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Custom Color

Give your MC-10 something to think about.

HAT? A DINKY LITTLE piece
of computer junk from Radio
Shack? Who cares? You

might care, when you find out:

® It costs about $120 (less from some
dealers, and expect occasional Radio
Shack sales) with 4K of static RAM (about
3.2K, since the video calls for 512 bytes,
and the system another 200 or so).

® It has a 6803 processor (one of the
so-called “second generation” micro-
processors), almost as powerful as the
Color Computer's third-generation 6809.
The 6803—part of the 6801 family—
uses direct port inputs to the CPU.

® The keyboard uses these direct port
inputs to the 6803, a nice touch.

® The unit is crystal-controlled from a
3.58MHz crystal in the RF modulator,
which also provides the necessary clock-
ing for the color video.

® The 6847 video display generator
(VDG) is identical to the Color Com-
puter’s, meaning the characters per line
(32) and lines per screen (16) are the
same format and have the same 5x7
characters and low-density color graph-
ics. The high-resolution graphics modes
alsowork (more later).

® The MC-10 uses the same RS-232
printer and cassette ports as the Color
Computer, and the same cassette and
printer speeds and formats as well.

® Its Microcolor Basic is virtually iden-
tical to Color Basic. Following the Sinclair
and VIC-20 leads, key words and some
graphics can be typed directly from the
keyboard. For me, however, the substitu-
tion of a control key for the left shift key
is disturbing.
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e it has a 34-pin expansion port for
future who-knows-what. There is, how-
ever, no provision for internal Basic or
RAM expansion, though | have heard
some Basic ROMs are in sockets. If the
computer becomes popular, | would
imagine some outboard RAM would ap-
pear, or Radio Shack would do some
piggy-backing of memories. if you're im-
patient about it, stay with me; secrets re-
vealed a little later.

® There are at least five un-
documented commands, four of which
deal with machine language programs:
CLOADM, EXEC, VARPTR, USR and OFF.
The first three work just fine; USR appar-
ently needs some direction (there is no
DEFUSR to help it along), and OFF strikes
me as a leftover from Color Basic's
AUDIO and MOTOR commands. Want to
see the keywords and lots of other stuff?
Run this:

10 FORX = 4915270 65535
20 PRINT CHR$(PEEK(X)AND1270R32);
30 NEXT

® Also, the instruction booklet says
POKE will only work with video memory.
Wrong: it will work anywhere. Want to

change the -cursor blinking character?
POKE 17026,201... just for one example.

® The MC-10 won't load Color Com-
puter programs directly, since the key-
words are “tokenized” quite differently.
But never fear; the Color Computer’s
“A" option CSAVE can be used if the
program isn't too long in ASCH form
(?0M errors abound in my tests). Some
POKEing around is still needed to get line
information straight, but it looks to be
valid. (For another method, see Bill Bar-
den’s rundown of the MC-10 this
month).

o Interference is remarkably low,
even with a TV resting on the back of the
computer. Heavy internal shielding is the
lesson Radio Shack learned well from the
Model 1, and, in my experience, they have
learned it better than any manufacturer.

Listen, this is no one’s dream com-
puter, especially for $100, but I'll take it
just for parts! | have always liked Micro-
soft’s implementation of Basic for Tandy,
and | like it once again here. When Radio
Shack says that the MC-10 is part of their
“Color Computer family,” it is true:
Basic, processor, video display and style.

Tear It Up

Even though the MC-10 is intended as

a minimal computer, the 4K of memory
is not satisfactory. Besides, | suspected
that the high-resolution graphics modes
could be used, but the highest resolution
(256 x 192) requires 6144 bytes of mem-
ory, 2K more than the machine is de-
signed with. Why not bring it up to 8K?
Please turn to page-80




Continued from page 78

I thought it would be an easy task,
until | ran smack into the ghost—Radio
Shack had used the phantom memory
technique again! (Refer to "Custom
Color,” April, 1983, for more on phan-
tom addressing.) In fact, memory was so
incompletely decoded that there was al-
ready a change inside my MC-10 to cor-
rect an unanticipated flaw.

