DESMGN AND
CONSTRUCTION OF

TRANSISTOR SUPERHETS




Design and
Construction of

TRANSISTOR
SUPERHETS

R. H. WARRING

Author of festrictions fo Refio Congiruciors, eta,

LONDON
MUSEUM PRESS LIMITED




Fires protlishedd in Sennr By by Mussuir Prear £ ivmited

26 (M Beawpran ' Lovpckos,
LGS

EwW

B R, Werring, 1965

FRETED I3 O8EAT BRITATS
BY EEEEER BAYVLE ANT 300d, 17D,

THE TRINITY FRESS, WO
L 5T

ANED LN

PREFACE

It offers many technical advantages over the conventional
m“pﬂ-ﬂ mdio recetver, although its working remalns something
of 1 MIyELETY 10 many amateul constructors, sciiing as i does the

of aljgnment. However, although the cirowil v more com-

it {s still quiie easy to understand and master; also with the

avadlability of pre-toned if tmnsformers—or transfilicrs—quite

satisfactory alignment can oftsn be done gurally using normal
Bropdcadt stations, :

The transistor superhet provides the smallest, neatest “packnge,”
a3 it were, and hos largely rendered the valve recsiver out of date
gxcepl for the larger and more elaborate gabinet models. Sinoe
trnsistors. require only low voltages (o openite, the fully portable
battery recelver offers an economy of operation nol even approached
by any valve receiver, with the other edvantage that it cin be wied

fiere—and can be designed 1o have 3 performance to match,

{his Book 1 have treated the subkect from the practical angle,
although the basis of tninslstor working and the design of the vanous
superhet stuges is well coverad. The best guide, however, still remains
the successful, proven circuit, so we have included 8 selection of such
deglgna, 81 number of which are svallable in kit form to make
pHaieur consiruciion eovy. In this litier respect we are particulariy
indebted to Messrs. Mullerd Lid, For permission (o reproduce’ their
cirouit- designs; and eleo’ fo other manufaciorers meniioped in
Chapters & and 7 for a similar coortesy. It is, of coume, only proper
to mention that these cireuits ure for amatear use only and must not
be used “professionally” without permission of the mhﬁ#rﬁlﬁr
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CHAPTER 1

BASIC RADIO PRINCIPLES AND THE SUPERHET

THEe besin of 2l mdio communication is the tramsmission of electro-
magnetic waves through space, the production of such waves
constituting transmission and their reception of conversion af &
distant point into the zame intelligence as put info them constituting
reception, The umn% of such waves used for broadoastin
ranges from aboat 130, :1.':1&!:;;01' seeond {150 kilocycles/seca

mp to several hundred megacycles per second (I megacycle =
RN ) c;dn-}. ‘The higher the frequency the lower the length of
each wave {wuvelenmth), and vice versa. All electromagnetic waves
travel with the speed of Hght {156,000 miles per second) and have the
common relationship  that ency multiplied by wavele
equaly speed of transmission. mg (he frequency it i= thus
possible 10 cakculate the wavelength, and vice versa, from a simple
equation, namely:

Frequency (cyoles per second) = welocity /wavelength
300,060,000
~ wavelength in metres
3001000, 000
frequenicy (cycles per second)

3on
= [requency (megacycles per secand)

In additton to high-frequency or radio-frequency (r.f.) woves,
considerable use iz also made of Jow-frequency (L) waves. These
comme within the range of sound waves which are sudible 1o the
human ear, and for that resson aré alse known s aodio-frequency
{a.l) waves. One of the basic requirements of reception, in fact, i to
exiract or derive from the r.f, waves detected a corresponding signal
o1 the much lovwer af, which can then be amplified: a3 ncoessary to
operute on ehectro-mechanical devies (e.g. an earphone of loud-
speitker) and so produce en audible outpul.

The output signal from the tronsmitter comprises a r.f. signal of
specific freqguency or wavelength (allocated to thot particular station)
on which the awdible or o.f, programme is superimposed. This tukes
the form of modulating the origimal signitl (or carrier as it is some-
times called). Tn the case of long medium, and short wavehand
transmissions modulation is spplied to the amplinede of the carmier
wave, resulting in an sctual troosmission of the form shown in

]

Wavelength =
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Fig. 1. This wave still retuing the original r.f. frequency of trans-
massion but its amplitude iz modulated at o€ In practice, of counse,
modulation will not be the resull of o single pure tone (e, a snple
miodulating frequency), but n continually changing mixtwre of lones
resulting in & complex “peaky™ waye formi The depih to which this
“cuts into” the onginl carrier s usually ex 825 & pefoeniage
miodulation. Thus 3 per cent modulation would be equivalent 1o
varying the rf. between § and 14 times s pormal: (unmodislated)
form. hundred per cent medulution would vary the amplitude
of the r.f, enrrier between zero and twice 118 unmodulnted value.
Since the freguency of the modulnied current & atill the ame a8
that of the earrier the e modulnted current b5 8till o mdio-
frequency signal end thuos it conld not be mode andible directly,

¢.g. by passing throngh the speech coil of a lovdspeaker. Before tee

T

OO ATED T
%u - |
A FEDW LCRESDMNT r
= i o H“

gudio content can be recovered s intelligence the current must be
de-mtodklated in the receiver,

There {4 also another form known as frequency modulstion. In
lhlmmm the Frogueney of the transmittied vl signal or carrier s
varied in sympathy with the nud.iu-l‘ru?um:y modulating current.
Ad the modulating cument nses the pency of the gombined
signal |5 incrensed, and vice veisa, the Hede of the shgnil alwpys
retnnining the same (Fig. ). Frequency modulation or [m, hoas
certiin ndvaninges, but needs the use of different receiver lechniques.
For sntisfactory frequency modulation, too, it 15 necessary (o 82 &
much hl;h:rﬂ frequency For the enrrer, 80 L. stations. are glways
found in the v.h.i. {very high frequency) bands ranging from abowt
50 mmﬂq.’mm upwards,

Mo brondeast radlo waves are omnidirectional, as radinted
from the Irluamilljnf perial, thelr actunl strength Bt any: paricular
polit décrensing with the sguare of the distunce of that paeint from
the source, A{ any one point, theeefore, during Bromdeast hours
there will be a comsideruble collection of r.l. signals, dilfering in
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strength and frequency. Each is a potential soorce of r.f, input to a
receiver, the-first necessity being to pick out or tene in 1o the actusl
signil required (or, in clice, o mesans of tuning in to vardous
d.ii‘t-.-n:n”‘roquﬂmlu independently so that & range of broadeast
transmissions cun be turned into separate intell . one il s Hme),

I+ 18 sccomplished by means of an aerial coupled to n pimed
circuft (Fig. 3). Technically, the latter eomprises & resonont efrenil or

AR 7
: ".'u !.I;ﬂb-' ‘.DD. Dl 72 m
D'EW‘G#'FJ q.ﬁ.-r;

ORGSR

Fig 3

one which is particularly respoisive to a specific freg , Called
the resonant frequency, This is readily made possible by the fact that
the inductive reactance of a coil angd the capacitive reactance of a
capacitor ore ;ppﬂﬂr affectesd by frequency. This for & cular
cotmbinstion of inductunce und capacity there will be one ruqum:ﬁ
for which the inductive and capacstive reactances itre equal and wi

cancel one another, In this case the total reactance in the cireuil is
Irtlﬂfr. leaving only the resistance of the components 1o oppose current

o,

The effect may be illustreted graphically as in Fig, 4. Assuming,
Tor the sake of simplicity, just three r.1. signais of different frequency
fed to the cofl uud#ﬁfmcitu: connected in series, the 1o these
different signals will be as shown o the graph. The additional
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Fig. 4

component R is introduced into the girouit to represent the resistance
of the circuit. Signals | and 3 fed into the circuit produce a relatively
small current in the circuit because in addition to the resistance R
the reactance of the capacitor and coil increase the effective resis-
tance Lo flow by many times, The frequency of signal 2, however,
carresponds to the resosant frequency of L and € {the presenice of
resistange does ot aflect the resonant frequency). In this case only
R offers resistance to current Sow, hence a strong current is produced
in the circuit, The actual corrent fevel will depend on the stremgth of
the signal and the pctual value of R—eg. ligh os at A il It s grall,
or progressively lower B or C—with in:rm.lngl:[ngma.mr reRistance,

uch m resonant circuit, therefore, s effestive in selecting a parti-
cular frequency corresponding fo the resonant frequensy of Land C,
aind efectively rejecting all other r.f. frequencies. Also, by making
one of the components virfable in value feg Cl the resonant
frequency can be altered, thus permitting tuning to different resonant
frequencies as required over o certain range, The sharpness of the
resonance will larpely depend on the vatue of the injernal resistanos
R the hi R the flatter the resonant frequency curve and thus the
less the ability of the circuit to discriminats between r.f. signals of
different frequencies, Thus sharpness or sclectivity is an important
factor in the design of tuned circuits for radio work.

Since at Mt ex below about 21 megacycies/second the
internal resistance is practically wholly in the coil the yuality felor
or @ of the tuned circuit i determined by the @ of the coil, or its
ratio of reactance [0 resistance.

As an aliernative 1o series connection of L gad C, the parallel-
resonant cireuit of Fig. 5 offers gertuin ndvantages. Selectivity
characteristics are mimilar escepd (hat where the scfics-resanant
circuit Tesults in minimum voltage across LC at resonance, the
parnllel-resotient circuit gives maximom volinge across LC at
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resopance, In both cases, however, the required values of L and C
can be calculated by the same formula. Thus to tune o any specified
frequence f—

1

f=s0c"
where [ = Ernq:rmqr in kilocycles fsecond

2= 28
L = inductance in microhenries {uh)
€ = capacitance in micro-microfarads (upf )

Having schieved a8 method of sclecting a particular r.f. signal in
the tuned circuit it is then nocessary to transfer this to a further stage
as r.f. input where the a.f. modulation is extracted from the 1.1,
carrier. This stoge is called the detector, the requirements being to
convert the .. input inlo uniirectionnl currenl, the amplitude of
which will vary at the same rate as the modulation. In effect, this
demands rectification, which function can be performed by a ampls
diods in the circuit shown in Flg. 6. The ressstance R represents the
load or component {or next stage) 1o which detection s applied—

10

? —
AT O .I'§
o
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which may be sitmply headphones in the case of 4 very simple circuit |
or an amplifier sthge to boost the detected af. signal for greater
volume or to & 2 speaker. The output [rom the diode consists
of & mixture of &.f, wnd 5, ep. o mdic-frequency component at tha
signal frequency and » direct-current modulated at ad. in identical
manper to the otmnal modulation applied fo the i, carrier,
Receivers may vary in complexity from a simple detector coupled to
the tuned circuit tomulti-stege layouts havingamplification at severnl
different rodio-frequencies as well a3 aodio-frequencies.  If the
detector Is preceded by one or more tuned r.f, emplifier stages it is
known & a Lrf (tuned rodio l’mqum?j pecefver. The superbiet
receiver, on the other hand, employs r.f, amplification at a fixed
intermediate frequency as well as at the frequency of the signal
jtself, the latter being converted by the heterodyne process to an
intermedinie frequency [sée page 17}

Whilst each stage in the reociver constitules u separste unit
performing a functhon, succeeding stages mist obviously be
coupled so that the output of one dtage provides the input Tor the
next, and #o on. The circuit delivering energy is culled the primiary
ciroult and that receiving energy the secondary cirouit. The ere
may be practically sll dissipated in the secondary circuit jtself, or
secondary cireuit may mmﬂg;dm as & madium through which the
enarpy is transferred Lo o resistance where it does work. The
former is the normal armangement in recelvers.

Conpling may be aceomplished by using a circuit ehement common
o both primary and secondary circuits, e.g. A common capaciior,
inductance or resistor, as shown in Fig, 7. This is known as direct

| e

BEUT
T
]
1
s

= COMUDN COMPOVENT
Fig. 7
eoupling, the d of coupling becoming greater s the reactance

{or resistance} of the common clement is increased relative to the
remgining reactamces (or pesistances) in the two branches. I both
cirouits are resonant 1o the same frequency, the common impedancs
(reactance or resistance) reguired for maximum energy transfer is
usually quite small compared with the other reactances in the
eircuit.

I

¢ 3
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Capacity coupling Is shown in Fig. 8. The degree of coupli
increnses a3 the capacity of the coupling capasior (s immf[ﬂ
gulting in o decreize o its reactanee). Again where two resonant
circudts are being coupled by this meuns the capacity required for
maximum energy trunsfer is quite small if the @ of the secondary
pircuis st all high, c.p bypically of the order of a few microfarads
only a1t high frequencies.

A method of eoupling without physical interconnection is provided
by inductive coupling (Fig. 93 Inductive coupling with o tuned-

secondary eircuit is frequently used in recedver circuits for coupling
between circults where the tuning must be varied to respond to
ugnuls of different frequency; the coupling with tuned tnpul is
particulardy useful for coupling r.f. to o resistive foad. A double-
;'Jml'lﬁd tif:'lluil is more useful for coupling fixed frequency stiges (&L
B ).
ith tight coupling the effect of inductive coupling where one (or
bath) coilfs) is untuned is very much the same as iﬁt untuned coil
were tapped on to the tuned circult. Thos resistanee i the
circiil to which the unfuned enfl i connected 18 coupled: into the
tured gifeuit in proportion to the mutual inductance. In offect this
ey 10 increase the serics resistance of the tuned circuil and thus
er its ) value, These circuits may, however, be wsed for im-
T‘FﬂﬂttF'I! mtatching by adjusting the coupling and,/or the number of
turns in the untuned coil
Ina Emikar monner, any reactance in the circuit to which the nn-
il i+ connected will be coupled in to the tuned circuit. Thus
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any varation of coupling can require readjustment of tuning o the
tuned circuit. ;

In the case of & tuned primary conpected o8 tuned secomdary Use
overall effect is more complicated, although their effect can be rent
ilered igible by locsie coupling. This also provides o means of
varying selectivity of a pair of coupled resonant circuits by
changing the coupling between them. _ I

Since both capacitive and inductive coupling may take place
nccidentally owing to proximity of componenis in & practical
circuit it may also be um:ﬂ deliberately to prevent coupling

itive coupling is usually prevented by enclosing the com-
ponents likely to couse this condition in a m container of bow
resistance which is connected to carth potential, Lines of forcs whish
would otherwlse provide capacitive coupling with neighbouting
companents. are then shori-circuited and constrained within the can.
In certain cases complete circuits may be enclosesd within a |
metal cover for the same p . Magnetic coupling can usuaily be
prevented by metal plates or shields erected alengside the offending
camponent or between two components likely to suffer from intes
reaction. In this case induced currents produce eddy currents in the
shield, osing and effeetively restrelning the magnetic field. A
ghisld :ﬁf however, only ohsorb that part of the tic Held
which it imterrupts and thus sources of mdiant flelds (e g. coils) need
completely enclosing within a shield for “all-round™ shiclding.

In the conventional regenerative mdio circull the incoming r.f,
signal is fed to a tuned crcuit, the output from which al resonance h_
fed o & detector and thence through one or more siages of amplifi-
cation, as required. One or more r.f. amplifier mEu may be added
before the detector stage in e tr.f. circuit. In both citses the signal
is recedved at radio frequency by the detector, the output of which is
an u.f. signal (Fig. 10),

anes | ® pi AL AF i|
oo [ AT PN
E‘Pﬂi.:l'.tﬂ
Fig. 10
The superheterndyne or el receiver works on 4 somewhit

different principle. The inpoming r-f. signal is picked up by a tuned
circuit Eqpl'h: :I]I:IIII.II way bul is then combined with nno high-=*
frequency in & miver or comvertér stape, the output from this stipe
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being & "beat” frequency equal to the differcnce between the two or
intermediate gy, This signal is then amplified (by one or more
atages of i1 amplification) before being passed to the second detector
e A S

inges tion. g signal is
g ped within the recejver jiselll b ﬂwhﬁmmmm
arciiiaser, npplied to the mixer. A Block diagram is shownin Fig, 11,

EF

runen | A5 ¥ L L A B
CHaTElT R --m-u-mw Gl
B+ |E + E l iF
AE !
LOra
OSTHLLATDS SATARER
Fig. 11

whare it will be noticed that r.f. amplification can again be applied
Y e ot
VORILECR Eupcrhet are

and N'E.vl.l\'i:r obtained lrom the intermediate frequency amphglﬁ
do not depend on the Frequency of the signal a5 they do with
“rtraight™ receivers. Also the misrmediate fuuhmy can be made
lower than the signal freguency, resulting in higher @age gain and o
TEFFOWET Fesponss curve than 13 ible at signal frequency, Again,
too, singe the Lf':nﬂﬁﬁcrh with a conatant freguency it can
dispense with variable condensers, reducing the risk of unwanted
feedhnek and generally making the receiver less critical in design, The
main disndvantages sre the g’tg]:ctnuﬂnfn:hlcilnﬁllﬂ the
necessbty of achioving alignment.

Most commersinl receivers are of the superbet
becanse of the superior performance offered and, although rather
nzore complex, the type is equally mited to amateur construction.

