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*NOTE

Due to popular request R/C Modeler Magazine has reprinted
the “Digitrio” exactly as it appeared when first published as a
series in 1966. Because this is an exact reprint of the original
RCM Digitrio, many prices, stock numbers, firm names and
addresses, coupons, etc., are obsolete or have changed since
the first printing. We want to emphasize that this reprint has
been made available strictly as a service to RCM readers and
not as an updated or currently edited book.

Editor’'s Preface

The RCM Digitrio Proportional System, de-
signed and developed by Ed Thompson, Techni-
cal Editor, was originally presented as a series of
seven articles in Radio Control Modeler Maga-
zine. We feel privileged to present this complete
basic series to you with the knowledge that it
represents one of the finest individual design
and engineering accomplishments in the field of
radio control — providing RCM readers with the
most thorough and complete construction series
ever published in any model aviation magazine.

No attempt has been made to condense, or
otherwise shorten, the series, for Ed Thompson
will take you from the basic theory straight
through to the final installation of this digital
~ proportional system. If you can use a soldering
iron and ordinary model shop tools, you can
build the Digitrio. No elaborate tools or elec-
tronic test equipment is necessary, due to the
author’s method of presentation. Although ac-
cess to an oscilloscope would be convenient, even
it is not mandatory for alignment.

Individual components for this system are
available from most major electronic parts dis-
tributors. Complete kits for the transmitter, re-
ceiver-decoder, and servos are available from
World Engines, Inc., 8206 Blue Ash Road, Cin-
cinnati, Ohio 45236. In addition, other RCM

advertisers have made available such items as
printed circuit boards, transmitter cases, stick
assemblies, transmitter and airborne battery
packs, simplified mounting boards, compatible
servos, etc., for the convenience of scratch build-
ers. The editors of RCM have built five of these
systems from the article, and from the kits, in or-
der to insure that all phases of this system were
thoroughly bench and field tested. In addition,
many individual modeler-technicians have co-
operated in the testing of the system prior to its
initial publication. To the latter individuals, we
are deeply indebted.

To date, more than two thousand Digitrio sys-
tems have been built, and at the time of this writ-
ing, have established several first places in na-
tional competition as well as a new world’s speed
record for an R/C hydroplane.

If you follow these instructions to the letter,
you will have a proportional system that will
provide you with maximum reliability and per-
formance for many years to come. If, for any
reason, you should encounter any difficulty that
cannot be corrected locally, simply drop a note
to The Editor, R/C Modeler Magazine, P. O. Box
487, Sierra Madre, California.

We think you'll enjoy the RCM Digitrio Pro-
portional System. Good flying!

Don Dewey, Editor



Preface

HERE is little doubt in anyone’s mind

that the proportional age has de-
scended upon us. I suspect most of us
are a little confused by all the ballyhoo
we read and hear about the different
systems, no longer having a familiar
yardstick to use when uating these
various systems. In the past, we picked
equipment on the basis of dependabili-
ty, mainly because the equipment was
almost identical in makeup — even to
the point of looking alike except for the
color of the cases! Proportional systems,
on the other hand, may look alike, but
the internal makeup is limited only by
the manufacturers’ imagination and in-
genuil?'. Some of it is vastly complex,
and if programmed properly, could
solve mathematical problems and per-
form minor computing tasks!

The system presented here will not
offer serious competition to Univac nor
will it revolutionalize the proportional
industry. It will, however, provide a
proven three channel, so-called “digital”
system. I say “so-called” digital system,
because it is not truly digital, nor are
the other systems currently on the mar-
ket. Doug Spreng covered this in a
previous article so I won't expound on
it

It appears that a lot of the equip-
ment on the market gets homesick and
has a nervous brea]tgown occasionally.
The result is quite dramatic at times —
especially when the aircraft tries to do
a loop, barrel roll, Immelmann and half
ganor at the same time. The usual re-
sult is that the hi-strung system is sent
home to Papa for corrective action. We
then twiddle our thumbs waiting for
its return and mutter purple phrases
about the manufacturer. We used to
be able to spot impending trouble when
a reed needed cleaning or tones needed
adjustments etc. Now we are faced
with sudden malfunctions which leave

us baffled, disgruntled, frustrated and
unsure (oh yes, reeds will be around for
a long time yet). This is mainly due to
the lack of knowledge about this new
breed of cat.

The manufacturers are apparently not
too concerned about this and are doing

~a good job of keeping their brain chil-

dren a secret. I don’t think this system
will unlock any magic door of knowl-
edge on the subject but it will give you
an insight to some of the basics used. I
sincerely hope that it will stir the im-
agination of some to experiment and
improve the present state of the art.

How To Obtain Digital Proportional
Using Basic Computer Circuits

The heart of the system presented
here and in subsequent articles will
consist of simple computer circuits.
These are common circuits that are nei-
ther mysterious nor hard to compre-
hend. Figure 1 shows how we will ac-
complish this by means of a simple
block diagram.

By adjustment of the controls we
program the system. The coder senses
the position of the controls and modu-
lates the transmitter with this informa-
tion. The receiver processes the infor-
mation and passes it on to the decoder
which, in turn, separates it into individ-
ual channels. This information is com-
pared in the individual servos with in-
formation supplied by the servo itself
relating to its present position. If the
information received differs with that
of the servo it senses in what direction
to move in order to correct itself. When
the servo moves far enough to agree
with the incoming information it stops
at its new position. The servo now
has a new reference position and keeps
comparing for further instructions. OTd
Hat, so far, and not too sensational.

