sending CW:
a digital approach

A simple way
to clean up your
CW sending technique

International Morse code appears to be fairly sim-
ple on the surface. Many licensed Amateurs can tes-
tify to having mastered it with varying degrees of
proficiency. When compared to modern digital
codes, Morse code is really quite complex: two dif-
ferent on elements, dots and dashes, are used along
with three different off elements to represent many
letters, numbers, and special characters and sym-
bols. Transmission speeds vary widely in a single
transmission and dots, dashes, and spaces often be-
come mashed in a stream of indecipherable informa-
tion. This article details the use of digital circuits to
accurately time and filter out-going Morse code sent
with a straight key or other mechanical key so that
dots and dashes are reproducible and well-timed. No
new hand motions are required.

Someone who has listened to the CW ham bands
for a short time will realize there are Amateurs who
send code poorly. You may be unpleasantly surprised
by your own CW-sending skills if you record one of

your contacts ‘and replay it. The main problem in
sending good code is shown in fig. 1. A perfect
transmission is shown at the top, and a typical on-
the-air transmission is shown below. Note that real
dots and dashes vary in length and the spacing is less
than perfect. While the human brain is capable of ad-
justing for most of these changes, it is difficult to
decipher a transmission in which dots and.dashes are
almost the same length and spaced in a semi-random
fashion. Electronic paddle keyers, keyboards and
computers are one answer, but they require mastery
of new hand motions or skills and are frequently ex-
pensive. Many Amateurs would like to continue
using their mechanical keys and improve their code-
sending skills.

defining the circuit

The problem is to design a circuit that will accu-
rately time dots, dashes, and spaces so they sound
perfect on the air. Before the circuit can be designed,
we need to specify what it is supposed to do. First
we define the dot:dash:space ratio as being 1:3:1,
the standard generally accepted for good Morse
code transmissions. While many hams use weighting
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fig. 1. Perfect code versus real hand-sent code for CQ.
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fig. 2. Dot and dash timing operations for the keyer
circuit.

to vary the dot:dash ratio, it is better to use a well-
known standard. Next, the dot/dash operation must
be defined {shown in fig. 2). There are four actions:

A. If the key is closed for a very short time, a self-
completing dot is generated.

B. If the key is closed and held closed up until the
end of a dot, the same length dot is generated.

C. If the key is closed and held closed beyond the
dot length, a self-completing dash is generated.

D. If the key is held closed for a iong time, anly a sin-
gle dash is generated.

After each dot or dash, an off time of one dot-
period is enforced to prevent code elements from
being produced too tightly, If the key is activated
during the off time, the action is remembered and
acted upon as soon as the off time is finished. Per-
fectly-timed and spaced code can be generated by
slightly leading the actions of the circuit.

using monostables

A simple timing circuit can be built using monosta-
bles, as shown in fig. 3. Monostable 1 is triggered by
the key closure and generates a pulse one unit long.
The negative-going edge of this dot pulse will trigger
monostable 2 if the key is still pressed at this time.
Monostable 2 generates a pulse that is two units
long; when added to the length of the dot pulse, a
dash pulse of three units is generated. The outputs of
monostables 1 and 2 are gated to generate the Morse
code output.

The output of monostable 2 is also used to disable
(turn off) the key input to monostable 1 so it cannot
be re-triggered during a dash. A third monostable is
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preset for one dot-time to generate the minimum re-
quired off period between dots and dashes. Mono-

“stable 1 is re-enabled so that the process may be re-

peated at the end of a dot or dash. While this circuit
is useful in explaining the operations we would like, it
does have some limitations: three monostables must
be adjusted to change the speed of transmission, and
key closures during the off period are not recognized.
The circuit can be made to work but is impractical.

using a sequencer

A more reasonable approach uses a master clock
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fig. 3. Using three monostables to filter hand-sent
code.
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fig. 4. A counter/divider and gated clock used as a
sequencer.




fig. b. Timing diagram for a 10-stage sequencer circuit.

to sequence through a series of code-generating and
condition-testing steps. Only the frequency of the
clock need be adjusted to vary the code timing. The
circuit described here was designed using digital
complementary metal-oxide semiconductor (CMOS)
integrated circuits to reduce power consumption.

As shown in fig. 4, the heart of the circuit is a
CMOS CD4017 decimal counter/divider integrated
circuit and a gated clock used as a sequencer. The
CD4017 accepts input pulses at pin 14 and incre-
ments an internal count by one for each pulse. Only
one of the ten outputs can be a logic one, indicating
the state of the counter. Thus, ten external circuits
can be turned on and off in a regular sequence, gov-
erned by the frequency of the clock signal applied to
the CD4017. This is illustrated by the timing diagram
in fig. 5. This sequencing circuit is used to generate
the dot/dash/space times and to sequence various
circuit elements that can test the key input for chang-
ing on and off conditions.

