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New Cromemco System One shown with our 
high·capability terminal and printer. 
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Baked Apple. 
Last Thanksgiving, a designer from 

Lynn/Ohio Corporation took one of 
the company's Apple Personal Computers 
home for the l1olidays. 

While he was out eating turkey, it 
got baked. 

His cat, perhaps tniff ed at being left 
alone, knocked over a lamp which started 



























Turn your Apple into the world's 
most versatile personal computer. 

The SoftCard™ Solution. SoftCard 
turns your Apple into two computers. 
A Z-80 and a 6502. By adding a Z-80 
microprocessor and CP/ M to your 
Apple. SottCard turns your Apple into 
a CP/ M based machine. That means 
you can access the single largest body 
of microcomputer software in exist· 
ence. Two computers in one. And. the 
advantages of both. 

Plug and go. The SoftCard system 
starts with a Z-80 based circu it card. 
Just plug it into any slot (except 0) of 
your Apple. No modifications required . 
SoftCard supports most of your Apple 
peripherals. and. in 6502-mode. your 
Apple is still your Apple. 

CP/ M for your Apple. You get CP/ M 
on disk with the SoftCard package. It's 
a powerful and simple-to-use operating 
system . It supports more sottware 
than any other microcomputer operat· 
ing system. And that's the key to the 
versatility of the SoftCard/ Apple. 

BAS IC included. A powerful tool, 
BASIC-80 is included in the SoftCard 
package. Running under CP/M, ANSI 
Standard BAS IC-80 is the most 
powerfu l microcomputer BASIC 
available. It includes extensive disk 1/0 
statements. error trapping, integer 
variables. 16-digit precision. exten· 
sive EDIT commands and string func· 
tions. high and low-res Apple graphics. 
PRINT USING, CHAIN and COM · 
MON. plus many add it ional com · 
mands. And. it's a BASIC you can 
compi le w ith M icrosoft's BASIC 
Compiler. 
M ore languages. With SoftCard and 
CP/M. you can add Microsoft's ANSI 
Standard COBOL. and FORTRAN . or 

Basic Compiler and Assembly Lan ­
guage Development System. All, more 
powerful tools tor your Apple. 
Seeing is believing. See the SoftCard 
in operation at your Microsoft or Apple 
dealer. We think you 'll agree that the 
SoftCard turns your Apple into the 
wor ld 's most versa t ile personal 
computer. 
Complete information? It's at your 
dealer's now. Or. we'll send it to you 
and include a dealer list. Write us. Call 
us. Or, circle the reader service card 
number below. 
SoftCard is a trademark of Microsoft Apple II and 
Apple II Plus are registered trademarks of Apple 
Computer. Z-80 1s a registered tra<:Jemark of Z1log, 
1nc. CP/M is a reg istered trademark o1 019otal 
Research. Inc. 

T 
M1crosott Consumer Products. 400 108th Ave. N.E .. 

Bellevue. WA 98004. (206) 454-1315 











plete cursor control and even moving of text "blocks." 
Once the source is complete, it can be assembled and put 
on the "test bench." 

The test bench is a program feature that lets you ex­
amine the operation of a robot program without actually 
going to the battlefield; it's sort of a dynamic debugger. 
The program statements being executed are displayed on 
the screen along with the values in various registers, and 
instantaneous information on theoretical speed, position, 

Photo 2: The Robotwar battlefield during combat. 

and status of the robot is available. You can single-step 
through the program, stop it altogether, and even 
simulate attacks and radar acquisition of targets. 

To my mind, the test bench is an important idea and 
will probably prove most useful to people just learning to 
program. Although every beginning robot programmer 
(and most veteran ones) will make mistakes when pro­
gramming a robot, it would be very discouraging for 
most to watch their prize creation blindly beating itself 
against a wall. The test bench gives you the means to find 
bugs - makes it easy, in fact-and to correct them before 
pitting your robot against others. The simplicity of Battle 
Language and the availability of the test bench make pro­
gramming a less imposing task, especiaJly for beginners, 
and suggest Robotwar's use as an instructional device in 
classroom settings. 