This analysis is just backwards engin-
eering, mind you, but here is what it
looks like to me. Judging from the un-
modified circuit board, RAM was phan-
tomed every 4K address block. Figuring
that the MC-10 wasn't really being sold
as an expandable machine, the hardware
designers probably considered that sav-
ing an electronic part or two would be a
good move. This decision resulted in
memory not only appearing at $4000 to
$4FFF, but also seeming to appear at
$5000 to $5FFF, $6000 to $6FFF, and
$7000 to $7FFF. Have a look at Figure 1,
the original decoding scheme. Notice the
output of the memory demultiplexer are
binary 00, 01, 10, and 11. The 01 line
alone was used to decode the memory,
and 01 represents the most-significant
two bits of $4000 to $7FFF.

Enter Microsoft, author of Tandy's
Basic. Microsoft's power-up memory test
technique is simple, fast and reliable.

Here's how it works: it starts at the
first memory location to be tested, reads
the binary information from that mem-
ory location, and saves it in the CPU. Next
it complements that binary data (chang-
ing all 1’s to 0's and all 0's to 1's), and
stores that information in the memory lo-
cation being tested. It reads it back. if it
reads back exactly what it just stored,
then that memory location passes the
test. It finally restores the original value
to memory, leaving it as found.

In case you missed what makes that a
valid memory test, recall that the original
number living in that memory location
was read, saved, complemented, stored,
read back, and re-stored. In order to pass
the test, every bit of that memory loca-
tior must be capable of storinga 1 ora
0 (the original value) or its complement,
a 0 or a 1. That covers all the pos-
sibilities... and defines good memory.

Phantom. addressing makes this
scheme fail. The Microsoft memory test
does not have a larger perspective, so to
speak; once it has read a location, it goes
on to the next one. If the address it just
read was, say, $4FFF (the end of the MC-
10's 4K of memory) and the next one is
out of range at $5000, what happens?
$5000 still tests all right because it is a
functional phantom of $4000. It isn't
“real,” but Microsoft’s test believes it is!

Please turn to page 83
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MC-10 Color Computer — Parts Definition

Symbol

ut
u2
u3
U4
us

utle
u17
u18
u19

Device
MC6803P
7415373
B364
7415155
7415367
7415367
7415245
7415174
D4016
D4016
MC6847
741514
741532
MC 14503
LM339
HA17741
7805
741574
741576

Inside RF modulator unit:

MC1372

Function

CPU
Address/Data Latch
8K x 8 BASIC ROM
Memory Decoder
Address Buffer
Address Buffer
Data Buffer
General Latch

2K x8 RAM

2K x8 RAM

VDG

General inverter
General OR Gate
Sound Output
Cassette Input

5-Volt Regulator

Master Clock
General Flip-Flop

Video Modulator

Table 1. Parts list and definitions of the MC-10; clock is generated inside RF

modulator.

$0000--$00FF
$0100-$3FFF
$4000-$41FF
$4200-$4FFF
$5000-$5FFF
$6000-$6FFF
$7000-$ 7FFF
$8000
$8001-$BFFF
$CO00-$DFFF
$EQQ0-$FFEF
$FFFO—$FFFF

6803 internal RAM
Not used

Screen RAM

System and user RAM
Not used

Phantom of RAM

Not used

VDG and sound latch
4095 latch phantoms
BASIC ROM
Phantom of ROM
System vectors

Table 2. Generalized memory map of the MC-10. Areas not used as phan-
tomed can be internally modified for expansion.

DATA
1C

STROBE
16

SELECT
B

SEL 11XX @————{1Y2

SEL 10X X e 1¥2

SEL 01XX =————f1v1

SEL 00XX «—————41Y0

Vee J
2c
STROBE j——
26
SELECT
A
vap—
v —o

2¥Y1 p———

2Y0 b——x

J GND

Figure 1. On-board memory decoding of the MC-10, before the Radio
Shack correction.
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o ﬁ. - — 1 zvz:—o
VDG CLK O~ Nivo 2v1
PIN 00XX)
IN 33 0 5_'1 vl NE o
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01XX 0IxX0
D 5 6
RW R/W
V2
10 9 1 2
S
WET ar2-0
. w=0
Figure 2. Complete memory decod- 8 3
ing, clocking, and data buffering of
the MC-10. Truth tables are shown . s ute ot ol
. iINg PINS 1 & 15
for all circumstances. (s17a MC 14503 oA (WE)
Continued from page 80

Figure 3. Block diagram of the MC-10. Keyboard directly attaches to the
CPU, and VDG performs direct memory access (DMA) on the RAMS.

