Building and Designing

TRANSISTOR
RADIOS sz




The purpose of this book is 1o desceibe
and (Hustrete the design end  sworking
ehiracharstics of the beslic slectronic
‘tdoeks” from which radio recalvers can be
crshatructed, It alen Bacomes clear how
pdiithonal simples cicuits can be In-
corporsted, such as volume and fone con-
trals, eutormatic gain confmd, eto., in onder
b improve the rmance of alvy “tebsic
deslgn or combination of Blocks. Ma cam-
plicated chouitry hizs bean [nciuded, nor
pryy smangion ol mathematical ceiculations
other than simple anthmaetical ones.

The authos describas the Warous com-
bimations possible Tor producing simpls
w06 with good ance charioter:
itice. Esch bailding 'block” s deslt with
separately , ., eefialy circolim, detactors,
amiphiflens ., . . 10 oUlpul stages powenng
loudispeakers, Baslkc fecaiver dosipne ara
dlsa Inclided Up to suparhés with AM o
FWt delactors, Where appropriats /e
showwn how straightfonsnrd calcutations
can be made to determing values of
viitious companents — such B eaEom,
onpacitom ind inductances ~ for optimum
msylts. Special sttonfion ks paid o the
miast mpidtant componant: the tanestor,
mdu-ﬂn? datalls af Flald Efest  Tran-

FETs), Eastly undersiond des-
eriptions g given of how they ars made,
i Litter to show how they woark; and,
more lmperant feam i mdln contiucios
poind of view, & furthar chaptar dascribeg
m up;rr;ihnu chmn:r;hﬂaﬁualnd heorey to

Ea 18 10 gel them aperntbsg mas
afficiariily.

The BO disgrams 0 tha book play a
witsl part in explaining The lexl a8 well as

Iy AumErous precilcal cleeuits ta
corathee]. 11l with the halp of thees that
b dematessr can hopo (0 beild sucoess:
Fully & gonsidernble number of working -
&ndl very satiafying — ciroults. Even more
|I'I'IpﬂI'I.IPII. thia book will ghve an wender-
staiding ol Mo transistor redls wiork -
i it | eiFeult design,




BUILDING AND DESIGNING
TRANSISTOR RADIOS

A BEGINNER'S GUIDE

Written amif Silwstrarea by
R. H, WARRING

AL
=1 =

LUTTERWORTH PRESS
CUILDFORD AND LONDON




Firal publichend ey

13HEN o 7108 3049 5

corrrigaT ) (7T E, H. WARKING

All Rights Reserved. Mo part of this publicarion
maisy b reproduoced, stored [ o retrieval spsiem,
ar trunermifbedd, in sny form or by ny meam,
elecowarle, puwchunical, photccopying, récording
or otherwise, withat the pHoe peroission of
Lutterworili Pres, Frernham Rosd, Guildfed, Serrey,

Privoted in {sweat Arides by
Cas 3 Wimian Lid
Landen, Falewhom e Mesding

Chapier

o

B O o e

CONTENTS
INTROODUOTION Dage 7
AERTAL CIROQUITSE 15
ARBIALY AND AERIAL QOUPLING 15
IEMI-CONDUCTOR DIODEN AND THEIR CHARACTERIETION 33
THE DIODE DETECTOMN e
TRANEIETORS 48
UNDERATANDING TRANEIETOR CHARACTERISTICE 59
AUBIO AMPLITIERS 75
REQENERATIVE DEQEIVEEE Ay
THE SUPERHET g4
INTERSTAGE CONNROTIONE fr.:l:lr.rr!_[.'iﬂ:l g
FIELD EFFECT THANSIETORS 1t
MIBOELLANEOUS B1REEH TS iiH
CHEORING BADIG dikatrry P25
INDEX 127




INTRODUCTION

5 v radio receiver consists of 2 number of separate “sages’, suitably
Aiu:u‘mnnﬂ:md, each stage Tepresenting the eguivalent of an
slectronte "building block™. The three basic *biocks” are & bowed v,
v extract radio mgnals from the ether; a defector, to murn these radio
signals into audio frequensy signals (or of) | and an electro-mechanical
device to turn these gf nignals into sound {either headphones or a

loidspeakor).
Thus the simplest combinution of "hlocks” is:

| swincior |
| twmarores | o Eopee

This combination has the perdctlar Bodation of providing oaly
very low strength gf signali—so weak, in fact, that they would certainly
not work a speaker, and only give very weak signal strength in phines.
Without going to more *hlocks’ the only way o improve “Hstening
strength’ i to add an external acrial.

s<isermi aarinl Bt eiruli |
| heres |

Much better resulis are possible by adding further Thilocks’, especially
one wlkich magnifiess or smplifies the signal outpat from the detector,
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BUILDING AND DESIGNING TRANSIRTOR RADIGH

"This four-block eombination can work quite well, and an external aerial
may not be necesmary (although an advantage in some cases). Also jt
can be mide to operate a speaker,

There are lomits (o what can be done with af amplifiers as these will
magnify ‘noise’ and distortion, as well as the required af signals. Thus
a further step, i 10 add another block to improve the signal guality in
wome wiy or anuther before detection and amplification, At this potnt
it ahould also be possible to dispense with o external acrial.

tepercrarging o
" improwing' block

A simple solution to the ‘improving” bieek & a regenerative ciromt,
which may abo be designed 1o work as 8 detecior as well. The more or
less universal solution in modern: radio receiver design, however, i the
adoptiom of o sperhes front end, This hes the effect of extracting a

INTRODUOTION

signal Fequency intermediate between the radie fraguency {rf) picked up
by the taned circuit, which indermedizle frequesy (if] can itselll be
amplified before being passed to the detector stage.

|_'ITI'|h'II" j—E local godltlatoe |_

That, in fact, is as [ar as it is necosary (o go fir satislactory reception
of Jong wave and medium wave frequencics—aor amplitude modulited
(AM) broadcast, Very High Frequency (VHF) or Frequency Modu-
lated (FM) broadiamts, however, pope [urther prohlema for e matire
of the rf signal is different, as well as the signal frequency being much
higher, The latter means that the conventional form of twned circuit
for AM (gsually comprising a feerte rod aerial) B no longer suitable.
Instead an external dipale aerial 18 necessary. Superhet working is more
wr Jess cbligatory, 8o the building bliocks now become:

[ Slpmie weril |
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BUILDING AND DESIGNING THANSIETOR RADION

Because of the higher frequency at which FM is broadcaas, it
is also desirable to preampéify the incoming «f signal, so one more bilock
can be gdded with advantage:

e

ool ot il

Fola w01 e

| mimner ] iocni cmsiiindar |

B.T. areplifier

Finally, of course, you may want 10 build an AMFM mdio, when
some of the blocks have to be duplicated, the approprioe ‘blocks®
belng selected by a wavechange switch:

AR paction Fhd mecilsn

INTRODUCTION

Tt is the purpose of this book to describe and illustrate the design and
working characteristics of the varow ‘blocks’ from which radio
receivers can be constrocted, In some case there are more or less
stundard designs which have evolved, e.g. for tuned circoits, AM and
FM detectors, superhet mixer-oscillatars, if smplifiers and af amplifiers.
It would be difficult to improve on them with simple constructions.
The main field for experiment is posiible combinations of these various
"blocks’'—and in particular the manner in which they should he con-
nected together or coupled for most efficiont working,

By wreating all the major subjects separately it is hoped that the
vartous design principles will have been made clear—and alio how
“stundard” types of *booes’ can be connected together to make 3 working
unit, It i also shown how additional simple circuits can be incorporated
to improve the performance of any basic design.
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CHAPTER |
AERIAL CIRCUITS

THE convenitional serial circult o fumed crr comprises 2 variahle
capacitor in parallel with an inductanee (physically, a coil), The
frequency (] ar which such a cireuit by rermnt s given by:

i
i amwy/ L
f = frequency in He
L = inductance in henrys
O = capacitance in farads

A practical version of this formula is:

f — _VBonoo
v LO
I = frequency in kHx
where L = inductance in microhenrys (uH)
U = capacitance in picofirads (pF)

Ii can be noted here that a practical inductance will alss have a
certain amount of raiitance, atd so the equivalent cirenit s as shown in
the second diagram in Fig. 1. The presence of such resistance does not
iffect the reasnnnt fregueney of the circuit but only the shorpmess of the
resonance of the cirenit. This controls the gality forfor of the wined
circuit (see fater). The practical capacitance also has a certain amoomt
ol resistance, but this is normally negligible except mt very high
frequencies (90 MHz and above).

By fixing one compongnt value (eg. Inductance) and makirg the
other verinble (eg. capacitamce) it 19 possible to adjust or tune the
circuit over o range of resonant frequencies, Theoretically, on il
basis, it is possible to design a tned cireoit 1 cover the whole rnge of
broadcast frequencies from the “top® (wavelength) end of the long wave
band (30 kHz) o the Dbotom® (wavelmngth) end of the VHTF band
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Eared | oel oo #licirfenl egquivalenl
Fig. + Capacitence {0 ond inductanes (L) fooming & tuned cironii.

(gon MHz), This Is oot n realistic solution, and so taved cdrouits are
desigried ssparately to cover individual broadeast hands, e,

Long wae Lor low [requency)—40-q00 kHz

Mrdium ware (or medium frequency}—3goo-gooo kHz
Shari roaee (or high feequency | —g—q0 MHz
FHF—go=-400 MHz

In practice, tuned circuits are designed o cover the actual spread of
brosdcast stations operating in these bands, e.g.

Long wave—go-t 50 kHs
Medium wave—so0-1 500 kiHz
Short wave—i-B-o8 MHz
VHF—H8-100 MHz

A slgnificant fiet is that ihe acteal frequency range cotered increases
ponglderably with decreasing wavelength of these broailifast bantls, e.g-

Long wave—range covered 100,000 Hi,
Medium wive—range covered 1,000,000 Hz
Short wave—range covered #b,000,000 He,
VHF —range covered 8,000,000 Ha.

I

ARRIAL GILOQUITS

This makes the design of aerial circuits increazingly eritical from
long wave upwards (in frequency). Again, in practice, this means du
hosee-made coils are seldom suitable for other than simple long wive
and medivm wave receivers. Even then, proprictany codls slmost imear-
iably give beotter resulis because of the better qualily fadars (ot 03]
achieved, Nevertheless it is interesting to cover the design of simple
neriad coils,

The simplest type of inductance is an open coll of msulated wire
wound on a fureer of insuluting material, or it can even be selfsuppori-
ing if the wire is thick enough. In the latter case the coil s wound on a
mandrel and then did off, being mounted on the wire ends (Fig, 2).

Il wi=s i
§| s

&%

Fig. 2 Air=cored nusey cotl. Coll on left o wound on o feomer,

The mauchance of such n ooil 15 foand as follows:

‘g_ﬁ + 10l
where R i the mean radiug of the oodl in inches
L is the length of the coll in inches
N is the number of e

The effect of wire diomitr bs not significant, provided the cofl dinmeter
w reasonably large, Le, 1in (25 mm) or more, Tt is therefore Jogical w
wee qguite thick wire (18 ww.g. oF 10 sowag) in onder 10 minimize
rERiFLENCE,

Suppost iuch & coil is w0 be designed as the inductive component in
i mdium mase tuned cirouit. The resonant freqouency range required is
foai o 100 kHz. Considering the requirements, frst in terms of the
procduct of L and C, from the rescnant frequency formula:
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BUILDINDG AND DESIONING TRANSISTOR RADIOS
[ 160 oo ®
F-
= 160 Do)
(500
= 1049 400, SLY 100 000
(1o ooo)®

~ ({1500)*
= 11,900, 2y | 1,000

L =

Thua at [ = 500 ki, La

at £ = 1400 kHz,

For a fixed value of inductance, maximum capacity will be required
{0 tune to the lowest frequency, Le. the highest calculated value of LO
required. Typically available variable capacities offer a range of p=400
pf or o-500 pf. Choceing the o-go0 pf tize, at maximum capacity

L x 500 = loopo0
ot inductance required = 200 microbentyi.

Using the same inductance, the misinem: capacitance required o tune
to the other end of the band {1500 kHz) would be:

gno = Comin = 11,000
ar C min = 55 microhentys

Thus & 200 gH inductance would be a syitzhle match to 8 o-500 ol
capacitor to cover the range required.

Ta simplify the coil design we can ‘guestimate’ a length of 1 in,
and a coil diameter of 1 in. Inserting these values in the appropriate
Frrrniila

. o (oegy® 3 WA
inductance, it g Mook - 10
pH = ooiyal?

Inserting the value of inductance required {zoo pH} and sulving for
number of furms:

e o]

oo i
= (ol turns, Or sy 100 turm,

]

KERTAL CIRCUITS
Cose winding yoo turns of wire the length of 1 in, would permit the
u.u_l:n-l'u. maximum wire size of o-o1 o, sav 36w To use a larger
wire gize it would be necessary to increase the lengih of the coil and re-
calculate the number of s required accordingty.
A Leng-tiroe coil would require more turns; and a shori-wave coll les
turns (perlinps only one or two turns).

Q Factor
The efloct of revishanss in the tuned cireudt is shown in simple diagram-
matic form in Fig. 3, representative of a resonant circuit. The current

Tk,

el ve
razizlande QA = 00

| |

R

1 i i
\

x| P

diagrammnratic only
Fig. y The ety of resistance amd O facior oo sharpmm al tursing.




BUILRING AND DESIGNMING TRANBIZETOR EADLOE

flowing in a resonant circuit peaks at the resonant frequency and falls
off sharply on diber side, The lower the renstemc present, the kigher the
peak [more current Mowing) and the sharper it is (the sharper the
tuning), Resistance values shown are nominal enly to iluwstrate this
effect,

This can be put another way. The shupe of the resonant carve is
dependent on the respective values of the ractanar on either the ool or
capacitor and the resistance present. The ratio of the two is known as
the £ Bctor, when

resctance (X
resiarance | R
Reactance, in olins, can be caleulated from the fllowing fornmlas:

In the case af an inductance, X1 = g fL
In the case of a capacitor, Xc = t/enfL

Q=

At resanant frequency the reactance of a coll and capacitor are the
same, 80 it dom not matter which is considered. A simple calculation
will prove this, taking the previous values caleulated and a resonasnt
frequency of 00 kHi, namely:

indoetance = 200 uH
capacitance = oo pF
This XL = 2x ¥ 500 % 107 % 400 x 107" = Guf olima
Xc = 1far = go0 ¥ 10! X 500 ¥ 107 = tel ahma

The residence vefers to the dpmamic resistance to of curments in the
ircuit, not the d reslstance, Dynamic redstance i generally known w
impeddance. In the case of a simple air-coved coil, dynamic redistance may
rise up to 100 chms or more, yiclding & Q) of less than 10, Very much
mare efficient coil can be produced with Q) Bctors mnging up to 100
(ar very much higher in certain cases), Thrse are invariably woand on
a non-canducting mugnetic core, elther of ferrite or fron dust bound
together with an imulator, The actual value of Q achicved has the
same cffect an that lustrated in Fig. 8. The higher the Q value the
sharper, and higher, the peak af the curve. With decressing O value
the tuning becomes droader and the peak value is reduced as shown it
Fig. 3. Shurpoes of tuning is alvays desirabile in radie receivers s it

(1]

tapped 2ol ] q .W
coupled esll
oyl te sl
E={i]..[==1 it

forrite rod seriala
Fig. 4 DBasic firma of asrisl colls wound on & (ervite rod or fervite slab,

ihves good selectividy, of the ability to separate one station from another
when the two are clowely spaced on the frequency band, but see later
under Modulated Signals,

Ferrite Rod Aerials

in simple terms introduction of a ferrite or similar magnetic material
core (o & coil greatly incremses i indoctance. This means thut the ooll
can be made much more compact thus requiring les wire length and
lese resistance. A amaller wire size can also be used without introducing
excessive redetence. Unfortunately no simple formulas apply for the
design of such coils, for the size and number of turns required are zelated
to the size and type of magnetic core material wed. They are thetebore
designed on empirical or semi-empirical lines, the latter wsing chana
related to the specific material properties,

Simple coils of this type are wound on standard sizes of ferrite rod
or [errite slub, either g tapped coils or inductively coupled coile—
Figg, 4. Some design date are given in Table 1 {end of chapter).

Chne other advantoge offered by “cored’ coils 15 that their inductance
can be varied, if necestary, by altering the position af the ool oy Lhie
core. This can be a very usefiul feature for adjusting the resonant
frequency range of 4 tuned cireutt independent of the variable capacitor,
e.g. for setting up or ‘trimming’ purposes. Once adjusted in this way,
the coil is then wamlly locked to the core (eg. with adhesive or hard
wax) to ensure that it rermaing at a ficed inductance,

The 'Q" of & coil can be further influenced by speclal forna of

i
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Fig. 5 The tappiing jlnt on the serlal coll affects selectivity and sensitivity,

windings, which can anly be tackled surcesfully by coill winding mach-
ines, This iz another resson why proprictary aerial coils are (almost)
imariably better than home-made cotli

Selectivity and Sensitivity

Selectivity ar the ability to tune sharply has already been explained.
Seusitiuity is the ability to amplify the very weak rf signals received in
the aerial circuit o o practical output level, both as regards skgnal
strength and depth of modulation, Ti §s thoa just as impormant as
selectivity for sstisfactory receiver performiance. Both selectivity and
senaitivity increase with increadng 1, but the two are not necessarily
compitible,

As a basic example take the simple form of tused circult with a
tapping point on the coll for connecting directly to the detector stage,
a4 in Fig. 5. The cod of the eoil connected to the earth of the cireuit &
referred 1o as the ‘earihy’ end. The tapping point vn 3 coll normally
comes about one third the length (number of teens) from: this end of
the coll. I this tapping puint is moved up towards the other or ‘hot’
end of the coil, this will have the effect of increasing seleetisity but
reducing signal strength or smntedy. Conversely, moving the tapping

int townrds the ‘carthy” end of the coil will reduce selectivity, but

erease sengitivity. This, in ey, i one way of sdjusting the selectivity
and sensitivity of a simple tuned cireuln of this type, the aim being 10
&0

ABTLAL CIRCITITE

arrive &t an optimum tapping point which gives the best posalhle
compromise between selectivity and sensitivity. In practice this doo
not necessarily mean physcally alterlng the tapping poinl. With &
gimple coil it is more practical o add owrns et one end and remove tirms
from the other to "shift” the tapping point.

Modulated Signals

It is 'punihl: o inireade the |;|_1I'.LII£.I!'|.I.'|:||-|! from coils to Very H‘!‘l‘l
levels, using some form of positive feedback 1o neatralize, or partially
netutralize, rebtance lowes, This would seem an ideal armngement th
get very sharp suning, However, nuning can be made (oo sharp for a
radin receiver as, it has to accept not a single frequency represenied
by the of carder wave, bur & whole band of frequencies representiig:
the modulated signal, otherwise some of the @f content may be *huned
out’ or et off. ‘This is pardeularly true in the case of FM receivess,
where the signal represents o bamdwidth rather than a specific gf fre-
euency. 14 is in this respect, both for AM and FM radio working, thal
the superhet receiver soores since it changes the of carrier and it
sitiehiandy o o dngle fixed fequency, kmown as the infermedisle fregumey,
and o selectivity can be shamply penked.

Hearing Twa Stations at once

Even the superhet receiver is not immune flom interforence; how-
ever, and simpler receivers considerably les s, due to what i known
as crr-modulation. This Is caused by the presence of a sirong signal
near to, but not at, the Fequescy to which the receiver I8 tuned. I
very much stronger than the actual “tuned” dgnal, it can effectvely
modulate that signal In other words, although the set is tuned o &
particular carrier wave frequency which has i own medulation, this
carrier is now subject to modulation from the spurious signall Thus the
carrier frequency to which the seq s tuned b actually carrying B af
programmes, Hence two stations are heard simuliansously.

