The G4AEGQ RAE Course L esson 6A Field Effect Transistors

Lesson 6 introduced semconductors and the (bipolar) transistors wth
their Emtter, Base and Col | ector. In sinple terns they are | ow
i npedance, current operated devices.

This will have been “against the grain” for those of you famliar wth

thermonic valves. You may be nore at home with a Field Effect Transistor.

Field Effect Transistors

Li ke the ordinary transistors, FET's are nade up fromN type and P type

materi al s.
The following description will assume an N type devi ce.
You will r emenber t hat ordi nary
transi stors have a distinct “blob” (or
. Ca”lr.*or
pol e) on each side of the base. In other
words, there is no direct connecti on 5150.
fromthe emitter to the collector. 2 ‘:Ea‘r Bipbit"
Trangivlor
Looki ng at an FET shows that connections
are made to each end of the N type DRA‘N
. e L
channel material.

One end is called the Source and the
other the Drain.

The positive supply is connected to the G’ATE\ )

Drain and the negative supply to the

gy c\gn.uugc_
Source. In this sinple state, the bar of FET
N type material will conduct the maxi mum SOURCE -
yp Figup E FrECT TRANNSTON
current. The conduction channel will be
wi de open.
Apart from Source and Drain being unusual nanes, they appear to be round the

wong way. The current seems coming fromthe Drain and ending up at the source.
But, note that these terns were conceived with electron flowin mnd.

Remenber that electron flow is opposite to conventional current. The

electrons do, in fact, enter the channel bar at the Source and | eave at the
Dr ai n.

To control this current, a Gate is +

added. If no voltage is connected to ™ Ay

this gate, then the sane nmaxi mum current

will flow fromDrain to Source.

i i —p
However, applying a negative voltage to Ng

. Save :)

the Gate creates a ‘depletion” | ayer Bins
around it. A depletion | ayer is an
area depl eted of nobile electrons (or
hol es) for carrying current. -——
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The G4AEGQ RAE Course L esson 6A Field Effect Transistors

As a smal | negative Gate voltage
creates a snall depletion area and
the current carrying channel is

slightly restricted. -

A nmedium negative Gate voltage
creates a nedi um depl eti on area and
the current carrying channel is

further reduced.

A hi gher negative Gate voltage makes
the depletion areas neet in the
mddle. This conpletely blocks the

channel, «cutting off the current

flowing fromDrain to Source.

Synbol s used for transistors

NPN +Co“uhr B I~ Po LAR PP N olleckar
S TaansisToRs Base @
-Enw-vn. +Eh TTER,
+  Droin ~ R
Fieer Errecr
G ate

GaTE

N cnamntt Sourte TM‘S\STO'-S

If the voltage between

P CHANNEL + Source
g
S
. e >
the Drain and the Source f‘}w‘“‘ go“:\::&:’iv-—w
. [ Q¥ ¥
is gradual ly increased, e

plotting both current

CHANVEEL

agai nst voltage would

Tt

give a graph like this.

CURRENT
Turous

i 1 T
:

Yawtaasy BAokosd
CrRANNEL

This is the result with zero volts on the Gate.

The steep part of the curve is known as the ‘Chmic region’ as it
resistance. The top straight part

is simlar to
is called the “constant current” section as
the current stays alnost the sane for a considerable change in voltage.
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But, what does the Gate do?

What do they normally do? If they are open , then a crowd can go through

unhi ndered. If partly open, you will probably still get through but perhaps

just one person at a tinme. Wen closed, no-one can get through!

It is simlar with the Gate of

a Field Effect Transi stor.

When a negative voltage is connected
to the Gate of a N-channel FET the

current flaw is

restricted or

“controlled”. If Source or Drain Waky MNER

5 Hrl voLTS

current is plotted against voltage

for wvarious Gate voltages then this

“fam ly” of graphs (curves)

result.

Assum ng that the

FET is used to the
right of the dotted
line the famly can
be converted into a
very useful “transfer

characteristic”.

Transfer what!
This graph is ver useful

when designing FET circuits.

The i nput waveform can be
drawn in and the out put

pr edi ct ed.

Any distortion will be visible.

The input signal is drawn
on the Gate/ Source l'ine.

Thi s exanpl e shows C ass A bi as.
The current flows during the

whol e of the cycle.
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FET Anplifier

This is a common source circuit, typical of a small signal anplifier.

