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There are plenty of flashing LED circuits about that

can be used for the star on the top of your Christmas

tree. One problem with LED arrangements is that

they can barely be seen during bright daylight

hours, or when the tree is brightly illuminated by a nearby

lamp. The circuit in Figure 1 is designed to give a pleasing

flash, well more of a twinkle really, and can power mains

lights and hence be bright enough for use at any time of the

day.

Mains Control

To switch a high voltage (mains) bulb a Silicon Control​led Rectifier (SCR) is generally employed, here a triac, as these are capable of switching currents in amps or 10's of amps range and voltages of 100's or even 1000's of volts. Being silicon devices with no moving parts they are also faster to switch and more reliable than relay and other mechanical switches. The standard way of giving a dimmed effect using an SCR is to switch the bulb on and off at high speed, using the full supply voltage, and making the percent​age of time spent on longer for a bright glow, or shorter for a dim glow. This technique is also used for speed control in motors as it gives better control at low speeds than would be


How It Works


IC1b is used as an astable oscillator, the oscillations depend on the
When the output is low, R4 is in parallel with R2 and the voltage at

signal at pin 6 ramping up and down to cross the voltage at pin 5, causing
pin 5 will now only be 20% of the supply voltage.

the output to charge state. This only works because R4 provides
Figure 2 shows how the voltage on pin 6 changes in relation to the

hysteresis to the circuit, giving the voltage on pin 5 a different value
output voltage. Normally on flasher circuits it is the voltage at pin 7 that

when the output [pin 7) is high, to its voltage when the output is low.
is used to flash the LED's, but in this case the voltage at pin 5 is used

Consider the case when the output is high; assuming the output is 5V
to give the aforementioned 'twinkle'. The sawtooth waveform cannot be

(the positive supply), then H4 will effectively be in parallel with R1,
used directly to drive the light bulb, as the current arid voltage are far

making the voltage at pin 5 approximately 80% of the supply voltage.
too low.

given by dropping voltage across a resistor, it is also more efficient as less energy is wasted through PR losses. One interesting point about the SCR is that once the device has been turned on (with a pulse on its GATE input of 1V - 2V at 10mA) it will remain on when the gate input is discon​nected, as long as the current through the main terminals continues to flow. In AC circuits such as this there is no real problem as the supply regularly rums itself off (100 times a second), however any circuit that used a DC supply would need some additional circuitry to switch off the load current and hence turn off the SCR. Figure 3 shows the voltages at the important points in the circuit. Figure 3a is the rectified output of the transformer, before smoothing. This signal is
it is known) which is exactly what we require to give the dimming effect. Note that the comparator output is fed through capacitor C5 before driving the GATE input of the triac. This is to allow the GATE current to fall quickly back to zero (Figure 3c) after the positive transition of the compa​rator, this prevents the triac being held on past the zero crossing of the load current, which would keep the triac switched-on continually - again no good for a dimming circuit.

Power Supplies and Interference

The transformer should have an output oF9V to 12V. The bridge can either be a bridge rectifier in a pack or made-up of four diodes and need only be rated at an amp. Obviously care must be taken when connecting up the transformer primary and it may be advisable to find a sealed unit that provides the low voltage output and no access to the 240V primary. The 5V supply for the op-amp circuit needs to be stable, to generate a good sawtooth waveform, however the 'unsmoothed' transformer signal (Figure 3a) is required to generate the switching signal tor the comparator (IC1 a). To allow both to be provided R5 and Dl are used to separate the bridge and the regulator portions of the supply circuit. It is worth noting that the voltage at the input to the regulator (IC2) needs to be 7V or over, so the current through R5 and hence the volts drop across it cannot be too high. Smoothing of the supplies is provided by both large electrolytic and

used for determining when to apply pulses to the GATE input
smaller value ceramic or polyester capacitors. The electrolytics

of the triac. A pulse needs to be provided at least once per
provide smoothing of the mains ripple, whereas the smaller

mains cycle otherwise the triac will spend ail its time
capacitors are used to remove high frequency noise that the

switched off. By comparing the size of the voltage on pin 5
fast switching of the triac can induce. The capacitors should

of IC1 (Vtrigger) with the rectified transformer output  (Vrect) the
be kept as close to the supply connections on IC1 as possib1e.

time at which the triac is switched on will change, earlier in
In parallel with the triac is a further smoothing capacitor

the cycle for high values of V|H ^ and later for low values of
which smooths the current through the load (transforming

V...      (Figure 3b). This gives the effect Of varying the ratio of
Figure 3d into something like Figure - 3e to reduce the 

The triacs used have a rating of five amps which is fine for lighting circuits, however in the excitement of experimenting with the unit it is alt too easy to run round the house connecting everything to it, and the simple mistake of connect​ing a hair drier to the unit could ruin your whole days work (or even your Christmas). It is therefore necessary to place a 3 Amp fuse in series with the triac, as shown in Figure 1, this will also protect the circuit from the usual mains faults.

Setting Of RV1

The variable resistor, RV1, controls the height of the signal (V ) feeding pin 2 of ICla. Referring to Figure 3a Viri(^r should not be greater than the peak value of VM, otherwise the comparator will not switch during that cycle, the triac will not be triggered and the lamp will remain off. Using an oscilloscope the two signals can easily be displayed one on top of the other and the pot adjusted to make V^ big enough. If an oscilloscope is not available setting up is still possible using a voltmeter as follows: (i) measure the two voltage le vels of pin 5 on IC1, which should be approximately 20% and 80% of the supply voltage, as mentioned above; (ii) Measure the voltage at pin 2 of IC1 (using the DC range of the voltmeter), this will be the average value of the waveform ghrf. For a rectified sinusoid the peak value is (wl2)™Va^agj; and hence the pot can be adjusted until the voltmeter reading
Practical Aspects

The best use for the circuit is in conjunction with a set of fairy lights, or to be more accurate two sets of fairy lights. The reason for specifying a quad op-amp was to allow two copies of the circuit in Figure 1 to be built up easily. Two slightly different values of the combination C1/R3 can be selected so the two 'twinkles' change at different speeds and give quite a soothing Christmassy effect, even if I do say so myself.

Another important practical aspect of any mains control is to make sure the electronics is housed within a good insulating box or case. As this design is solely for Christmas lights, it would be wise to house power supply and control circuits in the one box, leaving just a 'mains in' lead and 'controlled mains' out lead.
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