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Abstract
In this note, we show how a complete electronic circuit is designed and constructed – all over one weekend.

Introduction
Winter is coming up here in the Great White North.
Evening and darkness now comes early. Bicycling will
continue until snow and ice arrive, hopefully several
months from now. However, it is incredibly important
to be seen when bicycling in the dark. A bicycle without
illumination is completely invisible in the dark.
LED lighting is a mixed blessing - the colour temperature is often very cold and the small emitting area
means they can be a source of glare. But for lighting up
a bicycle at night, they are terrific. A flashing LED light
is bright and gets the attention of car drivers. And it can
operate for months off an AA battery.
It’s also possible to design a custom LED lighting
system. One of the family members showed up with an
LED strip that had been obtained at Canadian Tire (figure 1), with the request that it be somehow powered up
for use on a bicycle.

Characterising the Load
As a first step, we need to know the voltage and current
required to drive the LED strip. The voltage is given on
the packaging: 12 volts. We attached an ammeter and
Figure 1: LED Strip
measured the current: 175mA. Now we’re in a position
to think about power sources.
The readily available AA battery produces 1.5 volts with (very roughly) about 1000ma-hours capacity. We’d
need to put 8 of these in series to get 12 volts. It turned out that Creatron had a nice AA battery holder with 6
slots, giving a total of 9 volts. So we tested the LED strip at 9 volts, and it was still very bright, so 9 volts was
acceptable. Running the LED strip at a lower voltage will also reduce the current, increasing the battery life.
Assuming 175mA load and 1000 mA-hours battery capacity, the battery would discharge in 1000/175 = 5.7
hours. That’s only a few evenings of use. However, by flashing the LEDs with a 1:10 duty cycle, the average
current would reduce to one tenth, and the battery life increase to 57 hours. That’s much better – and the flashing
will help get the attention of car drivers.
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The Basic Circuit
There are many ways to build an LED flasher circuit.
(Use Google Image to search for LED Flasher and you’ll
see a selection of these circuits.) Circuits using the 555
timer are common, as are the two-transistor multivibraR1
Vcc
tor circuit. I have a personal preference for the Schmitt
−
Trigger circuit shown in figure 2.
+
This circuit has both positive and negative feedback.
R2
The positive feedback is provided via the R2-R3 voltVout
age divider. This positive feedback causes the output of
C
the amplifier to drive up against its positive or negative
R3
supply limit. For example, suppose the output of the amplifier is at +12V and the resistors R2 and R3 are equal.
Then the voltage at the non-inverting terminal is +6V.
The capacitor then charges from the output voltage of
Vee
the amplifier, through resistor R1. At some point, the capacitor voltage passes through +6 volts. This causes a net
inverting input voltage, which makes the amplifier outFigure 2: Basic Oscillator Circuit
put move negative. The positive feedback action amplifies this so that the amplifier output moves very quickly
to -12 volts. Now the voltage at the non-inverting input terminal is at -6V, and the capacitor discharges down
to -6V. At that point, the operation reverses, the amplifier output goes to its positive limit, and the whole cycle
repeats.
To summarize, the output of the amplifier switches between +12V and -12V, producing a square wave. The
voltage across the capacitor approximates a triangle wave, moving between +6V and -6V.
This circuit will work with most op-amps. To change the amplitude of the triangle wave, change the ratio of
R2 to R3. To change the frequency of operation, change the resistor R1 or capacitor C.
Changing the duty cycle is very straightforward. We provide two resistors R1a and R1b. One sets the charge
time, the other sets the discharge time. Diodes steer current through the appropriate resistor.

Single Supply Circuit
Now we need to modify this circuit so that it can operate from a single, 9 volt power supply and drive 175mA into
the LED string. The final circuit is shown in figure 3
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Figure 3: LED Flasher Circuit
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For the amplifier we used one section of the the Quad Comparator LM339. The comparator requires a pullup
resistor at the output: resistor R6.
Resistors R4 and R5 split the supply voltage so the positive feedback resistors R2 and R3 are returned to the
mid point of the supply voltage. Now the capacitor voltage will centre around +4.5V, with excursions to +6.75V
and 2.25V.
N channel MOSFET Q1, a 2N7000 small signal device, drives the LED strip. The maximum current capability
of this device is around 200mA, so you cannot add additional LED strings to the circuit. If you need to increase
the drive current, then use a higher-current MOSFET.

Test Circuit
The protoboard shown in figure 4 is an ideal way to test
out a low frequency, low-current circuit. It is not suitable for radio frequency work or where high-frequency
currents are involved, as in a switching power supply. In
those cases, it’s better to solder to a copper clad board,
using the dead bug technique. But for this circuit, the
protoboard is fine. It’s easy to change component values,
and the components can be re-used in the final circuit.
I like to make the top busbar the positive supply, and
the bottom busbar the negative supply, with pin 1 of the
integrated circuits to the left. In this case, the circuit
requires jumpers to the power and ground pins of the integrated circuit, but it results in a consistent and logical
layout. Notice the green 100nF capacitor between pins
3 and 12, always a good idea in any op-amp or IC comparator circuit.

Final Circuit

Figure 4: Protoboard Test Circuit

(a) Component Side

(b) Wiring Side

Figure 5: Finished Circuit
There are many possible ways to construct the final circuit. You could do a printed circuit board layout and
then, for a small fee, get some boards made at a prototype board house, such as AP Circuits in Alberta.
We used a different approach - push the components through perforated board, and solder the connections
together on the wiring side. The results are shown in figure 5.
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To the component side we have added a power ON-OFF switch and a terminal strip for connection of the
battery and LED strip. The integrated circuit is mounted in a socket, in case it has to be removed during troubleshooting.

The Result

Figure 6: Final Circuit with LED Strip and Battery
Figure 6 shows the flasher circuit with the LED strip and battery power supply. The LED strips will be
mounted on the rear fender and crosstube. The circuit board will be encapsulated in epoxy to make it waterproof,
and then mounted on the bicycle with some sort of bracket.
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