—
ROM VDG
CLOCK 0sc
WR
cs aTX0
SELECT L
cse
TIXX T0XX
SELECT SELECT
CONTROL & 1
Al
TIMING -
00.07
DEMUX &
D&A LATCH
" AQ-A7
cru ——[———— > BA0-BA12
01XX
A8 A1S SELECT KEYBOARD
(E CLOCK HIGH)
1/0 PORTS

BLOCK DIAGRAM

Incomplete addressing results in 16K of
memory being reported for use by Basic.

So, inside my MC-10 is a piggybacked
chip which includes address line 12 in the
scheme. (The complete parts list is shown
in Table 1.) It takes the 01XX decoding
and refines it to 01X0 (X means unused).
Memory is still phantomed, but only in
two blocks: $4000 to $4FFF, and $6000
to $6FFF, both of which have binary
most-significant-nybbles of 01X0. Mem-
ory is deselected (turned off) when the
address changes to $5000 or $7000,
since their most-significant-nybble is
01X1. The simple memory test finds no
memory at $5000, and reports the proper
4K value to Basic.

This incomplete decoding has its
uses—to add 4K more of memory, for
example. But first, an outline of the
memory map isin order (See Table 2).

The place to put extra RAM is in that
$5000 to $5FFF bank. Figure 3 is a block
diagram of the MC-10 system. The CPU's
lower address and data lines are com-
bined, and must be demultiplexed via
timing and control signals. Data lines
feed ROMs and RAMs, and are latched to
select the VDG mode and sound output.
Address lines run directly to the ROM and

Please turn the page
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also to a memory decoder, which pro-
vides the four memory block selects |
have been describing. These select ROM
(11XX), VDG (10XX) or RAM (01XX).
Since the RAMs must be shared by the
CPU and the VDG, a buffer is inserted on
the address bus. In this way, the VDG can
put its display address on the bus when
the CPU is not using the memory. Since
they share clock timing, this rudimentary
direct memory access (DMA) process is
simplified.

Understanding the DMA as well as the
memory decoding is necessary to add 4K
to the MC-10. Figure 4 is a detailed sche-
matic of the address bus leading to RAM
and VDG. In order to address the extra
memory, address line A12 must be in-
cluded in the decoding. It must also be
buffered so the VDG line DA12 can ac-
cess the area it needs without producing

ADDHRESS BUS DIES

. <373 LAO
2 >80,
PIN G i)

Al
3 L8331

PIN 16 1701

537 LA
Ve 15373 2

PIN 19 180)

537 A
15 15373 LAJ

PIN2010)

16 D L5373 La4
PIN § (20}

L5373 LAS

17
PIN 9 2Q)

A
18 D 15373 LAG
PIN 12 15Q)

18 D LS373 LA?
PN 15 (6Q)

cPYU AB
o[ >

VDG 13

VOG 14

vOG 16

2 3
849 i
usD \0G 18

| vDG 19

its own phantom addressing! The 12 ad- A[>o M
dress lines AO — A11 use all 12 buffers of
a pair of 74LS367 integrated circuits; v A
there are no “spares” on board the MC-
10.Task 1: Add a bufferfor A12.
Next, the de<oding of memory blocks n >
]

$ VDG 20

12212345678
923

must be improved for two reasons: to ac-
cess two extra 2K RAMs, and to avoid
{once again) phantom addressing that
will cause the power-up memory test to
be fooled. Task 2: Provide two additional
chip selects for 2K RAMs.

3298

876543212211
ROM Sh

RAM A

Figure 4. Buffered address bus of the MC-10 is shared by the CPU and the
6847 VDG, depending on the state of the E clock.

Parents!

Want to stimulate your child’s learning?
Let T.C.E. show you how!

SPELL BOMBER ™

FRIEND OR FOE MATH ™

READY FOR THE CHALLENGE? 33..&\ et A NEW TWIST ON HANGMAN!
-—
As a radar operator, your job is to decide which planes ~ As captain of your ship you must destroy the enemy
are friend or foe. The code {math problem) is your only == bombers by speling the mystery word. Remember, the
clue. Al you have to do is match the number on the bombers are getting closer on every try.
plane with the answer to the math problem. Atari 4007800 16K
Color Computer 16K Ext. Basic VIC 20 8K Expander req.

