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IC2b amplifies the output voltage of IC2a 
by a factor of 16 ((R7 + R8) ÷ R8). As a result, 
the voltage at the output of IC2b is 0.48 V at 
30 °C, 2.08 V at 40 °C (104 °F), and 3.68 V at 
50 °C (122 °F). Comparator IC3a compares this 
voltage to a reference voltage set by P1. Due 
to variations resulting from the tolerances of 
the resistor values, the setting of P1 is best 
determined experimentally. A voltage of 2.5 V 
on the wiper should be a good starting point 
(in theory, this corresponds to 42.6 °C). When 
the water line is warm enough, the output of 

The circuit does not draw much current, and 
the supply voltage is non-critical. A charging 
adapter from a discarded mobile phone can 
thus be used to power the circuit. If the sup-
ply voltage drops slightly when the relay is 
energised, this will not create any problem. 
In this case the voltage on the wiper of P1 will 
also drop slightly, which provides a bit more 
hysteresis on IC3a.
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IC3 goes Low.
R10 provides hysteresis at the output of 
IC3a by pulling the voltage on the wiper of 
the setting potentiometer down a bit when 
the output of IC3a goes Low. IC3b acts as an 
inverter so that relay Re1 is energised via T1, 
which causes the fan to start running. After 
the water line cools down, the relay is de-
energised and the fan stops. If this happens 
too quickly, you can reduce the value of R11 
(to 33 kΩ , for example). This increases the 
hysteresis.
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Backlight Delay
Clemens Valens (Elektor France)

Lots of devices are fitted with a 
liquid crystal display (LCD). Now 
LCD implies backlighting — that 
rather useful option that enables 
us to read the message being dis-
played! For devices where there’s 
no need to read the display con-
tinuously, the backlight doesn’t 
need to stay lit up all the time — 
several seconds is often all you 
need to read the display. This 
saves a little power and lengthens 
the life of the backlight. Devices 
fitted with an LCD also have a 
processor, and so it’s possible to 
employ a function to control the 
backlight directly from within the 
processor software. But some-
times it’s not possible to imple-
ment this sort of function within 
the microcontroller, because all the control-
ler’s pins are already in use, or because you 

here has been designed for just 
such cases.

A device using an LCD usually 
has at least one button that, 
in most cases, pulls one of the 
microcontroller inputs down to 
0 V when it is pressed. If no such 
button exists, one can always 
be added. We can use the signal 
from this button to control the 
backlight. As soon as the button 
is pressed, the backlight is acti-
vated, then extinguished a few 
seconds later by the timer. Using 
an OR gate, it’s possible to use 
several different buttons to trig-
ger the timer.

It doesn’t take many components 
to build a timer like this. The OR 
gate consists of a pull-up resistor 

R1+R2 and as many diodes as there are but-
tons. Thanks to these diodes, transistor T1 

don’t have the source codes or tools needed 
to modify the software. The circuit described 
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conducts while the button is pressed, and 
hence capacitor C1 is charged, the MOSFET 
T2 conducts, and the backlight comes on. 
Because R3 has a very low value, capacitor 
C1 charges very rapidly, so even a very brief 
press of one of the buttons is enough to trig-
ger the timer. Once the button is released, 
T1 turns off, and C1 then discharges slowly 

through R4 alone, since T2 has a very high 
input impedance. When T2’s gate voltage 
falls low enough, it turns off and the back-
light goes out. The time the backlight stays 
lit after all the buttons have been released is 
roughly R4 (Ω) × C1 (F) seconds.

Of course, this circuit can be used for other 

applications too, and can be used to switch 
things other than an LED — for example, a 
relay. The value of R5 depends on the load 
being switched. For an LED running off a 
5 V supply, a value of around 300 Ω will be 
about right.
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Power On Indicator
Ton Giesberts (Elektor Labs)

Some types of electronic equipment do 
not provide any indication that they are 
actually on when they are switched on. 
This situation can occur when the back-
light of a display is switched off. In addi-
tion, the otherwise mandatory mains 
power indicator is not required with 
equipment that consumes less than 
10 watts. As a result, you can easily forget 
to switch off such equipment. If you want 
to know whether equipment is still draw-
ing power from the mains, or if you want 
to have an indication that the equipment 
is switched on without having to mod-
ify the equipment, this circuit provides 
a solution.

One way to detect AC power current and 
generate a reasonably constant voltage 
independent of the load is to connect a 
string of diodes wired in reverse paral-
lel in series with one of the AC supply 
leads. Here we selected diodes rated 
at 6 A that can handle a non-repetitive 
peak current of 200 A. The peak current 
rating is important in connection with 
switch-on currents. An advantage of 
the selected diodes is that their voltage 
drop increases at high currents (to 1.2 V 
at 6 A). This means that you can roughly 
estimate the power consumption from 
the brightness of the LED (at very low 
power levels).
The voltage across the diodes serves as 
the supply voltage for the LED driver. To 
increase the sensitivity of the circuit, a 
cascade circuit (voltage doubler) consist-
ing of C1, D7, D8 and C2 is used to double 
the voltage from D1–D6. Another benefit 
of this arrangement is that both halve-
waves of the AC current are used. We use 
Schottky diodes in the cascade circuit to 
minimise the voltage losses.
The LED driver is designed to operate the LED 
in blinking mode. This increases the amount 
of current that can flow though the LED when 
it is on, so the brightness is adequate even 
with small loads. We chose a duty cycle of 

around two transistors to implement a 
high-efficiency LED flasher. It is dimen-
sioned to minimise the drive current of 
the transistors. The average current con-
sumption is approximately 0.5 mA with a 
supply voltage of 3 V (2.7 mA when the 
LED is on; 0.2 mA when it is off). C4 and 
R4 determine the on time of the LED (0.5 
to 0.6 s, depending on the supply volt-
age). The LED off time is determined by 
C3 and R3 and is slightly less than 5 sec-
onds. The theoretical value is R × C × ln2, 
but the actual value differs slightly due to 
the low supply voltage and the selected 
component values.
Diodes D1-D6 do not have to be special 
high-voltage diodes; the reverse volt-
age is only a couple of volts here due 
the reverse-parallel arrangement. This 
voltage drop is negligible compared to 
the value of the mains voltage. The only 
thing you have to pay attention to is the 
maximum load. Diodes with a higher 
current rating must be used above 1 kW. 
In addition, the diodes may require cool-
ing at such high power levels.
Measurements on D1–D6 indicate that 
the voltage drop across each diode is 
approximately 0.4 V at a current of 1 mA. 
Our aim was to have the circuit give a 
reasonable indication at current levels 
of 1 mA and higher, and we succeeded 
nicely. However, it is essential to use a 
good low-current LED.

Caution: the entire circuit is at AC 
power potential. Never work on the cir-
cuit with the mains cable plugged in. The 
best enclosure for the circuit is a small, 
translucent box with the same colour as 
the LED. Use reliable strain reliefs for the 
mains cables entering and leaving the 
box (connected to a junction box, for 
example). The LED insulation does not 

meet the requirements of any defined insu-
lation class, so it must be fitted such that it 
cannot be touched, which means it cannot 
protrude from the enclosure.
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approximately 5 seconds off and 0.5 second 
on. If we assume a current of 2 mA for good 
brightness with a low-current LED and we can 
tolerate a 1-V drop in the supply voltage, the 
smoothing capacitor (C2) must have a value of 
1000 µF. We use an astable multivibrator built 
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