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An Introduction to the M.A.T 
. 

Since the initial invention of the point con­
tact transitor some twelve years ago engineers 
have continually striven to develop new types 
with improved perf orma11ce. The original point 
contact transistors were very noisy, rather deli­
cate and it was very di.fficult to produce con­
sistently good quality ty·pes. When the alloy 
j.unction transistor was .. invented, therefore., they 
rapidly became obsolete. Alloy junction tran­
sistors, such as the OC7 l and O.C44, 1nake 
excellent A.F. amplifiers with comparatixely 
Jow noise figure~ and R.F. types may be use 'at 
f1·equencies of up to about 5Mc Is. Even at ... e­
di un1 wave band frequencies· of around !Mc.ls, 
l1owever, their gain .is comparatively low tje .. 
cause even the, best of them provide a common 
en1itter current of only ~tbqut 10 times at these 
frequencies. . . . 

To o·verconie. the limitations of the conven­
tional alloy transistor the alloy diffused ·type 
was developed, examples of this type being the 
OC l 70 an~ OC 171. In these the resistivity of the 
base region, instead of being;,. constant, varies 
steadily from the emitter to the collector .. This 
results in the charge carriers being accelerated 

· across the . base thus reducing the transit time 
an~ increasing ·the cut-off frequency. Alloy 
diffused transistors make excellent, high gain 
R.f ... amplifi.ers at M.W. frequencies a11d they 
will operate up to lOOMc/s or more. However, 
they have very high saturation · voltages 'which . 
means that a. C·omparatively high collector vol­
tage must be used and their current gain drops 
rapidly as the collector current is reduced 

· making them unsuitable for operation at low 
collector current levels. They also tn~ke poor 
A.F. amplifiers. and are thus difficult to use in 
reflex circuits unless the designer takes numer-
ous precautions. · . 

We may now sum up the last two types. The 
alloy junction transist·or makes an excellent 
A.F. transistor down to fairly low levels of · 

collec·tor current and voltage but is a poor R.F. 
. amplifier by comp~riSOll. The alloy diffused 
type is an excellent R.F. ·transistor 'Yhich c~.n 
operate right ·up to V.H.F. frequencies but ts 
not very good as an A.F .. amplifier or .at low 
collector currents and voltages. A transistor 
was required.. therefore, which combined and 
extended the advantages of both types just men­
tioned without any . of ·the disadvantages. An 
early attempt to achieve this resulted in the.sur­
f ace barrier transistor or SBT. The SBT was 
m~de. by ~lectrochemically etching a\\·ay tlte 
base· prior .. to plating on the col.lector and 
emitter electrodes. This . resulted in an ex­
tremely narrow· base width and, hence. a very 
high cut-off frequency. SBT's operated perfectly 
at both audio and radio ·frequencies and they 
could . also operate at · very low power levels. 
Unfortunately, however, their common emitter 
current gain was always very low and they were 
limited to collector currents of 5mA and col­
lector voltages of 5 volts. These disadvantages 
precluded their wiqespread application although 
they were very useful for some purposes such 
as in radio control receivers or in radio receivers . 

designed ·to operate from low voltage batteries. 
Finally the .·micro alloy transistor, or MAT, 

was developed. rhese are made by a technique 
similar to that.·invented for SBT's but developed 
considerably to overcome all the disadvantages 
of the latter. MA'"f's have extremely high levels 
·of current gain, as high as 200 in many cases, 
and they can also operate at collector currents 
of up t<) 50mA and collector voltages. up to 
about 12 volt5. Their cutoff frequencies are as 
high or higher than those of alloy diffused tran­
sistors and yet they make better A.F. amplifiers 
than alloy junction types. Furthermore they will 
operate at much lower levels of collector current 
and voltage. The· two tables below compar~ 
typical MAT's wi·th the best alloy junction and 
alloy diffused ty·pes on the market. 

• 
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. . . 

Table J.-1Co1npa1·is·on between MAT and best A.F. transistor hitherto available. 

MAT 
Alloy junction 

. 

V ce(sat.) 
0.05V 
0.15V 

From this it will be seen that the micro alloy 
transistor will, operate, down to one third the 
collector voltage Vce(sat.) of the best alloy 
junction type available and will provide over 

Beta 
75 . 25() 
20 90 

lc(max.) 

50mA 
50mA 

three times the cu·rrent gain. This means that 
the power gain· is about ten times as high be­
cause power gain is proportional to the square 
of the current gain. 

-

' 
J 
i 

. ! 
. , . . 

. 1 . 

I 
I 
! 
! 

Table II. Compari.;·on between MAT and the best R.F. transistor l1i1herto available. ~ 

Cut-o.fJ 
V ce(j·at.) frequency ·'": Beta /c(ma_-x:.) 