Color Computer 16K Ext Basic
$18.95 Tape

Atani 400/800 16K
Tape $19.95

PROGRAMS HAVE BEEN CHILD, PARENT, AND EDUCATOR TESTED!

Additional Educational Software available
for Color Computer, TDP 100, Atari *,
Apple ¢, Commodore 64 ¢, and VIC 20 ®.

it [P

P.O. Box 2477 Gaithersburg, Maryland 20879 (301) 963-3848

Circle No. 48 on Reader Service Card

SEND Dealer
FOR FREE

CATALOG

inquiries
invited
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The result is the schematic in Figure 5.
An additional buffer is provided for line
A12 in the form of a 74L5125, and the
memory selection is performed by a

PIGGY ON U6 / PN B & 161 7415139 demultiplexer activated by the
‘W”"”S”" e o E clock, and decoding A11 and A12 into
>N " vaf? four 2K blocks. However, recall that
o vew RN () there is an on-board modification (by the
l’ i| foier ] s v time you read this, the board may be re-
————————— S PN 2 12 vised—look carefully) to prevent access
0 [ el [uizPe o™ at $5000 to $5FFF, so that the memory
At us > » me . test may be correctly performed. By mov-
L %, 5 ) ' I ing this connection from A12 to A13, all
—————————— ! g S the memory from $4000 to $5FFF can be
BREAK BREAK accessed, while a new memory denial at
. B R $6000 to $7FFF is created.
VDG VDG 18 18 18 18 .
DA (DAT2) ce c ce ce Inside the MC-10
Ut Ut 4016 or 6116 4016 of 6116

RAM RAM RAM RAM
A1 * ° ¢ ° Disconnect the power and video ca-

ug u1o PIGGY PIGGY

oN oN bles. Four screws hold the case bottom

= | a2 “x—*uum “ ens || e, on the computer; three are visible, and

£ 19-24) 19-24) the last is underneath the inevitable
warning label. The case snaps together
at the sides with plastic tabs, so after the
screws are removed, grasp it at the back
and split it firmly. Do not pull the unit
open: There is a keyboard cable inside.
Once the unit is split, rock the keyboard

] . . forward, and you will see the insides, as
Figure 5. 8K memory upgrade schematic for the MC-10. Simple gate ad- shownin Photo 1.

dressing is replaced by 74L 5139 demultiplexer. Please turn the page

Lowest Price Ever on the Professional Keyboard —$69.95!

* Nosoldering, cutting, or gluing required — plugs right in! by Macrotron
* New, improved version— betterlayout, lighter touch. (See photo)
+ High quality construction assures reliable operation.

Versakey — a Multifunction Keyboard Driver Uﬂhry— $9.95 Special! FREE with

« Autorepeat, n-key rollover and type-ahead ) e:rher keyboard!
"+ Maydefine up to 128 strings of up to 80 characters each :

* F1 functions as DEFINE, F4 as CTRL

* Supplied on cassette, may be copied to disk

» Assembly language source listing included

Introducing the

Premium Keyboard — $89.95

* Lower profile than the Professional

» Extended Radio Shack layout

* Silk-smooth feel — uses ALPS keyswitches
Keyboards camry a 90-day limited warranty.

Include your computer's PCboard type, if known.
Otherwise, include the complete catalog number and serial number.

Micronix Systems Corporatlon
Our New Address:

8147 Delmar
St. Louis, MO 63130
(314) 721-7969

Terms: Prepaid chedk or money order, Mastercard or Visa.  Shipping Charges: U.S. $2.00, Canada $4.00, COD $3.50(No CODsto Canada).

Circle No. 49 on Reader Service Card
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Circle No. 50 on Reader Service Card

~ THECHEAP TALKER IL__

for the
RADIO SHACK COLOR COMPUTER
The Speech Synthesis Cartridge Pak that lets
your Co-Co talk!

FEATURES: % UNLIMITED VOCABULARY % 64 PHONEMES * 4
PROGRAMMABLE PITCH LEVELS % MANUAL PITCH CONTROL
(THUMBWHEEL POT) % SOUND FROM YOUR TV OR EXTERNAL

PLUS A BIG BONUS!

A New Connector now brings out Parallel Ports to you!
Connect to Experiments, Controls, or even a Printer!

