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39 Diodes for protection

Introduction
Many semiconductor devices can be destroyed in an instant if their supply
is reversed. With the use of batteries as power sources, it is quite common
for the battery to be connected ‘the wrong way round’, and the scope for
damaging equipment is significant and very real. Diodes can protect
equipment in several ways, and you may do worse than to consider one of
these approaches to protect your next expensive project.

Choose wisely!
All the diode circuits given here are so simple as to invite calamity. The
circuits are not foolproof but, with a little care, will work first time.
Remember that a semiconductor diode has a forward voltage drop of
between 0.5 V and 0.7 V, depending on its type and the current flowing.
This will be mentioned later.

The first thing you need to do is to insert a good multimeter in series with
the circuit you want to protect; set the range to Amps DC, and switch on.
Check that the circuit works properly. Then, decrease the current range on
the meter until a good reading is indicated. Make a note of this current, as
it is the normal running current of your circuit.

To choose a diode, you must consult the catalogues or data sheets and
find one where the quoted maximum forward current exceeds the current
you have measured; preferably it should be at least twice your measured
current. Secondly, the diode will have a peak inverse voltage (PIV); this is
the maximum voltage it can withstand when the cathode is made positive
with respect to the anode, i.e when it is reverse-biased and not con-
ducting. This voltage must be greater than your battery voltage, again by
a factor of about 2. Except in the case of the bridge rectifier (see later),
these criteria will enable the selection of a suitable diode to be made
easily.

The series diode
The simplest and most obvious way to protect equipment is to insert a diode
in the positive supply lead, as shown in Figure 1, with the diode passing
current only when the supply is of the correct polarity. Because of the 0.6 V
that exists across the diode, your equipment will normally operate on a
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slightly lower voltage. If you imagine reversing the supply to this circuit, you
will see that the negative terminal of the battery is connected to the anode
of the diode; the diode becomes reverse-biased and will not conduct any
current, thus protecting the load. Your equipment will not operate when the
battery connections are reversed.

The parallel diode
The circuit of Figure 2 overcomes this voltage drop. It places the diode in
parallel with the load (your equipment) but in a normally reverse-biased
condition so that it draws no current when the battery is correctly
connected. Reverse the battery connections, however, and a very large
current will flow through the diode, thus blowing the fuse! For this
technique to work successfully, the current drawn by the diode when the
battery connections are reversed must be much greater than the maximum
current drawn by the equipment, in order to blow the fuse. This is usually
not a problem, however.

The diode bridge
For sheer elegance, the circuit of Figure 3 takes the biscuit! It uses four
diodes connected in the form known as a bridge rectifier. Such rectifiers
exist, and do not have to be made up from four discrete diodes.

Figure 1 Series diode
protection

Figure 2 Parallel diode and
fuse
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Follow the current round the circuit from the supply, assuming initially that
the top wire is positive and the bottom wire negative. It flows from the
positive supply

(a) through D2
(b) through the load (top to bottom)
(c) through D4

and back to the negative of the supply.

Now assume that the bottom supply lead is positive and the top lead
negative. The current flows from the positive supply

(a) through D3
(b) through the load (top to bottom)
(c) through D1

and back to the negative of the supply.

So, whichever way round the battery is connected, the current will always
flow the same way through your equipment!

The circuit does have a drawback, however. Whichever way round the
battery is connected, there are always two diodes conducting the current at
any time. In the first case it is D2 and D4; in the second case, D1 and D3.
This means that there is a total voltage drop of about 1.2 V. If your
equipment can tolerate that reduction in voltage, then you will not have a
problem.

Decoupling
Whenever the supply rail to a piece of equipment, or even to an individual
stage of a circuit, is broken for the insertion of a device that will drop
voltage, strange things can happen. This is because the supply for any circuit
is assumed to have a low resistance to DC and a low impedance to AC.
(Impedance is the AC equivalent of DC resistance.) These two are not the
same, and the insertion of a diode or diodes is certain to make a big

Figure 3 The diode bridge
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difference to them both. To overcome any irregularities in the operation of
the circuit you are protecting in any of the ways described previously, the
protected supply needs to be decoupled with a capacitor.

If the circuit handles audio frequencies only, placing an electrolytic
capacitor directly across the load in all three circuits should solve the
problem. The parallel circuit of Figure 2 is less at risk than the other circuits.
The size of the capacitor will be determined by the current taken by the
circuit, and may need to be chosen within the range 100 �F to 10 000 �F,
with a working voltage greater than the supply voltage.

If the circuit is mainly handling RF currents, placing a capacitor of 0.01�F
across the load should prevent any problems. A second capacitor, also
across the load, of between 10 �F and 100 �F may be needed. Again, the
parallel circuit of Figure 2 is less at risk than the other two.

Don’t be afraid to experiment, but confine your experimenting (at first) to
small equipment and low currents, until you get a ‘feel’ for the technique.

40 An RF signal probe

Introduction
A radio-frequency (RF) diode probe is a simple device which, when used
with a conventional multimeter, enables the measurement of RF voltages in
a circuit. When constructed, this will be one of the most useful pieces of test
equipment for the experimenter who revels in the construction of
transmitters and receivers.

The circuit
Figure 1 shows the simple circuit diagram. It is almost the same as a
common diode rectifier circuit, but with a simple change to make it more
sensitive. The circuit is known as a voltage-doubler, and is often found in
high-voltage supplies, with beefier capacitors and diodes, of course! Because
we are dealing with high frequencies and smaller voltages, the diodes and
capacitors can be physically very small. The diode circuit of D1 and D2
rectifies or detects the RF from the probe, and any remaining AC is removed
(short-circuited to ground) by C2. This produces, at the output, a constant
voltage proportional to the peak-to-peak RF voltage present at the input;
the output voltage is fed to an ordinary multimeter (on a voltage range).