This i3 something which can readily happen on the mediim waye
bamd, especially when the set is tuned 1w & relatively weak station and
haz & much stronger sation sgoal present close to that particular
frequency, The cause may not lie in improving the selectivity of a
tnned circuit so moch as improving the oty of a detector, for it i
at this stage that the trouble will show up. Sharper toning (., betier
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selectivity) should help, however, for the sharper the tuning the more
a tuned circuit will anfomativally tend to reject any crossmodulation.

Coross modulation does not occor a8 a problem in the design of VHF
receivers, which is why the FM band gives brtter reception.

Laft Aerials

The foft = the logical place to pat an external aerial to improve
reception in areas where radio reception tends to be poor, It can be &
mngle dipole or o folded dipole, preferably arranged vertically so as to
be non-directional, or horzontally lined up with a particular trans-
mitting stution, Tt performance can be improved further with the
addition of o reflrcior and direstors, These are short lengtha of wire or
tuhe which act as "false’ aecialy {or poranitic acriakh, as they are called),
with beneficial effects if they are placed in specific positions—zer Fig. 6.

tolded dipale Sl
. 0
A

¢ i
oo
|
l.! il

ref lmlor 1/ 50 wavalangth

1fd wevelength

Fig. & The shmple folded dipole perial associated with a reflecior snd direcion, o
‘parniiise’ nerisl

A reflector necds to be about the same length as a dipole or sightly
longer, located a quarter of 4 wavelength sway (e.g. about 15 in. in the
case of 8 VHF radio aerial), This will have the effect of strengthening

£k

AERIAL CIRCUTTE

the signals coming from the other side and, more impartant still, reduc-
ing interference from the side on which the reflector i,

A alee aerial placed on the oppésite side to the reflector will have the
cffect of improving the tuning characteristics ol the acrial, again
provided it is the right length and in the right position. 1t needs o be
shorter than a dipole and about one-tenth of a wavelength away from
it. Its actual length and position will alter the phase relationship
between the voltage and current induced in the dipole aerial, In i@
optimum pesition it will improve the tuning charscteristics for  signal
coming from the director-dipole direction. Further improvement may
be abtained by adding still more directon, each one shorter than the
previous one; This also reduces the impedance of a dipole acrial, which
is an advantage for cable matching when using a folded dipale. Folded
dipoles typically have an impedance of 300 ohma, although th.[:lr it
rechuced by & reflector and director. They may still need a balancing
mranaformer or balus to match a recciver aerial crowit fed by a 75-ohm
cosxdal cahble.

_— -

f {
* :
« 49—

200 cghm foedar

Fig. 5 Wibbon-type foldod dipole wird aeral with in effective fesler (mpedance
of guo o,

Acsimple folded dipode can Be made Fom a single lengih of insulated
wire arranged in the form of an outline “T", as shown in Fig. 7. Spacing
between the wires should be § in. The paralle] “leg” of the “T" Erma the
feeder, with an effective impedance of go0 ohma. A smple—and
inexpensive—indoor aerinl of this type should be readily available from
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BUILDING AND DESIGNING THANSIATOR RADLOS
rivchin slvopa s @ rifbon aerial (& plamic rbbon with two parallel wires
incorporated in each edge of the ‘ribbon’ which forms the bar of the
*T*, and also in the scparete ribbon forming the Teg').

Quite eluborste acrial forms consisting of a dipols and reflector and
directors are need for televizion reception, where even higher hroadcast
frequencies are involved, What may appear purzling ar first & that all
the units seem 1o be electrically connected, Le. lolded dipole, reflector
and directors are all mounted on & common metal rod. In fact no
electrical connection is involved as the centre of a folded dipole aerial
5 At zero porentik

Toble . Examples of Medismewnve Aerinl Coll Wisdisgs Sacching

Tuming Oepeciior o300 pF*
Ferrite nod din{ wire size  no, o Turns tap nllermntive
i L iF L] LR il crugpling
]
li" Ei-4 i wr 98 ta G quires 16 e
g ] 3fi ar 98 T fi%y foirma 14 Ligre
] eli-or 3= faa 50 EMPES pEe0 5 foms
Ferrite slab)
§ (ogomm) 3 4" in mm]  af) oroas e 10 faros - oo tomi

® [heremee furps by opproximately g4 per cend io maich i &-aki pl':" fainbig
ERpACTAT.
t Length bs mot impormnt.

CHAPTER 2
AERIALS AND AERIAL COUPLING

ATIHFACTORY performance can usually be obtuined for long wave
S andd medium wave recepiion with a gmple ferrite rod aerial fitted
internally, although this will be very directional. The rod is wsually
muntited horizontally {or intended to be tsed in that arcitude), Tr will
produce maximum signal sirength when at nght sagle (o the directiom
of the transmitting station’s aerial, with falling strength at any lesser
angle, reaching a minimum when the red is pointing feeerds the trass-
mitting aerial. This, in fct, applies to any aerial formed from a ol or
loop of wire. Maximum sgnal strength s received when o fiep i in e
with the tromemitting aerial; and minimum signal (theoretically zero
signal) when the Toop i at right engles,

To render such an aerial non-directional it is necessary (o connect it
with an external aerial, which in Ba stmplest form i o length of wire
run vertically, Theoretically, at least, such an aerial would work on
its own a3 & tuned circuit, if it was made o resomant length of 1, §; & 4
et of & wavelength (ser ali Table @ ot end of chapter). This would
necemitate 3 very high aerial o give any ressonable degree of signal
amplification, and also one whose length wonld have to be adjusted 1o
tune b different Broadeast frequendes,

Tn practice, therefore, any shorier length can be wed, connected to
i conventional tuned circult as in Fig, 8. The latter is then used to
adjuse the resonant frequency of the whale, Since the actual length of
derfal wire to he used is small, compared with = wavelength, the tuned
clreuit can be designed to cover the normal frequency Fange required
ax in Chapter 1. The enternal perdal is then regarded simply as an
appendage, T addivon will modify the performance of 4 tutied cireit
to some extent. The longer—and thus the more efficient it is—the
greater the modifying effect.

This is one reason why the average madio recerver fitted with un
intermal ferrite rod acrial pormally has no proviion o plug in an
externil perial, Connecting an externnl aerial would simply mis-tune
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the set, which is calibrated against the adjustabile tuning range pro-
vided by it own internal tuned circust,

1n other words, if an external acrial is to be used the tuning should
be calibrated with extornal aerial attached, 1 it is 1o be provided as an
additional Gulity, e, to improve reception on weak signals, then the
method of coupling to the existing tuned circuit needs particular
gttention if mistuning is to be avoided. In the first case it s poasible to
connect the external aerial directly to the wned circuit a8 in Fig. 8,

b

vl sorrsciing [rrassing
i ssbectivity tud

paint
/ sy
eermitbvity

al imnalive
eonraction
for auimmal
oorlal

Fig. B External perisl connected o the tumed aerial sircu.

Normally it would be connected directly to the *hot' end of the coil,
a4 this should give maximum sennitivity. However, better selechinly may
be produced if the connection is made lower down the coll, st the
expense of seostivity, In most practical receiver cireults, other than
elementary designs, the aerla] cirouit is fnductively coupled 1o the next
stagre of the receiver. This provides variuble control of the coupling,
and the possihility of better matching of the aerial (o the inpat require-
ments of the following stage. : : :
The principal trouble associated with the wse of 8 simple wire senial
s thist it can have o considerable eapacitance effect. The ct the length
af wire also has resistance, and thus effectively inductance, is why it
¢an work on it own 65 a tuned circuit. The actual modifying tﬁmrt ol
s wire merinl 8 mot eeadily determinable, and waries both with it
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lengeh and frequency of signal. Tt could be high enough seriously 1o
interfere with the working of a tumed circuit.

The noswer o this is surprisiogly simple—just connect the external
aerial via a small value serics capaciior, as in Fig. 9. The effective
capucitance added to the tuned cirouit cannot be greater than the valoe
of this series capacitor and o choosing a amall value of roo pf or bess
will enwaire that the tuned circoit is not mistuned o any greal extent.
Also this method of coupling prevents the tuned circait from being

A, -l afTact of marfod copacily on

g capaciior cernct B

ing ibor mare than ihis value

tunilrg
cagnsar

Fig. g  Coupling capaciion hetween an external aerial and tuned qrcoie Jimin
‘capacitance effect” of the exiemal serkal, which i=ids 0 medily melng
swamped by the external nerinl, Le. the two are snder-coupled rather
than ser-coupled. This should improve bith selectiviey and sensitlvity
and very large acrial lengths can be used without upeerting the working
of a tned dreuit, On the other iand, if the mning of the receiver is to
be calibrated with an external aeral aitached, it woild be advantageois
to use 3 hipher value of coupling capacitor in order to make the external

serial more effective.

As proviowsly noted, the greater the helght of o vertical aerial the
better, However the effective length can be increased by connecting a
verdeal wire (o a horizontal wire producing an aerial in the foem of &
lnrge “I° or an *L7, The longer the boreontal run the greater the siegnal
strength geterated in the vertical wire. The longer the length of
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horizontal wire the better, with the advantage that this is easier
arrange than vertical wiring, This again adds a directionul gquality to
the area by virtae of a horizontal Iength which can be chminated by
running the horizontal wire through a go-degree bend, This arange-
ment is guite suitable for accommodating in a lofi or even in & single
roatn, Note: the ‘directional” charneteristics of a horizontal wire aerial
are the opposite to that of a coil or loop aerial. Tt is mest effective when
the wire iz in far with the transmiting staton.

There are mare elaborate formae of receiving acriuls, but these are not
necesary for long-wave and medivm-wave meoeption with the high
efficiency affered from modern tuned cirenits, In Bt Internal ferrite
rod aerials are generally quite adequate—escept for the special require-
ments of short wave and VHF reception, Coverage of the former i (oo
specialized & subject for this present book, but dipole aerizhy are
commonplace for FM reception (i Chiapter 1.

VHF Aerials

The conventional ferrite rod aerial i bagcally unmitable for VHEF/
FM reception because of the high inductance of the mugnetic core,
This makes it impossible to accommendate the frequencies covered (BE-
100 MHz) associated with practical values of variable capacitors. A
fwvourite form of aerial is a simple {telescopic) dipole. A single {tele-

i} vertical nerial of resonint length may ako be used in wme cases.

lchmd nerial yystem I8 emential for saisfctory FM radio receivens,
Requirements are also camplicated by the Tt that VHFFM signals
are hath highly directionu! and alio palariced (ic. madiated in a hori-
zontal or vertical plane). The first divation b met by aligning the
dipole aerial with the broadeast station to get mazimum signal strength.
The secand is met by aligning the asrial in the plane of polarbaiion.
Mioat VHFFM signals are horizontally polarized, calling for the aerinl
1o be aligned in a horizontal plane.

The theoretical vesonan length of a dipole o Aalfimare acrial is
calculated from the formula:

Lengtli = ‘ﬁrﬂ“‘m
i

= ==

12 incles
wihiere T i the frequency in MHz

ANLIALS AND ARRIAL COUPLING

Thes to match a nominal middle frequency in the VHF range the
value of f can be taken as g5 MHz, when

Length = 3395
e

— G inches; or say Go inches,

Strictly speaking theoretical length should be corrected for “end
effect’ losees, and alio the sine of the wire or tube used for conductor,
Howeyer dnce the match is only nominal to the middle of the range to
e covered, and the eesonant frequency of the tuned drewit will be
eatrfalile, the actual length used B not that critical. Bhorter lengths can
also be used in multiples, eg. 30 in. or 15 In, The vertical VHF acrial
can be af any of these lengthe. A hormontal dipole should have » fall
B in. length, (Fig. 10.) There are other more elaborate forms of folded
dipofe acrial which can be uscd, as mentoned in Chapter 1.

. - .

&
wira, motnl fube

of makel reed T or TS5 ohrn leeder ceble

il sffeclive whien hoffgonkal
and ir [T wlih statian 75 s Teeder

Fig. 1o The dipole aerinl—ihe stsmiard form ol aeral woed with VHF [FM)
TROETETE

Telescopie aeriils have the pdvantage that a resonani length can be
adjusted for optimum effect, il necessary. Abo the vertical astitude of 8
telescopic dipole can be altered by adjusting the spread. This type of
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aerial can be designed either to At on the back of & receiver or on 4
separate stand. It is also wsunlly mounted so it can be adjunted divection-
ally.

It is essential that dipole acrials be connected to the recelver tuned
circuit with a properly matched cable. Dipole serials can be taken o
offering & purely resistive load for matching purposes, with low or very
low reactance. Dynamie resistance or impeduance is specified for various
proprictary types and these are usually supplied with matching cables.
A typical dipale has an impedanie of aboot 70 ohma at the centre, and
should be connected via J0-75 ohm coaxial eable, eg. the stendard
type of cable used for connecting a TV aeral to s s Folded dipoles
have & higher impedance, (theoretically four times that of a smple
dipole, or typically about §00 ohme}, but this is reduced by the effect
of & reflector and directory in the case of an acrial array of the type

alresdy described in Chaprer 1.

dipola aee|&l dipela parjal

-
& -

Fig. 11 Two methods of coopling a dipdle serisl vis impedssee-matching
ecahafnerven,

Since a dipole aerfal involves two leads (in the feeder), it cannot be
vonsected simply to & tuned eirenit like a simple wire aerial. Iretead,
it is normally inductively coupled to the roceiver circuit, Two such

BO
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methods are shown in Fig. 11. In the fint illustration the dipale aerial
i inductively coupled (o the tuned cirenit via a centre-tapped trans-
formier, the trangformer sl providing the required impedance match,
The seeond shows simpler transformer coupling (again with impedance
matching) 1o a peedictor circuit, which B commonly used with an FM
superhet receiver,

Tabls 5. Resvasmt Arrial Jengihs
Rl Thearetical bwave i-wove frumve
{requency resiigiant inehies inches inchds

MHE lepgeth® |metres)
Ia 73 b ] 7 184
a 566 78 94 1B
Iy Fay o a5 i
s 153 g 344 17}
6 40 a o L 4
& T4l by 3k 16}
o 533 66 23 16}
w yub g 3% 16
™ ¥ G 1 5i
58 L fir g ral
'ﬂ gl L] ] 15

® The practical equivalen aerial lengih i alighily less than ihe theorstical value.




CHAPTER 3

SEMI-CONDUCTOR DIODES AND
THEIR CHARACTERISTICS

diode is an electronic device with fvw electrodes. Tra basic action

i that of a rectifer, Lo it allows current to flow in one direction but
not in the other. A semi-conductor diode also has the characterstcs
of & expaceier; as will be explained later.

Sobid state diodes consist of a Putype semi-conductor naterial joined
to an N-type semi~conductor material, As Far as conduction of electricity
is concerned, P-type material conducts by pesbize carriers (known as
holes), und an N-type material by negetive carriers, or electrons.

A simple combination of a P-type matedial and an N-type material
joined ar comnected together will not work, 1t has 1 be 2 sngle crystak-
Hne elernent, one side of which is given P-type characteristics by *doping’
with a miltable fmpurity, and the other side given N-type. characier-
itics by doping with another Impurity. The two zones are hotded by
& P-N junction. Mobile charges in the two materials will then tend o
diffuse across this junction, canceliing each other out and forming what
is in effect o neatral zone at the boundary, known as @ depletion layer—
ser Fig, 1.

Palypo Mty die allicn hayns
wp:;i‘n Ij}.m -.[ _—l
i

8 il e P=pd
cry =tal |Junction

Fig. 12 Dingrammuatic represtntation of the prodoction of o semmi-oombicior iblede

FEMI-0ONDUOTON DIODES AND THEIR OHARACTERIETION
This depletion layer, which i extremely thin, effectively Bolates the
Jiaed chavges present in the crystal—positive on the N side and negative
on the P side—and also prevents migration of further mobile charges
across the junction, unbes the petmbial barrler at the junction s wpset by
applying an external clectrometive force [anf) or voltage 1o the deviee,

slacirons
Fovelse worklng

Fig: 13 Tha two mndes of warking & dicde.

A 'demonstration” circult is shown i Flg. 19, wsing a battery Foe. the
seripce of el aicd & means of varying the voltage. In the first diagram
the positive side of the battery is connected to the P side of the diode.
Starting from zern and gradually increasing the volinge the fr effece
ia to push hole fom the B material rowards the juncoon and attrace
electrons from the N materials towards the junction until the potential
barrier is neutralized, IF the enf is then Increased Dirther the dicde will
become fully conducting, with current Howlng through it In other
words, applying partiine bias to the P side of the diode has turned it into
i eonduator,

If reveere bias s applied (negative to the P oside) a3 in the second
disgram, both holes and electrons are repelled from the junciion,
:iJ'h'_'l‘w'_llld.iﬂ.ﬂI l.|:||: Exteint of tlp: dl:pll.-l:inn h}'z:’. l:n eﬂ'ﬂ:l: thr. ]1.II'||I:HI.'IT.| ETLE]
up & back volinge equal to the applied voltage and a diode belnves
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as & non-conductor, In practice there will be a small leakage current,
although this can be negligible for 3 majority of applications,

The typical working characteristica of & semi-conductor diode are
ghown in Fig. 14. Note that this presensation, which is conventional, is
the opposite way round to the two disgrams in Fig. 13. In the forward
direction, fncressing voltage at first has no effecs until the potential

iy

E

il woan afe

Tmiriy typlosd of m

mmml | Gefrrianium
diode at

g

cummorst 1o a1 erepa

0. 10
terwird veltaga

' revorze ourrenk flow
L9 In milcrcsnpE

Fig. 14 Characieristic perfemance of o diode in forward wertking (conducting)
and reverse wintkingi {nop-sondncting).

barrier is neutralised, Typically this will pcear at about o-3 volts with
a ermanium diode and 06 volis with a gilicon disde, From then on,
increasing voltage increases the current Bow, hEmited only by the
ific resistance of & dinde material and any other resistance in the
eireuit, Ultimately, if the carrent rises to too high a figure, the diode
wonld become overheated and burn out.
Ir the veverse direction the effect of increasing voliage i a very alight
increme In leakage current up o the ssturation point of the diode.
In practice the leakage current can usually be conzidered constant,
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unless excessive voltage is applied. When this oceurs the diode becomes
over-saturated and the peverse curvent rises sharply, If this is not limited
to o safié level by another resistance in the cireuit the diode will overheat
and be destroyed.

Ome inherent Hmitation with reverse working [apart from the pres-
enice of o leakage current which makes a diode an Imperfect rectifier)
is that heating effects are present due to power dissipation, and the
consequent rise in temperstire will sutomatically result in an increase
it the leakage current itself, In the case of o germanizm diode this can be
guite marked, e.g. the leakage current typically doubles with each g"
Centigrade temperature rise. The effect i far Jes marked with a silfiam
thionde, which is often a preferred type for this reason, On the other hand
the effect of heating on current flow, when the diode is operating in the
furtpard direction; s usually neghigible.

Types of Diodes

Two different types-of dicdes have already been mentioned —
germaninm dicdes and alicen diodes, Sificon diodes are less sensitive Lo
temperature and this generally maintain o low reverse current. Work-
ing in the forward direction, a higher initial voltage i needed to start the
current Howing.

Hetypa
st wine permEnium el muppert

+

poirdeoorimet el
botes - achusl lengih In iboul one-thind of an [meh
Fig. 15 Twn differemt iypes of diode comstractise.

Diodres may also be deseribed by thelr construction, e.g. fomi-nmboc
type or junction type. With a pointcontact diode a small N-type crysal
toasched by a pointed wire is coclesed in a suitable envelope. Tt s
treated during manuficture 1o give P-type charncteristics to the crysal
In the vicinity of the point—Fig. 15. In the case of a jusction diode, ity
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construction i essentially similar (o that of a imusistor (e Chapter 5],
comprising & P-type ]:u-J.ict alloyed ordiffused to an N-type crywial slice.
Like a transistor it 8 encapsulated. Point-tontact diodes are alnost
exchonrvely mnde from a germaniom coyssal. Junction-type diodea may
be germanium orglicon, but 'mest are made from sihicon.