INCLUDED: % COMPLETELY ASSEMBLED AND TESTED SYSTEM
% PC BOARD 1S IN A PLASTIC CARTRIDGE CASE % SOCKETED
SC-01 VOTRAX IC % 6821 PARALLEL INTERFACE ADAPTER (PIA) IC
% IN-DEPTH SPEECH SYNTHESIS MANUAL % DETAILED SCHE-
MATICS % SAMPLE PROGRAMS (PROVIDED ON CASSETTE, EX-
TENDED BASIC AND MACHINE LANGUAGE)

This has got to be one of the lowest
priced Phoneme Speech Synthesis Systems ever and
includes I/O Ports!

-~ You get all of this at the Low Price of $96

Also sold separately:
SC-01IC  $50 Bare CircuitBoard $15

Paralleli/OCable $20 Manual  $5
—SPEECH SYNTHESIS SYSTEM ™

Parallel Printer Cable $25 S&H $3

KELTY ENGINEERING
1440N. 61st, Lincoln, NE 68505
(402)467-3298
Dealer & Author Inquiries Invited

Go for the

Panamax
Surge Suppressors
provide the fastes
response time and
highest energy

dissipation available:
to assure you the
maximum protection
against over voltage:
“Spikes and glitches:
Priced from $59.00

PANAMAX %
Toli Free 1-800-472-5555

In California call 415-472-5547 LT
150 Mitchell Boulevard, San Rafael, CA 94903

Seeus at WPOE 83— San Jose, and CSE — New York. '

Circle No. 51 on Reader Service Card
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Continued from page 85

The keyboard cables come out first. Set the open com-
puter in your lap, rest the keyboard forward against your
body. Open the keyboard clamps by lifting them fully to the
right. Hold the computer steady with one hand, and with the
other grasp the whole width of the cable. Pull it straight up.
Repeat this process with the other cable, and set the key-
board face down and well out of the way. Don’t bend the
cable ends or attempt to straighten the cables. The key-
boardless unit will look like Photo 2.

There are three screws which hold down the circuit board,
one at the back to the left of the video modulator case, one
at the lower right, and one at the lower left, reached through
a hole in the interference shield. Remove these; the com-
puter will now lift out of the case. There may be several rub-
ber supports glued into the case bottom.

Set the bottom aside, and turn the circuit board over. You
will see a number of holes, a switch, and 11 rivets. Remove
the rivets by pressing them out from above. There are a few
left under the upper metal shield, so gently lift the lower flex-
ible shield until the rivets come out. Be careful not to pull off
the video switch when moving the lower shield.

There are eight solder points holding the upper shield in
place. Heat these points from below with a 40-watt solder-
ing iron, while lifting from above. Each point will give way
with surprising ease. Work your way around; twice should
do before the shield drops off. You will see the parts layout
shown in Photo 3. Notice the piggybacked circuit on U12,
and the three wires leading fromiit.

For the modification, you will need four integrated cir-
cuits: the 7415125 and 74L5139 mentioned earlier, plus two
4016 memories. These masquerade under several numbers,
including AM9128, D4016, etc. They are 2K x 8 static RAMs.

Bend all the pins of the 74L5139 up and parallel with its
body except pins 8 and 16. Mount the 7415139 on U5, with
the notch pointing in the same direction, and solder power
pins 8 and 16 to US. Bend all the pins of the 74L5125 up and
parallel with its body except pins 7 and 14. Bend these
slightly so this 14-pin integrated circuit fits on US, which is
a 16-pin device. Mount it in the same direction as U5, and
solder pin 7 to U5 pin 8, and pin 14 to U5 pin 16.

Now mount the two memories. Bend up only pin 18, and
solder pins 1-17 and 19-24 to U10 and U9, respectively. Be
very careful when soldering to the memories below—do not
get them too hot, do not create solder bridges, and make
sure all pins are soldered. Use a magnifying glass to verify all
connections are clean and tight.

Now turn the board over. Locate the traces leading from
pin 18 of each memory chip. Cut each trace through with
a sharp tool; this removes the select lines from the
memories. Return the board to the top side.

There are three wires leading from Radio Shack’s correc-
tive piggyback. Remove the wire leading to a plated-through
hole at the lower edge of the board. Verify that this is the
hole leading to the CPU (U1) pin 25. Move it to the CPU pin
24. Now route the following wires (this order is probably the
easiest).