The main departure from norm is that
we are going to do it with computer
circuits and pulses measured in milli-
seconds or MS (1/1000 of a second)
and micro-seconds (1000 micro-seconds
equal 1 milli-second). We are also
going to eliminate tones and use the
carrier to convey this intelligence
(shades of the RK-61 eral). We will
pulse the carrier at precise variable
rates and intervals. The receiving end
will shape these pulses, sort them out,
and precisely analyze each one for any
change in program at the transmitter.
Let’s go on to the circuits we will use
to accomplish this feat.

Brief’ Description Of Basic
Circuits That Will Be Used

For the following discussions the
term ground will be synonymous with
emitter potential.

Figure 2A shows a bi-stable or flip-
flop circuit. Although it is used only
one time in this system it is used ex-
tensively in, and is the heart of, some
of the decoders on the market. Inspec-
tion of the circuit will reveal a sort of
suicide circuit. R1 and R2 are the col-
lector loads for their respective transis-
tors. R3 and R6 provide forward bias
for Q2. R4 and R5 provide forward
bias for Q1. Disregarding the other
components for the time being let’s look
at the operation.

The conduction of either side de-
pends on the other side being cut off,
and vice versa. Due to this relationship,
one side will be cut off and the other
side will be conducting. To make it
work let’s assume that Q1 has a little
higher gain than Q2. When we first
apply power it conducts a little heavier.
Its collector voltage going to ground re-
duces the forward bias on Q2 thereby
helping its collector voltage go more



negative. Q2’s collector voltage going
negative provides more forward bias
for Q1 assisting it even further in its
race to conduction. This of course as-
sists Q2 to cut off even more. This
mutual assistance bond between the
two always ends up with one holding
the other into conduction.

This then, means that one collector
will be negative and one at ground with
no in-between conditions allowed. Ac-
tually; this takes place instantly, and
the state of the two transistors is deter-
mined by which one gets a head start.
We provide this head start with C1, C2,
R7, R8, D1, and D2. If we apply a
short positive pulse at the input ter-
minal it will be transferred to Q1’s base
via C1 and D1.

Simultaneously it will ap at Q2’s
base via C2 and D2. We left Q2 cut
off so the positive pulse will have no
effect on it. However, since Q1 was
conducting, the positive ‘Eulse will cut
it off for the duration of the pulse. This
causes Qs collector to go negative
briefly and provides forward bias for
Q2 which takes advantage of the situa-
tion and, armed with a head start, re-
verses the condition of the circuit.
Every time a positive pulse appears at
the input the circuit will alternate its
state, R7 and R8 are used to assist the
action by biasing the diode capacitor
junctions. If Q1 is cut off, R7 will apply
the negative collector voltage to the
D1-C1 junction minimizing the effect of
the positive trigger pulse to Q1, con-
versely R8 will ap&ly Q2’s collector
ground potential to the D2-C2 junction
enhancing, or at least not detracting
from the effect of the positive pulse to
Q2. This, in effect is trigger gating and
allows lar%: trigger-pulse amplitude
variations while retaining high trigger
sensitivity. There are other ways to
trigger the circuit but this is the way we

will use it in the system. Actually all
I have said so far is that each positive
pulse applied to the circuit will change
its state. This means that two pulses
are required for a complete cycle. Now
let’s put it to work.

If we send short pulses spaced at
1MS intervals (that’s 1/1000 of a sec-
ond), we will change its state at that
same rate. A bit faster than the kicking
duck, eh? The output will be square
pulses with 1IMS widths or 2MS for a
complete cycle (See Figure 2B).

We now have to go through another
explanation, this time a monostable
muIitivibrator or simply a one shot.
(Figure 3A shows iis circuit.) R2
and R3 are the collector loads for their
respective transistors. R1 provides for-
ward bias for Q1, R4 and R5 provide
forward bias for Q2. Q1 is biased more
heavily than Q2 and will be conducting
in its steady state. Conduction of Q2
depends on the collector voltage of Q1
being negative (which it is not since it
is now conducting) so Q2 will be cut
off. This places a charge across C2
that is positive at Point A (beciause the
forward biased base emitter junction of
Q1 is a very low resistance to ufgmund)
and negative by the amount of supply
voltage at Point B. If a short positive

ulse is applied to the input it will
Erieﬂy cut off Q1 causing its collector
to go negative. This forward biases Q2
which instantly conducts. Q2’s collector
goes to ground and instantly causes a
polarity reversal across C2. Point A now
goes positive equal to the negative sup-
ply voltage with respect to Point B.
This cuts off Q1 which now holds Q2
in conduction. C2 starts discharging
through R1 and will keep Q1 cut off
until it discharges its positive charge
and Point A goes negative enough- to
cause Ql to conduct again. This of
course causes Q2 to cut off and the cir-

cuit is back in its stable state. (See
Figure 3B.) At this time we can apply
another positive pulse and start all over
again. We can also apply a negative
pulse to the base of Q2 and obtain the
same results by forcing Q2 into con-
duction. We will in fact do this in the
system, As you can see the time it
takes to complete a cycle depends on
how long it takes C2, discharging
through Rl, to return Point A to a
slightly negative voltage to forward bias
QL. There are two easy ways to con-
trol this. We can either vary C2’s
capacity (larger capacity/longer cycle)
or R2’s resistance (larger resistance/
longer cycle). How do you think we
will do it? You guessed it, a third way.
(See Figure 4A.) As you can see we
have added three components. Now we
can vary the voltage at Point B. When
Q2 conducts now, Point A will go posi-
tive equal to the amount of negative
voltage preset at Point B by the set-
ting of R6. This means that for a given
time constant of R1-C2 the cycle now
depends on the voltage at Point B. The
more voltage applied the longer it takes
C2 to dis 2ge and vice versa. Diode
D1 isolates C2 from Q2. In the circuit’s
steady state Q2's collector is negative
and DI is reverse biased. When Q2
conducts, it grounds the preset voltage
at Point B gh D1 which®is now
forward biased. R7 is a current limiting
resistor so we do not damage D1 or load
Q2. By adjusting R6 we can vary the
cycle time of the circuit. So now we
have a variable one shot. (See Figure
4B for wave forms.)

