Practice work #2
Testing the characteristics of signal diodes, rectifying diodes, zener diodes and bipolar junction transistors.
Task 1.

Study and test the characteristics of signal silicon and germanium diodes.
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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.
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Germanium Diodes
Germanium diodes are a type that has been in use since the early days of radio and although they have been largely superceded by silicon signal diodes and integrated circuits, they may still be found as signal diodes in older radio circuits.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.
[image: image4.png]I

‘ma it ulM e L il

uuuuuuuuuu





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.


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.
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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.

Task 2.

Study the characteristics and test ZENER diodes.
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Zener diodes are used to maintain a fixed voltage. They are designed to 'breakdown' in a reliable and non-destructive way so that they can be used in reverse to maintain a fixed voltage across their terminals. The diagram shows how they are connected, with a resistor in series to limit the current. 

Zener diodes can be distinguished from ordinary diodes by their code and breakdown voltage which are printed on them. Zener diode codes begin BZX... or BZY... Their breakdown voltage is printed with V in place of a decimal point, so 4V7 means 4.7V for example. 

Zener diodes are rated by their breakdown voltage and maximum power: 

· The minimum voltage available is 2.4V. 

· Power ratings of 400mW and 1.3W are common. 
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Task 3.

Study the characteristics and test Light Emitting Diodes (LEDs).
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Function

LEDs emit light when an electric current passes through them.

LEDs must be connected the correct way round, the diagram may be labelled a or + for anode and k or - for cathode (yes, it really is k, not c, for cathode!). The cathode is the short lead and there may be a slight flat on the body of round LEDs. If you can see inside the LED the cathode is the larger electrode (but this is not an official identification method). 

LEDs can be damaged by heat when soldering, but the risk is small unless you are very slow. No special precautions are needed for soldering most LEDs. 

Connecting and soldering

LEDs must be connected the correct way round, the diagram may be labelled a or + for anode and k or - for cathode (yes, it really is k, not c, for cathode!). The cathode is the short lead and there may be a slight flat on the body of round LEDs. If you can see inside the LED the cathode is the larger electrode (but this is not an official identification method).
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Colours of LEDs
LEDs are available in red, orange, amber, yellow, green, blue and white. Blue and white LEDs are much more expensive than the other colours. 

The colour of an LED is determined by the semiconductor material, not by the colouring of the 'package' (the plastic body). LEDs of all colours are available in uncoloured packages which may be diffused (milky) or clear (often described as 'water clear'). The coloured packages are also available as diffused (the standard type) or transparent. 
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Tri-colour LEDs
The most popular type of tri-colour LED has a red and a green LED combined in one package with three leads. They are called tri-colour because mixed red and green light appears to be yellow and this is produced when both the red and green LEDs are on. 

The diagram shows the construction of a tri-colour LED. Note the different lengths of the three leads. The centre lead (k) is the common cathode for both LEDs, the outer leads (a1 and a2) are the anodes to the LEDs allowing each one to be lit separately, or both together to give the third colour. 
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Bi-colour LEDs

A bi-colour LED has two LEDs wired in 'inverse parallel' (one forwards, one backwards) combined in one package with two leads. Only one of the LEDs can be lit at one time and they are less useful than the tri-colour LEDs described above.
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Sizes, Shapes and Viewing angles of LEDs

LEDs are available in a wide variety of sizes and shapes. The 'standard' LED has a round cross-section of 5mm diameter and this is probably the best type for general use, but 3mm round LEDs are also popular. 

Round cross-section LEDs are frequently used and they are very easy to install on boxes by drilling a hole of the LED diameter, adding a spot of glue will help to hold the LED if necessary. LED clips are also available to secure LEDs in holes. Other cross-section shapes include square, rectangular and triangular. 

As well as a variety of colours, sizes and shapes, LEDs also vary in their viewing angle. This tells you how much the beam of light spreads out. Standard LEDs have a viewing angle of 60° but others have a narrow beam of 30° or less. 

Rapid Electronics stock a wide selection of LEDs and their catalogue is a good guide to the range available. 

Calculating an LED resistor value
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An LED must have a resistor connected in series to limit the current through the LED, otherwise it will burn out almost instantly. 

