
197-8/2009  -  elektor

The programming procedure comprises 
these steps:
1. Convert your favorite RTTTL format songs 
using the ‘Converter’ utility.
2. Compile the ASM file using an AVR assem-
bler like the one provided with Atmel 
AVRStudio.
3. Write the HEX file to the microcontroller 
using a suitable device programmer.

In the first step, use the ‘Converter’ software 
shown in Figure 2. This utility was developed 

using Visual Basic which runs under Win-
dows operating systems. Paste or type the 
song data and specify the clock frequency of 
the microcontroller in Megahertz, then press 
the ‘Convert’ button. Note that the ATtiny13 
micro uses its 9.6 MHz internal oscillator. The 
software converts the songs and copies them 
to a file called ‘ringtones.inc’. Next, Assemble 
the ‘rtttl.asm’ file with ‘ringtones.inc’ using 
an AVR assembler. The assembler outputs are 
two main files, ‘rtttl.hex’ and ‘rtttl.eep’. These 
files should be written to the microcontrol-

ler’s program memory (or EEPROM) using a 
serial or parallel programmer.
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Downloads & Products
Programmed Controller
Order code: 090243-41 (plays ‘Popcorn’ song only)

Software 
File: 090243-11.zip (free download)

Content: ATtiny13 source & hex files; ‘Converter’ utility

Location: www.elektor.com/090243

Octave
Note 1 2 3 4 5 6 7 8 9

A 27.5 55.0 110.0 220.0 440.0  880.0 1760.0 3520.0 7040.0

A#/Bb 29.1 58.3 116.5 233.1 466.2  932.4 1864.7 3729.4 7458.9

B 30.9 61.7 123.5 247.0 493.9  987.8 1975.7 3951.3 7902.7

C 32.7 65.4 130.8 261.6 523.3 1046.6 2093.2 4186.5 8372.9

C#/Db 34.6 69.3 138.6 277.2 554.4 1108.8 2217.7 4435.5 8871.1

D 36.7 73.4 146.8 293.7 587.4 1174.8 2349.7 4699.5 9398.9

D#/Eb 38.9 77.8 155.6 311.2 622.4 1244.8 2489.5 4979.1 9958.1

E 41.2 82.4 164.9 329.7 659.4 1318.8 2637.7 5275.3 10550.6

F 43.7 87.3 174.7 349.3 698.7 1397.3 2794.6 5589.2 11178.4

F#/Gb 46.2 92.5 185.1 370.1 740.2 1480.4 2960.8 5921.8 11843.5

G 49.0 98.0 196.1 392.1 784.3 1568.2 3137.1 6274.1 12548.2

G#/Ab 51.9 103.9 207.7 415.5 830.9 1661.9 3323.7 6647.4 13294.8

Switching Delay
Thorsten Steurich (Germany)

The circuit described here was 
designed as an addition to a 
remotely-controlled garage 
door opener. The problem was 
that a brief burst of interference, 
arising from a thunderstorm or 
a mains spike, was enough to 
trigger the mechanism, and 
the author found this a nui-
sance. The effect of the circuit 
is to enable the output from the 
receiver module only when a 
relatively long pulse (more than 
about 0.5 s) is received. The cir-
cuit can of course also be used 
in other similar situations, such 
as electrically-powered shut-
ters, alarms and the like.

At the heart of the circuit is NAND gate IC1.C. 
The output of the circuit (after inverter IC1.D) 
only goes high when both inputs to IC1.C are 
at a high level. When the circuit is triggered 

of the author’s garage door opener, this will 
only happen if the button on the transmitter 
is held down.
The 555 timer is used to generate the 
delayed gating signal for IC1.C. It is wired 
as a monostable multivibrator in a similar 

T1 conducts, and the output of inverter IC1.
A, and hence also pin 8 of IC1.C, go high. If we 
now arrange things so that for a preset time 
the other input to IC1.C remains low, the trig-
ger signal will not be propagated to the out-
put until this period has elapsed. In the case 
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fashion to the arrangement in the ‘Economy 
Timer’ circuit elsewhere in this issue. When 
the circuit is triggered T2 will briefly conduct 
as a result of the positive edge at the output 
of IC1.A. This triggers the 555 timer: its out-
put will go high, and thus pin 9 of IC1.C will 
go low. Because of the propagation delays 
through the components a very short low 
pulse will appear at the output of IC1.C when 

When the trigger signal is removed the out-
put of IC1.A goes low, which resets the timer: 
the 555’s reset input, like its trigger input, is 
active low. The circuit is now again in its qui-
escent state.

(081086-I)

the circuit is triggered. The RC combination 
at the input to IC1.D ensures that this does 
not affect the output.
When the period of timer IC2, as determined 
by R7 and C5, expires its output returns low. 
This allows the input signal to pass through 
IC1.C. If the button on the remote control has 
been released before the timer expires, no 
signal will pass to the output.

Six-digit Display with SPI Port

Uwe Altenburg (Germany)

There is no essential difference between 
a seven-segment display and seven 
individual LEDs with either their cathodes 
or their anodes connected together. 
Often the display will be driven by a 
microcontroller, and when several digits 
are wanted, they are usually driven in 
a multiplexed fashion. This involves 
connecting together each segment in 
a given position across the digits, with 
each of the seven common segment lines 
(plus decimal point) being driven by an 
output port pin of the microcontroller via 

An advantage of the MAX7219 is that 
neither series resistors nor drive transistors 
are required. Only one external resistor is 
needed, which is used to set the segment 
current for all the digits. Since it is also 
possible to adjust the segment current 
over the SPI port, a fixed 10 kΩ resistor is 
suitable.
The small printed circuit board is designed 
to accept Kingbright SC52-11 common 
cathode display modules, which have 
a digit height of 13.2 mm. The display 
is available in a range of colours. If you 
wish to modify the board layout to suit a 
different display, the Eagle file is available 
for download from the web pages for this 
article [1].
A special feature of the MAX7219 is the 
ability to cascade multiple devices, allowing 
several display boards to be driven from a 
single microcontroller. No extra I/O pins 
are required on the microcontroller as the 
data bits are shifted through the chain of 

a series resistor. Each digit also requires a 
transistor, which again needs an output 
port pin to drive it. For a six-digit display, 
this means a total of fourteen output port 
pins: almost two whole ports on an 8-bit 
microcontroller.
Maxim offers a solution to this problem 
in the MAX7219. The device is controlled 
over an SPI port, requiring just four I/O pins 
on the microcontroller. It can drive up to 
eight individual seven-segment displays. 
Contrary to popular belief, multiplexing 
the displays does not reduce overall power 
consumption: although each digit is only 
driven briefly the LED current must be 
correspondingly increased in order to 
achieve the same average brightness. 
According to the device’s datasheet the 
MAX7219 can deliver up to 500 mA per 
digit. The rapidly changing current draw can 
cause interference to the microcontroller’s 
power supply if adequate decoupling is 
not provided.

Characteristics
•   six-digit seven-segment display

•   just two components, plus display modules

•   driven using software SPI emulation

•   C driver routines easily adapted to any type of 
microcontroller
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