The usual intermediate frequency emploved is between 450 und
fl'{: l‘rmm kc/x is more or less standard in this coun m

« amplifier is tuned to the specific LE ¢ . This i.L.
thus employs one or more stages of r?ﬂaﬁﬂﬁon with fixed
tutiing, A Hite thought will show that to “feed™ the if i
Corregtly it will be necessary to vary the local oscillator in step with

tuned circuit. Thus if the receiver i designed to tune over o
fanps of from, say, BOO ke/y to 1BDD kc/r and the imicrmediste
frequency is 470 kc/s, then the oscillator frequency must “'1? in
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step with the tuned circuit from 800 +- 470 = 1270 kc/s to 1800 + frequency the higher the imape ratio, since raising the LT increases
470 = 2370 kic/s. Equally, to produce the same L. frequency re- {he fréquency separstion beiween signal and image and places the
sponse the local osallator could be set to lag the i.f: e Intter farther away fram the peak of the resonance curves of the
BO0 — 470 = 130 ke /5 to TR00 — 470 = 1330 ke 5. result wou gigral-lrequency circuits.

be the same ps far as the .1 nmﬁ:‘uﬂu was concerned. In practice,
however, it is maore usual to extablish the local escillstor frequency
above the signal frequency (Fig. 12).

FLAMTY ar (.3
s iy AR [ |—ﬂ‘:"ﬂﬁi-

R
Apid
k| AL, !
ERSAATE

LECAL
CSCE LA

Fig. 12

The converter thus actyually receives two frequencies of r.f.: the
sigrrl freqg which can be designated f, the local oseillator
frequency [fa. !iuliuwi:nu;i.f, amplifier stage is tuned to o fxed
frequency of fu — fa = fi, the intermediate frequency (or fu —fu = fi
where the local oscillator frequency is chasen to be the signal
frsqum-};mdjtillhmpm-pmnfmnmmﬁldmpﬂrthh
particular i.f. as its output by a process of frequency conversion.

In fuct, aoy .1 I{'nqw:n;:r will cause if. at twao
signal Trequencies, ote equal 1o fy neimo f, and the other equal to
,,r;?pbu,f.h Ome will be the real signal regquired, e.g. the correct yalue

i ll'nrm: station selected, whilst the other is an undesirable image

al.
‘o elarify this by a numerical example. Su the desired signal
f um:??! BOD Ac/r and the lnlr.muﬂiil:% is 450 ke/s,
with the local oscillator set above the inpul :il,-nfﬁ:,mqnmcy. To
produie the necessary Lf. output at 800 ke/s signal input the local
osciilator will have to be st [or 800 4 450 == 1230 ke/x, Ewlli the
same LI output will be produced, boweser, ifa 1250 4 450 = 1K)
ke /x input signal is received since the result of mixing will uig:in bea
freq of 1700 — 450 = 1250 ke/s, Ancssential Feature of satisfac-
tary working, therefore, is good selectiviry in order to reduce the
response to image signals to negligible effects. y

The signal-to-image Tutio, or image atio as it is usually eallad,
depends on the selectivity of the r.f, tuned circuits preceeding the
mixer or converter. At the sume time the higher the intermediate
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TRANSISTORS

TraxmsTonRs are commonly considered to be the modern alternative
to the obder radio valve or “tube™ as it is called in Ametica, which

maodifies] by the number of grids pmiml. and their t-unn
p'-'ln: fise to distinet valve charncieristics related 1o the number
prids, eg. diode (no grid), trlode (one grid), letrode {lwg
pentods ihmpi:h} Creneration of electrons depends on the heating
of the cathode or flament (also called the beater) by a u:pu-nr:
t:l:tn'ml hlﬂﬂ‘z:'l:ﬂ one distinel from the main source of ocurrent
valve and source of potential applied to the con-

many Wiys I!nkaﬂly it is & crystal and
thus current carried by it Elmﬂlmsha.mlid, i not NEcesERry (D
enclose the crystal in an evacuated container and the whole devics
cin be made much more mmm and mechanleally sironger.
Absence of individual components suspended n an open volume
also means that the transistor, unlike the valve, s noo-microphonic.
A furiher difference {5 that & fransistor requires no heatsr batfery
and oinly moderate to low functional voliages, Compared to 8 volve
it is Tess subject to delerioeation and failure, and 15 hasically free
from “hum™. Al the same fime the transistor has certnin inhesen
Imitations, notnbly sensitivity to light and heat. The former can be
overcome by enclosing the transistor in & Hghtproof casing. Sensi-
tivity ‘to fempersture cannet be overcome . calling both
for “siabilized” circuitry and limitations re § i
ambient for satisfactory working, This can affect
assembly (soldering and mounting position), and air temperutures in
s,

Electronically, too, transstors have ratings which are absalute.
That is to say, if these ralings are exoeeded mn_Frmmnmcimm
will be prone to unrelinbility and early Tailure. jes pariicu-
larly to the newer types of transkstors where mumt}.ngs wre reslistic,
With older types rather large aafety factors were commonly allowed in
ifrn transistor data mnd such transistors could Crequently
be well beyond stuted limits withowt damage.

Most transistors pre of Thn;]-duuudn junction construction
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n:ﬂ‘mnuudnwhmwhmhﬂtmhﬂ known as
I_I::In_ The two onater lavers mmpru emiiter snd

mm_r.:{ﬂ 3). The alloy-diffused transistor is the Iater type and
ALLOF-ANTTION TRANSISTOR ENETTER
FARTTER ool FTTTA
£ &
e i.l

Fig. 13

better stable) tency performance than the a
f:;mm L} {m?m the .mnﬂm :Imnp:irlrtumhu ape lnunnﬂ;

enclosed within & can or envelope the only identiliable features are
the three leads and the IEF: number printed on the can, The leads
gmerge from the bottom of the can “in-line™ {ttu]:tkml of oider types),

or arranged in the form of u trinngle (Fig 14), In the former case the

eollector lead i§ indicated by a coloured dot on the side of the can of
edge of the base, and can gamrﬂurmumﬁulmrm:m:tmgm
'ipmuiﬂmml:;mre witdely nmﬂhnmm hu&d;[:;h: ﬁ af

t drrangement, the co is again a white or
coloured dot near it {or on the side of the can), whilst emitter and
than the collector is to either. It is
partculardy  imiportant fdentified the collsctor fo note
clearly the identification of 1
follow the snme respective pmun-m. In other words, only the collec-
tor is marked for position, and which of the remaining two is the
emitter and base can be worked out from this. The exception is the
Power transistor, which ‘ma havénnhtwulmd & which will be
mariced £ (for emitter] and 8 (for base) on the botto m. In this case
the colleotor is electrically connected internally Lo the
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eallector connection is mads 1o a tag which is beld in contact with
the top of the mounting hase by one of the mounting muta.

Transistors can be P-N-P or N-P-N, according 10 the dosing
the emitier, base, und collecior materials.! The majority of rans
iistors produced, in this country at leass, are of the P-N-P type,
This means that the positive battery supply will always connect
the emitter and the negutive supply to the collector. With a N-P-
trunsistor these polarities are reversed. of transistor type,
however, and circuit configuration, collector and base mnst al
be connected to the sams polarity, which will be opposite 1o
polarity applied (o the emitter,

Ooe of the principal differcnces between  transistor and
thermionic valve is that the transistor has a comparatively low input
resistance {impedance) and is normally current driven from a high
aource impedance, The thermionic valve, by comparison, has o high
input impedunce and is voltage driven. Thus characteristics
transistors are sunlly expressed in terms of input current and thoss
oF valves in terms of input voltage, with the trunsistor regarded as 4
current amplifier. Electrically the output charncteristics of & tran-
sigtor are similar to those of & pentode valve, with a chamcieristio
“knee” und & high output resistance. The knee voltage is us
very low with tramsistors, however—typically of the order of O
wolts, ns

vilve,

Dﬂ!l;ﬁ:&d with & typhoal knee vol
a pentods This means that fow ¥ wolthges can be wied
with transistors whilst retaining high ;

To derive inpul and output circuits from a three-clectrode deyics
one electrode must obviously be comman 1o both circuits, with three
sach alternative :mﬁmm possible. Thess are usually referred
to by the eommon &, e common (or grounded) base,
common mhn:r.urmmmmnaihﬂm[ﬁ;. 15), These may be

T jNpdT 0= OUTELT

(s T RN Pty

compared with the three basic cireuits for a tdode valve—grounded
grid, grounded cathode or cathode follower (Fig. 16).

L 8Soe fwstrucriong in Elenreiviny and Mgt K H W rrr——
Fresal for @ ilmple explanation of ramsisior ﬁ-::nd MEMm

il about 30 volts for
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Of the three trungisior circuits the common emitier conneetion is
the most widely used, since this provides both high current and
voltags gain, and thus high power gain. Another advantage is that
ihe same bittery cin be used to provide both forward and reverse
bins. The common base confipuration provides high voltage gain
with a current gain of 2pproximately unity. 1t is not ofien med ut
&l but lhmmwlmmwtimpﬂmm geeful in some
circuits (e for preamplifiers with moving-coll microphenss (o
tuke adv of the kvw inpul impedance chimic ;o for
feeding into valve nmplifiers to ke advaniage of the H,glﬂ'mlﬂ:
impedance characteristic). The common collector confipurstion
the characteristic ufH.;hJ.npulhﬁ:dmm and low output impedance
with high current gadh. 1t is oot widely emploved but may be used in
“bu singes, of postthly to replace a trunsformer.

Transistor churacteristics are normally specified by a series of
CUTVER OF hs covening stafic d c. performance. A ¢, charscieristics
may then be derived or caloulated from these at particular working
points, In more peneral terme, the guentity alpha (=) is defined as
the current gain of the trapsistor working in common hase con-
fguration; and bets (8) the current gain_when operated in the
common emitter configuration. The value of = is always slightly
lesa than unity, whereas values of B may m:;reml:g to 100 or more,

It follows that with & gommon émifler the eurrent gai
canl be caleulated a3 =/1—a Also, i = is the general I?:mu [
collector current divided by emitter current, and o is the symbal
for collector current divided by hase curtent:

2’ = wf{] —a)nnd == a1 4=

A graph of typical input characteristics i shown in Fig. 17 f;
both common emitter and common base configurations.
tic curves thow the base currenl fy plotied agninst

753
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Flg. 17
voltage Fy (measured between base and emitier in m practical

circuil and more correctly designated Fag). It will be noticed that the
imput charaeteristic is non-lincar and also that the input resistance
depends on the current &t which it is mensured. This is one reason
why the transistor is normally driven from a current rather than &

vollage source, using o sodrce resistanoe large in com n with

the input resistance. 1f the source resistance (impedance) is not high
enough to swamp the varying impedance of the transistor
drive, then iderable distortion will result.

The graphs of Fig. 18 show typical transfer characteristics, or the
variation of collector current {f;) with base current (fy). For dis-
tortion-free transfer this curve should be lnear. Note particularly

4 / % | 1/
g J/ Ly /
Ff’/ /
i %
] e e M0 a I "
ASE CLIRWENT b, EATTER CLARENT Ml
COMAEN ENATTIR COMMON BASE

Fig 18

TRANSIATORE 5

the differeice in current amplification produced by the two circuits
—high in the case of eommon emifter configuration and slightly
[ess unity with common base.

This method of showing transfer characteristics is usually pre-
p,-rrnd(tn P ngul;t:%ﬂm Fy and dﬂﬂm the slope of the
curve {w WKL irectly comparable w miual condise-
tance a3 determined for thermionie valves).

Stativ mrﬁ: characteristics of & trapsistor are normally given in
terms of collector current (1) plotted against collector voltage (V)
for a renge of bigse or emitter currents @5 m Fig. 19, In a praciical
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Flg. 19
circant F wonkd ol to the vo measgred befween the

collector and emitter (Vo). These curves show a characteristio knee,
with u high output resisiance above the knee voltage. In the common
emitter circoit it will be noted that with sero emitter volia €
base open circuited) (bere s still 8 emall low of current which is
known as the {collecior) leakage current ['p, e vilue of which
increasey klightly with voltage, Tt is, however, sminll—i.e.
of the order of 100 to 200 microamps, The charncteristic leakage
current is even smaller in the case of the common bose crcuit—e.g,
typically of the order of § microamps,

Statie d.o. performance curyes are mainly of use in establishing &
Futahle ng point for the tronsistor. Ac. charncteristics are
normally rendered in terms of hybeid or b parameters or r parameters
for mudip-freqoencies; or by ¥ parmmeters for high-frequency
transistors. A description of the method of designating thess
characteristics and the mathematical emplayment these para-
meters |s out of place in this present book and further works on
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umm:gthmqmﬁpﬁfmmmnﬂﬂhmﬁhd for a complets
ex el
ention must, however, be made of cut-ofl freguency which s
the point at which the current amplification factor falls to 3 48 or |
ﬂ-?ﬂg below the zero frequency (static) walise. This is usoally desig
nated /5 (for common base cirenit) or Pz (for common emitter).
Current amplification is, in any case, dependent o frequency and
the rate of foll-off if offected both by the type of tronsistor and the
gircuil o tion, The comimon base configuration generallys
ves {he better high Irequency performance for o given transisior)
than in common emitier configuration, Le. f« |3 usually higher than
f e The quoted cut-olf frequenay is usuully an arhitrary figure in the |
sense that although the current mmplification has fallen to O-TO73
tirmes ity stntio value the transistor will stll go on wor ot even;
higher frequencies (with further reduction in current amp tion
and g peneral spread of tmenststor characterintics),

Comparison of performance in gengral terms, with the three
different , can be summarized s follows:
COMFIGLURATION
Crmpom Cimmmion Comiren
Base Eminigr Colleeror
Current guin legs than 1 Felg halgghi
Voltage gain ligh lalhy bess than 1
Inprak imTpedance low mediam fiigh
Crisput impedence  high medim b
Pirwes medlam hlgh b
Cut-all Irequency high Torw varhis with ootpui
lioad reslsftnooe,
bt low
Voliage phase ghift by
ol low freguencies - approx. o approw. 180" BppeaL. PErD

In any praciical clrcult die, stabillzation s particularly important |
becaties of the effect of temperature on the opemting characteristics |
of the transistor (and thus the possible ¥ariations lna:ﬁln:lur curreni), |
Thus bias is normally appl'nhd',ﬁ 4 manner which prevents excessive
shift of the d & worlang point. Without sufficient stabilization there
is the possibility of a wide spread in input and owtput EOCEs
af the transistor, & risk of overloading the transistor ai high ambient |
temperatures, and also the risk of “thermal nonowny™ (efthough the
latter ts usunlly only significant in high voltage and ‘or high power
stipes .

In the commaon bass configorstion {he base can be hifsed with 47
constant emitter current by making the biss volinge (applied acrous-
the emitier and base) in comparnson with the input voltage,
The two equations governing the performance are then

I = T + &'l

T, hiumhlliﬂt— iII!I.FIJ.tmlE.E
emailer ressiance

TRANEISTORS i )

Wwith the common emitier cirouit the transistor is biased with a

eonstant base current since the battery voltage Is large in com-
sson with the input voltage, but the resulting d.c. stability is poor,
g cormesponding performance cquations are

battery volts — input volts
bias remistunce | battery to base)
e =0 + 7'l

Some degree ol stabiliration can be introduced by using a collector-
base feedback resistor, ie. the base resistor is returned 1o the
callector end of mnother resfstor instead of battery, the other end
of this resistor comnecting to batlery, With resistance-capacity
coupling this resisior also supplies the d.c. feedback and no additional
componenis mmﬁmmnd.. owever, there will also be a.c. feedback
unless the stapge is upled by i capacitor from approximately the
rmd.ﬂu:nﬂhchﬁur:ﬂﬂnrlmichutmy.

By far the more ususl—and satisfactory—arman t is the
emitter-resistor and podential :f.i'uic[nr:ilw[tl"r:l;. 20, E{?}fnlh: inpui

Te k Iesw
T.lﬂ I o
Ig =0 Ie
L vl
Fig. 20

Gy o= d oSyl

voltege is determined by the vaiue of the emitter resistor K3, in
conjunction with the tinl-divider R1-R2 connected across the
. Any increase in emitter current causes a large volinge drop
woross the emitter resistor and reduces the base-emitter voltage, The
e purrent is thus redioced und in & manner compensating for the
original mﬂﬁ The feedback depends on how constant the buse
potemtial can be maintained during changes in bass current, and the
vilue of R3 (the higher the value of 3 the better the stabilization
vided), The maximum valoe of 3 d & oft how much af the
Hery vallage can be across |t The mrinlwen valoes of
Rl and A2 are determined by the current which RI-K2 can be
allowed to draw from the battery; dr aliermatively by the amount of
shunting of the incoming signal when resistunce-capicity coupling is

In some cirouits 8 modified form of this cirouit is used with ®2

Iy =
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replaced by o thermistor, or paralleled by a therinistor, which ia
mdmtly:#dmmwhm:ﬂmmﬂn ith lemperature. Thus &0
nic thermistor has negative tempersiure coefficient {fulling resis-
tance with incrense in temperature); and & p.t., thermistor a p:rrltlw-.
temperature cocflicient {increading resistange with increase im
temperature). An nie thecmidlor cing or paralleling A2 is
the more common type used to ide better stabilinition. Com-
E:: compensation over the whole temperature Tange cannot,
ever, be provided by o thermistor,

l.mu;;mtﬂad values for R, B2, RS and the collector resistor Re
for circuits ngtl::ﬂm{_u:mrﬂﬁrmwinfﬁmud i the
table which fi . Values are given for a renge of voliages
1'% to 12, and for two methods of co {L.e. resistance-capacity
coupding and transformer mpm?}. Tm operating lemperil-
ture for thess circuits would be 457 C. {113 F.).

