had some weather charts they could 
have grizzled with more authority ... the 
charts told the whole story in graphic 
detail! 

The accompanying series of charts was 
received on an ordinary home-style short- 
wave receiver, a Drake SSR-1 to be exact. 
The audio was processed by a phase-locked 
loop decoder and a Microbee computer into 
graphics print data which was fed to a 
C-ITOH 8510 printer. 
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Believe it or not. Believe it or not. satellite pictures too! 

Tom Moffat VK7TM 
39 Pillinger Drive, Fern Tree, Tasmania 7101 

The transmission process is called 
‘facsimile’ which we’ll call ‘fax’ for short. 
Now I've spelled that once, I won’t do it any 
more times. Let’s call it fax, like the 
cogniscenti do. 

As far as I know this is the first time the 
world of fax has been opened to the 
electronics-computing enthusiast. The 
secret, of course, is the computer. 

Traditional fax methods are mostly 
mechanical, and to home-brew a decent fax 
machine would require access to a lathe and 
a lot of time and trouble. They appear to be 
non-existent on the disposals market. The 
mechanical fax systems now in use are so 
well made they seem to last forever. Maybe, 
when more electronic systems appear ... 

  (See later ) 

but we’re getting ahead of ourselves. Before 
we go much further we’d better get down to 
the bare fax. 

Facsimile explained 

The object is to send pictures over a 
distance. Written data can be transmitted 
by teletype, but for pictures, or written data 
in one’s own handwriting (such as signa- 
tures), fax is the only way to go. Fax is really 
veeerry sloooww television. If the data rate 
is slow enough you can squeeze an ex- 
tremely sharp and detailed picture through 
the restricted bandwidth of a telephone 
line, or a radio transmitter. Television 
delivers a complete picture in 1/25th of a 

second. Fax can take more than 20 minutes 
for one picture. 

Both television and fax work on a system 
of scanning lines; only the speed of the 
scanning and the density of the lines is 
different. Television, with its wide 

bandwith of 5 MHz or so, is restricted to 

the line-of-sight coverage of VHF. But 
since narrowband fax can be transmitted on 
HF, the range is world-wide, and it makes 
for some interesting viewing. 

The traditional method of fax trans- 
mission is shown in a much simplified form 
in Figure 1. The system consists of two 
metal drums, one at the transmitter and the 
other at the receiving end. The two drums 
are rotating at (hopefully) the same speed. — 
Near the top of the transmitting drum is a 
lamp illuminating the whole surface. 

Above the drum is a ‘telescope’, a system 
of lenses, feeding into a light dependent 
resistor (LDR). The light falling on the 
LDR is only that from the image of the 

tiniest) pinprick portion of the drum, 
directly at the focal point of the telescope. 
The whole telescope is connected to a 
leadscrew arrangement that moves it slowly 
along the length of the drum. > 
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Australia to the right. The low that broke the drought has just passed east of Tasmania. Printout shown actual size. 

The receiver has a similar telescope over 
its drum, although there is a lamp in place 
ofithe LDR. The receiver lamp is connected 
via a pair of wires to the transmitter LDR, 
via a battery to power the lamp. 

To the transmitter drum we will attach a 
piece of paper with some wavy lines drawn 
on it which is held in place with a piece of 
black electrician’s tape. To the receiver 
drum we will attach a sheet of photographic 
printing paper (first turning out the light). 

Now we can start the drums rotating in 
unison. As the telescope at the sending end 
‘sees’ the white paper, the LDR will pass 
maximum current from the battery via the 
pair of wires to the lamp at the receiving 
end. The lamp, through its lenses, will 
expose at any instant a tiny portion of the 
photographic paper. 
When the first of the wavy lines appears 

under the sending telescope, its black colour 
. will cause less light to fall on the LDR, less 
current will pass, less light will fall on the 
photographic paper, and the image will be 
reproduced. 

As the process continues, lines of white- 
ness or blackness will begin to build up on 
the paper, a new line for each rotation of the 
drum. If the drum turns 1000 times, there 
will be 1000 lines, quite a high resolution 
picture, which is better than the television's 
625 lines. (Purists will note that since 
photographic paper is negative-working, 
the resulting picture will have its blacks and 
whites reversed. But it illustrates how the 
system works.) Also note that the image of 
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the black electrical tape will be reproduced. 
This is important, as we'll see shortly. 

Now that we are instant experts on the 
basic fax system, we can see the problems it 
generates. If the drums aren’t running at 
exactly the same speed, the picture will 
slant one way or the other, like on a T'V set 
with misadjusted horizontal hold control. 

If the drums don’t start rotating from 
exactly the same angular position, the left 
of the picture will be on the right and the 
right will be on the left and the edge will be 
in the middle. What a muddle! 

If the transmitter sends 1000 lines and 
your receiver needs 1500 lines to cover the 
paper, your image will be squashed into the 
upper 2/3 and the lower 1/3 will remain 
unexposed. 

Let’s tackle the problems one by one, 
beginning with the matter of getting the 
transmitter and receiver to start together. 
Most fax systems transmit what are called 
phasing pulses; bursts of white against a 
black background, before the actual picture 
begins. 

One pulse is sent for each line, and the 
end of the pulse, the white to black 
transition, says, ‘the next line starts here!’. 
At the receiving end the machine adjusts its 
motor speed faster or slower until the edge 
of its paper coincides with the finish of each 
phasing pulse. Normally about 30 seconds 
of phasing pulses are provided, and if the 
receiver doesn’t ‘lock up’ in that time the 
picture is going to be a mess. 

  

Figure 1. The basic 
facsimile picture 
transmission and 
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Printed circuit artwork. You'll find the pc’ STRAP 

artwork on page 110. = 

Now to the problem of keeping both If this is so, a circle from the transmitter 
drums going at the same speed, once will look like a circle on the receiver. For _ HOW IT WORKS — ETI-736 
phasing has been achieved. There are 
several ways of going about this, and they’re 
all currently in use. 

The simplest method of ‘sync’ is to use 
synchronous motors at each end. This 
method is common in simpler fax machines 
for use on "phone lines. It assumes that both 
transmitter and receiver are running from 
the same power grid, so their mains supplies 
are synchronised. 

A more elegant way of going about it 
involves driving both the transmit and 
receive motors from power supplies derived 
from crystal oscillators. If the oscillators are 
stable to within 0.001% good fax pictures 
will result, and there’s no dependence on 
mains frequencies. So reception is possible 
aboard a ship, for instance. This is 
currently the most common sync method. 

A third and slightly older system involves 
the transmission of sync pulses at the start 
of each line, just like in television. The 
receiving motor is set to run slightly fast 
and when it reaches the end of a scan line 
it slows or stops until told to go ahead by a 
sync pulse. Sync pulses show up as a black 
line down the left hand side of a picture (or 
the right side if it’s been sent upside down). 

The faithful reproduction of shape is 
determined by the system’s index of co- 
operation. This is the product of the length 
of a line measured in some unit and the 
number of lines per the same unit. Confus- 
ing? Yup. 

Let’s try again. Assume that our trans- 
mitter drum can take a picture 38.4 cm 
wide. Assume that it sends 15 scan lines for 
each vertical centimetre of picture. The 
system’s ‘index of co-operation’ is 15 X 
38.4 = 576. 

Now assume that our receiving system is 
only 18 cm wide (which just happens to be 
the width of our computer graphics 
printout). If we still went for 15 lines per cm 
the resulting picture would be very tall and 
narrow. To stay with the transmitter’s 
index of co-operation of 476, our line 
density must be 576/18 or 32 lines per cm. 

various reasons the computer receiver index 
of co-operation isn’t exactly 576, and the 
resulting circles are slightly ‘tall’. 

One fact that emerged from researching 
this article is that there is no single 
standard for fax transmission. Scan speeds 
can range from 68 lines per minute (one a 

second) to 360 lpm. Scan densities can be 
just about anything. 

Radio fax can be sent as AM where the 
amplitude of the carrier varies with the 
picture, or as FM where the frequency 
varies. A picture may run for seven or 10 or 
20 minutes and it seems some stations 
transmit non-stop strips of picture and 
never any phasing pulses. Pictures may be 
black and white only (binary), or they may 
contain many shades of grey (analogue). 

From observations on the shortwave 
bands, certain systems seem popular. Every 
one I’ve got printable pictures from seems 
to use an index of co-operation of 576, 
which certainly makes life easiey. About 
80% scan at 120 lpm, about 18% use 60 lpm 

- and the remaining 2% use some weirdo 
system. All seem to use FM with white as 
the higher frequency, and most seem to 
shift their carriers about 800 Hz between 
white and black. 

So, the computer system described here 
is set up for the most likely signals: I.0.C. 
of 576 (or thereabouts), 120 Ipm, ‘sync 
pulse’ synchronisation, FM with shift in 
the 800 Hz region, and a picture time of 
nine minutes which is plenty of time to 
receive a ‘right-way-around’ picture from 
station AXM. 

Station AXM 

AXM was the inspiration for this whole 
project. You've possibly heard mention of 
AXM regarding radio-teletype (ETI, April 
1983) which it generally transmits during 
the first half of every hour. For the rest of 
the time it sends fax. 

I first encountered AXM fax during a trip 
to the Antarctic last summer aboard the 

  

There are two basic parts to the project: the 
decoder itself, and the pitchpipe tuning aid. A 
shortwave receiver, set to receive the upper 
sideband mode, is tuned to a station transmit- 
ting radio facsimile (see main text). The 
pitchpipe is used to tune the receiver so that 
the ‘high’ tone is around 2300 Hz. The receiver 
output is then recorded on tape. The tape is 
played back and the decoder inserted between 
the tape recorder’s output and the Microbee’s 
8-bit port. The computer does the rest. 

The decoder is built around a 4046 CMOS 
phase-locked loop IC. The incoming audio 
consists of two tones 800 Hz apart. These 
tones are around 2300 Hz (high) and 1500 Hz 
(low). They are applied to the PC1 phase com- 
parator input of IC1. The output goes via a low 
ass filter to the voltage-controlled oscillator 

(VCO) control input (pin 9). The VCO output 
goes to the other PC1 input so that the incom- : 
ing frequency and the VCO frequency are com- 
pared. The ‘lock’ range is determined by R2 
and R3. The VCO’s free-running frequency is 
‘pulled’ according to the incoming high and 
low tones. 

The ‘error’ signal generated at the output of 
PC1 is buffered (after conditioning by the low- 
pass filter R4-C3) and appears at pin 10. The 
buffer output at pin 10 is passed to a voltage 
comparator, IC2, which generates high and 
low pulses for the input port at pin 13 of the 
DB15 connector (DATA OUT). Resistors R7-R8 
set the non-inverting input of the comparator, 
IC2, to about 1.8 V. C4-C5 are bypasses. 

Supply for the decoder is derived from the 
Microbee’s 8-bit port. Note that the ARDY and 
ASTB signals are tied at the connector (pins 7 
and 15). _ 

The pitchpipe circuit consists of a 555 con- 
nected as an astable multivibrator. The oscilla- 
tion frequency of IC3 is determined by R12- 
R13 and C8. R11-C6 form a low-pass filter so 
that a relatively ‘pure’ tone is issued from the 
loudspeaker. The output level is low, but then: 
you don't need watts of power to do the job.       

Nella Dan. In the ship’s chart-room is a 
large Japanese-made fax machine that uses 
a flat bed recorder instead of a rotating 
drum. Two or three times a day an officer 
would press a few buttons and the machine p> 
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fax-computer decoder 

would emit from its top a large weather map 
which was then posted on the wall. As well 
as serving in more traditional roles, these 
weather maps would allow the ship’s 
company to estimate how seasick they were 
going to be the next day. 

The fax decoder 
To be the first in your block to have ‘fax-in- 
the-home’ you’re going to need a few items 
of equipment: 

1. A singlesideband shortwave receiver. 
2. A good quality cassette recorder. 
3. An ETI-736 Fax Decoder and 

Pitchpipe circuit. 
4, A32K Microbee computer. 
5. AC-ITOH 8510 printer (or Epson 

MX-80). 
6. Lots of patience. 

I won’t launch into a long technical 
description of the Fax Decoder here. It’s a 
good old phase-locked loop, very similar to 
the ETI-733 Radio. Teletype to Computer 
Decoder (page 42). This new circuit has 
been optimised for fax data rates and 
frequency shifts (both very large) and it is 
working its poor little guts out just to stay 
in lock. 

Considering what is being asked of it, the 
decoder works very well and it can recover 
lockable pictures even in the presence of 
noise or multipath distortion. With the 
comparator circuit, the decoder will even 
decode analogue pictures and turn them 
into binary along the way; just right for 
feeding to the Microbee. 

The ETI-736 Fax Decoder is made up of 
two independent circuits, the Fax Decoder 
and the Pitchpipe tuning aid. If your 
receiver is in one room and the computer 
set-up in another, you can separate the two 
circuits with a hacksaw so the Pitchpipe 
stays with the receiver. 

The software for the Microbee is one of 
those big bit-shuffling programs that’s a 
natural for machine code. It provides for 
the collection and storage of precisely 
637 200 bits of fax information. That is 
1080 lines with 590 dots per line. Actually 
we compress three adjacent fax lines into 
one, with each vertical group of three dots 
logically ORed together. 

So, after compression 212 400 bits are 
stored in 26 550 bytes. They make up 360 
lines for the printer. Before a picture starts 
the program locks onto any one phasing 
pulse and shows the remainder as a 
continuous black bar. So it’s best to wait till 
they’re nearly finished before running the 
program. During the run, the program waits 
for a black sync pulse before it inputs the 
next fax line. 

The printer, running in the graphics 
mode, uses its eight dot-matrix print wires 
to ‘paint’ eight lines of fax (24 before 
compression) onto the paper in one sweep 
of the print head. A smaller than normal 
line feed is given so each sweep just touches 
the one above it. In a byte sent to the 
printer under the graphics mode, each bit 
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controls the action of one of the print wires. 
With 590 dots per line, the software must 

first do 590 bit zeroes, then 590 bit ones, 
etc, until all eight bits in each byte are set 
high or low as required. 

With a serial printer you cannot send the 
material out while it is being brought in, so 
the computer has to store the entire picture 
until it’s finished. Then it releases the 
whole lot to the printer, 590 bytes at a time. 

Between each sweep of the print head the 
printer comes out of graphics mode for a 
carriage return, a line feed and a new 
command back into the graphics mode. 

The DATA items near the end of the 
program are the commands needed to make 
the C-ITOH printer do its tricks. The 
Epson MX-80 uses the same general 
principle in its graphics mode, so substitut- 
ing its control codes in the DATA area 
should make it work the same as the 
C-ITOH. 

Construction 
This project is very simple to assemble. 
First thing to do, no matter whether you’ve 
made your own pc board(s) or bought a kit, 
is to check the board(s) to see that there are 
no broken tracks, copper bridges (especially 
between IC pins) and that all holes are 
correctly drilled. Separate the Pitchpipe 
board from the Decoder board before 
assembling the components. 

Start construction by installing the 
resistors and capacitors on the Decoder 
board. Then install the link at the end of 
the 4046. Last of all, install the two ICs, 
making sure you get them the right way 
round. Now wire the DB15 plug to the 
board, not forgetting to link pins 7 and 15. 

Now tackle the Pitchpipe board. Solder 
the resistors and capacitors in place first, 
making sure you put the electrolytic in the 
correct way. Then solder the 555 in place, 
taking care to orientate it correctly, also. 
Finish by wiring in the pushbutton, speaker 
and battery clip. 
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PARTS LIST — ETI 736 

Resistors.................. all 4W, 5% unless 
noted 

R17 ..ceccceeeeeeeeeeeees 1k 
R2 v.ieeesessssssssssseeee 39k 
RS oo. eeeeeeeeees 68k 
Sr 100R 
Re oo ccceeeneeneeees 56k 
RG ooo eeeeecesssnees 100k 
R7,10,13 .......... 47k 
RB oo eeeeeeeteee 27k 
RO oes 5k6 
R11 ee 330R 
R12 oon 4k7 

Capacitors 
C1,3,5,7 0... 10n greencap 
C2 oe eeeeeteeeeeeees 22n greencap 
C4 Lee ceecee cece 4n7 greencap 
C6... cceeeeees 4u7/10 V single- 

ended electro. 
CB... cecccccceeeeeeceees 6n8 

Semiconductors 
ICV eeceeeeecceeeseteeees 4046B 
C2 Looeeeceeecceeeeenees LM311, uA311 
IB... ccna uA555, LM555, 

Miscellaneous 

PB1 min......momentary-action pushbutton. 
ETI-736 a and b pc boards; DB15 plug: 
50 mm 8 ohm speaker: No. 216 9V battery: 
jiffy boxes to suit; audio connectors to suit; 
wire, shielded cable, 

NE555 

nuts, bolts etc. 

Estimated cost: $25-$30 
  

 



  

Project 736 

If you’ve got a frequency counter — you 
only need an audio frequency counter 
accurate to a few Hertz — then check that 
the Pitchpipe output is close to 2300 Hz. 

Get the picture 

Now here’s how to collect your pictures: 
Connect a speaker, nine-volt battery and a 
press button switch to the pitchpipe circuit. 
It should beep at 2300 Hz when you hit the 
button. 

With pitchpipe and cassette recorder at 
hand, tune the receiver until you hear that 
chorus of crickets called fax; 11 030 kHz is 
a good place to start. Switch to ‘upper 
sideband’. If a picture is already running, 
wait for the next one. 

The start of a new picture is signalled by 
a loud blurt, actually five seconds of carrier 
modulated by 300 Hz. Start the recorder. 
Next, you'll hear the lower tone, punctuated 
by some ‘pip ... pip ... pips’ from the 
higher tone. Push the button on the 
pitchpipe circuit and tune the receiver until 
the pips sound the same pitch. This might 
sound like a rough and ready method of 
tuning but it’s really quite accurate. 

Some 30 seconds or so after the pips 
begin the picture itself should start, with 
the high tone becoming more dominant. 
Hold down the pitchpipe button and check 
the tuning pitch again. Now let the 
recording continue, checking the tuning 
from time to time. When the picture is 
finished the receiver will blurt again; switch 
off the recorder and take it to the computer. 

Now rewind the tape and cue it up so it 
is sitting just a few pips (phasing pulses) in 
front of the picture. Set the recorder’s 
volume near where you would to load a tape 
into the Microbee. With the decoder 
plugged into the computer’s parallel port 
and the audio line plugged into the cassette 
‘earphone’ jack, roll the tape and then run 
the program. Turn the printer on and wait. 

. Nine minutes later the computer will beep 

as : and your picture will begin painting onto 
the printer. Two minutes after that you'll 

Picture 3. Satellite picture from AXM, actual size, rotated 90 degrees. be hooked on fax. 

About the pictures 

All the Australian pictures were received 
from the Bureau of Meterology’s broadcast 
station, AXM. The ‘studios’ are located in 
the Weather Bureau’s Melbourne office, 
although the actual transmitters are in 
Canberra, operated by the Navy. There’s a 
sister station, AXI, in Darwin. 
AXM transmits continuously on four 

frequencies: 5100, 11030, 13920, and 
19 690 kHz. Its index of co-operation is 576, 
scan speed is 120 lpm, frequency shift is 
800 Hz and transmission is binary, black 
and white only, with no shades of grey. 
AXM depends on the ‘crystal lock’ 

method of sync. It doesn't transmit ‘official’ 
sync pulses. But there is something similar 
to the black electrical tape mentioned 
earlier ...a black line that always appears 
on the left hand edge (or the right. if the p 

  

    

  

Picture 5. 

Doctored US 
satellite picture, 

transmitted from 
New York. 
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Set to go. The completed decoder and pitchpipe, 
before housing in jiffy boxes. 

picture is sent upside down). As far as the 
Microbee is concerned, it’s a sync pulse, and 
it locks up with ease. 

Picture 1 is a standard weather chart 
just like you see on television every night. 
Note the big nasty low just south of 
Tasmania. There’s also a cold front sweep- 
ing in from the southwest. 

Picture 2 is much the same thing, only 
showing the isobars at 20 000 feet instead of 
sea level. The low is still much in evidence. 

Picture 3 is not a weather map, it’s a 
proper satellite picture transmitted from 
AXM. Since it’s a binary fax system the 
shades of grey are lost but it’s still a pretty 
smashing view of mother earth, or at least 
part of it. The picture was too big for all of 
it to fit in the computer. Rotate it 90 
degrees to get the writing the right way up 
and you'll see the picture in the proper 
perspective. According to AXM it’s the 
‘southern half of the earth disc as seen from 
the Japanese satellite GMS’. (That means 
‘Geostationary Meteorological Satellite.’) 

Picture 4 is a ‘Nephanalysis’... a study 
of the cloud situation in the southern 
hemisphere. The raw data is a satellite 
picture which is interpeted and re-drawn by 
meteorologists, with special symbols 
indicating the cloud types. Again, that big 
low blots out Tasmania. Obviously this type 
of chart would not have been possible 
before the days of satellites. 

Now to Picture 5. You can say you’re 
amazed and astounded now, or later. This 
one originated from one of America’s 
NOAA satellites and was transmitted from 
space to the USA where it was souped up 
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Picture 4, Nephanalysis, 11.45 am 29 May '83, AXM 11 030 kHz. 
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fax-computer decoder 
The rest of Australia is gloriously clear! 
with state borders and the like. Then it was 
sent back out on HF radio many thousand 
more kilometres into my humble cassette 
recorder. In other words it’s ‘fax DX’. It is 
an analogue picture that was forced into 
binary state by the decoder’s comparator. It 
has also had its video inverted in the 
computer. 

Picture 6 is a ‘Significant Weather 
Prognosis’, designed especially for pilots. It 
shows high altitude wind trends and jet 

  

word ‘CAT’ means ‘clear air turbulance’ to 
be avoided if at all possible. This particular 
example looks like it was put out by the 
Queensland tourist bureau. It shows Tas- 
mania smothered in cloud (that low again), 
and New Zealand is about to cop it as well. 

Those ‘mostly black’ satellite pictures, 
like Picture 3, play merry hell with printer 
ribbons, so we’ve turned Picture 8 into 
‘mostly white’. It still looks OK, huh? That 
is, if you like black clouds. To invert the 
video on any picture change the data at 
0426 (hex) from 38 to 30. 

  

streams, and significant cloud areas. The 

Housing. Two small jiffy boxes served admirably to 
house the decoder (left) and pitchpipe (right). The 
ribbon cable goes to the DB15 plug which plugs into 
the Microbee user port. 

  

    

  

So now you know all about fax, as do 
thousands of other enthusiasts throughout 
Australia. Perhaps home fax will join home 
video and compact disc and all the latest 
electronic pastimes. 

Maybe AXM will even join the ratings 
race, “Hey folks! You’re on AXM! 5000 
watts of picture power! And tonight a 
request from Melbourne listener Randy 
Oldfellow! Randy asks us to drop tonight’s 

. nephanalysis and play a picture of Bo 
. Bet \ Yen Derek instead. OK, Randy, this one’s for 
) SRB. : you!” 
. 3 Oi ¥. Seriously, though, fax can be useful, and 
— jf ~ it’s certainly a lot of fun. Faxinating. I’d like 
: ns to thank all those people at the Bureau of 

- — | Meteorology who suffered my silly ques- 
tions and helped with the preparation of 
this article. e 
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Picture 6. One for the pilots, another AXM picture. 

  

PROGRAM LISTING 0446 cDecee aesee CALL 800CH 4BEEP WHEN FINISHED 
e610 

ADDR CODE LINE LABEL MNEM OPERAND @8626 3Send out the picture to the printer: 

08108 ;Facsimile Receiver Program by Tom Moffat: May 28, 1983 02630 
aeiie 8449 218984 20648 LD HL , DATA! 

e400 e120 DEFR 16 @44c 110688 00658 LD DE,6 
8400 80130 ORG 8400 @44F CD7E@4 88660 CALL PRINT. 4SET LINE FEED PITCH 

ee14e 0452 62D 00678 Lo B,2DH 445 GROUPS OF 8 LINES 
80158 ;Clear the data store: 0454 210018 90660 Lo HL,1@@@ ;START OF DATA STORE 
09160 0457 ES 00698 LPS PUSH HL 

0408 210818 26178 LD HL,1@08 ;START OF PICTURE STORE 8458 216Fe4 08708 LoD HL, DATA2 
0403 110118 88180 LD DE,1001 8458 1688 08710 Lo E,8 
0486 818667 80198 Lb BC}4786 ;CLEAR 26558 BYTES @45D CD7E@4 = 08728 CALL PRINT  4CR/LF AND GRAPHICS INIT. 
8489 3600 80200 LD CHL) ,@ 0460 E1 88730 POP HL 
04eB ES aenie PUSH HL @461 11462 90740 Lo DE,24EH ;59@ DOTS PER LINE 
e4ec EDBe 00220 LDIR 8464 CD7EQ4 = 88.758 CALL PRINT 48 LINES OF PICTURE 

63230 0467 10EE 08760 DJNZ LPS ;1F NOT 45 GROUPS 
08248 ;Synchronize the computer with a phasing pulse: 8469 218F84 08778 Lo HL , DATA2 
00250 @46C 1E02 00780 LD E,2 

@40E cD7504 «8248 LPI CALL SAMPLE @46E CD7E4 90798 CALL PRINT = CRLF 
0411 30FB 09270 IR NC,LP1 WAIT FOR WHITE 0471 2aA208 © aesee LO HL, (@A2);PICTURE FINISHED, 
8413 CD7504. © a280 LP2 CALL SAMPLE 8474 ED eesia JP CHL) ;JUMP TO MONITOR 
0416 38FB 68298 JR C,LP2  ;WAIT FOR BLACK 80820 pases 0475 3E63 @@83@ SAMPLE LD A,63 }SET DELAY TIME BETWEEN -DOTS 

@@310 ;Start of picture: 0477 3D eesaea DEC A 3847 uS PER DOT 
80320 0478 20FD eeese JR NZ ,$-1 

0418 Et 68330 POP HL ;POINT TO START OF STORE 847A Bee 80860 IN A, (8) 3GET A PIXEL 
8419 114E02 88348 Lo DE,24EH ;598 DOTS PER LINE 847C BF 88878 RRCA sSHIFT IT TO CARRY 
@41C @1812D 88350 Lo BC,2D@1 ;LINE COUNTER AND ROTATING BIT 847D C9 60880 RET 
@41F C5 60360 LP4 PUSH BC 80898 
0428 8603 80378 LD B,3 }3 FAX LINES = 1 PRINTER LINE 847E 7E 00908 PRINT LD A, CHL) 
8422 CD75@4 © e8.38e LPB CALL SAMPLE @47F CD7FAB aa91e CALL @AB7FH 31288 bd SERIAL PRINT ROUTINE 
0425 7E 80396 Lb A, (HL e482 23 80920 INC HL ;GET NEXT BYTE 
0426 3801 80400 JR C,$+3 ;SKIP NEXT IF WHITE 8483 1B 88930 DEC DE ;BYTE COUNTER 
8428 Bi 00416 OR c ;PRINT A DOT 8484 7A 8e948 LO A,D 
0429 77 00420 LO CHL) JA 8485 BS 08958 OR E 
8420 23 08430 INC HL 0486 20F6 08960 JR NZ, PRINT 
042B 1B 00440 DEC DE 8488 C9 889768 RET 
@42C 7A 00458 Lo A,D 88988 
0420 B3 80460 OR E e489 1854 @8998 DATA! DEFW 541BH j;ESC T 
@42E 20F2 88478 JR N2,LP3 ;FOR ONE COMPLETE FAX LINE 8488 3136 @1400 DEFW 3631 316 :LINE FEED PITCH : 
8430 DBee e948@ SYNC IN A, (8) @48D 1B5B e101e DEFW SB1BH ;ESC [ INCREMENTAL MODE 
0432 OF 80490 RRCA @48F aDeA @182@ DATA2 DEFW @AGDH = SCR LF 
0433 -38FB 00500 JR C,SYNC ;WAIT FOR BLACK 8491 1853 61038 DEFW 531BH ;ESC S 
0435 114602 eesia LD DE,24EH ;FOR 59@ HORIZONTAL DOTS 8493 3835 818460 DEFW 353@ 385 
0438 EDS2 00528 sec HL, DE 8495 3938 a1ase DEFW 3839 39 @ 
843A 18E6 80530 DJNZ LP3 6000 81068 END 
@43C C1 00540 POP BC 68088 Total errars 

@43D CBe1 eesse RLC c ;ROTATE THE BIT 
@43F 38DE 00568 JR NC,LP4 ;GO TO START OF LINE DATAZ @48F LPS @457 PRINT  @47€ DATAL 6489 
e441 19 80570 ADD HL} DE SYNC 6438 LP3 8422 LP4 e41F LP2 e413 
@442 1808 eesse DJNZ LP4 SAMPLE 8475 LPI G40E 
0444 e607 28590 LD B,7 
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Project 733 

Radioteletype-computer 
decoder 
This simple project allows you to hook up your MicroBee to a 

receiver and print radioteletype messages on the VDU screen. A 

simple bit of software does the decoding. The project can also be 

adapted for use on other Z80-based systems. 

IF YOU OWN a MicroBee, or other Z80-based 

computer, you can now set up your own tele- 

type listening post. But you can forget the old 
bucket of bolts teleprinter, the computer now 
serves that purpose. 

Besides the computer itself, you'll need to 
write in the "Bees parallel input port, build 
the new ETI-733 RTTY decoder and have a 
decent HF receiver capable of copying single 

sideband signals. 
You may remember, back in August 1979, 

a project called the ETI-730 Radioteletype 
Converter. That design worked well then 
and it works well now. It’s still quite current 
and it appears that hundreds of them have 
been built around Australia. This new 
design is meant to complement the ETI-730. 
Under rough reception conditions, the '730 

will win every time, but under reasonable 

signal conditions the ETI-733 comes out 
ahead in ease of operation, speed range and 

general usefulness. Perhaps a head-to-head 
comparison is in order; see Table 1. 

The performance differences are due to 
completely different design concepts. The 
purpose of a decoder is to turn a varying 
audio tone into a de voltage proportional to 
the incoming tone frequency. In the case of 
radioteletype there are only two frequencies 
representing two dc levels...’mark’ and 
‘space’. The tones are separated by an amount 
known as the ‘shift’ (see the accompanying 

~ panel). 
The ETI-730 uses filters to recover the two 

tones from whatever other rubbish may be 

coming out of the receiver. It compares the 

level of the tones and whichever one is 
stronger gets the nod from the logic circuitry. 
There is another filter in the logic area that 
discourages transitions faster than 50 per 
second. The effect of all this is to allow the 
copy of signals that are sometimes even too 
weak to hear. 
  