MAT 0.05V 120M/cs 75 250 50mA 
Alloy diffused transistor 1.3V ·10M I cs 15 150 I Oml\ 

Here the superiority of the MAT at low col­
lector volt~ges is even more spectacular (and 
this is very important wh_en high efficiency_ is 
required as it is in transmitter outp~t stages). 
T~e cut off frequency of the MAT is slightly 
higher and the· current gain is c·onsiderably 
higher .. Fur.thermore. the variation in current . . 

gain is very much less so that the constructor is 
guaranteed a high gain tra.nsistor in every pur­
chase he makes. · The maximum collector current 
for the MAT is 5 times higher and· this again is 
very important in the output stages of trans­
mitters. · 

' 

MAT Specifications. 
Up to now we have talked of MAT's in 

general rather than of specific types. In fact, 
four types are available and two of these, the 
MATlOO and the MATIOI9 are specified fo1· 
very low power operation. That is to say, whilst 
they are similar to the other two types their 
parameters. are measured and guaranteed at 
very low power levels. The other two types are 

Neither of these tables illustrates the advan­
tages of MA T's_ at very low power levels and 
these should not be forgotten becat1sc of their 
itnportance in very small receivers, radio con­
trol equipment, ·hearing ·aids, etc. An. example 
m·ay be useful . the ref ore : An MAT operating 
fr .. m a 1 ·.3 volt supply with a collector current 
o . ::o.~mA (100 microamps) will give as much 
ort more gain than the best alloy junction tran­
sistor operating from a 12 volt supply with a 

. collector current of 3mA. Thus the power con­
sumption of a small signal A.F. or R.F. ampli­
fier may be reduced to one fortieth of that 
r.ormally required. 

. . 

. . 

the MATl·20and MAT121. These are measured 
and specified at normal power levels, but of 
course, they will also operate down to the very 
low power levels just 3-S the MAT~OO and 
MATIOl will operate up to 50mA. 

The technical specifications for these tran­
sistors, are, then, as· follows : -

Storage temperature 
Junction temperature 
Collector voltage 
Collector current · 

Absol·ute Maximum ·Ratings (all types)~ 
- 65 n to + g5 c: C. 

Power dissipation at 25 ° C 
Lead temperature 

. . 

---~· - ---"· ------- --· - . 

· 85 °C. 
- 9V (up to - 12V if required) 

. - 50mA 
. 50mW 

230°C + 5°C for five seconds . 

. 
-- "'···- · ·· . .... - •• .• · ·· - · - ·-- ·•--L. .. ~ ... .... ._. - · - · • - - ·"--·· ... - - ·· -- •• 
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· Electrical -Clzaracteristics. 

• 

. 

Low Power Types · 
A.F. current gain (Beta) at · 

Vee= 1.5 volts:) le = 0.5mA 

Alpha cut-off frequency at 
V ce = l .5V ~ le ==- 0.5mA 

· V ce Sat. (Minimum Collector 
. voltage) at le = lmA 

Retail price 
Ordinary Power Types 
A.F. current gain (Beta)_at 

V cc = 6V·._ le :=: 4rnA 

Alpha .cut-off frequency at 
Vee= 6V, le = ·4miV 

\l~ce Sat. <Minimt1m Collector 
voltage) at 1·c = 6mA 

Retail price . 

... 
\ i 

·it .will have been noticed fr.om the abhve 
tables .that the MA~flOO and MATl20 retai.J~ . at 
7 /9d. and the MATlOl and MAT121 at 8/tid. 
At these prices they are very much cheaper than 
£tlloy diffused transisto1·s and they are even 
cheaper than standard R.f'. alloy ·junction types. 
This is possible because MAT~s are produced 
not by hand · but by fully automatic machines 
which not 011ly tnake them in great qua-ntity· but 
control the necessacy oper~tions to a very fine . 
degr·ee. There are, therefore, .,. far~ fewer rejects 
with .the automatic process and the transisto1·s 
sold d itt'er from one another far less. This simpli­
fies circuit design and ensures that all circuits 
constructed with , MA T's give optimum pc1·­
formance. 

Good quality A.F. alloy .iunction .transistors 
can · be bought .for less than · MA T's and it rnay .. 
at. first, be· t~ought that ~1A T's would have little 
a.pplica·tion in_ A.F. circuitry except where . very · 
low pO\.\.'er operation is required. In. fact this is 
certainly riot the case anci it can easily be sho\vn · 
that considerable sav~ngs are made by using 
MA T's in A.F. amplifiers. The .gain of a con-

. . . 

' .vcn.tional alloy junction transistor used as a 
standard small signal, R .c coupled, A.F. am­
plifier is about 20dB (JOO times). An MATl20 
\\'ill give a gain of 34dB (2,500 . times) in the 
san1c "circuit and the MAT 121 will give the 

MATlOO . 

Min. ·25 
Typical 50 
Max. 75 

60Mc/s 

.. 

• 

0.04V max . 
7 / 9d. 

MATl20 

Min. 25 
Typical 50 
Max. 75 

• 

l20Mc/s 

0.05\t 
7 /9d. 

MATIOl 

75 
100 
250 

60Mc/s 

0.04V max. 
8/6d. 

MAT121 

75 
150 
250 

J20Mc/s 

0.05V 
8/6d. 

. . . 