HESISTOR YALUES IN KILOHMS

Battery  Curent ml n R &
Yolss  {mifliomps) $-C Conglé
37 i 33
G e » g 3
10 i L] 1 >
1=5 n 10 1 15
] 1= ] 0 1 9
A S T S
- r[!' 55 it i 47
o
Trensfarmer Coapling i
47 33 i
;-* H ig a1 1 %
4i 0 0 047
f k2] ¥ 47 047 200
Mabe Mmlh;mﬂnﬂmm]h‘huduwm;ﬂﬂmﬂ.
A basic transistor amplifier stuge is shown in Fi . 21, which uses)
only one hattery to provide the yoltage for I.Fu: transistor,
bias voltnges being provided by the voliage drops ucross resistors

The values of these resistors are chosen so that the el |
mmmu.h the potential divider formed by R1 and K2 i
considerably larger than the buse current of the transistor; thus the
base potentisl remains apprecisbly constant mﬂrdlnu‘ul viriation
in huse current. Resistor & is included m 1  cirouit o provides
sinbilization—i.e. reduce the effects of transistor § witl
mnwhmwnm.mm“mummnmlpmd =]

TREANSISTORS n

Fig. 11

o large voliage drop ncress K3, which consequently reduces the
base-emitter voliage to compensate, A typicil value for B3 1s of the
ppder of 1 kilohm, Whikst viding d.c. stabilization it & also
u::ﬂ;ll.'_rinlp#mliﬂl:i b to provide decoupling (o reduce g,
feedh

The coupling capacitance for a typical stage can be considered
o be connected between the input resistance Res of the following
stage and the source resistance of the precoding stape R R, is
formed hfuumlhmrhmiﬂﬂinﬂmldvhhﬂwhi;hum;m
m&umﬂfﬁ: transistor, In practice K, will be approximately
edjuiil 14

The resistance i typically of (he arder of 1 kilohm and the
collector load resistance about 5 Kilohms, A Eh! theoretical value
for & coupling capacitor would then be of prder of 03 micro-
farads. Normolly o higher value wotkd be used for mprovement of
tone quality—e.g. anything between 3 and 10 microfarads. This
wonld be an clectrolytic capacitor, when correct polarity is impor-
lani—the negative side of the capecitor connecting to gollector
of the ing transistor and the positive side to the base of the
fellowing transisior,

Values of K] and B2 sre uioally low, These, (ogether with & i
vilue of R3 produce, effectively, & common base configuration for
the tranistor, and eonseguently high stability, Stahility will decrease
With increasing values of K1 and K2 and decreasing value of A3,
If Rl and A2 are made large, for example, and A3 small, the circuit
A DBl Citas A aiuplike stugs 1t thanwi In Fig. 23, tavlviag

ypical Ciass A amplifler stage i shown in Fig. 0

ﬁm:lmnnumdmnﬂﬂnﬂwuimdumwmm
Irensformer couphing for the input and outpul. This is of a
Simpls pudio-amnp which is used where current drain is not
A'Clrms B ot HNgh, S uAb el Spuation, Bt B Mk
: output stage, with gives
higher thearetical effickency (73 per cent) with a low current drain.
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Fig. 22

It is. therefore, usually preferred for receiver circuits designed to
operate off dry batteries, y L

A basic class B output siage js shown in Fig. 23, bias voliages
being provided by Kl and R2 s before, with K3 added to provide
de. sabilization. This circult is, however, subject to “crossover”
distoriton if both transistors are bissed exactly to cul-off, but this
can usyally be eliminaied by adjusting the value of K1 {or R1)

usunfly by trial and error to give a satisfictory quicscent current
through the two iransistors:
» o
” é
O
weer = CUTPUT
ﬂ——ﬂ
&
i -

- B
Fig. 13
The alternative cirenit shown in Fig, 24 employs a single-ended
rather than & transformer output, with a high impedance speaket

iding the mutehing Joad. 1t is often preferred in recever designd
ﬂ it :]Fim'mam ong 'mm.furm:r and performance is identical with

O
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Fig. M

that of the circuit shown in Fig. 23 provided the voltuge of esch half
of the batiery is equal to the supply volinge of the circuit of Fig. 23,
Le normally demanding a larger voltage) battery,

Basic detiils of other transistor circuits appropriste to the various
siages of & superhet receiver are described in Chapter V.




CHAFTER 111
PRINTED CIRCUITS

TuE printed circuit hes alinost entirely replaced “wired-up™ cincuits
for all new designs of radio receivers and other electronic devicos
and in particular for mininture and sub-miniature assemblies. At thes
uuu_.um;-ithu i ﬁt::dmlh:dﬂdb :-.m:}l’cnmpu:ll}cn ]
pec esigned for pri circuit assembly, e.g resistors of flag
witler-lthca form with uglfn plug into o printed cireuit boasd instesd
of the conventional cylindrical resistor with wire lends emerging
from each end; capacitors with two terminal leads protruding fromé
the base; switch assemblies and gang condensers with base-taggeds
ponnections, and so on. What staned as a technical novelty somg)
twenty years ago—and one which nobody seemed particulariyy
interested In at the time—has now both become common prectices
in the radio and clectronics industry and sct mew sandards podd
rn%yﬁi:ﬁmnm for component manufEcturers,
modern printed circuit base material consists of copper foil
2. 3, or 5 thowsandihs of an inch thick for in some casés thicker)
bonded to a thermosel plastic base of suitable thic [
typically 1/16 in. thick for general work. The base material e
lnminated or reinforced phenolic {most common in this munmq]' ot
w reinforced with gl fbre (generally [avoured in Amenics
oW r.l:rmn;%_ more 1o the fore in this country), The type of bases

mnterial is not of primary impertance, provided it has the nocessarys
electrical ”“““"“n.f.f betng 'I stable ]:mu-mndummd hl:.i e
nocessacy rigids phyyeca to net os & chasss plate, 188
muet also g;lh;rsm:nhl: matenal for aking the bonded coppen
surface layer and be capable of being dnlled or punched to sopoms:
modate component leads, ele. The muin advantage of a glass fibng
board over “Poxplin™ or a similpr material i that il is ronslucenl
and po i1 is ibde to-see the printed cireust pattern or “lands™ Trom)
the other slde of the board, making it easier to locale compon s
comrectly or trace ¢onnections when checking, COn the other hand
glass fibre boards are usually more ive and are barder to cu
Also drills used Far hiole-miaking are readily blunted by them and needs
frequent replacement or resharpening.

Printed cirouit stock ts lu'ru.rlih]agliuﬂ:md in panels which can be
cut to the overall sle required. One fBce of these panels is conted:
with copper foll and it is on this face that the sctual circnit pat
is produced by elching. This involves transferring o drawing of the
circuit on to the copper, couting 11l copper prens which are to remaif
with & suitable ressst and then immersing the panel to an acid bath
to cich or dissolve away the Eclmmnmg unwanied copper, The

PRINTHD CIROUITA A3

resist is then removed with a solvent, when the printed circult panel
can be p for comporent assembly by dnilling, cic.
All this work s well within the of the amateor enthusiast,

cither working from & printed circuit plan or desi
printed patiern equivalent 1o a theoretical cireuit i ,lnl‘:idmmk
the lailer can pecome quile an involved  businsss. raatively,

manyandard radio §, gir., are available as kits or in component
form for home sssembly, including a complete printed eircuit,
ready drilled as nams;-’y. This latter feature saves o ot of time and
effort, und Is & peint of design on which the leis experienced con-
structar i Hkely to go wrong. One of the basic essentishs of printed
circuit design, in fact, iz complete familinrity with component sizes,
o thot mounting boles of boles for leads propery mutch the
component 10 be accommodated —with cuch component armanged in
logienl order, both physically and electrically. Usilike ordinary wiring-
up,lﬂnﬂl'tdl circuit conductors cannot be crossed over cach other,
The typical superhet circult (Fig. 25) bs relatively complex and

Printed circuit In
(e with |

ot of the “Realisic Seven" Receiver
thearedical cirbult disgram, Fig. @3)
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without experience in printed circvit layout can present an almost!
utsolvable problem as o how all the necessary conductors can bed
srrangsd on a ﬂn'ja;l: plane. In general, however, the layout should;
follow basicall same ph disposition as the theoreticall
circuit. Where linhdiuram itsedf inclodes crossing conductors it may)
well be of considerable help to see i it can be replanned so that these:
are climinaged. Il this proves physically im ble, and a solutiog;
cannot be foand by sltering the disposition of the compoients, it muy:
be to terminate certain connections on the printed circ -f'-‘_
lasuds and interconnect Lo cross other lands with sn insulated fumpeg;
wire, Whilst this may be considersd hisd design, it is perfectly suitable
for ome-off or amateur construction. Beer in mind, too, thal come:
ponents themselves can be wsed for brdging over adjecent con=
ductors.

The current-carrying cupacity of conductors yurics with foil
thickness, but, since the current valves in transistor receiver gurouwits
are imvanably bow, conductor e i unlikely to be eritical, althos
recommendod minimum % shoiilid be adhered Lo, |

Mininem recommen conductor width = 1716 In., with At
least 1/32 in. clear spacing between adjacent conducton 1o reduces
the possibility of accidental shorts of *“bridging™ between cond 3
when soldering. The drawing shouwld alss silow for a minkoum
of &t least 132 in, between the outside conductor and ihe
edge of the printed circeit board. _

here holes have to be drilled to tske companent leads, the haols
diameter should closely match the lead size—eg with a typ
resistor fead of 04028 in. (22 .w.g.) the corresponding bole diameter:
should be at feast 1/32 in. or No. 67 drill. Sufficient area of copper;
“land' should be ided around ach hole for & minimum width

Wik

spac

of 1/16 in. (Fig. 26). Holes should be correctly spaced to matchd
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Fig. 26
comparnient leads, allowing for a “finger bend™ atf eich end or down

thesade of the component, according to whether horizontal or ver

FRINTED CIRCUITS a5
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Fig. 37

assembly is to be used (Fig. 27). The former is to be preferred except
where 8 minimum size panel is simed af, whes vertical mioinling
of resistors, etc, will occupy minimmum base srea. At no point,
however, should spicing between sdjiscent holes be less than twice
the laminate thickness (i.e. normally not less than [/ in. o standand
L"?!hhkau!ulh I h

ther poinils 1o waich are that where condootors join at an acute
nngle they ghould be faired in with a uE m!m'tl. incressing the
ares honded it the joint and making I.E: copper far less able to be
lifizd. Also do mot leave unnecessunly wide or Jarge areas of copper
=4 conductors, These may be subject to excessive heating and
expansion, with the result IL!. the copper tends 1o lifl from tha bass.
Either cut dowa the outline of such areas or relieve the surfice area
with alots to be etehed awny. This is not so Important an lowsvoltage
circuits, bot on mains circuits no copper area of more than about
el e

of professi W tatedd elreuit design is wsg
pared as a master druwing lEur'ﬂ of throe ﬁJTEIFII:tI.l.lI mm
samefimes to @ very much larger seale where a complex circait is
being designed to be accommadated within mininmm area. This is
then photographically reduced and printed er otherwise transfirrad
1o the laminate. For amateur work an accurate tracing is usuafly
e off an actual-size master drawing, transferred on an’hn laminate
(copper face) with carbon paper, Simple circuits can be drawn directly
o8 1o the copper with o lead pencil. All the lond areps are then
carcfully painled in with cellulote paint {or resist ink, as preferred)
and allowed to dry. The panel is then ready for etching,
B Altho the majority of home<constructed superhets are built
0m professionally made printe ctrenits the technique of preparing
3 lnminate will be described in detail for those who may prefer to
¥art from seratch, or work o thelr own circuit designs.

The first step, hnvlugumaud & prinled circuit drawing, is to cut
laminate to the reg overall size, using u fine tooth saw, The
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Fégt
i ey
— — et edges can then be smoothed with
I!Il II- ‘gﬂ ||'| c:l 8 copper surfece hes probahbl m:ﬂﬁlﬂﬂ;l::yﬂl:.ﬂ;s E&“ﬂ? ey
‘- 1 t ¥ : .IIH.I'HHJ 1118 anid 50 !-h'n'* d now L cleaned 1.'.].13.]:'13“"11 hr‘lmhhlll with
B30 2 o Eonee VO orresion s  Hotanlo ahEsbre o e
. HOT, ALEE Ve 2
2l o SR T i e e s et
o e is o hold
V&S .o side up, and allow water o run on :::-hprLﬁJi inoohot 14
R lf(" nd fl WkRr Sty the W
N, bk ;I H ?ﬁﬁ; Ind'—"""" smoothly over it, the surface i= clean end grease free,
L SNl T ey, O g g e o B o oo et i
SO o R & g Once eompletely clean the p-!'-inmi circuit pattern is d
et Eamd o Q) roced on o the copper. Cellalose paint or resist ik should them be
EE e erba " - : u paint in afl the land areas, using & ruling pen for straight
2e T, St W | tines and & small brush to fill in and compléete the wider seetio
? i -ﬂ oo ﬁ,‘ ) age The whole of the patiern muy be puinted i e
ool T g 5 el ry e L s g, Avls i o o
o o 0 M et much paint of reslst, ns this may o ' i S
a t _? o tr_ _‘ F’:IE - time make sure that all the land Emnrmm_ '-?Lﬂ“ inted
3 T pitiern shauld then be left to dry, which muy take an hour o
2 I - 'E' g 5 w:tl} cellulose paimiz or 10 10 15 minotes with resist Inks. ae
R I | luien normull wsed fo eiching e fere chlocide mize
o Q "B 3 Pl f i S chlorie acld, of straight dilute nitrlc acid. The
ofo 19275 oo g adpn s ol bl ibighuss
5 8 kY & potiind ) " either will be equally cffective. 'ﬁ; etching sotution
] ae Jf Sy wich into & suitahle shallow container, such an o plastic sand-
FOE oo ich cuse or tray and the lnminate slid into Immerse
25 S E atching will d into it to Rate of
i85 'ﬂ,r' l e ! i HE: deurh:p:ﬁnmtﬂ:;‘rhm t"mu;r i ﬁ*ﬂuﬂuu e
: it SR ' - &t & temperature F. u ferri
T | PR L I e e
& 2 ] i * 1K 1 ol elclring s lngreased: b Shout 1 <. Dol At AT Ok 11l
% bk . | i o b d to about 10 minutes. per thouw., and at 100" F
L e X Vo "ol 0! | o gcmntht l‘:h;f#mir: again, The etching rute can also be increased
) ;:ﬂ 2 -—ﬂd ; i il in.:hlﬁthf'g moving the bourd genily backwards and
e f o T o 3> by or gently rocking the container to swill the
E ‘ 1 z il IR Erfig slution from end toend,
ﬁ,""l.--—".a 3 5 : T . H;E:rﬁlr?: all;:*d to proceed until all traces of copper
; O FEel i % end rinwed ander T Fieace. The hosid tn fea be redioved
: 1 ! : ] Th Er T ng wikler 1o remove any trasces of etchant,
§ . 1> ] . é T4 i paint or resist ink covering the landa is then removed either with
! L + i iﬁ["‘":m (e.g. celluloze thinnees in the case of cellulose paint) or &
5 TR & ols | {3 b oaner (in the case of resist inks). After this, again wash and dry the
: 2l MR g b Ourd, when it i ready for drilling, :
. | pmfzﬂf basic rules must be observed when drilling printed circult
(i} Alwuys use a sharp drill (prefernbly a new drill, or one which

L4
,_ﬂ o
j& has been res ed prior to use),
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iti} Always drill from the copper side (i.e.

(i) Alwiys use a

backing of  hard mm
lominate so that the drill point will o1 tear oul a section of th

Inminate when the point breaks through.

Dirilli rrr
fur s &

breakoge rate unless special care 1s thken.

LAMIMATE MATERIALS

§

al underneath th

fnce upl

muy be done with & hand or electric drill, the latter being
ritg 1o use when there are a lurge number of holes to bg
drilled, although the small size of drill required may lead to a higl

ﬂﬁ:::': Miabitiws Sulhmhiility for
Bexin Finader Siremth | Absarpiion Divilifay and
i, S, N Mmching
Phasoliz | Papesr B-12 (FEs e 10 | Exvellenit, low drilk wes
Ciatlom B2 appraR, -3 | Excelleat, low drilk weap
Mylon 57 {4 Excelient, lowy drill wesp
Epagy Glosy ke -t ¥l Fair, high drill wesr
Polyester |  Crlaes filye ] i Cioad el weeskr
Silicone | Gl fibes | 24 @ | Fair, high drill wenr
PIFE Glamfibee | 49 | less than 03 {Goois, high dril) weas

CHAFTER [V
PRINTED CIRCUIT ASSEMBLIES

Erecribc frons are fnvariably wsed for electromic  assembilies
worether with resin-cored solder (i.e. the solder is in the form of a
hollow wire with the core filled with o resin flux). Flame-heated frons
are not setisflactory Tor they are usually oo large and cumbersome,
and also do not permit good tempernture control. Equally, one
should alweys use an electrical {cored) solder when no separate flux
is regquired. An peid-type flux should mever be used on electrical work
i3 this will inevitably produce corrosion,

The basic rules for good soldering are extremely simple, although
they are Mrequently ignored, They may be summarized as under;

(i) The fron should be of the right size and type,
(i1} "The ifon should be hot enough 10 melt the sobder freely,
(i) The tip of the iron must be kept tinned and clean,
{iv) }'h-:wuﬂ: surfaces to be soldered must be clean und grease-
TEE.