ETI-730 ETI-733 

Ease of Construction Moderate Easy 

Cost Moderate Cheap 

Ease of Operation Fiddly Easy 
Weak Signal Performance | Good Fair 
With Interfering Signal Good Poor 
High Data Speeds Poor Good 
Decode Analogue Signals No Yes 
  

Table 1. Comparing the 730 and 733. 
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Gasp!...aPLL! 

The ETI-733 is based on a phase-locked loop. 
This will bring screams of anguish from 
RTTY purists. They'll tell you phase-locked 
loops are no damn good on HF signals and 
only marginally useful on VHF. I must 
admit I experimented with an NE565 PLL 

chip during the design of the ETI-730 con- 

verter and I found results were hopeless. But 
now, some three years later, from the depths 

of a CMOS logic data book, comes the 4046 
Micropower Phase-locked Loop, and it goes 
likea ripper. Why this one should work when 
the 565 didn’t, I can’t explain, but work it 

certainly does. 
You've probably heard of PLLs as part of 

frequency synthesisers. When the cost of 
crystals shot out of sight, PLLs became a 
necessity in multi-channel transceivers. The 
basic PLL has a voltage controlled oscillator 

and a phase comparator. The signal to be 
decoded is fed into the phase comparator 
along with the output of the VCO. The com- 
parator generates an error voltage that’s fed 

back to the VCO (that’s the loop part). The’ 
VCO then adjusts its frequency to match 
that of the incoming signal. So the VCO 
output is a cleaned-up carbon copy of the 
signal from the receiver and the error 
voltage is our recovered data signal. 
When everything is hanging on and the 

VCO is following the input signal, the PLL is 

Tom Moffat VK7TM 

said to be ‘in lock’. If the incoming signal is 
too high or too low in frequency, beyond the 
range where the VCO can be pushed to match 
it, the whole procedure falls apart and the 

PLL ‘loses lock’. 
One of the advantages of the PLL system is 

that you can put a low pass filter in the line 
between the phase comparator and the VCO 
which effectively averages out higher 
frequency noise on the incoming signal, 
allowing the loop to remain in lock. A dis- 
advantage is that it will always lock onto the 
strongest signal within its locking range, 
even if it’s not the signal you're trying 
to receive. 

The 4046 chip has a few extra goodies. One 
is a second phase comparator working on a 
complicated ‘digital’ principle. There’s also a 
source-follower to buffer the loop signal for 
output, and even an on-chip zener diode for 
power supply regulation. In this design we’ve 

ignored the zener diode and the digital phase 
comparator. The latter was thoroughly tested 
but the ‘normal’ phase comparator worked 
better in this application. 

Overall design 

Circuit constants were found strictly by the 

eclectic empiricist method (.e: trial and 
error!). After starting with the data book’s 
suggested values, a tape of rather scruffy 
off-air RTTY signals was played into the 

 



  

    

  

Your ‘glass teletype’ terminal. Add a general coverage receiver, the '733 decoder and a MicroBee (or similar Z80 system)! 

PLL and the results sent to the mechanical 
teleprinter. A count of errors was made, a 
circuit constant changed, and then the same 
bit of tape was played again to see if the 
errors got worse or better. 

It was a slow business but I managed to 
zero in on what appears to be the best per- 
forming circuit. 

The lock range is from 1400 to 3400 Hz, in 
the higher part of the receiver’s audio pass- 
band, and the loop filter constants are such 
that signals beyond 300 baud can be recovered. 

As well as the PLL chip, the ETI-733 
decoder uses an LM324 quad op-amp for 
input and output conditioning. One section 
raises the audio level from the ‘recorder’ 
output of the receiver to a level more suitable 
for the PLL. 

The PLL output goes to two inputs of 
another op-amp used as a comparator. One 
input gets the PLL signal, lightly filtered. 
The other also gets the PLL signal, but this 
time via a very long time constant filter to 
produce an average of the PLL swings. This 
line is buffered by an op-amp, which also 
drives a tuning meter. 

The arrangement causes the comparator 
to make a firm decision as to whether a mark 
or a space is being received, while allowing 

the signal to drift all around within the 
PLL’s lock range. Shift selection is no longer 
required...anything that crosses the 
comparator threshold is considered valid, 

and signals down to 170 Hz shift work nicely. 
Since the PLL lock range is 2000 Hz, a lot 

of receiver drift is tolerable before copy 

is lost. 
There is one disadvantage with this 

averaging system... teletype signals sent 
slowly, by hand, will be hard to copy. This is 
because the signal is spending most of its 

time on ‘mark’ and the comparator will drift 
toward mark, losing its centre reference. 

But that’s of little worry, most interesting 
signals are sent by machine anyway. 

Another op-amp enables a feature that 

has been examined by oscilloscope, but not 
properly tried yet...an analogue output. 
The PLL can track anything, not just two 
discrete audio tones. This opens the door 

for signals using frequency modulation, such 
as satellite pictures, weather maps, any 
facsimile-type signals — and these abound 
on the HF bands. 
When one of these is being received an 

oscilloscope shows a nice video signal from 

the analogue output. A signal restricted to 

peak black and peak white appears on the 
digital output. A bit of playing around with 
a computer should result in a method of 
displaying analogue material on the screen. 
That’s certainly one to work on. 

Once the digital signal is available at the 
decoder’s output, you can send it one of two 

  
      

  

  

TUNING METER 
CENTRE ZERO 
(STEREO BALANCE) = 

places: to a teleprinter, or to a computer. For 

the teletype option you can pinch the loop 
_ driver circuit from the ETI-730 article. 

(See ETI, August '79, page 43. Delete the 
two resistors, R29 and R30, and LED1 from 

the emitter circuit of Q2 and take the emitter 

directly to earth. Feed the PLL decoder 
output to the base of Q2 via R27.) ee 

CERAMIC 

c7 

= MICROBEE 
13 PORT 

R12 CONNECTOR 

  
LM324 ANALOGUE OUT   

  

  

The heart a the decoder is Ic2, a 4046 
= ‘micropower phase-locked - loop’ IC. The . ‘eonsis 

  

“signal, the other to” represent ‘the ‘space’ 
signal. The 4046 converts these to a two-level 

_ digital signal, which is filtered, ‘then buffered 
and sent to the computer. _ 

IC1a and associated components forms an 

ac amplifier with a rolloff below 1.5 kHz 
(i.e: high pass) and a passband gain of about 
27. Resistors R1 and R2 form a voltage divider 
providing a reference level for IC1a of about 
1.6 V. 

The amplified signal from IC1a drives the 
signal input of the PLL, IC2, via capacitor C2, 

_ which enables the self-biasing input amplifier 
_ of IC2 to work with weak signals. — 

The PLL phase capacitor, PC1, output is 
filtered by R8 and C4 to obtain an error signal 

_ for the PLL’s VCO which should oscillate near 
- the incoming frequency present at any 

particular time. The VCO frequency is ‘pulled’ 
according to the actual mark and space 

__ frequencies of the incoming RTTY signal. 
The free-running frequency of the VCO is 

about 2.4 kHz, set by C3 and R6. The lock range 
_ of the VCO is determined bye Hey, and is 

: about 1.4 — 3.4 kHz. _ 2   

HOW IT WORKS — ETI-733 
® C, 

  

The error: signal out of PC1 of IC2is buttered 
and appears at pin 10 of the PLL. A low pass — 
filter, formed bi 0,C5andICib, removes th 
fast-changing | ‘components | of the erro 
signal, leaving a nominally-de component ¢ at 
the output of IC1b. 

The PLL error signal is also fed to ICic via 
another low pass filter formed by R11 and 
C6. IC1c is connected as a comparator with a 
reference signal on its inverting input set by 
the nominal dc level from the output of IC1b. 

This comparator ‘extracts’ the data from the 
error signal. This scheme relies on the input 
not containing long periods of only one input 
tone, which is usually true. 

The tuning meter connects between the 1.6 V 
reference provided by R1/R2 and the output 
of IC1ib. This indicates when the receiver is 
producing audio tones shifting within the PLL 
lock range. When correctly tuned, the current - 
through the meter is zero, hence the necessity 
of a centre-zero meter. 

The data low pass filter, R11/C6, has a roll- 

off around 30 Hz, which ensures clean data 

out. However, some experimentation can be 
carried out with different data rate signals. — 
You can vary C6, decreasing its value for high 
data rates, ue ona valle which gives best 
results. : 
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Project 733 
Software 

The program that follows was written for the 
MicroBee, but since it’s in machine code it 

should work on just about any Z80-based 
machine with only minor modifications to 
some addresses. Here’s how it works: 

The aforementioned in/out port is first set 
up in what’s called the ‘control’ mode . . . you 
specify some bits as inputs and others as 
outputs, and no ‘handshaking’ signals are 
required. In this case I’ve called all the bits 
inputs, although only bit 0 is used to bring in 
the teletype signals decoded by the ETI-733. 

A teletype signal is made up of a start 
pulse, five data pulses, and an extra-long 
stop pulse (start and stop refer to shaft 
rotation that takes place in a mechanical 
teleprinter). Refer to Figure 1, below. A 
pulse, in the case of 50 bauds, is 20 ms long. 
The program first looks for a start pulse 

which unleashes the following series of 
events: Bit 3 of an 8-bit register (register C in 
the Z80) is set high. Thirty milliseconds later 
the transmitting teletype should be in the 
centre of its first data pulse...this is 
read and pushed into the right end of the 
C register. Everything already in C is shoved 
to the left to make room. Twenty milliseconds 

later comes the next data pulse, this is loaded 

into C and everything else shifts along. After 
five data pulses the bit originally set in C 
falls out the left hand end, telling the pro- 
gram that a character is finished. Register C 

now contains, in its first five bits, a binary 

number between 0 and 31. 

  

START 1 2 3 4 5 STOP 

IDLE IDLE 

| Le 22 ms — 31ims |<— 

163 ms 

Figure 1. How the teletype signal is made up. For 
45.45 baud speed standard, the first five pulses are 
22 ms long, followed by a 31 ms ‘stop’ pulse giving 

163 ms per character, while a 50 baud system uses 
20 ms pulses with a 30 ms ‘stop’ pulse, giving 130 ms 
per character. 

In the next part of the program the char- 
acter in C is inspected to see if it’s a figures or 
letters shift. If so, a flag (register E), is set 
accordingly. Now register pair HL is set to 
point to a table of ASCII characters. The 
number in C is doubled and then added to 
HL, making HL point to a pair of table 
entries. Which entry of the pair gets selected 

depends on flag E which, if zero, gets even 
numbered entries (letters characters). If E is 
one, HL selects odd numbered entries (figures 

and punctuations). 
The ASCII character eventually selected 

is loaded into register B and then sent off 
to the MicroBee’s VDU routine, where it’s 

displayed on the screen. The program then 

goes back to looking for another start pulse 

for the next character. 
If your MicroBee is a BASIC-only version, 

getting the program into it could be a problem. 

Although there are only 139 bytes in the 
program, they can only be entered in 
memory by ‘poke’ statements, but then 
there’s no easy way to save the program on 
tape. If you want to try it anyhow, first 
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convert the hexadecimal values in the ‘code’ 
column, eight bits at a time, to decimal. Then 

poke them into the hex addresses in the 
‘ADDR’ column. 
Then again, you could take the easy way 

out. For the sum of 12 miserable dollars, sent 

to the author, you will receive a postpaid 
cassette tape which can be loaded into your 
MicroBee with the usual ‘load’ command. 

This tape contains an extended ‘bells and 
whistles’ version of the RTTY program, with 
such goodies as baud rates from 45.45 to 300, 

selectable while the program is running, 
selectable page or tape display mode, ‘and 
signal inversion at the touch of a key. 

Construction 

All the ‘electronic’ bits go on a pc board 
measuring about 120 mm by 60 mm. Only 
the tuning meter and input/output connectors 
are mounted separately. As a concession to 

the "RF purists’ I used a double-sided pc 
board with a groundplane on the component 
side of the board. As we're dealing only with 
audio signals here, you can ignore the 

groundplane if you so wish. As for sockets for 
the two ICs — please yourself, they have no 

ANTENNA 

ETI-733 
DECODER 

RECEIVER FY 

cooly 

    

          
  

AUDIO 
OUTPUT 

effect on circuit operation. 

Assembly of the pc board is straight- 
forward. Probably the easiest way to tackle it 
is to solder the resistors in place first, 
followed by the capacitors. Watch the 
orientation of the 1 uF tantalum, C5. Install 
IC1 and then IC2. Note that the latter is a 
CMOS type and the usual static and solder- 
ing precautions should be taken. Note that 
there is one link on the board — near one end 
of IC2. 

Finally, attach the wires that go to the 

meter and input/output terminals. If using a 

double-sided pc board, some components are 
soldered on the top and bottom side of the 
board — denoted by a @ on the overlay. 

You can mount the decoder in a box if you 
wish; any suitably-sized jiffy box will do 
nicely. The meter and input/output terminals 
can be mounted on the box’s lid. Nothing’s 
critical, so exact construction details are left 

up to you as individual requirements will 

undoubtedly vary a great deal. 

Hooking it up 

Figure 2 shows the general idea of how the 

      

    

     

PARALLEL 
(0 PORT 

   VIDEO 
OUTPUT 

  

      
VDU 

COMPUTER 

Figure 2. The hookup. Audio output from the receiver can be taken from across the speaker, a headphones 
output, a ‘recorder’ output or other suitable auxilliary audio output.



  

      

decoder fits in the system. The audio output 
from the receiver can be taken directly 
across the speaker, from any auxiliary audio 
output or a headphones output. Less than 
one volt of audio will provide adequate drive 
to the decoder. 

To use a MicroBee computer you'll first 
have to arrange a parallel input/output port. 
If this was not supplied with your computer, 
you ll have to install it yourself. All that’s 
required is the 15-pin (‘DB15S’) socket which 
you can buy from your local electronics store 
and wire it in yourself (very carefully). While 

rtty-Computer decoder 

  

  

comes out on pin 13, not pin 11, as the pc 
board overlay or kit construction manual 
indicates. The output of the ETI-733 decoder 
connects to bit 0 and it gets power supply 
from the computer via pin 8 of the port 

- connector. 

All you need now is some means of convert- 
ing the decoder output to characters on the 
VDU screen. That’s where we need a little 
software. 

For other Z80-based computers, we'll have 
to leave the details to you as individual 
systems vary. Have a close look at your 

  
  

-— PARTS LIST — ETI-733 ———, | 
. | AUDIO IN 

Resistors .......... all ZW, 5% 
sr 22k = 
R2,3,4 ......2.05. 10k 

to 270k 
so 27k 
R7,R11 ........5. 56k 
RB ......... eee 6k8 
RO ...... eee eee 100k 
R10 ........ eee ee. 1M 
R12,R13 ......... 5k6 ANALOGUE 

OUT 
Capacitors 

C1,2,4 ........... 10n greencaps 
Ox, 22n greencap 
C5 ww... eee .... 10/10 V tant. 
© <n 100n greencap 
C7 woe c cece eens 100n ceramic bypass 

Semiconductors 
IC1 .....0... LM324 

C2 ee eeeeeeee. 4046 TUNING METER TTY OUT EARTH 45V 
ENTRE ZERO Miscellaneous | (STEREO BALANCE) '° 

ETl-733 pe board; M1 — centre-zero tuning MICROBEE 

meter, DB15 plug; wire, etc. Printed circuit artwork. You'll find the CONNECTOR 
Price estimate $16— $20 pc artwork on page 82. 

On the air 

To test your new decoder, here are some 
frequencies to try: 

11 0380 kHz AXM. coded weather info, 50 bauds 

13 779 kHz Voice of America News, 75 bauds 

14 700 kHz Christchurch to McMurdo, 75 bauds 

16 100 kHz Chinese News Agency. 50 bauds 

With the receiver set for the upper sideband 
mode, tune for centre reading on the decoder 
meter. If the signal is garbled, try it on 
the other sideband. An off-centre meter read- 
ing under no-signal conditions is normal. 

  

it wires straight in, note that bitO ofthe port | system’s technical manual. Happy spying. a 

SOFTWARE 
8442 3E7S @Q56@ CELAYI LG A,12@D 300 128 TIMES FOR S@ BALD 

ADDR CQaDE LINE LABEL MNEM OPERAND H44q “soe @es?7a LOOF! Lo &.@BH 

@4944 1OFE g95sa CINZ $ JUMP TO YQURSELF IF Ne. 
G@@1@@ ;RTTY RECEPTIGN PROGRAM FOR S@ BAUCS a44e =D ease DEC: Pn 
@G@it@ s¢SHORT VERSION) by Tom Moffat 0449 ZOFS aasaa JR NZ ,LOOF! 

8126 Mage Ce esis RET 
Bane @a1 36 DEFR 14 sASSUME HEX NUMBERS @0628 

46u 00146 ORG a466 @@630 ;ASCII lockup table arranged by BAUDOT value 
6156 66540 
6@1466 3S-bit serial tnput routine. through PIO BIT 4 @44C asas 06650 TABLE DEFW a5q5 3; (BLANK) 

O40 SECF ae1 26 LD A,@CFH ;SET FIO FOR "CONTROL" ease ooan one og aie aoa ew 
402 D3eat Baie OUT (19.4 , 
“dd SEFF Ga 264 LOC: A,GFFH ;:SET 4LL BITS "INPUT" ADDR CODE LINE LABEL MNEM OPERANO 
6446 Sul oa214a QUT (1).A 

a46e DauGe Geez INPT IN A,<8) LOU FOR START BIT M452 GF 39 aadee DEFW 394FH 20 ¢ 

dan C847 ea230 BIT @.A 6454 2026 604694 DEFW 2820 : (SPACE) 
H4eC 2GFR GG246 JR NZ. INFT 456 4868 0a708 DEFW ads sH (STOP) 
HdQE BEBE 64256 LO C.8 “3SET UF COUNTEF BIT 6458 4E2C ee714a DEFUW 2C4EH sN 

O41 COodsud HO260 CALL DELAY! ;:START EIT 15 LOW, ... @4SH 4DZE “a7ze DEFW ZE40H MO 
W415 COSFOd GO278 CALL DELArz ;DELAY TO CENTRE OF CB-1 gasc gaan 60730 CEFW @404QH + CLF) 

N4ie CGAG BOSE LOOP IM A.(@) VBRING IN CATH BIT Q4SE 4029 ua74a DEFW 294CH iL) 
a41S C@3F ea274 SRL A :SHIFT DATA INTO CARRY B440 S234 @075e DEFW 3452 rR 4 
Odin Cell te soe FL C. :SHIFT CARRY INTO C W442 4724 oa7éo DEFW 2447 :G 
@dic cCCsFH4 GBste CALL DELATrZ :ONE BIT TIME 0464 4938 aar7? DEFW 3849 21 8 

M4{F s6FS wo s2u JF: NC,LOOQF ;RPT TILL COLINTEF BITOLUT gqas6 SO20 Ga7se DEF 3656 :P @ 
04336 6468 433A 90798 DEFW 3A4d3 2C oo: 
G@G3dG yCaonversran tao ASCII, BSUbDOT character tm C. 8440 S63D eaeaa DEFW 2056 Vos 

@6 256 @46C 4533 aasia DEFW 3345 7E 3 
Bde21 £14004 OGssG Lo HL ,TAGLE Q@46E SA2E G@hca DEFW éBSAH 12 + 
Oded Bene ge3ra LO &,@ 0476 4406 0832 DEFW 6444 7D 
W476 1200 OO 2Se Lo 0 .@ B472 423F eGs4e DEFW SF a2 :B 
aden 7s oaara LO A.C @474 5327 eessa CEFW 27383 :S ° 
“doy FEIE Hadau LF 16H 115 GBAUDUT CODE «FIGS: % 47K See eacéea DEFW 3659 iv 6 
Ode 2uae aadia JF N2.8*9 SSKIF NExT ITF NOT FIGS Qd7R 44625 “eS87e DEFW 2546 :F OY, 

Wascd PEGs waded Lt E,3 ;SET FLAG "FIGS" B47A SEZF eagea DEFW ZFS px 
W4cF FELF 884938 CPF 1FH 71S BAUDQT COOE -LTRS> ? g47c 4120 90890 DEF 2041 rao 

O21 suds wedgd JR N2.8+9  GSKIF NEXT TF NOT LTRS G47E S732 weasea DEFW 225? tle 2 

O433 1LEab Hada LO E,@ :SET FLAG "LTRS” @4e@ 4Aa87 Gertea DEFW 874AH iJ (BELL: 

435 CEZI waded SLA C :LET © = C *® @ B4G2 4484 oarzea OEFW @4da4 ;( FIGS) 
64937 1% 08476 AOC HL .DE 7AOO FLAG TO POINTER 8484 $537 00738 DEFW 3755 su? 

Wass OS GOdsG@ ACL HL ,6C iaADG IHR Ti FUINTER 0436 5131 6esaa DEFW 3151 70 1 

B43" de gHaFe LO B.CHL» = 3ASCIT CHAR INTU B 0488 4828 88950 DEFW 284B6H 7K ¢ 
Wdse TOuc ed “asSaa CALL SG0CH SOUTFUT CHAR TO VOU, B4EQ OBOE arse CEFLI @6B8@BH :CLTRSD 
M430 18c% Gusia JF INFT :G0) GaCk Ta START Beae 86°78 END 

wale aa@eae@ Total errors 
@HS530 sTime delay subroutine LCCIP } 6444 TABLE 844C LOCr a@dis DELAYS G43F 
waSdG DELAY! 8442 INPT agdea 

MArF Toads @GS5@ CELAre Cale DELAr! 
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A compilation 
of the best of 
‘Electronics Today’ computer projects 
and articles is what you're after! 

‘Computers and Computing Vol. 4 
Tells you how to build a Micrograsp robot arm for 
your computer; a 16-channe!l computer output driver; 
a general-purpose analogue and digital interface card 
for the Apple Il; among other projects. It has reviews 
of several popular machines. It includes hints for Chip- 
8 programmers; TRS-80 clock programs; hardware and 
software tips; and programs for a variety of computers. 

$5.95 Aust. $6.50 NZ. 

  

  

  

‘Computer Projects Vol. 1 
Will let you construct ETI’s Little Big Board computer; 
an all-year clock for the Microbee; an RS232 breakout 
box; a direct-connect modem; a PPl-based EPROM 
programmer; a cheap menu-driven expansion for the 

Microbee; and many other projects. 
$5.95 Aust. $6.50 NZ. 

  

        

At your local newsagent, or from ETI 
Book Sales, 140 Joynton Ave., Waterloo 
2017. (Please add $1 to the cost of the 

magazine to cover postage and 

handling.)           
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A ROM reader 
for the Microbee 
So you've written your 32K ‘Adventure’ program and you're 
impressing all your friends with the graphics and the witty text — 
‘but they’re not impressed at how long it takes to load the 
goldang program from tape! Then again, loading those short, 
useful utilities from tape takes a frustrating few minutes when 
you’re hot to get on with the job. This project fixes that — trans- 
fer those tape programs to EPROM and load them with the ROM 
Reader. 

Paul Leonardi 

THIS PROJECT enables your favourite 
games or utilities to be loaded into your 
Microbee very quickly and cheaply. At the 
moment, if you want to change programs in 
the Microbee, you must either wait agonis- 
iing minutes for an 8K program to load from 
cassette, or if you want it faster, a disk drive 
and associated software is needed (rather 
expensive for most of us). The ETI-673 
MultiPROM board described elsewhere in 
this publication is another approach, but is 
limited to a number of programs and the 
program must be written for a certain area 
of memory. 

The ROM Reader was designed to 
enable you to read a program previously 
written for tape storage and then transfer- 
red to EPROM. The project plugs into the 
15-pin D-socket on the Microbee’s rear 
apron and requires no external power. The 
program you wish to read into memory 
must have previously been put into a 2716, 
2732 or a 2764 EPROM. If the ETI-668 
Microbee EPROM blower is available, you 
can quite easily do this by reading-the pro- 
gram from tape and copying to EPROM 
with a few small modifications to the code. 
This way, a library of EPROMs can be 
kept, similar to your library of tapes. 

A machine code support program is nec- 
essary to read the information into memory 
quickly. A USR (XXXX) call from BASIC 
is all that is necessary to read in and execute 
the program as the first seven locations of 
the EPROM contain the type and load 
address information. 

PARTS LIST — ETI-678__   

Resistors............0.... nil! 
Capacitors .............. nil! 

Semiconductors 
FI ecaseacrwoavmerenweeses 74LS257 

   (C2 vcrecocevenneecseaess 4040B 

Miscellaneous 
ETI-678 pc’ board; 28-pin ZIF socket or 28-pin 
low insertion pressure socket; DA15P right-angle 

pc mount 15-pin plug; tinned copper wire for 
links. 

Price estimate: $23-$30         

‘Details 
The design is very simple, as you can see | 
from the circuit diagram. However, I’ve 

pulled a few tricks. The Microbee’s parallel 
1/O port has only eight signal lines. To read 
eight data lines from the EPROM, select 
each address location in turn and do what- 
ever else is necessary, I have arranged the 
Microbee I/O lines to be a 4/in/4-out set, 
multiplexing the eight EPROM data lines 
onto the four Microbee input lines set up. 
Naturally, some ‘driving’ software is 
needed. 

Driving software 
The program which enables the EPROM to 
be read can be ORGed to reside in RAM 
and thus needs to be loaded from cassette 
occasionally or reside in the NETWORK 
EPROM socket. 

The software initially sets up the PIO for 
4-in and 4-out lines. It then resets the 
address generator, sets Al2 low and selects 
the least significant nibble (half a byte, four 
bits). The first location in the EPROM 
describes the EPROM type: 4 for a 2732 
(4K), 8 for a 2764 (8K). If the data is zero 
then a 2716 is assumed. A11 is connected to 
Vpp and this must be high to read a 2716, so 

_ the address generator is clocked 2048 times 
to set All high. If a 2 is the first data in the 

+ EPROM then the next step is carried out, 
else an error message is displayed. 

LIN 

Project 678 
  

            

  

  

    

The 4040 is clocked to address the 
EPROM’s next location, the data read by 
setting and resetting the MUX select line 
(pin 1) — this byte is the most significant 
byte of the address to where the program is 
to be loaded. The next location contains the 
least significant byte of the load address. 
The following two locations specify the 
number of bytes to be transferred and the 
next two contain the program start address. 
The actual program resides after the initial 
seven bytes. 

Construction 
Assembling the project is quite easy. First, 
pins 6, 7 and 9 of the DBI6P need to be cut 
off and discarded so that the socket can be 
mounted to the pe board. The way tracks 
had to run on the board made this neces- 
sary. Carefully check the pe board to see 
that all holes are correctly drilled and that 
there are no breaks in the tracks or hairline 

DA15P > 

9 

OFF 
cDO PINS 6, 7, 9 
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TO MICROBEE 
PARALLEL PORT 

  

  

  

  

  

  

  

  

        

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

          
+5             

V 

  

  9765 3 2 413121415 1 16 

IC2 
4040 

    

DA-15 PLUG 
+5 V 

+5V +5V 
[+5 V-1] 

4 16 28,27,26,1 

Do AN 
4 2 23 

IC1 5 12 D2 A10K 

74L9257 {14 13] 3 ~ 34 
| mux [ii 15 8 Tas 

D4 A7 

! 12 5 1771 05 AG 2 

9 i Db? A4 0 19 6 F 15 28-PIN a3 
D4 —11}—p» EPROM 7 

> 14,20,22] socket 4273 + Al = 9 D7 — 2-—p> =| A12 AO , 

=p : RESET 
D6 —10}/—» 11 

‘bridges’, particularly where tracks or pads | Testing 
are closely-spaced. See that you can screw 
the DB15 plug to the board without strain- 
ing the pins. Don’t mount it just yet, 
though. 

The six links need to be inserted and sol- 
dered in place first. Don’t forget the one 

beneath the EPROM socket. While two IC 
sockets were used on the prototype shown 
in the photograph, they aren't essential. If 
you're using them, put them on next, other- 
wise, mount the EPROM socket. You have 
three alternatives here: the expensive way. 
the less expensive way and the cheap way. 
The expensive way is to buy a 28-pin zero 
insertion force socket. It’s elegant, handy to 
use and saves your valuable EPROMs from 
harm. But they cost $15-$20. The less 
expensive way Is to use a low insertion force 
socket. They're easy to use, the EPROMs 
slip in and out comfortably, reducing the 
risk of damaged pins, and they cost under 
$10. The cheap way is just to use an ordi- 
nary IC socket and take care. Use a good 
quality IC socket if you must go for the 
cheap option. 

Fit the DB15 plug next, bolt it to the 
board before soldering the pins to avoid 
placing strain on the soldered joints. 

Assemble the ICs to the board last of all, 
taking care with their orientation. The 4040 
is a CMOS type, so only handle it by the 
ends of the package, using your thumb and 
forefinger, and avoid touching the pins. 
Better still, use a static-safe IC insertion 
tool. If you're soldering it in, solder pins 8 
and 16 first — in that order. Use a soldering 
iron with a grounded tip. 

2 FOR A 2716, 4 FOR A 2732, 
8 FOR A 2764 

2,40R 8 

AABB = HEX LOAD ADDRESS 

CCDD = NO. OF BYTES IN PROGRAM 

EEFF = AUTO START ADDRESS 
= 8021 FOR RETURN TO BASIC 

PROGRAM CODE 
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Plug the unit into the Port A socket of the 
pre-programmed 

EPROM. If the driver software resides in 
NETWORK socket, a simple MEM 

Microbee. 

the 

e ADDR 

ESoo 

ES9g 

E993 

ES96 

E899 

ESSC 

E9aD 

ES@ig 

EG13 

E914 

ESisS 

E@1i7 

EQ19 

E@iB 

EgiD 

EQIF 

E@21 

E922 

ES24 

ES25 

ES28 

EM2A 

E92D 

E@2F 

ES3S 

ES32 

E833 

E935 

ES36 

ESS9 

CODE 

CISIED 

CDISES 

CD25E9 

CD3CED 

DS 

LIFOOF 

CDSSES 

El 

E9 

SEFF 

D3P1 

SEOF 

D3B1 

SE2S 

DIB 

AF 

D39B 

c9 

CD6BES 

FES2 

CCI6ED 

FES2 

2179B7 

CD56A2 

Insert a 

LINE 

99199 
98118 
291298 
G9138 
92148 
BB158 
BB16R 
881728 
89188 
89198 
BB28B 
28218 
99228 
98221 
88222 
G9223 
99224 
22238 
98248 
2252 
28268 
22278 
99289 
BB29B 
QB3OB 
BB31B 
BO32B 
BB33B 
28348 
BB35B 
BB36B 
80372 
B38 
BB39B 
98498 
B2419 
22428 
B43 
BB44B 
88452 
BB468 
88472 
22488 
22499 
BB5OB 
BOS1B 
GB528 
BBS3B 
88548 
BOS5B 
BB5EB 
BO57B 
22388 
O39 
BLESS 
BB618 
28628 
98639 

ae ADORESS 
GENERATOR   

—— HOW IT WORKS — ETI-678___ 

To enable only eight I/O lines to read eight 
data lines from the EPROMs, reset the ad- 
dress generator, clock the address generator 
and select A12 on 2764's, the port I/O A lines 
are arranged to be four in and four out. 

