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Introduction

The FRadio Shack Color Computer is an excellent s .
most obfectionable aspects, however, 1is the need toysﬁgnlug OgﬁeOfdggﬁ
gongro% grRsﬂfnever you want to useho?e of yourlgon PAKs. ﬁicro Technical
roducts program can open a whole new wor to yo s
ROML wil) allow you to do the fo)lowings VRl "GODr (EBRpiiER

If you have ja Radio Shack disk and 32K or less of RAM:

Load from disk or tape_ ANY machine language program --
programs that are 1ncompgtible with the dis gys em?'amNon e;gg
can play all of your old tape version games without having to

unplu? your disk. ~In fact, you can save these programs on your
disk for even more convenience.

If you have a Radio Shack disk and 64K of good RAM:
Load from tape or disk ANY machine language program as described

ahove., Additionally, ROML allows you to load ROM PAK software
from tape or disk and execute it WITHOUT having to remove your

disk controller. Flease note -- ROML is for your convenience in
load1n? Xour own ROM FAKs -- not pirated copies of someone
else'sl. Also, some ROM PAKs may require RAM write protection in
order to function correctly. efer to the RAM write protect

section of this manual for more details. If you are not sure
whether or not ¥our sKstem has 64K RAR installed, then read the
enclosed copy of Frank Hogg's article.

If you have 64K of good RAM but don't have a disk:

Load ROM PAK software from tape as described ahove.

How to load ROML

Loading the tape version:

1) Turn on your computernr,

2) Place the ROML tape in your recorder and depress the FLAY button.

3) Enter 'CLOADM “ROML"‘ and press ENTER.

4) When ghe tape has finished loading rewind and remove it from the
recorder, :

5) Enter 'EXEC’ and press ENMTER and ROML will begin.

Loading the disk version:

1) Turn on your computer.
2) Place the ROML disk in ang disk drive. ) . :
3) Enter ‘LOADM "ROML™’ if the disk is in drive zero, otherwise enter

“LOADM "x:ROML"‘ where 'x' is the correct drive number, Then
ress ENTER., ROML will start execution automatically after it is

oaded.,

How to use ROML

When ROML begins execution it clears the CRT screen, outputs the HTP
logo and displays the following:

PROGRAM MNAME:

You should now enter the name of the program you wish to have loadeds The

name nax_ b? a maximum of eight characters Iong. If ou make a
typographical error, the bacKk-drrow Key may be used to delete incorrect

characters, DO NOT attempt to specify a file name extension -- ROML will
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:L::g:io:se_ a gefau}g‘ ofd '.B{N;. Th%s is ingonse uential fgr ta ?
since tape files do no ve extensions, but, do t
disk files to be lgaded via ROML nu§T have oxtensfons 6f '?Sxﬁgf" sl

For tape loading only, if you wish to load the ‘next’ program on _the
tape, it is not necessary {o specify the file name -- merely press ENTEK.

Once ou have entered the desired file name (or t, if | i from
tape) press ENTER and ROML wil) ask: ROty AT [|eRELRg

LOAD FROM (T)APE or (D)ISK?

Before proceeding, make sure that the correct tape or disk is now
installed, If you are going to l?ad from tape place the tape in the
recorder and depress the PLAY button. If you are going to load from disk,
insert the disk into the SAME drive from which ROML was loaded.

Once the proper tape or disk has been insta)lled, press either the 'T’

Key or the ‘D’ key, depending upon whether you want to load the file from

the tape or the disk, respect1vel¥, You do not need to ?ress the ENTER
or

Key.. fis soon as you press either ' ‘D’ the loading will commence.

Information displayed

o - e w -

If loading from tape the screen will clear and a blinking ‘S’ will
appear in the upper left corper to indicate that the file is be;n?
Searched for. When the correct file is found the blinking letter wil

¢ .

change into an ‘F’.,

If loading from disk the screen will not change until the file is
completely loaded.

After the file has been loaded ROML will displayz
DISK ROM DISABLED.

PROGRAM LOADS:

FROM $XXXX

THROUGH S$YYYY

EXECUTES AT $2ZZZ

Note that the disk ROM has been disabled, This is because the
purpose of ROML is to load programs which are incompatible with the disk
system, and hence, the disk ROM must be gotten out of the way. Rut, don't
fear -- it has onfy been disabled with software and when you press Reset
your system will return to normal.

The dollar signs (%) ?receeding the X's, Y's and Z's indicate that
the numbers are in hexidecimal. _ The numbers XiXX and YYYY indicate ¢the
range of memory address into which the program is supposed to load. The
num e;,ZZZZ is the memory address at which the program is to begin
execution.