The resistor value, R is given by: 
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VS = supply voltage 
VL = LED voltage (usually 2V, but 4V for blue and white LEDs) 
I = LED current (e.g. 10mA = 0.01A, or 20mA = 0.02A) 
Make sure the LED current you choose is less than the maximum permitted and convert the current to amps (A) so the calculation will give the resistor value in ohms ([image: image19.png]


). 
To convert mA to A divide the current in mA by 1000 because 1mA = 0.001A. 

If the calculated value is not available choose the nearest standard resistor value which is greater, so that the current will be a little less than you chose. In fact you may wish to choose a greater resistor value to reduce the current (to increase battery life for example) but this will make the LED less bright. 

For example

If the supply voltage VS = 9V, and you have a red LED (VL = 2V), requiring a current I = 20mA = 0.020A, 
R = (9V - 2V) / 0.02A = 350[image: image20.png]


, so choose 390[image: image21.png]


 (the nearest standard value which is greater). 

Working out the LED resistor formula using Ohm's law

Ohm's law says that the resistance of the resistor, R = V/I, where: 
  V = voltage across the resistor (= VS - VL in this case) 
  I = the current through the resistor 

So   R = (VS - VL) / I 

For more information on the calculations please see the Ohm's Law page. 

Connecting LEDs in series

If you wish to have several LEDs on at the same time it may be possible to connect them in series. This prolongs battery life by lighting several LEDs with the same current as just one LED. 

All the LEDs connected in series pass the same current so it is best if they are all the same type. The power supply must have sufficient voltage to provide about 2V for each LED (4V for blue and white) plus at least another 2V for the resistor. To work out a value for the resistor you must add up all the LED voltages and use this for VL. 

Example calculations: 
A red, a yellow and a green LED in series need a supply voltage of at least 3 × 2V + 2V = 8V, so a 9V battery would be ideal. 
VL = 2V + 2V + 2V = 6V (the three LED voltages added up). 
If the supply voltage VS is 9V and the current I must be 15mA = 0.015A, 
Resistor R = (VS - VL) / I = (9 - 6) / 0.015 = 3 / 0.015 = 200[image: image22.png]


, 
so choose R = 220[image: image23.png]


 (the nearest standard value which is greater). 
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Avoid connecting LEDs in parallel!

Connecting several LEDs in parallel with just one resistor shared between them is generally not a good idea. 

If the LEDs require slightly different voltages only the lowest voltage LED will light and it may be destroyed by the larger current flowing through it. Although identical LEDs can be successfully connected in parallel with one resistor this rarely offers any useful benefit because resistors are very cheap and the current used is the same as connecting the LEDs individually. If 
LEDs are in parallel each one should have its own resistor. 
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Reading a table of technical data for LEDs

Suppliers' catalogues usually include tables of technical data for components such as LEDs. These tables contain a good deal of useful information in a compact form but they can be difficult to understand if you are not familiar with the abbreviations used. 

The table below shows typical technical data for some 5mm diameter round LEDs with diffused packages (plastic bodies). Only three columns are important and these are shown in bold. Please see below for explanations of the quantities. 
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	IF max.
	Maximum forward current, forward just means with the LED connected correctly.

	VF typ.
	Typical forward voltage, VL in the LED resistor calculation. 
This is about 2V, except for blue and white LEDs for which it is about 4V.

	VF max.
	Maximum forward voltage.

	VR max.
	Maximum reverse voltage 
You can ignore this for LEDs connected the correct way round.

	Luminous intensity
	Brightness of the LED at the given current, mcd = millicandela.

	Viewing angle
	Standard LEDs have a viewing angle of 60°, others emit a narrower beam of about 30°.

	Wavelength
	The peak wavelength of the light emitted, this determines the colour of the LED. 
nm = nanometre.


Task 4.

Study the circuit and define output parameters of the power supply unit.

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).
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Task 4.
Study the characteristics and test bipolar junction transistors
BJT Regions of Operation
CUT-OFF mode (режим отсечки)
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The first region is called “cutoff”. This is the case where the transistor is essentially inactive.