Warking i the reverse direction, the depletion layer is a non-
conducting barmier between the two ends of the diode and so virtually
forms & dielectvic between two electrodes. Tn other words, the diode
working in this direction in eqjuivalent to & capacitor. Hence it has an
ability to pass sltemating currents which may be present,

The degree of eapacitanice effect present depends mainly on the #ra
of & junction—the larger the area the greater the capacitance present
when working in the reverse direction. In practice, the capacitance
effect is not generally significant in the pasage of ar up to frequencies
of about go=50,Hz, but at very much higher Begquencies eapacicance
effeets can be considerabie, The only way in which they can be redoced
in to reduce the junciion ares, which is why a point-contact diode is
normilly preferved for circults carrving very high equency carrents.

There i another type of diode which uses this capacitance effect in
a different way. Beside the junction area, capacitance also dependson the
tecknest of the depletion layer, This, in turn, will vary with the teverse
voltage, Increasing the reverse volmge inoreases the thicknes of this
layer and reduces the capacilance. Reducing the reverse voltage s
the effect of increasing the capactance, This & dinde can be worked
a8 & capacitor varying with voltage, mch devices being known i
viriable capacity diodes or eerigeter or smnagr. They are often usefual
for stabiliming tuning circults,

Zener Diodes

A Jener diods B a apecial form of gilicon junction diode with n low
and constant dreakdoew pellage. A typical performance cuarve is shown in
Fig. 16 {compare with the performance of a conventional diode, Fig.
t4). The sharp break from non-conducting to almost perfect conduct-
ance pl o particular reverse voltage §s called the zcener knee. This
characieristic makes & zener Hode o particularly useful device for
producing. voltage-stnhiliming or current-stabilizing circuis. A zener

8h

P T e f’:—- 4 2
B T B zarmr voltsgse

l-.\. ..,.h‘ )

"q..‘ S

o
by
™
b

oy
reverss opareting pokn
dalafmined by morar
vollngs o eerles

Fenmd :.'I::rl-an | i

-
=
Feirrae Curtent s

5

Fig. 18 Weorking charameratirs of & Zemes dinde,

diode & normally operated 51 or above hreakdows voltage, with
sulficient reststance tn the orenit to limit the actoal corrent Bowing in
the circuit to & gafe fgure for the zener disde usedd,

Thus in a simple demonstration cireuit shown in Tig. 17, a sener
diode i conpected In a series with a limiting resstor to 8 aupply voltagre,
This resistor effectively divides the supply voliage into the breakdown
voltage across the dicde with the remainder dropped across the resistor.
The '-'nha,gc acring the tener diode remaing constant, even IF the sapply
voltage varies. Thus tapping the circoit ar this poing can provide a
canstant voltage outpat. The only thing that happena with a variable
supply visltage is that the corrent flow will rhe ar Rl [ proportion.
Omly if the aupply voltage falls so much that the working paint of a
ditele ix pulled back past it knee point will-the constant voltage oulpor
CEjse,

Cioly one constant voltage can be tapped from the 2oner diodes,
L!m'upm:rﬂ.u# o the breakdown vul!:.!u ar rener 1|.1|.'l|.L:i|.|'I:' CT R
generally salled, Tﬂ'rii.".l.ll},l thas 1 of the order of 5 i0 B volia, Being a
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Fig. 17 Simple Zener diode clreuit expahble of givieg o constant voltage autpil.
This can be bnearporsied in another cireidi 1o provide & siabilized arpply valinge.

small device it is also olwious that the power it can provide in 4 constant
voltage circuit is also limited, wsunlly to the order of milliwatis only.
Zener diodes are, bowever, produced with much larger zener voliages
and also power capacities of the arder of watts,

Bpecification Figures
The actual working characteristics of a diode are described by the
folowing:

Mazximum reverse poliags—with figures normally given for peak (or absalute
maximim wiich the diode will tolerate] and sperage. Separate values
may alse be given for different tesnperaturs, e, amident (usually 20
Centigrade or a5 Centigrade); and at seme higher temperatures
{usually Go® Centigrade), In the abéemce of separate lemperature
ratings ambient temperatures can be inferved.

Mavivum forward curremb-—given in milliamps. Again separate figures
may be given for pak and awrage; and separate values for ambicn
tesnperature and 60" Centigrade,

Ovber data which miay be given are:

Ambient tewiperature range—referring to the muodmum and minimum
ambient temperamres, within which range the diode will net be harmed.
Maximum junction fempenibee—usually separate figure for continuous
aid intermittent operation.,

Thermal résantmmee—in * Centigrade per anfllivols,

L

CHAPTER 4

THE DIODE DETECTOR

HE defector in an AM radio receiver has to work as o reegifier,
Tmpprgn'ng half of each cyele of an smplimde-modulated carrer
wave eignal and converting the current variations in the other hall
into & direct current fluctnating in the same manner as the original
modalation. In smpler erms, i extracis the audio Fequency or af
poutent of the modulated mdio signal in the form of & fuctaating &
current.

The semi-conductor dlode i o logical choles for achleving this, but
ite performanoe is far from perfect. The ideal rectifier would hove no
forward resstance and infinite bockward resistance. Semisconducior
diodes have a low forwiard resistance and high backward resistance, but
the k=g of rectification impeeed by these characteristics can be recovered
bry the addithon of a fad rerdstor, and a retéroor mapaciior in parallel with
it a3 in Fig. 1B,

BT Hede cubpat

&
foad TR EErair

reval slor capacitor
- I

-

Fig. i Hasic deivetar circudt waing a lpad rsikod and ressrvndr capEcitor
camperngs for ihe hnpesfer feciifer charncierstics of & divde.

Theoretically, the higher the value of the load resistor the greater
the rectified voltage. Tos value, however, has als o be chosen @
mateh the input resistance of the next stage. The function of the
FElervair capaciior B 1o malninln dhe voltage during hall cycles 'rhl:n
the signal is chopped off. Tts value, iogether with that ol the resistot,
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determinis the fime conitant of the circuit. To aveid boss of top frequency
and distortion of & signal this has to necommodiste the highest modola-
thom frequeney likely to be present—aay 10,000 Hz for AM radio, This
implies o tme constant of mof mowe than so micreseconds (the time
between a ‘peak’ and ‘trough’ of & 10,000 Hz sigual), and preferably
rather Jess,

Starting puint in dechding suitable component values therefore i
first to select B as o suitable match, and thens determine the value of G
to give & Hme comstant for the circoit of 50 pseconds or dightly less.
At the smume time the value of the reservoir capacitor must be high
enough 10 maintain 4 suitably high reservair action et the lowest radio
frequencies present in the signal.

In the caze of a sraightforward trandistor rudio reeciver the detector
i followed by a transdstorized audio amplifier stage, the input imped-
ance of which is typleally of the arder of 1000 to 0,000 ohma, A suitable
value for the load resttor (R) would therefore be 1 & ohim up o pos-
sitily 4 k ohm. Corresponding values of the reservoir capaciton to give a
CR or time constant of 4o pseconds would be:

R =1k, 0 =05l
R =gk C=od5puf
R = gk, O = o125 pf

It would be desirable 1o wse rather lower values of capacitor than this
so that the time comsomant 3 les than 5o peetonds (s 40 or 45
paeconds), &g, oe2o pF with R = ak, and o1a uF with L = 4k

The arder of load resistance values alao favours the use of & germamn.
poirt oomtact diode. Junction diodes are les efficient as AM detecton
bécnuse of thetr greater self capacitance, and quite unsuitable as VHF
or UUHF deteciors, However, in practce quite different vahis of R
and O will work with 2 germanium diode, bur if the time constant is
greater than 50 perconds there will be a loss of top perlormance and
distortion. IT much less than about 4o pseconds there will be a los of
detection efficivncy at all modutation frequencies.

Thip simple detector cireuit, in fet, allied o 8 Smple tuned circait
{merial coil), is the basis of a eryrfad 50 —Fig. 19. In this circait the load
resistor B ean be omitted an the high impedance plones will effectively
act [n it place, It will aleo work without the reservair capacioor,
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although with more distortion present. By experimenting with different
values of C 1o aidjost the time constant of the circuit, it is possible w
eatablish an optimum value for detection efficiency and{or distortion,
but not necessarily both together.

Incidentally, as well a2 virtually any germanium-point contact diode,
almost any af tamititor will work in this clrcult a8 & detector. The
collector Jead §s ignoved and the ransistor connected (and warked] as
a dinde using the base and emitter copserions only,

mn actermal ool is assential
far this clrouit ko work

l s high Impedance

o3 phoress cormacteg

I 2 thaee polnis
O

Fig. 1o Couplod 1o 8 tuned aordal eeeewsit L and O, 0 diode detestor pompleses &
‘crypszal Teceiver’. B ocan be -3 k okm or 47 & chm, Cz—o-as ko B uF,

A Elgnificant feature of this: basie detector oirouit s that i st
be coupléd to a high impedance output load (o work propetly, If a
lew impedance load B connected directly to & tuned circuit {such
an bow impedance phones in the case of this clreul) it will have o
"domping’ effect which will drastically reduce the efficiency of the
1t_l.l:LTI]:.l:'d cirouit g make it response very flat. This applies &z a basic

The detector ciftudt cin be smproved by removing any wamwaented
slgnal cootent, The diode will inevitably pas a amall proportion of «f
aignal which, if allowed 1o reach the next stage, will be amplified to
cawie distortion, or even excite self-nscillathon. This can be remedied
by the adoption of filiers—in practice a series resistor and a parallel
capucitor,

There will abso be 8 signal present consinting of a de voltage with an
average bevel of the output wave form. Again it is undesirnblo thac this
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should reach ﬂmampliﬁﬂm.[tcnnbtmmwdb}llnmﬁng-
blacking capariter in the output stage.

‘Ihese additional circuit components are shown in Fig. 2o, where Ry
and Cg are the resistor and capacitor, respectively, forming the of
filier; and Cp is the blocking capacitar. Choice of values is 10 same
extent arbitrary, Re needs to be fairly small so as not 0 reduce the

dboce R Elncking oepeciioas

“*I If-a““"‘*

It

: i |
Flg. o Detocior circutt further develnped with filler sonponents and blucking
papacitor. Typical cosponent valoss:

R—ea o 39 k ohim

ey b0 -5 pF

Ry up ot kchn

O3 o 1o uF
COg—s 1o 10 gF

signal strength unduly—say 1 k ohm or less. The value of Cr iz then
chosen to give the RO’ combination the required characteristics 1o
mike the filter work, Le. climinate all frequencies present above the
audible fequency mnge—say above 15 kHe.

The bask: relationship involved is

gD
Written nz n solution for RC
i |
oy b o
taking [ = 15 kiz

BC = 1006 5 108

Thius if R & 1 k ohm
O =m0

or 10 uF, say,

THE DIODE DETECTOR

A similar volue i also ussally suitable For the blecking eapacitor,
but almost any value between 5§ uF and 1o uF should bo suitable.

The complete, practical detecsir circuit alo normally incorporates
a volume control or variable resistor R, as shown in Fig. 21, The
volume comtrol can {n et be placed eliewhere in the receiver cirguit—
ser [ater. The usual value for this potentiometer in o tansistorized radio
circutt is 5 k ohm. The blocking capacitor can be removed (o the outpur
pidle of the volume contral, whete it also doubiles as 4 coupling capacitor;
or left In the same position a3 in Fig, g0 il anoiher form of coupling i
used, In the former case the value may be adjusted 1o it the coupling
recjiirernents—ser Chapter 10, It is also possible to eliminate resistor R

B alfmnatlive positiong

i _{" \I_

Fig. a1  Cirouis of Fig. w0 with volimse conirol added, By = 5 & olim, Bemoyal
of the blodklig capscitur 1o the oniput sile redvuces disortion fram the ieral
cEEuiit.

in this clreuit, chooming 4 allghtly higher value for Re 1o compensate
{and adjusting the value of Cy to match). This can prove an advinlage
if the signal strength ks weak and it i desirable o increase it by reduc-
ing the load resistance in the cirenit. It will be an advantage in a
eryvtal set, for ecample, and in a slmple receiver with onky moderate
amplification fllowing the detector,

Input and Gurpat Resistance

The effective input resistance offered by the tuned drcuit i Ria,
ignoring the forward resistance of the diede which & negligible by
comparison, This represents the loading on the vaned cirouly, and an
opportunity to re-select the value of R if necessary (and at the same
time modifving the vatue of C required as explained earlier).
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With the usual 5 koahmvolume control the lasd resistance st maximom
vahume will normally be of the order of 2 k ohm to 4 K ohm, depending
an the velues of R and R » used,

Detector Performance

Besides being a wvital link in the radio drooit, the detector is alio
responsible for the quality of o dgnal pased to the next stage. Any
distartion or unwanted signal passed on will be amplified. Ideally the
detector shoudd nct as & perfect linear amplifier, Unlortunately to work
at all it has to inclode non-linesr components, which means that af
currents passed by the detector circoit will not exaetly follow the moedula-
tion of the original ¢f dgnils. The more marked the pon-linear char
acteristics, the greater the resultant distortion,

The two main trouble spots are the load resistance and stray capacit-
ance. Bageally o firdy low lond resistance is necessary in order to
minintain enough biss on the diode throughout each working cycle,
and also to *maich” the detector to the following transistor stage. There
is no real answer to this other than employing an FET amplifier when
a very much higher load resistance can be used.

Stray eapacitances ¢an be generated by leads and clese proximity
of atler current carrying componenty, To reduce their effect, wires (or
printed cirenit leads) should be kept as short an pussible and the diode
should be postioned as fr o practicable from beads and other com-
ponents, although there i no need to carry this to extremes,

FM Detectors

The FM detector has to handle and rectify a quite different type of
sigral. Tnatead of the earrier wave bring modulated by amplitndr, it i3
modulated in frequsncy. Thus for FM reception the detector has to
extract the frequency modulation and convert it into a corresponding
af dgnal. At the same time it must reject any amplitode modulated
signal which may be present. These Rmctions are performed by a
discriminater and [imiter respectively. Alternatively, 3 rafin debeetor circuit
o be osed which combines Tunctions of both discriminator and Hoiter,
This would seem the simpler solution as the two types of circult are
very dmilar. However, the rabio dmbir tends 1o produce slightly more
distortion and only kas abour lall the senstivity of the discriminator,
aliiwongh the latter Gict is not necesarily significant,

4

THE DIDDE TETECTOR

There are slio two other types of FM detectors which can be wsed,
the pulre ommting detecter based on digital 1Cs which requires no tuned
cireuit and hias excellent Bnearity; and & eoaied discrimigator which i
manufaetured g a sealed unit and requires only an external variahle
capacitor to set the slope of the detector {Le. adjuss the cutput voltage
g0 that it swings an equal amount positive Gnd negative).

A baste dierisinator circoit is shown in Fig, a9, This i3, in effect, two
AM detectomn back to back, fedd with rffsignal from a tuned circait LiCe
and alsa recefving half the voltage from a second tune clreuit LeCa.
The same basic circuit will slso work as o mtio detector (Le. a2 a
Hmiter as well) by reversing one of the diodes and hreaking the ¢on-
nection between one side of LaCs pnd the load resistore and mking the
output frem these two podnte

dipds 1 olpad for ratic Setoclod
Fread | |
ruts b t 1
I i
raamforrrer A o8
output
o
o4 prase
dlweriminaio
o

— dicds 2 (reversed tor melio datectar)

Vig. 23 Busle cirpult fur & phese discriminntor which ¢an abw be modified o
ol 88 & Fifls delerr

1 and Ra are knad resistomn

Cqg and Oy nme ressrymr cagrachion

G5 is & decoupling cepaciior (ol pecessary [F the cinoult B worked = 0 ratio

leierior)

In practice simple circults are pormally used based on an §f trans-
former 10 produce FM-to-AM conversion, operating at the inter-
mysdiate frequency of a superhet receiver, Valiage developed on one
gide of the secondary leads the primary voltage, and that ot the other
tidle lags by the same phase angle when the croils are resonant 1o the
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unmodulated carrier frequency. This yields equal and opposte wolt-
ages passed by the diodes. In the presence of s frequency modulated
wigriail there i3 a shift in the relative phase of the voltage components,
voltage applied w0 one diode increasing and the other decreasing, The
differenoe between the twn, after rectification, 1s the audioorgp frequency
outpat of the detector,

A practical mtio detector circudt is shown in Fig. eg, the tramsformer
in this case having three windings, The primary snd secondary wre

e  + bnttory

Fig. =y Practical ratle detector clreoit. Companeni vabues:
P and s—g7 k shin
Mg—u-2 k ohm
Ry nnd fg=dll ghm
O and Oa—ag0 pf
Oz =8 or to xF
Cy—a-on pF
Cs5—a30 pF
Cf—gron1 uF
Thapthba—paind fhisimcl gt

tuned to the ¢f frequency. The elose coupled tectiney injects & voliage
inte the seenndary in serles with the voltage across each hall of the
secondary, [t works csentinlly a8 a discriminator, with the reversed
diode acting as 4 lmiter,

Ay

Fig. =¢ Simpiifed pracical raibe deteetor elroalt, Cimporent yalues |
Ri—ao k abm
Cli—ifa pf
Cpezh plF
Oy wivd Cp—a00 of 350 pF
s—1n xF
Dliotles—A A1 19

A more simplified ratio detector circuit i shown in Fig. 24, capable
of glving Just as good remlis.
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CHAPTER 5

TRANSISTORS

o destgn andor constrict radic circuits 1t 35 not necesiary 0o know
Thuw & tronsistor i3 made—only how it worke. However, different
types of transhiors are ofien described by thelr construction, e.g.
junction type, silicon planar type or epitaxial. The follvwing bricl
descriptiond of the different transistor manufacturing procesies can
therefbre be helpful in giving meaning to these descriptions. Mention
of paint contact transistors is omitted since this was the ordginal form
of canatruction, oow olsolete,

The working characteristics of a transistor depend on the behaviour
of o P-type (positive type} and an N-type [negative type | semi-conductor
material in a threeeclement combination, Such combinations vield
cither a P-N-F or N-P-N device,

H-typs cryelal P=type crystsl

P-F-F Irarsi=ior = F=M trensistor

Fig. 95 Comtrocdon of T3P and MN-F-N tmnsiston sboen o lepciary
dingrammasele ferm.

Srarting point in the manufuciure of a transistor & the production
of & crystal of either P=type or N-type germaum or rilicen, which is cut
imtes slices. This: i the bus clement of the transstor, The dmpdes
method of eonstroction is then 1o fiisc a pellet of oppaite type material
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to eich of the dices, Le. two pellets of Petype material o an N-type
slice to make a P-N-I' transistor; or two pelles of N-type materials o a
P-type alice to make an N-P-N transistor—Fig. 25.

These pellets orm & cellectar and emaifer of the transistor. Wires are
soldered to each of the three elements and the complete device ia then
encapsulated—Fig, 26, Trandstors made in this Gshion are known as
allgp-purction. types, the method being widely wsed for production of
[ETRAIRTAT (TANEEiOTS.

e el aklon

18

Fig. #f  Baste stages 1 ithe mamifsciore l}f'hjumﬁm-l'rpu Iramlitor,

A slighily differeit method §s wed to & o juncion trunaiEior
by afloy diffusmn. Suppose a P-N-F transistor is roquited. A layer of
Netype materinl & deposited on one side of & Potype shice. On this ace
deposited two pellets, One containg N-type additives only and the other
both P-type and Netype aiditives. This assembly i now heated in an
oven causing the two pellet materials to diffuse throngh the N-ppe
layer into the P-type shice. In this case the original slice becomes the
collector, the diffused Nogype sdditive the base and the diffused N-type
and P-type additive the emitter.