In order to bias the i nput

signal, as shown on t he

Transfer Characteristic (on

previ ous page) the Gate nust

be NEGATIVE with respect to

the Source. This is achieved by Slgl\n.l
having Rs in the Source |ead. inpsi
The Source (and hence Drain) “—‘l o"*?“t
current will flow through this

resistor making the Source

Positive with respect to earth.

By connecting the Gate to

earth via a very high

resi stance (say 10 Mohns) it

will be biased correctly

wi thout “shunting” the input

signal .

The smal| varying signal voltage on the Gate causes changes to the Drain/ Source
current flowing through the Drain | oad resistor. These current changes cause an
AC vol tage to be devel oped across this resistor. This is the output signal.

The Source resistor is by-passed with a large capacitor to prevent a
reduction in the wanted AC Signal.

The input inpedance will be very high; the sane value of the gate resistor.

The out put inpedance will equal the Drain | oad resistor.

Sour ce Fol | ower

In this node, t he | oad

resistor is in the Source

| ead.

This circuit woul d not be used

for anplification but would be QigpaL

enployed as an isolation or \nyu\'

buf fer stage.

For exanple, a Source Foll ower

is used to isolate (or buffer) SIQJAL
an oscillator’s output from ﬁ"*?“
its load to inprove frequency

stability.

But take care how you dress!
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Static Precautions
As FETs have a very high input
up of static electricity when they are handl ed.

nyl on shirt while sol dering!

Solid State Swi tches

transi stors, both bipolar and FET, have an
than signal anplification; it is swtching.
For exanple, a snall very change in DC

vol tage can be nade to operate a relay using
a transistor as a sw tch.

The transistor is said to be ‘ON when passing
the current and ‘ OFF when preventing current
flow In this case the relay in the collector
circuit wll when the transistor

The

oper at e

input circuit and voltage is designed so
from near zero
(wt) the

the transistor.

that the base voltages
least 0.6 V with
ON
Note that a positive going pulse at the input

changes

to at respect to

emtter, to turn

at the collector.

results in

operate for the period of the pulse, whether
In this circuit, a FET is +
being used as a switch to

control a Light Emtting

Di ode (LED).

Integrated Circuits are not

sonet hi ng mat henmati cal ...

Not only can transistors be
but so can
resistors and capacitors. This

t hat little

made of Silicon,

neans conpl ete
circuits can be made on mnute
of silicon. In

chi ps fact,

conplete anplifiers, mxers
etc and a variety of digital
circuits can be made into ICs
that look like this.

The IC is connected to
the printed circuit board

(PCB) by the |egs.
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I1C legs (or pins)

There are usually 6, 14 or 16 pins, but
conpl ex conputer Ics can have up to 64 |eg:
Virtually conpl ete radioreceivers can be
contained in an IC
Variabl e capacitors, coils and | oud
speaker are, of course not contained,
and have to be connected externally
el sewhere on the PCB.

QUESTI ONS for Lesson 6A

" Q0

X

'::']m-

-4 @

6a.1 |Is the input inpedance of a Conmon Source PET anplifier
D) Infinite

A) Low B) Medi um C Hi gh
6a.2 Wiat is the difference between QRM and

RN ?

A RMis caused by electric drills and QRN is caused by TV tinebases

B) QRMis worse than QRN

C) RN is worse than QRM
D) QRMis mannade and QRN i s natural

6a. 3 At ‘Cut off’ the Drain current is

A) zero BD1m © 10m D

6a.4 The drain/source current is usually controlled by:

maxi mum

A) supply vol t age B) gate voltage

(@) drai n vol tage D) source voltage

6a.5 Care in handling FETs is due to

A the fragile nature of the encapsul ation
B) the very high inpedance of the device
(@) the thin wire connections

D) power restrictions

6a.6 A dummy load is used to test
A) a receiver B) an aeri al

D) the earth conductivity

O atransnmitter

6a.7 Which portion of the 1.81 to 2.0 Mz Amateur Band can be

used up to 26 dBW

A 1.81to 1.85 B) 1.81 to 1.830

D) 1.9 to 2.000 Mk

6a.8 Wiich frequency in the 1.81 to 2.0 Miz Amat eur

used, unattended, for the purpose
conpetitions?
A) 1.86 B) 1.69 C 1.96
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C 1.830 to 1.850

Band nmay be

of direction finding

D 1.99 Mi
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