If the output of a free-running square-wave oscilla-
tor is controlled with a gate as shown in fig. 6, the
first cycle output will be of arbitrary length. All sub-
sequent cycles will be of equal length. This type of
gated waveform cannot be used for accurate timing.
The trick is to use an oscillator that is triggered or
started by the enabling signal. The first clock cycle
generated by a gated clock is always the same length
as following cycles. When such a gated clock is used
with the CD4017 sequencer circuit, the first se-
quence will be the same length as those that follow.
The gated clock is simply a monostable that retrig-
gers itself when gated on.

The Morse-generator portion of the circuit can be
built from the sequencer and several CD4025 three-
input NOR gates, shown in fig. 7. The dash input

control line determines whether or not a dash is sent.
If DASH = 1, then a dot is sent. If DASH = 0, the
sequence is extended and the dot is stretched into a
dash. A dot s always sent on sequence start.

generating a dot

The rest state of the sequencer is a logic one at the
0 output with logic zeros at all other outputs. This is
the sequencer state when the gated clock is enabled.
The first edge of the clock signal increments the in-
ternal sequencer count, moving the logic one to the 1
output. The logic one at the 1 output causes the
lower NOR gate to output a logic zero. The sequencer
moves the logic one to the 2 output on the next clock
cycle and the output of the lower NOR gate goes
back to the logic one state. This generates a logic-
zero dot one clock cycle long. There is no other
effect: any action through the upper NOR gates is
blocked by the logic one on the dash control line.
The time of the sequencer 2 output generates the off
period (one clock cycle) at the end of each dot. Out-
put 3 is the dot reset line {described in detail shortly).
{t resets the dot-generating sequence.

generating a dash

Let’s see what happens when a logic zero on the
dash control line allows the sequencer outputs to
pass through the two upper NOR gates. The se-
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fig. 6. A simple gated free-running oscillator. Note that
the first gated cycle may be incomplete. '
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fig. 7. Using the sequencer circuit to generate petfectly
timed dots and dashes.
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fig. 8. The complete keyer circuit.

quencer has been reset to 0 and the first clock pulse
moves it to the 1 state. The output of the lower NOR
gate goes to a logic zero once again. Since the two
upper NOR gates are now enabled by the dash con-
trol line, the logic one outputs at 2 and 3 are passed
through the lower NOR gate to generate a logic zero
that is present for three clock cycles. This forms a
dash exactly three times as long as a dot. Output 4 is
not used and this sequence time provides the off
period at the end of each dash. Output 5 is the dash
reset line which resets the dash-generating sequence.

completing the circuit

Generating the dot and dash sequences is straight-
forward. Other circuits are used to detect the key clo-
sure and decide whether to send a dot or to extend
the sequence and send a dash. A series of CD4013 D-
type flip-flops and CD4001 two-input NOR gates are
used for this, and shown in fig. 8.

The key input clocks a CD4013 flip-flop, U7A. The
Q output from this flip-flop goes through a NOR gate
to clock flip-flop U7B. U7B-2 turns on the gated
clock to start the timing sequence. The Morse output
from the sequencer/gating circuit is inverted and ap-
plied to the reset input of flip-flop U7A. This clears
U7A and holds it in the cleared state for the length of
any Morse element (dot or dash) being generated.
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The circuit is insensitive to any keying actions while it
is generating a dot or dash. Since the clearing signal
is the dot or dash, it is not present during the en-
forced off period and the circuit can detect another
key closure during this time.

Several of the sequencer outputs are used to con-
trol another flip-flop,-U4A, and four two-input NOR
gates, U1. This part of the circuit determines
whether or not to change from a dot to a dash se-
quence. Here is how it works: flip-flop U4A is used to
determine whether or not the key is still pressed at
the end of the dot now being generated. The key in-
put pravides the data (D input) signal to the flip-flop
clocked at the start of the off period following a dot.
If the key is open (as it would be for a properly sent
dot) the state of the flip-flop will not be changed; the
Q output remains a logic zero and the Q a logic one.
So, when sequencer output 3 becomes a fogic one, it
will be passed through the four NOR gates (U1} and
reset both the sequencer and flip-flop U7B. This ends
the dot-generating sequence. Remember that the 0
output is a logic one when the sequencer is reset.

The key is held closed to send a dash. When the
positive edge of sequencer output 2 appears, it
clocks the key-closed condition into flip-flop U4A
and the sequence is modified. The Q output (dash)
from the flip-flop enables NOR gate U3B so the dash
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fig. 9. These circuits are added for the automatic tune-
up feature,

sequence can be completed. The reset pulse normal-
ly generated by sequencer output 3 is blocked since
the Q output from flip-flop U4A is now a logic one:
This means that when the sequencer completes step
3, it will continue on to step 4 and then to step 5. The
5 output is now fed into NOR gates U1B and U1C to
reset the system. When the sequencer returns to its
reset condition, the logic one from the O output re-
sets flip-flop U4A.