Gird Thy Loins 
When a robot's source code is completed, assembled, 

and the object code is stored on disk, the programmer 
then takes the role of spectator. Robotwar lets you select 
your robot's opponents from a set of adversaries that in­
cludes robots programmed by Muse as well as those writ­
ten by your friends or enemies. If you are a solitary 
player, your robot may have no other opponents than 
those the program supplies . Any mix of up to five robots 
and multiples of the same robot are allowed in the are.na. 

Preprogrammed robots that come with the game dem-

DI lFACE GRQ SERIES IN RFACE 
TURNS YOUR ELECTRONIC TYPEWRITER INTO A PRINTER/TYPEWRITER 

The Data face GRQ- 11 Inter­
face expands your Olympia ES 
Series electronic typewri ter 
into a letter press quality printer for your personal or busi­
ness computer. And, you still have a fully featured electronic 
typewriter-two machines in one. 

The GRQ Series Interface features: 
1. Standard EIA RS-232-C Serial Interface and Parallel 
(Gentronics compatible) . 
2. Standard asynchronous ASG 11 code, 7 bi t data; 1 start 
bit; accommodates 1 or 2 stop bits automatical ly: accom­
modates odd, even or absence of parity bit. 
3. Fifty thru 9600 Baud data rate options. 
4. Two K buffer; supports X- on, X- off protocol as well as 
ATS signals. 

5. Circuit board is installed in­
side typewriter back panel 
along side logic board. The 

connection between boards accomplished by 40 pin 
jumper cable using existing socket. No soldering required. 
Power is provided to the GRQ thru two pins of the 40 lead 
cable. Installation in 10 minutes. 

End user. Dealer, Distributor and OEM inquiries are wel­
come. For additional details, specifications and computer 
compatibility contact: 

2372 A WALSH AVE., SANTA CLARA, CA 95050 
(408) 727-6704 

• 
Circle 117 on Inquiry card. 



THE DAWN OF 
AGE 

The 2nd Gl!neratiarlM is here! 
MEASUREMENT systems & controls proudly 

introduces its new and exciting " 2nd Generation" 
family of S-100" compatible products. Each has 
been specifically designed for use with 
mult i-user and network 
operating systems such 
as MP/M, CP/NET, and 
OASIS. Every product is 
fully tested and burned­
in, comes with a 1 year 
guarantee, and offers 
you features not 
currently available from 
any other source. 

zao PROCESSOR 
BOAR 1D - The most 
powerful CPU board available today. Outstandi ng 
features include 4MHz operation, high-speed serial 
and parallel 1/0 utilizing OMA or programmed 
control, eight vectored priority interrupts, and a 
real time clock. 

MULTl·USER SERIAL 110 BOARD - For use in 
expanded systems requ iring up to eight add itional 
serial 1/0 ports. Features include: 16 maskable 

•All proclucts meel lhe new IEEE s tandards. 

Syste1ns Group 
A Di v isio n of MEASUREMENT systems &.. contro ls 

incorporated 
For dealers only, circ le 404 
All other Inquiries, ci rc le 405 

vectored priority interrupts, RS-232C interfaces 
w ith ful l handshake, asynchronous or synchronous 
operation with asynchronous baud rates to 19,200. 

Available in four or eight channel versions. 

DOUBLE DENSITY 
FLOPPY DISK 

CONTROLLER BOARD ­
controls up to four 51/.i · 

inch or 8-inch disk drives 
using IBM soft sectored 

formats. It features 1 K 
of on-board buffering, 
OMA controlled data 

transfers and the per­
formance character­
istics of the superior 

NEC 765 chip. 