' ' 

amazing figure of 40dB (I 0,000 times:>. Similar 
!!ains will be achieved with the 'MAT I 00 and 
~ . 

the MAT I 0 I. Now· the significance of these 
figures is obviOllS : rfwo MAT 12o~s can replace 
three a.lloy junction transistors and besides the 
saving of a ·transistor, it's associated components 
will not be neede<;I. There will also ··be a con­
siderable · reduction in noise level and an im­
provemen·t in quality. With MATl2l 's · the 
saving is even more striking becau~ o·ne of 
these can replace two alloy diffused types, The 
number ·of components required to achieve· a 
g·iver1 gain is .. therefore, halved· wit·h· an enor­
mous saving in cost. 

E11cap.\·11/atio11 and lead co1inections. . . 

· The MAT is physically a small transitor. being 
a lot· smaller, for example, than the OC71, and 
it has a 111etal· e.ncapsulation or can. Both the 
can an~ the leads <tre gold plated,. to make the 
appearance attractive, to prevent corrosion and 
to make the leacls easy to solder. The cans 
are cylindrical bei11g about i'' long by 1I5'' 
diameter with a small ttange one third of the 
way up f tom the lead ·end. '"fhe gold plating on 
the can being brigl1t, aids dissipation of heat .by 
radiation. . 

As mentioned above~ the leads being gold 
plated, are very easy to solder and the iron need 

• 
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. 

only be applied to them for a very short time. · 
MA T's are no more prone to damage by heat 
than any other type· but reasonable precautions 
sl1ould be taken and soldering time kept to a 
minimum. It is always worthw'1ile using· tran­
sistor · sockets whenever possible because it 
facilitates the removal of the transistors from 

. 
· . . 

a circuft when that circuit is no longer \required. 
The physical dimensions and lead connec .. 

tions for MA T's are shown in Fig. I. As shown 
by the diagram MAT's are PNP transi~tors as 
are the vast ·majority of alloy junction and 
diffused types. The collector, , therefore, sho.11ld 
always be negative with respect to the emitter. 

' 

' 

CHAPTER TWO 

Circuitry Tecl111iques witli ,\1icro Alloy Transistors. 

Lest the heading to this chapter be mis­
leading, let it be said immediately that MA T's 
can be used, without any ·coinponent changes, 
in virtually any circuit designed to use ordinary 
A.F., R.F. or V.H.F. transistors. In many cases, 
i11 fact, it is possible to substitute MA T's, reduce 
the collector voltage to half the specified value 
or even less and yet still obtain improved per-
formance. · 

The Miera Alloy transistor, however, has 
many advantages over conventional types as has 
already been explained. These make it possible 
to design circuits using tl1em which otherwise 
would not be feasible. In reflex and regenera­
tive receivers, for exam pie, they are particularly · 
useful and they also make possible certain types 
of direct-coupled amplifier which would other .. 
\\ ise be unsatisfactory. In push-pull circuits they 
provide much higher efficiency than is usual and 
the same applies to transm'itter circuits. Their 
high gain is useful in hearing aid circuits and 
in R.C. oscillators as well as in receivers and 
a111 plifiers. 

• • 

A m/Jlifier Circi1its. · 
The main advantages of MAT's in i-\.F. cir­

cuits are as follows : -
I. Extremely high gai11. 
2. Very high efficie11cy in output circuits. 
3. Ability to provide high gain at very low 

levels of collector current and v9ltage.· . 
This makes it easy to design very low· 
noise hi-fi preamplifiers. 

4. Completely linear frequency response 
throughout the A.F. range; ·again essen- · 
tial in. hi-fi circuitry. 

5. Ability to operate perfectly with the 
collector-base junction forward ·biassed. 
This is importa11t in direct coupled 
amplifiers. 

Of these advantages No. I is obvious but the 
others · niay need .a . little explanation. The high 
efficiency in output circuits arises because the 
voltage swing of any output transistor is re­
stricted by the knee or saturation voltage and~ 
as we have already seen~ this is much lower in 
an MA 1, than in any other type. At the time 
of writing, · matched pairs of t~A T's for use in 
push-pull circuits are not available but the con­
structor can select such pairs for himself if 
necessary. 

T·he prime requirement of a microphone pre­
arpplifier is that it should provide high gain 
with the minimum possible amount of noise 
g ·. eration. The noise generated by any tran­
si tor may be kept to a minimum by using low 
,~,1Iues of collector current and voltage because 
the smaller the power dissipated in the tran­
sist~r the lower the noise level. Unfortunately, 
with. normal transistors a low val.·ue of collector 
ct1rrent ·immediately results in very low gain 
and this technique cannot be taken very far. 
MA T's, however, will give very high gains at 
collector currents of ·only 50 microAmps and 
with only a fraction of 'l volt on . the collector. 
Thus low noise an.d high gain can be achieved 
at the same time. 

• 

The advantage mentio11ed in point No. 4 is 
an extremely important one in hi·fi equipment 
design .. Conventional alloy transistors drop in 
gain as the frequency increases th50ugh the 
attdio band. The drop is not very large, possibly 
as little as 3dB in the best types, but in a multi-

. stage amplifier it is quite large enough to 

. degrade the performance to well below hi-fi 
standards. With MAT's there is no drop at all . 
until the. frequency reaches several Mc Is thus 
the problem is completely overcome. 
· In power amplifiers, and MA T's 1nay be used 

in push-pull circuits with outputs up to 250mW., 
a11othe1· adva11tage . occurs. With MA T's the 

~ 

.. 

