
Generating random and pre-recorded Morse code

 - - - - - ∧-∧ ∧∧∧ ∧
We look at two ways to generate Morse code, then use the 

code to open and close a telegraph sounder. By Scott Sumner

Texas Electric Railway never used telegraph 
equipment for communication, the museum 
had a small display about it. I thought it’d be 
great for someone to be able to “talk back” to 
the telegraph exhibit, so I started figuring out 
how to do that, with little more than a de-
sired outcome and no idea of the path to 
take.

The development platform available to me 
at the time was an Atari 800XL [2], so using 
my newly learned skills in BASIC, I wrote a 

program to translate characters to 
their equivalent dots and 

dashes. 
Next, I dug into the 
Atari’s programming 
manual and found the 
codes that control 
the audio cassette 
tape recorder, 
which was used as 
the storage me-
dium, as well as an 
audio output. I had 

the official Atari-
branded model that 

plugged into the periph-
eral bus, so I didn’t have to 

use an external audio cable. 
By sending control commands 

to the tape directly, I was able to 
record my Morse code mes-

sages as data “marks” and 
omit the “spaces.” That 
isn’t to say I eliminated the 
time between dots and 

dashes, but I fooled the tape 
recorder. 

My first exposure to Morse code 
[1] was 15 years ago at an 
amusement park. I stumbled 
into a small exhibit, complete 

with a ticket agent mannequin that, despite 
his rather stiff appearance, was managing to 
send Morse code on an authentic telegraph 
key and sounder. That exhibit always stuck 
in the back of my mind, and in the years 
since, I’ve had the opportunity to recreate it 
a few times.

Beginnings
My original build was for the 
Interurban Museum in 
Plano, Texas, where I 
was a volunteer. Al-
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Data on the Atari tape 
was either a “mark,” a 
tone at 5,327Hz repre-
senting a binary 1, or a 
“space,” a tone at 
3,995Hz representing a 
binary 0. In a normal set-
ting, this data was re-
corded on the tape at the 
blazing rate of 600 baud. 
To make the Morse code 
tape, I told the tape re-
corder to generate marks 
only and started and 
stopped the generator 
with timing from my original program.

The tape that came out of the Atari that 
Saturday afternoon sounded just like the 
code tapes I listened to so often when study-
ing to pass my ham radio Morse code test. 
Now the challenge was to convert the tone 
into a form that could open and close a tele-
graph sounder. Enter the LM339.

The LM339 [3] is a quad comparator inte-
grated circuit. Each comparator has a posi-
tive and a negative input, but this is some-
what deceptive, in that both inputs expect 
positive voltage. When the positive input is 
receiving a higher voltage than the negative 
input, the output of the comparator connects 
to ground. Otherwise, the output is open.

A signal transistor controlled by the com-
parator switches the actual load, a small sig-
nal relay. This in and of itself produces a nice 
clicking sound very similar to a telegraph 
sounder. Looking back, the transistor was 
probably enough to switch the telegraph 
sounder directly, but I wasn’t sure, and I cer-
tainly understood the switches of a set of 
relay contacts. I also reasoned that the tele-
graph could then have its own power source, 
while my circuit remained independent.

To get the telegraph to operate, you just 
had to play the tape! The circuit decoded the 
tones and clicked the relay, which in turn 
clicked the sounder in the display. I took 
great pride in crawling under the exhibit at 
the end of each weekend to rewind the tape.

ReBuilding the ORiginal
Fast forward to today, when the telegraph 
project suddenly reappeared. I was contacted 
by a friend that wanted an automated tele-
graph display for a local train show. Remark-
ably, he had an MP3 player with recordings 
of Morse code tones. I called my dad, who 
had been a brilliant consultant the first time 
around, and we rehashed the circuit design. 
Figure 1 shows what we came up with.

When my friend received the design, he 
promptly procured the components (Figure 
2). He reported back the following day that it 
“sort of worked.” After a few rounds of test-
ing with a multimeter and step-by-step tests, 
we determined that the voltage arriving from 
the MP3 player wasn’t high enough to trigger 
the comparator, even with the sensitivity ad-
justment at its minimum.