In ‘the cose of 8 nfiven transistor a different metbod of onsteaction s
now normally used, known as & plaadr process. A slice of N-tvpe silicon
{which eventunlly becomes the saflecter ) 18 heated 1o form a thin lnyer of
mlicon oxide, It b then given a thin coating of photo-sensiive material
resistant to etching, known as phoforeric,

Thiz coated alice iz used Sor the manufscture of several transistors.
It is firmt covered by a photographic negative of the pattern of the hase
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positions of the number of transistors o be made and exposed to ultra-
violet light. This prints the hase patterns on (o the sfice, The slice is
then washed, which removes all the unexsposed photoresist, leaving a
print of several small windows in the photoresist through which the
silicon ouide i exposed. The slice is then etched to remove the silicon
oxide appearing in the windows, exposing slicon.

After cleaning, the slice &8 treated in an oven with some P-type
doping additive. This additive evaporates and some seitles on the
windows. Further heating in 4 seeond oven in an ammasphere ol oxygen
diffuses the P-type dope into the silicon ar the window position. At
this stage the base of cach of the transistors 1o be produced has been
formed in the alice,

The whole process is then repeated o print and etch 2 second pattern
of windows representing the emitter ponitions of all the tranaistors,
Alter eeching and cleaning the baking process is repeated, this resulting
in the N-type doping additive belug diffused into the emitter windows.

This 15 followed by another photoprinting stage to produce windows
arver the bise and emitter areas, The shice is then vacuum plated with &
fine layer of aluminium and & final printing and etching stage wied 0
remove aluminium from all areas except where it is required to provide
contacts with the bases and emitters. At these points the aluminium
is lightly alloyed to the bases and emitters.

The axide layer is now removed from the collector side of the ariginal
slice amd the thickness of the slice reduced B required. After testing
ench transistor so formed, the slice i then cul into scparate pieces each
containing ane transistor. Faulty transistors marked at the tosting stage
are rejected. Every good transistor is then bonded, collectar side down,
to a gold plated stem, These wites are bonded to the sluminium con-
mections to the emitter and base, Finally the transistors are encapsuluted.

The process is consgdderably more complicated than the manufacture
of alloy-junction or alloy-diffused transistors, bat a single alice may yirld
from 200 0 7,000 OF MOTe RN, depending on type. Stages of
marmfacture are Mustrated in Fig, 27.

A somewhat modified process s used in the production of sieal
nilican tranristova, Basically the eriginal slice s mwie heavily doped,
with the result that it is covered with & very thin layer of highly doped
gilicon with the same erystal orientation as the original materal, this
being known as the spiiarial layer. In the final product the transiame

au

Flg- 27 Stages in the construction of silioon planar irantbeer (dlagrams by Mullard],
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it effectively contaimed within this epitaxial layer and not in the

original slice (which now merely acts as a stiffening layer and back

contact]), With an ordinary planar transistor the transistor is formed
in the original sfice.

The epitaxial planar process is also employed b0 manufacture fisld
effict transistors, For an N-type field effect transistor an Netype epitaxial
tayer 35 formed on & Potype substrate, After oxidation of the surface,
swindows' are etched in the oxide layer and diffused with sapes-rich
P-type additive (designated P4}, This diffuses through the epitaxial
layer into the P-type substrate.

The N-type epitaxial layer forms the N-channel of the field effect
transistor. The P-type substrate forma the gate. Penstration of the P+
additive into the P-type substrate produces the N-channel isolating
region—Fig. 2. The nsembly is then re-oxidized, a *window” etched
corresponding to a second wrea and another P+ region produced to
form the upper part of the Pgate surrounding the N-channel, Super N
(N ) additive is then diffused into the ends of the Nchannel Alumin-
jum contact areas are bonded 1o the N+ regions, to which are con-
nected the murde agid drain lead wires, The gate lead s connected 1o the
P-type substeate, Finally the ransisior is encapsulated.

mOLIOE gaals =215 BELIPES gets draln
| i | ’ i |
Mwphemmal FET Fehmrnel FET

Fig. a8 Elsmental constroction of s feld effect tramsiiior or FET

With & P-channe! field effect transistor, construction is exactly the
same, substituting P-type for N-type clements, and vice versi, Ser alie
Chapter 11 for further infarmation on field effect transistors.

Transistors
There are now literally thousands of different designs of ransstorn
made by various specialist manufacturers. In the case of cirenit dia-
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grama, or component catalogues, they are identified only by o type
aumbser, wiich i the manufacturer's coding: This normally consists of
letters and numbers, the letters usaally identifying the masulaciurer
wr general class of the device with the asocisted numbens indicating
the particular design or development. Thos ‘0’ indicates a setlid-
conductor device manufsctured by Mullard, and sn sppended "0
thit the device is & trangstor. Mullard mransistors are thus coded 00
followed by a serial mumber identifying the particular type. This docs
not help ut all unless such a manufacturer’s specific type is quoted on a
cireuit diagram, which it usually . The reason why a type mumber
should be quoted for o specific circuit desgn is quite smple. Poasihle
variations in the deign pnee of & traosisior ace yvirtually
infinite, 0 even if different manufucturers produce transistors for a
similur frarpose, the actuul chiracteristics of different makes can vary
quite widely, Thit can affect choice of maching componcnts which
govern the proper working of the circoits.

In certain case, particulardy in the fiedd of more or less “standard’
radio circuits, transistor types from different manufacturers may have
sufficiently close characteristics to be regarded as equivalints or near-
cquivalenta, This implies they could be substitated or a specified type
in @ particular circuit, In many more cases—usually with very ele-
mentary cirenin—almost any type of transistor of the same basic type,
e.g. germanium or sificon, or fimdisnd groug and polarity, may produce
similar working results.

Tt ia particularly useful o the designerjexperimenter 10 have acces
i informistion both on bewsister apeivelonty and furctional graupings. The
former {nformation is well catered for in separate publications on the
salject (complete books on their own!). Information on functional
grouping is much harder 1o come by, Manufacturens’ data sheets are
not readily available o the amateur designes/cansiructon and &
comprehensive coverage would need a complete filing system to deal
with, Retail catalogues are oot usally particulardy helpful, cither, as
they normally list types stocked merely by type number, although
there are exceptions. The latter can provide o basis of compiling a Hst
of rransistor types readily available by functonal grouping, which can
Ise: furthier expanded by reference o transistor equivalent data.

There is o welcome trend to provide mere information about tran-
sstor types and manufucturers’ coding, an cmmple being the
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Pro-Electron coding {now adopted for all mew Mullard transistors, for
example). This consists of a two letter code followed by a serial number,
Restricting the code used only o dindes and transistors:

the: first letter indicates the semi-conducior materdal, Le,
A = permAnim
B = slicon
the second letter indicates the general fancton of the device, f.e
A—detector diode or mixer diode
B—variable capacitance diodes
O tramsdsior {En:ﬁ;l;ﬂng Power types)
D—yf power transistor
F—rff tramsistor (ﬂ.r_l.l.bdmg power bypes]
L—f power transistor
S—ewitching transistor (excluding power types)
V—power type switching transstor
Y—rectifier diode
£—rener diode

The serial puober following then consists of three fgures if the device
is intended for comsumer applications, eg. radio receivers, andio
amplifiers, televidion receivers, etc, A serial number comssting of a
single letter followed by two figures indicates the device i intended for
industrial or specialized applications.

For the average amuteur rpdio enthwsiast, one ol the most oeeful
Snctional growpengs published is that of the Electrovalue Catalogue,
albedt Hsting anly & limited number of individual types in each group.
Thin cevers the following:

Crprmantinte T rantisfors
(1] small, medium currents switching services.
(5} medium current switching, low power output.
(i} small, medinm current amplifiers
[iv] gl amplifiérs, low power owbput.
{v] complementary pairs,
[vi) high power cutpoi (power transstore).
Silicon Trasnicton
(1} &f amplifiers, small sgnal, geneml purpose.
(1) af amplifiers; low level, low noise,

L

TEANEIETRES

(isi} sropll gl wmplifien,
{iv) of amplifiers and oscillazors,
(v} medium curcent switching, low power output
fvi) high frequency, mediom powen.
{wii} general purpose switching,
[ix} power transistor.

Any reforence to “power’ grouping is largely arbitrary since there is
pi universil agreement on the range of power levels [referding 1o the
maximum power rating of the particular transsior]. Thus few gewer
may, generally be tiken o cowver roo-ano mW, but such & grouping
mny inclode transdstors with power matngs wp to @ wakt, Simdlarly
mediom pocyr implics a possible power range of 250 mW w @ W (but
may extemd up W 5 watts). Any tramistor with a power rating of
greater than 5 wattd iz classificd a5 » power transistor,
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Tt i alao wsefil to be able to identily transistors by their size and
shape, and essmtinl 1o be able to identfy bose, collector and eminer
leachs correeily, Representative outline shapes, with dimensions in
inches, are given in Fig. 29, the coding given being maore or les
universal but not always quited in transistor specifications and still

lesi w0 i catalogues.
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CHAPTER &

UNDERSTANDING TRANSISTOR
CHARACTERISTIGS

BYEICALLY & (ramistor i5 a three=element device {although it &
PTTIJTL‘ correctly known as a Mpeler device). It consists of & combina-
than af P-N-For N-P-N sulstances, The frsf two letiers in thess designa-
tions indicate the respective polanitien af the voliages applied to the
emitter and collector, in vormal operations, i.e.

P-N-P—amitter is posibie with respect to both collector and base;
and the cllecior is made negabive with respect o both the
emtitter and base,

N-P-N—mifier in srgodior with respect to both collector and base;
and the collector 18 made positier with respect o both the
emitter and hase,

More simply=—
P-N-T' —the callector must be Negative.
N-P-N—ihe sollector mmst be Positive.

Forward diode raversn oo

Fig. g Foiw &l und revesse dicds cirruam.
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Thee correct polarities are obtamed by applymg e of the rght
pularity to esch ‘side” of the transistor. To get a clear picture of what
these ‘Sdes’ wre, contider the charactedstics of a diede [Chapter 4},
Depending on the polarity applied to it, it works on the revemsed hin
minde with no current low, or In the forward direction with the char-
acteristics of a conductor sllowing current 1o Bow—TFig. 0.

Now consider a pair of diodes joined with 4 eommuon centre to make
& three-element devive, gther N-P-N or P-N-P—Fig. 31. (The diagram
hows a N-F-M combination.) This is basically what a transistor i but
with the centre laver made very thin.

A | — vory Ehin P-layer

b cScufen "hech 1o Back'
[ S

*dlegrommatic! dewsloprrssmt
of & M-P-M Wanalsior

Fig. 51 Two ‘diods’ joined “heck-to-back” W make & rasisor.
ﬁ rssbar 2

malar 1

L =
Fig. 92  Sopply e N-P-N transstar (4] with biss volisgs added (1),
Now consider the effect of applying a voltage 1o each "hall®, taking

& N-P-N ranaistor @3 an example. With e volisge connected o the
"top and botbom® a3 in Fig. g3 A, the “top” hall is in the condition of a

ot}
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reversed-biased diode, 8o no curremt will flow [other than 4 small
leakage current]. This voltage so applied acros the whole of the
transiator is known as the gl voltage,

Applying a sccond source of emf or dar vellage to the middle layer
and the ‘bottom” asin Fig, 32 (B) will immediately sler the situation,
The bottom “half” is now working as a forward diode, This will excite a
How of electrans into the upper part (the reason for making the mddie
layer very thin is to make this How easy to establish), so that the whale
of the ansistor becomes conductive as far as the mpply s concerned.
In ether words application of the correct bias produces a small current
fiowing through the lefi hand side of the chreuit, with a very miuch
larger current flowing through the dght band part of the cireudt, These
circuil currents can readily be measured by meters at meter 1 and
mieter @ positions, respectively. Fig. 35 shows thin mode of working
for both o N-P-N and P-N-P transistor.

H-F-N tronslstsr

P=MN-P trenalator

Fig. 13 Sopply and e conmectlons (0 N-P-N and P-8.F oansistors.

Still visunlizing the transistor in block form, with the supply and hias
conected oz in Fig, g4, the basc working conditons are:

(1} The bottom *hall” is & sowrce of free elections when correct bias
13 applicd, bence the name emiiter,

{ii} The top ‘hall® readily sccepts or collects these clectrons when
the transmtor i working, and i known as the colleler,
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(1) The middle layer is a point of application of the bias, 1t could
have been called the "buas’, but thay description is reserved for
voliages, Aliernatively it could have been called the grid, for it
works like the control grid of 2 thode valve, However, for to
partscular reasan which i clesr, 1t iy culled the bass.

col loctar r
s |
I o iy
""T"t sLpply
apy s I
1

Fig. 94  Topot and suiguat dircait of o tronslstor, Podaviiy sbawn {n Gar oo M-1-%

Iranaor,
. ool leckor ‘____.ﬁvu-]'lucin"
[ETE] L= E )
. BT L= =l
F-H-P HH-FP-M P-H-P M-P-M
Origimal spmbole Ledarn symboic

Fig. v Transksier symisih.

Thus the theee clements of & transistor sre called the emitter, collector
wind base, wually designuted v the lower cise letters &, £ and b res-
pectively. They are represented  symbolically as shown in Fig. g5
{sometimes the enclosing civole is omitted) |

i
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(t] the base by o thick black line.
(it} the colléotor by a thin line.
{iil) the emitier by a thin line with an arrow. The arrowhead points
in the direction of gonitte current flow, so it is the opposite way
mound for P-5N-P and N-P-N iransistors,

Bazic connecthons, with approposte pofarity, for PBN-P and N-P-N
trarabions, are shown in Fig, g6,

-_--f‘ -— B
A i
- Supply + Supply
Elns iz
1
+ i = O+ = i 5 -

Peh=F fransiaktor poleeily
coemmon. e tier conf| gursation

M=P=HN trongister palarity
cormman ol Haer condl guradion

Fig. 98  Polariiy of blas snd supply for woillng of PSP and N-P-N transistors
in comasne cinliter coafgurating.

We con now draw a ‘demonstranion’ croail for a transtster in which
its working characteristics can be nwamurod and defined—Fig, g97.
Provision is included to vary both the sipply voltage and bias voltage
and meters are included in the circuit where shown bo fead:

Meter 1 | mifrsmmieler ] —bise corrent or In
Meter o (vulimeler |~ base voliage or Ve
Meder 3 (' mallismmeier |—emitier cuprentor I
Melr 4 | milhimmmieter }—eollector current or e
Mobir 5 fooltmeter }—collector viltage or We

With switch 2 cloted and swinch 3 open thie colleciorbase of the
transistor oot s 8 feverse [diode] junetion. The only current that can

kit
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flow through the reverse junction i a very amall leakage current. There
will, in fact, be no current Bow unless the biss cirouit is completed, bt
this only requires & very small biss voltage or hias current, virmally
eguivalent to 'V = oot In = o with switch t closed, For most practical
purposes this leakaye current can be ignored.

haztor 4

Trormiuimom

Fig. 77 "Demomtrathon’ ciocald for the tacasisceiment of asaltof chaeteristics.

Parnmeters of particular importance in determining (or specifyng),
the pedformance of 4 frassisior ore:

(1) Cutput Characteristies—or how collector current varies with bias
and collector voltage [mupply valinge). Eiis is usmlly expresed
in terms of base cairrent,

(i1} Fapwt Charscteriztic—or tiow bine current vanes with base voltajge.

(i) Trangfer Chargcteristics—or the relationship between oollector
ourrent and hase voltage,

{iv) Current Ampfifioation—or the ratio of collector cutrent o base
current or signal corrent gained.

(v} Rafiv of Collsctor fo Emitter Corvent—This was onigimally knovn
as the alpha (o) of o transistor, now designated ifb,

The oufpaf chargeterishics (1efV o) of 8 tansstor can be measured in
terma of how the collector current (Le) varies with collector valogs (Ve
for different valoss of base current {15}, Typical curves sre shown in
Fig. 48 where it will seem that above the transistor "knee” point, collector

fia
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current is Bairfy contant with increasing collector voltage for all
valuss of hian (base current), 1t abio indicates that the oeifed renclance
of a trangistor is quite kow.,

T—JnT " =1 |
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Fig. s  Uhameierisite curves for small tramsistors.

The dapwt choracteristic (Lu/Nu) can be plotted by measuring base
current {Iu) agatnst base voluage (V) for a constant eollector voltage.
In this case a typical form of the curve is as shown in Fig. 9g. The
fupuf sesisdaner ¢ any point in this case is represented by the gradicnt af
the curve o the retio of Yo o In.
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The tranifer chiracteriaties [1o/Va) yield & dmilar shape of surve—
Fig. 40, These characieristics are determined af a constant colbector val-
gage but since vollector current does not vary much rwlth collector
voltage fwe Fig. 48), one curve i wually representative of transfer
characteristics and all values of collector voltage. Thin is particulacly
true of germantum junction transhtors. With silicon transistors the
characteristic curves tend o depart from the generalized form down,
Abio the collector current (leakage current) and zero base current (or
2ero base voltage)] 18 very much smaller. Bun the mufn differénce in the
churaiteristics ia that  higher base voltage (bias) s needed 1o cause an
appreciable amount of collector current te fow in the oase of a licon
trapsistor, io. 10 opernte the transistor above the ke’ point. This
biins i3 about ooy volts for a silicon cansstor but only o-1-o- volis
for a germaniom transdstoe,

T'h% current amplification factor {lefla) can be rlclri.w:lrl. by plotring
callector current against hase current, Typically this gives a stralght
line relationship—Fig. 41. This was originally called the beta(d) of a

iy
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pransistor but is now designated & or e Actual values mey range from
as low as 10 up to several hundreds, depending on the type of transistor,
alio the slape of the 1o/Tn curve & nod always conatant, ie., the value
of &f may have a spread of perhaps 50 per cent on elther side of a
noininal value,

1= 12

Mabe: o collactsr Molw: saih collactor
0 wlbnge valuo wiil heve 18 = valtoge value will
a different curve have & different curvo

Colfectsr current = millllompe
m
m

LA

] 0.2 Oad 0 0,2 0.4 6.8 D.B
beps voltage base voltags

Emall germenium ironal sisr Small sliloon trensister

Fig. 4o Collecior curmemis plidind againn bese sallages.

The ratie of collscior aud emitter cwrreniys (Io/la) i not of particular
significance. Emitter curtent must egual Ie 4 Iy, but snce In is
small in comparison with To, emitter current (1s) i roughly squal o
lo. The smaller the base current the closer the collector current comes
to being equal to the emiter current, and thu the closer the mtlo of
fif¥ comes 1© unity, In practice, typical values of 46 lic between oge
and orgll,
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Ratings

Individual rypes of wansistors are abo given rafugs, Tepresent-
ing maximum valucy the transistor can handle in A creuit These
are:

Mixiamm collectir—base polfage with emitier open clreuit, designated
Viho max,

Mo poliedor—emaller vultape, destgnuied Vee man.

Maimum bate—emitter renerse poftnge ar fbins, designated Veb mie.

Mzt pollector vt designated: To masx.

el
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Maxtmmni eollscior—boie swrvent with emitter open circoit, desbgnated
Tebho mos.

Mucimun tidel peiveer dissipation, designated Pt max.