The right size of iron {8 important for if oo small it will apidly
lose heat when applied to the work, and if 100 large may overheat
sdjacent componenls or be awkward to spply to the work. For
printed cirpuit sssemblies a 3/16in, bit dlameter |s about right for
geoeral work-—aot too large, but large enough (o retsin enough
beat for more or less continuous worle. It muy be awkward to use
when soldering up u ministure panel where the lands ure close
together, when & f;EZ-iu. or even & 1/16-in. bit may be preferred.
This smuller size will, however, usually lose 0 m heat in come
pleting a single joint that it has (o be I{FI to heat up again befors i
cin be appiied to the second joine

Iron size is also specified by wattage, but this is more of 5 nominal
Taiing than anything else, for jrons of different make but of the
Eamie stated wattage can have o considerable difference In per-
ormance, e.g. differences in heating-up times and in b temperature

dchicved (and variations In the latter can be us high as 100" C.). To
nid the possibility of overbealing, an iron with a rating of more
than 50 watts should never be us&cf for printed circait assemblics.
_ Iron voltage must be matched to the mains volinge nvailable, und
113 yaual to operate an electric fron on the middle voluge of the
fange, ¢.g, for a 240-volt main voltage 8 230/ 250-volt iron would be
carrect, in iron thould never be operated oo a mains voltage below
the lowest figure of its rating as In sush & case it will not develop it
Proper bil temperature %
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T n good electric iron will aghieve a saturation tempera.
m"ﬂjﬂﬁmnm 375" C. The time taken to reach this tems
ature will viery with the gize and design, but very ronghly should,
¢ of the arder of watiage divided by four, in seconds, e.g. in the case
of & 30watt iron the bit should reach its maximum or saturation
temperature in about 30/4 = 7} ssconds. 1t should also take about,
one-third of this time (e.g, watts divided by 12) to rench # satisfactory
bit tem ure for seldering {‘.?.!::I‘ g_‘.]. although this rFer rendily be
i trying the solder on the bit to see if & moms :
! 'lﬁm.rwmm it ture required For mnd'::ln%::ldlﬂ
is 40° C. above the ing point of the solder used. melt
point will vary with the composition of the solder, A 60,40 tin,/l
alloy which is used For hi unfity electrical work melis at 189
Other alloys, &g 52;;54}. 45755, 40/60, eic.—all of which may be
ified as “electiic mldm—mthnthmuinah'hifﬂ‘hﬂplﬁpl-
tures, The meliing point of 40/60 solder, for example, is [l
For printed circuit assemblies especially it is always adviaable to ose
ﬁl:I,MEI alloy as requiring the lowest bit temperiture for satisfaciory
work ?.g. a minimum bit temperature of 229° C.j as this reduces the
risk of damage 1o components { 1 averheafing,
Whether the temperature of the bit s satisfactory of nof can
readily be ju the time it takes to complete & joint. This shoubd
be of the order of three to four seconds—no more. The resulting
solder joint should be bright clean, with the solder completely
“wetting” both surfaces of the joint. I the jolnt wkes longer 1o
make and/or the solder has a pasty or dull appearance, the won §§
nat hot enoogh. If the solde ll-l'E{I.mt to take or flow over the
joint, or coliects in blobs rother than spreading ouf, then the joint
”g;m l1.F!tt.n:n:nu\\:!m“!FL' bly ts, the printed ef
ore o fing AEsem an compann . Cl
panel should always be clzaned so that the lands are t all ove
with no dull spots. Once cleined, the lands should not be finge
marked by handling. An ordinary domestie powder cleaner is 45
good as anything for cleaning the printed-circnit Innds, used wel of
dry, the panei being rinsed under runnl waier bo remove any (races
of abrasive after cleaning and then 4 on & clean rap.
Component leads are pormally tinned and therefore in a sultable
state for soldering. Almost cenninly, however, the tinned surfice
will have become dirty or panly corroded during hand i
storupe and it I8 je recommended (o dlean feads immedintely |
prior to assembly and soldeting in position. A gcrap of fine
paper is excellent for this, Mimply wrapped around the kead and i
along the length of the lead, taking cire nol 1o impose excess
mechanical strain on the lead. Skmilarly with tags, etc., which can be
“sanded™ with a scrap of eniery paper. Time taken in g feads,
el s usually time saved, for one can then be sure of & sutisinet
gobdered joint at the frst atizmpl

FRINTID CIRCUIT ASSEMBLIES 4]

Where space permils, components are mounted hord-
sontally, resting on the plain side of the printed eirouit board as in
Fig. 29. Transistors are the exception since these always require a

"

day ==
=k i 11 ¥
Y 1 = L !
Fig. 20

g

ket during soldering. A sl mounting i
pf }in. above the plain fece of the board b5 advis
ferably § in. or more, To avold any possibility of the
shorting they can each be covered with i length of
plternntively the collector for base) covered with i
Lattes saves cutling & pices of ing for each lead, provides
alinoet the same degree of protection apainst- shorting, and also
serves as & ready identification Tor the position of the collector (or
base} and thus the other two Jeads.

I it 13 necessary to crowd components more ciosely together,
upright mounting can be mﬂlwhl for resistors and capacitors, &S
in Fig M, The top lend in dlus case i benl 10 come down alongsids

o 59 o
| L&

| O e

Fig. 30

|

reasominbie length of Jead to ensire that they mnn;dlmyd
i

3

and

i

:
2

4

the component itsell. Tn the case of electrolyiic :':..Ir::cimfs the top
lead would conventionally be the negative gnd a often taped to the
side of the cipieciior in the case of componenti dupplied for printed
circii aesembl

The origingl drawing of the printed cizeuit most, of course, be
laid oul 1o scoommodile inrs and resistors in either & hori-
zontal or vertical postiion. 1t would be bad peactices, Tor exumple, to
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mount B resistor horizontally when it wes inlended for vertical
mounting, a3 determined c!.;:'}- the corresponding holes m the printed
aincuit panel. In the e of professionally supplied printed circoit
too, it may be impossible to pet all the components into the physi
' space available on the board unless the design mounting positions
are adhered o,

Wihere leads have to be bent 1o shepe, all bends should be done
I with the rs as this pleces the least mechanical strdin on the
ll goinponend and also engbles the bénd o be made reasonably
| close up te the end of the component. Some people advocate bending
with round-nose pliers (never finl-nose pliers) as giving a tighter,
neater bend, but this meéthod can put comsiderable sirain on the
lead and even pull it out of the component. If pliers are wed for
bending leads, they should be wsed at some distance from the
Ccomponeng, mever ¢ up where the plier juws can “lever™ sguinst
the end of the component (Fig. 31),

FEER ACMD

BEAD W ROUND WOEE PLIERS

e

BT
Fig. 31

Opinion nlso differs as to the best method of making off the ends
of lends pnssed through the gri.nm! cirouit panel. Three alternutive:
metheds are shown in Fig, 32

Fig. 31
(i} The leads wre passed through thefr

respeetive holes, the

companent down fiush with the board and the leads

soldered 1o the lands, Excess wire Is then curt off with wire-cutters
(i} The component is mounted a5 above but the lends are cut off

PRINTED CIRCUIT ASSEMBLIES a3

to stand proud of the lands by about 1,16 in. before soldering to
Il l.hl:_iDIIl‘L

F (iil} The leads are cut off and turned over once the component is

located and then soddersd Lo complete the joint,

Each of these methods has it particular application. Method (i)
is wsnally the cleanest for ammdp work, bat method () and particu-
Ity o (iii) have the advantage that the tienl is supported
im prosition watil the soldersd joint s completed, and connot
out when the board is turned over for soldering. A disadventage wit
ethod (in) i3 that it maked it much more difficolt (o remove a
component once it has been soldered in position,

Then there ls the question of heat damage 1o consider. Provided
the joint is completed quickly —Le, within three or four seconds of
applicstion of the iron—no component is likely to suffer heat
damage. This even appliea to trunsistors which are normally mted
io withstand continuous application of & soldering bit no closer than
_iin. from the base for & peniod of up to 10 seconds without damoge.

hua if all goes well and soldered joints are completed quickly and
neatly, it i3 seldoim necessary to worry ahout beat dl‘.mhﬁm

i s, however, silll commenly recommended that a © sink™
should always be used on cach lood of a transistor when sobderi
in erili:m. A heat sink, basically, s 4 mas of conducting materia
which will absorb hest from the [ron mther than et the Full haut
flow up the lead. The jaws of a padr n.I!'IPHm gripping the transistor
lead form & convenient heat sink, or i these are not convenlent 1o
use & crocodils :‘ﬂﬁt‘-&n serve the same end (especially IF the jaws are
filed fint to provide miximum sarface contact with the lead),

The most I}h‘ls;mun of ‘hent-damage Is re-working a joint which
his not been made pr . or tiying bo unsoider 4 which hes
been wrongly positioned, This may mean leaving the iron in contact
with the joint Tar longer than the “safe™ three or four when
domags can result to the companent. Excesaive heat applied Iy
in this manner will also tend to “5ift™ the copper land nway from the
base muterinl, so that the printed circuit itse Il-llﬂlml.[cd}. ;

Removing 4 eomponent which has been mounted on a8 printed
ctreait can, in fact, be o tricky process, If it is a fanlty co
which is to be replaced the safes w!? ke T' about such & job is to
cut the component off, as shown in Fig. 13, leaving stub lengths of
the orginal lead protruding from the plain side of the printed
circuit panel. The new comiponent can then be soldered in place i
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these stub leads. Alternatively, I:nin%:ul off the componeni, ench
lead can be removed in turn by fuying the tip of the iron on the solder
joint {printed circuit side) and withdrawing the lead with pliers as
soom 15 the solder hag melisd, Then, before the solder has had time
to set npain, blow surplus solder oul of the hole (Fig. 34),

A=b |
mﬂiﬁﬁf"# iﬁmﬁm

REBLACE
Ut o AEMOVE [EAnd CLEMY Mol 2 P e S
Fig. 34

To remove o component intaet uspally means working on one
lead af o time, lifting first one end of the component and then the
other. It is not always possible 1o be sure that the component so
removied is undamaged, however. In the ease of components moun tad
on rigid leads or tags the problem of remowval is even more difficult
penerally demanding working on puirs of it a8 time, und
mdulla;r levering the component upwards, This vsoally entails
considernble risk of overbeating the component, and of “lifiin
the printed circuit lnnds if too much heal i applied to the tag side.

A trick which often helps in rﬁmﬂﬂn]ni;lgd}ymnunt:ﬁ com-
ponent, such as an LT, transformer, is to heal the tags and brush off
the solder with a stifl beisile wire brush of sultable size. This is
repeated on each tag untl the eomponent i sofficiently loosened Lo
be prised free. It is important, however, 1o ovoid splashing excess
solder on to other parts of the printed circuit board.

Unless obviously laulty, transistors or diodes shoyld not be
memoved from & prin circuit board once smembled, as the
pnm'biﬁsﬂﬂl' permanent damnge resulting is high. IT imperative that
they ihould be removed (e.g. if they have been connacted up mnﬁg
:IE;-:I* IIEJ.I.IEII= 'mma nlways be used (e.p. & Fl:ui::r.lnf l.];idn-nh:rud p

E between the transisior and the primted
:imuh"gourd}. 4

Where ihe board itself s damzged—e.g foil hos come unstack
through excessive local heating—a simple ir ta often effective.
Locsened lands can usunlly be stuck back agiin by carelully heating
the foil with the soldering fron and then pressing in place on the
boird until the adhesive has reset. 17 not, the Jooke land mey hove to
be stuck down with additionn] sdheésive—eg, & penerl-purposs
domestic udhesive of the modern rubber-hase type.

Mechanica] damage to printed cireult boards can be repaired
by hﬁdﬁ"ﬂ breaks or cracks in the copper lands with “jumper™
wires soldered in place. The jumper can be plain timnod copper wire,

PRINTED CIRCUIT ASSEMABLIES

Bbiit if 8 lohger § is required which passes over adj
gither insulated wire should be used or the wire fitted with
insulated sleeving. All repaired areas should then be coated with
chear lacquer for protection. b

Where a prnied circpit bonrd i3 quile cxtensively damaged, or
neods (0 have a number of components cha it is mseally more
gatisfsctory in the lomg run o &rap the ongingl bosrd and wiset
agsin with & new ope and preferably new components, rather than to
try to palvage &ll the original components as thess may be damaged
in the process of removil From the old bosrd.

ke




CHAPTER ¥
SUPERHET STAGES

Ter modern radio receiver normally em & gompagt funing-
coil mounted on & Territe rod, (ke Intter Porming & oore wl:.!lng'
greatly incresses the inductance and thus the @ of the coll With:
such an aerial system it s notmully possible to dispense with the
use ol any external nzrial, undér adverse conditions, e.g.
areas of very poor fecepiion of when the receiver is being osed a8 &
car rudio {(where the body of the car acts os a shisld ou off the
transmitter signals before they can rench the serial) To cater for
such circumstunces provision can be made to plug in an external
agrial to the in system to increase aerial eflficiency (or in the
case of the car radio, to bring the serful into & position outside the
enr where signsls are present,

The mediym- and wive broadeast bandy I:rg;ucth:r represent
a range of frequencies 1500 ke/s to 150 ke/s; or a tenfold
differcnce, W is bevond ihe practical coverage of i single LLC,

combination using a small-dinmieter coil with o fixed valoe of
industance (L) and varsbie capacitance (), 11 is uspal, therelore,
to employ separate coils for medium- and long-wave reception, the
latier represenfing an extension of the medium-wave coil which is
nwi]'[l;hnd into circuit by & wave-chanpe switch,
erring to the formuls for resonant i I} and
rewriting in ihe following form: PR [
VIC =, 'i 2 I-E8
rEquency loeyeles)  wavelength (metres
Where [ = mductances in miceohenries I"
C' = capacitance in micro-microfarads
T

Resonant frequency (ke /s) = 0-1593 x 102

VG
Where L s in henries and € is in farads

we hiave Lo ensure soitable valoes of L and C in the tuned cieeuit so
that the reguired fregquency range is eavered. In practios this means
produsing & coil of suiabls indoctance fo match Sx normal capneity
swing wvailable from tuning condensers, which is normally from:
H;im S00 picafarads (nominal), or less (e.g. & 175 to 200 picafarad
¥ .

{'Z'E')I windings are thus designed to match (e, produce the cor-
respoiding inductines regudred relative to the core material em-

e

SUPERMET STAGDLY A7

}. Thus wiilsg mmlwd inductance can be calcaliled direct fo
an air core, the @ of the coil is increased uppreciubly by using &
ferrite rod mm&:hb:hégnm_m time' considerably modifies E
winding specification. windings are, therefore, specific to
sire and type of cone materfal empliyed on practical derlal units.
Fig. 35 shows the corresponding proportions of an aircore coil
which will give inductonce valies ma a 450 pF swing when
close wound in 38 ww.p enumelled or dopble-silk-covered wire,
wound in the form of an aute transformer for direct coupling to the

20 5ty T o 12

Fig. 35

next stage, The point is neareet the earth end of the eoil. Tt
will be noticed that for the increased induotance required to cover
the long-wave frequencics the coil length is simply extended with
further tormé and i would be normal practice to swiich in thess
pdditional tums vin 4 wa wwitch, as shown in the clircult
dimgram. The matching capacitor would be required to tune over the
range 50 to 500 picolarnds, 1 s sy
the tuming runge proves incorrect og capaciiy ran

available from the varinble condenser, then coll inductance can E
adjusted IE adding more turns, or reduced by removing tums. With
outo ormer winding, however, it is necessary to add for remove)
the same ratip of turns at each end, so that the sume balunce is
preserved about the tapping point. Since the tpping point comes
at one-third the coil length; this menns adding (or subtracting) coils
in the rstio |12, e, | tum sdded to the earth end must be
balanced by adding 2 » 1 = I turns 1o the oiher end.

An air-core coil of this type would not illy be used on o
practical receiver becauss of its low overall elliciency (low ¢). It
would, in Fict, almost certainly have t:l-‘h: emploved in conjunction
with a long extermol asrinl 1o pet llnl'rlﬁDfL;L‘E: on in most
areas, Although o smaller diameter coil will be less efficient by itsell,
when mounied on a ferrite rod s inductance is considerably in-
creased in & Iow vesistance high @ coil cupable of excellént sclec-
thvity,

T 1 proportions for ministure tuning coils wound on &
5/ 1b-in, diameter ferrite rod are shown in Fig. 36, the firs being an
suto-transformer type for direct coupling and the other employing




48 DESIGN AND CONSTRAUCTION OF TRANSIETOR SUFERHETE

AAPER SLEEVE i ks

naR L

L 5N

o e,
Fig. 36

szparute coils for transformer conpling (inductive coupling). Either
hnrh@:nt‘giﬁn! an expellent performance over the medium-wave
band, with provision to adjust the inductance for optimam

formance by sliding the coil along the ferrite rod until the best

Any ¢t extend such a coil 10 give long-wave coverage
also is ﬂﬁuﬁ;ppmnml, using simple coi ing technigques. For

&1 peciormance, in fact, it 45
el sipally o wave-

| b ol
4 et 4~ oz
= '
A #c o
Flg. 37

wilmmhunriiipgln layer winding of 19/0:0028 (22 s.w.
stranded insulated wire forming 64 tums A4—8 and 6 torns C—E’f
The Jong-wave coil is wave-wound from 28 sw.g enamelled nnd
rayon- or collen-covered wire, forming E-F with 41 wrns and G-

with 175 s, Coil sizing and spacing is #Mﬁ:mmﬂ
m.* ng 3

Eﬂnﬁmu‘ﬁm“ﬁlmm

alang ihe rod, 2s neoessury. The matching tuning capacito

required for this coil is 173 pF maximum. X : g
It s wsally the most satisfactory splution to purchass com-

mercially wound coils matched to  specific size and quality of ferrite

rid in erder to ensure maximum performance from receivers im-

tended (0 have long-wave covernge, These will also be related to a

Lzl DECESENTY
ve coil A typical design based T-in. lomg.
19/32-in. fernite rod is shown in Fig 37, Here mmmhmﬂ-'
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T::Lﬁn tusitng capacitor range. A typical commercial design is
shown in Fig. 34, where it will be noted that the complete unit mey
glsn provide & special coupling point for & car serisl,

Ll

ot

oot
WELY - HVE (N LONG-WMHE D
TD dERL Cae ARRRAL (DLFLNG T
Fig 18
Winding specifications for the coil shown in Fig. 37 are:

Medium-wave coill (single-daver winding)

AB: 4 birns [9 covered wire

CD: -6 tarm 19 I8 covered wire
Lapiz-wave {wave

EF: 4] turns 6 in. rayon-covered enamelled wire

GH: 175 turns 00076 in. rayon-covered ennmetlod wire

In the case of the superhet the resonant .f. signal established in
the tuned circult is fed to the convertér or mixer stuge. However, an
intermediate r.. amplifier stage may be tnnq.qmmud Lo ipuru:lu
the sensitivity of the receiver, improve selectivity by reduting the
imisge Trequency response, o reduce roung nodse, yan-
i part (fom extrs cost—are the mdditionsl alignment
blems posed and also the foet that & thlm—gm;mn.ﬂmuril.ﬂt[uﬁtﬂ
for tuning instead of the normal two-gang (aerial and osaillator).