In retrospect, my tape recorder was de-
signed to drive an 8-ohm speaker directly. I 
didn’t know it at the time, but plenty of volt-
age was coming from that device to trigger 
the detector. I solved the weak signal prob-
lem by sending my friend back to the parts 
store to pick up an inline headphone ampli-
fier. That did the trick. It also has a speaker 
built in, which has the added advantage of 
being able to play the tones directly for 
Morse code via wireless radio.

a MicROcOntROlleR 
VeRsiOn
Barely a month after the previous project 
ended, I was spending some time volunteer-

Figure 1: The tone decoder circuit. The circuit relies on the voltage gener-

ated by the tone and lack thereof when the audio source is silent.

Figure 2: The finished comparator circuit mounted on scrap plywood. Note the added barrier 

strips for connections to power and telegraph equippment.
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smaller ones do not. Figure 4 shows the cir-
cuit diagram.

MicROcOntROlleRs
All microcontroller functions are controlled 
by registers. The majority of these registers 
are simply single-bit flags packed into 8-bit 
values as a single character. Other registers 
are set by you and then cleared when a pro-
cess within the chip completes.

This project uses three registers, DDRB, 
the GPIO direction register for port B, 
PORTB, the output control register for port 
B, and PINB, the input register for port B. 
These registers are duplicated for Port A, 
and on larger chips might extend all the way 
to F or G.

A chip’s special features are also mapped 
to these same GPIO pins. More registers dedi-
cated to the feature switch the pin between 
GPIO and a timer, UART, ADC, or whatever 
peripheral you might be using.

In the sections that follow, I will supply a 
block-by-block breakdown of the entire pro-
gram in the microcontroller (see also Listing 
1).

the includes
Each include file sets up utilities and conve-
nience functions for the Atmel line (lines 
1-5). I always start by including all five, then 
if I get tight on space, I see what I can elimi-
nate. This program is small enough that I 
don’t have to worry.
•	 The	inttypes.h include defines int, char, 
long, and others, and how many bits each 
receives. This is particularly important, be-
cause the one thing more limited on a mi-
crocontroller than program space is RAM.

•	 The	avr/io.h include defines things like 
DDR and PORT. During compile time, avr/
io.h replaces each of these variables with 
a constant based on the actual microcon-
troller in use.

•	 The	avr/interrupt.h include defines all of 
the functions that handle interrupts com-
ing back from the Atmel. This project 
doesn’t use interrupts.

•	 The	avr/sleep.h include defines functions 
that put the microcontroller to sleep. In 
sleep mode, the microcontroller’s power 
consumption can be reduced to as little as 
6µAmps. If you’re not running on batter-
ies, sleep modes aren’t as critical. This 
project doesn’t use sleep modes.

•	 The	util/delay.h include defines func-
tions that pause program execution for a 
specific amount of time. These functions 
just spin the processor and return once the 

ing at the Temple, Texas, Railroad and Heri-
tage museum. 

Santa would be arriving by train shortly, so 
he needed an electronic elf to respond to 
messages for him while he was away from 
the North Pole (Figure 3). Unfortunately, I 
was fresh out of cassette tapes and MP3 play-
ers. Not wanting to receive coal in my stock-
ing, I went to work on a microcontroller so-
lution.

The code in this version simply generates 
random dots, dashes, and spaces. Later, I will 
expand the code to play back pre-recorded 
messages and to transmit the characters re-

ceived via a 
serial port. 

Here I am 
using an AT-
tiny2313 
CMOS 8-bit 
microcon-
troller [4] to 
drive the 
project. 
Atmel does 
sell even 
smaller 
chips, but 
this one was 
handy, and it 
has a UART 
(serial port), 
whereas the 

Figure 3: Telegraph exhibit at the Temple Railroad and Heritage Museum. A speed key, or 

“bug,” sticks out of the traditional “straight” key. The paddle for a speed key is connected to a 

telegraph system by jamming it between the contacts of the straight key. Straight keys were 

provided by the railroad, a speed key had to be purchased personally.

