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ield effect transistors, or FETs, are 
widely used in electronic circuits 
today and are taking over many of 
the tasks for which we previously 
used the bipolar junction transistor. 

We will look at the difference between 
the two types, but before we can do 
that, we must say something about 

semiconductor junctions. 
There are two types of semiconduct­

ing material, p-type and n- type. There is 
not enough space here to go into the na­
ture of these materials, or precisely what 
their names mean, but the essential point 
is that something interesting happens 
when we join p-type with n-type. 

The pn junction (Hg.l) is the basis of 
many semiconductor devices. The simplest 
of these is the diode which consists of a 
single pn junction. A diode conducts in only 
one direction. This is because of the nature 
of the pn junction. What happens is that 
when the two types of material are placed in 
contact, a potential difference appears be­
tween them. The n-type has a potential of 
0.7V higher than the p-type. Further, on 
either side of the junction, there appears a 
depletion zone, a zone in the semiconduc­
tors in which there are no carriers of electric 
charge (eg, no electrons). 

To make current flow across the junc­
tion we apply a voltage greater than 0.7V as 
in Hg.2. This overcomes the voltage be­
tween p-type and n-type, the depletion zone 
disappears and the diode conducts. It is said 
to be forward-biased But if we apply a 
reverse voltage, the depletion zone simply 
becomes wider, as in Hg3. There is no con­
duction. 
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Fig. I. Il!e Diode, diagram and circuit 
symbol. 

Fig.2. Forward-biased, diode conducts. 
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Fig.3. Reverse-biased, diode does not 
conduct. 

Bipolar Junction Transistor 
Now we are ready to look at the action of 
a bipolar junction transistor, Hg.4. The 
npn transistor (the commonest type used 
today) .has a very thin layer of p-type (the 
base) sandwiched between two n-type 
layers (collector and emitter). 

Taken together, the base and the 
emitter form a diode, as do the base and 
collector. If the base is made positive of 
the emitter (more than 0.7V), current 
flows in at the base and out at the emitter. 

It might be thought that it is impos­
sible for any current to flow from collector 
to emitter, since the collector-based diode 
would be reversed-biased. However, be­
cause the base layer is so thin, quite the 
opposite occurs. As Hg.4 shows, when a 
small base current IB flows from the base 
to emitter and the collector is a few volts 
positive of the emitter, it causes a much 
larger collector current IC to flow from 
collector to emitter. 

Electronic Switch 
By turning the base current on or off, we 
can turn the collector current on and off­
the transistor works as a switch. Since the 
collector current is much bigger than the 
base current (20- 200 times) we can also 
use the transistor as a current amplifier. 

Field Effect Transistor (FETI 
The FET works in an entirely different 
way. Fig5 shows it to be a single bar of 
semiconductor material (n-type in this ex­
ample, but it could be p-type). Current 
flows freely along the bar of n-type 
material Normally one end, the drain, is 
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Fig.4. Bipolar jzmction transistor, 
diawam and circuit symbol. 
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Fig.S. Jwzction FET, dia[j-am and circuit 
symbol. 
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Fig.6. Circuit dia!JWn demonstrating 
switching action of an FET. 
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made positive of the other end, the source, 
so electrons flow from the source to the 
drain. 

To one side of the bar is a small region 
of p-type material, the gate. This is sur­
rounded by a depletion zone , as explained 
above. The depletion zone insulates the 
gate from the drain and the source. 

If the gate is at zero volts ( with 
respect to the source) the depletion zone 
is small. Electrons cannot flow through 
this zone, so it restricts the flow of 
electrons along the bar, but not unduly. 
However, is the gate is made negative of 
the source, the gate and n-type material 
are equivalent to a reverse-biased diode. 
The more negative we make the gate, the 
wider the depletion zone becomes. The 
conducting region of the bar gradually be­
comes pinched off, reducing the current 
along the bar. If the gate is made negative 
enough, the depletion zone extends right 
across the bar and no current can flow. 

The action of this type of transistor 
depends not on the flow of current (such 
as the base current of a bipolar transistor) 
but on the effect of the electric field 
caused by the potential of the gate. This is 
why it is called a field effect transistor. 

FET Switch 
A circuit to demonstrate the switching ac­
tion of a FEr is shown Fig.6. The LED Dl 
is used to show wether or not current is 
flowing through the FET. The demonstra­
tion breadboard component layout for the 
FEr switch is shown in Fig. 7. 

With the flying lead unconnected, 
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Fig.7. Demonstration breadboard com­
ponent layout for the FET Switch.. 

resistor Rl brings the gate potential to OV. 
With the lead unconnected, the lED is on. 