In cutoff, the following behavior is noted:

*  
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 = 0 (no base current)

*  
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 = 0 (no collector current)

*  
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 < 0.7V (emitter-base junction is not forward biased)

Whenever we observe the terminals of a BJT and see that the emitter-base junction is not at

least 0.6-0.7 volts, the transistor is in the cutoff region. In cutoff, the transistor appears as an

open circuit between the collector and emitter terminals. In the circuit above, this implies 
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is equal to 10 volts.
SATURATION mode (режим насыщения)
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Transistor Switch - Small Current Controls Large Current
The second region is called “saturation”. This is where the base current has increased well

beyond the point that the emitter-base junction is forward biased. In fact, the base current has

increased beyond the point where it can cause the collector current ﬂow to increase. In saturation, the transistor appears as a near short circuit between the collector and emitter terminals.

In the circuit above, this implies 
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 is almost 0 volts, but actually about 0.2 volts.

In saturation, the following behavior is noted:

*  
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 <=  0.2V.  This is known as the saturation voltage, or 
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(sat)

*  
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 > 0, and 
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 > 0

*  
[image: image42.wmf]BE

U

 >= 0.7V

Using the two states of cutoff and saturation, the transistor may be used as a switch. The collector and emitter form the switch terminals and the base is the switch handle. In other words,

the small base current can be made to control a much larger current between the collector and

emitter. For example, the circuit above can be modiﬁed to control an electric motor. The motor

would replace the collector resistor and transistor would act as a switch. See the drawing

below.
When high current motors are switched on and off, mechanical switch contacts can eventually

wear out causing the switch to fail., The BJT can operate as a switch however that has no

mechanism that causes it wear out. When it is saturated, the bottom terminal of the motor is

essentially connected to ground. When cutoff, the bottom end of the motor is seemingly not

connected to anything. Used in this manner, the switch only has to handle 1/100 of the motor

current, greatly increasing its life.

The ﬁnal region of operation of the BJT is the “forward active” region. It is in this region that

the transistor can act as a fairly linear ampliﬁer. In this region, we see that:

*  0.2 < 
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; where 
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 is the supply voltage

*  
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 > 0 and 
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 > 0

*  
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Thus the transistor is on and the collector to emitter voltage is somewhere between the cutoff

and saturated states. In this state, the transistor is able to amplify small variations in the volt-

age present on the base. The output is extracted at the collector. In the forward active state, the

collector current is proportional to the base current by a constant multiplier called “beta”,

denoted by the symbol β. Thus in the forward active region we will also observe that:
*  
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LINEAR mode (линейный режим)
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Another way to think about the different regions of operation is to consider the how collector

and base currents are related. In the graph below, we see that at cutoff, 
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 and 
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 are equal and

are zero. In the linear region, 
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. In the saturated region 
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 and 
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 are not zero but further increases in 
[image: image56.wmf]B

I

 barely increase 
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 at all.
When we use a BJT as a saturated switch, we usually supply base current well in excess of

what is needed to keep the transistor in saturation.
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Function

Transistors amplify current, for example they can be used to amplify the small output current from a logic IC so that it can operate a lamp, relay or other high current device. In many circuits a resistor is used to convert the changing current to a changing voltage, so the transistor is being used to amplify voltage. 

A transistor may be used as a switch (either fully on with maximum current, or fully off with no current) and as an amplifier (always partly on). 

The amount of current amplification is called the current gain, symbol hFE. 
For further information please see the Transistor Circuits page. 

Types of transistor

There are two types of standard transistors, NPN and PNP, with different circuit symbols. The letters refer to the layers of semiconductor material used to make the transistor. Most transistors used today are NPN because this is the easiest type to make from silicon. If you are new to electronics it is best to start by learning how to use NPN transistors. 

The leads are labelled base (B), collector (C) and emitter (E).
These terms refer to the internal operation of a transistor but they are not much help in understanding how a transistor is used, so just treat them as labels! 

A Darlington pair is two transistors connected together to give a very high current gain. 

In addition to standard (bipolar junction) transistors, there are field-effect transistors which are usually referred to as FETs. They have different circuit symbols and properties and they are not (yet) covered by this page. 

Connecting

Transistors have three leads which must be connected the correct way round. Please take care with this because a wrongly connected transistor may be damaged instantly when you switch on. 

If you are lucky the orientation of the transistor will be clear from the PCB or stripboard layout diagram, otherwise you will need to refer to a supplier's catalogue to identify the leads. 