The eight data lines are multiplexed by IC1, 
a 74LS257, on the four input lines to the 
Microbee (D0-D3) and one output line (D4) is 
used to select the higher or lower nibble (4 
bits) when reading. 
Two output lines reset and clock the 12-bit 

ripple counter IC2, a 5050, used as an ad- 
dress generator. The last output is used to 
address A12 as the address generator only 
goes to A11. 

The driver software which enables the data 
to be read into the Microbee is described in 
the software section. Power is derived from 
the Microbee, via pin 1 of the DB15 
connector.       

command from the BASIC command level 
will read in and execute the program, else a. 
USR (XXXX) to where you have assem- 
bled the program will be needed. 

Swift and happy ROM reading to you! @ 

LABEL MNEM OPERAND @ 

JIEHEHHSEIEHEHEEEHHEEBHEHE HEHE HEEHHBHBEHE 
; EPROM READING PROG. @ 
; BY P.J.LEONARDI 
1BHEEHEHEHEEHIEE HEHEHE EEE e 

BSEL EQU @1BH ;MUX SELECT BIT 
BRESET EQU 29H 34949 RESET BIT e 
BCLOCK EQU 49H $4849 CLOCK BIT 
BAD12 EQU 38SH sADD. AL2 BIT 

7 EEEETEE EHH HHH BHEEHHHE e 
ORG BEQ@GH }$E99S FOR NETWORK SPACE 

{RHE HEHEHE TEE HEHEHE HE e 
; MAIN PROGRAMM STARTS HERE 
1HBIHIFHEBE EHH EEE EHH HEHEHE e 

MEM IP START  3TO PREVENT Option not fitted ERROR 
START CALL INIT s INITIALIZE PIO AND 4948 e 

CALL TYPE ; DETERMINE EPROM TYPE 
CALL INFO ;GET DESTINATION, LENGTH, START ADDR. 
PUSH DE 3;SAVE START ADDR. ON STACK e 
LD DE, 4996-7 SFIRST 7 LOCATIONS DATA 
CALL TRANS  $TRANSFER CONTENTS TO MEMORY 
POP HL 3GET START ADDR. FROM STACK @ 
IP (HL) ;JUMP TO START ADDR. 

@ 
JB EEEEIEEEEEHHEEHEEHEE 
; INITIALIZE 
SESE EEE EEE HEHE e@ 

INIT LD A, 9FFH 
OUT (1),  $SELECT PIO MODE 3 @ 
LD A, 9FH 
out (1),  $SELECT MS NIBBLE aS OUTPUT 

5; AND LS NIBBLE AS INPUT e 
LD A, BRESET 
OUT (2),  $RESET THE 4949 COUNTER 
XOR A SCLEAR A @ 
ouT (8),8  $CLEAR THE RESET LINE 
RET ; INITIALIZE COMPLETE e 

SE BEBIEEEEE EEE EEE EEE EEE 
' EPROM TYPE DETERMINATION e 
SBHEEIEHEEE HEHEHE HEHEHE EEE He 

TYPE CALL GET! $GET DATA FROM EPROM (1 BYTE) e 
cP g ;IS DATAsS 
CALL Z,A2716 $YES, ASSUME A 2716 EPROM 
cP B2 tIS DATA22 @ 
RET 2 sEPROM=2716 ie. VALID 
cP a4 31S DATA=4 
RET z } EPROM=2732 e} 
cP 88 31S DATASS 
RET z ; EPROM=2764 
LD HL, 8B7749H ADDRESS OF "SYNTAX" MESS. @ 
CALL @A256H $PRINT ERROR MESSAGE AND GOTO BASIC



  

microlbee ROM reader 
ADDR CODE LINE LABEL MNEM OPERAND 

  

  

          
  

  

      

  

99649 @ 
9B6S8 | IHBEHEHHEHHHEHHHHHHHHEHHEEHETHHEHHEHHHHE 
BBE6R $3 PROGRAM INFORMATION 
99679 | FHEEBHHHEHHEEHHEEHHHEEE HEHEHE: e 
89688 

E@3C CD6BES 92699 INFO CALL GET1 3GET EPROM DATA AND CLOCK 4949 e 
EQ3F 67 98788 LD H,A 
E949 CD6BEQ 907129 CALL GET1 
ES43 oF 99728 LD LA ;HL=LOAD ADDRESS OF PROGRAMME e 
E944 CD6BES 99739 CALL GET1 ele 678 
E947 47 92749 LD B,A 
E48 CD6BEQ 99759 CALL GET1 e 
ES4B 4F 99768 LD C,A 3;BC=LENGTH OF PROGRAMME 
E@4C CD6BES 99779 CALL GET1 
ES4F 57 89788 LD D,A e 
EQS@ CD6BE9 99792 CALL GET1 
EOS3 SF g9899 LD E,A 3DE=PROGRAMME START ADRESS 
E954 C9 99819 RET ; INFORMATION COMPLETE @ 

28828 
B93 | EBHBEHEEEHHEHHHEHTEHHHHHEHHEEHEHEHHHEE 
28849 3 TRANSFER DATA TO MEMORY @ 
PBISSO s HHH 
ga86g 

E95S CD6BE9 89878 TRANS CALL GET! 3GET DATA FROM EPROM AND CLOCK 9949 e@ 
Egse 77 geess LD (HL),& $PUT DATA INTO LOAD ADDRESS POINTER 
E959 OB 92899 DEC BC ;DECREMENT LENGTH TO GO COUNTER 
EQ@SA 1B 22992 DEC DE ;DECREMENT A12 OFF COUNTER ® 
EQSB 23 28912 INC HL s; INCREMENT LOAD ADDRESS POINTER 
EQSC 7A 98928 LD a,D 
E9SD B3 89938 OR E sI1S DE=9999 e 
ESSE 2895 92949 IR Z,MA12 ;YES SET A12 HIGH 
E969 78 28958 CONT LD A,B 
Eg61 Bi 98969 OR Cc IS BC=9998 IE PROGRAMM TRX COMPLETE @ 
ES62 20F1 2B97B IR NZ, TRANS $NG SO DO IT AGAIN SAM 
E964 C9 g2989 RET }PROGRAMME TRANSFER COMPLETE e \ ; j 
E965 SESE 88999 mMA1L2 LD A,BADI2 ;A12 BIT 
E967 D309 91989 OUT (9),A  }$SET &12 HIGH ON EPROM 
E969 198F5 G1G19 IR CONT ;CONTINUE WITH TRANSFER e 00 

21928 
1938 
91849 | GBEEBEEHBEHHEEHE HEHEHE HEHEHE e 
1958 3 GET 1 BYTE OF DATA FROM EPROM 
B1B68 3 AND CLOCK THE ADDRESS GENERATOR 
9197.8 BEEBE GHEE EHHEHH HEHEHE EEHHEHHEEHH ABE e 
g1989 

EQ6B CS 91998 GET1 PUSH BC $SAVE BC ON STACK 
ES6C DBSS 91199 IN A,(@)  $LOOK FOR A12 STATUS e 
EQ6E E68o 1119 AND BADI2 j;RETAIN AL2,LOSE MUX SELECT AND CLOC 
K 
E979 D308 G1128 OUT (9),A  $SELECT LS NIBBLE @ 
E972 DBSS @1138 IN A,(@)  $READ IT 
E974 E6oF 91148 AND FH $MASK OUTPUTS 
E976 47 1158 LD B,A ;SAVE IN BREG @ 
E977 DBSe 91168 IN A,(8)  $RETAIN A12 
E979 F619 91172 OR BSEL 3;SET SELECT HIGH 
EQ7B D390 91189 OUT (9),  $SELECT MS NIBBLE e 
E97D DBE BL198 IN A,(@)  $READ IT 
EQ7F CB27 91288 SLA A e 
E981 CB27 @1219 SLA A 
E983 CB27 91228 SLA A 
E985 CB27 91238 SLA A s;PUT MS NIBBLE IN MS NIBBLE OF A e 
E987 eo 91299 ADD A,B ;ADD MS NIBBLE TO LS NIBBLE 
Eges 47 91258 LD B,A 3SAVE DATA IN BREG 
Ege9 DBag 91268 IN A,(@)  $RETAIN A12 e 
ESSB F449 91279 OR BCLOCK ;SET CLOCK BIT HIGH 
EgeD D390 g1289 OUT (8),A  $CLOCK THE ADDRESS GENERATOR 
ESsF Esceg 1298 AND BADI2 jREATIN A12,CLEAR OTHER OUTPUTS @ 
EG91 D3e¢ G1398 OUT (9),A  $RESET CLOCK BIT 
E993 78 1319 LD A,B 3A REG = DATA NEEDED 
E994 C1 91326 POP BC GET BC REG BACK e 
E295 C9 91339 RET s;DATA IN A REG AND 4949 CLOCKED 

91349 
91339 @ 
91369 J GEBHHEHHHEHHEHBHEBHEHHEHHEHHE HEEB: 
G1A37B 3 2716 EPROM SPECIAL TREATEMENT 
B1388 J UBEEEHEHHHHHEEHHEHEEEHEHEHEEEEHEEHHEE @ 
91398 

E996 SiFFO7 91488 A2716 LD BC, O7FFH 32847 CYCLES 
E999 CD6BES 914198 A21 CALL GET1 CLOCK 4949 @ 
ES9C OB 91428 DEC BC ;DECREMENT COUNTER 
ES9D 78 81438 LD A,B 
EOSE Bi 91449 OR c 31S BC=9? @ 
ES9F 29F9 6145¢ IR NZ,A21 $NO DO IT AGAIN 
E@Al CD6BES 91455 CALL GET1 
ESA4 C9 91469 RET 3A11 OF 4949 IS NOW HIGH @ 

91479 3TO ENABLE EPROM COMPATABILI 
TY 

91489 3AL1 ON 2716=VPP AND MUST @ 
91499 3BE HIGH TO READ IT 
91589 
1518 @ 

988 91528 END 
8899BS Total errors e 

A21 E999 CONT E969 MA12 E965 A2716 EB96 
GET1 EQ6B TRANS E955 INFO ES3C TYPE E925 
INIT E915 START  ES@3 MEM Eooe BADI2 9980 e 
BCLOCK 9949 BRESET 9929 BSEL 2B18 
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Project 649 
  

        

This simple, low cost device plugs into the Microbee’s 8-bit 
port and gives you an ‘entry’ into the world of light pens and 
interactive software. The project has been developed from an 
idea submitted by a reader, Andrew Allen, of Manly Vale NSW. 

ADDING A LIGHT PEN to your computer 
can open up a whole new range of possibil- 
ities to explore in software and the 
interaction between people and computers. 
This project should give Microbee owners 
an ‘entry point’? to some of those 
possibilities. 

The video display chip in the Microbee 
has a ‘light pen’ input but this is not readily 
accessible for external connection. Hence, 

other avenues for adding a light pen had to 
be explored and the eight-bit port seemed 
like a simple way to go about it and that’s 
where this project plugs into the Bee. 

To get a photosensitive device to ‘see’ a 
single pixel on a VDU screen requires some 
pretty fancy optics, way beyond the re- 
sources of the home constructor, but 
detecting a single low-res graphics ‘block’ is 
no problem. For that reason, this project 
has been dubbed the ‘screen spotter’. 

Mechanically and electronically, the pro- 
ject presents few difficulties. The soft- 
ware, we'll leave to you — apart from a 
demonstration program, reproduced later. 
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Design 
There are two parts to the Screen Spotter 
— the ‘head’ and the ‘interface’. The head 
is housed in a plastic logic probe case and 
contains a phototransistor to detect light 
from the VDU screen, plus pulse-forming 
circuitry and a momentary-action pushbut- 
ton so you can signal a ‘response’ to the 
computer. 

The interface unit is a small board 
mounted on a DB15 plug which fits in the 
Microbee’s 8-bit port. This board contains 
circuitry which provides the appropriate 
signals to the computer. 

The head and interface units are con- 
nected via a coiled cord of three wires plus 
a shield. 

A coiled cord (rather like the one on 

your telephone) keeps itself out of the way 
when the unit is not in use. This cable does 
not have to be shielded, a four-wire cable 
will serve just as well. 

Housing the head gave me a few head- 
aches! Putting the bits in the barrel of a 
suitable pen is possible, but very difficult. 

Geoff Nicholls 

Cigar tubes are great, but not everybody 
smokes cigars! If you’re not fussy, a housing 
is unnecessary — but the ability of the 
phototransistor to discriminate between 
adjacent spots on the screen is not good 
without some method of restricting its 
‘view’. 

After some considerable searching and 
discussions with suppliers, I settled on a 
locally available logic probe case made by 
the General Specialties Corporation (USA), 
which was obtained from Jaycar. This 
comes complete with probe tip, etc, but only 
the case part is used. The phototransistor 
neatly fits in the moulding intended for the 
probe and this provides a tube which 
restricts the view of the phototransistor 
sufficient for the purpose here. 

The pc board containing the head com- 
ponents was designed to fit snugly in the 
case. A hole has to be accurately drilled in 
the case top for the pushbutton key switch. 

The head could be housed in some other 
scrt of container, but that shall have to be 
left to your ingenuity and resourcefulness. >
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R2 270R B Vv -° 

A . HOW IT WORKS — ETI 649 
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Phototransistor Q1 is illuminated by white 
areas of the video monitor and produces a 
corresponding variation in current through 

12] Ic2a IC2b 4 R1. Transistor Q2 buffers the phototransis- 
B 1 3 tor and IC1a plus associated components 

2 7 forms a high gain ac amplifier. |C1b and 
R9 associated components square up the 

“an 1m output from IC1a. At this point, the signal is 
+5V either 0 V if the pen is on a black area of the 

SHIELD | 

OV 

  

      

oe screen, or a train of pulses if the pen is on 
OVy ce , a white area. IC2a and C6-R9-D2 stretch 

100n| ‘ the pulses so that a constant ‘1’ is obtained 
at IC2b if the pen is on a white area, or vice 

—o 1 +5V versa. 
2 DAZ The pushbutton output is debounced by 

tT 3 DAS R2-C2-R11 and IC2d. If the button is 
4 DAS pressed, the output of IC2d is 1, and vice 

@—o 5 DAI 
versa. 

IC2c and associated components con- 
J——O 7 ARDY dition the ARDY prompt from the 
@—o 8 GND Microbee’s PIO before feeding it to the 

ASTB input. >——O 10 
‘ DAG The decimal value at the port input, for 

R14 C ° 11 DA4 the four input conditions, is given in Table 
10k 12 DA2 1 
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[ice Ho 13 DAO TABLE 1 
IC2c oy 015 ASTB Light pen Pushbutton input value 

L 8 10 on black off 0 
c7 R12 100k DB 15 on black on 1 

RIGHT ANGLE on white off 16 
PC PLUG on white on 17   
      D3 

1N4148 > as The interface. This is what's in the short fat bit. 
1N914 R13° 1k 

- THE DIFFERENCE BETWEEN THE ‘SCREEN SPOTTER’ AND THOSE ‘BIG BUCK’ LIGHT PENS 

  

screen while the other counts the dots 
(pixels) in each line. The line counter is reset 
at the beginning of each frame (vertical 
sync.) while the dot counter is reset at the 
beginning of each line (horizontal sync.). 

A light pen is a device that allows a computer 
to locate the position of a sensor placed on 
the face of the computer's video monitor. 
Light pens simplify the entry of data to the 
machine, allowing easy input of graphic 
information, selections of options from a The counters are read by the computer 
menu or entry of moves in games, such as when the light pen detects the scanning 
chess. beam. The sensor in this type of pen has to 

The performance of light pens is limited by be very well made, with extremely fine 
the hardware, which boils down to ‘‘you gets optics, in order to resolve individual dots on 
what you pays for’’. The ETI-649 uses a very the screen. 
simple hardware technique which trades off The video generator chip in the Microbee 
speed of response for economy. There are has provision for this type of light pen, but 
basically two types of light pen, the complex the designers of the ‘Bee have cleverly used 
hardware type and the complex software this feature to simplify the keyboard scan- 
type. The ETI-649 is the latter. ning circuitry. It would be possible to 

The complex hardware light pen works by duplicate the light pen hardware and tap into 
incrementing a pair of counters in sympathy the horizontal and vertical sync. signals 
with the scanning electron beam in the video inside the Microbee, but the circuit would be 
monitor. One counter counts the lines on the tricky to install and the problem of making a   

good sensor would remain. Perhaps some 
enterprising hardware buff will address the 
problem and develop a future ETI-XXX high 
resolution light pen? 

The ETI-649 uses a cheap and common 
phototransistor to sense the light from a 
block on the VDU and relies on the software 
to scan the screen and keep track of the 
location. The biggest drawback is that the 
screen cannot be updated faster than every 
20ms because of the frame refresh of 
50 Hz. Any attempt to scan faster means the 
video information is written to the video 
generator and then erased before it actually 
has time to output it. Although this seems a 
major drawback, there are techniques in 
programming to reduce the scanning time. 
No doubt readers will devise programs to 
utilise the project in games, etc. 
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  Project 649 

Construction 

The unit is quite straightforward to con- 
struct. Start with the pc boards. Whether 
you’ve bought them or built your own, 
check the tracks for little ‘bridges’ where 
they run close together, particularly at the 
IC pins, and for tiny cracks. See that all the 
holes are drilled and that they’re the correct 
size. Note that the mounting hole positions 
for the DB15 plug will depend on the brand 
and type purchased. 

Before assembling the head board, use it 
as a template to mark out the hole position 
for the pushbutton key switch in the probe 
case top. Alternatively, you could measure 
its position. Do this carefully and you 
should get the whole assembly to fit 
together quite easily. 

Assemble the components to the head 
board first (ETI-649a). Solder the resistors 
and capacitors in place as a first step, 
making sure you get the electrolytic capaci- 
tor, C5, the correct way round. Mount the 
transistor, the two diodes and IC next, 
making sure you get them correctly orien- 
tated, too. If you wish, an IC socket may be 
used for IC1. The phototransistor is 
mounted at full lead length so that it may be 
bent over and placed in the original probe 
moulding. Identify its leads carefully and 
cut the base lead short. Last of all, solder 
the pushbutton key switch in place. Check 
it thoroughly when you've finished. 

Tackle the interface board next. Install 

DB 15B RIGHT 
°° FNGEE PCB PLUG? 

  
          | 

SHIELD B A C 
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the two links first. Note that one is under 
IC2. Solder the resistors and capacitors in 
place next, followed by diode D3, making 
sure you orientate it correctly. An IC socket 
may be used for IC2. Install this or the IC 
next, ensuring it faces the correct way (pin 
1 faces away from the DB15 connector). 
Now mount the DB15 plug, bolting it to the 
pe board before soldering the pins. Check it 
thoroughly when you’ve finished. 

Now solder the connecting cable to the 
two boards. Use apc stake or piece of tinned 
copper wire for the shield connection. 

The probe tip moulding in the probe case 
should be heavily blackened with a Pentel 
or other marking pen before assembling the 
head unit. See the accompanying photo- 
graph. 

Lay the head board in the probe case 
bottom and bend the phototransistor so 
that it lays in the probe tip moulding (see 
photograph). Arrange the cable wires so 
that they won’t foul the assembly and then 
screw the probe case top in place. 

Now you're ready to go. 
Plug in the interface board and power up 

the Microbee. Use your multimeter to 
check that +5 V is on lead A of the cable 
(measured with respect to 0 V — the 
shield). Enter the demonstration program 
reproduced here and give it a try. 

If the unit doesn’t work, switch off, 
unplug it and look for misplaced compon- 
ents, any unsoldered joints or incorrectly 
orientated semiconductors. B 

  

Resistors...............05 
R1,R4, R10, R11, 

    

R3, R13... 
R5, R7, R8, . 
RG; RY ccsscesesseveeess 

Capacitors 
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Microbee light pen 
REM ....SCREEN SFOTTER DEMONSRATION.... 

REM 

REM This program dispays a menu of 7 music notes, 

and scans 

REM them with a white block to locate the 

spotting pen. 

REM The scanning block stops at the pen,and will 

play 

REM the relevent note if the pushbutton is 

pressed. 

REM 

REM Clear screen and label notes. 

REM 

CLS: LLORES 

FOR N= TO 6 

CURS 37. N*¥2+1 

FRINT CHR(N+65) 5 

NEXT N 

REM 

REM Scanning routine loops until pen is found 

(A=16 or 

REM 17 if switch on),then executes the selected 

play 

REM subroutine. 

FOR X=1 TO 12 STEF 2 

CURS 6, X 

FRINT CHR(191)sCHR(191)% 

FOR N=1 TO 6:NEXT N 

A=IN (9) 

IF A=16 THEN S26 

  

IF A217 THEN GOTO 396 

GOSUB (X+1@a8) 

REM Software debouncer 

A=IN (a) 

IF A=17 THEN 70 

CURS 60, x 

  

PRINT CHR ( 

NEXT xX 

GOTO 260 

REM The play subroutines. These could be 

replaced with 

REM gosub calls to execute other programs etc. 

If the 

REM programs are not written as subroutines, 

then you 

REM must change line 98250 to GOTO (X+1000) and 

use 

REM GOTO"*s to the other programmes. 

Fl fay ot 

Fee Tt FeM 

PLAY 

RE TURN 

FLAY4 

RE TUF 

FLAY 6 

RE TUFRM 

PLAY 8 

RE TURM 

FLAY & 

FE TUFRM 

Flay ti 

RE TF 

END   

Electronics 
BOOK SALES    

All phone enquiries: (02) 663-9999, ext 242 

Beginners 
a 

Computing 
Just starting? Choose one of these great 
titles. They make computing seem like 
child’s play! 

PROGRAMMING FOR REAL BEGINNERS: 
BOOK 1 
H0344A $7.95 
Written for complete beginners, this book as- 
sumes no previous knowledge of computing at 
all, and guides you gently through the initial 
stages of building up simple programs. The text 
is written to be non-machine-specific, and so 
can be used with any micro that is program- 
mable in BASIC. 

PROGRAMMING FOR REAL BEGINNERS: 
BOOK 2 
H0387A $11.50 
This book introduces you to the stages in- 
volved in planning a program, including the use 
of flowcharts, and explores the wider range of 
facilities the computer has to offer. You'll also 
learn how to plan your screen displays attrac- 
tively to make your programs really user 
friendly. 

YOUR FIRST COMPUTER 
H0271A $15.25 
An easy-to-understand beginner's book to small 
computers. Understanding them, buying them and 
using them for personal and business applications. 

KIDS AND THE APPLE 
H0300P $25.75 
How to write programs for the Apple computer, 
including action games, board games and word 
games. 

BEGINNER’S GUIDE TO MICROPROCESSORS 
AND COMPUTING 
H0143B $6.95 
Introduction to basic theory and concepts of binary 
arithmetic, microprocessor operation and machine 
language programming. Only prior knowledge as- 
sumed is very basic arithmetic and an understand- 
ing of indices. 

A MICROPROCESSOR PRIMER 
H0144B $5.95 
Learning about microprocessors is easy with this 
book, written in a style that is easy to follow. The 
shortcomings of this basic machine are discussed 
and the reader is shown how these are overcome 
by changes to the instruction set. Relative address- 
ing, index registers follow as logical progressions. 
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Project 675 

RS232-to-Centronics interface 

Geoff Nicholls 

  

Most microcomputers worth owning have an ‘RS232’ connector, 
or port, through which serial communications (input/output) is 
conducted. It is a convention that, for listing on a printer, the 
BASIC LLIST or LPRINT command assumes a printer is 
connected to the RS232 port. Problem is, serial interface 
printers are more expensive than parallel ‘Centronics’ interface 
printers. Save some money, build this interface. 
  

WHILE I designed and constructed this 
project to drive an Admate or TI 850 80- 
column dot-matrix printer from the lab. Mi- 
crobee, it is ‘universal’ enough to suit any 
application requiring an interface between 
an RS232C port and a Centronics interface. 

Printers with a parallel, or ‘Centronics’, 
interface are around $80 to $150 cheaper 
than with a serial, or RS232C, interface. 
However, the ‘default’ printer output on 
most microcomputers is via the serial inter- 
face and a serial interface printer is assumed 
when LLISTing or LPRINTing from 
BASIC. This project can be constructed for 
considerably less than the difference bet- 
ween the cost of a printer with a serial or a 
parallel interface. 

Features 
The project simply plugs directly between 
the computer’s RS232C socket and the 
printer's Centronics connector. It is pow- 
ered from the +12 V line on the RS232C in- 
terface. It is preset to operate at a speed of 

Is a 

i 
fod 

a 
7 

1200 baud, but provision has been made for 
selectable baud rates of 300, 600, 2400 and 
4800 (depending on choice of one IC), in 
addition to that. The data format is also 
preset, to eight data bits one stop bit/even 
parity, but other formats can be selected. 
Tracks etched on the pc board preset the 
speed and data format, but provision has 
been made to use either links or DIL 
switches. 

The interface is built around a single sup- 
ply rail UART (‘universal asynchronous, 
receiver-transmitter) from General Instru- 
ments, the AY-3-1015D. This chip pretty 
well does the whole job, even supplying the 
acknowledge signal (handshake) for the 
RS232C port. A 4.9152 MHz crystal is 
divided down to provide baud rate clock 
outputs. Either of two IC types can be used 
here — a 4020B or a 4040B. The 4040B pro- 
vides only the lower three baud rates (300, 
600 & 1200) while the 4020B provides the 
full complement. However, whichever type 
is used, it must be capable of running at 

  
Plug. in and go. There's not much to this project. The prototype here is configured to plug straight into a 
Microbee. but the project's suitable for any micro with an RS232C port. 
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5 MHz on a 5 V supply. The minimum 
speed spec. for Philips and Fairchild devices 
equals this, but it is lower for National 

Semiconductor devices — though some 
chips may run at this speed. 

Construction 
Assembling the project is quite straightfor- 
ward. However, there are a few points to 
watch. Firstly, whether you're using a 
ready-made pc board or have etched your 
own, check that all the tracks are intact and 
that there are no bridges, particularly where 
tracks run between IC pins. Also see that all 
the holes are drilled correctly. 

[HOW IT WORKS ETI-675 

Most of the circuitry in the interface is inside 
IC1, a universal asynchronous receiver/trans- 

mitter, or UART. | have only utilised the 
receiver section, hence the large number of 

unused pins. Serial data enters the UART on 
pin 20 after being inverted and level shifted 
by Q1 to convert from RS232 voltages to TTL 
levels. When a complete word has been 
received the Data Available line (DAV) goes 
high, indicating that the word is ready to be 
read out. The DAV low-to-high transition trig- 
gers the monostable made from IC3 a, b, c. 
This generates the Data Strobe signal for the 
Centronics cable. The DAV signal also drives 
the Clear To Send (CTS) line on the RS232C 
side via inverting buffer Q2. This inhibits any 
further characters from the sending device 
(i.e: Microbee) until the printer has read the 

last one sent. When the printer is ready for 
another character it momentarily lowers the 
ACKnowledge line on the Centronics cable, 
which resets the DAV line via the UART input 
RDAV. This returns CTS to the high voltage 
and we are back where we started, ready to 
receive a new character. 

The baud rate clock comprises IC3d, a 

standard crystal oscillator using a high 
speed CMOS gate, and IC2, a multistage 
divider. The divided outputs are brought to a     
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XT1 Voc 
0K 9152 MHz | \c2 eats 

4020B 
| . 01 4040B Circuit. It's pretty straightforward. Most of the work is done by IC1, a 

SEE TEXT G.I. type AY-3-1015D, distributed in Australia by Daneva from Mel- 
RESET 11 bourne. A pin header connects the board to the Centronics plug. Either 

: a 34-way or 36-way type may be used. 
14 "| 13 | ‘| OV 

5-WAY 

IC3 74HC02 300 600 2400 4800 pi switcH 
aD ov etch (OPTIONAL) RS232C 

36e © BAUD a1 COt:NECTOR 

a RATE BC547/8 etc ee SELECT ASW 
e e | CENTRONICS |. ° 
e CONNECTOR 2. @ 
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ee xox 7 ee e 

e 8 +5V OV 8 ; 
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06 5 RD7 FE ra 5° 
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° 04 g | RDS e 
o~- D3 5 RD4 0V e . 

° D2 0 RD3 3 X 100n ie 8) 

_ D1 

19), 94 DO 

DATA 
OV FORMAT 

DIL SWITCH § 
OR LINKS 

  
      
  

  

pad array, which can be used with a 5-posi- 
tion DIL switch to change rates if you wish. 
The PC board is etched to only use 1200 
baud, so that Microbee users need not 
change anything. 

Either a 4020B or 4040B can be used for 

IC2, but the highest two baud rates will be dif- 
ferent (1200 baud is unaffected). The overlay 
shows the rates for a 4020B i.e: 300, 600, 
1200, 2400 and 4800 baud. If a 4040 is used 
then the lowest three rates will be the same 

  
minimum spec. for Fairchild or Philips 
(HEF4020B, HEF4040B). The symptom of a 
slow device is that the first stage divides by 
three instead of two, so look at pin 9 with a 
counter to make sure ail is well. 