One more time, fellas! An easy one
this time and then we will put the cir-
cuits together. Figure 5A shows a uni-
junction transistor in a relaxation oscil-
lator configuration. Simply and briefly
R2 charges Cl until the voltage at
Point A is positive enough to cause Q1
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to conduct. When it does the forward shot is connected to a control stick. We

biased junction effectively shorts Cl’s
charge quickly cutting off Q1. It then
starts over. R1 is similar to a collector
load resistor and provides current lim-
iting and temperature compensation,
(Figure 5B shows the output wave
form.) We will use the downward tran-
sitions as a trigger. If we replace R2
with a pot we can vary the repetition
rate of the circuit. This circuit appears
inverted in the transmitter schematic
but inspection will show it is the same
as described.

Connecting Basic Circuits
To Give Desired Results

Let’s assemble a simple circuit now,
and see how we detect a change in
pulse width. Figure 6A shows a varia-
ble one shot coupled to a fixed one
shot of IMS duration. Assume that the
variable resistor of the wvariable one

can now vary the pulse width of the
variable one shot from .5MS to 1.5MS
by movement of the stick to its ex-
tremes with 1MS being neutral. Let’s
run through the operation with the
control stick in the neutral position. The
pulse generator triggers the variable
one shot every 6.5MS and is used to
initiate and repeat the action at this
rate. Although we will use the down-
ward transitions of the pulse genera-
tor coupled to Q2, it is shown here
coupled to Q1 to simplify the drawing.
The leading edge of the pulse created
by the variable one shot will instantly
trigger the fixed one shot. The output
of the variable one shot is also applied
to Terminal A of the transformer. The
pulse of the fixed ona shot is applied to
Point B of the transformer.

Looking at the waveforms (Figure
6B) for Condition 1 we can see that
Point A and B of the transformer will

have a positive pulse of 1MS duration
applied simultaneously. This will not
cause an output because the pulses are
identical and cancel each other’s effect.
It’s evident at this point that the trans-
former is used to compare the pulses
and it will be referred to as a “compara-
tor.” Condition 2 shows the variable one
shot with a .5MS pulse duration. Since
the fixed one shot always produces a
IMS pulse, Point B will remain positive
.5MS after Point A returns to nega-
tive. For the first .5MS the pulses can-
cel each other. When Point A goes
negative we have a resultant .5MS pulse
due to the remaining pulse length of
the fixed one shot holding Point B posi-
tive. There is a 180 degree shift of
polarity across the transformer so the
output of the comparator is a positive
.5MS pulse. Condition 3 shows the
variable one shot with a 1.5MS pulse
width. This will hold Point A positive
for .5MS after the 1MS fixed one shot
returns to negative. The 180 degree
shift of polarity across the transformer
will now cause the comparator output
to be a .5MS negative pulse.

Let’s go to Figure 7A, now, and see
how to run a servo with this type of
circuit. As you can see the comparator
now has a center tapped secondary.
An inspection of the waveforms (Figure
7B) will show that we can now get a
positive output from either Point C or
Point D depending on which way we
move the stick. We also get negative
outputs but the servo will only respond
to positive pulses and will ignore these
negative pulses.

Condition 1 shows neutral position
and no output at either Point C or D.
Condition 2 shows positive output at
Point C and negative at Point D (which
is ignored by the servo). The servo
amplifies this positive pulse at Point
C and runs in a clockwise direction.
Condition 3 shows a negative pulse at
Point C and a positive pulse at Point D.
The servo will now run in a counter-
clockwise direction. This action is re-
peated every 6.5MS by the pulse gen-
erator so we keep pulsing the servo at
this rate and can change its direction by
movement of the stick.

We’re almost home now, and if youre
still with me the rest is a snap! If you're
not, I suggest you reread those poitions
you're hazy about or get the local Ein-
stein to help you. A little effort will be
rewarded and once you get the hang of
it you'll be saying things like, “how
simple can you get” and “I knew it
all the time.”

Well, so far we have a quasi “bang
bang” system. Now let’s make it pro-
portional. Figure 8 shows that we have
replaced the fixed one shot with a vari-
able one shot which we'll call the ref-
erence generator, and mechanically
coupled the variable resistor to the



For your convenience, the fol-
lowing is a listing of various
sources of supply for Digitrio
kits and accessories as previous-
ly advertised in the regular
monthly issues of R/C Modeler
Magazine. For additional infor-
mation, please correspond direct-
ly with the manufacturers con-
cerned:

Complete Digitrio Kits
World Engines, Inc., 8206 Blue Ash
Road, Cincinnati, Ohio 45236.

These are the designer approved kits, each avail-
able separately, e.g., transmitter, receiver, decoder,
and servos. Batteries, stick assembly, ete., not in-
cluded. Tested and approved by RCM.

Compatible Servos

Spar Electronics, 15302 Oak Canyon

Road, Poway, California 92064.