P means piggybacked IC:

1. USpin1toU6Ppin 1.
2. U6Ppin2toU1 pin 25.
3. USPpin15toU12pin 8.

Please turn to page 90
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Circle No. 52 on Reader Service Card

PRO-COLOR-FILE

If you're through playing games and are ready to
get serious about software, then PRO-COLOR-
FILE is for you. Turn your TRS-80 32K Color
Computer Disk system into a powerful data base
manager.

We're serious about PRO-COLOR-FILE. It's the only
program of its kind that gives so much flexibility and
power to your color disk at a price that will fit your
budget. In fact, it could be the least expensive software
you'll ever buy.

PRO-COLOR-FILE is not just one program. It gives you
the ability to create any application that requires infor-
mation to be stored, searched, updated, sorted and
reported. You can custom design your own mailing list,
inventory, stock investment records, time manager,
expense records, income records . . . . anything.

The best part about PRO-COLOR-FILE is that you don’t
have to be a programmer or even know a lot about disk
input/output to use it. You design your application
programs in a way that is easy for you to understand and

Ya
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Photo 1. View inside the MC-10 as it is just opened.
Clockwise from back: cassette/serial jacks, reset switch,

™ expansion bus, RF modulator, on/off switch, power sup-
ply, RF interference shield, keyboard cables and connec- use. In fact, the more you use PRO-COLOR-FILE the
tors. more you learn about data base development.

Only $79.95 + $2.00 Shipping and Handling.

We accept VISA, MASTERCHARGE, Checks or Money Orders.
No C.0.D.’s please.

Calt or write for more details:
DERRINGER SOFTWARE, Post Office Box 5300, Florence, S.C.
29502. Phone: (803) 665-5676 after 6:00 p.m. (EDT).
PRO-COLOR-FILE ©1983 Dennis Derringer.

*TRS-80 is a trademark of the Tandy Corp. ~ 36 w

DO YOU WANT faster running programs (over 100 times
faster than BASIC)? A high level language that is also a low
0 Or level language”? A compiler that runs in less than 32K”
Assembly language output? Position u}degendem code? Ex

tensive library functions in source assembly code? Periodic
newsletters with new library functions? An aid in learning

CO l I l uter " assembly language? Liberal version updates?
C is the language of the eighties. accepted by IBM and Bel!
Labs for system development: a compact. highly versatile.
easy to use language, excellent to use to build games. ap
Flex * plications. utilities, operating systems., etc.
DUGGER'S GROWING SYSTEMS with over 21 years of ex-

perience in computing was first on the market with a 6809
C compiler The compiler has been extensively tested. re-

vised. and proven
- DUGGER'S GROWING SYSTEMS C is a growing subset of
the standard C. Version 1 contains all the necessary C com

mands (while, if, if else, int. char, etc ). Version 2 contains
additional features (float. long. for, goto. etc }.
Sers AN EXTENSIVE LIBRARY in assembly language source is
provided (char. I O, formatted print, filehandiing, string
manipulating. etc.) Color Computer version also has addi-
tional functions which use the BASIC ROM functions (cls.

Move polcat. floating point. etc )

MasterCard and Visa accepted

Post Office Box 305
Solana Beach, Califorrua 92075
(619) 755-4373

Photo 3. Underneath the shield, revealed 6803 CPU at p

front left; 8K Basic ROM in center; 6847 VDG to left of *0S.9is & trademark of Microware, Inc
RF modulator; two D4016 RAMSs up front. Note the Radio *FLEX is a trademark of Technical | DUGGER’S GROWING B SYSTEMS |

Shack piggyback in place. Systems Consultsnts, Inc. T T
DEALER INQUIRIES INVITED

Circle No. 53 on Reader Service Card

| ORDER NOW |
{new low prices) I
u tO I Color Computer C Compiler

| Version 1.2 (disk version) $1995
L3 Flex C Compiler Versicn 2 3 12000
[ Rp— l 0S-9 C Compiler Version 1 2 95.00 I
-
* . ICngrmuningLnngmageby |
- Kernighan & Ritchie (a must} 1995
3 * 2 E l Computerware disk assembler 4995 I
2»" S I Computcrware Scribe
2 . aIl age {Disk editor-text formatter) 4995
. : Shipping add 83,00