R.f. amplification can be provided by 5 simple untuned circuit
s shown in Fig. 39, which does not require the use of & three-gung
i1~

-
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condenser, although the gain is not particulady high. K1 and K2
vide hase hIIII“IIEJF the transistor, with Cl and €2 acting as by pidsd
of ol Output [rom the amplifier is resistunoe-capacity coupled
io the converter stage.
A uhr?:‘i'mm emitter r.f, nmplifier circuitis shown in Fig. 40,
Bas: i provided by #1 and A2, whilst do. stabilization s
ven by R3, which in tum is bypassed by €3 to prevent negative
cedback ot signal frequencies. C1 i also an r.f. bypass. The output

ﬁ ll £y

—0
=
—

=03

is then coupled to the next stage via an r.f. transformer with & tam
rafio of approximately 5 : 1. This avoids louding the tuned circuit
and reducing the selectivity. Using wuitshle componenis o power
gain of 20 to 25 o should be obtmined.

A possible Miiling with this type of cireult be a lendency to
oscilinte owing to internal resistive nnd capacitive leedbuck. This can,
hiwever, be :ﬁminnm:] by applying neutralizntion by feeding back a
proportion of the output signal in opposite to that of the
trunsistor. To do this o capacitor €3 and or R4 in series are
connected directly between the tranststor base ond output and the
capicitor ndjusted, ey neceisiry, to match the Feedbock charac-
teristics of the individus! transistor in the working cireoit,

The converter (or mixer) and the local bscillator can be 1ackied
s two separute circuits, or the two fundtiona cin be combined in a
fingle sutndyne cireuit to opernte as a self-oscillnting miver. The two
methods of treatment of this sage can, thersfors, be considersd

aratedy.
the first case separate transdstons are used, one is a local oscll-
lator and the other a5 8 miner. The problem of producing a sultable
oacillator s &n impormnt ope since, theoretically at Jeast, the

SUPIRHET BTAGES L

frequency difference between the oscillstor and radio frequency
circuil must slways be constant and equal 1o ibe intermediate
frequency. This i schieved first by mechanical ganging of the
tuning capaciiors concerned but st the same time it demands stable
pecillation with frequency constancy independent of lemperature,
changes in supply voliage, eie, and absence of “squegging™ (a state
of unstable oscillation where the oscillutor amplitude vorles in aodio
frequency). _

In practice, perfect separation or tracking cansol be achicved.
Thus insteid of the ideal curve of Fig. 41 the best thal one can

OEC. CIREL
E - . E

TEWAT COWTROL Fdeas COATROL
Fig. 41

normally achieve is a means of trimming or aligning the practical
cireuitry so that absolotely correot tracking {= achieved ot & number
of points oaly along the eurve. IT correct alignment & produced at
the two ends of the tuning rangs, us in A5, devistion over the middle
of the band id likely to be large, with considersble loss of amplifica-
Hen iwnd *imege proteetion”, Aligning a1 three points (4, €, and #),
one in the middie and the other 1wo near each end, considerab
rediices the maximum devintion at any point. Closer allgnment sti
(0. miving three uhﬂluleii}l mrrnl-:-umlnu of tracking, 4,8, C, asin
the right-hand diagram) further reduces the deviation, especially if
potnts 4 and C are selecied well in from ench end of the tuning range.

As a peneral rule the maximom devistion %ermim'h]u: {or o ¥
B greatest at (he high frequency end, which meuns that for a
frequency-tuning range of 3 to | the deviation permissible at high
frequencies is sboul three times that at Jow frequencies. On this
bieis it would appear desirable to design for, and provide sdjustment
for aligning, at absolutely correct tracking over the lower-frequency
range rather than the top end. Agningt this, however, is the fact that
1 the high-frequency end image protection is feast, and o0 seleg-
Ovity, may sufler a8 i consequence.

A typical circuit employing o separate Hartley type oscillutor and
mixer is shown in Fig. 42. The collestor i tapped about one-third
of the way down the coil in order to reduce the effect of collector
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Fig. 42

capacilance and improve jm?ﬁium: matching, stability, and track-
ing characteristics, The meillator circuit itself is of ;'L'I‘mly ool
ventional form with the output coupled to the mixer via the secondary
ol the pscillator ¢oil and a capacitor. The r.f, signal frequency is
applied simyltaneously fo (he miver tronsistor from the aerinl oail,
oscillator and aerinl tuning capacitors being d. The two
signals are thus mixed in the hase-emitier circuit or mixer input,
with the sum and difference frequencles uppearing at the collector
with a guin of anything up to 15 to 20 48, Ths difference frequency i
fed 1o the tuned circuit mm;:‘il.ln; the primary of the fisst L.
tranaformer, with output from the secondary to the iF, amplifier,

Autodyne converters are oflen preferred in modern superhet
designs since they generaily huve better fraquency stability and, of
course, can provide both focal oscillation and miving with o single
transistor. In point of fact there is very little difference in per-
fcrmmm_lr - the lul:ﬁim:u m:w can be designed for
satisfactory frequency stability. Cost, ore, i# usually the main
consideration in faveur of  self-oscillating mizer, ty

In the typical self-cacilluling mixer cireuit shown in Fig. 43, .0
signals from the aerial coupling coil are fed to the base of the
trapaistor, which prodices s own ol oscillation by means of
feedbnck from the collector to the emitter, Nolse initinted in the
collector and coll L2 is induced in the secondary L3 of the oscillator
transformer, causing oscillation at the resonant frequency deler-
miped by the viriable capacitor. This in fed back to the emitter and
thus recirculated. Provided £2 and L3 are so arranged as 1o produce
no phase change (in practice this means that L2 must be gonnected
the right way round), oscillation will be mainiained, with L3 asting
&8 un autolransformer giving o fl.l'ljptr miich between the high-

oW
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The output, comptising sum snd dilference freguencies amplifled,
is taken from L2 1o the laEp'm point on the tuied primary of the
firit LT, transformer whic :-:H:m the LI, the secondary of this
trangformer providing the 1.L input For the 1.1, amplifier,

A varistion commonly employed s shown in Fig. 44, Here the
transistor is effectively operating in the common base configurntion,

o
= 4,.1-_3{—5;;

e ey
FLlED T FRAT O TNL
£ T
|
|__ o —_— s __I
':..- e L1

Fig. 44

fnd the oscillator endl has & third sinding on the samé core, The
neoessary low-impedance jnput in this case demands tapping the
nzrial ¢odl to maich (autotronsformer seral eml) or mdoective
coupling of the asrial via a separste coupling eoil. In the practical
crmouil trinumers and padders will also be introdused o provide &

li SEaponinGs ot ciraafk Ak e mimpedance emitter cireuit, final means of adjostment and alignment.
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Yet another variation is shown in Fig: 45 where the local oscillatos
signal is fed to the base of the transistor rather than the emitier,
and referred to as & base-injected autodyne converter (as distine
From emitter-injected cireuits described previously). Performarice
should be directly comparable, except that the transistor in a bases
injected circuit needs to have o higher cut-off frequency than one
used in the corresponding emitier-injected circuit.

=

i
H

L.

Hig

CH-

Correct tracking of the aerinls and oscillator-tuned circaity (o

:mnt_nln 1h¢1mpahm ;;rni di.ﬁn.;n:: in frequencies can be obtained
y URiAg & luning capacitor with specially sha vanes for the

oscillstor cironit; or by & conventional pnddadpﬂénpmi-inr. Stray
capacitance between the aerial and oscillator sections of the tuning
capacitor can form a lguth for umwanted feedback between the two
sections, 0 4 screen 8 wiually placed between the two sections to
prevent this. Stray capacilance 5 can nleo arise between the
wires connecting 10 the wiavechanpe switch, & thess must be
as short as possible (or if completely incorporated on the printed
arrcuid, the eircyit elements kept short and well spaced 1o eliminate
ﬂq;mnrlyl eflects), i

n all cases, rega of the type of oscillator and mixer, the
first if. tramsformer receives a mi;urfm of local oscillntor frequency,
signal frequency and the sum and dilference of the two. Tt is there-
fore necessary [0 usé a cipacitor scross the primary to produce an
L.C. circuit o resonese at the LI This capaciior is of fixed valee
(mutched to the inductance of the coil), when any adjustment
required for alignment s provided by an iron-dust core in the coil
enabling the Inductance to be varied over the necessary range. Once
the overall LC. value has been adjusted to o resonant frequency
corresponding to the if. the funing remaing fixed,
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Dutput from Uhis stage 5an o0 modulated high-Tregquency signml
ot the intermediate frequency, which has also been subject to a
degree of amplification. Additionl umrl'rﬁmlm 4 then prowided by
the LI wmiplifier, which consts of 1, 2, or Y stages, depending on
the performanee required. cemmot chodoe is two LT siages and
the cirowitry invalved is usually quite straightforwand. The transistor{s)
may be used in either common-base or common-emitter configur-
ation; the lutter wsunlly being preferred ss providing a hipher gain

T simpe.
mﬂ. aingle L1 stage would normally cafl for the use of & double-
tuned tramsformer, whereas with two or three stages of il ampli-
ficatlon single-tuned transformers may be Tully satsfactory.

The LI, transformer providing ihe fnpul must be correctly matched
to the inpul impedines of the transmtor, and similar copdibons apply
1o the transtormer used af the ogiput end: Le - this second trans-
former hoas to be maiched 1o a hi tput impedante and & low-
input impedance 1o the next stage. Mis-matching materinlly reduces
the gain.
in of if, iransformers & nenf Known as 3 transfiller
may be used. This, basically, is a i solid-stote dovics
u.-vqmru'illnl husically, o erysinl clampead befween two elecirodes. It
will then resonate st one frequency only and inpul and output
impednnee characteristics match the reguirements of the i1 trans-
former Atige. Transfiliers can, therefore, be yied in place of LF
transformers with the specific advantage thal they require no tunkng
[their tmg frequency being fixed) and il manufactured to the
required L. frequency considentbly simplify  alignment blems.
At the present stage of development, however, tramfi hive
pertain hmitations and the majonty of soperhet designs are still
based on the uss of tumed LT, tmnsformers.

A typlcal single-stege Lf. amplifier circuit is shown in Fig. 46

]

F.4°
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w:dmﬂptmndhtmfm ﬁ%'fh:mﬂmuremﬂ.l is:
y stnbilized by o potentinl divider #1 and A2, and n suitable
resistance in the cmitter circuit. Awtomatic gain contrel (p.g.c.) may
also be introduced to prevent « ing on strong signals, This
is applied from the detector. Fig 47 shows the somewhat simpler

T q--rj
—_——
Fig 47

circuitry possible using the transistor in commaon-base configuration,

the l:l:lru}r: advantage here being that with common-base connection

the cut-ofl frﬁul:ncy is much higher for a miven (ransistor.,
Another biic single i.f. stage is shown in Fig. 48, which is stmilar

- T_ Fal

- O
Fig- 48

to a basic audio amplifier stuge with the exception that the input
and outpot transformers are tyned to the intermediste frequency.
A complete eireuit osing an OC4S transivtor is shown in Fig 49,
where the following componzol values apply:

R1: 22 Klohms

K2: &7 knlohms

R3i 1 kalohm

AUPERHET STAGES 1)

R4: 39 kilohms
Cl: 01 pF

C2: 025 uF
C3: 18 pF

i

w36 |

o

Flp. 49

A full in gain with frequency is experienced with all transistors
and thos limits, to some extent, the wefulness of tromsistors for Lf
The pain in a common-cmitier cirguit falls off more mﬂdhr with
requency than with common-base configuration, so the cut-off
frequency of the transistor chosen necds (o be well above the fre-
guency of operation, A stage gain of 25 1o 15 d should then be
ohuained with & suitable choice of mmi.tm;m{;.p QC4as), \here
biefng o fnevitble Insses through coupling mlnm.wm

1t 18 also important at high frequencies that the internal feedback
of ihe transistor should be small apnd not subject to oo ﬂl 3
spreatl, although internal feedback can readily be by
means of external feedbock, . v

A conventional two-stage LT amplifier circuit with realistic
vuluss based on the use of OC4S transistars is shown in Fig. 50
The matching i.f. transformers are designed for o tranaistor output

impedanes. of 28 klohms and an inpit i'ﬁﬁiﬂ-ﬂﬂt of B0 ohms
'] apd CI are £ COpCyioT, mtion is provided by
&3 and €3, which form a feedback path from cutput to input
Age. In applicd [rom the sutputl slde of the deteclor. Fimt and
second LF transformers can be jdentical, but the third if, tmns
former i desipned to have an unloaded @ of 160 with the load
resistance of dwmund:ri nrranged 1o maintain a stmhility factar of
fourwith s bandwidth of § ke v and o stage gnin of 34 d8, If necessary,
the required stabitity factor of four ¢an be restored (o.g. if the output
resistance of the oixer stage rises above the design 28 kilohms
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Fig. 50

match) by connecting a 750-0hm resistor across the secondary, This
will result in a loss of gain of the order of 2 48 on the circuit shown, |

A diode is normally used for the detector stage and the circuitry
i quite simple and conventionnl—see Fig. 51. A steady voltags is
developed across the variable resistance (usunlly shunted by &
0+ capacitor), witech acts as the load for the detector cutput
nnd also forms the volume control, and is fed back to the first i1,

1

LF TRy r ;

1O A
f Vo e =

I TR

1S 0y o

Fig. 51

transistor (o give a.g.c. The small forward bias applied to the diode
by the a.ge. circuit helps maintain the mput resistance of the
dedoctor constant at all sighal levele, Al the same time this small bias:

i

applies constant loading 1o the 1.f, amplifier to improve efficiency of

detection on small signal strengths and provide stability:
Some designers preler to wee an r.f. transistor instead of a diode for
the detector, as this ik capeble of providing amplification zs well aa

RUPERMET 8TAGESR 5%

demodulation. A wurfece-barrier transistor offers a superior per-
formance to 3 conventional junction E{f Tor this purticular d]l.%
The basic clreuil normally Tollows shown i Fig 5L
detector may also be mide regenerative 1o provide further LT, gain
(e-g. for use with a single stage of Lf. amplfication) by means of a
feedback loap.

5]
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Fig. 32

The back end of the superhet circuit than consists of @ driver
stage and an oulput stage, e.g, 4 complete nudio-smplifier end, the
ontput of which is designed 1o provide the power required. This may
range from an catput power of | milliwait or less for driving an
carphone in 4 miniature recelver to about 500 milliwatts for driving
a small spenker; or up to § witis or more for driving a large speaker.
This in turn will influence both the chosce of circult and type of
transistors employed.

An elementary o.f. amplifier stuge need consist only of 4 minimum
of components, as shown in Chapter II, Fig. 21, where the ontput
power would be of suflicient power to operate a deaf-nid earpisce,
Additional amplifier i-;?ﬁ can be built up in this manner, directly
coupled, giving & good performance from an extremely simple,
strmightforwnrd circydt, as shown in Chapter 1, Figs. I12-24,
Effectively the avernll gain is equal to the product of the betas of the
number of transisiors used, althongh three (rinsiatons & Iulgicnl
limit for this type of circuit. Stabilization can be provided by feed-
back from the collecior of the last transistor via & subiable valoe of
resistor (e.g. of the order of 10 kilohms), with C1 acting as a bypass
Lo earth for alf,

More commaonly, however, a single stage of a.f, fion is
followed by a push-pull output, as in Chmpter 11, Flik 3. Here the
driver transistor Tl is selected for high gain with oulpul boad

[y
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formed by the primary of & tting trangformer, The twa
ml.plm:tch#d.m lrnnnitt' s mduf then comyprize & pozh-pull
mmplifier wi B0 degrees out of phase, so that esch trensistor, |
tuhun,mrpﬂ-mﬂ:tunlﬂwhhﬂnfﬂmﬂ To provide!
satisfactory reproduction, & small forward hies is wsunlly appbsd
to cach transistor in order to climinate “crosover” distortion.
The particular adventage of this form of output is high cficiency’
(of the arder of 75 to B0 per cemt, compared with about 50 pef
cend for & “straight™ ciroult). This means & low current dran w -
is particularly Tavourable with battery receivers, Another ndvantaps
i that it ks capable of producing 4 much higher oulpul power fo
the same type of transistors uded in the “straight™ configuration.
Thers are many vanitions thiz on this particulne theme, such
s the use of & centre-tapped Lo of maiched impedance 1o
ﬂhnh:lﬁult?sputn'mmﬂm'?m ‘l.n n!furﬂ:gk-m#m it
to avoid osing B centre-tapped speaker or speaker transformer; o
eliminating transformers entirely [usually by employing an N-F-N|
and P-N-F transistor a8 8 matched push-pull output pair). Retention
of an inl!rn?f coupling idrlﬂn;‘rutmmlhrm:r % hinveser, mores
weoal, when the oulpol siage may or may nol be “sinple-ended™
with or without a speaker transformer. A single-ended outpuat withy
direet connection to the speaker s usually referred to s a =
formerless output,

CHAPTER V1

PROFESSIONAL CIRCUIT DESIGNS

WSt the superhet circuit must comprise, basically, standard
stages in logical sequence, there i the chojes of lltrl:nld\l'n circults
for the individual siages (with the exception of the detector

which is almost invariably o diode feeding o potentiometer load in
the cose of all-iransistor receivers, although o transistor detector
can be used), and considerable varistion in dewmil design,
The finnl proof of valus of the complete circuit s Ity performance
and so than detnil & number of possible design variants this
chapter describes three proven i from authorititive sources

a5 representative of modern all-transistor superhet cirouitry.