Figure 4: The ATtiny2313 Morse driver. Note that the resistor-transistor-relay 

circuit is identical to the comparator version.
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specified time has passed. This is how I 
time the dots and dashes.

definitiOns
Lines 7-31 define constants and functions. 
Line 7 defines the constant for the length of a 
dot. By adjusting this constant, you can 
change the overall Morse sending speed.
•	 The	dot() function (lines 9-14) turns on 

the output pin, waits the appropriate 
length of time (the dot length defined ear-
lier), then turns the output pin off.

•	 The	dash() function (lines 16-23) is identi-
cal to the dot function, except the delay is 
performed three times. Morse code defines 
dashes as three times the length of a dot.

•	 The	space() function (lines 25-31) is for 
spaces between characters. They are the 
same length as a dash.

Main()
At the top of the main() function (lines 33-
63), I initialize two variables (lines 35 and 
36): iSymbol becomes a ran-
dom number that generates a 
dot, dash, or space, and 
iCount is the number of dots, 
dashes, or spaces to create.

The DDR variables control 
the direction of the port in 
question. Each bit in the reg-
ister controls a pin on the 
chip. In binary representa-
tion, then, a 0 (00) means the 
pin is an input, a 1 (01) 
means the pin is an output, 
and a 2 (10) makes the sec-
ond pin an output while the 
first remains an input. A 
value of 3 (11) makes pins 
one and two outputs, and so 
on. With DDRB = 1; (line 38), 
the port is an output.

The PORT variable controls 
whether outputs are high or 
low, again with each bit rep-
resenting a pin. If pins are 
configured as inputs, then 
PORT enables or disables the 
internal pull-up resistor. 
That’s its function here in 
line 39, PORTB |= ( 1 << 
PB2). A pull-up resistor in the 
electronics world is the 
equivalent of a default value 
for a software function argu-
ment. It is literally overpow-
ered when the input is driven 
externally to the opposite 

value. The 1 << PB2 left-shifts a 1 into the 
“slot” that corresponds to PORTB, pin 2. The 
|= (or equals) sets the value within the vari-
able, without disturbing the other bits.

The for() loop (lines 41-55) has no argu-
ments, which means it loops continuously. 
In line 43, rand() % 3 generates a random 
number between 0 and 2, which specifies the 
type of Morse element to generate – dot, 
dash, or space. 

In line 45, I check whether iCount is 
greater than 0. If so, I use a switch statement 
(lines 47-52) to call the appropriate function. 
After any Morse element is generated, I 
pause for the length of one dot (line 53), 
then decrement iCount (line 54).

In the conditional statement in lines 57 to 
60, I check the external input (the go button) 
for its current state (line 57). The PIN variable 
mirrors the state of the external pins. Starting 
at the innermost set of parentheses, PINB >> 
PB2 shifts the value of PB2 to the 1 position. 
Stepping out one set of parentheses, & 1 strips 

01  #include <inttypes.h>

02  #include <avr/io.h>

03  #include <avr/interrupt.h>

04  #include <avr/sleep.h>

05  #include <util/delay.h>

06  

07  const int iDotLength = 75;

08  

09  void dot()

10  {

11     PORTB |= 1;

12     _delay_ms ( iDotLength );

13     PORTB &= ~1;

14  }

15  

16  void dash()

17  {

18     PORTB |= 1;

19     _delay_ms ( iDotLength );

20     _delay_ms ( iDotLength );

21     _delay_ms ( iDotLength );

22     PORTB &= ~1;

23  }

24  

25  void space()

26  {

27     _delay_ms ( iDotLength );

28     _delay_ms ( iDotLength );

29     _delay_ms ( iDotLength );

30  

31  }

32  

33  int main()

34  {

35     volatile int iSymbol = 0;

36     volatile int iCount = 50;

37  

38     DDRB = 1;

39     PORTB |= ( 1 << PB2 );

40  

41     for ( ; ; )

42     {

43        iSymbol = rand() % 3;

44  

45        if ( iCount != 0 )

46        {

47           switch ( iSymbol )