I
[
C.0.D. & Foreign handling add 157 I
I
I
I
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—  HARMONYCS —

P.O. BOX 1573
SALT LAKE CITY, UTAH 84110

Arcade games putting your kids in a tailspin?
HARMONYCS educational software ends the
arcade game dizzys.

ssssssessrassssace ENUCATIONAL S5 SREBEsERUSS

MATCH & SPELL turns spelling drudgery into spelling fun.
16K Extended Basic . . $11.95

MATHWAR is a 1st and 2nd grade math drill game.
16K Extended Basic . . $11.95

FLASHCARDS assists in studying anything from Mythology
to Medicine. 16K Extended Basic . . $11.95

TIC-TAC-TOE MATH. Plenty of color and sound. Different
age players can compete against each other with their
own skill level. 16K Extended Basic . . $11.95

PRE-SCHOOL PAK. Alphabet recognition and counting
drills. Hi-res graphics and sound.
16K Extended Basic . . . $8.95

VRS EEEIELER NS S HOME & PERSONAL S FSTEEISEERS

DISK MONEY MINDER. A home budget tool. Allows print-
out of category balances. Up to 56 user defined cate-
gories. Helps you watch those dollars and cents.

32K and Disk Basic . . . $19.95

MONEY MINDER II. Cassette tape version of our popular
DISK MONEY MINDER.
16K Color Basic . . . . . $14.95

PIE-CHART. Let s you SEE your "slice of the pie.”* Charts
nearly any data set you can imagine.
16K Extended Basic . . $10.95

AMORTIZATION. This is the most complete, most versatile
amortization program avaitable for the CoCo.
) 16K Extended Basic . . $11.95

COLORHYTHM. Feeling down? Check your biorhythms
with this excellent hi-res program.
16K Extended Basic . . . $9.95

" Gift certificates available. We pay shipping on all orders.
We ship next day...period!
Write for free catalog.

mmm HARNMONYCS
VisA PO BOX 1573
— SALT LAKE CITY. UTAH 84110

Table 3. Table of Mode Control Lines (Inputs)

(=]

ALPHA/GRAPHIC MODE SELECT
internal Alphanumerics

Internal Alphanumerics Inverteg
External Alphanumerics

External Alphanumerics Inverted
Sermigraphics - 4

Semigraphics - 6

64 x 64 Color Graphics

128 x 64 Graphics

128 x 64 Color Graphics

128 x 96 Graphics

128 x 96 Color Graphrcs

128 x 192 Graphics

128 x 192 Color Graphics

256 x 192 Graphics

INT/EXT GM1|G

2
a
wi
z
<
o
2
~N

o

_-—— — - — —- . 00000 CQC
xxxxxxxx-—doooozl

XX X X X X K K D= =D
MM M M XK K K K K XK o O e O
- w OO0 OO X X X x X x
- = 00 = =00 x x x x x X
=0 =0 =0 =0x x x x x x &

Table 4. VDG latch assignments through U8,
latched by writing data to any address from $8000

to $BFFF.
D7 D6 DS D4 D3 D2 D1 DO
Sound Color A*IG GMO GM1 GM2 & Not Not
Output Set INT*EXT Used Usea
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Text continued from page 86

USPpin14toUt2pin 11.
U6P pin 3to USPpin 13.

Ul1pin20toU12pin11.
U11pin21toUSPpin 13.
USPpin 12 to U9 pin 18.

USPPin11toU10pin 18.
USP pin 10 to U9P pin 18.
USPpin9to U10Ppin 18..

E=RCL R JUFS

The modification is now complete. The resulting wiring is
shown in Photo 4. Before testing, have a friend proofread
the wiring with you. When you are sure it is correct, you are
ready to test. ’

To test the computer, clear an area and set it down on a
cloth. Insert the video and power cables and turn it on; your
screen should clear red briefly (about 1/2 second), then re-
turn the start-up message on a green screen. If you see a
flash of @ symbols before sign-on, or if there is no sign-on
message, double check all your wiring.

Short of a bad memory chip or poor construction, there
is little that can go wrong with this modification. The MC-10
is a simple machine, and its memory area is also stable,
strong, and straightforward. Itis hard todamageit.