The CR network of C8 and R7 reset the 
UART on power-up while [C4 and associated 
components develop the +5 V rail from the 
RS232C’s positive supply. The pads near 
pins 35-39 of the UART set up the parity and 
bit length of the serial conversion, they are 

  

but extra links will have to run to get 2400 and preset by board tracks to suit the Microbee. 
4800 baud, owing to the different pinouts. 1 40 EPS 

IC2 must be able to run with a 4.9 MHz OPTIONAL DIP SWITCHES 2 C1 39 NB1 
clock at 5 V, which is slightly faster than the The PC board has been laid out to allow the 3 38 NB2 | OATA 
typical spec. for National devices, but is the option of fitting two 5-way DIL switch banks, ; io FORMAT 

TSB 
6 35 TABLE 1 a . 

SIGNAL FUNCTION 8 33 DIL SWITCH 

EPS ON — ODD PARITY OFF — EVEN PARITY to : OR LINKS 
NB1,NB2 NUMBER OF BITS PER CHARACTER "1 30 4800 

NB2 NB1 BITS 12 39 BAUD RATE 
ON ON 5 13 28 ee | SELECT 

oy on “7 600 
OFF OFF 8 ee 

TSB ON — 1 STOP BIT OFF — 2 STOP BITS 300 
NP ON — NO PARITY OFF — PARITY EXPECTED 

between the UART and ICs 2 and 3. This al- 
lows the selection of different baud rates, 
parity and stop bits. The PC board comes 
with tracks etched to set eight data bits, one 
stop bit, no parity bit and 1200 baud. These 
suit most uses, but if you want to run some 
other combination then you will have to cut 
the two tracks and install wire links or DIL 
switches. The signal definitions are as per 
the diagram here and Table 1. 

    
  

  

  

  

  

  

  

  

        

      
  

Only one switch in the baud rate bank may be on at one time, otherwise improper opera- 
tion will occur. 

NOTE THAT YOU CAN ONLY GET 2400 AND 4800 
BAUD WHEN USING THE 4020B FOR [C2   
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PIN HEADER 
» (OPTIONAL)     

(OPTIONA 

  
pos PARTS LIST — ETI-675 mmm 

  

Resistors all YAW, 5% 
RI .. 10M (10% OK) 
R2, 3, 5,8 .. 10k 
R4, R6 . 47k 
FAY cgcese sees versvevocovess 1k 

Capacitors 
C1, C2. exes 47p NPO ceramic 

... 100n ‘bluechip’ ceramic 

... 220p ceramic 

2.2/6 V tantalum 

  

IGA... .-- eerste AY-3-1015D (G.I.) or exact 
equiv. 

IG 2 iisceeeveressreesevsess 4020B or 4040B (must run 
at 4.9 MHz on 5 V supply)* 

.. T4HC02 

... BC547, BC548 etc. 
1N914 

  

Miscellaneous 
MT 1 savccivseeeeoreesevess 4.9152 MHz crystal, 

HC18/U 

ETI-674 pc board; right angle pe mount DB25 
plug; 34-way pin header (0.1 x 0.1”) — optional; 
34-way female IDC plug (optional); IDC 
Centronics plug (if required); 34-way ribbon 
cable; two 5-way DIL switches (optional); etc. 

Price estimate: $28-$58 
*Phililps HEF4020B/HEF4040B and Fairchild 
4020B/4040B known to work.       

Solder all the resistors and capacitors in 
place first. Make sure you get the tantalum 
capacitor (C8) the right way round. Next 
solder DI in place, making sure you get it 
the right way round, too. Follow with the 
two transistors, Q1 and Q2. 

Solder the three links in place next, fol- 
lowed by the three IC sockets and the crys- 
tal. The three-terminal regulator (IC4) can 

be soldered in now. Note that a heatsink is 
not required for it. If you are using DIL 
switches for baud rate and data selection, 
these should be soldered in place next. 

Last of all, solder the 34-pin header strip 
and DB2S5P right angle connector in place. 
The latter should be bolted to the board 
firmly before soldering so that no stress is 
placed on the solder joints. Insert the ICs 
now. The UART is an NMOS device, while 

Board artwork. Full-size reproduction of the pc 

board. > 
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AY-3-1015D.....DIP, SWITC ES 

  

      
A cut above. To obtain other baud rates and data 
formats, the two tracks marked above must be cut. 

Links or DIL switches can be used to select the 
required configuration. 

the other two are CMOS. Take the usual 
precautions against static damage. 

Make up interconnecting cables to suit 
your individual requirements (see next sec-- 
tion). If you’re using a Centronics plug, I 
strongly recommend you use an insulation 
displacement type as the solder pin type is 
much harder to assemble, with a chance of 
errors and poor connections. 

rS232-Ce 7 

  

ntronics interiace 
PIN OUT band 

  

  

  

Ms Diodes 

1 2 ~~ 3 

N 
Capacitors 

tantalum + 

RIGHT ANGLE © | 
PC MOUNT ) 
DB25P 

SPOT OR NOTCH 
AT THIS END 

1 

e 

c 

etree: BC548: BC 108 b 

Mounting 
Actual mounting details are left up to you, 
as requirements will vary widely. The board 
can be mounted inside your printer, in 
which case the DP25P plug and 34-pin 
header may be dispensed with and the 
board wired-in directly. Alternatively, the 
board may be mounted inside a zippy box, 
or other suitable case, and cables wired to it 
with suitable connectors on the end. Or, if 
you have a Microbee, you can do as I did 
and plug it straight in to the DB25 socket on 
the rear of the cabinet and let it hang out 
the back. A couple of ‘feet’ might be useful, 
though. These could consist of two standoff 
pillars with rubber grommets attached, 
bolted to the end of the board either side of 
the 34-pin header. The overall price of the 
project depends on the connectors and case 
used — or not used. 

Using it 
With a Microbee, just plug it in and go! 
With other micros, setting the baud rate and 
data format is simply a matter of cutting the 
two tracks (as indicated in the diagram 
here) and either installing links or DIP 
switches and linking the appropriate out- 
puts across as per Table 1. 

Happy LLISTing! a 
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Getting hard copy from 
your Microbee 
— cheaply 

Here is the ‘cheap and simple’ way to get printout from 
your Microbee. Teleprinters can be obtained for less than 
$100 (as cheap as $30, even!) and they make quite an 
acceptable substitute if you can’t afford a ‘real’ printer. 
This project interfaces your Microbee to a teleprinter. 

YOU MAY RECALL that some of the 
early Microbee programs in ETI were origi- 
nally printed out on an old 50 baud tele- 
printer. This worked well for assembly 
language programs, but there were a few 
problems when BASIC was being printed. 
One program even had to be published a 
second time with a proper ASCII printout 
because people couldn’t make much sense 
of the first version. The trouble is the 
Baudot character set ... some of those 
special characters such as ““*”’ and ““#”’ just 
don’t exist. But even with all the troubles, I 
still keep getting letters and phone calls 
asking “how'd you do it?” 

I did it, originally, with a second comput- 
er, a small 6800-based machine. The 

machine code program took in ASCII 
material at 1200 bauds and translated it to 
Baudot code which was sent to the printer 
at 50 bauds. The data was transferred a line 
at a time, and then the Microbee was forced 

to wait while the other computer drove the 
teleprinter. The system looked like any 
1200 baud printer to the "Bee, and the sig- 
nals came out of the second computer as 
audio tones which were decoded with an 
ETI-730 radioteletype converter. Nothing 
had to be modified, everything just plugged 
together, but it was messy. Now, due to all 
that popular demand, here’s a teletype 
machine driver system that’s internal to the 
Microbee. 

Using the 50-baud printing system 
described here is simplicity itself. All you 
do is play a tape into the "Bee and from then 
on anything that would have come out the 
RS232 port as 1200 baud ASCII comes out 
as 50 baud Baudot instead. A small inter- 
face circuit then converts the RS232 data 
levels to high voltage drive for the teleprint- 
er. Because of the Microbee’s battery 
backup system, the 50 baud routine remains 
in force until you cold-start the BASIC. 

    
    

Tom Moffat 
39 Pillinger Drive, Fern Tree, Tas, 7101 

That re-initializes the 1200 baud routine, 
which stays in force until you re-load the 
tape. 

How | did it 
The signals at the ’Bee’s RS232 port are 0 V 
for mark and +10 V or thereabouts for 
space. Not quite RS232 standard, but it 
seems to drive printers all right. The signals 
are upside-down for teletype, and of the 
wrong voltage. The circuit shown in Figure 
1 will take care of this. I built a prototype to 
fit inside a standard RS232 (25-pin) plug 
shell of the Cannon variety (the big black 
one). The circuit board for this was 709.68 
millimetres square (or just over one square 
inch, to be less metric about it). As this 

would provide some difficulties for the aver- 
age constructor, the final prototype was 
built on a somewhat larger board and 
housed in a small jiffy box. 

You may notice that the design is very » 
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similar to the rear end of the ETI-730 tele- 
type converter. In fact, if you have one of 
these converters you can use it instead by 
removing the link between R26 and R27 
and feeding signals from the *Bee’s RS232 
port into the driver transistor (Q2) for the 
loop switch at the ‘free’ end of R27. 

Once again, the loop circuit is a direct 
pinch from the ETI-730 project, and if you 
have a loop power supply already, use it. 
Otherwise, you can build one up from a dis- 
used transformer, some diodes, and a filter 
capacitor. Perhaps you can fit it in the tele- 
printer’s case. 

Software 
The first part of the program, up to line 200, 
fools the Microbee into thinking it’s got a 
1200 baud printer connected. This is the 
only part of the program that actually runs, 
it substitutes a jump address to ““TTYPRT” 
for the jump address to the 1200 baud rou- 
tine stored in ROM. The 1200 baud routine 
is the one the Microbee always defaults to. 
It’s what you get when you use LPRINT or 
specify OUT#S. It’s also the routine the 
editor/assembler calls for any printing 
operations. 

The rest of the TTYPRT program, from 
line 2130 onwards, is just one big subrou- 
tine. The character to be printed is the 
Z80’s accumulator when the print routine is 
called. The character is first inspected to see 

if it’s a carriage return, a line feed, or a form 
feed. Carriage return and line feed are 
translated directly, as is, but form feed 
causes 10 line feeds to be generated. The 
editor/assembler sends form feeds to break 
up its output into pages. 

Any control codes other than the ones 
mentioned above are thrown away. Lower 

case characters are converted to upper case 
and the character, now with a value 
between 0 and 3F (hex), specifies a certain 
entry within the hook-up table starting at 
line 800. Each byte in the table contains the 
five bits of a Baudot character in its five left- 
most bits. The right-most bit is an indicator 

  

Frederick George Creed (1871-1957), a native 

of Nova Scotia, is credited with being the pio- 
neer of the teleprinter which he adapted from a 
Barlock typewriter, producing his first prototype 
in a shed he rented for 5s in Glasgow in 1897. 
He retained this as a mascot for the rest of his 
life. Creed’s first instruments actually put Morse 
Code on a punched paper tape but this new 
technology was not accepted as it was much 
quicker than existing Morse-encoding machines 
and threatened to replace the many trained 
operators of the day. ‘ 

One Charles Krumm produced a ‘teletype’ 
machine in 1907, but it was the UK Morkrum 
Company who successfully developed one in- 
dependently and introduced it in the early 
1920s. The German Siemens-Halske company 
also developed a machine at this time. These 
machines employed a then-new encoding sys- 
tem developed by Jean Maurice Baudot and 
Donald Murray (a New Zealand farmer). The 
‘Baudot’ code, as it is now known, is a five-unit 
code and requires synchronous transmission 
and reception (See ETI, April, '83, RTTY-Com- 
puter Decoder, Figure 1. page 80).   

TELEPRINTERS 
Creed was a strongly religious man and re- 

signed the chairmanship of his own company in 
1930 at the age of 59 because his employees 
insisted on playing sport on the Sabbath. He 
continued his interest in inventions, however, a 
more ‘colourful’ one being his permanent hair 
dye, only ever applied once, on his own beard, 
which turned an indelible rainbow pattern! 

Secondhand ex-government and commercial 
service teleprinters of various makes can be 
had for quite cheap prices in most Australian 
states. The most common ones available are 
the Teletype Corp. Model 15 and Siemens 
Model 100, although Creed Model 7s can still 
be found. Scanning through Mini-Mart in recent 
issues of ETI shows you can pick up model 
15s for $50 or less and Siemens Model 100s 
for between $50 and $100. Both these ma- 
chines can come with or without a keyboard, 
the latter being the cheaper. For computer 
printout purposes, a keyboard is not necessary. 

They can also be found in ‘surplus’ electron- 
ics shops. Shop around, advertise in Mini-Mart 
(it's free!), you should not have too much diffi- 

culty finding one. 
  

  

ADDR CODE LINE LABEL MNEM OPERAND O1AA 18ND 00660 JR DELAY  ,AND A HALF, 
M0100 ,MICROBEE TO 50 BAUD TELETYPE PRINT ROUTINE... ne 70 
00110 ,REPLACES 120 BAUD SERIAL ROUTINE (OUTLES). O1AC DBN2 00689 PULSE IN A,(2) READ P10 
on1en ? ~ TOM MOFFAT, 31/7/83 O1AE CBAF 09699 RES 5,A ,!F LOW BIT 
10130 0180 3002 09700 JR NC, $+4 

0400 90140 DEFR 16 01B2 CBEF 09710 SET 5,4 ,'!F HIGH BIT 
14D 00159 ORG O14DH 01B4 p32 97en ouT (2),A  ,SEND BACK TO PIO 
14D 215701 90160 LD HL, TTYPRT M1B6 11€005 =—-99739 uD DE,5ED ,29 MS TIME DELAY 
0150 22BCNN ~=—-9N170 LD (QBCH),HL,SUBSTITUTE JUMP ADDRESS 9189 1B 09740 DELAY DEC DE 
9153 2AA2NN ~=—-No1AaN LD HL, (042) O1BA 7A 99759 LD A,D 
9156 £9 90190 Jp CHL) O1BB B3 O78) OR E 

9n20n 1BC 2nFB 09770 JR NZ, DELAY 
0021N ,START OF ASCII TO BAUDOT CONVERSION, ASCII IN A. O1BE C9 9780 RET 
on220 99790 

9157 N61 AN23N TTYPRT LD B,1 »PRINT ONCE 99800 ,BAUDOT CHARACTER TABLE, ARRANGED BY ASCII VALUE 

0159 NE1N 0240 LD c,10 »TTY (CR) CHARACTER 9819 
N15B FEOD no250 cP ADH , ASCII RETURN N1BF 2039 O782N TABLE DEFW 3929 ,(SPC) , 

015D 280C no26 JR 7, REPT N1C1 A129 99839 DEFW 29A1 a) 
O15F OE4N 00270 LD c,4n ,TTY (LE) CHARACTER 91C3 59B1 99849 DEFW OB159,$ ¥ 
9161 FENA 0280 cP NAH ,ASCIT LINE FEED 01¢5 D1A1 09850) DEFW NADL yw? 
0163 282F ane9n JR 2,PRINT O1C7 F149 998 60 DEFW 4OF1 fo) 
1165 N60A an300 LD B,OAH ,TEN LINE FEEDS 91C9 BBB89 09870 DEFW 89BR Xt 

9167 FENC 00310 cp CH ,ASCIT FORM FEED O1CB 31C1 07880 DEFW O31 44 = 
0169 2005 91 39an JR NZ, KILL O1CD 3989 07890 DEFW 9B939—,, / 
916B CD94N1 =—-9N330_ REPT CALL PRINT N1CF 69E9 angan DEFW E969 1 
O16E 19FB 0340 DJINZ REPT 91D1 C981 angin DEFW 8109 123 
9170 D620 99350 KILL SUB en »XILL CONTROL CODES 91D3 5199 n19en DEFW 951 4 5 
9172 DB NN360 RET c 9105 AQet 97930 DEFW OE1A9 67 

0173 FE4&D 90370 ce. an ,LOWER CASE? O1D7 6119 7940 DEFW 1961 89 
0175 39F9 90389 JR NC,KILL ,THEN SUBTRACT 29 AGAIN 9109 7131 90950 DEFW 3171 oe 
9177 21BFN1 09390 LD HL, TABLE O1DB F179 96 DEFw 79F1 ao 
N17A B85 anann ADD AL M1DD 4999 n97n DEFW 9949 ) 2 
N17B 6F 0410 LD LA O1OF DICN gan DEFW NeND1 gk A 
O17C 3AFFNL nn4en LD A, (FLAG), FIGS/LTRS FLAG N1E1 9A7N qn990n DEFW 7999 Be 
N17F oF 09420 LD cya N1£3 9NAN ninnn DEFW Rngn De 
9180 7E nn4an i) A,(HL) TTY CHARACTER N1E5 Bq58 91910 DEFW 5Aa.8n FG 
nai €A1 n0459 AND 1 »ISOLATE F/L FLAG BIT O1E7 2869 N1NEN DEFW 612A rH 
9183 B9 a4 cP c , COMPARE PREVIOUS FLAG N1E9 DNFN 91930 DEFwW NFADN yd K 
184 2aND 90470 JR 7,PRINT=] NEB 493A gina DEFW 3848 yl M 
9186 32FFN1 = -AN4AN LD (FLAG),A N1ED 3918 91950 DEFW 1839 NO 
189 B7 nn490 oR A ,FIGS OR LTRS NEEDED? O1EF #BER m1n| DEFW NEASR OPQ 
N1BA NEDA qn5nn LD C,9DR TTY (FIGS) N1F1 nan M1979 DEFW mansn RS 
N1RC eNNe n519 JR N2,$e4 1F3 OREN q1nan DEFW nena TU 
N18E NEFA an52n LD C, MFR ,TTY fUTRSY N1F5 78CcR 91yNan DEFW ACa87R vw 
9190 CD9491—-NN530 CALL PRINT N1F7 BAAR a1190 DEFW NARBRO Ok OY 
193 4E qn549 uD c,/HLY 1F9 RAFL 91119 DEFwW oFiRA C7 
M194 B7 99550 PRINT OR A ,CLEAR CARRY O1FB BQ49 91120 DEFW 4989 /) 
0195 cbam1 90995 CALL PULSE START BIT N1FD Dit 91139 DEFW 0101 , (UPARROW) (LEFT-ARROW) 
1198 C5 9579 PUSH BC 91149 
9199 N65 99589 LD B,5 NYFF ON A115 FLAS DEFB q 
19B CB11 9599 PRT RL c onan 
919D cDACD1 = =oaNANN CALL PULSE ,5 DATA BRITS... naa 91170 END 
N1AD 1969 619 DINZ PRTY AMIN TOTAL ERRORS 
O1a2 C1 9n6en POP BC 
NIA3 37 99630 SCF ,SET CARRY DELAY 9139 PRT 919B PULSE 140 FLAG S1FE 
Aras CDACN A649 CALL PULSE ONE STOP BIT., TABLE N1BF KILL o170 PRINT 9194 REPT N16R 
M1A7 11F992  -NNESN LD DE ,?FD TTYPRT 157       
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HOW IT WORKS — ETI-672. 

It’s really quite simple. The modified-to-Bau- 
dot data signals on pin 2 of the Microbee’s 
RS232 port drive the base of Q1 via R1, 
turning it on and off. The collector load for 
Q1 is provided by R2, the collector supply 
being derived from pin 9 of the RS232 port 
(+12 V). The signal at the collector of Q1 is 
thus an inverted version of the signal at pin 
2 of the RS232 port, swinging from about 
+12 V for ‘mark’ to less than 1 V for ‘space’. 

The collector signal of Q1 drives the base 
of Q2 via R3. This transistor is connected in 
series with the teletype printer magnets via 
D1, thus operating the printer in accordance 
with the code sent. 

Diode D1 and the RC network of R4-C2 
smooth out inductive ‘kicks’ from the 
printer magnets. 

The loop supply comprises a 110 V trans- 
former, a diode bridge rectifier and a 

smoothing capacitor, C1. Resistor R, is set 

to limit the current through the printer mag- 
nets to about 60 mA.   

  

    

   

      

TELETYPE 
PRINTER 

MAGNETS 

C2 : 
+00n 

  

PIN 2 (TX DATA) _ 

   
DB 25 
CONNECTOR 
REAR VIEW 

     

PIN 7 (GND) 

      

  

PARTS LIST — ETI-672 

Resistors................. all VaW, 5%    
Ria. .33k 
Bene 1k 
HOU RA iuiiini: 3k9 

Capacitors 
Car orks 16/350 V electro. 

CO ee ioe ete this 100n/250 V greencap or 
ceramic. 

BC108, BC548 etc 
MJE340 

  

Miscellaneous 
ETI-672 pc board; UBS jiffy box (28x54x83 mm): 
DB25 connector (for Microbee RS232 port): jack 

plug for teleprinter; teleprinter (see panel in text): 
loop supply components — transformer with 

110 Vac or 125 Vac secondary rated at 100 mA, 
4x 1N4004, 25 W resistor (see text); hookup 

wire, etc. 

Estimated cost: $14-$16 
(less loop supply)   
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7 RS232 
BC548. BC 108 b TRANSMIT 

DATA 

Q2 

that tells whether the character should be 
figures- or letters-shifted. The bit is com- 
pared with a figures/letters flag that tells 
whether the previous character was in fig- 
ures or letters case. If different, figures or 
letters is sent to the printer, and the new 
flag condition is stored. If the bit and the 
flag were the same, this part is skipped 
over. 

The Baudot character to be printed is 
now copied into register C, where it’s 
rotated out the left hand end bit by bit, with 
20 millisecond time delays inserted in 
between. A start bit (always low) is sent 
before the first rotation and a stop bit 
(always high) is sent for 30 ms after the last 
data bit. With the character complete the 
TTYPRT subroutine returns to the calling 

program. 
The times specified are for a 50 baud 

printer, but other speeds can be used as 
well, by changing the data in some memory 
locations. The Microbee IC model, with its 
higher speed clock frequency, is also 
catered for. See Table 1. 

METAL AREA 

  

  

  

  

  

    
                

Table 1. 

BAUDS CLOCK 81A8 @1Ag 81B7 8188 

eo 2 MHZ FS 81 EA 63 

| ee | Z MHZ Fa @2 E@ as 

45 2 MHZ 3B 63 76 G6 

[os 2.973 dE @3 GE 4 

S@ seg75 FS e4 EA ao 

ay | eoG20 74 @s E& aA 

Construction 
Construction is quite straightforward. First 
check the pe board has no problems — no 
broken tracks or tiny copper ‘bridges’, all 
holes drilled correctly, etc. If all’s well, in- 

sert all the resistors and the one capacitor 
according to the overlay shown in Figure 2. 
Next insert the diode, making sure you get 
it the right way round (otherwise your tele- 
printer won't operate at all), followed by 
the two transistors, also making sure you 
get those the right way round. 

The DB2S5 plug can then be wired up with 
a short cable to run to the pe board, plus a 
two-wire cable to a jack plug for the tele- 
printer. Don’t wire them to the pe board 

  

(dA) 
Wy Y 

TELETYPE 
PRINTER 
MAGNETS 

  

D1 
1N4004       

   

yet. Drill two holes, in either end of a small 
jiffy box (a ‘UB2’ does nicely, it measures 
just 28 x 54 x 83 mm) and pass the two 
cables through, tying a knot to prevent 
them pulling out and leaving enough wire to 

  

solder to the pce board. Solder the wires to 
the pc board. If you like, the board can be 
left loose in the jiffy box or, taped down 
with a piece of double-sided sticky pad 
under the Q1 end of the board. Screw the 
lid on and you’re ready to go. 

Before you start printing, however, you 
may need to adjust the value of R, for cor- 
rect operation of the printer magnets. Con- 
nect a milliammeter of 100 mA full scale, or 
a multimeter set to read 100 mA, between 
the anode of D1 and ground then power up 
the printer loop supply. Adjust R, to get a 
reading of around 60 mA. An old wire- 
wound ‘slider’ resistor of about 2000 or 2500 
ohms, rated at 20 W or 25 W, is just right 
for this job, otherwise you'll have to do it by 
substitution. Don’t adjust the resistor with 
the power on and remember to discharge CI 
after you switch the power off and before 
you adjust R,. 

Be happy, print cheaply 
This whole system has been under test for 
quite a few weeks and it hasn’t missed a 
beat (so far). The memory area for the pro- 
gram was chosen to keep it out of harm’s 
way from other programs that may be in the 
computer. After all, it’s meant to be an 
accessory, not the star attraction. 

If you can lay your hands on an old tele- 
printer, this system is a good, clean solution 
to the high cost of ‘proper’ printers. The 
program listing with this article was printed 
by an old Siemens Model 100 teleprinter. 
Not bad, huh? a 
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The versatile Microbee can now run the CHIP-8 language, 

making a huge range of high-speed arcade games available 
to the enthusiast for no more cost than the time it takes to key 
them in. And the graphics potential it gives the machine is 
staggering. 

Lindsay R. Ford 

Towards 
the Ultimate     
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Lindsay Ford is the proprietor of Dream- 
cards, a software/hardware firm that grew 
from a hobby — supplying computing 
hobbyists. Lindsay began supplying soft- 
ware for Michael Bauer’s ‘Dream’ micro- 
computer then, latterly, for the Microbee. 
Dreamcard’s motto is: “Software That 
Thinks”. 

  

THE RECENTLY REI EASED Dream- 
cards Extended CHIP-8° V2.0 interpreter/ 
compiler has given the Microbee a cap- 
acity for high speed graphics and games 
support features that will make it hard to 
beat as a games/graphics machine. This 
easy-to-use language was introduced into 
Australia a few years ago, ETI being one 
of its pioneers with the ETI-660 Learners’ 
Microcomputer (see, May, June, October 
& November ’81 issues). 

Since then, ETI has dedicated regular 
monthly columns to CHIP-8, allowing a 
large software base to become available in 
back issues. The advent of a fully compat- 
ible CHIP-8 interpreter for the Microbee 
means that this software base will be 
immediately available to Bee users. This 
will no doubt be a major factor in the 
spread and further development of the 
language. 

What is CHIP-8? 
The language was originally developed in 
the US for use in video games (sec Byte 
magazine, December 1978). It is a no 
frills, high speed, display-oriented lan- 
guage that uses 4-digit hex commands to 
carry Out its various functions. Because of 
its execution speed, it is ideally suited to 
writing graphic sequences where animation 
is required or for fast ‘“shoot-em-down”’ 
type games. CHIP-8 is a “‘higher level’ 
interpreted language, so it is also con- 
siderably easier to write than machine 
code or assembler (the usual languages in 
which arcade games are written). This has 
resulted in it being adopted in many small 
computer projects as an ideal language for 
beginners to learn the fundamentals of 

 



programming. The original versions 
employed a 64x32 screen, but this was 
subsequently extended in the ETI-660 to 
64 x 48 and later (when various modifica- 
tions were suggested to the ’660 in the 
Feb. ’84 issue of ETI) to 64x64. 

Unfortunately, this resulted in software 
incompatibility between machines, a factor 
that is of no consequence in the Microbee 
version as a simple ‘reformat screen’ 
instruction allows it to run software writ- 
ten for any of the three screen layouts. 

The actual display pattern is created on 
the screen by the simple expedient of tak- 
ing from one to 16 bytes of memory 
(pointed at by the ‘Index’ register) and 
transferring them to the screen at co-ordi- 
nates specified by two variables (see Fig- 
ure 1). The resultant binary pattern can be 
used to create a multitude of shapes and 
has the advantage of being extremely fast. 
The display instruction also aids animation 
by allowing selective erasure of existing 
displays and can detect when two dis- 
played objects overlap (for instance, 
allowing the program to detect when the 
‘laser’ hits the ‘alien’.) 

Other features supported by the ver- 

Figure 1. Creating a CHIP-8 display. 

  

  

sions of the language now in use in Aus- 
tralia (which we shall refer to as the ‘core 
language’) include a simple tone genera- 
tor, a random number generator and com- 
mands to carry out arithmetic and logic 
operations. Figure 2 lists the ‘core’ lan- 
guage instructions. 

Extended CHIP-8 
The new version of CHIP-8 fully imple- 
ments the core language, but its ‘user 
selectable’ screen format means that the 
bulk of software written for earlier 
machines can be run with little or no 
modification. An added advantage for the 
Microbee owner is that the interpreter 
extends several of the language subsets to 
take advantage of some of the ’Bee’s more 
sophisticated features (and even a few it 
didn’t originally have!! — see Figure 3). 
This will allow programmers to avoid the 
complexities of assembly language, yet still 
have virtually unlimited scope to write fast 
action games. The new instructions cover; 

  

CODE FUNCTION 
0000 NOP (No Operation — ETI-660 uses “OOFF”) 
OOEO Clear the screen 
OOEE Return (from subroutine) 
OMMM_ Do machine code subroutine at $MMM 
1MMM_ Goto $MMM 
2MMM_ Gosub $MMM 
3XKK Skip next instruction if VX=KK 
4XKK — Skip next instruction if VX=KK 
5XY0 Skip next instruction if VX=VY 
6XKK Set VX=KK 
7XKK Set VX=VX+KK 
8XYO Set VX=VY 
8XY1 Set VX=VX OR VY (logical OR) 
8XY2. Set VX=VX AND VY (logical AND) 
8XY4 Set VX=VX+VY (VF=1 if carry) 
8XY5 Set VX=VX-VY (VF=1 if no carry) 
9XYO Skip next instruction if VX=VY 
AMMM Set index = $MMM 
BMMM Goto $MMM + VO 
CXKK Set VX = (random number) AND KK 
DXYN Display N bytes at VX'VY 
EX9E Skip next instruction if V¥=KEYDOWN 
EXA1 Skip next instruction if V¥=KEYDOWN 
FOOO Stop (ETI-660 uses “0000") 
FX07 Set VX = current timer value 
FXOA Get key in VX (wait for KEYDOWN) 
FX15 Set timer = VX x 20 millisec. 
FX18 Beep for VX x 20 millisec. 
FX1E Set index = index + VX 
FX29 Set index to display LSD of VX 
FX33 Store decimal equiv. VX at index 
FX55 ~— Store VO to VX at index 
FX65 _Load VO to VX from index 

  Hi-res Graphics: One of the most consis- 
tent requests of CHIP-8 users over the 
years has been for some method of obtain- 
ing high resolution graphics. Several   Figure 2. The CHIP-8 Core Language. Instructions 

supported by current CHIP-8 machines. 