The same pulse that resets the sequencer counter/
divider also resets flip-flop U7B, which controls the
gated clock, turning the clock off. Since key-sensing
flip-flop U7A may have detectéd a key closure during
the enforced off time between elements, its condi-
tion must be tested and passed through to flip-flop
U7B after the system has been reset. The sequence
must be started again if a key closure is waiting. The
testing operation is done by the NE555 monostable,
US, which is triggered by the reset pulse that clears
the system. The pulse generated by monostabie U5
is longer than the reset pulse. This allows the circuit
to be completely reset before any new key-closure in-
formation is passed through to flip-flop U7B to re-
start the Morse-generating sequences. As mentioned
previously, this allows the circuit to detect a key clo-
sure taking place during the enforced off time be-
tween dot and dash elements.

adding a tune-up circuit

Two unused gates and an unused flip-flop exist in
the original circuit. These have been used to form an
automatic tune-up circuit. Many hams like to make
quick on-the-air adjustments to their transmitter or
antenna, using key-down tuning for this. Most elec-
tronic keyer circuits use another switch or control
function to constantly key the rig. If the keyer de-
scribed here is used, you could only generate dots
and dashes. The simple addition shown in fig. 9
allows for constant keying.

This circuit checks to see if you still have your key

closed at the end of a complete dash-generating
cycle. If you depress your key and hold it closed, the
keyer will generate a dash, a space and then go into a
constantly-keyed mode so you can tune your rig. Re-
leasing the key resets this operation so you can send
code normally. No added tune control is needed
when this tune-up circuit is used. Note: keep on-the-
air tune-ups as short as possible! A complete keyer
unit is shown in fig. 10.

The circuit described here follows your key opera-
tions instantaneously. There is no annoying dead-
time or delay between your key closure and start of
keying. The decision as to whether or not to send a
dash is made on the fly. If you try and send too fast
for the speed setting, you will immediately hear the
result from your side-tone oscillator and can adjust
your speed accordingly.

This circuit will generate accurately timed and
spaced code for you and no new hand motions are
required. Most hams take about 10 to 15 minutes to
become accustomed to sending accurately-timed
code with this keyer circuit. Since most of us are a bit
inconsistent in our sending, the circuit will clean up
the ragged edges of our code so it sounds almost
perfect. Of course, it's up to you to generate the re-
quired spaces between characters and words.

learning the code

One of the reasons for designing this code-timing
circuit was for hams to learn the sound of well-sent
code and to learn sending good code with a straight
key. Since you can only send code elements in the
ratio of 1:3 with this keyer circuit, you quickly learn
from the aural feedback whether you are sending
good code or not. The ratio of 1:3:1 for dots, dashes
and spaces is a bit difficult to master and this circuit
can be used to great advantage in teaching newcomers
the proper way to send code.

fig. 10. The completed keyer.

June 1983 79



BITTEN BY THE ATV BUG?

@ Let P.C. put you on the air
and SAVE!

Complete System price
$249.00 sAvE s13.00

TXAS5-4 Exciter/Modulator . . . . . . $89.00 ppd.
Wired and tested module designed 10 drive PAS 10 walt
hinear amphifies The 100 MH2z crystal design keeps har
mcrics oul of two meters for talk back Videp modulator
15 a full 8 MHz for computer graphics and color Re

q@ires 13 B VDC reg. @ 70 ma. B0 mw oulput power
Bunedwith crystal on 439 25, 434 or 42625 MHz
Dual frequency model available $115.00 ppd

PAS 10 Watt ATV Power Amplifier . $89.00 ppd.
The PASWwilLptboul 10 watts RMS power on sync lips
when difysn with 82 mw by the TXAS exciter 50 ohms
In and oul plas bandwidth for the whole band with good
hinearnty tor@oler and Sound. Requires 13 8 VOC reg @
jamps

FMAS Audio Subcarrier Generator . $29.00 ppd.
Puts audio on your camera video st as broadcast does
al 4.5 MHz. Puts out | ¥p-pdo drwe TXAS Requires
low Z mike. 150 1o 600 @ ap@ 121018 VOC @ 25 ma
Works with any transmitter with 5 MHz _videa band
width

TVC-2 ATV Downconverter. . . ... . §55.00
Striphne MAF 901 preamp and doubis Balafted Mixer
thgs oul the weak ones and resisis intervdd andaver
load Connecls between UHF antenna and TWesél Oul
pul channels 2 or 3. Vancap tuner 420 1o 450 MWz
Requires 12 to 18 VOC @ 20 ma
Supersensitive TVC 2L with NE64535 pmmr
(.9dbN.F.} & 69 00 ppdt
Call or write for our complete catalog of specifications, station setup diagrams,

and optional accessofies which include: antennas, modulators, test generators,
cameras and much, mueh more. See Ch. 14 1983 ARRL Handbook.