Starting the loaded program

I the loaded program is to reside in the lower 32K of RAM then ROML
will display: °

HIT ANY KEY TO START PROGRAM
Pressing any Key will start the program executing.

If the loaded program is to reside in the upper 32K of RAM (such as
all ROM PAK software does) then ROAL will displays

DISARLE RAM WRITE PROTECT
HIT ANY KEY TO PROCEED
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If you have installed the RAN write protect option, this i i
gou to turn it off so that the pgoaral nap be oadeg :ﬁe?erfﬁlﬂgfgnggf
ress any Key and after a hrief time ROML will display

%% 64K RAM SELECTED ##

ENABLE RAM WRITE PROTECT
HIT ANY KEY TO START PROGRAM

The ‘64K’ message is to let you Know that your computer has heen itch
into the 64K RAa mode. If you have.instal¥ed the RAM write proteciw;pgigg
you lgy now turneit back on, Pressing any Key wil) then start the program
executing.

Error messages and recovery

There are two basic types of errors which can occurj recoverable and
non-recoverahle. .

1) Recoverable errors:

System errors such as NE
These errors are displayed in the form

XX ERROR!!

where XX is replaced with a two letter code indicating the
error. Refer to your BASIC programming manuals for an
explanation of these errors.
After the error is displayed the following message is then
output

FRESS ANY KEY TO START OVER

Pressing any Key will then return you to the request to enter a
file name.

2) Non-Recoverable errors:

BAD FILE TYPE ) . )

Indicates that you tried to load a file which was NOT a
machine language progras.

NULL FILE ) ) ) )
Indicates that you tried to load a file which contained
notthg.

RAM BAD AT $XXXX ) _
Indicates that a bad RAM location was found which would

rohibit the loaded program from executing correctly,

XXXX is the failing address in hexidecimal. )
FILE TOO LARGE g . .
ndicates you tried to load a program to large to‘fit into
your system’'s available RAM, ~ Remember that ROML takes up
some RARM too. So even if the program fits into your system
without ROML, it may not fit with ROML. L

When ever any of these errors occur the message

NON-RECOVERABLE ERROR!!
==) PRESS RESET (==

will bhe displayed. The only way out of the error situation 1is
to press the Reset switch on the bacK of your computer.

’



RAM write protect

The Color Computer, when used with 64K RAM, is an amazingly powerful
system, It's normal mode of operation, however, is to use on?y 52K RAR
from $0000 through $/FFF. rom _35600 on up is ROM and system I/0
hardware. ROM, even b¥ its own definition (Read Only Memory), 1s write
protected, That 1is, there is nothing the microprocessor or a ?ro?rammer
can do to alter its contents. Sometimes this is a very desirable feature
-- 1t Keeps some run away program or a careless programmer from crashing
the system. '

When the Color Computer is switched into its. 64K RAM mode this
protection_ disappears, as RAM may be altered at will. When ROFL loads a
co?y of a ROM FAK into Bour system it must switch into the 64K RAR mode.
Unfortunately, some ROUM PAKs are dependent upon memory above $8000 heing
ROM -- or at feast being protected.,

) The only ROM PAK that we are aware of that requires this protection
is SPECTACULATOR. When it first begins its execution it sizes available
RAM, - Without the RAM being write protected, and since we are in the 44K
RAM mode, it thinks that available RAM exists throughout itself which
causes it to crash,

If you want to run ¥oqr kOM PAK version of SFECTACULATOR (or any
others that may exhibit this symptom) via ROFML, then you have two choices:
1) Hodify the SFECTACULATOR grogram so that 1t no longer sizes memory in
this wanner, which should not he too difficult to do once you have saved
it on disk, or 2) Add the KAM write protect option to your computer.

The following schematic is for a _circuit which you can bhuild to
perform the necessary RAM write protect. It has no other effects on the
system.
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| |
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- Saving KOM PAKs to tape or disk

1) Cover pins 7 and 8 of the edge connect in th i
spall piege of Scotch tape. . crer % Xon AL wish a

4 TOP OF ROM PAK

2 8 ~directly 40
unde v
pin 7.

\-V-f
These First Fingers may not be preseat
but they still count as pins 1 thru 6,

2) :Mith your computer turned off, plug the ROM PAK into the expansion
port on the right side of the computer.

3) Turn your computer on. It should come up in BASIC the same as it
would if the ROM FAK wasn’t plugged in.