! 
; 

• 
I 

• 

' . , . , '·- .. ·-- - -······-·---··· .... ... ______ ..........___._ __ _ 
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. common emitter current gain remains remark­
ably . constant ov.er the entire current range 
normally used .. T:hat is · to say. the variation in 
current gain is negligible from 0.5mA to 50mA. 
This small variation also means that a much 
lower level of quiescent forward bias than usual 
may be used~ another contribution to increased 
efficiency. · · . . 

The last advantage i11 the list may seem a 
.little curious at first but it is a very useful fact 
when direct coupled circuits are used. The type 
of circuit shown in fig. 2 demonstrates this. It 

·has been used extensively in hearing aids but 
is normally rat~er limited in frequency response 
·because of the very low voltage on the collectors. 
The collector voltage may; in · some cases be 
lower than the base voltage causing the output 
impeda11ce of ·the transistor to drop ·sharply 
thereby shuntin.g the next stage and reducing 
the gain of .the amplifier considerably. This bas 
always been something of an annoyance because 
the circuit is so delightfully economical and it 
would be nice to be able to use it in radio re­
ceivers and high quality amplifiers. With MAT''s 

· this now become·s possible. These transistors;~till 
give maximum gain at the collector voltage~in­
volved and the output impedances remain· high 
even when the collector voltage is below · the 
base voltage. This type of · amplifier ··may now 
be used with outputs in the 25m W region. 

To summarise the application of MAT's in 
A.F. amplifiers, they may be used with collector 
currents between 0.02mA (20 micro Amps) and 
50mA and at collector voltages as low· as 0.04 
volts. The frequency response is perfectly linear 
~nd th~ gain is constant W.Jth current. The 
narrow beta spread with any type is also useful 
as it enables the gain and performance to be 
predicted accurately. 

Oscillator C'ircuits. 
. . 

MA T's ma·y be used in tuned oscillators in 
precisely the same way tl1at alloy ju11ction and 
alloy diffused types are . employed. The maxi­
mum frequency of oscillation attainable will be 
in the region ·Of I 30Mc ! s with the transistor 
used in the common base mode and wit·h a col- · 

~ . 

lector current of about 4mA. With a collector 
current of 0.5mA the maximum practical fre­
quency of ·Oscillation wil·l be around 65Mc Is. 
MAT's thus extend the frequency range obtain­
able quite c-c.)nsiderably. 

In phase shift or R---·C 'oscillators MAT~s 
have two i111portant advantages. Single t1··an-

. -

.. 

. ~isto~ phase shift oscillators. of .the type shown 
1n. Fig. 3, employ. a three section ladder net· 
work . to produce a phase change of. 180° at a 
spe·cific frequency. Since. the network, com· 
prising the ·three resisto1·s marked R · and · the 

- three· capacitors marked C, is connected be­
tween the collector and the emitter of the ·tran­
sistor, which also introduces a 180° shift, the 
circuit oscillates at a frequency determined by 
the values of Rand C. Unfortunately, however, 
this delightfully simple circu.it has, in the past, 
been difficult to construct consister.itly because 
the phase shift network introduces a consider­
able current loss which makes it essential to . . 

use a transistor with a Be.ta of at least 60. Now, 
whilst many transistors on ·the market have 
Beta ranges which include . this value, only .. a 
fairly small percentage of any given type will 
exceed ()0 and anyone · wishing to build an 
oscillato1· of this type has had to buy several 
transistors and test them to find one that is 
suitable. With the MATlOl and the MATl21 
·ho.wever, this is quite unnecessary as every orie 
of these bought has a minimum Beta of 75 
which is more than· sufficient. 

The formula for the frequency of oscilla­
tion ·of · the type of circuit shown '·· in Fig.. 3 is 
f = ! 7r CR ~6. 1:his only applies, however, 
when the phase shift introduced by the tran­
~i·stor. · is precisely 1·80 °. With. alloy . junction 

.~ransistors this is only true when the frequency 
does not exceed a few kc Is. So for this reason, 
and because. the value of Beta drops rapidly as 
the frequency is increased phase shift oscilla­
tors using a single transistor, have formerly 
been limited to low A.F.~ frequencies. With 
MAT's however, phase shift a.nd Beta remain 
constant up to at least 1 Mc Is so that oscillators 
oper!lting at. or above, . this frequency become 
pos.s1ble .. 

Every MATIOI or MAT121 bought. will, 
then, ?perate perfectly in a phase shift circuit 
and ·will ~xtend the frequency range pQssible by 
over 10 times. 

Frequency Changers. 
. 