Cireuit Considerntions

The three elemants of & transistor tepresent separate resistance in o
simple direct circuit o shown in Fig. 4o. The iyt cironit embraces
the base resistance (rn) and the emitter resiitance (ro). The sl
circuit embraces the collector resistance [re) and any load resistance
(R), and the emitter resistance {rs). In other words the emitter
realstance 18 comman to both mput and outpat clreults.

b &

.-p_.-u.": —

Fig. 42 HResintive element f & transissor,

The mpwi rensfame o @ aimple direct voltage B represented by the
base resistance (ry) and the emitter Fesistance (e} in secies, The emdtter
resistance {8 semall compared with the base resistance—typically 1o ohims
as compared with 1,000-3,000 ohns for a small transistor, Henee the
hase resistnnce is more or less equal o ry, with the Bllowing relatons
ship applying

£y = -—T—v’
n

However, when the tramistor i actually working the presessice of an
input excites an amplified current in the ourtput, this current being

b7
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edqual o Tn % & The cffcctive emitter reslstance i thes modifisd by
feedback and becomes re 4-rve = B, This the total effective inpu
resdslnee i

=+ T {1+ A

The effect of e can be fgnored as it 1 working a% & reversed junciion
whers ity resiatance i high enough not © have a shunting «fect on
the input drcuit.

This relationship only holds for 2 loog as the ouipot koid 38 e,
Under realistio working conditions with & positive load the ooflector
current (Fe) i feer than 1w % bfe and so the feedback i3 lesa. In other
words the effective input resistance deoreares with increasing loads. The
pmount of which this redstance B reduced i direciy relsted to the
conductance in the circuit, Lo, the intrinsic inductance represented by
i/ry and the load mductance represented by 1/R 7.

To simplify caleulation both the feedback and conductance effects
can be ignored, usng the originel equation

Y

AL FEsStAnee = Ty = i
B

Both the current galn and voltage gain are als alTecied by [edlack,
bt agein ignoring this for f@mple caloulation

current gain = kfs

yoltage gain = A X R ;{ .3
"

These formulas will exaggerate both current gain and voliage gain,
hiat not to any grest extent under normal working conditions, Certaknly
the difference will wmnlly be within the spread of characteristics of
individual transistors of the same type,

Bins Circuits

The basix ciroait of Fig. 17 derives bage bias from 7 separte battery.
In any practical circuit (ether than a test or demonstration cinowit),
bise bins voltage is pormally taken from the collector supply, There
are variois wavs in which thils can be done, the simplest being o tap’

it

HI
== o+
Ay
P

‘I‘

Io——
E
=L}

Fig. 43 Simple cavrend hissing,

the eollector supply via & bias resistor (R a8 in Fig. 45 Re s the
collector load resistance, The value of the bias resistor can be calculated
from the supply voltage (Va), as well os the hias required.

Vi —Vas

i bias required or base current {Ln)

Van 8 the base-to-emitter voltage., In practical circults this Is
usually of the siwme order as the "starting’ voltage of o transistor, e
a2 volts for & germanium transistor and o-7 volis for a silicon tranmstor
with & posille spread of o'o5 volts on either side.

Knowing the bias current required (from a tramsistor's character-
iatica}, which will ussally be in sdereawps for smell transistois, and asg
numerical values for the volinges, the valoe of the bias resisor
given fn megahms (M ohme). Not knowing the transisior characteristics,
a rypical value could be used, e gopA for n small transistor, Caleula-
tion can be simplified further by ignodng Ves.

Muore accurately, the bias resistance should be calculated from the
desired value of the emitter current (1x)

(Ve —Yau) (v 4 A7)
Is

where Bn =




BUILDING AND DESIONING TRANBISTOR RADIOS
Again ¥V pe can be ignored to simplify ealeulation, when

R":w

For example, using o silicon transistor with a nominal Afe of oo,
a supply voliage of g volts, and a degired emivier curvent of 1 mA,

Ry e 9 % 100

Q=000
= sty k ohim
The value caleulnted feom the ‘complete’ formula will be Hhi-:n:m
= {48 k chm.

Nearest preferred value (e, actual resistance vahues obtainable) would
be Bao k ohms in elther case, In other waordn, the two different calcula-
tions both specify the same (practical) resistor value, The difference
between the simplified fovmula ealculation and the complete formula
caleulation will be even less in the case of a germanium transistor.
Bimple swrrend Sanng by the method fust described has defimite
bmitatons, partcalardy in the case of germanium transsiors. The more
wiual method adopted i3 voltage binsing with emitter feedback, thia
circuit being shown in Fig. 34. Here there are two effective bias resiseors

O+
-
—t— — v-E-
W
B |.|IE
I 1,
£

Fig. 44 Voliage binsing with emliier leedback

UNDERSTANDING TRANNIATOR CHARACTERIETICY

R1 and Re, which work as a potential divider, There is dlso & resistor
(R} in the emitter lead.
In this case the bias voltage developed (Vs) i1 given by:

N Ba-Va
" K1 + Ra

This ignores the voltage developed dcross Ro by the base current, but
the effect of this i+ negligible for normal caleolation, The voltage at the
entitter (V) is given by

Ve=Vi— Vs

Rz . Ve
_(m+m.~)_”"

The emitter current | bias cxrrent) i given by

[n =VaRa
Ra. Vs Vus

" Ex(Ri + Ra) -

To accommodate sprcad in tramistor cliaracteristies Ve should be
large compared with changes in Vae. Ao Rz must be large to ‘stab-
ilize’ the emitter current ngakngt variations in the supply voleage (V).
In practice a voltage drop (V) of about & wolt should be allowed in
the case of germanium (ransisiors, and o voltage drop up ta 3 volo
alloweeel In the case of slicon transhtem, o gabilize the emitier clreit
eflectively.

O the other hand the valoes of B and Ro should not be so high
that the hase voltage is changed 1o o large extent by variations in base
current. At the same time the values of K1 and R must be ldgh encugh
not 1o wasle power or drain power from the input signals, Logically
the combined parallel resistance of B2 and R should be less than the
wale of R1. However, this would result in a condderable los of ingut
sigmul, This cpn be avodded by makipg Re about four times the imped-
ance of the ransiinor.

A great udvantage of this type of circuit is that provided the above
condithons are met the operating current In i3 independent of A,
This it can adjust Automstically 10 any spread of wransimor characier-
istice and maintain the desired collector current.

T




Fig. g5 Sinkple current binsing with oollector fredback.

A third type of bins circuic which i3 sometimes used wiith gificon
transistor ii shown in Fig. 45, This is corrend biining witk cllecior feedbuck.
In this case the colloctor voltage (Va) &5 ghven by

‘Il'rf_ =1Ir|—E.T ."{]h.
= Vs =Rt xInf{t 4 &)

The base current (1) 8 given by

Vi — Vs
Ra
= Ve —Vie
Ra 4 Ki {1 + kfe)

The operating current of the tramsiator i then given by

Ve — V) [1 + &
R‘l '."Htfl- +I|L||1-I-":'

It should 'be. noted that all the elrenit described are for -3 - commen
mmitter confguraton, which la the one normally used in radio crcobi
because of its mperior characteristios as an amplificr. There are other
types of biss circuits applicable (o the common emitter configuration

i

In =

IHH —

UNDERITANDING TRARSIATOR CHARACTRHEISETIOR

and also two other configorations—emmen-callichir and  commen-bare.
The common-collector configuration dutomatically provides compensated
hine With the fmoson-fase configuration, bas nommally requiires the
use of two- batteries,

Formuls Check: Simple curreni binsing—Fig. 43

This is the simplest form of bias and it is only necesiary to determine
the value required for ope component—HR1.

The important prrameters are:

beie current [p = &
Ri
Tt follows that the emitter curreni B
Ve=%uu
Iy e "7 ] =
5 i [ &)

In thiz case the varistions in working current ({a) are substantially
dependent on the spread of ffe, thus this method of bias is really only
suited to transistors which have a low f§fe apread.

The emitter current is also very much nfluenced by changes in supply
voltage, However, this effect can be affset to-a large extent by incloding
n resistor Bo of kigh value in the supply line, the higher the value used
the less dependent the emitter current will be on the supply voltage.

Formula check: Current biasing with collector feedback

—Fig- 45
With this form of Bas the eollecens voltage is given by

Ve == ¥ = IRt (1 o &)
The base-current & governed by the difference between e and Viaa
and resistor Bz, and can be deternsined ws:

.I.,p - v'_v.'
Ru 4 Ki (1 4 &)
The emitter current is given by

Vo=V
Fa + K
{1 = &fe)

Is =
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It follows that variations in the operating current (Is) can be con-
siderably influenced by spreads in ife unless the value of R i equal 1
or greater than Raj1 + &), which in practice is normally only
possible with a large supply voltage.

Formula check: Voliage biasing with emitter feedback

H
With this form of biss the hias voltage (Va) is determined by the
valiees of resistors R, B2 and the supply voliage (V.), ns long as the
base current does not loed the potential divider R1, Ra.

Rz .V,

hi b Ei 4+ Ra

The emitter voltage §s given by

Fz.V.
Ri 4 HBa

The emitter current of the transstor is thios

= Ra.V, k! vEI
Ra (R1 1 Ra) Ra

In order to pullify the effect of spreads of ransistor charactersitics,
and changes due to temperature effects, Vua must be kept as constant
¢ poasibile, which means that Vi should be large in comparison with
V. Equally, to nullify changes in sopply voltage affecting s, B
must also be large, In practice this demands a value of Vz of ahout
1 volt for germanium transistors, and 3 Ve of about § volts with silicon
transistors, This desirable imnode of working i alse achicved il

Ri.Rs
(R + R1) {1 + &)

This i the same a3 saying that for the emitter current to be independent
of &ff

V== — Var

Ry is equal to or greater than

Bi.Re.ls

V= should be equal 1o or greater than TR1 + Ra)

T4

CHAPTER 7
AUDIO AMPLIFIERS

e aondic amplifier employed in the radio receiver comprises ome
T or more sages of amplification coupled to an eutput stage for
maiching and powering a lowdspeaker. Much depends on the sutpuf
fomer required. An cutpul power of about (-005 to o-01 watls (5 10 10
milliwarts) is high enough to operate high impedance headphones;
and about 005 10 ot watts (50 to too milliwatis) a very small
loudspeaker. Larges speakers to @ portable tramsimor radio may
reqquire 0-2 to t watt output. Outpat power for conventionsl domestic
radios in in the order of 2 to 5 watts; and for H-Fi, sbout 10 watts
upwards.

The primary requirement of an amplifier & to produce power
amplification or geinof the qf signal. At the same time it should do this
with minfmum freguency fodoriion and maximuem  Linearity, Freguingy
distartion occurs when the amplification is not the same on all frequiencies,
thus the frequency components are not represented at their correct
relative strength (some frequencies being emphasieed and othen
depresed). Linearify refers (o the true reproduction of the scrual wave-
form ol the agnals,

Frequency distortion is related to the gain of the amplifier, [deally
the relationship between gain &nd frequency should be a araight,
parallel fine, In practce this is inpowdble 10 achieve over the whele af
range. In particular there will be o marked loss of gain at each end of a
frequency range, i.e. at the lower frequencies and the higher frequencies

+ 4fi

Prowided the rest of the curve is reasonably linear, the addition of a
e comprol will normally satisfy most lstening requirements. When
more exact reproduction is required s in Hi-Fi, frequency distortion,
where prosent, can be compensated by equalization cirrults, These aim
at introducing compersation of an oppodite nature to smooth out the
frequieney fespoiie curve,

The type of distortion produoced by mos-lineerity i3 usually more

T3
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mticiable, and therefre liss acceptable. As o peneral rule, the greater
the gaim éxtracted from s single stage, the greater the degree of distor-
tion. No practical amplifier s exactly lnear chiracterhitics, sven at
low grain, bt not-Eoearity shows op increasingly warh incressng gain,
Basicalty, therefore, & large number of individual amplifier stages, all
operating ar low or moderate guin shoold give Jeas overall linear distor-
tion than one or (wo atages operating at high gain. In practice it s
pecemiary to adopt a compromise solution based on arriving at an

typical

Idie-all

arnpliflicaton

je] jiiL) 1000 10 000

fregumndy - Ha
Flg. ¢f  Amplifiers do oot amglify all frequencies by the mme amonnt.

acceptable Jevel of distortion in order to avoid an excessive number aff
separate stages. Additional stages can, in fact, introduce other trooble.
In any case the guestiom of distortion w oot Sgnificant in e Goel
putput stage, where other forms - of distorton con be present. Tio-
mately, roo, the londspeaker itelf can be the main source of distordon
in the whole system, Tt il s waste of elfort 1o desln an audio amplifier
creuit with exoellent linearity characteristion anly (o operale & poor
quality loudspeaker from it. Conversely, o Hi-Fi quality loudspeaker
cannot be expected to compensate for the distorton inherent with a
poor quality asdio amplificr

For this reason i3 really necessary 1o design the asdic amplifier

76
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‘backwards’, iLe. start with a selection of speakers and their reguire-
ments and work backwirds to the first stage of amplification. This first
demands sgome knowledge of the chiractenstics of amplifier carcuite.

Ulass A Amplifiers

The simplest form of amplifier cirouit i m single tansstor with bias
and mput dgnal voluge such that the collector current always fows.
This i known as Clas A operation, Te has the advantsge of producdng
a low distortion a3 well a5 beng simple to design and construct, but
the disadvantage of drawing a relatively high current all the time.

ij+

biaz puitpul |osd
reaf e

walkage

e P o] sl

* -
Flg: 47 Pamaic aangdifier ciicubt uaing @ silionn BP0 mransiston

The simplest prm:l:h:nl form of this type of circuit is shown in Fig. 47,
using & single resistor fo provide curvent biasing (se Chapier &),
The outpiat load muit be of relatively high Impedance (several thou-
sand ohms). Thiz can be provided by a secomd transstor amplifier
stoge, or if vsed ws an cutpur sige by & step-down transformer to match
the chorcteristically low  impedance of o loudspeaker (416 ohms
nominil) to the stage requirements, The sume cdrioit can be wsed with
i P-N-P transistor or an N-P-N transistor, the only fequiremeni being
that the supply voltage @ opposite in polarity. Uhoice of an N-B-N
rrangistor woull be preferred as this type is more stable with simple
current biasing wung a single resistor,

It i mcre psoual, and pencrally. more deaivable, 1o employ voliage

"
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biaging with emitter feedbuck, where the bagie cirouit iz a8 shown in
Fig. 48. Ajuin the same type of load is wsed for the output, and the
circuil i identicol for a P-N-F ransdstor and an N-P-N transisior, with
supply voltage polarity reversed. Values of saitable bias components
ean be determined from Chapter 6.

Tlee posvdr-gain which can be-schioved Fom soch 8 arous depends
on the trunsstor chirscteriatios and the load, Tansistor charneteristies
are given in the form of grapha of collector currenis (1) plotted againae
collector voltage (Vo) for different values of biss (hase current, or $Tz).
These curves typically take the form shown in Fig. 4o (e sl Chapter
.

The collector voliage & the supply voltage, which in theory cin
be any voltage up to the maxamum rating specified from the ransisoe
eoncerted], The collector current & lurgely determined by the lowd,
and the bias by the working requirements (but s aln Chapeer 6
again.

The pecesr thut can be dissipatod salely by a fransistor 18 represented

by the product of Te and Ve, and & represented by a single value, ie
s many wilis, This can alss be represented by a loed Sm deawn on
the graph. Any prodoct of power Sefore this curve 5 feasibile wouse
(provided limiting values of dther Toor Ve are not exceeded). Any
product of power abmy this line is pot wable since it overloads the
trunsistor—Fig, 50, Component values are thereflore calealated accord-
ingly.
Note: this alo emphasizes that the maximuom power rating of a
tramisior i not skmply the product of Te max and Ve max o §t fa
sometimes supposedly taken to be. In other words it o sowr perminibis
to apply both maximum Vo and mazimum Lo fo g frensiter simulloneously o
iy el drachivdlly sserland i, cavsing it to bim out.

A smple check on individus] pransisor charactesatics will confirm
thia. For example for an OCRY tranmvioe

Vi max = 25 valis
lc max = 500 mA
Power max = g6o mW

Errotieously emploving V¢ max with 1e max would give a power of
2f ¥ foo = 13,500 milliwatts—nearly fo0 times the maximom: power
rating of the transktor ]

78

1

A pubpul Foad

iy

Pod-F anaiglor wallimde

. 1 ,

Fig. 48 Hasic tramsiod amplifiss with voltage bins provided by Rt and Ha.
K3 and C sre sisbilizing compooenis. Polarty i shown Goc o P-N-1F iramalsor,
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The ideal maxtmom efficiency thet can be achieved with Clas A
operation is 5o per oent, although in practioe it i osually substantially
less o order w6 aveld oo much distordon, .2 the ;J.I.T.|i1|JﬁrT 1 leak
operated at well below maximum pessible gain to avoid troubles,

- Spas|ed mme collecior cidar

vol tege

=
Lif 1]
| e
] curyas:
cmakgn warkdng peinbs o
E . his smon oprnol B s
E
]
na ]
E Specifisd
d PPy satiecior
G
o

colingtor wollnge

Zrdy warking pointz within thie oid area con be wsed

Fig: o Working envelope of & transivior a9 fced by 1 poweer miting, mastmom
cailiector current s masienan collector volinge:

Amplifier circuits of this type can form- the basis of amplifier stages
conteiting twi of meres circidts in series o devive the regaired smount
ol gain; whilst eperating each stage under reasonably linear character-
istlcs. Some almphfcation of arcoitry is possible, rather than wsing
complete voltage binsing cirpuits: asseciated with each trensistor. The
oatpol stage in & modern’ amplifier drcuit, bowever, &5 normally &

(i)

B i I E—

AUDIO AMPLIFIERS

push-pull type operating as a clas B amplifier. Push-pull circuits may
also be need as o driver in muolt.atage amplifier.

Class B Amplifiers

The immediate advantage offered by & push-pull class B amplifier
i that the output power obtained is considerably greater than double
the power of u gsingle tramsistor. Also the average current drain i very
much lower than with Class A operation because the transistors nre
hizged s that their working point is near cut-off and quiescent curresit
mvirtually zero. (Fig. 51 shows a *working’ diagram of Class B operating
characteristics. |

Bpeciied maximum caffector current

d%._ base curest
e
|

ealledator currenl
p——
e
5

eyl P Yo max

e ITiet Ve prins

|
!
tolleciof veliage = ——i
Fig. 51 Lol linsiuperiingosed on trarmistes charocserisrics for o (as B smpdifics,
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Apart from much lower currént comsumption, making it nore
mitnhble for battery operated circuits, the efficiency of & Claw B output
can approach Bo per cent. It does have its inberent limitations, however,
and in particular & pronenes o cooser dicoriion, This is distortion
prodiesd at the change-over point when working is transferved from
obe transistor to another (chasgiong from ‘push’ to ‘pull® and "pull’ w
fpush’).

Crossover distortion will be most marked il both transstors are
biased exmctly to cul=off, Ti can be overcome, oF at leist the resdoand
distortion can be substantially reduced, by selecting the bias so that,
one trangistor docs not cut-off wdl the other hus stopped conducting
ie. there is a dight overlap nt the changeover. Unfortunately the
amount of averlep will tend to change both with the operating temp-
erature of the trunsistors and sny change in the supply voltage. Equally,
differences in the spread of characteristics of different transisions of the
sanie type can mike design for optimum biss difficult or even impossible
without further ‘cut and try* adjustment of values, It i posible to
incorporate compensating components in the circuit design o ming-
mie the undearable effects of trmperature and characteriatc spread.
Il necessary the supply voltage can abio be stabilized (e by means
of & zener dinde),

A Practical Class B Circuit

A basic push-pull transfsrmerles output crouit & shown in Fig. 52,
uzing & complémentary pair of tramststors TRy and TRy and & delver
transistor TR 1. Bins quiescent voltage fir TRe and TRy & set by the
value of Ri (which can be a variable reslstor) the value of which is
less than Re. This second resistor acty o stabilize the bias supply,
Additonal very low value resistors inserted between the emitters of
TRz and TRy and the connecting point 4o Ca will improve thermal
stability. Allernatively, Rt could be paralleled with & thermistor.