4) Find the ending address for the ?articular ROM PAK in the table on
the following ﬁage. If it is not listed there then you can use
$DFFF, which should be adequate for most all programs. f this still
does not work you might try $E7FF.

5) Instal)l a blank tape in the recorder and press the RECORD and PLAY
buttons.

4) Enter ‘CSAVEM “progname”,8HC000,8Hendadr,&HCO00’ and press ENTER,
‘progname’ is to be the name you want to assign to the file, and
‘endadr’ is to be the ending address from the table on the next page.

7) When the computer is done saving to the tape, press the STOP
button on the recorder.

8) Turn off the gom?uter and remove the ROM PAK. Plug the disk
controller back in (if. you have one).

9) Use the TAF2DSK program to transfer the program from the tape to a
disk if you desire. )




ROM PAK addresses

. The following table_lists the ending address for several of
Radio Shack’'s ROM PAKs. They all have a beginning address and an
execution address of $C000,

Back on $CFFF
- $CEEF

Bingo Math

Bustout $D7FF
Checkers $CFFF
Chess $DFFF
Color Cube $CFFF
Color File $CFFF
Diagnostics $C7FF
Dino Wars $D7FF
Edit-Asm $E7FF
Football $D7FF -
Handyman $CFFF
Husic . $CFFF
Personal Fin., $DFFF
Pinball $CFFF
Polaris. $D7FF

Poltergeist $DFFF
Quasar Command $CFFF
Roman Checkers $DFFF
Skiing $CFFF
Scripsit $DFFF
Space Assult  $CFFF
Spectaculator $DFFF
Spectrum Anal. $C7FF
Typing Tutor $CFFF

64K RAM

The article on the following pages was written bﬁ Frank Hogg of
Frank Hoqg Lahoratorg, Inc. _ It was published in "68 Ricro <Journal™
and “Color Computer News". It is reprinted here with peraission from
Frank Hogg Laboratory, Inc. .



32K FOR FREE!

‘'"How to run Pascal, C, and Cobal, not to
mention XFORTH, esther, and spelltest, on
the TR5-80 COLOR COMPUTER"

Someday, as the Honeywell
advertisement would say, integrated
circuit processing will become s0

inexpensive that, computer memory will be
available for free. ’

That day is today, for oyngrs-of the
Radio Shack TRS-80 COLOR COMPUTER.

The sfﬁry begins
production model (with a 3-digit serial
number) of the 4k color computer. Its
logic board had some extra wires and
things on it, indicating that the design

with my early

was not quite perfected when it was
produced. I heard that radio shack would
replace the board with a newer version if

I purchased their 32k ram upgrade for
$1449.00, so I decided to give it a try.

When I took the computer to theAlocal

computer center, I was told that the
upgrade would only cost $99.00. I did
learn, however, that radio shack |is

unwilling to work on a computer which has
a modification in it, even if the mod is
electrically disconnected. They did
complete the upgrade, and indeed they did
install & new logic board, containing
eight memory chips with unrecognizable
part numbers on them.

Various rumors have been circulating
about how the 32k upgrade is accomplished.
it is not done by piggybacking 16k rams!
Neither is it done by inmstalling 32k rams,
as radio shack contends.

The 32k dynamic ram was actually only
avallable for a short time. These parts
were actually attempts at 64k parts that
were only half-good, or they had some bad
bits in one half or the other. The 32k
upgrade was originally designed to take
advantage of these parts - a jumper exists
on revision E of the color computer
circuit board to select which half of the
64k dynamic ram is accessed.

Since then, memory manufacturers have
learned how to produce 64k chips with
suffigient yield to drive the cost lower

than you or I, or radio shack, expected.
these chips are available by mail order,
in small quantities, for less than $12.00
each. radio shack can certainly buy them
in quantity at a lower price.

The astute reader will have guessed
the punch line by now. The 32k color
computer actually contains 64k rams! I am
not in a position to guarantee this, of
course, but so far it seems to be the
case. I. will now tell you how the "other
32K" might be useful to you.

USING THE FULL 64K RAM.

None of the versions of radio shack
color basic know how to use the other 32k.
As a matter of fact, this memory is not
available to the cpu at all in an
unmodified color computer. This is due to
an easily correctible omission in the
design of the computer.

The dynamic memory in the color
computer is controlled by a chip known as
the sam, or synchronous address
multiplexer. The sam bears the Motorola
part number 6883, or 741s783. The sam
takes care of refreshing the rams and
interlaces the access cycles of the cpu
and the video display so that no "specks"
occur on the screen. The sam must be
programmed differently for 4k, and 16k,
and 64k rams. (this is why color basic 1.1
was written -~ version 4.0 didn't know
about 64ks.) the sam also provides address
decoding for the three roms, as well as
the i/o hardware.