MulLanD f-TRANEETOR RECTIVER
This design was d baslcally, to provide a performance
equivalent to thet of § Towr-valee be receiver using affoy.

junction iransistors and & gngls 9- battery with transf 3
push-puall outpul, The clrcult 1§ suitable for making 4% 3 mediom-
sire portable receiver with a Ferroxcube rod aerial, or in ministure
1{1::':! palcm‘rh? standard i1 frequ u:lﬂﬂ ks is used with
the loca lator frequency dbove the stgn uency (hee

17}, One OC44 and two OC4S transiston g uzﬁnmmﬁ
l:dm The detectnr hﬂat?]ﬁmnim :Idindu type OATD. The
s Stnges o one transistor driving a matched

i ot oy

The OC44 operates as a sell-oscillating miver, with r.f
from the serinl coupling coil fied into the of the OC#4, loadi
to the peneration of local osdllation feedback from the collector
1o the emitier. The i.f. s selecied ul the coliector of the OC#4 by the
first i.f. transformer 73,

The LT amplifier comprides iwo OC43 common-emitter cirowits
operating unilatoralized, with the chodce of bandwidth compromising
between quility and selectivity. The third if. transformer 75 fs
connected to the OATD diode detector, with the d.c ootput fed hack
to the firsl 1.0 transformer to provide sutomatic gsin conimol,
pl?ﬂﬂ_?hbmnni LI, lrLul'nmm e mm:::ﬁi.nﬁ %

GFFANCE 08 Fejar fenponse BE rej I

The Class B lﬂmfmm t stage requines & londspenker
with o 35-0lm speech coil to provide the corréct load for an output
of 200 millivatts, with negative feedbick applied to the emmitter
of the OCTI driver from the Img:p:nh:r

i
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For the pertal cireult the coil desipn shown i Flig 37 (pa

will be suitible, wound on § in.-diameter formers. Hﬂi}
the Ferromoube rod is FX1268, with & size of 7 in, lﬂl.'lh'.l"lln
mmmmulmﬂphdtnﬂufmqm?dﬂﬂwhﬂm

impedance coils ndjacent to the aerial coils. The long-wave
coil i shor ted by 541 during thon on the medium-wave-
bind to avoid any damping effect on the mediom-wave coil, During
long-wave operation the medium-wave coil is left

component vaiues are shown on the cirouit « ﬂ"lim
The wvalue of the tuning copacitance 1§ not crit
silficient 1o provide the desired freque T‘huun:lal:

capacitor
tnhtiuund'mmhu.ﬂnflun:i:ﬂrd mdhuﬂ:inlh:
mmNﬂhWﬁﬂuﬂmtﬂ be st maximum when the
receiver is tunsd to its highest freq , and will also be incrensed
when the tuning cxpacitor has o low value {e.g, as typically the case
ﬁ'ilhlnﬂ-ﬂ[-armmﬁngclpunlln]
A modified version of this circuit is shown in Fig, 54, employing
» damping diode across the first L. transformer T3, This retains the
original path for aufomatic gain control but the OATS
dinde i induded 1o
heavily loads T3, widening the bandwidth and aflowing o much
larger input signal te be handled.
A miniaturized version of the original circuit s shown in Fi
lpmwﬂhlllmmpunmlm
100 milliwntts driving » 75-chm miniature recerver,
mummuufmummlhﬂdmrmmﬂmﬁmnlmlH}md
average, o Tmd and 13 mA, res , Thiz ministoniped cirouik
lrumbgl-ﬂhnhmlpnt
speiker, reducing the mumber of
mmmmummﬂmhnmmdnﬂhhnﬁqmmmnm

Tymieal perfornance data (Figs, 53 and 54)
]E;utpu.tpuwm 200 milliwatts
UCACY FAREE!
JI;E-euti.lmu wave: 540 to 1640 ke s
Long wave: 135 1o 280 ke/s
Hailﬁmmum clué.
Average listening level: 20 millinmps
Compomert diata for Mullard circuit (Figs. 53 and 54)

Medium-wnve perial coil:
Pricry 64 tuma 19/0028 bunched conductors wound in
single Inyer

the first .0 iranslormer. Thin diode

i

=l

e T e B iy e e

Fig 23

Tolerance of nesistnes marked with an sierisk should be 5%
Tokeriooe of all other resistoss shoukd be [0
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Becon 6 turns 19/0028 bunched conductors wound ak
low end of primary
Long-wave aerial ool

Primary 175 turns 34 s.w.g rayon-coversd enamelled wire,

wave-wound :
Secondary 41 turns {continuation of primury coil)
Tuning cipacitor;
Acrial ssction 173 pF nuax.
Oicillator séction 123 pF max,
Oiscillator ol (seresned) 173 phHi:
Windings—&nin 73 turns
Collector 11 turns,
Eminter 2 furms
First md‘[w LT tlrmrmmzpp
EINiAE CApNC] LEno
Ratio gollector 10 sccondary 6: 1
Maote: for circuil of F?. 54 with damping diode a separate collector
winding on the first LI transformer is noocssary.
Third i.f trensformer;
Tuning capacitance 4000 pfF
Ratio collestor 10 secondary 1851 1
Primary resistiines less than 200 olms
Loudspesker;

Speech coil impedance 35 ohms

Componens dizta for Mullard circudt (Fig. 35)
Medium-wave serial coil:
Primary 88 turns 19,0028 bunched conductors wound in

gingle la
Smund:rr?ﬁ iurns 19/0028 bunched conductors at low
end of W p[umﬂt centre of rod
Long-wive gojl:
Primary 240 turns 30024 bunched conductors wave-wound
in three sections
Secondary 43 turms of 30034 bunched conductors wound
s fourth-phe sectioh
Tuning capacifor:
Aerial section 115 pF swing
Oricillator section 115 pF pwing
Owscilintor coil!
Inductance 313 ulf
Windings—Meain 100 turns
Collector 13 turps
Emitter 2 turma
Lf, transformers, as for Figs, 53 and 54
Diriver transformer:
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Turns ratio 7: 1 AR o
Primary—Inductance 5 / at 1- ampn de.,
Resistance less than 750 ohms

Secondary resistance less than 100 ohms. per winding

Loudspenker:
Speech coil impedance 75 ohms
MinLann §-TrirEsTon RECEvER

‘This circuil ¢ alloy-diffused transistors in the £.f and il
stages, Three AFI117 transistors are wsed for the self-oscillating
mixer and if. ﬂﬁ:fmnﬂ.mmmuurhl&mnimm
type DAT0 and the audio stages consist of sn audio pack
comprising an OCE1D driving two OCS1 transistoss in & push-pull

pulpul : 56.)
fﬂ%ﬁm medium- and long-wave coils as

viously described, mounted on a Ferroxcube rod. One section of the
longpwive ¢oil i short-ciredited to earth on medium-wave operation
o prevent damping of the medium-wave coil. The aerial signoal
fed to the bass of the AF117 sell-oscillating mixer and logul osclla-
tion i provided by feedback from the collector to the emitler
through transformer T'1.

The two transformers T2 and T3 in the first two L stiges are
double tuned. The i.f. trantistors do not require nentrafization. The
final LT, transformer 74 couples the i.f. signal to the detector stage,
and & potentiometer (volume control) couples the detecied signal to
the g stages which follow, Autematic gain control is provided by
feedback to the hase of the first i.f. transsior and a damping diode
is used 1o extend the a.g.c range and also to clamp the mixer
collecior voliage and thus climinsie instability under conditions of

high collector Impedance produced by large signals.
"WEYRAD" SUFIRIET

This i circuit has boen dey for amalenr COnELrue.
tion to fit a printed circull base 8} h{‘li . The circult employs six
trunsistors and a diode detector with push- outpul cipable of
driving & 73 4 in. elliptic loudspeaker (or equivalent) with alternative
output stages.

anmmmm;uﬂn values, up to and
Lﬂw detector stage is shown in 57. Tuning condeniser
is 5] n Brothers type “O0", The front section llnlhu.zl.i
maximum of 208 pF pod tunes the aerial coils: The rear ssclion
(farthest from the spindle) has & maxinum capacity of 176 pF and
tunes the oscillator coll 1t is particularly important that the correct
values are employed for the associnted fixed capacitors—the medium-
wave padder being 215 pF and the long-wave padder 175 pF, with a
paraliel capacitor across the long-wave coll of 130 pF. If the ging is
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ot fitled with trimmers it will be

o coonect & 3-30 pF

Philli norogy #ach section of the ERseT.

Thas circuit is desi
type number &8 speci

wround Weyrad coils and transformers to
gn he clreuit diagram. Allernative makes of

trunsistors may be used, as under;
Tl namr i T:&TH ol
D44 IOA% 0TI Ol 0470

Butasd

Ediswnn KAl A XE103 Xt GEXM
o Al MA503 KB4 XBl  GEXM

Drimar TEH T8T TE11 TSIT GG

L te ihe receiver circuit are shown in Fig. 58,
otilizing & Weyrnd LETD4 driver transformer and push-pull cutput

Fig. 48

to a 35-ohm loudspeaker (74 in. elliptic, or equivalent aize). The
allernative af. siege shown in Fig. 59 employs push-pull output
with transformer output 1o 8 3-0hm loudspeaker with corrés g
maodification of the trandistor fypes, namely;

Td: Mulard OCEID, or equivalent,
Thand Té: Mullird OCEL (matched phir), of egquivalent,

Dutpul with this configuration is 300 milliwans,
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Fig. 39

Note: The Mullard circuits shown de not refer (0 paricular com-
mercial receivers nor are they for components {other than (ranels-
tors and diode) manufactursd or marketed by Muliard, Sultable
printed circuit pancls may, bowever, be available from radio

L1E

l;he Weymouth Badio Manufacturing Co, Ltd, manufasture and
supply m?:nand tramsformers: and a finished printed arreuit [or the
degign illustrated. This design is largely based on the six-ransistor
citguif recommended by Mulland,

MuLLanp S-Tharessron Cououm

A more advanced circuil is shown in Fig: 60, which &5 o combined
Ao, 'Em, all-transistor receiver ting on & banery volimgs of
9 wolts (negntive earth) and :m;g;ug itlley-iMused .0 and 12
trensistors. All nine transistors are weed for Dm. reception and seven
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L

for a.m. reception. This ciriuit has been designed to cover the
miedium- and long-wave bands on a.m. recepiion, and §7 1o 101

m-zurnln on v

over from am. to fm. reception i provided by switching
tha first Lo 1.0 transistor into the wm. miver gtage, and the connec-
tion of the relevant detector lo the audio stages by switches LW/
and MW/D, Switch FM/C short-circuits the second £m. if trans-
former during a.m. operation when it is connected [nto the collector

i §
LR

it Hf'-jﬁ#ﬁ =

cirgdl af the mixer transistor, The dudio gre commmion to both
am. and Fm. tion, the audio signal from the detector stage
being fed to moﬁl nl. preamplifier Tr6, The output from this is
capacitively coupled to an OCE1D transformer-coupled 10 two OCE]
transistors in class B posh-pull output. Audio-power ountput is
00 milliwstts with a low-dmpedance (3-obm) loudspenker speech

codli




CHAPTER VII
COMMERCIAL MODELS

Tue amaicur constroctor: with little or no previons ricnce of -

transistor mdio constroction is strongly advised to Iz the all
tremgistor superbet in the form of a kit, orat least g design for which
& finished, drilled printed circult papel iz available, By ueing pre-

tuned 1.1, transformens (or allernstively transfilters. as supplied in

g 1, eorrect aseemibly will then at least ensare “worklng”
resulis with & minimmm of mgk over alignment {see Chapler V11

The design of an onginal superhet cirenit, and iu:fm.i:rulu the design.

and drowing of a primled circull panel, should enly be attem

after gnining cxperience with one or ‘more prefabriciated pancls, i

disappointment and frustration are to be avoided.
Kita for all-transistor superhets range from fully prefabricated

kits, which may include certain stnges already mssembied on the

printed circuit panel, to pre pancls to match sebected com-
ponents as specified, all 1w assembled and soldered in place
together with any additional wirlng as necessary. Usunlly printed
cireudt panels for specific designs are pre-drilled tand this is always
1o an}]. but in such mﬁuit 14 pﬂiﬂmml .Inl:‘l:
11} co nents-be wsed, This applies 1 ¥ o
hxsed ]Jlnl.‘ltle.'ﬂﬁdmﬂj ruther than supphied &y pint of a complets
il containing all components necessary for completion. In the latier
case the panel will be designed to suit the matched set of com-
ponenits, with correct hole spacing to maich the gang condenser,
eic, Also an sitractive cabinet is usugally available or supplied with
the kit 1o give n completely “professional™ appearanee fo the
finished, pssemibled job— Iy ms all the solder work is then
completely hidden inside the case!

Commercial kit models available range rom those which are
ex good in performance (quite a8 gocd a8, and in many cases
better than, finished domestic reccivers), 1o those with distinet
limitations as regards cither comstructional or design features, or
both. As & general guide, and also because the circuits involved wee
tnstructive and mh.ﬂl o um, we Have selected 8 number of the
putstinding modely in this o deacribe. These mre representative
of the best of modern designs (F963) with none of the limitations <f
misny earlier rapsistor clrouls, roaging in size om miniature o
standnrd le, and from low to medium-high price. 1t must be
streseed that this selection bs not e ensive, and thot omission
of any other design doss not necessarily imply inferior performance,
ele.

T4

COMMERCIAL MODELS 75

Tus “Carns™
This is undoub one of the outstinding minfature all
iransistor num‘hels gned for amateur construction and s
pvailable in Tully nbhreated kit form compleiz with maiching
plastic case, Overall sixe is 41 2] = 1} in., the caze nccommodating
the circult on & 2§ =3} in. prinied circuil gun:i topether with a
_:]!_Lin. dizmeéter loudspeaker and a PP3 9-volt buttery {dr equivaleni].
circuit i8 desmgoned to cover both mediums and loog-wave
m:]:liﬁgrn, using A scll-cscillating mixer, two Lf stages, audio-
pmplifier and push-pull output stage. A permanium
dmgt (DASD) is used as the deloctor.

The circuit diagram is shown in Fig. &1, which includes all small
component values, The ferrite rod aerial i@ of the slab iype, with
matching coils wound on & paper aleeve. An OCA4 transistor is used
ai o self-okcillating mizer, followed by v OC43 trandsion Torming
the first and second LI anophifier stages, respectively. Diode detector
output is f&d o an OCELD transistor ol am slage and thencs
to i push- gutput via 8 maiched pair of OCH] transision to &
miniature loudspeaker with an B-ohm speech codl. The crcuit i
poaventionsl with an L.£ of 470 fc /s and basically similir to those
previously described, except for the use of miniature componenta
ihroughout and single-tuned i.f. coils. The grng condenser has
IAXImnm n;?dtr of 190 pF on both stnges with trimmers (C14 and
C3A) 310 pF, Ban:r conpection corresponds to positive earth.

Alignment s straightforward and can be done without the use of
a signal generator. Particular care must, however, be taken nat to
overtighten the tuning slugs in the miniature coils as these are
nﬁlﬁeﬂmmm mlunglin permanent damags to the codl since it
will be virtually fmpossible (o remove the eore without first remaving
the coll from the printed cull; and similadly almost impossible
o remove the coil withopi damags.

To align without o signal generaior, the set i tunsd fo the mad-
way point on the long-wave band snd the core of L4 adjusted 10
receive the Light programme, The funing control should then be
turned to come st the higher wa end of the medmm-wive=
band and the cores of I8, L7, and L5 adjusted for maximum cutpot
Furiher sdjustment of volume cin then be made by sliding the
scrigl coil along the ferrite slab and once the best position is found
the sleeve sh be fived with wax or ccllulose tape. The receiver
chould then be tuned to 300 meotres approscimately and trimmer C34
afjusted until Hilversum or Midland Region is reccived and ihen
brought up to maximum volume by sdiustment of C2.4. IT necessary,
the plignment should then be repeated for the medium-wave-
band antil all stations are received ai good signal strength.

Using o signal generator, stindard abllgnment mcommendations

BTE
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T8 DESIGN AND COMETRUCTION OF TRANSISTOR SUFERE

Al 500 fe/3—tune in at end of medium waveband.
At 470 ke/s adjust L9, L7 and LS for maximum outpul.
At 600 ke /s adjust aerial coil position for best resulis.
Al 1450 ke/x adjust C34 and C24 for maximum output.
The “Capei™ is marketed in kit form by s+ Radio Ltd,
03 Edgwure Road, London, wi:mdiaﬁ:]g_em:.u..,
27 Toticnham Court Road, London, W.1.