Direct coupling of a transistor ourpat w & low impedance load in
this clreuit may seem a direot contradiction of previous explanations of
tranmistor characteristics (e.g. s Chapter G). The difference in this
case is that the transistors employed are power tansistors which
charictermtically have a low output impedance and can thus be con-
nected divectly to o Jow impedance speaker without the need for an
output tramformer,
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Fig. sy Blaple low power sodio amplifier using & minimam of compinests with
direct coupling to & miniatiar §-ehm ar oo ludipeaker, Componeid vales:

K==l ohm

Ma—1 b ohm

Ha—1 M shm

Cip—4t uF

Co—piont wF

Cg-—s0 pF

TRI—B 105

TRa=AL 176

TR3—AL i3l

Supplvt B voits

Conventional practice i to use this type of circuit with a single
stage af initial amplification provided by a fourth trangistor, This
bransdstor can be made to work both as an amplifier and a de dilference
amplifier, comparing the voliage slfered by the potential divider with
the *end” volinge in the type of circuit shown in Fig, 53. Other point
to note are that the negative feedback is taken from the ootpur stage
fo the emiter of TR vin Ry, whilst the infroduction of capacltor Oy
provides decoupling between (hese two pointa. A emall amount of
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A more of less sbandesd 1pe ol crcult for & fowatt andio amplifier,
Caomponent valoe

Hr—ay kol
Ra—i5 k ohim
Rg—z-7 ahm
Rg—i5 k ohm
R5—en k ohm
Rf—ag ohm
R7—2zz k ohm
RE—g k olm
BEo—s1o chm
Oy==rmp oF
Ca—uay uF
Og-—got pF
Cg—aun glf
Un—irand ulf
Cb=nqan uF
TR1I—ALD 107
THRa—AC 15l
THy=AC 108
TRy—AL
Loudipeakert B ohim
Supply: g valia

T ——— i ——— .

Fig. 44 A simdlar lrewit to Fig, 59, but designed for i wets suspul, g bigher

o

rranEEors. Component valuse:
Ri—s5 k ohm
Ri—uo k alun

R3—y47 ki 'ohim
Bg—ngs ohun
Riy—au abm
Bf—aa k ohin
Ry—z5 ohm
RE—afiG ahm
Hg—a-2 chm
Rio—au alun
Oi—zza nfF
Ca—ns wF
Uy—ado wF
Cy—3-a nF
s —gea kF
TH—BE
TRe—AD a8l
TR3—ALC 176
TH4—AQ 168

Lenslapenioert B-16 ohir
Supply: oz walis




BUILDING AND DESIGNING TRANEIATOR BADIOSR

feedback is re-introduced via Ry to reduce the effeco of spread in galn,
and thus distortion.

Thiz form of crouit i capable of excellent performunce with bow
disipriion, Transistor types are chosen according to the oulpol power
requiremenis, which in fum determine the deive corrent regqudred and
the degres of preamplification necessary. Component values ghven in
Fig. 55, for & r-watt amplifier, -and in Fig, 84, for 3 g-watl amplifier,
are typical of “standand” design practice. More complex crouits are
demanded for high power audio amplifiers, especially for  Hi-Fi
working.

Some designe may also incorporaite the pulume coplrel potentiometer
in the amplifier stages. For minimuom distortion this should be placed in
series with a flow of current, pormally immedintely fallowing the pre-
armplifier {first stage],

Rf Amplifiers

An amphifier stage may be inserted afier the tuned circult toimprove
the strength of the aerial signal, and thus the smetingy of a receiver, when
i known as & prermplifier, Tnothis case, a basic amplifier dreniy is
adequate, c.g. similar to Figs, 47 or 48—but using an «f transistor. A
somewhat superior performance, again with simple circuitry, i given
by an FET amplifier—asee Fig. 73, Chapter 11,

In pracdoe, f preamplifiers are mostly wmed o uperhet receivens
tuning to frequencies of about 50 kHz or above (e.g. FM radio circuits)
because the signal-to-note ratio inherent at these higher frequencies s
ysually poor without some amplification of the onginal frequency, An
FET amplifier in this case 8 cven more desirable than a eemventional
trapwister amplifier becawe of BB inherently lower poise level, Pre-
amplifiers vaed in this context are generally known as preaslect,

CHAPTER 8
REGENERATIVE RECEIVERS

HE regenerative receiver works on o ‘supercharging' besis, but
Tquit-l.' different to the principle of operation of & superhet and very
much simpler. Part of the of reaching the detecior is fed back and added
#s 3 *boost” to the incoming sgnal, resilting in a substantial increase af
signal strength, Effectively this increases the souitissly of the roceiver
(a8 incoming sigmals are received At greater strength) ; and alo incronses
the ) of the tuned drouit, and thos the salatmily.

This can be achieved by quite & simple cireuit since the proces of
detection and regenerative feedbick can be sccomplished wiing &
single tf transistor, Ln other words the transster is worked both as 2
detector (or rectifier] and an amplifier. There are just two hasic
recquiremiening

{i) The degree of amplification of ¢f achieved s proportional to the
amount of feedback. It is limited enly by the amount of feedback the
transistor can handle without being excited into ocillobon. Thus w
achieve maximum gain it i necesary to introduce some sort of adjust-
ment or control to give the masimum amount of feedback pomible
without the trandator bLeing driven to the point of breaking jnte
oeciliatiom,

(i) It ia necemary that the feedback be @ phase with the incoming . of
sigral, ofherwise it will have a cancelling rather than amplifying effect
on this signal.

The feedback signal can be coupled w the aeral cirouit either
imductipely or by a eapariter. Inductive coupling §s usually
when the coupling coll can constst of a few turns of wire wound on a
paper sleeve fitted to 8 standard tapped ferrite rod senial coll—Fig. 55
The complete ‘frant end’ of g simple regenerative receiver ia then
ghown in Fig. 56

The choice of tramsistor is fuirly non-critical, provided it @ an of
type (oot an &f type designed for use in andio frequency circuits). Also

iy
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Fig. 53 Megen, oo takes the foem of o few turns of enamelled wire s o separate
tlewre Erew to slide oo 8 Berrite rod asrial.

TEET POEMNT
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Fig. 35 Simple mgeerative receiver cirmiit based on a P-BN-P transkaee. Tai
point marked for connectlng kgh Impedasc: phoo to lsen in and adjusl cireuait,
For esipling 1w an sudio smplifier, the sutput s laken from the sollsclor of the
iransistor. Compsaneni valse:

Ri—a M ol [or higher vadoo, s found besl by e}

Aa—aq k ohm

Cre—tuning sapaciver |n sandsrd serial Srewl

Ca—umo pF {i= larger, = found best by iesi)

L4—8 or 10 pF

Cy—non pF wariablis capaciior of iHmmer

Cs—8 or 10 uF

Ei, Lea—standard aertsl codly on Ferrie rod

Lgy—regen. coll (4-5 furns of 56 6w wire]

TR—H g3, ar oear equlvalent

Happly: g vols

REGENERATIVE RECQEIVERS

the higher the performance characieristics the better. Current bias ia
provided by resistor R, the value of which is dependent on the choice
of tramistor type. Alternatively, vsing & 1 megohm potentiometer for
B will enable the bias to be adjusted to maich the chamctenistios of a
wide range of commaon low-power rf transistor types. Lo is the coupling
codl already referred to. B2 and Cg are the stabilising compoments: for
the transistor, e.g. typically 1 to g k ohm for typical low-power wan-
sigtars. Cd can be any value befween 2 uF and o uF (s poiual value
should net be critical), The remaining component s the so0 pF
varighle capacitor (C4) incloded as a feedback control. Actually
there are two Feedback “controle’—this vardahle capaciior and the
coupling doil on the ferrite rod; the position of which can be altered,

The complete “front end”’ can be coupled 1o 8 conventional of
amplifier (e.g. s Chiapter 7). However, it b not necessary to build a
complete cirouit to check that the front end B working. I the detector]
regen. circuit {3 broken st points XX, and high impedance phones con-
nected liete, one of twl strong statons should be received at listenzng
strength, wiing a g volt battery supply. The onginal circadt shows a
P-N-P mansistor. Polarity must be reversed i an N-P-N mansistor is
used,

Chrcking ont this cirenit will sstablish that it s working properdy amnd
also shows how adjustrrents are made. Capacitor Cy should be set to jts
mid postan and an attempt made o woe o any broadeast stobon,
pchjusting -only the tuning capacitor in the semal dreuit (1), Thea
adjust the panfion of the coupling coll on the ferrite rod 1o give maximum
volume, readjusting the tuning capacitor as well, if necessery. I this is
succemll, Cf should be adjusied lrwards or backwiands watl the
transistor starts. to oscillate or *howl’, then backed off just enough for
the "howl® to disappear. Finally adjust Cr again ont] madmom vodume
i heard, (Adjustment of Cg will alfect the tundng slightly, which is why
1 has 1o be readjusted),

If no signal i3 received ai all, then the feedback signal is probably
out of phate. To correct this merely reverse the connections of the
coupling cofl. Failure to recetve any dgnal could, of course, also be due
to n poor acrial circudt used in an area where radio reception @ weak.

I a sigmial ks heard but no adjfustment of €4 produces escillagion, the
cpupling ¢o1l should be nuved morer the senial eoll on the fermte mod o
tighten the coupling. Alternatively if only a howl is heard with Cly in its

i




BUTLDING AND DESIGNING TRANMITOR LADION
md position, move the coupling coil amay froms the aedal eodl unel i
disappenrs.

Cnce the optimum: pesition for the coupling ooil has been Found it
should be cemented W the ferrite rod. The optimum setting of the
varable capacitor C4 may need readjustment when an gf amplifier is
added o the ‘front end” to complete a working radio recelver,
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Fig. 57 Blmipde eegriierative Trond eud®, ot reqiaring & regeit, sl Test pensi
imarked o for listeming in with high impedance phoses i clieck cnean for workine,
Casnnporsent valoes

Ri—i M ohm

Rz-zu k olkmy

Lip—ruming capacitor in sinnderd wesial cireul
Ca—io pF or 2o pF variahle {ivimmes eapaciion)
Ca—argn pF

TR—aNpysb on egarvakens N-P-N type
Die—grrmaniism poin-conln’t dipde

Hisppdy i (0 volis.

An alieTnative design of regenerative “front end’ §s shown in Fijr. 7.
This employs a transistor pre-amglifier followed by o conventional dicde
detector, a proportion of the pre-amplifier output alo being tapped as
feedback. In this case the Fedback i§ capacitive—coupled to the aerial
citentit via & small 10 pF or 30 pF *minimer” enpaciior Op. Again the
transstor weed mme be an o typee,

Adjustmient in this case is similsr, but smpler, Again high impedance

it

-

Fig. 38 CUComplete thres-tanmistor regenerative méciver. A kigh bmpedance

loudipesher can' be conneci] direcily to the aotpit Aliernatively the gt pol

points omn be comnected tn & 101 ootput tramformer, Elee secondary of which
feeds a low impodance spanker. Companent valusi

Ri—s0 b shin paienmisamueier Cyg—roo pFf
Ri—1b60 & olus [ P
Hg—s b ohm potenilometor CE—ya uF
Hg—j7 & chm Cy—ia p¥
Rg—=t3n k alun CB—yn uF
RE—ia k ohm Cig—1om aF
Ry—-2-3 k ohm Gig—yun uf
RB—ay k-obim D —grermanium poini-contaes dicle
Rg—g7 k olom L1, La—sandand serisl ool oo ferrite
Rio=p.5 k ohm ool
Hll—q.j'u mhan Ly==teges. teipiog cnll on ferrite rod
Rore—tdlle ohm L— om0 e op gi—pg 5wz ensmetled
Rig—io0 alun wirs on {° pobatyrene coll forsme
Rr4—rta ohm withi drniw daiil eoee
Ci—tuning cxpacitor inanedasd seial TRI—AF 513
PERRELL] TRy-—{1C T
Ca—asiig plf Thy—0c B
Cg—gq0 pF Supply: g wvolis

Wote; regen. B ndjuied by Br and wlao by the core of Iy, Ry swncks s o volume
comrod,

L




BUILDING AND DESIOCNING TRANBISTON HADIOR

phoies can be connected where shown for testitg and the ciredit tuned
to any seation via the twedng capacitor Cr, Capacitor Cz fa adjused
until the transistor oscillates, then backed off until the howd juag dlis-
appears. Fhis will have upset the tuning slightly, so C1 ia readjusted for
maximum volume, If trouble is experienced, substitute s @ k or 5 k olym
petentiometer for R1 to adjust the transistor bias for optimum perform-
ance,

It is possible w dispense with capacitor Cz and smply take connege
tions from the aerdal circuit and collector of the transistor with shoit
lengihe of insulated wire. These wires should be oot so that they can be
twisted together over 2 length of about §—} inch. The bare ends of the
wire must nol touch. The twisted wires will then form s coupling
capacitor and the degree of coupling can be adjusoed by twisting more
tightly or untwisting, Crnce the optimum amount ol coupling has been
established they can be cemented together, Any further alight wdjuss-
ment weeded can then be made by moving the pesition of the “rwist”
relative 1o other components, This method of coupling, which elim-
inates one component, is quite critical of puitive, but despite it apparent
crudity can work very well and is even wsed on commerdal cireudts,

A design for & complete regenerative receiver cireuit using thres
tramsistors i shawn in Fig, a8,

0z

CHAPTER ¢

THE SUPERHET

an. superheterodyne receiver or mperbd works on the basis of
combining the inooming rf signal with another high frequency
signal and exrracting 2 ‘difference’ signal at a fixed Giermediate
Srequency {if ). Ar the same time the f centent of the original of signal is
tranulerred to the of wgnal frequency which now bocomes 8 ‘carried,
The §f outpot is then amplificd a1 the imermedae frequency before
being pased 1o the datecsor. Cinly the front end” of the receiver i
effected —the detector and subsequent sudio amplifier stages being the
same ai with simpler roceivers except that the detecror normally
operates at o higher input becanse of the preceding amplifier stages,
iz “front end' comprises o local oseviiator generating a high frequency
equal 1o the o careler plir the intermediate frequency, and & mizer. The
mixer receives of from the aerinl tuned dreuit and of phas §f from the

fined T—— i mor i oy mRIITr

elrcult

ol
ancilintor

Fig. s The "Bout e’ of in AM superlict réceiver in bex dlagrasin o T ihe
case of un M superhet, the finst ‘box” is an §f amplifier conmerting tw o dipale
mrrial,




BIILDING AND DEBIGHING TRANIITOR HAaDIos

local cacillator. From this bt extracts the modulated if a8 an output,
wh!u:h i passed to the (f amplifie—see Fig. 0. Tt follows that the local
oicillator creuit must tune in step with the derfal tuned elreuit, hence
each incorporates o tuned cireuit ganged together. The mixer receives
a combined waveform as an input, the main components of which are
the original acrial and cecillntor Fequencies together with thelr sum
and difference Frequencies, The diferenes frequency s then preferentially
selected by the mixer tuned ciredlt and pased as an input o the
amplifier,

Exactly the same working principle applies for AM and FM receivers,
except that the aeral signal for FM is normally recrived by a dipele
acrial and preamplified before being pascd o the mizer, (eg, ser
Chapter 2}. The other main difference is in the choice of intermediate
reqjuenicy—g 0 kHz for AM and 10-7 MHz for FM. Also the use of
more stages ol of amplification &5 wally with FM (commoaly three
stages for FM as compared for two stages for AM), Tt can also be noted
thar with AM the local oecillater s (almest] invariably tuned 1o &
frequency of 470 kHz abow the acrial signal frequency. For FM, the
local pecillator may Be tuned to 107 MHz above i below the perial
sigmal,

Salf Dacillating Mivers

The design and construction of practical local oecillator and mixer
circuits is considerably lest complicated than a description of b
they work! A single transistor can act both as Jocal oscillator and
mines, or as a gifescillating mizer, A virually standanl circuit for this
is shown in Fig. Bo, together with a representative serial tuned clreuit
and inductive coupling, Correct tracking of the two tuned circuits
can be achieved uwsng padder capacitors in parallel with the tuning
capacitors, or by the use of tuning capacitors with specially shaped
¥anes,

The onaly real Hmitation of this cirewit & that jt is senaitive to
sray capacitance which can cause feedback from csclllator to aerial
circuits, The possibility of this pecurring can be eliminated by plading
a metal sereen botween the two sections, althoogh this is no alwayn
& complete salution. Stray capacitenoe can abo arise from leads, so
all lesds (particularly in the acrdal section) should be kept an short as
poasible, Il an external aerial i coupled (o0 the aerial circuit, then it

O+

4 O+
] = 5 E it
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Flg. 68  Thisis o besle—and vimually siendard-<-design for 8 combinesd oscillatop-
mixer eheudt. Tyjptial component vahets can be fopnd i Fig, G5 Li saed L wie
the perial eoils. Ly, Ty L wre the windiegs of the cectllaior mansivriner, Lz snd
it amsccinted variablde capacitor forming & ninss] cioodn tuned in siep wiily e asriad
tuned ciremt by, manging the respeciive capoaciiors {as indirated by the dashed line}

shioubd feed by o serics capacitor to limit the exirs capacitance that
the acrlnl wire can add fo the moning copaciiance in this circuit (e
wlre Chispier &),

Iy Amplificrs

An if amplifier stage wally consists of & transistor working ad an
amplifier with 3 tumsed inpot s suerpur circaie. The toned drcoits are
provided by i rangformers, tooed o the tntermediate frequency. This
im an AMFM recefver, separate ¢f transleomens are required a1 each
stage usunlly with primaries connected in series, and secondaris con-
nected in series, ultimately feeding separate detector circuits.

& haste dreuin for o single stage iz shown in Fig, 65, The §f trransformer
normally eansts of a cinned ool with an lves dust core fok inductive
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Fig. 61 A baale if smplifier sirenlt compriing o slngle stage. T or more staged
may be employed before the detector, «.g. e Fig. 6,
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Fig. Bz Two siages of an § aplifier circit, shirwing the standard methid of

roapling. The slngle-tuned i trmiadbrinens (in desleyd o iy mre mdparted by ienn

dlusi Eore, i resoniaie 21 ke i fmiermseddanr [roquency] chozen.

THE iVPERHET

tuning, For best roulis, both cails of the transformer shonld e
tunmhle.

Stage connections are straightforwand and follow on the Hnes shiown
in Fig. 62. In high quality designs, however, filters may be interposed
tetween stages. These maoy be plesoelectric erystals or ceramic Glters
manufactured to be resonant at the intermedisie trequency. The use of
wech filters can bmprove if tuning and reduce nojse. It should be noted
that such filters should be of lamdpass type, Le, capable of passing the
necessary of bandwidth and not single-signal crystals. A typical double-
tuned two-stage if amplifier is shown in Fig. 61,

e
|
1IE

TPl

Fig. 63 Twa siages of' i typical |f amplifier with, doobletirod i amdforman.
Apart from both primory sl secondary of the tramalarmens being wined, 1hia
dlreult B virteally identical o Fig. Ga.

Automaric Gain Contrel
The sensitivity of m superhet recelver i inherently high in the of and
{f stages. This implies that in the presence of 4 strong AM signal exees-
give amplification can veeur in the i amplifier, resulting in “clipping’
of the signal. Since ¢f signal strength recefved in the serial cirolt may
o7
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vary enarmouily in strength from one stathon 1o another, the posibility
of this happening ia very real in practice.

Clipping, and thus distortion of the amplified ggnal, can be aveided
by applying ewhmatic goin cntesl (age) whereby & proportion of the §f
oatput is fed back o the front of the {f amplifier o control the gain of
the first stage. Any rise in signal onfped then automatically tends to
reduce the gain at the input stage 1w compensate, and vice versa.

£3E) 3
> P | 3

By Jn =

—'1 ) =

Fig. b4 Typirsl sutimstle gabn control fage) clreuit ‘apping’ & propattion of the
catpial slgnal Brod the detector and leeding @ back to the it amplifies sage.