NOTE: X & Y refer to Chip-8 variables X & Y 
(VX & VY) 

KK refers to a hex number 00 to FF 
N refers to a hex number 0 to F 
MMM refers to a 3-digit hex address 

  

BINARY 
00011000 
00111100 
01111110 
01100110 
01000010 

people have tried to implement this by 
introducing changed screen formats (eg: 
128x64), but this always results in reduced 
speed and the loss of the useful high speed 
‘chunky graphics’ that were the main fea- 
ture of the language in its original form. 
The new Microbee interpreter side-steps 
these difficulties by retaining standard 
graphics in the three main screen formats, 
but supplements them with 112 cursors 
(the standard Microbee PCG graphics cur- 
sors) that can be loaded with data and dis- 
played using two simple commands. This 
allows graphics with a fantastic 512x256 
resolution to be mixed with any of the 
other standard and non-standard graphic 
styles available with this interpreter. 

  

CODE FUNCTION 
8XY3_ VX=VX XOR VY 
8XY6 VX=VY/2 (VF = remainder) 
8XY7 Output VX on Port VY 
8XY8 Inout VX from Port VY 
F001 Toggle CHIP-8 cursor (full half-tone) 
Foo02 Toggle display switch 
F003 Change screen format 
FX05 = Set language execution speed = VX 
FX25 = Set tone frequency = VF (0 to F) 
FX35 Set SYNTHA = VX (tone synthesizer function) 
FX45 Set SYNTHB = VX (tone synthesizer function) 
FX75 —_ Load custom cursor VX from index 
FX85 _— Replace cursor with custom cursor VX 
FX95 = Store VO to VX in imaginary CHIP-8 screen 
FXY4 Set program page +X, data page +Y 
FXY6 Set VX’'VY to display coincidence co-ordinates 
FXYB Limit joystick range to VX'VY 
FXYC Read joystick into VX VY 
FXYD Display ASCII string at index at VX VY 
    ‘ Figure 3. Extended CHIP-8 instructions. Instructions 
supported only by the Dreamcards interpreters.   

  

A “CUSTOM CURSOR’ 
  

    
STANDARD CHIP-8 CURSOR 

AN Al PHANUMERIC 

A SECTION OF 
THE 64x32   

  CHIP-8 SCREEN 

      
    | HALF-TONE CHIP-8 CURSOR         
    Figure 4. Cursor types available with Dreamcards’ CHIP-8 
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Alphanumerics: Standard CHIP-8 is not a 
language in which you’d choose to write a 
wordprocessor program — its best charac- 
ter resolution is 16x6!!! The new inter- 
preter makes it a good deal easier to 
incorporate text (such as operating ins- 
tructions for a game or utility) into pro- 
grams by including an instruction that will 
display a ‘string’ of standard ASCII char- 
acters in 64x16 format as if they were 
CHIP-8 cursors. The command even has 
an ‘auto-repeat’ facility that allows up to a 
whole line of any one character to be dis- 
played using only three bytes of data. 

Half-tone cursors: One difficulty with the 
original ‘chunky’ graphics was to portray 
contrasting tones. This can now be 
achieved with a simple ‘switch’ instruction 
that allows access to a ‘half-tone’ CHIP-8 
cursor (see Figure 4) that can be used with 
ordinary full-tone graphics, alphanumerics 
and hi-res graphics. The possibilities with all 
these graphics combinations are limitless. 

Sound effects: The Microbee tone genera- 
tor is a fairly simple affair, but the new 
interpreter extends it to a point where it is 
a match for many hardware sound units. 
A wide range of ‘buzzes’, ‘zaps’ and 

‘boings’ are available by manipulation of 
three sound commands, or they can be 
ignored in favour of the traditional CHIP- 
8 ‘beep’. The manual includes a listing of 
a routine that allows you to step through 
the various sound effects options — a use- 
ful feature as the number of sound effects 
available totals over one million. 

Joystick: Two new instructions allow you 
to operate a standard Microbee joystick 
and to limit the range over which it is per- 
mitted to move. These functions will be 
invaluable to anyone who is serious about 
arcade games. 

Extended maths and I/O: The additional 
exclusive-OR (XOR) and the new ‘divide 
by 2’ instructions are useful (if not Earth 
— shattering), but where creative pro- 
grammers will really benefit is from the 
two new commands that allow a variable 
to be output to or input from a selected 
port. This opens a vast range of possibil- 
ities, including direct access to the ETI- 

673 Multiprom Board and ETI-674 
Proportional Joystick, the ability to drive 
a printer, cassette or other peripheral 
device and the capacity to alter the inter- 
nal workings of the PCG and colour 
graphics board. 

Page addressing: One simple command 
has overcome the original 4K limit on 
CHIP-8 software. Programs can now be 
put anywhere and are limited only by the 
memory space available. 

Conversion aids: First and foremost under 
this category has to be the ‘switch’ com- 
mand that alternates between 64x32, 
64x48 and 64x64 screen formats. This one 
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command makes the whole range of 
CHIP-8 software immediately accessible to 
the Microbee user. In addition to this, 
there is an execution rate control and an 
instruction that writes binary data to an 
‘imaginary’ CHIP-8 screen, both of which 
will greatly aid conversion of programs 
written for other machines in the unlikely 
event that difficulties are encountered. 
The execution rate control is also a very 
useful command in its own right and can 

be used (for instance) to simulate acceler- 
ation in a moving display. 

The operating system 
Without doubt the most important feature 
of the package is the ability of this CHIP- 
8 to co-exist with BASIC. A compiler con- 
verts the CHIP-8 hex code created by the 
programmer into BASIC ‘REM’ lines that 
can stand alone or be added to any 
BASIC program (see Figure 5). These can 
  

Figure 5. A sample of compiled CHIP-8. 
  

This is a BASIC listing created from CHIP-8 code by the Dreamcards Compiler. None of the lines 

  

were entered by hand — the whole listing is compiled automatically. 

On typing “RUN <CR>” a decompiler converts the ASCII CHIP-8 code in lines 5 and 6 back to 
proper hex code at the address specified by the “header” (line 4). 

Line 1 selects the ETI-673 Multiprom Board, NET#2 socket (f fitted). 

code. 
Line 2 calls the “decompiler” routine in the interpreter, then executes the decompiled CHIP-8 

Note the checksum bytes at the end of line 4. These greatly assist program debugging. 

    

  

G@GGG1 REM <<<<< STRIP JACK NAKED >>>>> 

GOGBSG2 REM by Lindsay R. Ford 

9@99@3 REM This is the famous card game in which you lose 

@99G4 REM clothes rather than dollars. The player and the 

9@985 REM computer each have 27 cards and 198 articles of 

GO@GG6 REM clothing. A coin is tossed to see who plays first - 

99997 REM if it’s "YOU" then press a key to deal a card onto 

9999S REM the centre deck. The computer will then put a card 

@2999 REM on top of yours (and so on). If either of you play a 

@9G18 REM Royal card, then the other player has only a tixed 

@9@11 REM number of turns in which to deal another Royal card 

@@Gi2 REM or he/she loses the centre deck and an item of 

@9@13 REM clothing (JACK = 1 turn, QUEEN = 2, KING = 3, ACE = 4 

99914 REM and JOKER = 5). The game is lost by the first to run 

@9G15 REM out of either clothes or cards. Note that as the deck 

99916 REM isn’t memory-mapped, the same card may turn up 

99917 REM several times during a game. 

@@G18 REM 2 ss HH 

@@@19 REM THIS GAME SUITS BOTH MICROBEE AND ETI 669 COMPUTERS. 

@9G@2@ REM ETI 668 owners simply enter the code from $9699, not 

@9@921 REM from $268 as shown here (and ignore $25FE/F). 

B@BG922 REM 2 tt 

G@G8G23 OUT 255,2 

GG@G24 KX=USR(57347) 

98825 END 
GGS26 REM Dreamcards Chip-8 $25FO9 to 2A2F Check 46/98 

G8G27 REM S25FS GAGS GBIGH GOOG GOGH BHGG BOGG GIBG FAG2 

GGG23 REM $2660 628A 63GA 641B 651B C7G1 26F4 2898 BHED 

@8G29 REM $2619 42990 17DC 4398 17CE 4698 6CBHD 6ABD 279G 

GOS3G REM $2626 7A19 SACB 161E 26BE 26CE 26DA 26D4 26C6 

O@GG31 REM $2639 3780 1676 8DCH 7DG1 26F4 4498 17DC 27BE 

GBOS32 REM $2648 FOS@A 27BE 6E19 26F6 26CE 74FF 26CE 26DA 

@OGG33 REM $2659 7481 26DA 3691 2738 2716 3COP 1676 4DG1 

69934 REM $2660 1676 3D9G 1636 6E19 FE18 26BE 72FF 26BE 

G6935 REM $2679 8564 6791 168A SDCM@ 7DG1 6E19 246F4 4599 

GOEB36 REM $2686 17CE 27C6 26F4 27C6G 6E19 26F6 26D4 7SFF 

@@G37 REM $2699 26D4 26DA 7691 26DA 3681 2738 2716 6ES4 

GG9938 REM $26AG FE18 3CHM 1634 4DG1 1634 3DG@G 1678 6E19 

@OAG39 REM $26BG@ FE18 26C6 73FF 26C6 8464 6799 149A 8829 
GEAG49 REM $26CG 6AG3 6BUB 16EG BO3G GA3S 6BOB 16EGD 8G4G 

96841 REM $26DG 6AG3S 16DE 8858 6A35 16DE 8868 6A1C 46BiB 

G9OS42 REM $26EG APBE FSO3I3 AYB1L F165 FRS29 DABS 7AG4 F129 

BOG43 REM $26F9 DABS OGEE 6GES2 FE1S FES? 3EGS 16F8 BBEE 

66644 REM $2799 6BG7 APSBP DABP 7AGE AYC2 DABY 7A38 7BRP 

966945 REM $2719 3B19 1792 BGEE CIPG1 A9BS FOSS CGG3 AYB4 

GAS46 REM $2729 FOSS COGF 4OOF 1722 46GE 1722 APBS FOSS 

969847 REM $2738 AYBS FH65 B9GG APBS FH465 499BP 1742 4990 

 



‘be EDITed, PRINTed, LOADed or 
SAVed exactly as if they were BASIC, 
but when the ‘RUN’ command is issued 
they will automatically be decompiled into 
CHIP-8 hex code and executed in that 
language. 

This facility allows novice programmers 
to use CHIP-8 with little knowledge of 
how it works, whilst experts can take 
advantage of the combined benefits of the 
fast display speed of CHIP-8 and the   

powerful string processing and maths of 
BASIC within the one program. 

The interpreter can be accessed from 
several points (detailed fully in the operat- 
ing manual) that make it simple for con- 
trol or data to be passed backwards and 
forwards between BASIC AND CHIP-8. 
This means that CHIP-8 subroutines can 
be called from BASIC programs and vice 
versa, a unique feature that has enormous 
potential for development of the language. 

  

  

  

00001 OUT 255,2 

00002 X=USR (57347) 

00003 END 

00004 REM Dreamcards Chip-8 $2200 to 221F Check BD/8D 

00005 REM $2200 OOEO 601F 611B 6204 CA17 A21E DAB1 FA29 

00006 REM $2210 D015 F215 F207 3200 1214 DO1S 1206 8000 

9994S REM $2749 17AA 4998 1722 6BEP 4981 1799 499D 1796 

BBS4F REM $2759 499C 179C 499B 17A2 AYB6 FISS3 AYB7 F165 

BO9SG REM $2769 398A 176E 6A1C F929 DABS 7AG4 17790 6ALE 

99951 REM $2778 6COO F129 DABS AYB4 FH65 AVE2 4901 AVES 

GGO9S2 REM $2789 4982 ASF4 4893 AFEE 6AIC 6B18 DAB? SREE 

899353 REM $2799 ASCB 6CFC 17A6 ASCE 6CFD 17A6 AYDS S6CFE 

99934 REM $27AG 17A6 AYDS S6CFF 6ALE 1774 AIDS GAIA 6898 

G89S9S5 REM $27BS DABA 7AGS 7BBA AYCE DABS 6CFB BGEE GAP1 

899356 REM $27CG AVYFB ZA1E BBGEE 6GA34 AASGP ZAIE SGEE 26F4 

99SS7 REM $27DG OBES 6A1S S6BSC APFB 2A28 17E8 26F4 BRED 

998358 REM $27ESD 6A14 6BEC AABG4 2A2ZEB AALS 2ZA2ZG 6999 6EDS 

GOBS9 REM $27FG FE18 6E93 26F6 7981 38108 17EE 28984 1690 

GGG69 REM $2899 37908 GGEE BBED 2862 26F4 4599 183C 4308 

9B961 REM $2810 288A 4391 289C 4392 28A6 4393 28BP9 4394 

GBS62 REM $2820 238BA 4395 28C6 4396 28CE 4397 28D6 4398 

GOS63 REM $2839 28DE 4399 28E6 6E96 26F6 BMEE 288A 1836 

G9G649 REM $2849 6882 DAB2 185C 69983 DABS 185C 69895 DABS 

89965 REM $2859 185C 6999 DABY 185C 699F DABF 7AMS FOIE 

GBGG66 REM $2869 MGEE 6A1S 6BOG ASF2 2849 2846 6A1D 46BRA9 

9OI67 REM $2870 284C 6B92 2858 2858 6B99 284C 6A1D 6BIE 

GGB863 REM $2889 28498 6B11 2858 2858 GHEE AYSE 6A1D 6BO9 

GOI69 REM $2899 284C 6B9A 2858 2858 6BG9 284C A466 GAILB 

GGB7G REM $28AG 6BOED 2846 2846 AY6C GALS 6B12 2852 2852 

990971 REM $78BG AY7E 6A1IB 6BEB 2852 2849 AYS9 6AIL3 6BPRA 

GO972 REM $28CO 28490 2852 28498 AY96 6A1SB GBI1D 2846 ASSP 

99973 REM $28D9 6A22 6B1D 2846 AY9C G6A1L2 6BOB 2849 AY9C 

GOG74 REM $2SE9 6A2B 6B9B 284998 APSE G6A18 6BED 2849 2849 

GOB75 REM $2S8F9 GGEE SF3C EO®78S 2O97F FY7F 2898 BAGS BIBC 

969976 REM $2900 i1E@E S4FC FEFF 3E3F S3E3F 298AGD 29429 66FD 

G6077 REM $2910 E@4O 7FFF FFFS FSFS F888 FCDE FCS 9191 

88978 REM $2920 1A1E11 SFAF PFAF YFPF YF?PF 2424 FCFC F4F9 

88979 REM $2936 i19@F8 FCFC FCFC FCFC FC48 487E 27FSF 297F 

BIBES REM $2949 CO7F 2689 4OBAS 79790 7868 49499 3413 1998 

969981 REM $295G G1G@O@ G@3G@4 1Bic 1CiC #CB4 8458 9919 2900 

GIS82 REM $2968 @8888 FCH6 FCO@S EBAA E389 BOSE 162F S5SF4G 

89983 REM $2979 S@S5C SBSB SBDS ESF4 6414 74B4 B4B4 41E3 

96684 REM $2980 GG9G B81C 7PFEG GOBEEOD BSGGH BF22 BE61C BEBA 

GOGSS REM $2999 98968 8877 OBOFE 38FS SGBESD F88G CBBD BGB3d 

G8G886 REM $2PAGD 2918 GOGO GBOHA GOGH PGBIGO BIBS GIGS BHGG 

@8G687 REM S$29BG9 GIGG GS5G1 G3G9 GBEGG@ GBYFF FFFF FFFF FFFF 

8998S REM $29C@ FFFF FSFS FSFE FSFS FSFS FSES AGED AGAD 

GSSsB9 REM $29DG -CHGAG AGED AGAD ES4G 2928 2GAGD EGGE BAGA 

GOIBID REM S2IOEG GAGE 44EE FE?VC 27C38 1938 7PCFE 7C38 1938 

G@9GeP1 REM $29FQG 7CFE FEDS 3838 FEFE FEIS SSAE AAEA FASE 

BGIGI92 REM $2AGGD AGAG AGAG ESAS 4949 ESGFB AAAB AAAB 889B 

GIBIFS3 REM $Z2A1G GBGG SBGAB AVAY AYFFB BY29 2928 APBD 6BIdDB 

BIBI4 7AGS FPOLE 7AGS BBGEE REM S2LA2ZG 

    

  

   

            

    

    

Presentation 
The language and operating system comes 
in a 4K EPROM that fits into the ‘NET’ 
or “Terminal’ socket of the Microbee core- 
board or in the ‘NET#2’ socket of the 
ETI-673 Multiprom Board. A_ standard 
2532 type EPROM is used, meaning that 
owners of *Bees purchased after April 
1984 should check that their unit isn’t fit- 
ted with a 2732 EPROM in the ‘Telcom’ 
(‘NET’) socket. If so, a free changeover 
ROM is available ‘priority paid’ from. 
Dreamcards (details on what to look for 
and how to swap over are contained in a 
broadsheet included with the operating 
manual). 

The operating manual itself is very 
detailed and contains a wealth of material 
that takes you from the very fundamentals 
of ‘memory’, ‘hex’ and ‘logic’ up to the 
use of the operating system and the 
extended language subsets in an easy ‘tut- 
orial’ style. This wealth of information 
makes it about the most comprehensive 
manual available for CHIP-8 and a very 
valuable reference for the experienced 
programmer. 

At the other end of the scale, the new- 
.. comer to CHIP-8 will rapidly become 
# familiar with the language by sitting down 
i; at the keyboard and carrying out the pro- 
= gram examples. 

In addition to a large number of demon- 
. Stration programs designed to illustrate 
« important features of the various instruc- 

tions, the manual also contains source list- 
ings of two very useful machine code 

_ utilities and a full disassembler program. @ 

    

  

  

THE CHIP-8 INTERPRETER/ 

COMPILER EPROM 
is available from: 

Dreamcards 
8 Highland Court 
Eltham North 3095 Vic. 

It is only available by mail order from this 
address. It may also be obtainable from 

    

- your local Dreamcards software dealer. It 
costs $49.95 (rrp) plus $1 post and han- 
dling.   

  DABS BIBS 

  

  

CHIP-8 USERS’ NEWSLETTER 

An informative CHIP-8 user group news- 
letter, called “Dreamer”, is published by 
Frank Rees of 27 King St, Boort 3537 
Vic. You can get a 10-month sub. (Sep- 
tember ’84 to June ’85) for $15, or 16 
months (to December ’85) for $24. Each 
issue contains articles on hardware addi- 
tions and modifications to CHIP-8 com- 
puters plus software, tutorials, etc. 

  
  

  

  

    

  

     

    

  



  

Project 673 

Multiply your Microbee’s ROM 

capacity with this interface 
board 
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This project design by F.M. Capmeil, presented with the 

cooperation of Avtek Electronics, permits extending the ROM 
capacity of the Microbee to 44K, or to 308K total by 
daisy-chaining up to six slave boards to produce a sort-of high 
speed ‘read-only virtual disk’ (a ROD”). It takes 2532s or 2764s 
(can be mixed) and, in addition, provides 11 open-collector 
outputs and eight buffered inputs. 
  

THIS PROJECT gives you the ability to 
extend your Microbee’s ROM software 
capacity. It is a board that just plugs into the 
*Bee’s 50-way expansion buss and can either 
be fitted inside the "Bee or externally. Ten 
sockets accommodate the ROMs and either 
2532s or 2764s can be used — mixed, too, if 
you like. The first four sockets are 28-pin 
types, while the last six are 24-pin types. 
The latter take only 2532s while the first 
three take either 2532s or 2764s. Socket 
no. 4 is arranged to take only a 2764. 
Address-wise, the first seven sockets are 

located at C000 to DFFF (i.e: where 
EDASM sits), while the last three are 
located at E000 to EFFF (NET location). 
Sockets 1, 2, 3 and 5, 67 are paired — 1:5, 

2:6 and 3:7, when 2532s are in use. Only the 
first three are used when 2764s are in place. 
Link fields on the board permit ROM type 
selection. 
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In addition, eight buffered input lines are 
provided along with 11 open-collector 
transistor output lines. Using this board 
with special purpose-written software in 
ROM, you can turn your Microbee into a 
burglar alarm, a process controller or such 
like. 
A cassette of ‘driving’ software is provided 
with kits. This contains two ‘monitor’ 
programs, one in BASIC, the other in 
machine code. Using the monitor you can 
utilise the input and output lines and, as 
data for these needs to be in decimal form in 
programs, but it is in binary form when 
inputting or outputting, a decimal-to-binary 
conversion program is included for your 
convenience. 

Copyright on the pe board is held by 
Avtek Electronics who are marketing the 
kit. Hence, we have not reproduced the   

Roger Harrison 

P
c
a
 

e
e
 

artwork. In anycase, the board is 
double-sided with through-plated holes, not 
something most hobbyists are capable of 
making for themselves! To — ease 
construction, the board is solder-masked 
and the component side has a silk-screened 
overlay showing component locations. For 
those who can provide components out of 
their own stock, Avtek will sell you a board 
and monitor cassette alone. 

Construction 
Assembling the board is quite 
straightforward. Sockets can be used on the 
fifteen DIL ICs if you wish. Commence 
construction by soldering all the IC sockets 
in place, noting orientation. Follow with the 
resistors, capacitors and diodes, ensuring 
you get the tantalum capacitors and diodes 
the right way round. Then solder the 11 
transistors in place. The three-terminal 
regulator (IC16) can be assembled next. It 

needs a small heatsink, a Thermalloy #6073 
or similar should be adequate. Insert the 
regulator’s three legs into the board holes 
and then bolt it and the heatsink to the 
board before soldering the legs in place. 
Smear a little thermal compound on the 
rear of the regulator's flange before 
assembling it, to improve heat conduction 
to the heatsink. 

Insert the ICs now, or solder them in 
place if you’re not using sockets. Beware 
you get the ICs correctly orientated. >
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A wire link has to be installed on the rear 
of the board, from pin 2 of the expansion 
socket (SK2) to pin 19 of EPROM socket 1. 

The 50-way header-cable-socket 
assembly is mounted last of all. 
Insulation-displacement (ID) connectors 
were used on the prototype. The 50-way 
cable is grey and has one lead marked with a 
red stripe. This is the pin 1 line, as shown on 
the component overlay. Only a short length 
of cable should be used as the lines are 
unbuffered. No more than 80 mm_ is 
necessary. 

Give the board a thorough check and, if 

all’s well, you’re ready to roll.   

   

    

MICROBEE 

_———— 7} 
CORE BOARD 

MAIN BOARD — 
ETI-673 EAR 

MICROBEE 

50-WAY HEADER 
    

  

     

Installation 
If your Microbee doesn’t have an expansion 
socket fitted, then you’ll need to obtain one 
and fit it. A male 50-way right-angle pc 
mount type is needed, the same as is used 
with disk drive interfaces. It mounts under 
the Microbee’s core board. If your ’Bee is 
still under warranty, your supplier can 
probably fit one for you. 

The MultiPROM board can be mounted 
in three ways, as shown in_ the 
accompanying diagram: on top of the 
Microbee case, upside down at the rear or 
inside of the Microbee under the main pc 
board. The choice is up to you. > 

  

A total of ten EPROM sockets have been 
provided. Sockets 1, 2 and 3 can accept 
either type 2532 or 2764 EPROMs, while 
socket 4 only takes a 2764. Sockets 5 through 
10 take only 2532s. Pin numbering on the 
28-pin types (for 2764s) is shown in brackets. 
Sockets 1, 2 and 3 are paired with sockets 5, 6 
and 7 respectively, but only sockets 1, 2 and 

3 will accept 2764s (5, 6 and 7 then being 
unnecessary when 2764s are in place). 
On-board link fields permit selection between 
ROM types. These fields are labelled SS1, 
PS1, PS2 and PS3. Use of the link fields is 
explained in the text. 

The ‘output enable’ line (OE) of the 

selected ROM, or ROM set, is driven low to 
access it, selected by the address and data 

buss decoding scheme that is part of the 
output selection circuitry. Sockets 1 through 
7 are located at C000 to DFFF in the ’Bee’s 
memory map, known as the EDASM 
(editor-assembler) location. Sockets 8, 9 and 
10 are located at E000 to EFFF, the NET 

(network) location. 
The project uses two of the Z80 I/O ports 

for both EPROM selection and the input/ 
output control. These ports are 254 (FE hex) 
and 255 (FFF hex). 

The output port 255 has eight outputs 
labelled FO to F7. Three of these outputs FO, 
F1 and F2, are used to select the EPROMS in 

the EDASM location (sockets 1 through 7). 
The output port 254 has eight outputs 

labelled EO to E7. Two of these outputs, EO 
and E1 are used to select the EPROMS in the 
NET location. 

EDASM 
—7 £6 ES £4 E3 SELECTION 

T Slecbe lee a 

4 3 b é ° F2 Mave SELECTION 

The remaining outputs are used to drive 11 
transistors. They are F3 to F7 and E2 to E7. 
The collectors of the transistors are brought 
to the input/output socket, SK1. 

The A1 to A7 Z80 address buss lines from 
the ’Bee are gated with an inverted copy of 
the I/O Request (IORQ) line. When on-board 
ROM is to be selected, the AO-A7 address 

lines will be high and IORQ low. The AO line 

determines which Z80 port is selected, being 

low when port 254 is selected, high when 255 
is selected. The RD line will be low. 

A data value on the data buss is latched by 
IC9 from the lower three lines, DO-D2, and   
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outputs E0, E1 and E2 are decoded by IC2. 
Similarly, IC3 latches the value on the data 
buss and IC6 decodes outputs FO and F1. 

The ROM selection signals are gated with 
the appropriate output from IC5 which 
decodes the upper four address lines, 
A12-A15. Software in the selected EPROM 
will only be read when both the MERQ and RD 
lines are low and a valid address is present. 

The selection of the various EPROM 
sockets is effected by the output lines as 
indicated in Table 1. 

  

F2 F1 FO E1 £0 

0: 0. 1 EDASM"1. 2-00 te NET A 
O45 0... EDASM 2), 128 0:3, NEF2 
0 1 #41 = +&EDASM3 1 1 NET3 
1 0 0 EDASM 4 

Table 1. EPROM selection code 

  

  

It should be evident that every time a port is 
written to, the output has to take into account 

which EPROM is meant to be selected. This 
may seem a little complicated but it allows 
complete software control on the board. The 
EPROM selection can be changed within 
execution of a program, allowing complex 
jumps between programs residing in 
different EPROMS located at the same 
address. This effectively extends the 
available memory in ROM from 12K to 44K 
per board, with 12K available at a time. 

The output responds to the _ basic 
command: 

OUT port no data 
example: OUT 255,47 

(both values are in decimal notation). 
In the command: OUT 255,22 — 2 

represents the data. This data will be 
translated into an eight-digit number in 
binary, in this case: 00000010. Each of the 
digits will be put onto one of the output 
lines, as follows. 

B7i BOSSES ao R4- FS Foe] = FO 

0 0 0 0 0 0 1 0 
  

  

A “1” means that a voltage is applied to 
the transistor driver and it will turn on. A 
zero means that no voltaye will be applied 
to the transistor and it will not conduct. 

If you want to turn on one single output 
line it is necessary to know the decimal 
equivalent of the complete 8-digit binary 
number formed by the eight outputs, before 
that particular line can be driven high. The 
cassette monitor software includes a 
binary-to-decimal conversion routine for 
your convenience. 

There are two ways to write to the output: 
(1) The decimal value corresponding to the 
output required is known. In this case just 
output to the desired port. (2) Only one data 
line needs to be changed from last output, 
in which case it is necessary to hold the 
binary value in an array, change the bit 
corresponding to the line to alter, convert to 
decimal, and output. In this way one could 
write alternately to several output ports 
after setting or resetting the desired lines. 

The input is connected to both port 255 and 
254. Reading from port 255 is the same as 
reading from port 254. The input port has 
eight inputs labelled from DO to D7 (not to be 
confused with the Z80 data buss). If the board 
uses a different address pair the input will 
also respond to both. 

The input responds to the BASIC 
command: 

variable = IN (port no.) 
example: A=IN (255), where the port address 
is in decimal. 

1C13 buffers the input lines which are 
protected against excess voltage or reverse 
polarity by the 100 ohm series resistors and 
5V6 zeners across each line. 

The user outputs, F2-F7 and E3-E7, 
comprise a series of open-collector BC548s, 
Q1 to Q11. Each transistor is protected 
against supply over-voltage and reverse 
polarity by 27 volt zeners. The E-series 
outputs are driven by IC15, the F-series by 
1C14. These two ICs latch the data value from 
the Z80 address buss, their outputs driving 
the bases of the output transistors. 

Power-on ‘clear’ is effected by IC10c. When 
first powered-up, C4 will be discharged and 
the input of IC10c will be driven high. After C4 
charges, the input of IC10c will go low, 
clearing all the outputs of ICs 14 and 15. The 
output of IC10c also clears latches IC6 and 
IC9 and the EPROM selection circuitry. 

Supply input can be between nine and 12 V 
dc. IC16 is a three-terminal regulator that 

provides the +5V supply for the board. 
Capacitor C1 maintains the stability of IC16 
and C2 provides output bypassing. Diodes 
Di and D2 provide mutual supply rail 
blocking while ZDO protects against 
over-voltage and reverse polarity input on the 
external supply input. 

The expansion socket SK2 brings out the 
Z80 data buss plus Bee expansion connector 
signals RD, address line A12 and ports 8 and 
9, along with +5 V and ground. 

Note that there is a Z80 WAIT signal input 
on the I/O socket, SK1 (pin 9). Protection is 
afforded by RO and ZD20. 
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Before using the board you'll need to 
decide what EPROM types you'll be using 
and set up the linking on SS1, PS1, PS2 and 

- PS3 accordingly. As it comes, the board is 
set up for 2532s with tracks linking the 
connection pads in the field areas on the top 
side of the board. The appropriate tracks 
must be cut and links installed as shown 
here. 

  

PROM type selection. The first three sockets’ 
can accept either 2532s or 2764s. Four link 
fields permit individual selection. As it comes, 
the board is set up for 2532s. Link field SS1- 
permits you to designate the EPROM type — a 
for skt 1, b for skt 2, c for skt 3. For 2764s, cut 
the existing track and install a link to the right, 
as shown. The A11, CE and OE pins for each 
socket also have to be jumpered when 2764s 
are selected. Pin selection fields PS1, PS2 and 
PS3 effect this. They're located near each 
socket. Again, cut the existing track and jumper 
to the right, as shown, on the pin selection field 
for the appropriate socket. 

