Silicon and Germanium Diodes
Silicon Diodes
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Silicon rectifier diodes, like that shown in fig 3.1.1a are used in such applications as power supplies, where they rectify the incoming mains voltage. They must pass all of the current required by whatever circuit they are supplying; this may be several tens of Amperes or more.

Carrying such currents requires a large junction area so that the forward resistance of the diode is kept as low as possible. Even so the diode is likely to get quite warm. The black resin case helps dissipate the heat.

The resistance to current in the reverse direction (when the diode is "off") must be high, and the insulation offered by the depletion layer between the P and N layers extremely good to avoid the possibility of "reverse breakdown", where the insulation of the diode fails due to the high reverse voltage across the junction.

Silicon diodes are made in many different forms with widely differing parameters. They vary in current carrying ability from milli-amps to tens of amps, some will have reverse breakdown voltages of thousands of volts; others use their junction capacitance to act as tuning devices in radio and TV tuners. Look in supplier's lists to see the many types available.

Germanium Diodes
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Germanium diodes are a type that has been in use since the early days of radio and although they have been largely superceded by silicon signal diodes and integrated circuits, they may still be found as signal diodes in older radio circuits. They can be used with very small amplitude A.C. signal voltages in such applications as radio signal detectors (demodulators) in radio receivers. Because the voltages involved in demodulating AM radio signals are likely to be less than 1Vpp (0.5Vpk). A Silicon diode could not be used to efficiently rectify such a small waveform since it will not start to conduct until a forward voltage (positive on the anode) of 0.6V is reached. Fortunately Germanium diodes will conduct at a forward voltage of only about 0.15V. The demodulator that recovers the audio signal from the amplitude modulated AM) radio waves can use a germanium diode as a rectifier to recover the audio signal from the amplitude modulated radio signal. It works in a similar way to a rectifier diode in a simple power supply; it passes one half of the incoming radio signal and blocks the other half. The main differences being that the frequency of operation is much higher and the voltages used are tiny by comparison to a mains (line) power supply. The point contact diode illustrated in fig 3.1.1b has another useful advantage over the silicon rectifier; the area of junction is very small. This also means that the junction capacitance will be very small, much smaller than that of a Silicon junction diode.
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A simple diode demodulator using germanium gives an output for smaller signals than is possible using silicon

The junction of a diode is basically an insulating layer (the depletion layer) sandwiched between two conductors; the P type and N type areas; it is actually a capacitor. The effect of this capacitor, if it is too large, will be to reduce the effectiveness of the circuit at high frequencies; the whole waveform will pass through the diode instead of one half cycle being removed by the rectifying action of the diode. Therefore at high frequencies no rectification takes place; just the frequencies we need it to work well at. The germanium diode, with its very small junction capacitance is ideal for the purpose.

The Germanium diode will not pass large currents - only a few milli-amperes but that is all we need in a radio application such as a demodulator. Germanium diodes are therefore useful for radio frequency circuits involving small amplitude signals.

The advantages and disadvantages of silicon diodes are summarised in tables 3.1.1 below

	Parameter
	Germanium
	Silicon
	Comments

	Depletion layer p.d.
	0.15V
	0.6V
	Germanium can be useful for low voltage applications

	Forward current
	A few milli-amperes
	Tens of amperes
	Silicon much better for high current applications

	Reverse leakage current 
	A few micro-amperes
	A few nano-amperes
	Germanium 1000 times more leaky than silicon

	Max. reverse voltage
	Volts
	Hundreds of volts
	Silicon the only real choice for high voltage applications

	Temperature stability
	Poor
	Good
	Germanium more sensitive to temperature. Can be a problem or can be useful

	Junction capacitance
	Very low (point contact)
	Comparatively high
	This is a useful feature for high frequency use. Note; low capacitance silicon diodes are also available but still higher than point contact type.


Silicon rectifiers
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Have large junction areas so that they are able to pass large forward currents (some types can pass tens of Amperes). An important parameter of these diodes is there ability to withstand large reverse voltages. For example a typical mains rectifier must be able to withstand reverse voltages of at least 1000v (allowing a margin for safety) as the peak to peak voltage of the 240v mains is nearly 700v. They are available either packaged as single diodes or in a "bridge" arrangement with four diodes ready wired to act as an efficient "full wave" rectifier. (The action of full wave rectifiers will be explained later in the description of power supplies).
Testing Diodes

Diodes can be tested using a multi meter. It is normally the resistance of the diode in both forward and reverse directions that is tested. There are however a number of points to remember when testing diodes.

Which meter?
Making the tests

The diagram below shows how to connect a digital meter to test the diode. There are a number of things to remember: 

· • Make sure you are using the diode range. 

· • Connect the black lead to the cathode and red to the anode (forward bias - around 1kΩ) 

· • Reverse the meter connections (reverse bias - infinity reading) 

REMEMBER - If you are using an analogue meter the above polarities are reversed.

SOME METERS give a reading of the junction potential (in volts) CHECK YOUR METER INSTRUCTIONS.
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Identifying the Connections

The cathode connection of a diode is marked in various ways. In the case of a bridge rectifier package the AC input terminals and the DC output terminals are usually marked with a sine wave symbol and plus/minus signs respectively, as shown.

Bridge rectifiers can be tested as ordinary diodes as long as each diode is tested separately. The package pins should be compared with a diagram of the internal layout of the four diodes. Then identify individual diode cathode and anode connections so you can test each diode's forward and reverse resistance.

Fault Indications

Short Circuit
Diodes can be damaged by high voltages, especially those working in high voltage or high power applications such as power supplies, and as a result will usually go short circuit (0W when measured in either direction. When a diode in a power supply goes short circuit large currents can flow and obvious damage occurs such as "cooked" diodes and /or blown fuses. Short circuit diodes that are not obviously damaged show 0W or very low resistance in both forward and reverse directions. 

Open Circuit
Less commonly diodes (especially small signal diodes) may go open circuit and read very high resistance in both forward and reverse directions.

Leaky
Occasionally a signal diode may become "leaky". While its forward resistance may be normal its reverse resistance may be lower than the expected infinity. Often this fault could only be measured with the diode removed from the circuit it is working in because of the parallel resistance of other components connected across the diode.

Zener Diodes
Zener diodes exhibit similar faults to other diodes but in addition may become "noisy". They do not make a noise but the normally very stable voltage across them suffers from very rapid fluctuations similar to the spiky waveform you would see on an oscilloscope when looking at an audio signal that was just a constant hiss (also called noise since it is sometimes present as "background noise"). As Zener diodes are often used to stabilise power supply lines, this "noise" can give rise to strange faults, depending on what is being supplied by the power supply in question. The moral is - If a circuit is behaving strangely and noise on the power supply is suspected, check any Zener diode stabilising that line by substituting it with a known good diode.
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