Designed for use with the Digitrio system, these
servos have not been tested by RCM, but were used
with a Digitrio system that recently set a world's
hydroplane record.

Orbit Electronics, Inc., 11601 Anabel

Avenue, Garden Grove, California.

Orbit has produced a digital servo that is com-
patible with the RCM Digitrio. These have not
been tested by RCM, to date.

Hardware and Stick Assemblies
Justin Inc., 418 Agostino Road, San

Gabriel, California.

A completely drilled and ready-to-use transmitter
case with all stick assembly and pot mounting
brackets for the Digitrio. Tested and approved by
RCM,

Stanton R/C, Inc., 4734 North Mil-

wavkee Ave., Chicago, lllinois 60630.

A Digitrio stick assembly kit and pot bracket
hardware. Tested and approved by RCM.

Printed Circuit Boards
West Coast Slides, Box 788, San

Pedro, California.

Printed circuit boards for the transmitter, re-
ceiver, decoder, and servos. These units have not
been tested by RCM, to date.

Stanton R/C, Inc., 4734 North Mil-

wavukee Ave., Chicago, Illinois 60630.

Printed circuit boards for the RCM Digitrio
transmitter were tested and approved by RCM.
It is assumed that the other printed circuit boards
are also available.

Transmitter Stick Assemblies

World Engines, Inc., 8206 Blue Ash

Road, Cincinnati, Ohio 45236.

The popular Bonner stick assembly, used on the
Bonner Digimite, PCS, Kraft, Controlaire, and
F&M proportional systems, is available from World
Englnes for use with the Digitrio. Tested and
approved by RCM.

Micro-Avionics, Inc., 346 E. Foothill

Blvd., Arcadia, California.

The Micro-Avionics stick assembly, used on the
Micro-Avionics and Orbit proportional systems is
available for Digitrio builders. Some transmitter
case modification is necessary to fit this unit.
Tested and approved by RCM.

Power Supplies

P & D Manufacturing Company, P. O.
Box 34, Chino, California.

Complete power packs, or power pack kits, are
available from this manufacturer. Designed ex-
clugively for the Digitrio system, they have been
tested and approved by RCM.

Mounting Boards

Fly-Tronics Engineering, 3010 Brook

Drive, Muncie, Indiana 47304.

The Fly-Tronics Circuit Master iz a printed
circuit board on which the Digitrio servos mount,
as well as a 15-pin Cannon plug for the receiver-
decoder and power supply, thus eliminating many
of the wires and most of the plugs in the system.
Tested and approved by RCM.
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motor. All of this, including the com-
parator, is now contained in the servo
case. When the motor runs it also
turns the variable resistor. We now con-
trol the pulse duration of the reference
generator and lengthen or shorten the
pulse depending on which direction the
motor turns. If the incoming pulse
duration is longer than the reference
generator, assume that the comparator
will cause the servo to run in a counter
clockwise direction. If the variable re-
sistor turns in a direction so as to length-
en the reference generator pulse it will
eventually match the incoming pulse
length and the comparator output will
go to zero stcpping the motor. As long
as we hold the control stick in this posi-
tion the servo will remain where it is.
Any slight movement of the stick how-
ever will cause comparator output and
the servo will correct itself. It works
the same way only opposite if the in-
coming pulse duration is shorter than
the reference generator pulse. Here is
the main departure from analog servo
operation. Since any slight movement

of the stick will cause comparator out-
put of the same voltage (only the pulse
duration varies) we get full power for
the smallest incremental movements of
the servo.

Figure 9A shows how we do this via
radio control. The coder pulses are
variable and for Condition 1 (Figure
9B) modulates the transmitter with a
pair of pulses spaced 1MS apart. Point
B shows the carrier being “spiked” off
by these pulses. The receiver receives
and processes these pulses and a replica
of Point A appears at Point C. The flip
flop we discussed earlier converts these
pulses to a pulse with a 1MS duration.
We can apply this pulse to the input
of Figure 8 and by varying the spacing
of the pulses transmitted, by stick move-
ment, we can vary the position of the
servo. Figure 9B waveforms show how
the decoder follows stick movement.

There you have a basic single chan-
nel digita{proportiona] system. This has
been a simple explanation without frills
and the confusion factor has been held
to a minimum. As we progress we will
replace the transformer comparator with
transistors, add two more channels and
provide a means for the extremely short
comparator pulses to run the servos

smoothly.
(END PART I)
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Preface

If the first article in this series stirred
your interest and imagination, this and
succeeding installments, will answer any
questions you might have concerning
the RCM Digitrio. Since Don has as-
signed me the position of Contributing
Technical Editor and placed no restric-
tion on the content or length of this
series, 1 think you'll find the articles
quite complete — even to the pcint of
boredom for those with a “better-than-
average” technical background. This
attempt at completeness, however, will
allow the average RC’er to “keep up”
with the various stages of construction,
and what otherwise might be an ad-
vanced project for the technician alone.
Also, unlike a “quickie” article, this
series can be used as a reference by
experimenters who would rather “roll
their own.”

The theory that prefaces each seg-
ment of this series will be written some-
where above Ohm’s Law and below
complicated discussions requiring spe-
cialized knowledge or math for under-
standing. You will not have to be an
engineer to understand the language
used — I am writing for your under-
standing and not to impress anyone with
technical terminology. The RCM Digi-
trio was not born from an Einstein-type
inspiration, nor was it copied from any
other system. Rather, it came from sev-
eral years of staring at a scope and
asking a myriad questions of people
with advanced technical backgrounds.
Although this system is designed to be
duplicated without an oscilloscope, I
would suggest that you buddy up with
a friend who can assist you if you
should run into difficulty.