In broadcast band frequency changers the 
MATIOO a~d MAT101 are ideal. The choice 
betw~e11 the two will d~p~nd upon the gain 
required, the latter type giving the greater gain. 
They may be used in precisely· the same type 
·?f ci~cuit us~d with all~y ~iffused and alloy 
jµnct10~ trans1.stors and will give extremely high 
conversion gain, but they also make it possible 
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to design superhets operating from only 3 or mitters can.· readily be built with o.utputs in the 
even 1.5 vol·t batteries with corres·pondingly .low iegiop of .. 300mW. ·Even, higher outputs .are 

. values of· collector c·urre1it. Thi·s facility is ex- . possible; if necessary, as four . transistors may 
_ tremely ·useful in . the desi.gn of subminiatt1re be used . in · the :output ~n a pa~al~el9 push-pull 
receive.rs. because ·high · cap·acicy · Ma.llory ~er- . a_rrangeme~t. For maximum ~1ss1pat1on heat 
cury ·cells can ·then be .used with a· considerable· · · sinks ·D:tay. be used on the transistors. 
saving in space. No special .circuitry· techniques To summarise the advantages of MAT's in 
are· required .and iri fact it is often ·possible to R~F. and.J.F. amplifiers; they save spac.e, power~ 
use a ~uperhet ·circuit d~signed for . ~· or 9 V?lt components and money. !hey reduce n~ise and 
operat~on · and to . replace th~ :·~rans1stors . with. .. dissipa·tion· .and -lead to increased efficiency. 
micro alloy· types and reduce the ba:ttery voltage: . . ·. : . · 
to · 3 volts Without ·any· 1o·ss· in. sens·itjvity. · . : · . . . . 

In V.H.F·. converters the.MAT121 s·hould be. . Refie~ 1mplifiets. · 
used and requires precisely the same ·type· ·of: · · . The basic principle of the reflex amplifier is 
circuity ·as alloy diffused types. "In conversion well .·kno·wn by now because ·of its widespread 
gain· and noise level the perfor1nance of the two use in .I.ow:. cost Japanese recei.vers and in many 
types :will be much the same ex.cept_ tha~ the kits .m·ade:_. in this · country. Manufacturers -. in 
current gain of the· MAT121 is consistently -Britain have . been rather .· ·hesitant about em-
higher and, of course, it costs very much less. ploying · this . technique •. presumably because . the 

- · transisto.r .-manufacturers have failed to issue 
· · . · circuitry info.rm·ation . on it and the producers 

R.F. and l.F. Amplifiers. : h·ave. not telt -. inclined to do·· the development 
. ·J.F. ainplifiers · operating in -the rang~ up. to. wor.k themselves . .- This .is regrettable, however, 

470kc Is· (i.e. -that ,.used in ·broadcast band _se·ts) si.nce.- -a reft.ex: amplifier does save a transistor · 
MA T's offer the. advantage of very much hig er . and~ although a little . more difficult to design9 
gain than· that obtained from. the alloy jun·c · il does not ·necessarily introduce any noticeable 
types normally: used. ~ur~herf!lore. ~ith MAJ's ·distortion. ··. , . 
absolutely rio neutral1sat1on ts ·required. · ~ · ' . ·• Basically, .a reflex amplifier. operates ,at two-

·A la1·ge ·saving can .be maqe· in··th.e number widely· ·different frequencies at the .same time. 
of components used in a standard ·superhet be- · The sa·me ·transistor may bc·uscd. to amplify at 
cause an ... MAT frequency changer with a single R.F~ and ·A.F. or, in the case of a: supcrhet, at 
MAT I .F. amplifier _wi·ll give ~s .. good a : per- I.F. ·and ·A .F. Since t.he .former exa.mp·le is more 
formance ·as. a. standard circuit .. -usin·g -2 -1.F. c.ommori· we ·will ·concentrate on it and · all the 
stages. T.his -saves-one transi.stor ·and the ·assO:. irtforinat.ion given· will also .apply to I.F. / A.F. 
cia ted components._· Either. the MAT 100· or the a·m-plifiers ~ .. . . 
MA Tl 01 may be ... used, the latter .giving higher · - · Th~ type of reflex R.F. / A.F. -.amplifier which 
gain. . . . . · · . : . . . is mo·st frequently used .today is shown in Fig. 4. 

For · 10.7Mc/s· l.F. ampl.ifiers, ·as used · in The .R~F. ·si·gnal required is selected by the tuned 
F.M. /V.H.F .. receivers, · the MATl20· is ideal~ c'ircuit ·comprising the tuning capacitor and the 

· The MAT121 may also be employ~d if very ferrite rod aerial. It is then . amplified by Tr
1 

high gain is needed. : · . · · and passed to the '. diode for detection. Chokes 
The .MA·TI21 .will ·operate .as an R .. F. ampli- RFC1 .. and RFC2 preve·nt the R.F. signal from 

tier up to, or above, IOOMc/s _a.rid should be g·oing to earth. The A.F. output from the diooe 
used in· the · common base mode above "about ·is deve·loped across the Sk ohm resistor and fed 
70Mc Is Or· so. When . ·the transistor . is :u.sed as _back'tO Tr1 .via c~. 
an R.F. amplifier in.-·the ot1tput .of a · trans~itter, · C 1 removes ·any· residual R.F. signal and the 
·of either the radio control or· broadcast typ·e, the · A.F ~ sfgn~l .is ·amplified h}' the transistor. The 
high· c·ollector current rating and very low satttra-· A.F. output passes readily through RFC