64K BANK SELECTABLE MEMORY BOARD -
Features include 110 port addressing for bank 

select w ith 256 switch selectable 110 ports for the 
memory bank addressing. The memory is 

configured as four totally independent 16K 
software-selectable banks, with each bank 

addressable on any 16K boundary. 

"Attractive Dealer & OEM Prices" 
See your nearest computer dealer, or 
contact us for the complete story on 

The 2nd Generation. 

1601 Orangewood Ave., Orange, CA 92668 
TWX/TELEX: 910 593 1350 SYSTEMGRP ORGE 
714-633-4460 





The guy on the left 
doesn't stand a chance. 

The guy on the left has two file folders, a news maga­
zine, and a sandwich. 

The guy on the right has the OSBORNE 1®, a fu lly 
functlonal computer system in a portable package the size 
of a briefcase. Also in the case are the equivalent of over 
1600 typed pages, stored on floppy diskettes . 

The owner of the OSBORNE 1 is going to get more 
work done-and better work done- in less time, and with 
less effort. 
Unfold it, plug it in, and go to work 
like you've never worked before . ... 

Go to work with WORDSTAR® word processing, so 
your correspondence, reports, and memos take less time 
to produce, and say more of what you wanted to say. And 
with MAILMERGE -the mailing system that turns out 
personalized mass mailings in the time you 'd spend on a 
rough draft. 

Go to work with SUPERCALC®, the electronic 
spreadsheet package that handles complex projections, 
financial planning, statistics, and "what if" questions in­
stantly. For the more technicalty minded, SUPERCALC will 
process scientific data and ca lculate results. 

Go to work with powerful BASIC language tools­
the CSASIC-2® business BASIC, or the Microsoft BASIC® 
interpreter. 

That's standard equipment. 
Options include about a thousand different software 

packages from a host of vendors designed to run on the 
CPJM computer system. 
Go to work at the office, at home, or in the field. 

Or anywhere. Optional battery packs and telephone 

Circle 325 on Inquiry card. 

transmission couplers mean you need never work without 
the capabilities of the OSBORNE 1. That's good , because 
you won 't want to work again without it. 
All for $1795. It's inevitable. 

The OSBORNE 1 is the produc1ivity machine that's 
changing the way people work. Put simply, the machine 
delivers a significant productivity edge- day in and day 
out-to virtually anyone who deals with words or num­
bers. Or both . 

Since the entire system is only $1795 , it won't be too 
long before the guy on the left has an OSBORNE 1 of his 
own. The same probably goes for the person reading 
this ad. In fact, we think it's inevitable. 
The OSBORNE 1 ihcludes a Z80A111CPU. 641< 
bytes or RAM memory. two 100 kilobyte 
llOP.PV disk drives, a business keyboard. 
bu1h-in monitor. IEEE 488 and RS232 inter­
laces lor printers and other th ings that 
get connected to computers , plus 
CP/M, CBASIC·2, Microsoft BASIC , 
WOADSTAR, and SUPERCALC. The 
system is available from com· 
puter retallers nationally. 

$1795. lt's 
inevitable. 

COMPUTER· CORPOR A TION 
26500 Corporate Avenue Hayward , California 94545 
Phone (415) 887-8080 TWX (910) 383-2021 

BYTE 0-...ber 19'1 33 
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the ship In the middle, and you try to last 
as long as possible against kamikaze 
ships that are battering your shlelds. 
You can shoot past your shields at the 
enemy ships, but they are very hard to 
hit. Space Warrior, by Marc Goodman, 
for the Apple II or II Plus, $24.95 (disk), 
from Broderbund Software, 2 Vista Wood 
Way, San Rafael, CA 94901 . 

dJ Apple Panic Is one of the most 
Y creative and novel games to be 
Invented for a microcomputer. The small 
creatures after you are "apples,'' and 
you have only one way of stopping them. 
You must dig holes In the walkway you 
are on; when an ·•apple " falls Into one 
and is temporarily stuck there, you must 
knock It through before It can get out of 
the hole and repair the walkway. Unlike 
so many arcade games that can often 
defeat you In less than a minute, this 
game /s slow paced and easy to play (al· 
though It Is st/II challenging). Apple 
Panic, by Ben Serki, for the Apple II or II 
Plus, $29.95 (disk), from Broderbund 
Software, 2 Vista Wood Way, San 
Rafael, CA 94901. 