Throughout the series, reference to
ground will he synonymous with emitter
potential of the stage under discussion.
Let’s get started with the transmitter-
coder.

Theory of Transmitter

Figures 1, 2, 3 and 4 and the sche-
matic will be used for the following
theory discussion. Study these for fa-
miliarization before proceeding. All ac-
tion starts with the pulse generator Q5.
The waveform for Point A, Figure 2
shows how C14 charges positive until
the firing point of Q5 is reached. When
Q5 fires, the rapid downward transi-
tion couples a negative-going pulse to
Q7’s base via C16. R13 and R30 pro-
vide a means of varying the time lapse
between negative transitions. If the re-
sistance of either R13 or R30 is in-
creased it will increase the time re-
quired for C14 to charge to the firing
point. The opposite is true if the re-
sistance is decreased. R29 is used to
decrease the effect of R30’s movement.
R13 is used as a coarse setting of
Channel 1 and R30 is used for the mo-
tor stick control. By selection of R29
we can adjust the servo movement ex-
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DIGITRIO CODER WAVEFORM

tremes. So far then, we have a nega-
tive pulse going to Q7’s base with con-
trol of the repitition rate.

When this negative pulse is applied
to Q7’s base the first variable one shot
(Q6 & Q7) triggers (See Points B and
B of Figure 2 waveforms). The cycle
time of this one shot is determined by
R31 and/or R34. R34 is the stick con-
trol and R31 the trim. R32 decreases
the effect of R31’s movement. The in-
stant this one shot triggers, Q7 con-
ducts, coupling a positive pulse across
C20. When the one shot cycle is com-
pleted Q6 conducts (returning to its
normal state) coupling a positive pulse

across C21.

Q8 and Q9 form another variable one
shot identical to Q6 and Q7. It is trig-
gered by a negative pulse coupled
across C17 when Q7’s collector goes
negative at the completion of its cycle.
When this second one shot has com-
pleted its cycle Q8 conducting, couples
a positive pulse across C19. C19, C20 -
and C21 are tied to ground with R21,
R22 and R23. The short time constant
of these resistor-capacitor combinations
result in short positive pulses applied to
Q10’s base (See Figure 2). D4, D5
and D6 form an “OR” gate and prevent
the negative transitions of the one shots
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from appearing at Q10’s base as well.

as isolating the different sources from
each other. Let’s review what we have
so far.

The pulse generator initiates the ac-
tion. When it triggers the first variable
one shot, we produce Pulse 1 at Q10’s
base. We can vary the time between
the #1 pulses with R13 (coarse) or
R30 (motor control stick). When the
first variable one shot completes its
cycle we produce Pulse 2 at Q10’s base.
We can vary the time between Pulses 1
and 2 with R34 (control stick) or R31
(trim).

At the same time Pulse 2 is produced,
we trigger the second variable one shot.
When it completes its cycle we produce
Pulse 3 at Q10’s base. We can vary the
time between Pulses 2 and 3 with R38

(control stick) or R35 (trim). The
time between #1 pulses will be Chan-
nel 1. The time between Pulses 1 and 2
will be Channel 2. The time between
Pulses 2 and 3 will be Channel 3. Since
all channels are initiated at the com-
pletion of its preceding channel there
is no interaction.

The pause between “sets” of three
pulses is called the “sync” pause. The
receiving decoder uses this pause to re-
set, or sync, itself as we’ll see later. So
far we have three independently con-
trollable positive pulses at the base of
Q10. These positive pulses are used to
trigger the fixed one shot described be-
low.

Q10 and Q11 form a fixed one shot
that will produce a positive pulse at
Q11’s collector (See Figure 2) of ap-

proximately 200us duration each time
it is triggered. These positive pulses
are directly coupled to Q4’s base and
will cause this stage to cutoff for the
duration of each pulse (See Figure 2).
We will call Q4 the modulator as it is
used to control the transmitter output.
That's it for the decoder, now for the
transmitter.

QL is the oscillator and gets regenera-
tive feedback across L1 to sustain oscil-
lation. The frequency of oscillation is
determined by the crystal. R1 and R2
provide forward bias for this stage. L2’s
primary and C2 form a tuned circuit for
the collector and is tuned to the oper-
ating frequency. L2’ secondary cou-
ples the RF energy to the RF amplifier.
The oscillator operates on the funda-
mental frequency desired and the crys-
tal is a commonly available third over-
tone type.

Q2 and Q3 form the RF amplifier.
Although sufficient power would be
available with a one-transistor circuit,
two are used in parallel to share the
load and heat dissipation. R4-C4 and
R5-C5 are used to insure that one
transistor doesn’t “hog” all the driving
power and provide the DC bias voltage
return to ground. The RF amplifier op-
erates in Class C and derives forward
bias voltage from the RF voltage rec-
tified at the base emitter diode. C6, C7,
C8 and L5 form the RF amplifier tuned
circuit and is tuned to the operating
frequency by C7-C8.

C9, C10, R6, R7 and D1 sample and
rectify the RF voltage at the antenna
which is applied to M1. R7 allows ad-
justment to suit the meter used. Posi-
tive voltage is applied to the amplifier
through L6 which isolates the RF from
the rest of the circuit. C3, Cl11, C12,
C13, L3 and L4 are all used to provide
RF feedback immunity.