1 
but is 

tion voltage .of theMAT121 proves .\1ery .useful. blocked by C
3 

it .thus appears across the lk 
A single micr·o-alloy transistor can give an out- ohm collector ·load resistor. Some care must be 
puc of up to 150mW in a class .B output circuit · taken i·n ·the choice of component values over 
wl1ilst the alloy diffused tran.sistors availab1e are and above that normally 1·equired. For example" 
limited to· about 30mW by the low collector C1 must be .la.rge enough to remove· virtually all 
ct1rrent limi.~s and · voltage restrictions. .. the R.F . . sig·nal ·but ·not so large· that it remo,ves 

Completely transistorised radio control trans- · a significant amount of . the A.F. signal. RFC t 
\ 

• 
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must allow the A.F. signal to pass freely . but 
must block the R ·.F. signal .and C:s must p~ss 
.the R.F .. ·signal and block the A.F. signal. The 
values shown have been found, both in theory 
and practice. to. be optin1um. If C 1 ·is redt1ced, . 
R.F. ga.in will be lost and if CJ is increased A.F. 
gain will be lost. . . 

Regeneration, that is .Positive feedback, is 
:often employed to increase the R.F~ gain and 
the selectivity. This may be achieved -in several 
ways. RFC1 may be placed near the aerial ·coil 
in such a way that the mutual inductance .be­
tween the two coils augments ·the s·ignal or a 
feedback trimmer may be connected between 

· the collector of Tr 1 and llOint ·A on the aerial 
coil. Unless the deg.ree of regenera.tion is to be 
readjusted each time a s·tation is tuned irt, how­
ever, which is l~1ost inconvenient, the degree of 
regeneration can only be slight to avoid the set 
oscillating o·n any part of the band. This means 
that the s·ensitivity is limited with this type -of 
circuit. What is required ·is; a circuit in which 
the degree of regeneraton is automatically self 
adjusting. A further improvement · cou1d be 
.achieved by putting a slight forward bias on 
·the diode so that it operates over a · more non­
linear part of its curve and thus provides better 
detection efficiency. This ·point . may need . a 
little further explana.tion; no diode is a perfect 
·rectifier and, whilst at large signal levels it· may 
act very much like onelt · at very low signal 
levels, such as those we are dealing ·with; the 
imperfections are important. At· these very. low 
signal levels the forwar'l conduction of . the 
diode is very little greate1· than -the reverse con­
duction and detection efflciency ·-is. low. If the 
diode· is permanently . slightly forward biassed 
it . moves in and out of the high." conduction . 
region as the signal changes polarity . an.d the 
efficiency is much improved. 

. . 

A circuit which achieves these two objectives; 
controlled regeneration an'd improved detec­
tion, is shown in Fig. 5. It is very simil~r to .... 
Fig. 4 but D1 replaces RFC2 and D2 is directly 
coupled to the transistor. Because of these 
changes the base-emitte1· voltage of Tr1 also 
appears across the two diodes thus providing 
the nece·ssary forward bias. The output from . 
D~ consists. of a . signal \\:hich .. is positive with , 
respect to the bias level and, since· D2 is con­
nected to the base of Tr 1 via the se.condary of 
the aerial coil, this positive. signal reduces· tl1e 
base bias·,, and hence the collect-or current and 

. . . 

gain of the transistor. Now if sufficie~t regenera.-
tion is applied just to cancel out the losses in 

•. 

the .tuned circuit the circ"Qit would normally 
oscillate vigorously but any oscilla.t.ion will be 
rectified by the diodes and the output from 
these will reduce. the collector current sum~ ·· 
ciently to ·redgce the oscillatio~s to a vecy low 
level.·· Thus, in the absence of a signal t-he ·1evel 
of oscillaiion is automatically limited .. When a 
signal appears, it .is ampJified strongly because 
the regenerative .. amplifier provides very high 
gain, and the detected output reduces the collec­
tor curre,nt . still furth.er so that, u.nless the signal 
is very weak, the transistor ceases to oscillate 
and the signal is amplified without . noticeable 

· distortion. · 
The stronger the signal · is, the· greater will 

be the drop in coll~ctor current and the lower 
the gain will become thus there .is a high .degree 
of A.G.C. With ~lo.w strength signals. the . tran­
sistor will operate near the point of regeneration ··· 
a-nd provide very high gain. 

. .. 

. This circuit is •. therefore, a . great improve-
ment on the last one. It · is by no means the 
ultimate in reflex design because simplicity has 
been aimed ·at but it does. give a surprisingly 
good perf or1nance. The collector current of TR1 

d~pends upon the characteristics of. the diodes 
us.ed. This makes it necessary to ad.just R 1 for 
th · value ·required, usually about l mA. 

\ 

Now that the types of circuit used· in · reflex 
atnplifiers hav.e been considered we can turn ou,r 
attention to the transistor~ This . is required to 
a~plify at R.F . .. and A~F. and should give a 
good performance at bot·h frequenc.ies. .As we 
have seen, alloy junction transistors make good 
A.F. ·amplifiers ·but even the best of them give 
corrip.aratively low g:ain. at R.F~ Alloy diffuse 
transistors on the other · hand give high R.F. 
gain, as lon·g as the voltage and current. levels 
a·re high enough, but their A.F. ,performance is . 
poor, ·the n·oise level being very high. Micro 
alloy transistors are, . the ref ore·, .· th.e obvious 
choice. They provide very -high gain .at . both 
A.F. and R~F. (or A.F. and I .F. 3.s the case may 
be) and they may be used with ·virtually any _ 
value . of collectGr current and voltage. The 
obvious types for reflex circuits aretheMAT101 
and the. MAT121 because their high gain pro- . 
perties are used twice and the overall gain of 

.. the reflex· circuit, using these types, is incredibly · 
high. 