  

  

        

  

      

  

      

a b ‘ Cc 

09990 Ko dans Sst 
x 

CUT LINK 
TRACK 

2532 
LINKING O0QO 

(AS SUPPLIED) iss $ 
abc 

PS1-2-3 

_-» AP oP INSTALL 
| [ | LINKS 
CUT abc 

TRACKS 2764 
LINKING     

  

Power supply 
The project can be powered from the 
Microbee or from an external power supply. 
Microbees have been supplied with 
different power pack models at different 
times since first released. Some are able to 
drive both the Bee and the MultiPROM 
board, some can’t. The sign of a power 

EXTERNAL POWER SUPPLY 

    

    

9-12 V i 4 
é 

+ e ) e FOR 
POWER 

-e of e ; FROM 
e D2 MICROBEE 

+ | g bi 200 e <D0 

vO vO 
SKT SKT 

ow A 1 B 

internal/external supply. Connections for using an 
external power supply (A); (B) shows arrangement 

’ for obtaining power from the Microbee. 

supply with insufficient ‘grunt’ in this 
application is: RESET doesn’t operate! 
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The board can be powered externally 
from a small 9 Vdc power pack capable of 
supplying 200mA or more (current 
depends on the number of ROMs inserted). 
The Dick Smith M-9560 9 Vdc/600 mA 
plugpack or similar would be fine. 

input/output 
The project uses two of the Z80 I/O ports 
for both the EPROM selection and the 
input/output control. The ports used are: 

port 255 (hex FF) 
port 254 (hex FE) 

The ports used can be changed by 
inverting one of the address lines via a spare 
inverter provided on-board. This function 
allows the connection of several boards all 
at a different address. The pairs of 
addresses available are: 

255/254 
253/252 
251/250 
247/246 
239/238 
223/222 
193/192 
127/126 

Software selection 
The EPROMs are selected by an OUT 
statement from BASIC. The address of the 
EDASM location is 255. To select the first 
EPROM of the EDASM location set, enter: 

OUT 254,1 
then hit the return key. Then enter 

EDASM 
followed by the return key. 

As another example, if you wish to select 
the third EPROM in the NET location set, 
enter: 

OUT 255,3 
then hit the return key and enter 

NET 
followed by the return key, again. 

A cold start will not change your 
EPROM selection but a power OFF will. If 
your ’Bee has a battery backup, the data 
will not be lost but before anything, you 
must reselect the proper EPROM. 

Example: OUT 254,1 (Wordbee), type 
EDASM. You are in Wordbee. Then enter 
text. Turn power OFF. Turn power on, the 
screen should display 

OPTION NOT FITTED 
This is because the "Bee does not see any 

EPROM until they are selected. So, enter 
OUT 254,1 (Wordbee), type EDASM. You 
should be back in Wordbee. If your ’Bee 
appears to hang, then reset. It is a good idea 
to always leave the monitor when turning 
the power off as this leaves a return address 
in memory and will prevent a possible 
hangup. 

Using the input & output 
lines 
To use the input and output lines on-board, 
you will have to interface them to some sort 
of hardware. Take the inputs first. There 
are two forms the input can take: reading 
the ‘status’ of a switch, which can be open 
or closed; or the input can be driven from   

the output of a logic gate. To read the status 
of a switch, use this circuit: 

+5V 
OR A GATE 

1k OUTPUT 
ETI-673 
INPUT 

However, this is only useful where the 
switch is less than a few metres away. 
Where the switch or gate is at the end of a 
long line, use an optocoupler at the 
MultiPROM input, like so: 

i) WW 
Rx 

4N28 

   
OV ETI-673 

INPUT 

If the input is a pulse or varying dc level 
signal, then it is necessary to use a signal 
conditioner. This circuit should do the job: 

+5V 

1N4004 

1N4004 

  

  

OV 

To drive an input direct from a logic gate 
output, no special interface is required. 

In all cases, use twin-pair cables; one to 
the input, the other to 0 V. 

Now for the outputs. The output lines are 
‘open’ BCS48 collectors. That is, an output 
device, such as a relay, is connected 
between a power supply and the collector. 
When the output is programmed ON, the 
transistor conducts, operating the output 
device. 

It is a simple matter to drive a relay or dc 
motor. Like so: 

INDUCTIVE LOAD 
SUPPLY (RELAY, MOTOR ETC.) 
POSITIVE      

  

    

  

( 

| 
( 

SK1 
PC BOARD ov ov Ov! 

The maximum supply voltage the BC548s 
will stand is 30 V, so any supply should be 
kept below 90% of this value (i.e: below 
27 V). A 27 V zener is used to protect each 
output transistor. note that any external 
supply used to power the device being 
switched should have its 0 V line returned 
to the MultiPROM’s 0 V line. 

We don’t have the space here to go into 
programming details, so that will have to be 
left to the kits; these are supplied with a 
manual which includes programming and 
other software information.



  
16K to 32K expansion 
for your MicroBee 
Considering going on to bigger and better things with your 

MicroBee? Not afraid of a little soldering and want to save 
money? Here’s how! Tom Moffat 

  

PAGE TWO of my MicroBee construction 

manual says: “Should you wish to upgrade 
your 16K MICROBEE you will need to pur- 
chase a 32K changeover CORE BOARD. 
WARNING do not attempt to upgrade your 

16K board as this will invalidate your 

warranty and will require an updated BASIC 
anyhow.” 

But don’t believe everything you read. It 
is entirely feasible to upgrade your own 
MicroBee memory, if you take care. Yes, you 

will blow your warranty, but the warranty 

only runs for 90 days. That much time has 

probably passed already now that you've 
learned to use your MicroBee. and want to 

move on to bigger and better things. 

As for the “updated BASIC” all can say is 
the BASIC in my MicroBee handles expanded 
memory nicely without any updating. It took 

a bit of digging to discover this. The MicroBee 

Users Manual gives the ‘top of memory’ 

pointer location as QOAO (hex). The ‘Search’ 
feature of the MicroBee Monitor was used to 
find a load instruction to that address. Sure 

enough, there it was in the BASIC ROMs at 
857D. It was then necessary to work back- 
wards from that address, disassembling the 
code by hand, to find how the data for the top 

of the memory pointer was developed. 

It seems that the MicroBee finds out where 
the memory ends automatically by testing 
each byte and declaring “end of memory” 

when the test fails or when the start of the 
BASIC ROMs is reached. So it can cope with 
any amount of memory up to 32K, in any 

sized blocks. The relevant part of BASIC is 
reproduced in Listing 1, for those interested. 

Pros and cons 

Now to the pros and cons of doing it yourself. 

The prime advantage is financial .. . it cost 
exactly $75.40 to turn my MicroBee 16 intoa 
MicroBee 32. Applied Technology charges 

$125 to change a 16 into a 32 PLUS. The 
‘PLUS’ part involves supplying the parallel 
port plug and the battery backup arrange- 
ment. another seven dollars or so worth of 

goodies. 
This is not to suggest that Applied Tech- 

nology is ripping anybody off. If you took 

your ‘Bee to your local electronics shop 
they'd probably charge more than $125 for 
the job. After all, there’s a lot of labour in it. 

If vou do it yourself. you supply the labour 

and you save the shipping which, from 

Tasmania at least, is dreadfully expensive. 
Now before you get stuck into it, it’s 

time to do a bit of soul-searching. Are you 

technically competent to do it? Is your soldering 
up to truly professional standard? Is your 

soldering iron up to professional standard? 
Something like a Weller or Adcola temper- 
ature-controlled soldering station is needed 

with the finest possible tip. 
Do you‘have one, or can you borrow one? 

Look at the pictures, you'll notice that just 

about all IC pins have other tracks running 
between them on the board. It will be a very 
delicate job, and a mistake could ruin your 

MicroBee forever. If you don’t feel you're up 

to it there's certainly no shame in handing it 
over to Applied Technology. 

Ready? 

If. after all that scary stuff, you still want to 

press on, here’s what to do. First, get your ICs 

and eight 10n ‘blue chip’ ceramic bypass cap- 
acitors, or similar. My ICs were bought from a 
normal supplier in Hobart, and the capacitors 

were ratted from a defunct computer board 
(these are usually very good quality). 

Because of the MicroBee’s memory testing 

feature it is possible to upgrade your com- 

puter in 2K stages. You only install the chips 

you need, or can afford. Table 1 sets out what 

chips are required for each level of “K’, and 
it should be understood that each level's 
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requirements are in addition to previous 
levels. Even if you’re going for the full 32K 
it’s a good idea to upgrade 2K at a time, 
testing as you go. 

To begin the job, open up the MicroBee, 
disconnect the memory battery (if installed), 
and carefully unplug the core board. If you 
don't know what the core board is STOP 
right now and don’t attempt the upgrade. 

Put the computer aside and lay the core 
board on the workbench. Study the silk 
screened labelling on the top (component 
side) and work out what ICs go where, and 
which way around. In other words think the 
job through in advance. 

Now, install the eight bypass capacitors in 
their positions next to the empty memory 
chip locations. You might as well put them 
all in even if you’re not installing all the 
memory now. 

Next come the ICs. Start with the small 
ones first to get a bit of practise for the big 
ones. When soldering them in, remember 
that they are CMOS devices and you should 
take the usual precautions against static 

damage. Don’t handle the pins, pick up the 
packages with your thumb and forefinger 
holding the ends only. Use a soldering iron 
with an earthed tip and solder the supply and 
earth pins first. 

  

  

LISTING 1 

ADDR CODE LINE LABEL MNEM OPERAND 

@@1@6 ;END OF MEMORY DETERMINATION, FROM BASIC. 16/1/83 

@0118 
4464 60128 DEFR 16 
8567 40138 ORG 8567 
Eeae 6014@ DEBUG EQuU GEG0O8 
8547 216609 @6158 LD HL,@96@ ;START OF BASIC 
856A 3E80 @016@ JUMPI LD A,86 
856C BC 661768 cP H 
856D 286E 00188 JR Z,JUMP2 ;GET OUT IF HL=8806 
SS6F 7E @0198 LD A,CHL) 3;LOAD BYTE INTO ACCUMULATOR, 
8578 2F @0208 CPL ;TURN IT UPSIDE DOWN, 
8571 77 06218 LD CHL) ,A  3AND PUT IT BACK. 
8572 2B 80220 DEC HL 
8572 78 66238 LD CHL),B ;PREVIOUS BYTE INTO B 
8574 23 00244 INC HL 
8575 BE 68258 cP CHL)? ;COMPARE A WITH CHL) 
8576 2085 08260 JR NZ,JUMP2;NO GOOD? GET OUT. 
8578 2F 88278 CPL ;TURN BYTE OVER AGAIN 
8579 47 ea28a LD B,A yAND PUT IT INTO B. 
857A 23 08298 INC HL jNOW DO NEXT BYTE. 
857B 18ED 60308 JR JUMP 1 
857D 22AG00 @631@ JUMP2 LD (@A@),HL;TOP OF MEMORY POINTER 
e000 60328 END 
@800@ Total errors 

JUMP2 857D JUMP 1 856A DEBUG E008 

  

  

  

TOTAL & 74LS138 4053 6116P PEEK(161) 

1e& 1¢14 1c16 1013 V2 

28 1c1s Se 

22 Ici? ge 

24 Ici? 1018 96 

26 1026 144 

28 1C21 112 

36 1cz23 1022 12G 

32 1c24 123 
  

Look at the close-up photograph. Notice 
that the soldering iron tip is applied to the 
pins from the ‘inside the IC’ direction. You 
press down on the pad and the pin at the 
same time and then apply the solder from the 
‘outer’ side of the pin. Each pin will take 
about two seconds to do, keeping the total 
heat input to a reasonable level. 

The results should look like the photo- 

graph . . . just enough solder to do the job and 
no more. 
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~ Note 
Following the first publication of this article, a read- 
er, J. Richards of Jamboree Heights in Queensland 
wrote: 

Microbee owners who attempt this suggestion 
for upgrading their machines from 16K to 32K 
should be aware of a problem they will encounter 
as a result of not having the revised BASIC ROM 

set supplied by Applied Technology. / 
The memory test routine as listed will leave the last 

byte of memory complemented if RAM is found to 
extend to address 7FFFH. Routines that store data 
extending from the top of RAM downwards will find 
this data corrupted on each reset or self-test. _ 

  

Soldering the pins. Apply the iron to the pin and the pad from the inside of the IC, heat the joint, then apply the 
solder. Use only enough to do the job — and no more. 

      

 



    
Inspect it! Inspect each soldered joint carefully. Look for solder ‘bridges’ across tracks, pins not Finito! The completed coreboard — now the ‘full bottle’ 32K. 
soldered, etc. 

Test as you go PEEK instruction, you will find where the 

Testing your work is simple. After each MicroBee thinks the end of memory is. If it 
2K, reinstall the core board and fire up the agrees with where you think the end of 
computer. It should ‘beep’ into a cold start. If memory is, congratulations. 
you inspect location 161 (decimal) with a If you’ve gone for the full 32K, try out the 

‘self-test’ routine by holding down ‘S’ and 
operating RESET at the same time. The com- 
puter should now pass the ‘32K RAM part of 
the test that it had always failed in the past: 

  

  

It’s Here — at last! 
ONLINE 
The first magazine devoted 
entirely to YOU 
the microbee owner. 
Subscribe today and save! « 
12 issues for the price of 10. 

‘ONLINE?’ is the microbee owners journal full YES. Please include me on your mailing list to 
of information and features about your receive 12 issues of ‘ONLINE’ 
favourite personal computer. It is available 
from your local microbee technology centre at 1 would like my subscription to commence 

  

a cost of $2.50 OR you can subscribe to WHR TRO see 5 oes oss 5335 3 pee ... .dssue. 
‘ONLINE’ which is published monthly for insert month) _ 
$25.00 annually. Why not fill out the coupon I enclose (cheque/money order) for $25.00 which includes 

now and subscribe? That way you’re sure to postage and packing. OR 
be informed of all the latest microbee Please charge my Bankcard 
developments, new products and computing No. 
information! . 

Expiry Date 

Signature   

Aaa 0; “A      

Pit cg 
er 

poesia 

NAME — 

ADDRESS 

  

POSTCODE 

If paying by cheque or money order please 
make payable to Applied Technology Pty. 
Ltd. Post completed form to 

APPLIED TECHNOLOGY PTY. LTD. 
P.O. BOX 41 

WEST GOSFORD, N.S.W. 2250.   
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Project 676 

A ‘fair dinkum RS232er’ 

for the Microbee 
  

  

  

  
  

The Microbee, among other home computers, has a 
‘sort of RS232 port in that it doesn’t implement 

the negative-going portion of its output signal (TxD). 
Most peripherals with an RS232 input can cope 

with that, but inevitably, there are those that can’t — 

as Bob found out. This project fixes that. 

HAVING HAD my Microbee for over 12 
months, and after playing the usual 
games, etc, it came time for some ‘serious’ 
work for the machine. At about this time, 
I gained access to a high quality daisy- 
wheel type printer — a Diablo 1650 word 
processor terminal (very smart!) — which, 
fortuitously, is provided with a 1200 baud 
RS232 interface socket. Bewdy! I thought, 
and proceded to make arrangements to 
obtain super quality listings of my pro- 
grams. After checking port pinouts, a 
patch cable was assembled and the system 
fired-up. It didn’t work! 

Application of an oscilloscope indicated 
that the Microbee’s TxD output signal was 
switching between 0 V and about +10 V. 
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Bob Martindale VK3BMA 

Reference to the ‘Bee’s circuit diagram re- 
vealed a transistor switching stage pow- 
ered from the +12 V (nominal) supply 
rail. A quick check of Graham Wideman’s 
article Beating the RS232 Blues in ETI for 
August 1982 indicated there should also 
be a negative signal excursion of between 
3 V and 12 V amplitude if, in fact, the Mi- 
crobee’s output was to be ‘true’ RS323. 
Hmmm ... could that be the culprit? 

I quickly assembled a switching adaptor 
(two transistors) powered from positive 
and negative supply rails on solderless 

breadboard and tried the system again. It 
worked first up, and voila! — super qual- 
ity printouts. 

I then reassembled the circuit on a small   

piece of Veroboard, adding a negative 
supply rail inverter (Intersil ICL7660) to 
make the unit self-contained and capable 
of being powered from the Microbce’s 
supply rail (available on pin 9 of the 
RS232 port). I managed to make it small 
enough to mount, out of sight, inside the 
backshell of a DB25 plug. However, ETI 
has made a pe board version that simply 
‘inserts’ between the ‘Bee's RS232 port 
and the peripheral’s RS232 plug. 

Construction 
Assembly diagrams are given for both the 
Veroboard and pe board versions. A 
track-cutting diagram is given for the 
Veroboard. This should be done first if



  

fair dinkum RS232er 
  

  

  

  
  

  
  

  
  

  

                                        

PARTS LIST — ETI-676 

Resistors ................ all YaW, 5% 
R1 220R 

Ss re 220k 
RS .......ceceessssssseneees 22k 

ee 100k 
RS voeeecccceessccesseeees 3k3 
RG oc ceccecccsssceeees 1k 

Capacitors 
C1, 2,3 ...ceecccesseees 10/10 V tant. 

Semiconductors 
D1 ii eeeccssssreeeeeees 1N914, 1N4002, etc 
| © ICL7660 
Q1 BC549 

2 wceccccccsesccsseeeees BC558 
LD voeeecccccccccceseeeees 6V8 zener 

Miscellaneous 
ETI-676 pc board; DB25P right-angle pe mount j 
plug; DB25S right-angle pc mount socket; 4 x 4BA DB25S 
bolts, nuts and washers. SOCKET 

Price estimate $32-35 
DB25S PLUG 
TO MICROBEE 

you’re assembling the project this way. ar tater. ae 
Note that two links are required, but these COMPONENT \ —iy- Capacitors 
should be soldered in later. An IC socket PINOUTS —= tantalum 

  
+ 

may be used for ICI but note that pins 1, e == 6 and 7 do not make connection to the } 
copper strips of the Veroboard. If you’re 7 | 
using a socket, snip off or remove pins 1, 
6 and 7, otherwise cut off the pins from 
the IC. 

The components can be assembled in 
any order, but, as usual, watch orientation 
of the semiconductors and tantalum ca- 
pacitors. Note that some components are 
stood on end. Seat the components right 
down on the board and you'll fit the proj- 
ect in a DB25 backshell without too much 
difficulty. Wire the assembly to the DB25 
plug with short lengths of hookup wire 
and wire the cable to TxD and GND. 
Note that RxD, CTS and CLK should be abe aera ea eee sees acseieecceetaaaaaeees 
wired straight through to the DB25 plug. 12 3 4 § 6 7 8 9 10 11 12 13 

The pc board version is also simple to 
assemble. Just follow the overlay. ‘Care. COPPER STRIP SIDE 
fully check the pc board before assembly. p> 

: 

  

OA DOOR ADO AAO oe%o tte nen” Setenee® Meterene “ee 
oe, eee ste ot 

o.@ eee, “eet, fet ol Wp fee, ce % ‘eee, .° 
oreo e hte 07h wee red Behe te terte tate ert eg 

e eet ove 
oe. e 

° EE oo 8 0.81% 970 0 6% 
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COMPONENT SIDE 

RS232 OUTPUT 
DB25P 
REAR VIEW CLK (24) > CLK 

a +12V(9) A oe REE SS oe a 5 3: ————> GND 

251ele aie 3 % 

es 
@ 
@ & 
e @ 
® oe 

® 
@ 
@ 

o¢ 
@ 

14(@ gi , 12 3 4 § 6 7 8 9 10 11 12 13 

CTS 6) > CTS 

RxD (3) 2 RxD       
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r dinkum RS232er 
  

  

R2 220k     
IC1 ICL7660 

Zz c2 
10/10 V| 
TANT. 

      

  

     
  

DB25P 9 0O——® VE O09 DB25S 

PLUG TO Ri +10-12V RS232 
MICROBEE 220R SOCKET 

RS232 
PORT 

     

    

  

    

c3 
10/10 V 
TANT. 

  

  

  

    7 OSNDe - GND” 

5 ers cTs°° 

Saar cKO 4 

30 RxD RxD 3     

Mount the resistors, capacitors and semi- 
conductors first, taking care to correctly 
orientate the semiconductors and tantalum 
capacitors. Mount the DB25 plug and 
socket last — making sure you get each at 
the correct end of the board. The plug 
goes at the Microbee end, the socket at 
the output end. When mounting these, 
bolt them to the board before soldering 
the pins so that no stress is placed on the 
soldered joints. 

After a careful check, you’re ready to 
go. 

LLIST solver 
‘So, if you are having trouble driving that 
fancy high quality printer with your ‘Bee 
then check the actual line input printers 
available that are quite happy to work 
with only positive-going signals, but occa- 
sionally there will be a finicky one that in- 
sists on true RS232 levels — in that case, 
bring out your “Fair Dinkum RS232er” 

  

HOW IT WORKS — ETI 676 

The recipe is simple: take one positive sup- 
ply rail (from Microbee), regulate it then in- 

  

  

  

vert it to provide a negative rail, too. Take 
common-or-garden NPN/PNP transistor pair 
and switch TxD signal between positive and 
negative rails without inversion, Voila — 

true RS232! 
A regulated positive supply rail is sup- 

plied by zener ZD1 from the Microbee’s in- 

ternal supply rail (which is around 10 V with 
a bit of ripple onit). Capacitor C1 provides 
bypassing. 

The negative supply rail is developed by 
ICI, an Intersil ICL7660 CMOS switching in- 

verter which transfers charge from the posi- 
tive rail to C2 then in opposite polarity to 
C3 via D1. The diode is included on the 
manufacturer's advice to prevent possible 
desiructive latchup of ICI. 

The incoming TxD signal from the Micro- 

bee is first inverted by Qi, the collector cur- 

rent of which drives the base of Q2 via R4. 
The emitter of Q2 goes to the unit’s positive 
supply rail, while its collector load (R5) 
goes to the unit’s negative supply rail and 

thus the TxD signal at the collector of Q2 
swings both positive and negative. Resistor 

R5 provides a measure of protection to the 
circuit should the output be inadvertently 

short-circuited.                
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With the advent of high-resolution graphics on computers, the 
construction of complex graphs and surfaces is now possible. 
The Microbee supports 512x256 graphics resolution thus 

giving the owner good scope for the construction of pictures that 
were not possible a few years ago. The following programs deal 
with one method to ‘plot’ three-dimensional surfaces on the 
Microbee screen and also to a printer. 

Jon McCormack 

  

TWO-DIMENSIONAL graphs are a natu- 
ral for computers since most use a cartesian 
plane for the ‘setting’ (turning on) or ‘reset- 
ting’ (turning off) of individual pixels, the 
dots on the screen. However, when one 
wants to draw real three-dimensional 
objects the task becomes more difficult. No 
matter what method is used, all rely on the 

use of false perspective — the same as you 
use to draw 3D pictures on paper. The best 
method involves feeding in a_ three- 
dimensional description of the object to be 
drawn to the computer. After receiving this 
information, the computer can then draw a 

skeletal image of the object. This skeleton is 
then ‘filled in’ using complex techniques of 
shading. (The darker the area the further 
away it appears.) This method results in a 
superb illusion of reality. Examples of this 
can be seen in the Walt Disney film 
“TRON”. 

The one disadvantage of this method is   

Z AXIS 

PN (0,0,0) 
X AXIS 

Y AXIS 

Figure 1. Representation of (X, Y, Z) axis on a 2D 
plane. The angle ‘a’ is usually set to 30°. 

  

Figure 2. This shows the representation of the sur- 
face Z=0, -—100<X<100, -100<Y<100. The 

surface is made up of square ‘patches’.   

that it requires huge amounts of memory 
and very high resolution graphics, both of 
which are not yet available to the average 
enthusiast! 

The method used in the following pro- 
grams just draws the skeletal image and 
even then does not account for all aspects of 
perspective drawing. Basically, the program 
fits a number of square ‘patches’ to the sur- 
face described by a mathemetical equation. 
The illusion of a third dimension is achieved 
by placing the y axis at an angle to the x and 
Z axes. 

This is shown in Figure 1. The angle ‘a’ is 
usually set at 30 degrees. Note that the ‘van- 
ishing point’ (Where all lines of perspective 
meet) is assumed to be infinitely far away 
and thus parallel lines going down the y axis 
are assumed to never meet. All this is best 
illustrated by Figure 2 which shows a graph 
of z = 0, where —100 < x < 100 and —100 
<y < 100. The ‘patches’ can be easily seen. 
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3D Microbee 

3D using hires graphics 
The first listing is a program to plot 3D sur- 
faces using standard Microbee HIRES 
graphics. The equation of the surface to be 
plotted is put in at line 1020. The most 
important part of the program is the sub- 
routine at line 2000. This subroutine con- 
verts real three-dimensional co-ordinates 
(x, y, z) to their perspective-corrected 
equivalents (u, v). The conversion relies on 
two simple formulae: 

u = x — (y * cos(a)) 
an 

v =z + (y * sin(a)) 

where ‘a’ is the angle to the horizontal of 
the y axis. 

The angle ‘a’ is variable Ai in the pro- 
gram; this is set at line 215. The value in the 
listing is 30 degrees (don’t forget if you wish 
to change the angle the value is in radians). 

The two nested loops in lines 220-270 
draw the horizontal lines along the x-axis, 
the loops in lines 280-340 draw the lines 
along the y-axis. Operation of the rest of the 
program can be seen from the comments. 

Having typed in the program you are 
ready to go. First, run the program with the 
equation shown at line 1020. The program 
will first ask four questions. For the first 
two, answer eight. This means there will be 
eight lines describing the surface plus one 
end line. For the next two inputs use a 
domain of —80 to 80 for both. Now sit back 
and relax and watch your little "Bee do its 
stuff. A few moments later you should have 
the completed surface on your screen. 

Try changing the angle of perspective and 
the equation itself. Note how equations 
must be ‘corrected’ — the length of each dot 
on the screen is equal to one unit. Thus if 
you wanted to see sin(x) over a complete 
period, with a domain of —50 to 50 you 
would have to use © sin(x/31.8309) 
[100/31.8309 = pi, domain is 100]. Some 
interesting sample equations are listed later 
on. 

Still with the original equation, try an x 
domain of —200 to 200 and a y domain of 
—100,100. All goes well until... BEEP! 
You have a graphics error. After the error, 
if you type “PRINT USED” you will see 
that all 128 Programmable Graphics 
Characters (PGC) have been used up. This 
is the price one must pay for such high 
resolution. (If the ’Bee still had 512 x 256 
resolution and direct-mapped screen mem- 
ory, 16K of video RAM would be 
required!). 

Wouldn’t it be nice to be able to get full 
312 x 256 resolution without running out of 
memory? You can. . . on your printer! 

Plot 3D surfaces on your 
printer 
Most modern dot matrix printers are 
equipped with a feature known as BIT 
IMAGE GRAPHICS (BIG). This is where 
the printer stops printing alpha-numeric 
characters and, instead, will print individual 
dots according to the input given. Almost 
all dot matrix printers have this feature 
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3D surface plotter for standard Microbee hi-res graphics. 

IBiLBS 

GD119 
BB12S 
BBL3B 
OB1499 

BILSB 

BB16S 
BB17B 

GB189 
BB1L9D 

OB2OS 
BI218 
BB215 

rem >>> 3 DIMENSIONAL SURFACE PLOTTER FOR MICROBEE <<< 

rem >> by Jon McCormack, 3 Robinson St., EAST BRIGHTON << 

rem 

cls 

input “How many lines resolution , x-axis ? "5N 

input "How many lines resolution , y-axis ? "3M 

input "What is the domain of x (min,max) ? "“;XO,xX1 

input "What is the domain of y (min,max) ? "5;Y9,Y1 

cls : hires 

rem *#* Work out values for line positions *# 

NO = (X1-XO) / F1t(N) 3 MBM = (VY1I-YD) / F1t¢M) 

A= 256 : B = 128 

Al = @.52359878 : Si = sintAl) : C1 = cos(Al) : rem ## Al is perspective 

angle to horizontal **# 

BB228 

BO23B 

BB249D 
BB259 
BB268 

9B27B 
BB28S 
BB29B 
OBIBD 

BBI3iP 
BB32B 

BB33B 
BI349 

BI3SD 
B1BBS 
GiDis 

 B19828 
Bi B3S 
B2908B 

for Y2 = YG to Y!1 step MS 

for X2 = X88 to Xl 

gosub (X2,Y2] 1988 : rem ** Work out equation #* 
gosub (X2,Y2,Z221 209090 : rem *#* Convert SD co-ordinates to 2D equlivants #* 

set A+U, BtvVi/ 2 

next X2 : next Y2 

rem ** Now plot lines along 

for X2 = XB to X1 step Nd 

for Y2 = YS to Yi 

gosub (X2,Y21 1988 : rem #* Work out equation for these values of x2,y2 #* 

gosub (X2,Y2,Z2] 2099 : rem ** Convert SD co-ordinates to 2D equlivants #* 

set A+U, Bt+tV/2 

next Y2 : next X2 

stop 

rem #* This subroutine has the equation to be calculated ** 

var (X2,Y2) 

Z2 = 150/ ( (X2kX2/198B) + (Y2RY2/S5BO) +1) 

return 

rem ** This subroutiene converts SD co-ordinates to perspective drawn 2D 

y axis *## 

plotting positions ** 

B2G1B 

92929 

B293B 
B2949 
B2059 
82969 

rem #* Variable Al is the value of the slope ** 

var (X2,Y2,Z2) 

Ul = X2 - Y2 *# Ci &¢ rem ## Cl is cos(Al) ¥* 

V1 = Z2 + Y2 # S1 3: rem #€ S1 is sin(Al) %* 

U = int(UL) §¢ V = int(Vi1) 

return 

Listing 2a. BASIC program to print 3D surfaces to your printer. 