Q4 modulates the transmitter by turn-
ing off the oscillator each time a positive
pulse is produced at Q11’s collector
(See Figure 2). By using this method,
oscillator leak-through is eliminated
when operating the transmitter in close
proximity to the receiver when testing
etc. This method also produces extreme-
ly clean transmitter pulses from the
standpoint of rise time and modulation
depth.

The emitter of Q4 is tied to the
positive side of the battery supply. Its
collector goes directly to the oscillator.
Q11’s collector is normally negative with
respect to Q4’s emitter, forward-biasing
Q4. This applies positive voltage to the
oscillator’s collector and bias resistors
allowing it to operate. R8 and R9 are
the bias resistors for Q4. Whenever Q11
conducts, its collector goes to ground
potential and this removes forward bias
from Q4. The result is that Q4 cuts off,
removing the positive voltage going to
the oscillator and the oscillator stops.
This occurs each time one of the 200us



positive pulses, which we generated
earlier in the coder, appears at Q11’s
collector. The RF at the antenna there-
fore is a carrier that is spiked off in a
train of three 200us pulses with con-
trollable recurrent rate and independent
control of pulse separation. Figure 3
shows waveforms for the transmitter.
The gentle curve at the top of each
output pulse trailing edge helps pre-
vent ringing in the receiver IF stages.
When we get to the receiver you will
note how clean the signal is. Figure 4
shows variations of the pulse trains as
control pot settings are changed. Pulses
are shown at center or extremes for sim-
plicity but pulse separation is contin-
uously adjustable throughout the con-
trol pot ranges.

Z1 is a zener diode wired in the cir-
cuit in a reverse bias configuration. It
has the property to conduct when its
reverse breakdown voltage is applied.
It will maintain this voltage as the ap-
plied voltage is increased (current in-
creases of course) up to its dissipation
limits. R28 (2 ea. 180 Ohm %w in
parallel) sets the current in a middle
range to provide a stable voltage (5.1v)
for the coder regardless of normal bat-
tery voltage fluctuations. This prevents
trim drift due to varying voltage. Fig-
ure 1 can be used as a visual aid to tie
all the foregoing theory together.

The battery pack is eight 600 M.A.
Pencell nicads wired in series. This
gives about four-five hours operating
time. I doubt if a 9v dry battery will
fit in the case shown and do not rec-
ommend their use. C23 and C24 are
used to filter the circuit DC-wise. J1 and
J2 are used as charging jacks for both
the transmitter and receiver. They are
wired to the off side of the switch. The
antenna is center-loaded and contrary
to many proponents of the unloaded or
base-loaded types I have yet to en-
counter dead spots while using it. If
vou are of the “rather fight than switch”
group, a base loading coil can be added
and a “stick” used, at the expense of
lowered “radiated” power.

Parts List and Procurement

By far one of your biggest problems
in constructing the Digitrio will be pro-
curing the parts. To make it as easy
as possible for you I have included the
manufacturer and manufacturer’s part
number. An unfortunate aspect of our
hobby is that most electronic parts
dealers handle only parts by certain
manufacturers and we electronic build-
ers bounce back and forth between dis-
tributors trying to come up with our
total requirements. The two largest
catalog dealers are very fast and ef-
ficient, as long as they have the part on
hand and you give them their catalog
number for the part. The sad part
comes when they don’t have a part and
instead of sending it when they do get
it in stock, they send you a “sorry we're

temporarily out of the part you re-
quested — reorder in 30 days” type re-
ply. Also I have yet to receive a reply
to inquiries about the availability of
parts for which I didn’t have their cata-
log number!

Of course, I think we all understand
that any purchases we make will hard-
ly make a dent in their profits, and in
some cases, their handling costs will
even exceed their profits— costing
them money! So it’s a sad lot for us
“scratch builders.” On the brighter side,
we are fortunate to have a couple of
hobby distributors who will go out of
their way to help us when we need

parts. Their assortment of parts, how-
ever, is limited to selected items used
in their own equipment or carried by
popular demand. One of these distrib-
utors is kitting this system and by buy-
ing in large lots they may save you
money over buying individual parts —
plus a lot of leg work.

For you scratch builders my parts list
shows the parts I used in the original
“Digitrio” which I obtained from ordi-
nary sources. To give you the best pos-
sible chance of duplication I'll com-
ment on the “odd ball,” critical ones and
give some substitutes.

1. C15, C18 and C22 are “Cal Rad”

RCM DIGITRIO TRANSMITTER PARTS LIST

REFERENCE MANUFACTURER
NUMBER DESCRIPTION MANUFACTURER NUMBER
Ant. C. L Ant. World Engines (Controlaire)
C1 100 PF Erie BI1X5R101K
c2 15 PF i 831U2ZM150K
c3 N Centralab UK10-104
C4 005 £ CK502

Cc5 005 " H

Cé 50 PF Erie B831U2M500K
c7 50 PF " “

cs 7-100 PF Arco 423

ce 27 PF Erie 831U2M270K
c10 .00 e CK60AWI0ZM
cn .05 Centralab UK10-503
ci2 05 Lot i

c13 05 Centralab UK10-503
C14 1.0 Tantalum Mallory TAS105KO35POA
ci15 .1 Cal Rad .1 Mylar

clé .01 Centralab CK-103

ciz 001 Erie CKS0AW102ZM
cis 3 Cal Rad .1 Mylar

ci9 001 Erie CK60AW102M
c20 001 P i

c 001 o "

c22 .01 Cal Rad .01 Mylar
c23 100 Electrolytic Mallory TT15X100
C24 15 MFD @ 15V World Engines _——

D1 Ger. Diode Ohmite IN56A, IN 34 etc,
D2 sil. Diode “ IN457

Ds " " "