. 
Detectors and Regenerative Detectors. 

. . 

The majority of commercial and amateur 
built receivers use germanium· -point contact 

. . . . . . . ·-· ..... .; .. • .. ·- ..... ··- .... ~ ·· ... -··· .. :.~ 
¥ • • • - · ·-··--- .~.. --- · ··-~·. - - ··· · · . ·------ -

'· 
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• 
• 
• 
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. 

Ferrite rod .-9 v • 

ocriol.\ • 

R2 . . . • 

. Al • I IC 
2·5111H ~3+ 

' 220 IC . Tr. I 
, 

& ". > I p 

I 2JLF A F. Output 
l 

. 

C2 
t 

. . 
200 pF. 

l . + • C4 
• ' 0 ·01-F 

I 02 -:· + 
.1 . CI DI 

0 ·01 J4. F. 

+ 
Fig. 5. l•provcd · t1flcx c1rC"uit. 

• 

- .6 v. . 

39 K. 2JI. F.· 

. : ~,,_.....,. ~--~ ---- ~90I'!!+-· ------~ 
I ,---+-------+-- · A. F. Output. 

I .2,0QO pF. 

I . . 
• 

• 1:< • . .. , . - .. 
. 

. . . .. . . . . . . .. 

·1 ~- . . 

.I . 120 pF. 
~- ... • 

. .__ i------' I . ,. 2 ·Q .. 
.· 

. 56 Jl. 
. . 

S'igftol from I. F. .. " . 
• 

or R. F. a..-e 
. . 

' .. . .. -~-----~-______ ....._ -------- . 

. ... 

, 

F•g. 6. Typicol · tra"•istor .d.ttcctor c·ircuit . 

. . . 

" . . . . 

+ 

.. 

13 

• 

·· diodes as ·dete.ctors. This ·r unction .~they · ::perfarm .. --th.e .coli~ctor···curr~nt-· ·• ·f'.ld thu$· ·receives. ·:less :·gain .. 
with reasona·ble . efficiency ··_as long '::as ·t·he;::s,ignal · ·. · _:·-Furibe.rm.ore~ the. c·irc.u:i~ i·s .·so .. designed th-at _·the 
level · is high enough· . . If· . t·he signal · ~trength is . ..~:inpu~ ... ~~.peda.nce' of the" .. transistor . is -. atways · 
low, however, the crysta·l . diode'.·beco.mcs ·very . .-.higher. ·tha._n . · ~he .-,·i.mpedance. of ·th~ · ·cou-pling 
iraefficient. That is to. say, tlre A~·F. · output is · -wi·nding·-.:f~i,ri,g :it. Since ·t:he "input impeda-nce 
very much. smaller .than. the R.F·.· .. input ;power. ·rises wit·h ,_·~ decrease ·in · collector current and 
This is the reason · why crystal, sets are effective drop·s ·for "an:, increase, there js ~ctually -less 
only ·when used ·with good aerials. '. · . . power ·fed to. the transistor on positive signals 

. A transistor may be used as a straight detec- · .than there is on negative ones~ . 
tor i11stead of a diode ·a11d, despite ·the added · This type of circ\lit ·is used, .. then, after one 
expense, this js often worthwhile because the or more stages of R.F. amplification in. a T.R.F. 
transistor provides gain as well as· de·tection~ The receiver or . after a freque11cy changer and 1.F. 
efficiency at low levels-is also superior ·to that amp.lifter . in a superhet. However, the detector 
of a diode. · . . . . ... . . -_ . can (?e mad~ to provide R.F~ amplific~tion itc;elf 

· · A typical circuit :using a transistor is shown by-u-se of .. regeneration. This involves feeding 
in Fig. 6. The transistor is an R.F. alloy_ junc- back the · R.F. output fron1 the transistor, to the 
tion type biassed to a collector current of input ·in such a way as to increase the- input 
between l 00 and 200 · microAmps . . Detection signal instead of · removing it by .·the 2,000pf 
occurs because the transistor amplifies a nega- capacitor. . . . .. 
tive signal · more than it amplifies a positi\'e one. .. This type of circuit is· known as a· regenera~ 
A negative signal causes-an increas~ in collector · tive: .. 'detector ·and it is interesting because not 
cur.rent and . thus current· gain which rises . with on1y is ·R.F. gain obtained but the detection 
curre·nt ~t low levels. A positive sign~l ·reduces efficiency ·is improved · enormously at very low 
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. 

levels. This makes it possible to -feed the re­
generativ~ detector directly . from. a. ferrite rod 

· · aerial without any preceding. stage ·of .R.F. 
amplification. The output from the detector is 
fed directly to an A.F. amplifier . .. 