BI1LGBS 
BOL1S 
BB12G 

BBL3A 
AS1L4O 
OO159 
BS169 

O99B17D 
BO1LIS 

GO20S 

SB21LB 
OB212 
BS215 

REM >>> 3 DIMENSIONAL SURFACE PRINTER FOR MICROBEE <<< 

REM >> by Jon McCormack, 9 Robinson St., EAST BRIGHTON << 

REM 

CLS 

INPUT “How many lines resolution , x-axis ? °3N 

INPUT “How many lines resolution , y-axis ? "3M 

INPUT “What is the domain of x (min,max) ? "53;XO,X1 

INPUT "What is the domain of y (min,max) ? *°3;Y9,Y1 

REM *% Work out values for line positions ** 

N@ = (X1-X@) / FLTCN) MO = (Y¥1-YO) / FLTCM) 

A= S312 : B= 256 : E = 8192 : F =Bs/8B# A: GOSUB 39889 

Cc=A/2: D=8 / 2 | REM €¥¥ position for (9,9,9) x 

Al = 9.52359878 : Si = SIN(AL) =: Cl = COS(AL) © REM *¥# Al is perspective 

angle to horizontal ** 

BGI22B 

BB23D 
BB24S 

BB259 

BH269 

BB279 
AB28S 
BB29B 

BBIIS 
BI31SB 
BB32Z2D 
BOBI3D 
BIS3IDS 
BB345 
BI3SSD 

B1GBB 
G1B1Pg 
B1928 
G193B 

B2SVS 

FOR Y2 = Y@ TO Yi STEP MS 

FOR X2 = X@ TO X1 

GOSUB [(X2,Y2] 1999 : REM ** Work out equation ¥*¥ 

GOSUB (X%2,Y2,221 2980 ;: 

GOSUB [(C+U,D+V1 4999 

NEXT X2 : NEXT Y2 

REM ** Now plot lines along y axis *¥* 

REM *% Convert 3D co-ordinates to 2D equlivants ** 

FOR X2 = XM TO X1 STEP NO 

FOR Y2 = YS TO Y1 

GOSUB (X2,Y2] 198828 : REM *¥* Work out equation for these values of x2,y2 ¥4 

GOSUB (X2,Y2,Z2] 2099 : REM *#*% Convert 3D co-ordinates to 2D equlivants +x 

GOSUB [C+tU,D+V] 4899 ‘ 
NEXT Y2 : NEXT X2 

GOSUB S599a 

STOP 

REM #* This subroutine has the equation to be calculated ** 

VAR (X2,Y2) 

Z2=1°:REMZ2 = 1OO8/( (X2¥X2/189D) + (Y2HY2/359B) +1) 

RETURN 

REM *¥* This subroutine converts SD co-ordinates to perspective drawn 2D 

plotting positions ** 

B2912 

G2020 

P293S 

B204S 

B2959 

G2B4ED 

REM *¥#* Variable Al is the value of the slope ¥*¥ 

VAR (X2,Y2,22) 
Ul = X2 - Y2 # Ci 3: REM ## C1 is cos(Al) 

Vl = Z2 + Y2 %* S1 : REM ## S1 is sin(Al) 

Us INT(UL) =: V = INT(VI) 

RETURN continued... 
   



  

BASIC program to print 3D surfaces to your printer. 
G39GS REM *¥% CLEAR MEMORY VIA MACHINE LANGUAGE SUBROUTINE ** 

93905 PRINT "Clearing memory , please wait.” 

B3G1GB USR(7688,F) 

B3028 DIM W(8) 

B3938 FOR X = 8 TO 7 

@3G94SB READ W(X) : NEXT X 

O3G85S DATA 1,2,4,°8, 16,32, 649, 128 

83869 PRINT "Ready." : RETURN 

G499S REM *¥¥ This subroutine stores a given value into memory ** 

S491o VAR (Q,P) 

94915 CURS 290,8:PRINT “co-ordinates : ";Q53" , "3P5”" . 

G4gi7 IF @<@ OR ASA OR PSO OR POB THEN RETURN 

@4926 Z=P/ 3 

G4630 I = P- Z2* 8 

G494GA G=A* Z+A- Q 

G445S H = PEEK(E+F-G) 

G4gss K = -(H AND W(T)) 

@496S IF K THEN RETURN : REM *¥* If bit set then return *¥ 

949789 H = H + WII) : POKE E+F-G,H 

84989 RETURN 

S59OS REM *¥* This subroutine prints the graph to the printer ¥* 

O95G19 OUTLH!L : REM ¥¥ Set printer output #*# 

@S5929 LPRINT “3D Surface plotter by Jon McCormack." 

959025 POKE 7768,B/8 : USR(7692,A) 

8S93G LPRINT 

G3SG35 LPRINT CHR (27) 5 "@"; 

9S649 RETURN   

PRINT HEAD 

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

          

INPUT DATA 

_ < B7 | MSB 

Gabe B6 

@ ~~ B5 

| a B4 

BK B3 

a << B2 

ao oe Bt 

| Bo |LSB 

Ga DOT IS PRINTED IF BIT IS SET 
NINTH DOT NOT USED IN B.I.G. MODE   

DOT (WIRE) 

Figure 3. Diagram of the print head. Once set into 
the Bit Image Graphics mode (‘ESC’ ‘kK’ is sent to the 
printer to set up this mode), the individual bits in 
each byte of input data control the setting of the dots 

  

although the method of getting into this 
mode and printing dots differs on different 
printers. Bit image graphics are not possible 
on daisy wheel printers. 

The second program shows how to draw 
3D surfaces on your printer. For this pro- 
gram to operate correctly you will need the 
following: 

1. A 32K Microbee. It is not essential to 
have 32K but in order to get full 512 x 256 
resolution, 32K is required. With 16K only 
256 x 256 or 512 x 128 resolution can be 
obtained. 

2. An Admate DP-80 dot matrix printer. 
(This is the printer sold by Applied Tech- 
nology for the Microbee.) However if you 
have another printer don’t go out and sell it 
yet. the DP-80 is identical to almost all the 
XYZ-80 printers (this includes FAX-80, 
BX-80, ALPHA-80, CP-80 etc., etc.) and I 
understand (though I haven’t tested it) even 
the Epson MX-80. Even if you don’t have 
any of these printers the program can be 
modified to accept other printers. 

3. Time. Depending on the complexity of 
the equation the computer may take up to 
half an hour to come up with the goods. It is 
a good idea to have the kettle and a pack of 
cards at the ready. 

Now onto the program — it is in two 
parts. The first is the BASIC listing which 
does most of the maths. The second is in 
machine language and performs the things 
that the Z-80 does best: clearing and mov- 
ing memory. If you can’t be bothered typing 
in all the listings, send $9 to the author for a 
cassette of all the programs listed. (Don’t 
forget to tell me your address!) 

The BASIC part appears similar to the 
first listing for screen graphics — essentially 
the same method is used. However, instead 
of setting graphics dots on the screen the 
dot is set in the Bee’s memory. To see how 
this works it is necessary to understand how 
the printer prints bit image graphics. 

Figure 3 shows a diagram of the print 
head. The head has nine wires which print 
the dots on the paper. Normally, the head 

  

prints a series of seven columns of these 
dots to form a letter or number. The 
sequence of printing these columns of dots 
is controlled by the printer’s internal micro- 
processor. In the bit image mode the user 
(computer) controls the sequence in which 
the dots are set. According to the value sent 
to the printer while in the BIG mode certain 
dots are set. In this mode only eight of the 
nine dots are used. Because of this it is nec- 
essary to change the length of a form feed 
entering the BIG mode. The Admate 
printer has two different graphics modes; 
one with 640 x 8 dots per line (lores) and 
1280 x 8 dots per line (hires). For most 
applications the lores mode is enough. 

Before the 3D ‘picture’ can be printed the 
whole thing is stored in a huge chunk of 
memory (16K for 512 x 256) by a method 
known as bit mapping. Each bit represents.a 
graphics pixel. If the pixel is on then the bit 
is set. Now there are eight bits in one byte 
— the same number as there are wires in the 
print head. Thus, each byte prints one 
eight-dot column and 512 of these make up 
one line. Since each byte in the memory 

BASE ADDRESS 

x2 1 
1 

8 BITS : 

8 

16 

256 

+ 512 BYTES   

  
  

on the printer. 

array used to store the graph before printing 
is contiguous, dumping the memory in 512 
byte blocks will print the 3D surface. If you 
are in the dark about how this all works 
then take a look at Figure 4. 

How the program works 
As mentioned earlier the basic part of the 
program is very similar to the first program. 
Instead of setting the point calculated on 
the video screen it is set in the 512 x 256 bit 
grid of Microbee memory. The subroutine 
at line 4000 does this. The rest of the 
BASIC part of the program can be under- 
stood from the comments and the first list- 
ing. The Machine code listing contains two 
main subroutines that are called by the 
BASIC program. The first, CLEAR, clears 
the block of memory to be used to store the 
surface before printing. The amount of 
memory to be cleared is sent to the BC reg- 
isters via the BASIC ‘USR’ command (line 
3010). The amount needed is calculated 
from the formula m = (x * y)/8. Where x is 
the number of dots available on the x-axis 
and y is the dots on the y-axis. > 

512 

32 BYTES 
256 BITS) 

LAST   
TOP OF MAP 

— 

Figure 4. This diagram shows how Microbee memory is used as a bit map. Each bit represents one graph- 
ics pixel. In the diagram the size shown is 512 x 256, however, this can be changed (see text). 
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The second machine code subroutine 
dumps the finished memory contents to the 
printer. The subroutine requires two values. 
The first, the number of columns, is sent to 
the BC registers via the USR command. 
The second, the number of 8-bit rows, is 
POKEd into a memory location called 
ROWS (at 1E58 hex). Once given these 
values the routine will print out the graph. 

The plus signs (‘+’) seen on the output 
are for alignment — they show the edge of 
the field. The other subroutines in the 
machine code listing are internal and are 
called by DUMP. To enter in the program, 
first type in the assembly listing (either by 
EDASM or the MONITOR), then the 
BASIC listing. It is unwise to use DATA 
statements to poke in the machine code part 
under BASIC as this uses too much 
memory. 

How to change the 
parameters 
There are several variables that can be 
changed to suit your particular amount of 
memory. Line 210 in the BASIC listing con- 
tains the important variables: A is the 2D 
x-axis length — in this case it’s 512 (same as 
the Bee’s graphics); B is the y-axis length. E 
is the BASE address for the start of storage 
memory. It is set at 1E00 hex (8192). How- 
ever, if you have a 16K Microbee you may 
have to lower this value, but check that it 
does not overlap with the BASIC program 
and its storage required for variables. Also, 
if you change the value of E then make sure 
you also change the value of BASE in the 
machine code listing to the same value. The 
value of F is the total amount of memory 
required. 

Changing the value of A and B at line 210 
is accounted for in the rest of the program. 
Make sure that B is a multiple of 8 (eg. 64, 
128, 256 etc.). 

Well, that’s about it. Try changing the 
values — many different results can be 
obtained. Note that, for complex equations 
some time is required for the computer to 
work out all the different values (sometimes 
up to 30-40 minutes!!) so when testing equa- 
tions either do so on the screen version or 
enter a small domain and low number of 
lines resolution to get a vague idea what the 
graph looks like. Figure 5 shows various 
examples of the results obtained. 

Extensions 
To get a really high number of dots resolu- 
tion requires huge amounts of memory (for 
example 1024 x 1024 requires 128K!!!). You 
can still get this resolution even with a 16K 
Microbee by printing the surface in parts. 

Delete lines 5020, 5030 and 5035. Now, 
suppose you want 512 x 512 but you only 
have enough memory to print 512 x 256. All 
you have to do is run the program as nor- 
mal, assuming 512 x 512 resolution, only 
change line 4017 in the BASIC listing to 
reject values in the bottom 512 x 256 part of 
the bit map. Now the top part of the graph 
will be printed. Again, changing line 4017 to 
reject the values in the upper 512 x 256 
block will then append the bottom part to 
the top. > 
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Listing 2b. Machine code listing. 
The subroutines are called by the BASIC program, Listing 2a. Listing 2b should be 
assembled first, then Listing 2a typed in. 

ADDR CODE LINE LABEL MNEM OPERAND 

BBiss 3; 3 DIMENSIONAL SURFACE PLOTTER BY JON McCORMACK . 

B@O1189 3; ¥Y Robinson St., EAST BRIGHTON, 3187. 

OGBL2B 3 

BSB13SB 3; MACHINE LANGUAGE SUBROUTINES (CALLED FROM BASIC). 

OB14P 5; 

O99iS8 ; SET UP VALUES FOR ASSEMBLER : 

BB1i6S 3 

2228 889178 BASE EQU 28288H 3BASE ADDRESS FOR STORAGE 

S918 98189 ESC EQU 2? 

89435 9B19S9 PRINT EQU 894SH sBASIC ROM ROUTIENE 

OI200 ; . 
BB21S9 ; 

GB220 ; 

BB23B 3 

BI24S ; 

BGB2568B ; CLEAR: SUBROUTINE 

88268 ; This subroutine clears memory from address BASE to value 

9B278 3; in the BC registers. 

GI28H ; To use : CALL CLEAR 

BB29B ; 

1E9S BB3IP ORG 1ESSH 

1EQ@S 219929 BI3iF CLEAR LD HL, BASE 

1EB3 3698 BB32B NEXT i) (HL), §ZERO BITE IN MEMORY 

1E@S 23 BB33B INC HL sMOVE TO NEXT POSITION 

1E96 OB BB3335 DEC BC 

1EQ97 78 BB348 LD A,B 

1E98 Bi BI33SB OR Cc 

1EQ99 2OF8 BB36B JR NZ, NEXT s;CLEAR UNTIL FINISHED 

1E9B C9 BB37S RET SEND CLEAR. 

BB3ES ; 

BO6BS ; 

OBBE1SD ; DUMP SUBROUTINE 

99628 ; This subroutine dumps memory to the printer. No. of rows 

@@630 ; is specified by memory location ROWS and collunms by BC. 

BBE49D ; Usage : CALL DUMP 

BB65O0 ; 

1E9C SELB 88668 DUMP LD A, ESC sSET UP 

1E@E CD458¢ BB67B CALL PRINT s;PRINTER FOR 

1E11 SES! B9689 LD A, 49 3BIT IMAGE GRAPHICS 

1E13 CD45eg GI69D CALL PRINT 

1E16 CS BB7 BS PUSH BC 

1E17 CD4A1E BB7198 CALL CALC 

1E1A 21S581E BB72B LD HL, ROWS 

1E1D 46 BB73B LD B, (HL) 3;PUT NO. OF ROWS IN B 

1E1E 219929 BB74S LD HL, BASE 

1E21 CDS39ILE GB75B LOOP CALL SETUP 

1E24 Di BB7 4B POP DE 3NO. OF CHARS TO PRINT 

1E25 DS GB7?7S PUSH DE 3SAVE FOR NEXT TIME ROUND 

1E26 7E 983788 OLOOP LD A, s;PRINT BITE 

1E27 cCD458sad GB79S CALL PRINT 

1E2A 23 SBIBLB INC HL 
  

Figure 5. The 15 plots here and four over the page show the ‘surfaces’ produced by a vari- 
ety of equations, illustrating the capabilities of the program. 
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Plot of the equation in the listing. 
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1E2B BIBlPg DEC DE . 
1E2C 7B BIS29 LD A,E 

1E2D B2 BIB83ID OR D 

1E2E 28F6 9S849 JR NZ, OLCOP 3IF LINE NOT FINISHED CONTIN 
UE 
1E39 3E2B BS845 LD A,’+’ 

1E32 CD4580 98847 CALL PRINT 

1ES35 19EA BB858 DINZ LOOP SPRINT NEXT LINE UNTIL DONE 
1E37 Di SB86S POP DE s;CORRECT STACK 
1E38 C9 GB879 RET 3END DUMP 

BSBSe ; 
BIBIS ; SETUP SUBROUTINE 

@6999 ; Sets up printer for Bit Image Graphics. Called by DUMP. 

BOI1D ; 
1E39 ES OBIS SETUP PUSH HL s;SAVE HL AND BC 
{ESA CS BBI17 PUSH BC 
1E3B 9697 BBP2S LD B,7 

1E3D 21511E BIP3O LD HL, SETTBL 
1E49 7E 93949 NEXTCH LD A, (HL) 3SET UP PRINTER 

1E941 CD458¢ BBISD CALL PRINT 3;FOR B.I.G. MODE 
1E44 23 BBIED INC HL 
1E45 19F9 BOI7D DINZ NEXTCH 
1E497 Ci BBI74 POP BC 

1E48 £1 BBI7G POP HL 
1E49 C9 BOISD RET s;END SETUP 

BBIPD 5 
PiBSO ; CALC SUBROUTINE 

@i1Gis ; This subroutine works out values for No. of Bit image 

@1928 ; charactors to send to the printer. Called By DUMP. 

B1B3IB ; 
1EGA 213561E @1848 CALC LD HL, VALUES 

1E4D 71 Bi BSB LD (HL) ,C s;STORE VALUES 

1E4E 23 B1BSS INC HL 
1E4F 79 G183S7 LD (HL) ,B 

1E50 c9 B1B6S RET sEND CALC 

S187 ; 
G1G89 3; Printer output table for ADMATE DP-82 Printer. 

BGi1gBee 3; 
1E351 SAD Gi1ss SETTBL DEFW SDSAH 3CAR.RET. / LINE FEED 

1ES3 2B Olt119 DEFB 7+’ 
1E54 1B B1128 DEFB ESC 
1ESS 48 G1138 DEFB "K’ ;SET UP BIT IMAGE MODE 

1E36 BO9D B1149 VALUES DEFW GISBH 

B1158 3 
G1168 3; TEMP MEMORY LOCATION USED BY DUMP 

BL17B ; 
1ES8 iF @1198 ROWS DEFB 1FH 

Bi2GS ; 

M1219 § 
OSi1F 81229 END sEND SUBROUTINES. 

@99G0 Total errors 

VALUES ILES6 NEXTCH 12649 SETTBL 1E31 OLOOP 1E26 
SETUP 1E39 LOOP 1E21 ROWS 1E58 CALC 1E4GA 
DUMP 1E9C NEXT 1E93 CLEAR LESBO PRINT 8845 

ESC OS1B BASE 2689 

O1928 Z2 =SAR(-X2¥X2 -Y2RY2 + SOOH) 
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Dots in the centre area were so far apart 

| joined them by pen. | 
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3D Microbee 

    

      
B1S2B Z2 = (SIN(XK2/198B) ¥COS(Y2/37) 

+ COS (X2/6S) ¥SIN(Y2/76) ) #69 

  

    
Bi1G2B Z2 = SIN(X2/28) ¥XZ2KY2Z/168 

  

  
O192GB Z2 = (SIN(X2/88)#COS(Y2/97) 

+ COS (X2/4D) ¥SIN(Y2/76) ) ¥68 

   

    

  

        

  

BSA SET AAS =. a A eee 

SS ES 
ee ee OEE Oe           

Figure 6. Full 512 x 512 dot resolution. This 
was obtained by printing 512 x 256 ‘chunks’ 
of the complete surface (see text). 

This process is illustrated in Figure 6. 
There is no reason why you can’t break up a 
large resolution into more than two blocks, 
except that it will take a lot of time to pro- 
duce very high resolution surfaces. How- 
ever, this time is well worth the effort as can 
be seen from some of the results shown. 
  

A tape listing of the programs here can 
be obtained for $9.00 from the author at: 
9 Robinson St, East Brighton, Vic. 3187.     
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SHOPAROUND 
  

This page is to assist readers in the continual search for components, kits, printed circuit 
| boards and other parts for ET! projects and circuits. 

ETI-649 light pen 
This straightforward project should present 
few problems to constructors. Most parts 
are commonly available, though you might 
have to shop around for the phototransis- 
tor. The FPT100 should be stocked by Dick 
Smith stores, Altronics (Perth), Jaycar (Syd- 
ney), Rod Irving Electronics (Melbourne), 
Ellistronics (Melbourne) and Sheridan Elec- 
tronics (Sydney). Promark Electronics in 
Sydney and Melbourne should be able to 
supply the BPX25 or a suitable equivalent. 

The case shown in the project was 
obtained from Jaycar but is also available 
through Altronics. 

Kits are stocked by Altronics in Perth, 
Jaycar in Sydney and Rod Irving Electronics 
in Melbourne. : 

ETI-671 Parallel printer 
interface 
All the parts are widely obtainable so con- 
structors should experience no difficulty. 
Kits should be available from Altronics in 
Perth, Jaycar in Sydney, Rod Irving Elec- 
tronics and Magraths in Melbourne. 

The 40-column Multitech printer shown 
in the article is obtainable from Emona 
Enterprises in Sydney, Suite 204/661 George 
St, Sydney 2000 NSW. (02)212-4815. 

ETI-672 TTY interface 
The cheap way to get hard copy is to attach 
an old teletype. This project is available in 
kit form from the suppliers listed above. 
Components are widely available. 

ETI-673 MultiPROM board 
This project, from Avtek, is distributed by 
Jaycar in Sydney. The pce board copyright 
has been retained by the designer and art- 
work is not available. 

ETI-674 joystick interface 
Kits for this project are produced by Altron- 
ics in Perth, and Rod Irving Electronics in 
Melbourne. Try Magraths in Melbourne, 
also. 

ETI-675 Serial/parallel 
interface 
The GI AY-3-1015D UART is distributed 
by Daneva in Melbourne. Kits should be 
obtainable from Altronics in Perth and Rod 
Irving Electronics in Melbourne. 

ETI-676 RS232er 
For kits of this project, try Magraths and 
Rod Irving Electronics in Melbourne. In 
Sydney, try Jaycar for the bits. The Intersil 
ICL7660 chip is imported and distributed by 
R&D Electronics in Melbourne; All Elec- 
tronic Components in Melbourne and Geoff 
Wood Electronics in Sydney are their retail 
distributors.   

ETI-678 ROM reader 
Parts for this should be readily available. 
Kits can be obtained from Altronics in 
Perth, Jaycar in Sydney and Rod Irving Elec- 
tronics in Melbourne. Try All Electronic 
Components, too. 

ETI-733 RTTY decoder 
A well-supported project! A you-beaut kit 
for this, housed in an all-plastic jiffy box 
with silk-screened front panel is produced 
by Altronics in Perth. Other kit suppliers 
include Rod Irving Electronics in Mel- 
bourne, and Jaycar in Sydney. You might 
also try Magraths and All Electronic Com- 
ponents in Melbourne. 

ETI-736 FAX decoder 
Be your own weather forecaster? Kit suppli- 
ers for this are the same as listed above. 

Artwork 
Artwork for the pc boards and/or front 
panels for these projects is available from 
the publishers. When ordering, ensure you 
quote the project number(s) and name(s) 
and state whether you want positive or 
negative film transparencies, according to 
what your process requires. Prices (post 
paid) are as follows: 
ETI-649 ......sccssesssseeceessessesscsseeses $2.00 
ETI-671 .....cscsscesssscessescessessseseeees $1.00 
ETI-672 ....ccssessessescescessessesssesceees $1.00 
ETI-674 .....cscssscssssessceceeccessessenees $2.70 
ETI-675 .....cscsscesssscsccessescessesssenes $4.00 
ETI-676 .....sssescesssseescesessesecseeees $2.00 
ETI-678 .....sccssesesseescsssessessseseeees $1.60 
ETI-733 .....sscsscssesscsscecsessesscesseees $3.60 
ETI-736 ......csscesesscsccesseesessessseees $1.50 
Orders should be sent to: 

ETI Artwork Sales 

PO Box 227 
Waterloo NSW 2017 

Make your cheque or money order payable 
to “ETI Artwork Sales’’. 

Printed Circuit boards 
Ready-made pc boards can be obtained 
from the following suppliers; apart from the 
kit suppliers mentioned. 

Jemal Products 
PO Box 168 
Victoria Park WA 6100 

Jaetronics 
58 Appian Drive 
St Albans Vic 3021 

Acetronics 

112 Robertson Rd 

Bass Hill NSW 2197 

RCS Radio 

651 Forest Rd 
Bexley NSW 2207 

Mini Tech 
PO Box 9194 . 

Auckland N.Z. a 

. ‘ 
a .



  

128 
136 
138 
149 
141 
160 
162 
164 
166 
168 
171 
174 
178 
189 
182 
184 
186 
188 
190 
192 
194 
196 
198 
280 
282 
204 
286 
298 
210 

211 
212 
213 
214 
215 
216 
217 
218 
219 

OBYOO 
QO8O 
0888 
OY8A 
QO8BC 
OB88D 
OBAD 
OOA2 
OOA4 
OGA6 
OGA8 
O@AB 

OOAE 
OOB2 
OOB4 
O00 Bo 
OOB8 
OOBA 
OOBC 
QOBE 
OOCO 
OOC2 
OOC4 
OBCo 
O8C8 
QOCA 
GOBCC 

OSCE 
OBDS 
OOD2 

QOD3 
OOD4 
QOD5 
OOD6 
QOOD7 
OOD8 
OBD9I 
OODA 
OMDB 

Machine Language 

Locations 
The following listings are reprinted, with the kind 
permission of Applied Technology, from the ‘Microbee 
Technical Manual’. We hope they’ll save you many of the 
tedious parts of programming and let you get on with 
something really creative. 

HIRES/Cassette scratch; buffer for IN/OUT# 
Interrupt vectors 

PIO Interrupt vectors 

Network interrupt vector LSBtl 

Break key: O=enable, l=disable 
@ to enable EDIT/SAVE/LIST; Non zero to disable 
Top of RAM pointer LSBtl 
Warm start jump address LSBtl 
Initial check byte LSB+1l: 55A for warm start 
Machine Language EXEC address 
Jump vector for MEM/PAK 
Jump vector for NET 
Jump vector for EDASM 
VDU Output vector LSBtl 

Parallel port output vector LSBt1l 
308 baud Cassette output vector LSBtl 
1280 baud Cassette output vector LSBtl 
308 baud RS232 output vector LSBtl 
1280 baud RS232 output vector LSBtl 
Reserved output vector LSB+l 

Reserved output vector LSBtl 

Keyboard input vector LSBtl 
Parallel port input vector LSBtl 
308 Cassette input vector LSBtl 
1200 baud Cassette input vector LSBtl 
300 baud RS232 input vector LSBtl 
12@0 baud RS232 input vector LSBtl 

Reserved input vector LSBtl 
Reserved input vector LSBtl 
6545 R@ Total # of Horiz chars -l per line; 

Determines horizontal sync frequency 
6545 Rl Total # of displayed chars per line 
6545 R2 Pos of horiz sync pulse ona line 
6545 R3 Vert and horiz sync widths (2 nibbles) 
6545 R4 Vert total rows per screen -1 
6545 R5 Vert total line adjust 
6545 R6 Total # Of vert displayed rows 
6545 R7 Vert sync position 
6545 R8 Mode control register 
6545 RO # Of scan lines per character > 
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220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
256 
256 

257 
258 
259 
262 
263 
264 
265 
266 
267 
269 
270 
273 
274 
278 
(279 
280 
282 
297 
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O@BDC 
@BDD 
OODE 
OODF 
OBED 
OOE1 
OOE2 
OOE3 
OBE4 
OBES 
OBEO 
OOE7 
OOE8 
OOEY 
OOEA 
QOSEB 
0180 
0100 

Q101 
9182 
0193 
0186 
01907 
0188 
0109 
O1OA 
G1OB 
18D 
O1G0E 
O1l11 
O112 
9116 
Q117 
9118 
O1l1lA 
9129 

  

6545 R1@ Cursor start line and blink mode 
6545 Rll Cursor end line 
6545 R12 Display start address (high) 
6545 R13 Display start address (low) 
6545 R14 Cursor position (high) 
6545 R15 Cursor position (low) 
Output device byte 
List output device byte 
Input device byte — 
Video mode byte 
Output speed byte 
PCG characters used 
PLOT type (H=48, I=49, R=52) 
Tape baud: 1=1200 4=300 
RS232 baud: 1=1200 98=3900 
PLOT/Tape buffer (till 0100): 
Start of CP/M Transient Program area (till BFFF) 
PLOT/Tape buffer (from Q@QEB): 
PLOT: QOEB - YOF8 Scratch area 

OOFO9 - OOGFA end X 

OOFB - OBOFC end Y 

OOGFD - OOFE start X 

OOFF - 8192 start Y 

Tape: OJEB - BOFO Name of file to load 
OOF1 - OMFS Name of file loaded 

OO¥7 File type 
OOF8 - OOFI 
OOFA - JOFB 
QOFC - OBFD 

Length of file 
Start address 

Auto-start address 

JOFE Speed (FF=1200,00=380 bd) 
OOFF Auto-start flag 
100 (spare) 

Shift Lock @=Lower case, 1l=Upper case 
Keyboard auto-repeat delay, 255=off, 52=on 

Delay for keyboard debounce LSBtl 
ASCII value of last key pressed 
(as above but used by KEYS) 
External keyboard buffer 
Handshake byte for par port out; zero if usable 
Number of bytes in Cassette redirect buffer 

CURS position buffer LSBtl 
NZ if last VDU out char was esc 
Save text pointer in graphics 

List buffer size: Initialised as B8 by NEW 
Save BASIC text pointer 

Scratch for RENUM 
Scratch for RENUM 
Save start of REAL number 
Random number seed (till @129) 
Random number seed (till 911A)



DEC 

298 
318 
319 
320 
322 
324 
325 
512 
512 
561 
603 
605 
768 
784 
932 
1923 
10624 
1279 
1280 
128d 
1299 
1363 
1369 
1335 
1392 
1395 
1712 
1764 
1766 
1768 
1779 
1772 
1774 
1776 
1778 
1832 
2916 
2048 
224 
2243 
2245 
2247 
225 
2254 
2256 
2258 
226 
2262 
2264 
2268 
2272 
2273 
2274 
2275 

Q12A 
O13E 
Q13F 
014 
0142 
0144 
0145 
G200 
0200 
231 
O25B 
Q@25D 
G30 
0314 
O3A4 
O3FF 

J400 
O4FF 
O50 
W509 
9513 
O517 

YJ51LD 
0537 
0572 
0573 
JoBg 
VoE4 
Qok4 
VOES8 
QoEA 
YWOEC 
YORE 
VOoFL 
JOF3 
0728 
Q7EG 
YVEOP 
08CO 
08C3 
O08C5 
O8C7 
O8CA 
O8CE 
W8Dd 
O8D2 
O8D4 
OWEDO 
®8D8 
W8DC 
OV8EO 
O38El1 
Q8E2 
O8E3 

DESCRIPTION 

LOAD type: @=LOAD or SAVE, 1=LOAD?, 2=LOADU 
Save text pointer 
CONTinue address LSBtl 
Address of current line LSB+tl 
Line number if ON ERROR active LSB+tl 
Which error message -—- ERRORC 