48           {

49              case 0:dot();break;

50              case 1:dash();break;

51              case 2:space();break;

52           }

53           _delay_ms ( iDotLength );

54           iCount ‑= 1;

55        }

56  

57        if ( ( ( PINB >> PB2 ) & 1 ) == 0 )

58        {

59           iCount = 50;

60        }

61  

62     }

63  }

Listing 1: morse.c
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graph and the Railroad”). The combined fas-
cination of hearing the clicks, watching the 
sounder move up and down, and seeing a 
message appear via the radio operator can be 
captivating. Even though the systems dis-
cussed in this article are designed specifically 
to produce gibberish, it conveys the idea of 
what is happening.

I’ve looked at two different approaches to 
the same desired result, and each can be eas-
ily expanded to send real messages. Both ap-
proaches originated by using what was avail-
able at the time, but it demonstrates that, in 
the electronics world, you can often find 
multiple valid approaches to a problem. I 
hope you’ve enjoyed this brief look at each 
approach and will have some fun trying and 
comparing the two methods.  ● ● ●

out all of the other values in the variable (the 
other bits/ pins). Now the value will be either 
1 or 0. The pull-up resistor discussed above 
makes the default value 1.

If the button is pressed, then the value is 0 
and line 59 resets iCount to 50. In this appli-
cation, as long as the button is held down, 
Morse code will continue to be generated (al-
beit as gibberish). When the button is re-
leased, the code will continue to be sent, but 
the counter will decrement. Once it reaches 
0, no Morse elements will be generated until 
the button is pressed again.

cOnclusiOn
Morse code still holds a fascination today, 
even if it has moved out of the realm of offi-
cial communication (see the box “The Tele-

[1]  Morse code:  
http://  en.  wikipedia.  org/  wiki/ 
 Morse_code

[2]  Atari 800XL:  
http://  www.  atarimuseum. 
 com/  computers/  8BITS/  XL/ 
 800xl/  800xl.  htm

[3]  LM339: http://  www.  facstaff. 
 bucknell.  edu/  mastascu/ 
 elessonshtml/  Miscellaneous/ 
 PinoutLM339.  html

[4]  ATtiny2313:  
http://  www.  atmel.  com/ 
 devices/  attiny2313.  aspx
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Figure 6: Additional telegraph equipment. The black boxes on the lower 

right are telegraph relays, and the jack box is immediately to their left. 

Small sounders are located on the white shelf in the backFigure 5: A telegraph key. The shorting bar is the tall black knob on the right.

When the steam engine first came into the pic-
ture, it quickly became the fastest machine on 
Earth. With no onboard communication, the 
telegraph provided the critical link to getting 
messages to trains. The key was to get the mes-
sage to the next station ahead of the train.

The station agent would send the train orders 
up to the passing train via a train order hoop. 
Think of a hula hoop with a long handle. The 
engineer stuck his hand through, pulled the 
message off, and threw the hoop down on the 
ground. If the aim was off then the engineer 
would have to stop the train and come back to 
retrieve the orders.

This process led to engineers deliberately hold-
ing onto the hoop longer out of spite to make 
station agents walk farther to retrieve it. There 
is however at least one account of a station 
agent that countered by training his dog to re-
trieve the hoop for him.

telegRaph WiRing
Each set of stations along a railroad line was on 
a single telegraph circuit. The stations were a 
“party line.” A shorting bar (Figure 5) kept the 
circuit closed unless the operator was actively 
sending. If no station was active, then all of the 
sounders were held in the down position. 
Sounders popping up alerted the operator that 
a message was imminent.

For longer telegraph lines, relays were used. The 
primary telegraph line was responsible only for 
switching the relay. A local circuit and battery 
maintained by the station operated the sounder.

Stations that had more than one telegraph line 
would be equipped with multiple sounders and 
a jack box. When messages arrived, one of the 
smaller sounders would start clicking them out. 
Placing the plug in the jackbox would transfer 
the selected line to the main sounder, which 
could be considerably louder. Figure 6 shows 
examples of additional telegraph equipment.
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