The drawings on the right show the leads for some of the most common case styles. 

Please note that transistor lead diagrams show the view from below with the leads towards you. This is the opposite of IC (chip) pin diagrams which show the view from above. 

Please see below for a table showing the case styles of some common transistors. 

Soldering

Transistors can be damaged by heat when soldering so if you are not an expert it is wise to use a heat sink clipped to the lead between the joint and the transistor body. A standard crocodile clip can be used as a heat sink. 

Do not confuse this temporary heat sink with the permanent heat sink (described below) which may be required for a power transistor to prevent it overheating during operation. 

Heat sinks

Waste heat is produced in transistors due to the current flowing through them. Heat sinks are needed for power transistors because they pass large currents. If you find that a transistor is becoming too hot to touch it certainly needs a heat sink! The heat sink helps to dissipate (remove) the heat by transferring it to the surrounding air. 

For further information please see the Heat sinks page. 

Testing a transistor

Transistors can be damaged by heat when soldering or by misuse in a circuit. If you suspect that a transistor may be damaged there are two easy ways to test it:
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1. Testing with a multimeter

Use a multimeter or a simple tester (battery, resistor and LED) to check each pair of leads for conduction. Set a digital multimeter to diode test and an analogue multimeter to a low resistance range. 

Test each pair of leads both ways (six tests in total): 

· The base-emitter (BE) junction should behave like a diode and conduct one way only. 

· The base-collector (BC) junction should behave like a diode and conduct one way only. 

· The collector-emitter (CE) should not conduct either way. 

The diagram shows how the junctions behave in an NPN transistor. The diodes are reversed in a PNP transistor but the same test procedure can be used. 

2. Testing in a simple switching circuit

Connect the transistor into the circuit shown on the right which uses the transistor as a switch. The supply voltage is not critical, anything between 5 and 12V is suitable. This circuit can be quickly built on breadboard for example. Take care to include the 10k[image: image61.png]


 resistor in the base connection or you will destroy the transistor as you test it! 

If the transistor is OK the LED should light when the switch is pressed and not light when the switch is released. 

To test a PNP transistor use the same circuit but reverse the LED and the supply voltage. 

Some multimeters have a 'transistor test' function which provides a known base current and measures the collector current so as to display the transistor's DC current gain hFE. 
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Transistor codes

There are three main series of transistor codes used in the UK: 

· Codes beginning with B (or A), for example BC108, BC478 
The first letter B is for silicon, A is for germanium (rarely used now). The second letter indicates the type; for example C means low power audio frequency; D means high power audio frequency; F means low power high frequency. The rest of the code identifies the particular transistor. There is no obvious logic to the numbering system. Sometimes a letter is added to the end (eg BC108C) to identify a special version of the main type, for example a higher current gain or a different case style. If a project specifies a higher gain version (BC108C) it must be used, but if the general code is given (BC108) any transistor with that code is suitable. 

· Codes beginning with TIP, for example TIP31A 
TIP refers to the manufacturer: Texas Instruments Power transistor. The letter at the end identifies versions with different voltage ratings. 

· Codes beginning with 2N, for example 2N3053 
The initial '2N' identifies the part as a transistor and the rest of the code identifies the particular transistor. There is no obvious logic to the numbering system. 

Choosing a transistor

Most projects will specify a particular transistor, but if necessary you can usually substitute an equivalent transistor from the wide range available. The most important properties to look for are the maximum collector current IC and the current gain hFE. To make selection easier most suppliers group their transistors in categories determined either by their typical use or maximum power rating. 