/? Kayos Is an assault on the 
<!2) senses. While a field of asteroids 
distracts your eyes and two colored air· 

craft (middle) try to ram your ship (at 
bottom), your objective Is to shoot the 
quickly moving red ship zooming across 
the top of the screen. Kayos, for any 
Atari 400/800, $34.95 (disk or cassette), 
from Computer Magic Ltd, 176 Main St, 
Port Washington NY 11050. 

;l... The classic game Galactic Empire 
f!2J has recently been translated for 
the Atari 400 and BOO computers. In this 
lre&-form game of ml/ltary strategy, you 
command the flagship Orlon and must 
use your limited resources to conquer 
and hold the twenty Inhabited planets of 
the known galaxy. Galactic Empire, by 
Douglas Carlston (Atari translation by 
David Simmons). for the Atari 400/800. 
$19.95 (cassette). from Adventure Inter· 
national, POB 3435, Longwood FL 32750. 



11 Olympic Decathlon is the 
definitive game for the 

armchair athlete. Actually, 
Olympic Decathlon Is a series of 
games that lets up to eight 
people compete in the ten 
events of the Decathlon. Timing 
and finger endurance are the 

qualities that guarantee suc­
cess. In the 110-meter hurdle 
event (shown here), you have to 
press two paddle buttons in an 
exact sequence to make your 
player " run "; he /umps when 
you hold down a button for 
longer than an Instant. Olympic 

Decathlon, by Timothy Smith, for 
the Apple II or II Plus, $29.95 
(disk), or the Radio Shack 
TRS-80, $29.95 (disk or 
cassette), from Microsoft 
Consumer Products, 400 18th 
Ave NE, Suite 200, Bellevue WA 
98004. . 





!I So you like the Pac-Man 
arcade game? Then your 

only decision Is which 
microcomputer look-a/Ike to 
buy- Snoggle (left) or Gobbler 
(right). Snoggle reproduces the 
play of the original game better, 
but Gobbler has smoother and 
more interesting graphics. Both 

are for the Apple II. Snoggle, by 
Jun Wada and Ken Iba, $32.95 
(disk), from Broderbund Soft­
ware, Box 3266, Eugene OR 
97403. Gobbler, by Olaf 
Lubecke, $24.95 (disk), from 
On-Line Systems, 36575 Mudge 
Ranch Road, Coarsegold CA 
93614. 

'il Most arcade games give 
r8J you three "lives." When 
you use them up, the games 
end. Not so with Star Thief; 
destroyed ships are recreated at 
the edge of the screen, and you 
keep playing until various enemy 
ships carry off all the "power­
pods ' · in the center of the 
screen. The game, based 
loosely on the Ripoff coin­
operated arcade game, can be 
played from either the keyboard 
or the game paddles and has a 
two-player cooperative 
version-both of you against the 
computer. Star Thief, by James 
Nitchals, for the Apple II or II 
Plus, $29.95 (disk), from Cavalier 
Computer, POB 2032, Del Mar 
CA 92014. 
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Ciarcia's Circuit Cellar 

Build a Touch Tone 
Decoder for Remote Control 

I'm lucky. Every month I can chip 
away at my mental list of unfulfilled 
fantasies through my Circuit Cellar 
project for BYTE. The editorial staff 
thinks of these articles as "a selected 
mixture of electronic theory and 
hardware presented as a practical ap­
plication for personal-computing en­
thusiasts." [That's what Steve thinks 
we think . ... RSS) Up to now I have 
carefully avoided revealing my true 
motivations. 