D4 " " "

Ds " " "

06 " " "

n Phono Jack Switchcraft 3501F

Jz " " "

L1 47 uvh choke Miller T4F475A1

L2 0SC Coil Hand Wound on C.T.C. Coil Form No. 2173-3-3

L3 47 vh choke Miller TAF475A1

u " " "

L5 RF amp coil B&W No. 3007

L6 47 vh choke Miller T4F4T75A1

M1 1 M.A. meter Ace 2283

Q1 2N706 Motorola 2N706

Q2 2N706 Motorola 2N706

Qa o L "

Q4 2N3638 Fairchild 2N3638

Q5 2N2160 G.E. 2N2160

Q6 2N34638 Fairchild 2M3638

Q? " " "

Qs " " "

09 " " "

Qlo " " ”

Ql I " " "

R1 1K aW Ohmite LIDSM

R2 4.7K uw o ”

R3 47 iW “” "

R4 330 uUw “ 1

R5 330 “UwW o -

R6 1K 4w ” ”

R7 50K wvar. Mallory MTC54L1

R8 4.7K W Ohmite LIDSM

R9 4-?K " " "

R10 Deleted —_———— ———
R11 1K %Uw Ohmite LIDSM

R12 27K . o

R13 10K var. Mallory MTC14L1

(PARTS LIST CONTINUED ON PAGE 26)



DIGITRIO TRANSMITTER PARTS LIST (Cont.)

R14 1K %W Ohmite LIDSM
R's 1°K " o "
R16 1K “ = =
R17 7K 2 “ "
R18 1K . "
R1? 10K "
R20 1K " " "
R21 10K " !
R22 10K " "
R23 10K o i
R24 2?K " " "
R25 ‘K " " "
R26 lK " e "
R27 10K * il
R28 90 12W — 2 ea. 180's W e
in parallel

R29 10K WuwW " "
R30 10K var. 2 Ccu1031
R31 10K var. o i
R32 22K UW LIDSM
R33 47K " i #H
R34 10K var. L cuio3l
R35 10K var. o i
R36 22K YW " LIDSM
R37 47K " " B
R38 10K var. " Cu1031
S1 DPDT Switch World Engines W. E. DPDT
XTAL SRR TR " " -
I 5.1V Zener Diode IR IN751A
- — Ant. Grommet World Engines _—
- 1N34 for F.5. MTR. Ohmite 1N34 etc.
- P.C. Board World Engines ————
_— Hook-Up Wire - " ——
—_— Case LMB #145
- Hook-Up Wire World Engines e
_— Heat Shrink Tubing # o _—
Misc. Nuts, Bolts, Washers, etc.

parts. These should be +-10% R7 is in the circuit.

mylar, paper or tantalum. The first
two are cheaper. An alternate is
“Goodall” although I don’t have a
part number and couldn’t find them
myself through normal channels.
Tantalums are more expensive but
should be readily available from a
number of different sources. I have
a “Cal Rad” catalog but they ap-
parently only sell to dealers and
don’t show an address. So try your
local dealer, or World Engines.
Don’t substitute run-of-the-mill
miniature capacitors with wide ca-
pacitor and temperature tolerances
or low leakage resistance.

. D2 through D6 — Youre on your
own here but any good silicon
diode should work. I wouldn’t rec-
ommend the so-many-for-a-dollar-
in-a-package type.

. L5 — Try “Airdux” #516T as a sub-
stitute. I would recommend that
you use the coil stock rather than
hand winding. It will look a lot
neater and chances of exact dupli-
cation are much greater!

. I used a 50 ua meter in my original
which I purchased from the Lafay-
ette store in town. They later closed
down and I wrote to Lafayette
about availability along with a com-
plete description. I have yet to re-
ceive a reply. The Ace meter looks
better anyway. The main thing is
that you can use what you have
from 50 ua to 1M.A. —that’s why

10.

11.

I don’t recommend substitution for
any of the transistors used except
the manufacturer of the 2N706’s.
Several manufacturers make this
item. If you have trouble finding
the 2N3638’s, try World Engines.

. R7 and R13 — I ordered these from

the Mallory catalog. If necessary,
substitute “Centralabs.” The 10K
is Ace #29A14. Substitute the 50K
with Ace #29A15. (25K)

. R30, R31, R34, R35 and R38. Don't

substitute these with cheaper pots.
These are sealed and as linear as
you'll find. They should last the
life of the system without trouble.

. Crystal — Specify frequency when

ordering. Ask for fundamental,
third overtone, parallel mode type.
Z1 — This should be available from
several other manufacturers, T.L
and Motorola are two.

R10 — This was a 47 Ohm resistor
originally used in the pulse genera-
tor circuit in series with Bl (top
lead of Q5 on schematic), for tem-
perature stabilization. Tests proved
it to be unnecessary and it was de-
leted.

R12, R17 and R24 — Here I would
recommend 5% resistors. Although
shown on parts list as 10% by the
Ohmite number (LIDSM). This
will insure more accuracy in your
one shot cycle times. It you use
Ohmites, the number is (LIDED).
In any case, the resistance value

and wattage must precede the type
number when ordering. If you don’t
have these, and will be delayed in
obtaining them, don’t worry about
it — it’s not that important.

12, C14 — Although a normal electro-
lytic can be used here the tantalum
shown will make adjustment of this
circuit much easier and more sta-
ble.

Since this system is being kitted, all

parts are also available individually

from WORLD ENGINES. I have per-
sonally built a transmitter using only
parts supplied by them and approve of

every one.