THE “"ReEsLSTIC SHVENT

This Is & seven-trandstor circuit for medium- and long-wave
coverage with 8 350-milliwett output powering & 4 in. diamete
speaker. Battery is 9 volts with a current consu i of the order
of 25 to 38 millismps at average listening level Cabinet size is 7 i
high by 10 in. wide by 34 in. dzrlp*udmmwrmlht.mmaﬂm
with baitery, Is approximately 3} pounds. Particularly attractive
features on the building side are ease of construction and very low
totnl cost for a receiver of this type and performance., |

A circuit dingram for the “Realistio “h;lwmh%
An OC44 transistor is used for a self-oscillating miver, with OC458
for the LT, stages to a diode detector. Audio output is via an OCTID
transistor amplificr stuge and finally to o push-pull outpot utilizing
a maiched pair of | transistors. The londspeaker has 2 25-olm
impedance to match, Negative feedback and automatic gain control
are incorporated in the circuit.

]jnr}'urkl:u; yollages {measured negative with respect (o the common
ars:

il n 5’:‘} Gl (k] [ [y e
Emiiter - wil’§ o g 13 4% i
el ] [ ) £ e 7 14 404 e
Collecior S T T ¥ 14 65 G FL

These voltage figures must be read as approximate,
Alignment procedure recommendations specify that the aerial and
cacillator circuits must be aligned with the set in the cabinet, LY
ignment may be carried out with the sef esther in or out of the
cubinet, The intermedinte frequency is 470 keo/s.

Lf. wffgmwl
l&g witch reosiver to m.w, and close gang. :
Set slgnal pencrator to 470 ke/s and connect to base of mixer
vin n blocking capacitor,
{3) Align each ift. for maximum output with either the outpul
micter connected in place of the speaker or with the voltmster
connected across the speakes.

Rf. aligamenf
For r.f, alignment the signal generator should be loosely coupled

{See key overleafl).
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Bestraars Capavitory to the set by 1 loop of insulated wire phiced a1 5 convenlent dlitance
ﬂ fgfﬂ g ﬂg:, ﬂ'%' :ﬁ; from the sst. Maximum pick up will be got with the loop ut right-
8 oz B R T B L i - e
o -
B 0 [0 C5f 230 pF ! I mLw. kefy  Gang clossd ﬂm.m
il Tkl CE* 1T or 10uF Lol o ] oL, | By T (iang
KT EIEL iy ﬂ,ﬁf :I:IH 125 111;[;‘
e 13 k00 CH Ol pF 1 125 B A ., ke iy 0 metes.  mow, seral eoll
R 4-T kL) L9t Hllgf 4 nLw, 1300 e M 20 preties oW, aerial wrinmes
&1 EXD [} o +10% 125 F dpeetieiiis 3 aliial 4
AL kL) il 13 tlﬁ'{ 125 3 L, 155 kein Cling chosed L. a8 trisiemer
ALl FERL) Cl12 O] pF i 135 F i Lw, 1RO kefr 1670 migtres  Lw, aerial codl
iR ] 1 ki Cilt X0 pF ! ¥ Lw, I ke 1110 mwiren Lw, i) inimmmee
RS i1 €1 Sotar Tk BP o
EH ;‘Jn&fln E:_? ?ﬁpr Ijt :Eﬁ ) The “Realistic Seven™ is murketed in kit form by Lasky's Radio,
g ARt T N YT
i 3T 40 0 ,m*"" ! 12 Tin “*ChoaD Conip ysios™
e L A R e o This hus been selevted a5 o deslgn which has been produced in
B i 0 lincorpornsing mﬁi both conventicoal form wsing' L trandormers %‘ ) and wath
o 1005 | W miing + Integral part af 1F. immsformers transfiliers in place of if. transformers (Fig. 64). bwo circuifs
* Blectrolytic copaciiors . shown in the scoom an inicresfing com-

ing di

. mmmﬁﬁmmhﬂwmmmum
| formers and is basically the same as that of the Mark 1 with the

on of some changes in cipiciior valges,
standard circuil , 63} employs a Phileo ZN1T727 transistor
pell-cacillafor in an aut cironit, followed by Phileo ZNIT2E
transistors for the fired segond Lf, n convenfiopal diode
detecior wilh 6.0 output 10 8 Mullard 1Dy driver to 8 matched
it of OCE] transistors fofming o transformerless oulpul siage 1o &
S-ohm 5 in dinmeter oudspeaker, Maximum powet output is

1 watt supply i 9 volis, with o typical cuirent consumption

of 10—12 ps under no signal conditions mising 1o 25

gﬂ"ﬂi:::rp nt typicial [stening level Infermedinte frequency is
1of f 18

YOLTAGES FOR GOOD COMPANION MARK I
AN Comlitions Ml bvr No Slpmal  Sirosy Stpeal
i 13

"B
TRl R 145
| C 53 a4y
E o4 008
TRZ: B 11 ¥ -1
L. C & ¥ Ti¥
E 1w
TR B 15 F Erpepi wheis sinies the following condidons were
LG HF ohserved:
E e 38 o 1. Voltiges msasures with & 30 kikahms per wit
R4 B HyF eter {§0-vodt mnge) for bar positiee,
L C B1¥ 2 Mudiery visltags [in load] 86 ¥,
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E 43 ¥ ¥, Mo osignd infput, seiiched 0 mow. ab low
ﬂﬁuﬂﬁrmfﬂm

B A4 ¥
(4 6 B 4. ANl memsmrements sre - 10% extept for thow
B o concerming THs 4, 3, and 6, which are +20%.,
TR B &l ¥
LC 43 ¥

The “Good Companion™ receiver is designed and marketed by

Electronics (Croydon) Lid., 266 London Road, Croydon, Surrey.
Tug “CoNTESSA”

The “Contessa™ incorporates n conventional modern sin-transistor
circuif with a freguency wer?u of 530 ke/r to 1620 ke/s on the
medium-wave band, and 160 ke/t to 270 kefz on the inﬁ:ﬂ‘ru
hand. An CC44 tranalstor is wsed s o wclf-oscillating mixer followed
by two OC4S transistors for the first and second Lf. siages, with
output to an OATD diode detecior. AL output from the detector
stage ia fed 1o an OCH1 D nudio amplifier thence to a matched
pair of OCE] transistors Torming o ﬂng-mdad 1l amplifier
with transformerless connection to o hm loudspeaker, Negative
feedback and mitomatic grin control are nporporated In the cirouwit
and o second dlode (OATD) is used to assist the ag.c. und also to act
as o variable damping element (see Mullard 1 of Fig. 57,
Chapter V1) Battery is 9 volts, centre-tapped, Infermediate fre-

#8470 ke /5. Curren) consumption on no signal is of the order
of 15 milliamps, rising to 25-30 milliamps at average listening leved.
A circuit dingram is given In Flg, 635,

A porticular Feature of this kit i that all components used are

v designed for printed circuil mssembly, making for very
assembly, Performance is of the highest order and alignment &5
m & particular problem using double-tuned i.f transformors

for ihe first and second i stages.

The “Contessa™ is marketed in kit form by Radio Clearances Lid.,
17 Toitenham Court Road, London, W.1,

THE “SEYROVER"

The “Skyrover™ i3 a seven-translstor six-waveband receiver
designed 'to cover S20-1670 ke/s in the medium-wave band;
3 meires in the shor-wive band; and aiso the 25-metre, 19-
metre, 16-metre, and 13-metre short-wave bands, A cirenit diagram
s fwen in Fig. 66, the transistor Hu;&n bing  AFT16 oscillstor;
ALT1S mixer, OCEID sodio-amplifier and a maiched pair of OCE]
trapsistor for Class B push-pu un}lﬂlj i nn output transformer
o o 33-ohm ¥ in. dinmeter lovdspeaker, Power output is 300 milli-
walts, Battery sapply is 45 volls, with & current consumption of
20 milliamps ai no signal, rsng 1o 45 milliamps at 50 miliwatt
oulput and 120 milliamps ut 500 milliwatts output, An OAS0 diode

COMMERLCIAL MODELS &7
is used as a detector and a second OATY diode for automatic gain

control damping.
of
Ruﬁnﬂ?mmrrklmnwinmmmlrkﬂmﬂ-hmﬂmd )
scals) with the tuning set for maximom capacilance. Inject
pigned at telescopic anlenin through & 20 pF capocittr,
Konge Frequpnry Ciarior Poerithin A ilfuge
B ke Pasd BC Osc, ool [ Lé-8) and
BC !:-__pmnmﬁll.’l..!:l
1500 hoifls Tirieni O, trignmer | C43)
and antenns rimmer (CF)
3% ey Pud EW Oz, coll (L5108 and
e antentss coll (£3)
9 Ml Trim BYW Qg briemmmer (036
" anil anteni trimimer (C2)
BS1 (25 m) 11946 M Calibention pip - BS1 Oz, trinimer (046)
anid amtenng trivines (0E)
BET (19 i) 150 Mehi:  Calibeation plp - BSI Ouc; trimmes (046)
&N smdenm I:nlmtl’{m
BEES (16 ) 177 Mefi  Calibemtion plp  BS3-Osc, brimemer {C481
andenna trimmer (C10)
BS54 (13 m) ®212 Me/s  Calibration pip  BE4 Ose, rimmer {C30) pnd

andemni crimmer (C11)
#nigie: Chcillator tioed below carrier freqaeney on this basil,

Cutput meter, Connect o 15-chm output meter in place of internal
loudspeaker, or a 20,000-0hm voltmeler, st (o0 28 o voltags
range, pcross the internal loudspeaker terminals, .

Atudin check: Inject a | ke/s sipnal ncross the volume contral with
the control set for maximom volome, An input of 10 m¥ should
give an output of 30 mW, or 1-3 volts measures on the 10-volt range
of & Model 8 Avometer fm Service Note 2.

I.f. aligrment: Switch receiver o BC with the volume control set
for maximum volume lﬁ! FT" W?EIHIIIL p;hg cRpacilor B2l %Tud%m
capagiianee, Inject o 40 Ke/r & cent amplilnde -
htl;lﬂ..ﬁ through a 01 uF blocking mpauf::rrt connecied across the
antenni setion (O6) of the tuning gang capacitor,

Peak 1FTY, IFT3, IFT] in thai order for maximum output.

Service Notey

Fault-finding msy be carried oot in the usual way, but the follow-
ing points should be particularly noted:

{II;nApm from total ourreni uﬂﬂ:iduu. no other cursent
measurements should be attempied, current by caleulation
from measured voliage-drop scross resastors.

{2) When a signal penerator i used for cifcuit checking, use the
direct outpul and jnject vin o d.c. blocking capecitor, A 0] pF
capacitor should be used when checking the i1, crewits and the
sipnal imjected ot the aeriul section of the gang or VT2 or VT3 base
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O DENIGH AND CONSTRUCTION OF TRANSISTOR SUFPERMETS

circults. For andio check, inject signal across volume control in
which case the “live™ lead should be hlocked by on 8 wF capacitor
and cutpul meter not earthed.

(3) Extreme care should be taken when unsoldering or soldering
transistors @s they can easily be damaged by eacessive heat, The
lead wires of the replacement transistor must not be shorter than the
nu_:r:mm_nd.[hnntgppﬂlq;thntmut‘m'ﬁn than necessary and
grip the wire with a pair of pliers, to reduce conduction to the

The “Skyrover” is ed and manufsctured in kit form
Lusky's Redio Ltd,, 207 Road, London, W.2 W

CHAFTER VIll
TESTING AND ALIGNMENT TECHNIQUES
Bamic equipment for the checking or testing of transistor circuits

{1) A universal meter le of reading voltages up to 15 volts,
ohma and cuffeal ap o milliamps; or, separately, a voltmeter,
ahmmeter, and (less essential) 8 milliammeter,
The universal meter for voltage measurement (or the sepirale
voltmeter) should bave o resistance of &t keast 20, ohms per volts
miwﬂmhh.uuum;:dmurwmnummd
small volteges, e.g 0-5, 0-10 and 0-15 {or 0-25)
The universal meter for resistance measurement (or the separate
chmmeter) should have an output terminil v
1-5 volis, a5 4 higher voltage could eause damage to trunsistors or
miniature electrolytic capacitors when the meter probes or leads
pre applied 1o the circuit,
The millismmeter is useful only for measuring the total current
drain on the battery, the normal reading of which may range from
ibnutlﬂmmhmwupm]mnﬂﬂmmm&pﬂ:ﬂn;mm
circuit design. Failing 5 range of {such ma is provided by a
universal meter), & sngle range of 0-100 millinmps will be i
mf:ﬁ l:lun-l-l“. capable of producing audio-frequency
i ermior
signals and also |ntermediste and radio-fraquencies it 8 NecCisary
to explore, with for modulation at sudio-fi ies.
Where sepatate af, and r.f signal generators are empl the af.
generator should have gn of the onder of 600 ohms,
which can be fed directly into the top of the volume conirol of the
recejver th a (1 uF capacitor; or 10 the base of & transistor
through a 10-kilohm resistor and a 1-jF isolating capacitor.
'Htrj'.immiﬂrthnuﬂbn‘uﬂnwlmpednm{n{ﬂ:urﬂﬂﬂﬁﬂ
l}hmﬂhm]mltmpndminﬂlﬂﬂﬁﬁgmﬂﬂLﬂnhfuimmﬂthnﬂf
the Lf, transistor or mixer transistor via a 0-3-pF capacitor,

ALIGHMERT

Whese no eignal generator is svailable, alignment mist be carried
mlwﬁthmdmupuﬁmuih:mmnfdgnﬂl.ﬂmhﬂpm
meter with mn im of around 23 ohms is available this should
be connccted in of the loudspeaker; or altermatively a high-
resistance voltmeter capable of reading 0-2 or 0-5 volts ac. can be
mnmmdlmﬂuwmﬂl;lywnﬂ-wmdm' tion of cutput
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signal strength. I nelther of meter s avallable, ihe output
signal sirength must b:judmuuﬂr.

(1) Aerial and oacillator trimmers should be set to approximately
thie- mid-paint 'of their travel and the g control then set to the
correct position for & local station, ly in the middle of the
m.w. hand, Turn volume control to o maximum. Adjust the oscillator
core to bring the station to the correct point on the tuning scale.

(2) Turn the reeeiver so that it is orented in the direction which
ives muinfmuen slgnal sirength. Adjust if. trunsformer cores for
maxtmiam outpul. (Nede: if reduce the volume via the
volume gontred oo minkmum nud.l'hﬁ before pdjusiment a5
it 15 enmer 1o judpe an insrease n strengith of a weak signal parally
thon an increess in strength of & strong sigial. A meter will give a
more positive indication regardless. of the original signal strength,
bot &t high signal levels the troe oufput may be modified by the
effect of g.c.sction).

{3} Tune to the high-frequency end of the mow. band, ez Radio
Luxembourg on 208 metres, and ndjust the oscillator trimmed to
bring the station imto ftune consistent with the scale calibration, 1T this
proves dificult or impessibie, try adjusting first with the aerial
trimmer followed by the oscillator trimmer.

(4} Tune io the low-freg end of the mw. band, &g 1o a
station sround 500 metres & as the Thicd Programme (464
mictres). It should be possible to adjust for macimiom sagnal by sliding
the nenal codl along the ferrte rod. IF notf, it oy be to
acdjust the oscillator trimmer 10 get agresment with Ih:m
tion.

5 3 and 4 must then be repeated until an optimum adjust-
njﬂhﬁ.ﬁﬁm where ndjustment of one end has no effect an the
ather.

{6). T an the long-wave band is not likely to be critical and it
in usually oaly to set the tuning condenser to the calibrated
?mhi-nn and adjust the position of the long-wave serial oodl on the
errite rod 1o bring in station at maximum strength (or adjost
the long-wave ascial tnmmer, i el

The |nhu‘|:me may vary slightly with different designa of re-
ceivers and where fie nntructions are glven with croudts these
should be followed. Alignment instructions for the “Contesa™
circuit, Tor example, tsing broadeast stafions Instead of a signal
penerator are as follows (refer Lo Fig. 63 for circuil component
identification):

{1} Tune to a strong local stotlon by meant of the gang con-
denser. Turn vYolume eontrs] (0@ maxinum.

{2) Orientate the printed bosrd pnd asrial for minimuom aedible

ontput.
{ g Adjust £10 For maximam output,
4 L&, L9 for maximum output,
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g} Adiust L, L7 for masinmm output,
Tune by means of the gang condenser 1o a siation whose
frequency 15 in the region 5408650 Ee/r, Orientste s above for

minimum mudible output. (This is to prevent the a.g.c. dction musking
ihe effects of adjustinent.) Adjust 15 for maximuom ou
(7} Tune o a station in the region of §300-1640 ke/'s. ientute

if mocessary, Adjust TO%a for meaximuom owtput,

{8} Repeat operations 6 and 7 10 ensure cosrect coverage,

(%) Hold tuning dia! and set callbeation MI‘I‘EIE'MﬂiIIE o wave-
length of station selected for operation 6, Adjust Lla for maximum
auipuL

{10y Hold toning dial and set ealibration ¢ ing to wave-
length of station selected for operation 7, Adjust for maximuom
ottput,

11} Repeat operations 9 und 10 to ensure maximum tracki

12) Switch to long-wave bond and tune o o local statioen. Adjist
L25 for maximum ootpul

Where a signal penerator §s available, the L. stages and sgnal
gircuit are alignosd separately, inhmhmmmm:mligﬁmw'ﬂ
meter o 5.0, volimeter connected across the speech {speaker
terminals). Before attempting alignment the volome control should
be et 1o a minimmm in order 1o wse the lowest signal from the signal

nerator consistent with o reasonable output, e.g. 50 milliwstts or

wolt scrows the codl. This avolds a.gc action

For aligning the LI stages the dignal [s ser ot the iLf. (normally
470 kelsh wsually & to the base two iLf, transistors and
miixer, in twrn, working urds (1.2, siariing with the second LE
transisior). The ocorres ing 1.F. trunsformer cores are adiusied
o misimum: outpul, in furm, signal i injected using u 05 wF
capaditor and an BX0-ohm redistor in series with the genefitor out-
put lead and pever applied directly. Abiernatively the whole of the
glignment may be carriod oot with o mdiating loop from the
liinl]ﬁgmultnf,udmﬂtdfurlﬂpﬂullh:' circuil (gee
Is

Having peaked the if. transformers, the cirouit is switched to
medium wave, the generator sel 1o a typical low frequency (e
J40 ke/x) and the oscillstor trimmer adjusted for maximom outputl.