Now touch the flying lead to the -6V 
terminal The negative voltage at the gate, 
makes the depletion zone so wide that the 
drain-source current is pinched off. The 
LED goes out. 

Like the bipolar transistor, the FEr 
can be used as a switch. It has the advantage 
that its switching action is very fast. It has 
another advantage that becomes apparent 
in our next demonstration. 

A simple FET Touch Switch circuit 
diagram is shown Fig.8. The circuit has the 
gate connected by a short lead to a small 
metallic touch plate. This could be a 
thumb tack pushed into a piece of wood 

The demonstration breadboard com­
ponent layout for the simple FET Touch 
Switch is shown Fig.9. Switch on the power 
and note that the LED is off. 

Now touch the touch-plate with your 
finger. It is obvious that the amount of cur­
rent that passes between you and the gate is 
extremely minute. Yet the act of touching 
the plate is enough to turn the lED on. 

Normally, the touch plate and the gate 
have a potential about 0.7V below that of 
the rest of the transistor. Your body has a 
potential somewhat higher than this. This is 
due to the fact that you are surrounded by 
electromagnetic fields generated by the al­
ternating currents flowing in wires in your 
house, or in the power lines outside. Add to 
this the effect of friction as you move 
around, and you finish up with a potential 
relatively higher than that of the gate. 

When you touch the plate, a minute 
ctuTent flows for an instant. The potential of 
the gate is raised, the depletion zone de­
creases and the FEr becomes more con­
ductive. 

Increased current flows through 
resistor Rl and the potential at point A 
(Fig.8) rises. This causes an increased base 
current to flow from A to TR2, turning 
TR2 on and causing the lED to light. 

This investigation shows that the 
amount of current needed to operate 
FET is virtually nil. Such a device is ideal 
for use in logic circuits where thousands of 
transistors have to be switched on perhaps 

· millions of times a second The saving of 
power is enormous. 

Before leaving this circuit, try wiring up 
the touch plate with a longer lead, say 20crn 
long. Explain the effect of this change. 

Now substitute a short piece of insu­
lated wire, stripping at both ends, as the 
touch plate. Try the effect of touching the 
bare end. The effect of touching the insu­
lated part of the wire. Can you explain 
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Field Effect Transistors 

Fig.& Ciradt diagram for a simple 
Touch Switch. 17ze touch plate can be a 
metal thumb tack or a piece of strip­
board, with tracks interconnected. 

Fig.9 Demonstration breadboard com­
ponent layout for the FET Touch Switch. 
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what is happening? 

Voltage-Controlled Resistor 
The bar of n-type material in FET has a 
resistance which varies according to· the 
width of the depletion zone. The width 
depends on the gate potential Thus we 
have a resistor whose resistance is control­
lable by its gate potential. 

How this property may be used is 
shown in Fig.lO Fig.lOa is that well known 
configuration of resistors-the potential 
divider. Vrn is related to Vout like this: 

Vout- Vm +RB 
RA+RB 

If either or both of the resistors are 
variable, Vout can be varied. Fig.lOb 
shows a circuit using a FET in place of 
RB. A variable negative voltage is applied 
to the gate. A typical circuit diagram for a 
FET potential divider is shown in Fig.ll. 
To demonstrate this circuit, connect the 
components on the breadboard as shown 
in Fig.12 and see what happens. 

This type of circuit has many applica­
tions as a voltage- controlled attenuator. 
You have probably used a remote-control­
ler to adjust the volume on a TV set. At 
some stage in the sound amplifier, the 
sound signal passes through such an atten­
uator. The attenuator is controlled by a volt­
age from the remote receiver IC (Fig.13). 

Although it is possible to construct an 
attenuator from bipolar transistors, FETs 
are better. This is because they work just 
as well if the voltage between the source 
and drain is only a few millivolts, as it 
might be in a radio amplifier. To work 
without introducing distortion, bipolar 
transistors need several volts across collec­
tor and emitter. 
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Fig. JO (a) Standard potential-divider circuit and (b) FET potential divider circuit 
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Fig.ll Demonstration FET Potential 
Divider circuit diagram. 
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Fig.12 Demonstration breadboard com­
ponent layout for the FET Potential 
Divider. 
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Fig.13. Using a voltage-controlled attenuator. 
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PAnTS liST 
Resistors . 
Rl ................................................... lM 
R2 .................................................. 100 
R3 .................................................. 470 
R4 .................................................. 2k7 

All 0.25W 5% carbon 

Potentiometer 
VRl.. ........... lOk submin. horiz. trim 

Semiconductors 
Dl .......................... TIL209 red l.e.d. 
TRl ............ 2N3819 n-channel FET 
TR2 .............. 2N3904 npn transistor 

Miscellaneous 
Breadboard; Bl, B2 6V battery and con­
nectors (2); materials for touch plate (see 
text); connecting wire and voltmeter 
(multimeter), set to lOV f.s.d. scale. 