As the sam was being designed,
Motorola considered the possibility that
it might be useful in systems which did
not use rom, but might want to use 64k of
ram (minus @256 bytes for 1/0, etc.) For
this reason the selection of rom in the
sam is programmable. If you whisper the
right thing to the sam (POKE
BHFFOF ,anythimg), the roms will go away,
at least in theory, leaving behind nearly
32k of clean, untouhed ram.

Well, we need a more sophisticated
theory, because it doesn't quite work. The

sam will still try to select the roms if
the cpu writes to those addresses,
regardless of how it 1is programmed. I

guess motorola must have thought that this
decoding might be used for something -



ctlearly it wouldn't hurt, since the system

designer would have to provide logic to
prevent the roms from being turned on in a
write cycle anyway. (the rams are
""'selected" for write purposes all the
time.)

Radio shack, on the other hand, didn't
see things the same way; thdy figured they

would avoid writing to that area, so no
problems wauld result. As a matter of
fact, the first thing color basic does

(after programming the sam) is to test the
memory from zero until it finds a byte
that won't write. when this test hits
address &H8000, the cpu tries to write the
roms with exactly the opposite data they
contain, and at the same time the roms are
reading - resulting in two different chips
trying to put different data onto the same
bus at the same time. .

The real tragedy is that a few unused
or gates exist on the color computer
circuit board. You only need one of these
to solve this problem. (radio shack
designers - take note.)

THE MODIFICATION IS REVERSIBLE.

One of the extra nor gates must be
connected into the circuit as shown in
figure 1. this modification disables the
selection circuitry (G2B high) if a write
is attempted (r/w low) and a rom is
addressed (r/w low). If you have some
experience with fine soldering, you can
accomplish this modification in a
reversible fashion, allowing you teo run to
radio shack if your color computer breaks.
Warning - you must remove that nasty
sticker on the back, thus voiding your
varranty (if you're still covered], to get
inside.

The procedure 1is as follows. remove
casa and the top of the rf shield, on
right behind the keyboard. you should

able to find the ic's and TP1 as shown

2. They are also marked on the
is a 74Ls138, and U29 is a

she
he
e
.n figure
oard., U114
4Lso2.

may wish to obtain a new 74LS138
and a 74502, so you can save the
"originals'" for a rainy day. in reality
~adio shack probably doesn't remember what
Jrand of ic it put in your computer, but
precautions are cheap. Anyway, carefully

You

H=2

remaove those twao ic's., (they are not
especially sensitive to static.) bend
p%ns 4, S5 and 6 of the 74LS02 up in the
air, as shown in figure 3. They must be

almost straight Up so they don't touch the
shield. similiarly disfigure pin S of the
74LS138. (be gentle!)

Next,

using a short piece of 30~-gauge
wire,

connect pin 6 of the 74LS02 to pin
8. pin 8 must plug back in, so try not to
get solder down an the pin - you should
tack the wire on the very top of the pin,
where it enters the package. if it doesn't
came out right, buy another 74LS02 - it
costs much less than a new computer,

You
either
back
the

can do the rest of your soldering

before or after you plug the chips
in; use your own judgement. Pin 4 of
74LS02 must be connected to pin 5 aof
the 74LS138, and pin 5 of the 74LS02 must
be connected to TP1., I recommend that you
do not solder to TP1. just use a wire wrap
tool to wrap the wire around the pin, so
it can be pulled off.

After you have reinstalled the ic's,
the wiring should appear as in figure 4.
check carefully for shorts!

At this point you can turn on the
computer and do a "PRINT MEM.! if it says
the usual number, all is probably well, so
put it back together.

TESTING YOUR NEW FREE MEMORY.

The extended color basic program in
listing 1 will test the ram which you have
just made available. save it before you
try to run it, because if you mistype one
of those data statements, anything can
happen. the - program will take about a
minute .to get saet up, after which it will
print™ "ok'" if your memory is good. if you

do have a problem, it will tell you the
address and the data read from the. ram,
compared to what was expected. I would
like to hear from you if you do find

errors, If the errors occur in only one or
two bit positions, they can be fixed with
one or two 64k rams, for one or two ten-"
dollar bills. No big deal.

WHAT 00 YOU DO WITH IT?

You mow own a computer with almost 88k
of memory, inm a box no bigger than a
typewriter. this fact alone may be esnough