ERRORL LSBtl 
HIRES/PCG scratch (till O3FF) 
Length of Source file 
Pointer to end of Source file 
Monitor Scratch pad 6 
Monitor Scratch pad 7 
Cassette buffer 
EDASM Monitor Tape Head buffer 
Top of Monitor stack 
HIRES/PCG scatch (from 0290) 
FOR...NEXT stack for BASIC (till @4FF) 
FOR...NEXT stack for BASIC (from @400) 
Start of 208 2 byte pointers for Real variables 
Word-bee file initialised flag 
Word-bee top of memory pointer LSBtl 
Word-bee start of file pointer LSBtl 
Word-bee end of file pointer LSBtl 
Word-bee Monitor Tape Header buffer 
Location of cursor in Monitor mode LSBtl 
Address of Monitor initial entry e.g. E or A command 
Start of 26 2 byte pointers for Interger variables 
Address of line containing FN®O LSBtl 
Address of line containing FN1l LSBtl 

Address of line containing FN2 LSBtl 

Address of line containing FN3 LSBtl 

Address of line containing FN4 LSBtl 
Address of line containing FN5 LSBtl 
Address of line containing FN6 LSBtl 
Address of line containing FN7 LSBtl 
208 char Input/Program line buffer (till @7EQO) 
208 char Input/Program line buffer (from 0728) 
192 character list output buffer 
No. of sig. digits (must be < 62) - Start prog info 
Input edit buffer pointer 
Input buffer pointer LSBtl 
Line size 

Current line 

Top of string pointer LSBtl 
Program Begin pointer LSBtl 
Program End pointer LSBtl (for recovery) 
Top of for...Next stack LSBtl 
Output pointer 

Next available location for storing variable LSBtl 

String pointer: top of free memory 
PRMT charater 

Systerm prompt character ">" 
Line size 
Zone width > 
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Machine Language Locations 

DEC 

2276 
2281 
2284 
2286 
2287 
2293 
2295 
2299 
2360 
2381 
2303 
2304 

2305 
8191 

16128 

16383 
32512 
32767 
32768 
32771 
32774 
32777 
32780 
32783 
32786 
32789 
32792 
32795 
32798 
32861 
32804 
32807 
32810 
32813 
32816 
32819 
32822 
32825 
32828 
32831 
32834 
32837 
32804 
32843 
32846 
32849 
32852 
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HEX 

O8E4 
O8E9 
Q8EC 
O8EE 
O8EF 
O8F5 
O8F7 
O8FB 
QO8FC 
O8FD 
O8FF 
GIBO 

QG9B1 
1FFF 
3 FOO 

3FFF 
7FOO 
7FFEF 
8800 
8863 
8886 
8009 
B8BBC 
80OF 
8812 
8815 
8818 
881B 
881E 
8621 
8824 
6627 
802A 
882D 
8830 
8833 
8836 
8039 
883C 
803F 
8842 
8845 
8848 
884B 
8O4E 
8051 
8654 

DESCRIPTION 

Variable key 
Data pointer LSBtl 
Lower limit of string area LSBtl 

AUTO increment 

AUTO current line number LSBtl 
POS LSBtl 
Default line for EDIT LSBtl 

No of GOSUBs active 
Q=LPRINT, 1=PRINT, bit 7 set for TRACE 
CONT line number LSB+tl 
(unused) 
Start of BASIC program 
Start of Word-bee file (must be @ZD hex) 
First character in Word-bee file 
End of RAM in 8k machine 

Stack/top of strings for 16k 
End of RAM in 16k machine 

Stack/top of strings for 32k 
End of RAM in 32k machine 
Start of BASIC 

BASIC warm start 

Wait for Keyboard input - A register 
Scan Keyboard 
Display character in B register 
(unused) 
Get byte from cassette 
Get B bytes from cassette 
Cassette byte out A 

B bytes out to cassette from (HL) 
Auto-execute address for saving BASIC program 

Warm start for restoring Reset jump 
HIRES initialisation 

LORES initialisation 

INVERSE initialisation 
UNDERLINE initialisation 

SET dot: X = HL, Y = DE 

RESET dot returns Z if OK 
INVERT dot 

Test for dot - NZ if set/error 
PLOT a line 

Redirected input A 

Redirected output A 

Redirected print output A 
Jump to BASIC with CLEAR 
Jump to BASIC command level 

Jump to BASIC after NET or MEM 

Check buffer 

Insert new line



  

DEC HEX DESCRIPTION 

32855 8057 Line into list buffer 
32858 8O5A Option not fitted error 
32861 805D Syntax error 
32968 888C Print "?" 
32912 8098 Print a space 
32914 8892 Display a char in A register on printer or VDU 
33349 8245 Skip blanks 
33751 83D7 Jump vector for RUN 
33852 843C Prompt byte - 3E hex for ">" 
339988 8474 Take token in A reg. and return Jump vector in HL 
33934 848E Clear variables 
34952 8504 Check keys pressed with <RESET> 
34071 8517 Monitor to BASIC warm start 
349074 851A Return to BASIC without corrupting E2 or E4 
34091 852B Clear first 980 hex bytes 
34194 8538 Initialise keyboard code 
34199 853D Initialise vectors 
34151 8567 Find top of memory 
34183 8587 Jump vector for NEW 
34215 85A7 Load 16 bytes addressed by HL into ©6545 registers 
34230 85B6 Jump vector for LLIST 
34238 85BE Jump vector for LIST 
36968 9034 Jump vector for LET 
36938 994A Jump vector for LPRINT 
36946 9052 Jump vector for PRINT 
30985 9479 Jump vector for IF 
38044 949C Jump vector for GOTO 
38381 95ED Jump vector for FOR 
38590 9OBE Jump vector for NEXT 
38814 979E Jump vector for INPUT 
38950 9826 Jump vector for DATA 
390815 9867 Jump vector for READ 
39890 98B2 Jump vector for DIM 
39289 9979 Jump vector for END 
39295 997F Jump vector for STOP 
39340 99AC Print text pointed to by HL register 
39368 99C8 Jump vector for AND, CHR, ELSE, KEY, NOT, OFF 

OR, SPC, STEP, STR, TAB, THEN and TO 

39371 99CB Jump vector for POKE 
39398 99ES Jump vector for OUT 
39512 9A58 Jump vector for ZONE 
39530 9AOA Jump vector for SD 
39558 9ATE Jump vector for RESTORE 
39582 SAIE Jump vector for PRMT 
39596 Q9AAC Jump vector for CLEAR 

39627 SABC Jump vector for IN 
39662 9AEE Jump vector for INT 
39674 SAFA Jump vector for PEEK 
39683 9BD3 Jump vector for USR 
39720 9B28 Jump vector for LEN 
39753 9B49 Jump vector for ABS 
39773 9B5D Jump vector for RND 
39828 9B94 Jump vector for FLT 
39861 Q9BBDS Jump vector for FRE > 
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39991 
49034 
49185 
49126 
40174 
49200 
49380 
40360 
40387 
49562 
40678 
40659 
40797 
49939 
41895 
41265 
41322 
41366 
41381 
41399 
41429 
41667 
41879 
41941 
41961 
41971 
42238 
42244 
42250 
42434 
42523 
42541 
42523 
42724 
42772 
42847 
42877 
42894 
42925 
42936 
42944 
42952 
43983 
43852 
43057 
43139 
43135 
43212 
43234 
43260 
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9BDD 
9Cc62 
9CA9 
9CBE 
9CEE 

9D88 
9D6C 
9DAS 
9DC3 
9E72 
9EE6 
9ED3 
9E5D 

O9FEB 
AQ87 
Al31 
A1l6OA 

A196 
ALAS 
AlB7 
ALDS 
A2C3 
A38E 
A3D5 
A3E9 
A3F3 
A4FE 
A504 
A5QA 
A5C2 
A61B 
A62D 
A62F 
A6GE4 
A714 
A75F 
A77D 
A78E 
A7AD 

A7B8 
A7CO 
A7C8 
A7FB 
A82C 
A831 
A87A 
A87F 
A8CC 
A8E2 
A8FC 

Jump 

Jump 

Jump 

Jump 

Jump 

Jump 

Jump 

Jump 

Jump 
Jump 

Jump 

Jump 

Jump 

Jump 

Jump 
Jump 

Jump 

Jump 

Jump 

Jump 

Jump 

Jump 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

vector 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

for 

  
SQR 
GOSUB 
RETURN 

VAR 
FRACT 
SGN 
SEARCH 
STRS 
VAL 
SIN 
ATAN 
COS 
LOG 
EXP 
ON 
TRACE 
CONT 
POS 
ASC 
FN 
REM 
EDIT 

Print text pointed to by HL register 
Parrallel port input vector 
Keyboard input vector 

for key repeat 14 times 
shift key 
control key 

for particular key pressed 
input of text 
vector for CLS 
address to print a space 

VDU out - A register 

Test 

Test 

Test 

Test 

Line 

Jump 

Call 

Shift screen 
Jump vector for PLAY 
Generate one of 255 poss tones 
Jump vector for SPEED 
Set cursor position 

off cursor Turn 

Jump 

Jump 

Jump 

Jump 

vector 

vector 

vector 

vector 

for 

for 

for 

for 

NORMAL 
PCG 
UNDERLINE 
INVERSE 

308 baud RS232 input vector 
1206 baud RS232 input vector 
3800 baud RS232 output vector 
1200 baud RS232 output vector 
Get program name 

Compare program names 
Display **' during LOAD



  

DEC HEX DESCRIPTION 

43284 A914 Jump vector for SAVE 
43382 A976 Jump vector for LOAD 
43497 AY8F Get desired program 

43639 AA77 Jump vector for EXEC 
43682 AAA2 Beep 
43723 AACD Read 16 nulls + ‘1' from tape header 
43768 AAF8 Long delay routine 
43781 ABS5 Write 63 nulls + ‘1' - tape header info 
43841 AB41 2468 hertz out 
43875 AB63 1208 hertz out 
43980 ABCC 30@ baud Cassette output vector 
43987 ABD3 1206 baud Cassette output vector 
44108 AC44 30@ baud Cassette input vector 
44104 AC48 1200 baud Cassette input vector 
442064 ACAC Reserved input vector 
44215 ACB7 Jump vector for CURS 
44255 ACDF Jump vector for AUTO 
44379 AC5B Jump vector for HIRES 
44385 AD61 Jump vector for SET 
44491 AD71 Jump vector for RESET 
44499 AD79 Jump vector for INVERT 
44417 AD81 Jump vector for POINT 
44550 AE@6 Jump vector for USED 
44952 AF98 Jump vector for LORES 
45152 BO6O Jump vector for PLOT 
45595 B21B Jump vector for RENUM 

46256 B4 BO Jump vector for DELETE 
46355 B513 Jump vector for GX 
46584 B5F8 Parallel port output vector 
46689 B6ll1 Jump vector for EDASM 
46617 B61C Jump vector for MEM/NET 
46647 B637 Jump vector for ERROR 
47196 B85C Power-up message: "Applied Technology" etc 
47821 BACD Start of initial set of values for 6545 registers; 

above values are copied to D2 to El 
47844 BAE4 Sound frequency data 
48628 BDF4 Reset/Control sequences 
48646 BES6 Jump to Monitor (if fitted) 
48651 BE11 Self-test on BASIC 5.19 
49151 BFFF End of BASIC or CP/M Transient Program area 
49152 COBO EDASM/Word-Bee if fitted 
49155 COO 3 EDASM Monitor entry point 
54129 D371 Word-Bee version 1.@ tape copy routine 
54477 D4CD word-Bee version 1.2 tape copy routine 
57205 DF75 EDASM tape copy routine 
57344 EOSD NETwork/Boot ROM if fitted 
61439 EFFF End of NETwork/Boot ROM 
61449 FOOD Start of screen RAM and Character gen Data 
62463 F3FF End of screen memory (64 x 16) 
62464 F492 Start of 17th line (64 x 16) 
62527 F43F End of 17th line (64 x16) 
63487 F/VFF End of screen RAM and Character gen Data 
63488 F800 Start of PCG or Colour RAM 
65535 FFFF End of PCG or Colour RAM a 
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BFFD5 

BFF5 
BFF5 
B00 
B000 
0000 
0000 
0080 
0080 
0980 
0088 
BO8A 
GB8C 
O98D 
O08E 
6099 
OO9A 
0098 
BB9C 
699D 
BO9E 
O09F 

OOAP 
NY 
OBA2 
OBA4 
ADAG 
QOA8 
OOAB 
QOAE 
OOB1l 
QOB2 
GOB2 
OOB2 
BBC2 
GBD2 
GBD2 
098D2 
9@D4 
QBDI 
QBDC 

  
e © em ame cm om oo we wo ow of om © om ee oe om em ee ee ee oe ew ieee ce ce ew aw ow ee ew a © a = aD 

. BASIC SCRATCH AREA 

: org sertch 
>; 1@@H boundary .. 
shash table equ ‘ 

7 defs 128 
:;Need {CTC} vectors to 18H boundary .. 
smove here equ ° *NZ scratch start 
:ctcvl defs 4*2 
:piovl defs 2 
:plov2 defs 2 
sbreak disab defs 1 ;disables break key if nz here 
:save disab defs 1 ;disables SAVE etc if NZ 

7 defs '20'-(6*2)-2-7 ;reserved 
:col flag defs 1 ;=255 if colour BEE, else @ 
:col_ mrsl defs l ;color mode byte result 
scol rslt defs 1 ;normal byte result 
:col fore defs 1 ;foreground color 
:col_ back defs 1 ;background color 
:col mode defs 1 color mode 
:ucl flag defs 1 ;control UC mode of LIST 

*> nz=list in lower 

:Stack defs 2 ;top of memory = Stack 
:rst_ jump defs 2 ;warm-Start jump address 
:chk byte defs 2 ;55AA if initialized 
:Save exec defs 2 ;machine language exec address 
:jJp_mem defs 3 ;modifiable jump vectors for keywords 
:ip net defs 3 
:jp edasm defs 3 
co defs 1 >reserved 

2:3; this is the input and output vector tables .. 
sout tab defs 2*8 
sin tab defs 2*8 

2; this is the crtc table, copied to ram for esc a,S,w,zZ 
scrtc tab defs 2 
scrtc hor defs 5 
scrtc ver defs 3 
:crtc curs defs 6 ;cursor control byte 
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For all you Assembly Language programmers, these BASIC 
scratch area locations should make life a little easier. 
Thanks again to Applied Technology, we've been able to 
reprint them from the ‘Microbee Technical Manual’. 

OBE2 

  

a 

OBE2 :out dev defs 1 ;selects output from above table 
GBE3 :outl dev defs 1 ;select lprint output 

from out tab 
QBE4 :in_dev defs 1 ;selects input from in tab 
OBE5 a ~ 
OQE5 :vdmode defs 1 ;video mode control byte 
OOEO6 :Sspeed defs 1 ;vdu delay period 

OBE7 :Chars used defs 1 ;my addition for USED, etc. 
OBE8 :plot type defs 1 ;has "R","I" or space 
OBES :lo cycle defs 1 ;controls tape routine speed 
QOEA :RS_baud defs l ;controls RS232 speed 
OG8EB :; this is a shared scratch graphics plot / tape routines 

®SEB :gr pseudo equ . 
OGEB :required defs 6 ;the load name to match 
OOF1 :sheader defs 6 ;dgos type header block 
OOEF7 :fltype defs 1 ;file type character 
OOF8 :flleng defs 2 ;length of file 
OOFA :flstrt defs 2 ;normal starting address 
BOFC :flauto defs 2 ;]p to this address if flexec nz 
OOFE :flspeed defs 1 ;0 -> 300bd, nz -> 1288 bd 
OOFF s:flexec defs 1 ;is nz if this is auto execute 

G18 :flprotect defs 1 
8101 7; 
6161 :; From here on the scratchpad may change between versions 
G11 :alpha rev defs 1 snon z -> alpha reversed 
9182 :key down defs 1 ; this key-code is down 
81863 :rept count defs 2 ;controls speed of repeat key 
8105 :rept flip defs 1 ;defines if retrace or not 

— at last look 
81986 slast ascii defs 1 ;keeps last char send 

~ by scn in for repeat 
0187 :keep char defs 1 ;keeps an ASCII code 

i for inkey$'s use 
81988 :kbds defs 1 ;for port a keyboard 
8169 :port ack defs 1 ;zero if parallel port out 

usable 
B1GA :buff count defs 1 jno. bytes in cassette 

redirect buffer 
G10B :cursor defs 2 ;cursor address 'FQGO'+ 

@10D :esc flag defs i s;nz if last vdu out char 
was escape — > 
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O1GOE 
91190 
G11il 

9112 
$114 
9116 
$118 
O11A 

O12A 
G12B 
G12B 
G12C 
B12E 
G13E 

9149 
9142 
9144 
9145 
9147 
9200 
G200 
9200 
G200 
G20 
03008 
9400 
BAD 
9400 
9580 
BOBO 
BOEA4 
0789 
0700 
07980 
9728 
9800 
G8CO 
G8CO 
G8Cl 
G8C2 
G8C3 

holdde 

showcr 

trwd 

svelps 
sveaut 

uplink 
sram 

rnd 

defs 

defs 

defs 

defs 

defs 

load opt 

é‘ 

free 

vdu_addr 
new char 

contpos 
contstart 

err trap 

err code 

err line 
e 
f 

m
e
 

M
O
 

=
e
 

180H boundary 
xxx from here may be overloaded by machine language progs. *** 
* this should be at scratch+'299' 

ref counts 

free recs 
° 
t 

; Need 
astck 

avar 

ivar 

fnstor 

f pbuf f 
ibufs 

obufs 

Sd 

fw 

dp 
tmpl 

18@H boundary 

"100' defs 

defs 

2 

2 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

org 

defs 

defs 

defs 

defs 
‘ig! 

org 

  
;save de during ops 
slet list-line do inverse 
1 signore o/p ovf STR 

° 

if -1 else max/line 

;auto-storage 

scratch for renum 

2 
"10' s>random number seed 
1 sholds load options 

1 ;pcg storage .. 
2 
peg charz 

2 scontinue address (de) 

2 ;Start of currently 
2 s;=line num if ON ERROR active 
1 
2 >status of last error 

(.>84+1)<8 

n pcg chars*2 
n peg chars*2 

org (.>8+1) <8 

"1BO' 
26*2 

(.>8+1)<8 
Force to 1@@H boundary 
defs 

defs 

defs 

'98 ! 

"100'-'28' 
'cg! 

defs 

defs 

defs 

defs 

i 
1 
1 
2 
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@8C5 
98C7 
%8C8 
G8C9 
G8CA 
G8CC 
O8CE 
O8D9 
G8D2 
G8D4 
G8D6 
G8D8 
98DA 
G8DC 
G8DE 
O8DF 
O8EB 
O8E] 
O8E2 
G8E3 
98E4 
G8E5 
O8E7 
G8E9 
G8EB 
G8EC 
O8EE 
O8EF 
O8Fl 
O8F3 
O8F5 
O8F7 
O8F7 
G8F9 
O8FB 
O8FC 
O8FD 
O8FF 
G9BB 
G90 
G9BB 
0900 

tmp2 

count 

auto 

crlbl 

tmp3 
tmp4 

pbgn 
pend 
stlvl 

optr 

vstrt 

tmpa 
sstrt 

x Swe 

xswl 
prmt 

sprmt 

tmpc 

zone 
mode 
tmpd 
tmp5 

dloc 
flags 
lims 

autstp 

autln 

tmps 
tmp9 
ptrps 

sstack 
autdef 
tmpf 
sblvl 

odvce 

contin 

pstrt 

end 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

defs 

moved 

defs 

defs 

defs 

defs 

equ 

(shouldn't be in table C), 

  
defs 2 

1 

defs 1 

defs 

2 

defs 

defs 

Cefs 

defs 

2 

defs 2 

2 

defs 2 

2 

defs 1 

defs 

defs 

] 

defs 

defs 

defs 

defs 

defs 

defs 

1 

defs 2 

1 

2 

defs 

defs 

2 

;### M.S. 
-
—
 

N
O
 

NM 
DN 

fh 
b
b
 

N
O
N
 

DN 
R
F
 

Fe 

2 
2 

replaced by .. 
2 ;default for edit 
defs 2 
] 

2 ;CONT line No 

defs 1 ;space filler 

equ : 

end a 
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User Groups 

NEW SOUTH WALES 

Illawarra Microbee User’s Group 
C/- 49 Beatus Street, 

Unanderra 2526. 
Contact: Mr Ronald Read (Organiser) 
on (042) 71 2384. 

Sydney Microbee User’s Group 
Post Office Box C233, 

Clarence Street, 

Sydney 2000. 
Contact: Mr Colin Tringham 
(President/Editor) on (02) 92 6408. 

Summerland Computer Club 
C/- 112 Casino Street, 
South Lismore 2480. 

Primary Schools Microbee User’s 
Group 
C/- Denistone East Primary School, 
Denistone East 2212. 

Contact: Mr Barry Manefield Hawkesbury Microbee Computer 
(Co-ordinator). Club 

C/- 6 Warks Road, 
Kurrajong Heights 2758. 
Contact: Mr Bruce Rennie (Organiser) 
on (045) 67 7329. 

Central Coast Computer Club 
Koala Crescent, 

West Gosford 2250. 
Contact: Mr Max Maughan (Secretary). 

Albury/Wodonga Microbee User’s 
Barrier Microbee User’s Group Group 
553 Radium Street, 202 Kooba Street, 
Broken Hill 2880. Albury 2640. 
Contact: Mr P. R. Cotter (President) on 
(080) 88 1621. 

Contact: Mr E. Eulenstein (Convenor) 
on (060) 25 1601. 

Blue Mountains Microbee User’s 
Group 
C/- 28 Frank Street, 
Mt Druitt 2770. 
Contact: Mr Don Cunningham 
(Secretary). 

Cooma Microbee User’s Group 
C/- Box 92, 
Cooma 2630. 
Contact: Mr Phill Zikan (Convenor) on 
(0648) 2 3315. 

Wagga Wagga Microbee User’s 
Group 
C/- 1 Ilex Street, 
Wagga Wagga 2650. 

Dubbo Microbee User’s Group 
C/- 33-35 Carrington Avenue, 

Dubbo 2830. 
Contact: Mr Frank Wilcox (Publicity 
Officer) on (068) 82 2722. (069) 22 4640. 

Newcastle Microbee User’s Group 
C/- 12 Cleverton Close, 
Warners Bay 2282. 
Contact: Lee Osman (Organiser) on 
(049) 48 8813. 

Yass Microbee User’s Group 
25 DeMestre Street, 
Yass 2582. 

Contact: N. Burke (Hon Secretary). 

Contact: Diana Estreich (Co-ordinator). 

Contact: Mr Arthur Hand (Organiser) on 

QUEENSLAND 

Gold Coast Microbee User’s Group 
1/100 Imperial Parade, 
Labrador 4215. 
Contact: Mr Col McLaren 
(Spokesperson) on (075) 31 4610. 

Brisbane Microbee User’s Group 
PO Box 332, 
Ashgrove 4060. 
Contact: John Fisher (Secretary) on 
(075) 209 9830. 

Cairns District Microbee User’s 
Group 
21 Marr Street, 
Edmonton 4869. 

Contact: Chas Eustance (Secretary) on 
(070) 55 4531. 

Maryborough Microbee User’s Group 
218 Adelaide Street, 
Maryborough 4650. 
Contact: Mr Tony McCrae 
(Spokesperson) on (071) 22 1743. 

Townsville Microbee User’s Group 
C/- Town and Country Computers, 
CTL Centre, 

Anne Street, 
Aitkenvale 4814. 

Contact: J. F. Johnson (Spokesperson). 

Mackay Microbee User’s Group 
PO Box 230, 
Mackay 4740. 
Contact: Mr Geoff Gehrins 
(Spokesperson) on (079) 42 3214. 

ISHS Computer Club 
C/- Inala State High School, 
Cnr Hampton Street and Glenala Road, 
Inala 4077. 
Contact: Glen Beaumont (President). 
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You probably can do it all on your own ... but you'll get 

there quicker if you join a user group. ‘ETI’ and ‘Your 

Computer’ columnists are always raving about the benefits 

of joining a user group, and as far as we can see they're 

right. As a user group member you'll meet other people 

who've been stung by the Bee, you'll have a pool of 

knowledge to draw on when you strike problems (and 

probably a pool of spare parts, too), and user groups 

often have access to technical and other information that 

lone hackers would have to find out for themselves. 

Here are the people to contact. 

ACT 

Canberra Microbee User’s Group 
C/- Microbee Computer Centre, 
Upper Level, 
Cooleman Court, 
Weston 2611. 
Contact: Mr Bill Horsfall (Convenor) 
(062) 58 3193. 

TASMANIA 

Hobart Microbee User’s Group 
C/- 18 Tunah Street, 
Howrah 7018. 
Contact: Mr Brian Links (Assistant 
Secretary). 

NORTHERN TERRITORY 

Alice Springs Microbee User’s Group 
Post Office Box 3230, 
Alice Springs 5750. 
Contact: Mr Doug Craigie 
(Spokesperson). 

Darwin Microbee User’s Group 
C/- 35 McCusker Avenue, 
Enfield 5085. 
Contact: Mr R. J. Cockburn (Executive 
Officer). 

WESTERN AUSTRALIA 

Microbee’s User’s Group of Western 
Australia | 
C/- 4 Garnkirk Road, 
Greenwood 6024. 
Contact: Mr Mike Oborn (Secretary) on 
(09) 326 1261. 

VICTORIA 

Microbug Australia 
PO Box 157, 
Nunawading 3131. 
Contact: Mr Dixon Kenney on 
(03) 873 4476. 

Bendigo Microbee User’s Group 
38 Nolan Street, 
Bendigo 3550. 
Contact: Mr Bruce Wilson 
(Spokesperson). 

Puckapunyal/Seymour Microbee 
User’s Group (P/SMUG) 
C/- Monash Drive, 
Seymour 3660. 
Contact: Mr G. R. Chinner 
(Spokesperson) on (057) 92 3165. 

Western Suburbs Microbee User’s 
Group 
PO Box 88, 

St Albans 3021. 

Contact: Sue Ferrito (Secretary) on 
(03) 367 6569. 

SOUTH AUSTRALIA 

Microbee User’s Group of South 
Australia 
GPO Box 767, 
Adelaide 5001. 
Contact: Mr R. Jackson (Secretary). 

The Port Lincoln Microbee User’s 
Group 
C/- Lincomputer, 
PO Box 345, 
Port Lincoln 5606. 

  

INTERNATIONAL 

‘‘Microbiten”’ 
C/- Olle Ljungquist, 
Bjornkarrsv. 72, 
S-183 41, 
Taby, Sweden. 
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Microbee Computer Shops 

  

Microbee Dealers 

It’s all no good if you can’t buy the machines, the 
peripherals, the software and the parts which allow you 
to indulge in your ‘hacking’ activities. The following is a 
list of Microbee Computer Shops and Microbee dealers. 

(See also spies on iene age 

  

    

e Koala Crescent, 

West Gosford 2250. 

Phone: (043) 24 2711. 

® 1a Pattison Avenue, 
Waitara 2077. 

Phone: (02) 487 2711. 

e 729 Glenferrie Road, 

Hawthorn 3122. 

Phone: (03) 819 5288. 

e@ 141 Stirling Highway, 
Nedlands 6009. 
Phone: (09) 386 8240. 

@ 151 Unley Road, 
Unley 5061. 
Phone: (08) 272-1384. 

e 455 Logan Road, 
Stones Corner 4120. 
Phone: (07) 394 3688. 
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Australbee 
265a Springvale Road, 
Glen Waverley 3150. 

Central Data 

14a Goodwin Street, 
Invermay 7250. 

Comput Ed 
8 Park Arcade, 

Park Avenue, 

Coffs Harbour 2450. 

Compu K 
7 Casino Street, 
Lismore 2480. 

Electrographic Office Supplies 
110 Abbott Street, 
Cairns 4870. 

Jaycar 
117 York Street, 
Sydney 2000. 

Jaycar 

115 Parramatta Road, 
Concord 2137. 

Jaycar 
121 Forest Road, 

Hurstville 2220. 

Jaycar 
Cnr Carlingford and Pennant Hills Roads, 
Carlingford 2118. 

Key Computer 
77 Grenfell Street, 
Adelaide 5000. 

Key Computer 
1061 South Road, 
Edwardstown 5039. 

Lincoln Computer Centre 
25 Washington Street, 
Port Lincoln 5606. 

Pine Street Trading 
54 Pine Street, 
Mt Tom Price 6751. 

Software 80 

105 Milton Road, 
Milton 4064. 

Timberton Computers 
94 High Street, 
Wauchope 2446. 

Town and Country Computers 
CTL Centre, 
Anne Street, 

Aitkenvale, 

Townsville 4814. 

    
 



      

                                                        

       

ae 
networks jor learning 

Learning in a microbee classroom is fast, fun 
and effective. Students enjoy learning and 
advance rapidly. 

The new microbee electronic classroom network 
systems are engineered to meet the demanding 
specifications set by Australian Education 
Departments. They are designed, developed and 
manufactured in Australia to rigid quality 
standards. Every microbee can be used either 
individually or in classroom networks. Schools 
can buy two or three microbee 16K educators 
or 32k communicators now and upgrade to 
networking at any future time. All microbees 
are supplied with built-in BASIC, WORDBEE 
and the new TELCOM software that enables a 
microbee to ‘talk’ to another microbee. You 
network within classrooms or across the world! 

Australian Education Software Support 
There is a wide and ever growing range of high 
quality software written especially for Australian 
schools available for the microbee. 
Just released is ‘Birds of Antartica’ — an 
outstanding database application for secondary 
students. A full list of all available teacher 
support resources for microbee is available from 
your local microbee Computer Centre. 

  

Wie, 
TOM Mg) > 

>    
SHIPWRECK ISLAND An intriguing LEMONADE STALL A ‘business’ situation. 
adventure situation for | to 5 students. Calculated and agreed upon decisions will 
Requires co-operative decision making. achieve success in various weather conditions. 

        ® 

APPLIED DIRECT ORDERS 
TECHNOLOGY _ PHONE (02) 487 2711 

ara : RETAIL PTY LTD TELEX AA72767 
T.N.T. Highly motivating for all ages. GEOGRABEE All students will enjoy trying : : . 

Chosen tables at selected speeds in a race to beat the clock whilst identifying oceans, microbee Computer Centres Australiawide 

against an explosive fuse continents and countries.



  

  

Everything 
- amicro 
should bee 

Applied Technology 
Retail Pty Ltd 

Sydney (02) 487 2711 
Nakoume (03) 386 8250 
Brisbane (07) 394 3688 
Adelaide (08) 272 1384 
Perth (09) 386 8250 
Gosford (043) 24 4711 

  

    

  
  

microbee 
Top Selling Australian Computer 
  

 