Other FETS 
The MOSFETs (FETs based on CMOS 
technology) are widely used both as in­
dividual transistors or as integrated cir­
cuits. In the more popular types, the gate 
controlled by positive voltages, obviating 
the need to have a negative supply. 

In logic circuits MOSFETs have the 
great advantage that they use virtually no 
current except when they are actually 
changing state from on to off. As transistor 
switches (used similarly to the FET in 
Fig.6), they can be used to switch analog 
signals under logic control. 

Readers may have heard mention of 

Value Priced Oscill[!scopes 
20 MHz DUAL TRACE ..... 
OUR MOST POPULAR SCOPE! 
Features built-in component tester ideal 
for troubleshooting solid state circuits and 
components with no circuit power; 80 x 
1 00 mm high luminence CRT; TV sync 
measurement for vertical and horizontal 
circuitry. Sensitivity 1 mV/div. 
Dimensions: 6.4"x11.5"x14". $595 MODEL NO. 33330 • 

15 MHz PORTABLE 
Dual trace, rechargeable battery or 
AC operation, 3.5" CRT, TV video 
sync filter, sensitivity 2mV/div., 
carry handle. 
MODEL NO. OS615S $829. 
35 MHz DUAL TRACE 
Features fast sweep time, high brightness 
80 x 1 00 mm CRT display, stable display 
of Ch.A and Ch.B waveforms, single trace 
viewing, sensitivity 1 mV/div. $849_ 
MODEL NO' OS635 
Set of 1:1/10:1 switchable probes$59. 
50 MHz also available. Please add $15 for shipping and handling. 
Order by phone or mail. Credit card, money order, cert. cheque or C.O.D. 
Ontario residents add 7% P.S. T. 

KB ELECTRONICS 
355 Iroquois Shore Road, Oakville, Ontario L6H 1M3 
Tel: (416) 842-6888 • Telex: 06-982396 KBELOKVL 
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the Darlington pair, a configuration of two 
bipolar transistors connected to obtain very 
high gain. Last, but no means least, are the 
VMOS transistors. These are MOSFET 
power transistors, capable of handling cur­
rents of several amps, up to 30A or more 
for the heftier members of the group. 

It is obvious that FETs cover the 
complete spectrum of transistor functions. 
With the advantages that we have dis­
cussed above, it is not surprising that they 
are being used in an increasing number of 
applications. • 

19" RACK MOUNT CASES: black 
steel chassis, anodized aluminum 
front panel. Ideal for audio equip· 
ment and special projects. 19" x 7" x 
12" $47.50, 19" X 5.25" X 12" $43.50, 
19" X 3.5" X 12" $41.50, 19" X 1. 75" 
x 12" $40.50. SUNIX INC. 3850 Steeles 
Ave., W . #5, Woodbridge, Ontario, 
L4L 4X6 Tel: (416) 856-2222. 

POCKET DMM CLEARANCE! A 
special deal on the Hioki 3217 3·1/2 
digit pocket multimeter- just $35! 
The 3217 features AC and DC volts to 
450, ohms to 2 megohms, a diode 
checker and a continuity test. Its 
hardly bigger than a credit card , and 
comes complete with leads and bill­
fold·style case. But there are only 
nine left - first come, first served! 

Call RICK CREE at 445·5600 while 
they last. 

ORIGINAL TRI-MODE PARTS $89.95, 
SB3 Parts $69.95, Notch Filters 
$39.95, Catalogs $1. GENIE, Box 522, 
Montreal H3S 2V3. 

CABLE TV DESCRAM BLI N G TECH NI­
QUES. 56 pages. $13.95. Channel 3 
notch filter $39.95. Amazing see-in­
the dark infra-red night viewer kit 
$295. SCA backrou nd music kit 
$49.95. Catalogs $1. OCTE(J), Box 
173, Montreal, H3X 3T4. 514·739-9328. 

JAPANESE Semiconductors, 
Needles, Drive Belts, Fuses and 
much much more. Send $2.00 to 
cover postage for free catalogue. 
INTEGRATED CIRCUIT SPECIALISTS 
P.O. Box 1601, Station B, 
Mississauga ON L4Y 4G3. 

For Advertising Information Call: 
(416) 445-5600 Or Fax: 

416-445-8149 
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