The tuning capacitor is then set o minimum capacity and the
signal generator to 8 high frequency gly-ptnaﬂl',r 1640 ke fs) and the
sagond (miver) trimmer adjusted for maximum capacity. These
bwo ELiges are 15 NCORESATY, ll'ur oplimum resilis,

For alignment of the signal circuits no direct connection is made
but the sutput or live terminal of the signal generator is coanected
to & loop of wire consisting of two or three turns o ximately
7 t6 9 jn o dismeter with g series resistor in cirouit of 430 or 390
ohms, The loop should be situated shout 24 in. from the receiver
ferrite rod (Fig. 67). Normal procedure is then:
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i

i M
Fig 67

1} Set wi rator to o low m.w. peney (eg. 600 ke/s)
a.n:?ld :Lm:rpn.:ﬂmﬁifmf to the mwmﬁﬂ position on the scale.
Adjust nerial coil position or acrial trimemed for maxdmum output.

) Wﬁm the signal generator set (o a high mow. frequency
{e.p. 1400 ke/s and adjust gang condenser trimmer for maximum
0 L

Repeat operations | and 2 as necessary.

4] Switch to long wave, sl to a typici] frequency i
l.hm}ﬂ the middie of the Lw. I:.m!{e.:. 120 ke fx) and adjuest the long-
wave nerinl ¢oil position or trimmed for m m outpul

.lu-rEnh:r exampla of low optimutn al i coii it
I:M]:u:i oo B cireuit desien recommen pr p
the “Good mﬂm”mhumhm !ﬂﬁg.ﬂl'ﬂrumﬁl
component I

(1) Equipment required:

Critput meter (connect across spenker).

Sipmal penerator, ) |

Radiating , mde from ordinary plastic-covered wine
6 M. long. Wind into a 6 in, loop, 4 turns, cofnéct a series
resigtor of 390 chms. Connect the other end of the series
resistor to the live lerminal of the signal gencrator,
Bingate the loop 2 L from the ferriie rod.

{2 ﬁmﬂu D mw., g:np:lmedmk ;whlm fully up.
.,HIIﬂllIII o ¥

g ust cores of IFT1, 2, 3 for maximum output, repeat until
¢ improvement can be obtnined.

2, Adjusi signal genierator for an output at 540 ke /.
he core of OT1 for maximmum outpul
r mazimum output.

for minimum capocity.

1o for 1640 ke's,

for maximom output.
for maxinmm ootpait.

11 until oo further improvement can be mads.
L,

1
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14) With mrdﬂlﬂfmﬂhlﬂgmlﬂ 160 jee /s,

15) Adjust C11 for maximum output.

16) Adjust L3 for maximiam oulput,

(17) Set gang fully open, feed in signal at 280 ke/x,

IEE Adijust €5 for maximoin oetput.

EIE Repent 14-18 until no further improvement can be obinined.

Crecxing Cmcurs

Normally the most satisfsctory check for a mewly assembled
circuit is to make absolutely sure that all components have been
o pocioniag A1 (06 Tods F I and sl Fhedking the

positi L] | IransEEtons,
battery is connected with the sotrect polarity. Ammm
sh also be made of the printed cirguit to see that it has not been
dnmaﬂmﬂrhumuulmmlﬂrhnﬂthddmngmynﬂhn
conductors, These checks should be mibde belore switehing oo to try
the cireyil for the first time. Unless there is a wrong connsction, or a
eomponent fs faulty or has been damaged in assembly, o “com-
mercial cirenit will imvariably work. 4

The current drain of the receiver can be cheched inierting &
0-100 millinmmeter in one of the ba Jeads, ta fumtﬂ
préserve the correct polarity (Fig. 68). With the st switched on

under quisscent or no-signal condition—i.c. not tuned to 4 station—

REESCENT. l_amummm
ALATRNAY VO LT
oFF,
BATTERT AarCeTvER
£ el de TR

Fig. &6

the current drain should more or less with the !unlﬂd figmre
for the circuit design (see pter VII). Lacking such data, a gure
of abeut 10 o 20 milliamps is Gy for a sin-transistor
superhet. No exact cun be given the curtent drain will
vary sl with nt temperntore,

rl.}:!'ll':iﬂwﬂw milliammeier connecied and tuning 1o o sistion the
carrent drain will be found to rise, B maximimn with
mitimum pesition of the volume control, The figure for average
Hintening Jevel cnn be checked spninst that gpven for the circuit,
although thiz reading has Htile meaning. It 8 8 function of the
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girouil design—some circuits having o higher current drain than
others (see Chapler: of the setting of the volume control,
The no-signal current rain is significant ondy if i is excessively high
—imedica the mee o 8 short-circuil inside the receiver; or
nm;;iwmﬂn; the presence of a high-resistance folt in
the recsiver circadt, ]

A gimilar check to the above can be made with an ohmmeter,
disconmecting ﬂh::_bnu:g and simply using the meter to measure the
total de, resistance of ihe circuit applied to the butlery leads,
If thix reading is noted for m new circuil it can be compared with
Ieter rendings when fault finding, when & marked dm&;:-mm
would indicite & short and a morked increase a resistance

el Tl
The most auseful d.c. check which can be made on the complete
circuit i= 1o use & voltmeter to measure the d.c. -across the

emitter resistor of esch transistor in turn. This should be within
20 per cent either way of valtage figures for the croalt, Any variation
in volage outside listit will indicate a fault at that particular

@ ¢ af

FOLFARE CHECHE AT ¥, I'l-‘l 3,
Fig. 6%

stuge. In the case of a new circuit which works satisfactorily but
for which no check voltages are given, it may be useful to measure
the above d.e, volia Miﬁrpl.h:ﬂljuhhrﬁnlﬂau.ﬂdguﬂ:fuf_
future servict ta. Note, however, that polarity o
transistor mmmtnm;ﬁrlhm{nm}mpm?ﬂw
earth or “common,” but some are negative earth).

Another most useful voltage check is the wal across the
battery terminals with the set switched on. This voltage will
indicate the condition of the battery, If less than nbout five-sinths of
the nominal voltage of the hattery, the battery can be reckoned a5
needing L. In making 2 battery voltage check it is impor-
tant that this be done under load and after the receiver has been
swilched on for & minute or so &t least. A nearly fat battery may
show n high voltage reading under load immediately afier it is
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switched on, but the voltage will then fall quite markedly alter a
while. In the case of 4 centre-tmpped buttery, bolh lialves of thi
battery should be checked Tor *load™ voltaps A

The diey volinge check . scress the emitter resistor of each tean-
sistor (or equivalenl check point ne specified on the circuit diagram)
provides an almost compiete cheel o the de. conditfors and will
show iip such foults as component. fallures or Open-siroult Joints,
iid also the stage at which the fealt I8 present by the wining vollige
reading i thut stage. Theo foolt éan then be expecied 10 be confined
Lo components in-this stage, which cun be checked Individually if
the fanlt is not apparent {e.g. o broken printed circuit, shor-otne
hetween lands, dey-soldered joint, ete,). IT individusl resistors need
checking, it s best 1o isolate the component(s) for wst by un-
soldering the connection ai one end. 1T this is not readily possible
or desirnble—e.g. there may be o number of components to test in
the stoge—the stage transistor (nnd the stuge) can be mnolated by
ikoldering the base lead of the transivtor, A beal sink showld be
used in order o ivold heat damage to the trensistor snd oy the
base lead should be removed firom the clrcuit.

Capeciter foulis will pot show up oo o de check, unless the
capacitor is ghort-ciregibed, In this case the Fadli will disappear (s
far ms digs yolisge meosurements are coiceinéd) us sooh as the
faulty capacitor is disconnected. By-puss mpn.l:ﬂurl:‘?]h: d:.:;'t:d
for i [luhlhytmnpumrﬂ;ﬁlmmﬂ ith a 5wl
mpmduma{: lcTense in volume with the set swilched
on, the original capacitor b cither fuulty or of wrong value, The
time-hopoyred method of “lauli-finding™ with valve radios b
shunting varous sections and componenis on 4 “mial-and-error”
basis with a capaciter should mot, however, be applled Lo transistor
etrenits. Tlis cun cause permanent damsge 1o transistors,

Mormally the trandistors see unlikely to be found fouulty in & nog-
working cirenll, unles ihey have beéen subject tu 5 sevire overload
caused by, for exnmple, ﬂf changing covpponents with the recejver
switched on; ng the baltery the wrong way round;
Eliﬁ} injecting o high voltage sccidentally into the circuit. A wansistor
aull may, however, ocour in & new coréult owing (o heal damage
during mounting, If 4 tronststor Fult ocours after & of. use,
ond einnol be tmeed to the ahove sesidental canses, ull the sdiscent
companents are also suspecl amd should be checked before
the transisior with & new omig.

e At pin by sl e e LA
(] Imjeckion, e dw i ian audio-

inte E:lmdiu seotion of the receiver, startng from the oulpat stage
and working backwards towirds the detestar, 1T all the &

work safisfactorily the |l siopes are similady tested with the signal
penerator sel to the intermediate [requency modylated with an
audio-frequency, Finally the radro-{réquency siages can be tested
T
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Fig. 70

by injecting a radio-frequency signal modulated with an audio-
lreqenicy.

In other words, 1o test the se, warking of the complete receiver
an appropriate signal s injected ot cuch siage in furn, starting with
the last stage and working back to the front end. The faulty stage will
show up as the first one which does not produce any increase in the
mn‘:imn-";rI outpet, or yields no final output at oil. The neces-
sry #i iammﬂyhmtiujmhﬂintuﬂ:hmnfthg:?ﬁwpﬂu:
transistior (e, that particular stage trensistor), vin & suitable resistor
in seres to ensure current drive, A sultable value of resistor is 10
kilishims, Having found the fanlty stage it is then necessary 10 check
the pents involved, in turn, in order to determine the source
of the foult, e.g. it could be nothing more than & faulty coupling

tor.

l;ﬁ checking of circuits In this manner depends upon an ahility
to “read™ the primted circuit in terms of the actual jeal commec-
tions of (he components, determined by studying the theogetical o
aitcuit dingram in conjunstion with the nssembly, Initially
this muy prove a somewhat ledious procesg, pa af miniature
receivers due 1o the ervwded mﬁlﬂhut i illy @ straight-
forward technique which can readily mastered with practice. A
haphseard spprogch to fuuli-finding is seidom productive, and may
it [act even esd to ndditional damage. As a Turther guide, some
typbcal faults, causes and cures are described wnder separate head-
1
n’;r-fcﬂmi:‘*;k-ud" whess switched om, In the cuse of a newly
Eﬂ:ﬁm receiver this could be dug 10 incorrect connections, so U

eck of the circuit shoeld be made, Tn the cise of o receiver which
hns previously been working satisfectorily, likely causes are:

Rattery coinpletely desd—check “on load™ violtuge,
1) Ohpest cirenit joint
(iia) Compeonent
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appropriate stage and faulty componeni can be isolated by the
stundard methods of lesting previously described.

There is also the possibiliy that the on-olf ‘switch may be fuulty.

Recwiver operates intermittentfy, The usual cause is a dry joint o
an intermittent connection, It is often difficult 1o reproduce the faukt
exsictly when required for testing although if it can be established
how it can be |nitiated—e.g. by ng on i certain point of the set
or pancl—the source can y be truced without moch Ffurther
tronhle. Other possible causes are faulty baitery connoctiorns or even
a hattery with an intermittent internal disconnection; or o faulty

Roceiver firdes nfter o short peviod of recipiion, Almost imvariahly
this i& due fo a low battery, After being on load for o shorl period the
h'.mwauﬁdmpnl;htnﬁm cafe il 1o chanpe the baltery

Nee: & sign of & fuilng battery is distortion of the signal recsived.
If distortion is present with o new . however, this is duoe 10
circuit lmitations {zee pages 29 and 100), Distortion cen also resull
From faully alignmest

Leow sensitivity. 1T this oceurs with a new set of extablished desipgn,
the most likely cause is incorrect alignment af the i.f. ‘sluged, or o
Faylt on the aerigl or oscillator tuning circuits, The latter may also
occur in use, such s a broken fertite rod, poor asrial conpections,
an acrial coil which has hecome displaced on the rod, bent vanies ona
tuning eapacitor. Il the joss of sensitivity i restricted {0 a part of
the tuning range, the asrial circuil and the panged condenssr are
immediately suspect. IF these chieck out us all right. the self-oseallating
miner stage should be checked.

In maost circuits the oscillator provides part of the working b
for the rf, transistor. The vo measunement aoeross the
resigtor of the mixer transistor should be tom wnhihﬂlntﬂ
figure with the recciver switched on umnlilv and then with 1
oscillater coil dumped by temporerily connecting & | »F capagitos
across the omcillator tuned cirenit. I the oacillator is working
carreetly there will be a difference between Lhe two voliage readings,
Note: When connecting or g A lemporary componsl
into the circuit [or test purposes, ihe receiver should abvays be
switched off, Failure to follow such a precaution can pesull in
permunent damuge (0 transision.

Revelver tumes in one station only ever whele range. The fsult in
this case is most Hkely o be i the self-oscillating mixer stige,
which should be cheécked thrn%

Reeeiver howls or avcillafes, in cansed by Lf instability and is
most likely 10 be due to a defective coupling capaciior, a defective
pegtralizing component on the transistor, Or oven @ faully LE
Lransistor, "y

Receiver “prowls” (ow-frequency instability]. This & 3 faah
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restricted to the audio stages and is most fikely (o be caused by s
faulty awdio deesupling capacitor.

Hiph backy noive. fevel. This is msunlly die 1o & poor of
fautty transkisor, in which case it will often be associated with low
gain, The cause is o high-leakage current in one (oF more) transis-
tor(s). This may ke on initial faglt of the tranapstor (e o sub-
standard component), or have been caused bl daimage 1o the
transistor when goldering into the circuit, only cure in such
g case i to fnd ead thee faully transistor.

Lack af vohmne, On & wew cirouil this ls almost cerfainly due to
incorrect slignment, For optimum, results it is necessury 1o follow
the alignment technbijue mﬁnﬂ for o particular circuit as this may
differ in detail with different girouit desigon. Concentraling on
i;gpmnﬂﬂt in gain when aligning, however, can lead to los of

er desirable characteristios, £.g. nn increase in distortion and loss
of response. Allgnment must concentrate on  establishing an
i pdjnsiment between all desired characleristics,

Lack af volume will alsa result from 2 poor trnskstor (see above),
or low _u-mltngs_llnmuh}mm:haufmlumnﬂh
secampanied by Ingreasing distortion, !

Distortion. 1 the set has previously heen working satisfactorily
but distortion subsequemly scis in, the cause i almost certalaly a
falling battery voltage. The hu:u_-; vohage should be checked on
lond, and the battery replaced i the voliage has fullen below
fiwe-sixths of its nominal new voliage, Le, a 9-volt battery should be
replnced when itz on load voltage falls below &6 5 0=T-5 valls,

Dhstortion in & new set will probably be caused by & mismatch in
nin, whene the circuit employs 5 push-pull output. In other words the
two trunsistons employed in the il wircwil nre not o matched
pair.Tnn:hnu:bmhhmuinquyﬂIhwlnhmphuﬂbrl
matched poir. Nots that this aleo applics in the case where one of the
output transistors develops a fault—Le. both transisiorn would have
to be replaced with a matchied pair,

Circit faulis which can cause distortion include (1) & fudy
nudic-coupling copecitor and (i) a fault in the astomatic gain

cantrol rndrﬁ“ averloading of the audio stages. In case (i) the
fault will show up on strong signats only, ;

Distortion cas also be produced bﬁ; design fault, e.g. eroisover
distortion due 1o incorrect values of the bias resistors on the output
imhmhuutheﬁullmwhﬁmﬁﬂndhyﬁudiuamm
ﬁi}hﬁn value for one of the resistors by trial and errot (see Chapter

Transistor fowlts, Transistor faulis are relatively uncommon, but
the more usuil causes and cfiects nre:

{E}Hﬂtdlmlpduﬂn;m:nﬂy—mhi:hmhﬂmntdﬂ-
leakage current, loss of gain, and a noisy recciver. In extreme cases
the transistor may be destroyed and not work at all.
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i) An srcuited junetion caussd by 2 heavy overlond, in
wl:umu ﬁmnmm will mol wark al o

iii} A shor-circuited function eaused hi. high-voltige surge.
This 15 & fauli which can readily be tnduced y working o o cireuit
with the current switched ¢n, amd In purticular by removing of

i in the circuit with the current switched on.

A transistor in amy will normally lead to low sengi-
umud in. A Manlty rin the il stiges will lend to
howling. A alty transistor in the audio stage will lead to distortion.
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