This month, however, my "selected 
mixture" turned into a long-term 
engineering project. Let me explain. 

I have always wanted to be able to 
telephone the computerized home­
control system in my house from 
anywhere in the country, to find out 
what the conditions are like in and 
around the house, be informed of 
problems or messages, and remotely 
control lights and thermostat settings. 

This idea is neither new nor 
something found only in science fic ­
tion. Any computer presently 
equipped with an autoanswer modem 
could conduct such a dialogue with a 
remote user terminal, transmitting 
and receiving ASCII (American Stan-

Touch Tone is a registered trademark of the 
Sell System for its dual-tone. multiple-frequency 
signaling system. 

Some figures accompanying thiS article were 
provided through the courtesy of the lntema· 
rional Telephone & Telegraph Corporation and 
Mos1ek Corporation . 
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Steve Ciarcia 
POB 582 

Glastonbury CT 06033 

<lard Code for Information Inter­
change) characters. 

But I really don't want to carry an 
ASCII terminal with me. For the sim­
ple functions I propose, even carrying 
a small pocket terminal is quite a 
bother. I don't need a full keyboard 
for a few simple coded inputs, and 
with a little innovative thinking I can 
eliminate the need for a message 
display at the remote end of the com­
munication. 

Innovative Thinking 
The keypad on a Touch Tone 

telephone receiver is a readily 
available, convenient means of 
transmitting data. (Only telephone 
instruments from the Bell System are 
properly called Touch Tone; the 
generic term used by other telephone 
manufacturers is dual-tone, multiple­
frequency, or DTMF, signaling.) 
Where only rotary-dial telephones 
are available, a battery-powered 
DTMF keypad can be carried much 
more easily than any full -function 
terminal. Decoding of DTMF signals 
by my home-control computer, 
therefore, became one cornerstone of 
my remote-command arrangement. 

The other cornerstone was to be 
output in the form of audible 
responses: words spoken over the 
telephone line by a voice synthesizer 
driven by the computer. Those who 
have read my June and September 
1981 articles know I have been ex­
perimenting with two voice-synthesis 

integrated circuits: the Digitalker 
from National Semiconductor and 
the Votrax SC-01 from the Votrax 
Division of Federal Screw Works. Us­
ing these components, I designed the 
Micromouth and Sweet Talker speech 
interfaces, respectively. Either of 
these, interfaced in an approved way 
to the telephone line, could give me 
the voice-response capability I envi­
sioned. 

My first step was to decode the 
DTMF tones. As the title of this arti­
cle indicates, I didn't get much fur­
ther. 

Pitfalls for the Unwary 
There are many decoding schemes. 

Most work only at room temperature 
when the tide is high and the moon is 
full. Even though they might work 
under ideal circumstances, the cir­
cumstances encountered in transcon­
tinental communication are often far 
from ideal. Decoding DTMF tones 
reliably turned out to be a much more 
difficult task than I imagined. 

Budgeting a couple of days to build 
the DTMF decoder and set up the 
telephone interface, I started by look­
ing through other magazines for ap­
propriate circuits. There were very 
few such circuits (this should have 
been a clue), and most of them used 
type-567 small-scale-integration 
phase-locked-loop tone-decoder 
chips. 

In a classic me-too approach, I 
wired up seven LM567 tone decoders 



and tested a quick-and-dirty circuit. 
Unsatisfied with its reliability, I add­
ed a separate bandpass filter to the in­
put of each LM567. This greatly im­
proved the signal-to-noise ratio, but 
it used a hundred components. I put 
this circuit aside and tried using 
separate bandpass filters with an in­
tegrated DTMF tone-decoder chip. 
This reduced the component count by 
25 percent, but it was hardly the 
"quick-build" Circuit Cellar project I 
wanted. I soon realized why I hadn't 
seen ma.ny articles on personal ap­
plications of DTMF decoding. 

Telephoning my computer and 
having it respond with audible words 
will have to wait. We have to begin 
with the subtopic of DTMF encoding 
and decoding. 