To make a final choice you will need to consult the tables of technical data which are normally provided in catalogues. They contain a great deal of useful information but they can be difficult to understand if you are not familiar with the abbreviations used. The table below shows the most important technical data for some popular transistors, tables in catalogues and reference books will usually show additional information but this is unlikely to be useful unless you are experienced. The quantities shown in the table are explained below. 
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Case Ve | h P Category Possible
Code swctwre | Goee | e e | e (typical use) substitutes
BC107 NPN TO18 100mA 45V 110 300mwW Audio, low power BC182 BC547
BC108 NPN TO18 100mA 20V 110 300mwW General purpose. low power BC108C BC183 BC548
BC108C NPN TO18 100mA 20V 420 600mW General purpose. low power
BC109 NPN TO18 200mA 20V 200 300mwW Audio (low noise), low power BC184 BC549
BC182 NPN TO92C 100mA 50V 100 350mwW General purpose. low power BC107 BC182L.
BC182L NPN TO92A 100mA 50V 100 350mwW General purpose. low power BC107 BC182
BC547B NPN TO92C 100mA 45V 200 500mW Audio, low power BC107B
BC548B NPN TO92C 100mA 30V 220 500mW General purpose. low power BC108B
BC549B NPN TO92C 100mA 30V 240 625mW Audio (low noise), low power BC109
2N3053 NPN TO39 700mA 40V 50 500mW General purpose. low power BFY51
BFY51 NPN TO39 1A 30V 40 800mW General purpose, medium power BC639
BC639 NPN TO92A 1A 80V 40 800mW General purpose, medium power BFY51
TIP29A NPN TO220 1A 60V 40 30W General purpose. high power
TIP31A NPN TO220 3A 60V 10 40W General purpose. high power TIP31C TIP41A
TIP31C NPN TO220 3A 100V 10 40W General purpose. high power TIP3ATIP41A
TIP41A NPN TO220 B6A 60V 15 65W General purpose. high power
2N3055 NPN TO3 15A 60V 20 117TW General purpose. high power

[Please note: the data in this table was compiled from several sources which are not entirely consistent! Most of the discrepancies are minor. but please consult
linformation from your supplier if you require precise data.
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Case Ve | h P Category Possible
Code swctwre | Goee | e e | e (typical use) substitutes
BC177 PNP TO18 100mA 45V 125 300mwW Audio, low power BC4T7
BC178 PNP TO18 200mA 25V 120 600mW General purpose. low power BC478
BC179 PNP TO18 200mA 20V 180 600mW Audio (low noise), low power
BC477 PNP TO18 150mA 80V 125 360mW Audio, low power BC177
BC478 PNP TO18 150mA 40V 125 360mW General purpose. low power BC178
TIP32A PNP TO220 3A 60V 25 40W General purpose. high power TIP32C
TIP32C PNP TO220 3A 100V 10 40W General purpose. high power TIP32A

[Please note: the data in this table was compiled from several sources which are not entirely consistent! Most of the discrepancies are minor. but please consult
linformation from your supplier if you require precise data.





	Structure
	This shows the type of transistor, NPN or PNP. The polarities of the two types are different, so if you are looking for a substitute it must be the same type.

	Case style
	There is a diagram showing the leads for some of the most common case styles in the Connecting section above. This information is also available in suppliers' catalogues.

	IC max.
	Maximum collector current.

	VCE max.
	Maximum voltage across the collector-emitter junction. 
You can ignore this rating in low voltage circuits.

	hFE
	This is the current gain (strictly the DC current gain). The guaranteed minimum value is given because the actual value varies from transistor to transistor - even for those of the same type! Note that current gain is just a number so it has no units. 
The gain is often quoted at a particular collector current IC which is usually in the middle of the transistor's range, for example '100@20mA' means the gain is at least 100 at 20mA. Sometimes minimum and maximum values are given. Since the gain is roughly constant for various currents but it varies from transistor to transistor this detail is only really of interest to experts. 
Why hFE? It is one of a whole series of parameters for transistors, each with their own symbol. There are too many to explain here.

	Ptot max.
	Maximum total power which can be developed in the transistor, note that a heat sink will be required to achieve the maximum rating. This rating is important for transistors operating as amplifiers, the power is roughly IC × VCE. For transistors operating as switches the maximum collector current (IC max.) is more important.

	Category
	This shows the typical use for the transistor, it is a good starting point when looking for a substitute. Catalogues may have separate tables for different categories.

	Possible substitutes
	These are transistors with similar electrical properties which will be suitable substitutes in most circuits. However, they may have a different case style so you will need to take care when placing them on the circuit board.
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Fig. 4.4: Working principle of a transistor: potentiometer moves toward its upper position - voltage on the base increases - current through the base increases - current through the collector increases - the brightness of the globe increases.
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Fig. 4.5: A simple transistor amplifier
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Fig. 4.6: Measuring the hFE
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