TERMS. VISA or MASTERCARD by telephone or mail, or check or money order by
mail. All prices are delivered in 4SA. Allow three weeks after order lor delivery

(213) 447-4565 Charge card orders only

UNTACL BOUNCE
" Ny 1
" " -3 ?n £
- 1 = B '
¥ * 40 [ - -
e 2 ? )|
D403
vaL
% FLIP-FLOP
[ = S " ' = [
¢ | I
CD4049
L { J
‘ 3 2
; rl'[ ‘—j ] CLOCK iNPUT
FREQ xz 100H:
fig. 11. A sample switch debouncing circuit for single-
pole single-throw switches.

P.C. ELECTRONICS 2522 Paxson Lane,

Tom WEORG  Maryann WB6YSS Arcadia, California 91006

ORR BOOKS

BEAM ANTENNA HANDBOOK
by Bill Orr, W6SAI

Recommended reading. Commonly asked questions like: What is the bes!
element spacmgu'r' Can different yagi antennas be stacked without losing
performance? Do monoband beams outperform fribanders? Lots of construc:
tion projects, diagrams, and photos. 198 pages ©1977. 1st edition

[IRP-BA Softbound $5.95

SIMPLE LOW-COST WIRE ANTENNAS
by Bill Orr, WGSAI

Learn how to build simple, economical wire antennas. Apariment dwellers
take note! Fool ydur landlord and your neighbors with some ol the *'invis-
ible’" antennas found here. Well diagramed. 192 pages. ©1972
[JRP-WA Softbound $6.95

THE RADIO AMATEUR ANTENNA HANDBOOK
by William |. Orr, WBSAI and Stuart Cowan, W2LX

Contains lots of well illusirated construclion projects for vertical, long wire
and HF/VHF beam antennas. There is an honest judgment of antenna gain
figures, information on the best and worsl antenna locations and heights. a
long look at the quad vs. the yagi antenna, information on baluns and how
to use them, and new inlormation on the popular Sloper and Delta Loop
antennas. The text is based on proven data plus practical, on-the-air experi
ence. The Radio Amateur Antenna Handbook will make a valuable and often
consulted reference. 190 pages. © 1978

[JRP-AH Softbound $6.95

ALL ABOUT CUBICAL QUAD ANTENNAS
by Bill Orr, W6SAI

The cubical quad antenna is considered by many to be the best DX antenna
because of its simple, hghtweight design and high performance. You'll find
nuad designs for everything from the single element to the multi-element
monster quad, plus a new. higher gain expanded quad (X-0) design
There's a wealth ol supplementary data on construction, leeding. funing
and mounting quad antennas 112 pages 1977

Softbound $5.95

[IRP-CO
Piease add $1.00 to cover shipping and handling

HAM RADIO’S BOOKSTORE

GREENVILLE, NH 03048 v 181

finishing touches

The circuit in this article needs a key-debouncer as
well as a transmitter keying circuit. A sidetone oscil-
lator can be added if desired. The debouncer circuit
can be a simple RC network or clocked circuit to filter
multiple-contact closures characteristic of mechani-
cal switches. A typical debounce circuit is shown in
fig. 11. The external clock is set at about 100 Hz for
100-ms bounces of the key. The transmitter-keying
circuit will depend on your rig; a small reed relay with
appropriate contact rating and transistor oscillator
can be used: A sidetone oscillator is easy to build
with a 555 timer. This is recommended for off-the-air
use, particularly if you're helping someone get
started in ham radio,

CMOS devices in this design allow a power supply
that provides 5 to 15 volts. | recommend using at
least 9 volts. Most modern solid-state rigs use 12 to
14 Vdc, quite adequate. | don’t recommend plug-in
battery eliminators as a power source unless voltage
regulating and filtering circuits are added.

Power consumption is low but will increase if you
decide to add a sidetone oscillator driving a small
speaker. When the automatic tune-up circuit is used
with the keyer, only a speed control is needed. The
upper sending speed may be increased by shorting
the fixed series resistor with the Speed control in fig.
8. The values given provide speeds in the range of 3
to 30 words per minute. A sidetone oscillator volume
control may be added, plus a power switch. CMOS
circuits are fairly immune to electrical noise but a
metal enclosure is recommended to protect the cir-
cuit from RFI.

ham radio
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