Principles of DTMF 
The next time you pick up the 

handset of a Touch Tone or other 
DTMF-dialing telephone receiver, 
press one of the keys and listen. The 
sound you hear, aside from the dial 
tone, is not a single-frequency sine 
wave but a combination of two fre­
quencies. The 12 keys are arranged in 
four rows and three columns, as 
shown in table 1 on page 45. AH the 
keys in a given row or column have 
one tone in common. For example, 
pressing the digit "9" (row 3 and col­
umn 3) produces an 852 Hz and a 
1477 Hz tone simultaneously. 
Similarly, pressing "4" (row 2 and 
column 1) produces 770 Hz and 1209 
Hz tones simultaneously. 

The full DTMF-encoding standard 
defines four rows and four columns 
for a total of 16 two-tone combina­
tions. Standard telephones use only 
12 of these combinations, but for the 
purposes of this discussion we shall 
consider all 16. Depending upon your 
application, these extra codes may be 
useful. 

The eight frequencies associated 
with the rows and columns are 
separated into two groups. The low 
group, containing row information, 
has a range of 697 Hz to 941 Hz. The 
high group, containing column infor­
mation, covers 1209 Hz to 1633 Hz. 

Copyright © 198 1 by Steven A. Clareta. 
AU rights reserved . 

Phot.o la: A standard Touch Tone DTMF-encoding module used by the Bell 
System. It can encode tone pairs for four rows and three columns of the full 
DTMF matrix. 

. 
Photo lb: The back side of the Touch Tone module showing the transistorized in-
ductance/ capacitance oscillators and the mechanical levers and contacts. 
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figure la: Block diagram of the Mostek MK5087 DTMF (dual-tone, multiple-frequency) signal encoder. 
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Figure lb: Schematic diagram of a DTMF-encoding circuit that el'}'lploys the MK5087, a 4-by-4 matrb: keypad, and a 3.579545 MHz 
color-burst crystal. 
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As you can see from table 1, there is 
little bandwidth between frequencies. 

A variety of methods are employed 
to generate and decode these tone 
combinations. Generally, the level of 
sophistication employed in these cir­
cuits is governed by the application. 
Telephone companies strive for 
reliability and aren't particularly con­
cerned with the size and weight of the 
result. Apparently, the telephone­
company engineers' primary concern 
is that the system should still work 20 
years from now and withstand a 
nuclear attack. Thus, except in the 
very latest equipment, discrete LC­
(inductance/ capacitance) tuned cir­
cuits are usually found in telephone­
company equipment. 

Non-telephone-company commer­
cial users of DTMF signaling take a 
different approach. Instead of LC­
tuned circuits, they generally prefer 
crystal-controlled integrated-circuit­
based systems. One system is not 
necessarily better than the other, but 
the large telephone companies have 
more facilities for winding inductors. 

In computer-control applications, 
the approach I recommend is to 
follow in the footsteps of the com­
mercial designers, using large-scale­
integrated circuits where possible. In 
the case of encoding the row and col­
umn signals, this route is obvious and 
the cost is relatively low. DTMF 
decoding, on the other hand, is fairly 
complicated and relatively expensive. 
Before choosing one of the cheaper 
approaches, try to make a fair 
evaluation of the time involved in 
building and troubleshooting such a 
circuit and weigh that against a slight­
ly more expensive integrated circuit 
with fewer potential problems. 