There are a number of ways this can be done, one of the simplest
being shown in Fig. 64, A feedback signal s rapped from the detector
and applicd in series with the base-emitter voltage of the first § tran-
gistor, controlling the hias in propoction to the working voltage appear-
ing at the detector, The chunge in bias thus modifies gain [i.c. reduoes
it with increasing detector voltage) in reverse proportion (o the deteetor
signal, Le, provides automasic gain control, The resistor forms a poten-
tal divider feeding the base of the fimt trussistor and can be chogen 1o
bring the diode 1o its sharpest operating point, improving it response

of

e

THE SUFERHRET

to weak gignals, Capacitor C1 s needed to eliminate of and af valt-
ages in the ape signal.

The presence of of signals in the gge woltage would reduce the
modulation depth of the incoming signal. Equally, moduladon muost be
nirered out so that the age signal is in the form of a de valtage with an
average component following the strength of the carrier. Thiz means
that the time constant of the reshstance and capacitance in the s
circult must be long enough for this to occur, but not so fong that the
age cunnot follow rapid variations in detector signal strength, par-
ticularly fading. Normally this calls for a fairly large value of Cr, 8 uF
being typical.

A diode can be added acros the first f traniformer although this is
not sitictly necesmary. However It can substantially improve the jpain
contral performance by acting as & damping device to make the circuit
accommodate a wider range of rf input voltages.

Automatic gain controd is not necessary with FIM receivers since this
funetion i already performed by the mdfer, Sometimes it fs acdded,
however, to improve the performance of the §f amplifier; or & single
diode is added just ahead of the limiter to serve & similar purposs. What
is virtunlly o ‘stuncard’ design of AM superhet clrenit is shown in Fig, 6.

Superhet Alignment

A further problem ilways present with the construction of & superhet
recebver in aligmowent of the of amplifier. This really demamds the e of
a calibrated signal generator as well as a universal meter. The zsignal
generawor should be capable of producing audio-frequency signals and
also the intermedinte and radio-frequencies it is necessary to explore,
with provision for modulation ai avdio-frequencics. Where of and rf
signial penerators are employed the §f generator should lave an
Imypedance of the order of Goo ohms, which can be fod directly into the
top of the volumie control of the receiver through a 1o K ohm resistorand a
1=F isolating capacitor,

The ¢f generator ghould be of low impedance {of the order of Go
ohins etatput imvpedance ) and, in general, cae be fed into the base of the
i transistor or mixer tranzistor via a of gF capacitor,

Where a signal generator is available, the §f stages and signal cirewit
are afigned separately, in both cases wsing an output power meter ar
me voltmeter cannected across the speech coil (speaker terminals).

o
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THE BUFERHET

Before attempiing alignment the yolume control ahould be st to a2
minimum in order o s the lowest sgnal from the sipnal generator
consistent with & reasomable sutpul, e.g. 50 milliwatis or 1 volf across the
speech ool This aveids ape action.

For algning the of stages the signal is set at the i (normally 470 kEHz)
end usually applied to the base of the if ransivtors and mixer, in m,
warking backwardy (Le. sarting with the last §f transistor). The cor-
responding §f transformer cores are, in tarn, adjusted o maximum
oufput, The signal is injected wsing a o5 uF capaciior and an Bzo-olim
resistor in deries with the generitor output lead and never applied
directly.

Huving penked the if transformess, the circudt 3 switched (o medium
wave, the generator set o a typical low frequency (g 540 kHz) and
the oscillator trimmer adjusted for maximum outpur

The funing chpacibor i then set to mindmum capacity and the
decond {mixer) gang trimmer adjusted for meximum capacity. These
Two shiges are then retuned, o8 necessary, for optimom regules,

For alipnment of the signal crenils oo dinect conmection 1 made, b
the output or live terminal of the signal generator is connected to a loop
aof wire consisting of twa or three turms approximately 7 1o g inch in
diameter with a serics resistor in drouit of 430 or 990 ohms, The loop
shaould be situnted about 24 inch rem the recetver ferrite rod. Xormal
procedurs iz then:

1. Set signal generator o 4 low mow. frequency (eg. Goo kHz)
nnid tune gang condenser o the corresponding positen on the scale.
Adjust aerial coil posithon or aerial trimmer for maximum curpue

2. Repeat with the dgoal generator set to a high mow. frequency {(e.g.
tqoo kHz) and adjust gang condenser trimmer for maximum oantput,

if. Repeat operitiond 1 and 2 a8 necesary,

4. Bwitch to long wave, set generator 1o & typldcal froguency inabout
the middle of the Lw, band (e g20 kHz) and adjust the longwave
acrial coll position or timmer for maximum output.

Where no signal generaior i3 available alignment must be ‘carried
UL ising broadiast stations as (he source of signals, 10 an cutpul meter
with an impedance of around g5 ohms s available thiz should be con-
nected in place of the loodspeaker; or alternatively a high-resstance
voltmeter capable of reading o—2 or o—5 volts s cam be connected across
the specch codl o give 3 visual indication of output signal strength. 1
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neither type of meter i available, the output sgnal sorengrh st be
Judped by ear,

1. Aerial and oscillator trimmers should be sei 1o approximately the
mid=point of their travel and the tuning contrel then et to the correct
pusition for & local station, preferably in the middle of the m.w, band,
Turn volume control to a masdmum. Adjust the oscillator core to bring
the station 1o the correct point on the tuning scale.

2. Turn the recetver so that it is oriemted in the direction which gives
mintmmn gignal strength. Adjust i transformer cores for maximum out-
put. (Noter if necessary, reduce the volume via the volume contral 1o a
minimum audible gignal before adjustment as it is easier to judge. an
increase in strength of a weak dignal audibly than an increase in sirength
of u strong xignal. A meter will give a more positive indication regasd-
less of the oniginail signal strength, but st high signal levels the rue out-
put may be modified by the effect of age action. )

3. Tune 1o the high-frequency end of the mow, band, and adjut the
oscillator trimmed oo bring the statbon o tune. consistene with the
scale calibration. If this proves difficult or impossible, try adjusting fira
with the zerial trinmer followed by the oscillawer trimmer.

4 Tune lv the low-frequency end of the mow. band, It should be
poasible o adjust for maximum signal by sliding the aerial coil along
the ferrite rod. I not, it may be necessary to adjust the ocillator trim-
mer (o get agreement with the scale callbeation.

5 Stepd 3 and 4 must then be repeated until an optimom edjustment
{8 realized where adjustment of one end has no effect on the other,

6. Tuning on the long-wave band s not tikely to be critical and it is
usuilly only necessary to sed the tuning condenser to the caliliried
position and adjust the posidon of the long-wave aerial coll on the
fetrite rod o bring in the station ot masimum strength (or adjust the
kong-wave perial mimmer, i fed),

1oa

CHAPTER 10

INTERSTAGE CONNECTIONS
(COUPLING)

#y radio recetver congists of individual smges connected together,
A autpat to input, reading from the aerisl to the lnudapeaker (or con-
ventionally left o right on a circuit diagram). The method of con-
nection or compimg may be by direct connecticn {direct coupling) ; via
& capacitor (enpacition coupling) ; or via a trangdormer (imdustine coupiing | —
see Fig. 66 for disgrunmatic representations. 1t i also necessary that

L il &

direct poupding supaiily eateding
atega E g utage el g% mtoge
trensfcomar coupling Inchictive cailsliing

Flg. U6  Four diflerent types of iner-stnge eoupding.

the output impedance ol the ‘feeding’ circuit matehes the input imped-
ance on the ‘receiving” circuit, This may dictate the type of coupling
required. Alternatively impedance matching may be  obtained by
adjusting the load impedance of the ‘receiving” circuit, varying the
amoumt of coupling, or interposing an impedance-matching devioe,
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The application of direct coupling i mainly limited 1o interstage
cannectiong where a visrying e volage hag to be pased on, eg. the gf
output from a detector. [t can also be wsed for interstage connections in
an audio amplifier, or any coupling where ‘matching’ is coreect and a de
&t well a5 un o path can be tolerated, or & de path i necessary, Direct
coupling has the obwious advantage of smplicity,

Bothi capacitance coupling and inductve coupling isolate autput and
Input eonnections as far as the passage of & & concerned. Capacitive
coupling i accomplished with & sedes-connected capacitor, This is
mmvariably msociated with & foad resistance and o i more correctly
refervexd 1o as KRG coupling. It haa the advanrage of wsing simple, in-
expensive components and i widely wed for coupling low-level
amplifiers, eic., in radio drouits, 1tis not particularly suitable for
cowpling circuits carrying of, when indictioe coupling is preferred. In
this the translormer {inductive compoment) i asociated with a capacitor
to “tune’ the conpling to the required frequency and & thus popularly
referred 1o as an LO oupling.

With dmple AC coupling impedance matching is not parteulardy
eritical, although the better the match the better the performance.
Optimum  performanee @8 ofien best ardved at empincally, trying
diffcrent valoes of capacitor. Almost any value of capaciter will
work a8 o coupling device for as, but the e sonstanf oF 2 efrenit will
decermine its suitability for passing ac frequencies (s ol Chapter
i

The time constant |8 defined m the lepgth, of tme, in seconds,
[or the voltage across the capacitors to reach 63 per cent of the
applied emf. 10 can be ealeulated from the capacitance and resistance,
wix:

time conmgtant = [0 % 107 peconds.
where B = resistance in olims
C = capacitance in microlarads

Specifically, the chargejdischarge characteviatics in terma of percentage
voltage and time constant are presented in Fig. G7.

When it Is necessiry to accommodate a voltage applied at a particular
freguency, one cycle of frequency implics & working of charge 'discharge
every half cycle. Thun taking & typical maximum af Frequency of 10
kHz, the time to complete & full eycle is 110 000 o o1 millseconds.

104

ﬂT-:p‘m.-_—.—.-.
i

\It

woltoge across g Hor
8
e

S~

o I 2 a 4 -4 i Z a a

Ehree cormlmnd relllpls

Fig. fiy Charge and dischange iimm or & capaciior exproend o leenw of o
comstent. This approximuiely 100 per oot charge o to0 per oot dischamge s
arhilerveed In 4 times the fime cimstand.

Since e charge/discharge funetions are involved, one positive and one
negative, the troe charge/dischange tme B one hall or eoosy milli-
secondi,

Taking 1 o0 ohms as typical of the input resistance lor a low power
translstor; i.e. base plus emitter voltage of 1 con olima [see Chapter G,
the time constant for RO coupling ie:
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time conktand == | oo0 o 5o o
= 3 = 10" seconsds

The time o accommodate a complete oycle of of at 10 kHz, i 0005
millizeconds: Thus subetituting in the equation

o005 % o = 0w jo0md
or C = oro05 microfarads or b,

Similarly, for paming an rf signal, say 1o 000 kHz

X ﬂ'IE o lﬁ.
Rewm 1o®

= 0005 1F or e,

This in contradictory to the general rule that *the higher the value of
coupling capaciior the better', typieal values ranging from s00 oF to
1o uF. However, use of & low capacity value, thus giving a lower time
constant, simply means that a smaller percentage of the of voltage will
be developed, amd dischirged, across the capacitor éach cycle. In
ather words, the efficiency of & transmisston ‘will be lvwer. The sample
calculations abo illustrate that for a given value of capacitor, lower
frequencies will be transmitted with more eficiency than higher
frequencles, confirming the original statement that ¢f coupling i
tolerable with qf (provided the efficiency of coupling is not impartant),
bt seldom used with of because of the very low efficiency likely with
practical values of capacitors suitable for coupling duties.

Transformers

A rmransformer comprises, cssentially, a primary winding and a
secondary winding on & care of magnetic materisl, The sctoal form of
the core governa the eddy current and hysteresic loses. The conventional
transtormer wonnd on a closed core, giving a continuwous magnetic
circuit, it not normally suitable for use with frequencies above about
a0 kHz (i.e. above andio frequencies). Different forms of transformers
are required for the inductive coupling of if eireuits il excemive power
logaes are o be avorded,

The furas raffo of 8 oansformier——ar ratio of number of prmery furod
to number of secondary turms—governs bath the voltage tranafer ratio
and the ourreni trassfer catio

1af

INTERSTAGE CONNECTIONS (COUPLING)

.

Becondary voltage (Vi) = %‘F w Vp

Secondary current (Is) = -;L,E- = Ip
where Np = number of furss on primary coil
N: = number of turns on secondary ool
Vp = emf applied to primary
Ip = current flowing through primary
coil

Is = current Aowing through secondary
cidl

The power tramfier relatiombip is expresed by

Po =¢ x P
where Po = power output from secondary
Fi = power input to primary
¢ = eifflchency factor (which is always less than 1).

Normally-a ransformer is designed 1o bave 8 mudmum efficdiency at
a particular power output rating. Efficienicy can then be expected to
be lawer both at lower or higher output powers. However lawar will
generally decrease with lower power, and increase with higher power,
Maximum power rating 8 determined by the maximum temperature
the wintings and for insilation can withetand, all energy losies in the
transformer heing dissipated in the form of heat,

The designation primary and secondary s one of convenience oaly,
A trandormer can be connected to work ‘the other way round’, if
necessary, when the specified primary becomes the secondury and vice
versa, Further types of transformers can abo have a third or tertiary
col, e, e Chapier 4.

Impedance \

The impedance relationship with a transformer is caleulated on the
bagis of an ideal transformer without losses. This ks generally sadsfuctory
in practice provided the desgn of the transformer generates enongh
inductance 1o work with a low magnetic current at the voltage applisd
to the primary,
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Thie basic impedarice relationship then is

p = (—i—f]' s
when £p = impedance looking into the primary connections
&5 = impedance of load connected w0 secondary

For tmpedance matching purposes, this formula can be rewritten

S

In this case Zx b the sune as above (L, impedance of lenned enmnected
to secondary) ; Zp beromes the primary impedance required to match;
and Np/Na the turns ratio reiquired 1o prodoce this march.

A typical example of the applicaton of this formila & the matchiog
of an amplifier circut reqoinng a- high im.pndanu:nurpm boad toa low
impedance Joad represented by a loudspeaker, using an output trans-
ﬁlrmrr. Suppose the load impedance r:qmn'd at the amplifier outpat
is 5 o000 ohms, This represents the primary impcdu.nl:: required. A

typleal loudspeaker impedance Is 8 chmu thus, for matehing

Np B
N TN
—_— a5

In other words, the primary winding of the trangformer should have
@5 times &8 many furmd s the secondary winding.

Inductive Coupling

Coupling by means of the mutual isductance between two oolls or
indictive eoupling works on 8 similar principle to that of a ransformer,
bot since any part of the magnetic Beld set up by one oodl cuts the
wecond coil the simpls translormer formulas po longer apply, Also the
degroe of coupling achieved depends on the proxdmity of the two codls—
the closer they are the tighter the coupling, and vice versa.

The tghter the coupling ihe more the set-up operates as i the second-
ary were mply tapped scrom the corresponding number of terfe oo
the primary—Fig, 68, I the input circmit in tuned bo resonance, then the

ot

INTERETADE QONNECOTIONS [COUFLINDG]

efuivilent crouit is shown on the rfght where the resistor represents
load resistinee on the sscondary coil with the coupling coils effectively
working as an autotransformer,

3¢ &

looas eeigiing Tighl caupling ailvalont cirewit

Fig. 60 The ‘tghter’ inductive coupling i, (e more-slusely 0 appeoachion direct
coaplng fn equivident ot (bat. providing o blocking paih foe &)

In practice, by adjusting the number of turnd on the secondary codl
and for adjustment of the tighmess of the coupling, the impedance of
the tuned circuit can be adjusied for optimum operation of the circuit
for which the secondary 2 providing the inpuot. For any degree of
coupling, maximmum tramsfer of energy b obtained when the reactance
of the secondary coil is equal o the resistance of the load. Reactance
cait be caléulaged directly from the inductance of the cofl and the
frequency of the signal current, viz

Reactance [ohma) = aofl,
wihere [ ia the frequency in He
and L i the inductance in henrya,

The object of deaupling is to prevent uwwanted signals present in one
earenit oF stage of & receiver being introduced in another stage. Usually
itis a preceding stage which may be effected by a_foedback, Single stages
are normally commonly connected threughout to provide supply and
return Hoes from o :lnlg'lc power source (Le. the top and bottom lines
in o circuit diagram}, Tt is obyious that there is plenty of scope for the
ranamismion of feedback”.

Separation or decoupling of abe ige from the previoos stage can be
accomplisherd wsing & component offering high impedance w the
unwanted feedback. Ti must be & comahuctive device 1o pass de on 1o the
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preceding stage; but resistant @ to components at the frequencies that
have to be eliminated. Thoe it coold be an RFC choke, or more normes
ally, & resistor, This serbes connected eormponent o then |.|.'|r.|.uJ.|1.l nawi-
ated with a capacitor effectively parslleled acros the supply—Fig. Ga.
Resistors can be sorprisingly effective in this respect a3 ‘filters’, with
decoupling completed through the capacitor. They can also serve
simulbaneously as o veltage-dropper when the preceding stage reguires
a lower operating voltage than the bllowing one. For example, the
output stage in & modernty or high power amplifier commonly regquires
a higher operating voltage than the preceding stage.

el
+ O

cupl Ing cepacifor e oftsn
= shown | ks this

S o \—Ti:—

l 27

Fig. 45 Gramdard meifiod of decouplimg o precedieg stuge froos feedback of
umwanied signals.

In circult designs decoupling components are often eagy to identify
by the et that the copacitor 10 shown with an earth gymbod immiediiely
below it. This s done to avold drawing a comnoction down 1o the
bottom line of the diagram crosing a number of other lines on the way.
The acdjacent series connecked realstor n the "top' line will then be
identified a3 the closely aseciated vesistor (a2 in Fig. Bg, nght).

Rimilar comsiderations apply if the circuit design is drawn the other
way up 0 accommaodate reversed supply polarities. Conventionally the
rop’ ke inoa caircait diagram i magde the + ling & regards the aupply
polarty, and the "bottom’ line the common earth or pegative line.
This convention cannat always coomveniently be followed.

o

CHAPTER [l

FIELD EFFECT TRANSISTORS

1ELD effect transistors (FETh) are another group of semi-conductor
F;ln-iuu which differ substantially both in' consitruction and char-
peberistics from conventional translstors. In facl, about the only thing
they have in commaon is that their power requirements are low, Their
actual working characteristica are more ke those of a thermionic valve
than i transistor,

cirin dralim

SguECo g

M—charnel FET P-glarrnd FET
Fig. 0 Tield effect transmior shown o disgrammadie sl symbiolie lormie

Congiruction, in cffect, taker the form of & chanmel: of N-type or P-
type semi-conductor material enclosed for part of its length by & collar
of oppolte type material. One end of the chiunbel is called the s
.:|.|1|:.| the :'n:t]:u:r Er.u:l. Thr |:|!:n:r'n. T]l: I."'I}u.ﬂ fasitmi o g.ul.l—.aﬁ whown in l-'jg.
70, This diagram also annotates the repective symbobs for A-chows)
and P-shapael FETS,

In emple terms, the FET works as folliws. Application of a voltage
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acrons each end of the channel will cause a current to fow fram source
to drain (with electrons flowing from drain to source]. Application of &
voltage to the gate so that the gate is negative with repect to the source
will reverse-hina the gate with respect 1o source, channel and drain,
causing & depletion layer to be Rrmed (e Chaprer 5}, This is equiva-
lent to creating a constriction for the current flow from source to drain,
The higher the gate voltage the greater the constriction, until eventually
the source—drain current i reduced to almest zero, Connecdons of
these two sources of voltage are shown diagrammatically in Fig, 71,

Ii+
|

H-charmad FIET P=charws| FET

Fig. 31 Supply snd biss pelsrities I?Tl:lﬂitd with M-channel und Pochanmpe
4

Ohnly a relatively small gate voltage is needed 1o effect a large source-
to-gain current change, so the device works as an ampHfier with good
gain characteristics. Since the guee terminal is always reverse-binsed,
the resistance between the gate and the rest of the device is very high,
i€, on FET inherently has a high input resistionce, usually the oeder of 1 to
10® megohens. In this respeet it i dmilar in charncteristios to g rode
valve with the gite equivalent to the grid, the source equivalent to the
cathode, and the drain equivalent to the anode.