Making the P.C. Board

There are numerous methods for
making a printed circuit board, although
the photographic method is by far the
most efficient and produces the highest
quality results — albeit more expensive.
If you decide to produce your boards
photographically, obtain the following
materials; available from your local elec-
tronics supply house: Kepro Photo-Sen-
sitized Copper Clad glass epoxy board,
12”7 x12” Catalog #S1-1212G
($10.20); Kepro Developer #DI1-PT
($1.15); and Kepro Etching Solution
#E-1PT ($.85). The foot square piece
of photo-sensitized copper clad board
will be enough for all of the printed cir-
cuit boards used in the RCM Digitrio.
If the Kepro items are not available
locally, write Kepro System, Inc., Tree
Court Industrial Park, St. Louis, Mis-
souri 63122. In addition to the above,
you will need to round up a #2 photo-
flood bulb from your local photo dealer,
a sheet of plate glass 12” x 12" or larger,
and two pyrex trays.

Cut out the full-size printed circuit
board layout for the transmitter from
your copy of RCM and take it to your
local blueprint shop to have a negative
made, same size. When you have the
negative, you're ready to go. Set the
two pyrex trays in the kitchen and pour
the entire pint of developer in one and
the etching solution in the other. Draw
the shades or drapes in order to keep
the room light down to a minimum —
total darkness is not necessary, just dim
light. Cut off a section of your twelve
inch square photo-sensitized board just
slightly larger than the size of the trans-
mitter board. Wrap the balance of the
board up in its light-tight protective
wrapper and put away until you're
ready to make the receiver-decoder and
servo amplifier boards.

Place the section of copper clad board
you have cut on a flat surface with the
copper side up. Place your negative
over the board so that the words “RCM
Digitrio” read properly (glossy side of
negative up). Wipe your piece of plate
glass completely clean and free of dust,
then place it over the copper clad board
and negative — the glass holding the
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Left to Right: L5 cut from B&W or Airdux prewound stock, hand-wound 12, and C8
assembly (Arco 423 with 50 PF capacitor in place). Preliminary assemblies.

N%
et

Transmitter PC board with all resistors and diodes in place. Leave !4, clearance be-
tween resistors and board in case you have to remove a component. Four mounting
posts provide a “table’” for working on PC board.

PC board with resistors, diodes, capacitors, crystal, 47uh chokes, and osc. coil (L2)
in place.

sandwich in place. Now, position the
#2 photoﬂoog bulb in position exactly
10” from the plate glass.

When everything is ready, watch the
clock, and turn on the #2 photoflood
for seven minutes. At the end of this
time, turn off the light, remove the cop-
per clad board by its edges, and slide
into the tray of developer. Rock the
tray of developer slightly to provide
agitation of the solution for one minute.
Remove from the tray and set the de-
veloped board down on a paper towel
for a couple of minutes to air dry. Do
Not shake or blow on the board to dry
it! When dry, you will be able to see
a faint image on the board. Now, slide
the board into the etching solution and
turn on the lights in the room.

Etching the board depends upon the
temperature of the etching solution, and
the amount of agitation provided during
the etching process. We place the pyrex
tray over a burner on the stove and heat
the solution every two or three minutes,
agitating intermittently by gently rock-
ing the pyrex tray from end to end. As
the copper is etched away from the
board, the solution will turn from an
orange-brown color to a muddy brown-
black. Complete etching should be com-
pleted in from 30-45 minutes in this
fashion. Inspect the board and make
sure there is no copper remaining be-
tween lands and that etching is com-
plete. Remove the board from the solu-
tion and place in the kitchen sink. Turn
on the cold water and let it run over the
board for a full five minutes. During
this time, you can clean up the rest of
the materials. If you pour the etching
solution down the drain, use plenty of
running water or you’ll be presented
with a plumbing bill for new pipes!

Dry off the board and drill all holes
with a #60 drill. Trim the board to
exact size on your jig saw and then
sand the edges. Your transmitter board
is now completed.

Wiring the Printed Circuit Board
Before we assemble the components

on the board, some preliminary work
should be accomplished:

() Dirill the four mounting holes, in
each comner of the board, with a #17
or #18 drill.

() Drill the antenna mounting hole
with a #31 drill.

( ) Looking at the overlay, take
your parts which will require holes
larger than the #60’s already drilled,
and drill the board so they will fit.

( ) Close wind L2’s primary at the
bottom of the coil form, as indicated
on the schematic. The three-turn sec-
ondary utilizes standard insulated
Bonner hook-up wire and is close
wound on top, and in the middle, of
the primary. Coat the completed coil
with Ambroid glue.

( ) If you wind L5 by hand, use a
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form slightly under %” to allow for
expansion when removed. If you use
the prewound AirDux coil stock in-
dicated, cut it long enough to allow
for 1" leads when finished.

() Wrap and solder stiff wire
around the lugs on C8 so it can be
mounted without drilling excessively
large holes. About #24 will be ade-
quate.

() Solder C7 directly across C8,
making sure it doesn’t short across
the plates.

( ) Screw your PC mounting posts
to the component side of the board
and it will form a platform to aid you
in assembling the components (see
metal work drawings for fabrication
of these posts).

Rl Before actually soldering the compo-

nents in place, here are a few tips on
proper soldering techniques. Use a low
wattage iron (35 watts or so) with a
small pointed tip. Apply the iron to

f p

the component lead about %” above the
copper lands. Touch your solder (a
good, small-diameter resin type such as
1 Ersin Multicore) to the opposite side
| @ of the lead. This will “tin” the lead.