The next test requires the keyboard. Remove power, and
insert the keyboard cables in place; be sure not to bend the
cable ends as you insert them. Restore power and PRINT MEM;
you should get 7238. If you get 3142, something didn't take.
If you get 11334 or 15430, don't get excited; that's not what
you have. Check your wiring. If you get 70OM error, or if the
machine locks up, make sure the 74L5139 pins are wired
down. Finally, from command mode, enter this line: DIM
A$(100,10). If you get an “OK" response, you win. Your up-
grade is ready to work for you. If, however, the screen turns
red and fills with identical odd characters, your wiring is bad
in the piggybacking or shorted somewhere to one (or more)
memory pin 18.




Oh yes: now put it all back together—the upper shield
first, then the lower shield (all 11 rivets), the screws, the case.
You're set; except for the label, it looks like it came off the
shelf. PRINTMEM the next time you want to impress your users
group!
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Photo 4. The 8K memory upgrade in place. Wiring is
straight forward, although piggybacking two memory
chips requires great care.

Parts List
Parts list for 4K upgrade:
UeP 7415125 A12 buffer
usp 7415139 Memory selector
Uo9P D4016 2Kx8 RAM
u10pP D4016 2Kx8 RAM

Complete set of four integrated circuits, wire and sol-
der available for $25 from Green Mountain Micro, Rox-
bury, Vermont 05669.

Please turn the page

Circle No. 53 on Reader Service Card

NEW PROFIT OPPORTUNITY
for COMPUTER RETAILERS!

If you sell TRS-80 hardware or software,
you should be selling THE COLOR COMPUTER
MAGAZINE and PORTABLE 100 in your store.

It’s easy, it’s profitable and it’s risk free!
® PROFITABLE — 40% of every sale is yours.
You keep $1.18 of the $2.95 cover price!
® NO RISK — guaranteed return policy. You
pay only for copies you sell.

® FREE SHIPPING — 12 times a year,
magazines arrive at your store at no cost to
you!

® FREE DISPLAY RACK — shipped with your
initial order.

To place your order for one or both magazines,
or to receive more information, call Marian at (207)
236-9621 today!

Or write:

COMPUTER PUBLISHING COMPANY
Highland Mill «Camden, ME 04843

Publisher of
COlo
and r

Hodal 180 users

ORTRBLE
\/ mputer...

The magazme for
Circle No. 57 on Reader Service Card
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Continued from page 91

High-Resolution Graphics

Now that you have 8K of memory, you
have access to all the high-resolution
graphics modes. Just for a first try, do
this: POKE 32768,255.

There. Excited? | was. Have a look at
Figure 7; this is the schematic of the
VDG. As noted earlier, the address bus is
taken over by the VDG when it needs to
access the display memory. The other
item of interest in this schematic is the
data latch, which not only selects the
sound output, but also determines the
VDG modes. These modes are summa-
rizedin Table 3.

GM2 and the INT*/EXT line are tied to-
gether, as are A*/G and D7, and INV and
D6. This is an efficient connection
scheme for the 256 data values, since
only 64 characters are available inside
the VDG:

D7 D6 Result

0 O Normalalphanumerics
0 1 Reversealphanumerics
1 0 Semigraphics—4

1 1 Semigraphics—4

VDG latch assignments through U8
are shown in Table 4. To go through the
list of possibilities completely, try this:

10 INPUT"Speed”;Q

20 FORX =0TO127STEP4
30 POKE 32768, X

40 FORN =1TOQ : NEXT
50 NEXT

And finally, to try the sound output
from Basic by directly manipulating the
latch, do this:

10 X=32768:Y=128:Z2=0
20 POKEX,Y:POKEX,Z:GOTO20

The MC-10 is a surprisingly versatile
single-board computer. As a Basic com-
puter, it looks like an interesting intro-
ductory machine. Since it can be ex-
panded, and since features such as serial
interface and reliable cassette storage
are standard, | feel it can serve as a re-
markable laboratory computer or proc-
ess controller. This preview should get
you started with some options and up-
grades. Look in future “Custom Color”
columns for regular tours through this
excellent miniature personal computer.
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Figure 6. Wiring diagram of the 8K memory upgrade for the MC-10.

Figure 7. Access to the 6847 Video Display Generator, as well as to the
sound output, is provided by a data latch address by any memory location

from $8000 to $BFFF.
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