It is aleo a characteristic of an FET thar it has 3 very good pet-
formance with high frequency sigrab, making it particulnrly suitahle
for uae in ff cirewits, A further advantage for such circuits is that it has
excellent low noie characteristics,

R

FIRLD EFFROT TRANGIBTORS

The type of FET described 15, in fact, more correctly called a junction
FET or JFET. There s ancther distinct type known 85 an insulated-
gate FET or IGEFET, As the name implics, the gate "collar’ s insulated
fromi the channel by & very thin liyver of insalating materal, This-has
an even higher input impedance, typically of the order of 10% megolima
ot more, It i abo a more flexdble device ainee either a positive or nega-
tive voltage can be applied to the gaoe. With a JFET, the polarity of
the drain supply is negutive for & P-channed device and positive for an
MN-channel device, with' the gate alwiays reverse-binsed [l.e. oppisite
polarity to that of the drin).

Field effect transstors are abo made with two peles—a npual ot
prd & condrel gaie. These gatea are effectdvely worked in series, Such
devices find a particular applicedon in of and ¢f amplifiers, and mizers.
They may be ealled MOSFETSY, although this description s alo
applicd to single-gate [GFETS,

It can also be mentioned thit FET: may be clasified as depletion
mwde Or énhancemend moele divices. The difference really refers to the effect
of applying the gate voltage, Depleiion mode reduces or depletes the
current flowing throogh the channel  Enheocement mode increases or
enhances the current flowing in the channel, Thus JFETs alway work
in the depletion mode, whereas [GFETs can be made to work either in
the depletion mode or enliancement mode, depending on the polarity of
the gate voltage. Either types of FETs can be comstructed which have
mé chanmel as such, and thus oo ourrent Aows with zero gats waltage,
Application’ of a gate voltage then causes & channel to be formed,
theaugh which corrent Bows, These are therefore enluncement e
devices.

Waorking Characteristics

Dutput characterintics of an FET are given in terms of dradn voltagre
Vp and drain current Io related 1o different values of gate voltage Vo
The first two descriptions are synonymous with channel voltoge and
chantel current respectively, for which the slernative abbreviations
are sofetimnes e,

Voi = channel voltage (or voltiege between drain and source)

1o = channoel current {or current between drnin and source)

Gate voltage (Vo) is also sometimes quoted as Vos (gate-to-source
voliaged,
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Characterisiic curves are similar uy those of conventional transstors—
Fig. 72 The main difference is that the curves tend o (latten out rather
lest gradually, “hottoming” voltage is higher, and drain voltages used
tenid to be higher than transistor collecior voltages.

gnde voltage
19 =

o

) e i

ey | =
| m——

"1

Fil]

.--"'"-d—-—_

-3

drabn St - milllsmps

14

Q 5 10 b 23 25
draln volisge
Fig. 7o Characieritle curves of & small FET.

Mutuil conductance charncteristics, a8 expressed in tevms of channe
current{pate voltape curves, are esentially dmilar oo those o valve
gnode current; grid vollage cirves,

FET Circuit

The following descripton applies to FETs worldng in the depletion
I'I'Il:ldI:. where Lhe ale 1.l'l||.1.u.ﬂ|: i :llh'a}'!. :ﬂ'n|lprrl|1r |1-|:||,;|.r|1:.l' o I;h.'l.l 41!
the drain. A basic working circult i shown in Fig. 79, where RG iz the
gute tras resistor; BS i the stabilizing resistor associated with & cap-
acitor O to form s stabilizing load; and R 3 the drain resisior or

drain load.
114

m2 R1
i — O+
I FET l i
frgni 13, I Il 0 el

L

= =

Fig. 73 lchanoel FET amplifer reule. Wil & P-channel FET the mpply
pralariy wiuld be reversed, but the circull stherwise identical. Rerpuinnl coitpineil
vitliacs wive dhiscussed |n the wext,

The required {negative) gate bias can be set by selecting the value of
RS 1o bias the source positively o the required extent, This will ko
tend to stabilize the channel current aguinsl any spread of FET char-
acterigtics. Furilier stabilizing effect i produced by capaditor Co in
purallel, Effectively, the higher the vatue of RS the better in providing
stahility, although thin will be at the expense of o los of voltage throogh
the channel. Abo, and even more significant;, i the Bt that excesdve
gate bias may be developed in this way. Hence RS s generally restricted
to & moderate valoe, although B2 conld be added a2 shown to form a
prirntial divider to limit the gate voltage to the required value, This
i not B particularly attractive solution as the value of Ra needs to be
subatantially greater than RG, which iself is normally of the order of
10 M ohm.

With negative biss, gate current is normally zero, The purpass of
RG b 10 hold the gate at normal zefo potential under theie conditions,
henca the high value, Equally, capacitor Ci iz necessary to prevent any
direct dr voltage reaching the gate from the input. 1T the gignal source
corntaing no such direct yolmge, then neither C1 ot o ate feoemity.
An example of this is when an FET amplifier stage follows a tuned
aerial cireult, when it can be directly coupled o that circuit if preferred.,

An example of a high-performance efrcuit utilizging the favourahle
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Fig. 74 Mullond deign for = eapaetilvely-tioned FM tuner using & BFWio field efoct transiator in the of lnpuat ainge.
All compoment walues are shown on the drawing.

FIELD EFFECT THANSIBTORE

characteristics of an FET i shown in Fig. 74 This &s a Hi-15 FM funer
cirendt by Mullard), and also illustrates application of the basic FET
cireuit design features just deeribed. The aerial input circuit s trans-
former-coupled to the input of the FET, disprming with the need for
a coupling capacitor, e stahilization is provided by a voltage divider
for the gate and a sree resistance of 580 ohma. The following cireaitry
i & conventional mixer-oscillator, which in turn would be Ellowed by
an i amplifier wnd audio amplifier.
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CHAPTER 12
MISCELLANEOUS CIRCUITS

Tone Controls

In i dmplest form a tone controd is an clementry woed circuit
comprising a reststor and capacitor in series applied acros the primary
al the output transforaier, or the output. It is designed o be ‘funable’
over the audio frequenoy range to be covered, the resisior normally
being the adjustable component,

O

cirtpul brari edor

&

: ¢

Fig. 35 Elementary tone control drealt appliod scroa tho ouipod irmosformer,

Either o & k alim or 10 k ol poientiometer can be used for the
resbitor, associated with & capaciior of about @ pF to 10 pF. This will
give & reasonable tone control effect of audio Trequency dgnals up o
the order of about 10 kHz—Fig. 75. I8 effect on the quality of reproduc-
tion will be fubely pood, bt that & not peéesarily significant with a
ernall, low-power AM recelver with a small loudspeaker,

ik

MINOELLAKEOUE CIROUITY
A betier form of simple tone control & shown in Fig, 76, consisting
ol & series resonant circuit for trebie et and & paralle] resonant circui
for bass cut. Each has s own separate control vie o potentiometer.,
Mid-frequencies should be Hule affected by adjustment of either or
bath reble and bass contrals.

irebio cut bl Lt

o
Ta
n1 vl it er

—1

Fig. 70 Practicsl tone comtr iy with separnie treble as bam controls. Thas
viisbid nurrnally e potitinned i froot of the aodio amplilber.

RZ

The most suitable position in a receiver for a tone cotitrol of this type
would be at the input of the sudio amplifier (e, betwoen a detector
and amplifier), and it is cpecially sultable for use with conventional
g-transisioe audic amplifier drevits commonly used on low and
medium power receivers which employ feedback over two ar more
stages, It is a ‘pamive’ type of control and thus cannot introduce
instabilivy in the following amplifier circits.

Comiderably more elaborate tone controls are wsed in Hi-Fi circuits,
the object heing o achiove & substantlully Hat response curve over the
middle frequency tange with incressingly progressive boost and cut
towards each end frequency. The crouits may be of ‘passive’ type (e.g.
Baxandall), or “active’ tye, The latter are normally based on frequency-
dependent feedback networks between the base and callector of a
iransistor and therefore canvot be used in preceding cirouits which
themselves incorporate fredbinek without risk of introducing instubility.

Power Supply

It in often more convenient—or eronomic—o power @ transislor
radio from the mains vather than dry batieres. This requires a geparate
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promer supply circuit (which cun be built into the radio crouii if required),
cipable of supplying the reguired o circuit voltage and mdmum
current necded. In theory such a duty can be provided by a step-dovn
transfarmer with full wave rectification added, together with a smoath-
ing capacitor—TFig. v, A bridge circuit is normally used, however, as
bedng lem wasteful of input power,

divcs ?
AL it
Olerils
DO outoit

Fig- 77 Sinple halfwave rectified o supply from a sep-down mains teamsformmer,

malng translommar

— =

3

AQ Inowt

B N

oo
I
&

Fig. »8 & more practical form of de power supply, Disdles are type BY 16y, oc
equivaknL

A typical power supply circuit is shown in Fig. 78, the diode rectifiens
being chosen acconding to the actual power requirements, i.e. capable
of cartying the maximum forward current in the outpat cireuit. There
will be some voltage muobiplication in this chrouir, typically of the
arder of =93, s the randbemer ratio §s chosen accordingly, For

L")
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example, il 8 r2-volt output @ required the “olfage' multiplication
characteristics imply that transformer output veltage * 13 = 1%, or
a tranaformer step-down ratio should give 19/ = geag vols, By
10 valts. In practice the actual output voltage is not critical, provided
it or the resulting load current does not exceed the ratings of the semi-
conductor devices powered by this circuit, Neither is the choice of
smoothing capacitor value particularly eritical, provided it & of the
order af 200 kF, ar greater per watt output.

Tuning Meter

A tuming meler or signal meter indicates the strength of the signal fnto
which it is bedng tuned. It also serves as o tuning jadicaior, maximum
mieter reading indicating the optimom tuning for that particular station,

o9 B 1 ghm bl

"\
.8
s L
t

Fig. 79 Tuming indécabor circoit. The diade (D1} ean be any type (germunium
pesisi-cominct preferred),

The olwious point to meature a signal srength is at a “ta pping’ poing
in the detector stage, wo arranged that it draws ouly a mininml currene
and thos does not degrade the signal sirength. A suitable high resistance
circuit is shown in Fig, 79, feeding a microameneter, A small proportion
of detector current is tapped by this circuls, rectified by the dinde Di
and further filtered by the roistor and capacitor. High cireait resist-
ance is provided by the 10 k ohm potentiometer, which further acts as
an mitial adjustment to set the meter at gero with the st switched on,
but in the sbsence of a signal, ‘The meter itsell should have a o-10
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micrnamp range. A mindature edge-type moter is wavally preferred for
coOMmpactness,

It is also pomible o “mp' the sge line for & wning meter current (e.g.
in superhets), omly o this case it i wal to employ a transistor o
mmphfy the variations in opr voltagre and measure the changes in the
collector coarrent.

Battery Condition Indicator

Battery condition can be indicsted by a paralleled circni comprising
& resfator and amilllammeter or microammeter—Fig, Bo. The valueolthe
restance and meter range i chosen wogive & foll range resding at

Stk 1
& il

=1

decounling =k
eapacitar - T

i
Fig. Be  Base baiiery-ceaiditinn indicator cirouit.

makirmam battery volisge, this reading Gilling as the condition of the
buttery deteriorutes, The value ol R can thus be caloulated froms

R — battery voltage
muxitnum rage of meter in amps

Thus, wsing say & o-1 milliammeter associated with 2 g-valt hittery
et
o |
= oo ofima,

Thia high resistance circuit, drawing only 1+ miliamp at a maximwm,
could be left in creolt continousky, 11 i generally advisable, however,
B

MIMDELLANEOUS QIRQUITE

to isolate the battery condition cireuit with o separnte switch S2. It is
then only operative, ie. indicating battery condiion—when Sz ja
depressed,. With thes arrangement it 3 also practical o we a lower
resistance cirouit; e.g. 1o acoommodate a4 o-5 miliamp meter.

It should be noted that battery voltage under boad {with 51 and 5o
eloged | will be less than the nominal battery voltage. Onee the battery
voltage falls to less than Bo per cant of the nominal voltage under load
in the case of carbon-ging cells, the battery has deteriorated o o nage
where it shoubd be replaced. Lowering of supply voltage in & transtsior
receiver: normally introduces distortion, further agrravated by murning
up the volume control o compensate for the boss of outpur sgnal
strength:

A more practical form of battery condition indicator &, therefore, 1o
g o poteniometer [or R (e.g. a 10 k ohm potentiometer in the sstample
mbove), so that with a frsh battery the meter can be ndjusted inigally
to give full seale reading under load. The meter scale is then marked
at Bo per cent fill sale—at o8 milliamps in the case ol a 0-1 milizmp
mieter. As long as the meter reads in the ringe 8o per cent—100 per gont
full scade reading (Le. between 0-B-1-0 milliampsin the example gooted),
the hatiery & in “good’ conditbon, Any resding below the 8o per cent
mark indicates that the battery necds replacing.

MMatching NMetworks
The smplest type of impedance matching b by an L network. The
left hand circuit shown in Fig. Bt is applinble when the desired
impedange Ria B8 greater than the load resistance R The second

Hln greatesr then A I=r;"_I Taran Hwr A

Fig, i Tegwilioce metcking nerverks.
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disgram shows the circuit which can be used when the desired imped-
anoe Ry i less than the load resistance R. The following caleulations

apply:
Ris greater than R
He= 4 BLRj. — R

0 e
x‘. _xl""'
Q) ol circuit = Xo/R of Raf/Xe
Rin lem than R
_  RRu
Xy = e
Xe=Kk s
R R — R

Q of circuit = Xof/Riw or B/ Xy

P2y

CHAFTER 13

CHECGKING RADIO CIRCUITS

A universal mieter is the chief tool wsed for checking or testing
transistor circuits. It should be capable of reading woltages up 1w
25 voles and currents up to 1 amp or § amps, For voltage measurement
it shauld have a cesistance of at least 20,000 chms per volt; and for
resistance mensurements an oofpul terminal voliage of not moare than
15 volts, as a higher voltage could damage transistons or electmlytic
capaciiars when the meter probes are applied to the circufs

A de voltage check across the emitier resivor of each trangdsior pro-
vides in aliost complete check on the d conditions and will show up
such faulis as component failures or open-circuit joints, and also the
stiige nt which the [aolf is present by the wrong voltage reading at thai
stage. The fault can then be expected to be confined to components in
this stage, which can be checked individually if the fult is not spparent.
Tf rtividuml resistors need checking, it Is best to isolate the GOITION-
ent{s) for tear by unsoldering the connection at one end. I thiz i not
readdily possible or desirable, e.g. there may be a nuniber of components
tot test in the stage, the stage transistor {and the stage) can be solated

ing the buise leid of the transstor, A heat sink should be
used in order to avoid heat dumage to the transistor and snly the hase
Tesed alvinuld be removed from the circalt.

Capacitor fuls will ot ghow up on a de check, unless the capaciior
is short-circuited, Tn this case the fault will disappear (as far as de
voltage messarements are concerned ) as soon a8 the Bulty capacior is
discomnected,  By-pam capacitors can be checked For opensciroumit
faults by temporarily shuntieg with o o-5 4F copacitor, If this produces
an incresse in volume with the see switched on, the original capacior
is either Gty or of wrong value,

The 2 working of a receiver can only be checked satisfactorily by
signal injection. Standard procedure is 1o feed an audio-frequency into
the mudio section of the receiver, starting from the output stage and
working backwirds towards the detector, 15 all the andis sages work

a5
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svisbactorily, the {f stages are similarly tested with the signal generator
=t w the intermedinte frequency modulated with an aadio-frequency,
Finally the radio-frequency stages can be tested by injecting & radio-
frequency signal modulated with an avdio-frequency.

In other words, te test the @ working of the complete receiver an
appropriate sSimal is injocted at ench stage in turm, starting with the laag
itige and working back to the front end. The faulty stage will show up
as the first one which does not produce any inerease in the audio-
frequency output, or vields no final output at all. The neccsary signal
b usually best injected into the buse of the appropriate ransistor {i.e.
that particular stage transistor), via a suitable resistor in series 1o
erure current drive- A suitable value of eeslstor i3 1o kilohme, Having
found the favlty sage it ks then necessary 1o check the componenta
involved, In turn, in order to determine the source of the faul, eg. it
could be nothing more than a faulty coupling capacitor.
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BET UP YOUR OWN HI-Fi:
A BEGINNER'S GLIDE

B H. WARRING

Starting with the fundamaniala. first tha
author explains what hi-li really mesns
gnd the technical lerms which go with i,
This mekas masninglul the mass of par-
farmance Houres quoied by mahulecioens
of equipmant. and  wpon which e
tehnlcal mesits can be essessed and
compamd. &l the vitsl deta s provided
I Fect, for choosng the dght wpe aof
afuipment—with the scops, advomtages
and disadyaniages al diemalive sysiems
baimg Fully describad. Complete syaleme
are then destt with in datail, with par-
theudas ornphasia an matching, eatring up
and tegting to gel the best possshle pap-
tormance from  each compopeni Each
poct & deserlbed with the halp of clear,
infomative dingrame of the kind whigh
have lony besn eccepted as o valuable
Imatuin of (ha auifsor 8 technacal Wi,

The book will give snyone a tharough
grounding In W-fi and continue (o sore
a5 an lhininating  and  essentisl gukde
even hian ho (or she) reaches tha sxpen
sl Mowa Imponant still, it cen divorcs
th  hi-fi anthusiesr—and pericnladty
thase with Temied - means—from  (he
mscansily of obiainkng ‘sxper opimion
choosing, mitcking and setting up hi-A
aguipment. which oo ofien rsulie 0
unnecessary sxponss ond unsaimlaciony
pisielts | .  especially when the ‘expen’ i
& spdeEman miher than 4 achnician

"8 ussll ook of misrence. The coxl i
eqiivalent 1o & #l moaths subsenpthen
to @ h-fi megarine'—Covaniy Evening
Fafegraph
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Other books by R.H. Warring

#

MAKING TRANSISTOR RADIOS:
A BEGINNER’S GUIDE

This book covers just about every type of transistor radio recetver
which the amateur can tackle, and deveiops these from the basic
crystal set 1o the advanced superhet model. Each stage has been
carefully illustrated with the author’s own line drawings.

BEGINNER'S GUIDE TO RADIO GONTROL

Ideal for the model bullder who wishes to undarstand the elements
of radio control operation: how to install it, how to make tha most
practical use of it, and how it works. The book has been extensivaly
revised to take into account the latest multi-channel proportional
equipment for use in model ships and aircraft.

HAM RADIO: A BEGINNER'S GUIDE

An introduction for the enthusiast, covering the whole field of
equipment, maintenance, receiving, transmission, the ‘language of
the air’ and licensing arrangements.

BEGINNER'S GUIDE TO PRACTICAL ELECTRONIGS

R. H. Warring introduces the reader to the meanings of technical
tarms and symbols used in electronics and gives an easy-to-follow
survey of basic circuitry. Among the projects covered are automatic
flashing lights, burglar alarms, sun-powered radios, electronic
organs, amplifiers, hearing aids, oscillators gnd radio control
transmitters.

MAKING YOUR OWN ELECTRONIC GADGETS

Following the great success of Beginner’s Guide to Practical
Electronics, this book takes a slightly more advanced look at
alectronics for the hobby enthusiast. The projects bring into use all
the latest types of semiconductors, including FETs and integrated
circuits.
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