DTMF Encoding 
Telephone companies have tradi­

tionally used transistor LC oscillators 
to encode the DTMF tone pairs. The 
practical alternative for the rest of us 
is use of an integrated tone-encoder 
component, such as the MM53125 
from National Semiconductor and 
the MKS087 from Mostek. Referred 
to as integrated tone-dialer circuits, 
these chips divide a 3.579545 MHz 
reference frequency into the eight 
DTMF frequencies. The frequency 

combinations are selected by a 12- or 
16-key matrix keypad connected 
directly to the chip. The output is a 
stair-step DI A (digital-to-analog) ap­
proximation of the mixture of the 
high- and low-group tones. No fre­
quency adjustment is necessary to 
meet standard DTMF specifications, 
and the average circuit configuration 
requires little more than the keypad, 
a crystal, and the integrated circuit. 
Figure 1 shows a block diagram of the 

MK5087 and a typical DTMF­
encoder circuit. 

If you don't want to assemble a 
DTMF encoder, Radio Shack sells an 
encoder complete with a U-key 
keypad. Using an MM53125, the 
CEX-4000 tone-generating keypad 
module (catalog number 277-1010) 
presently costs $16.95. To use it, you 
also need a 3.579545 MHz crystal 
(number 272-1310), which costs 
$1.99. Simply add a power supply 

Photo 2: The Radio Shack DTMF-encoding keypad module (catalog number 
277-1010), which incorporates the Nati.ona./ Semiconductor MM53125 tone­
encoder chip. 

High Group 

Column O Column 1 Column 2 Column 3 
1209 Hz 1336 Hz 1477 Hz 1633 Hz 

Row 0, 697 Hz G) G) G) 0 
Row 1, 770 Hz Q G) G) @ 

Low 
G) G) G) @ Group Row 2, 852 Hz 

Row 3, 941 Hz 0 G) G) @ 
Table 1: The dialing matri.x of the DTMF (dual-tone. multiple-frequency) signaling 
system. The two-dimensional matri.x allows 16 different combinations of tones to 
represent 10 digits and 6 control signals. nw /ow-group frequencies correspond to 
the matri.x row; the higli-group frequencies correspond to the column. Column 3 is 
nut normally used in tone dialing, but it can be useful in remote-control applications. 
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O.Ol11F 

Number Type +5 v GND -12 v +12 v 

IC1 
IC2 
IC3 
IC4 
ICS 
IC6 
IC7 
IC8 
IC9 
IC10 
IC11 
IC12 
IC13 
IC14 

ANALOG INPUT 

MC1456 
MC1456 
MC1456 
MC1458 
LM567 4 7 
LM567 4 7 
LM567 4 7 
LM567 4 7 
LM567 4 7 
LM567 4 7 
LM567 4 7 
74LS02 14 7 
74LS02 14 7 
74LS02 14 7 

1N9U 

1N914 

IOOK 

101( 

NOrE: A/JJVSr rRJM l'Or 
ON EACH natR 
ro PUK Ar 
TONE-DECODER 
str POINT. 

and speaker to make it fully opera­
tional. 

DTMF Decoding 
DTMF decoding is considerably 

more complicated than DTMF en­
coding. Only recently has the advent 
of the single-chip decoder/ receiver, 
such as the ITT MSD3210, made 
reliable DTMF decoding easy to 
achieve. In fact, I didn't find out 
about this hybrid component until 
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after attempting to build a number of 
other circuits. 1f I had had this device 
initially, 1 could have devoted more 
time to the other parts of my remote 
home-control arrangement. How­
ever, since you might appreciate the 
MSD3210 and its kin more by seeing 
what you are missing, I will cover 
some of the other circuits I con­
stru.cted. 

The circuits range in complexity 
from approximately 100 components 

1oon 

7 

down to just two: a single integrated 
circuit and a crystal. 

Discrete-Filter DTMF Decoder 
Whatever the circuit, the purpose 

of a DTMP receiver is to decode tones 
that indicate which key was pressed 
on the transmitter. The output from 
the decoder can be a logic pulse on 
one of 12 output lines, a 4-bit binary 
code, or separate 2-bit row and 2-bit 
column outputs. The latter two 
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Agure 2: Schematic diagram of a DTMF-d.ecoding circuit tlzat employs separQte LMS67 tone decoders with associated input filters for 
a total of appro::cimately 100 components. 
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