. In the past transistor regenerative ·detectors 
have not been used a lot because the transistors 
available were not as well suited. to the ·purpose 
as was desi·red. The· reasons for this may be seen 
if we examine. the functions the single transistor 
has to perforn1·. These. are as follo.ws : · 

1.. It must detec_t the signal efficient~y which 
means tha-t a collector curren.t of 100 
microAmps or less must be used·. 

2. It must provide A.F. _gain. 
3: The. R.F. gain must be . high. 
Thus · to obtain reasonable detection effi-. . . . 

ciency at low levels the collector current must 

· . 

. 

· These faults ha.ve bee1) overcome in the cir· 
cuit shown ·in .Fig . . ·1. This uses no . decottpling 
capacitors .in the . d.c. patt of the .c.ircuit. The 
only capacitors used, C2 ·and C3, . cannot· affect 
the working conditions of the transistor~ R 1 and 
R2 put . a voltage · of 0.22V on the base· of the 
transisto.r. With. an MAT .this gives a collector 
current of · about I 00 micro Amps... Since the 

. input impedance of the transistor is about· lOK 
. ohms at -this current level the · fact th·at the R

2 

is not decoupled will cause no . loss of gain 
· whatsoever. · 

. . . . 

Regeneration is applied by .means of Ls 

be low. But at 100 microAmps. collector c.urrent 
· even the ·best R.F. types of alloy .iunction . tran­
sistor have very low cut off frequencies . thus 
either. :R·.F ... gain or detection efficien~y must be .. 
sacrificed. With- alloy di.ff used transi~tors both. 
R.F. and A·.F .. gain · faUs off badly at ~ese very 

·which consists of _3 or 4 turns of. wire on the 
opposite end of the ferrite rod aerial . to · L

2
• L

3 

is slid up . an:d down the rod to find · the most 
sensitive · point without regeneration occurring 
~n any p~rt of the band. It is then fixed in posi­
tion and shoQld not need further adjustment. 

~ i:or 1!1a~imum sensitivity the degree_ of regenera­
tion ts normally altered each tini.e a station is 
tuned in b~.~ .with this circuit sufficient sensitivity 
ntay· be .. o·bta·ined ·with fixed· regeneration. 

. . . . . . . . 

.. low collector c-urrent leveJs. · . . . . 

With micro alloy transistors, h<?wever, both 
the cut off· frequency and the . current gain a.re 
extremely high still at 100 micro Amps · a,nd so · . · 
all · three ·functions listed above· are. performed 
very well. . 
. Since MA T's make such excellen-t regenera­
t·ive '.detectors this forrn· of circuit.· inay: well .· be 

· ·reconsidered by the · de.signe·rs · · of·· ·simple_· re- · 
ceivers, p~rt.iculatly ·since_ many c·omponents 
ca ri' 'be saved ·. in this way. . . . . 
' Most regenerative . detectors .designed in · the 

past have suffered from . poor regenera.tion con­
-trol. To achieve the ·maximum · sensitivity the 
transistor must operate near its point of oscilla­
tion . and the regeneratio11 control sho.l:lld bring 
the transistor near to lhe .. point o·f oscillation 
smoot,hly. In the past this type .of detector. ha-s .. 
tended to burst into howls before t·he. point 
of .maximum gain ·was reached.· This was ·due 
to the .. fact that de-cou.pling .capacitors were 
employed for d.c. stabilisation and .... coilp_ling 
purposes~ This was a mistake bec~use the ·re- _ 
generative ·detector is a ·non-linear c.ircuit and · 
the average collector current level changes with 
the signal strength. The capacito,rs . · t~nded to 
charge up and alter the biassi!1g c~.n<lition~ in · 
such a way as to push the transistor into osc1~lla­
tion. Usu-ally . a form of relaxation oscillation 
occurred. · · . · 

-· 

.. 

. ·._.·:_.Either .the ·MAT·-I()() or -the MA Tl 0 I · may be 
..u~ed in this circu·i·t but: it· i-s .well . worthwhile 
u~ing. the latter beca·u~~ of its higher ·gain. 

. - .· . . ' . 

· ~ The circuit may be used equally welt with 
any · battery voltage if · suitable component 

· changes a·re made. Component values · . for 
several ·voltage·s are given in the table :below: ·-

Ba.ttery .. Voltage ·. . Rt R2 . : : . R!\ 
1. 3 V . · . · 4. 9 K · · . . 1 K · _ . : 2. 2K 

. . , . 

3 V :. · . · · ·12K :_ · : -1 K. " ~ · 5K ·. 
4.5.V " ·20K . · · I:K ... · SK · · 

. . 

6V· · 25K ··. . . l·K · · · IOK 
. 9V · 39K ,_. · lK . . 3.3K 

.. . . 
. . . 

It is well ' worthwhile conside.ring ·.the tran-
sistor detector, · particularly the regenerative 

. type., as.: a ·re.p.laceme:11~ for the germanium· diode 

., in . T~R·.F. a·nd . superhet receiver~. An .MAT 
regenerativ·e .. detector . in . a superhet can save the 
use of·~an. ·l.F~ or an A.F. stage. · The.· circ·uit of 
Fig!' 7· could' be used ·with the last . I .F. trans-
former. replacing _·· the aerial .. coil ... ·Feedback 

: wo:uld be by. means . _of a. trim-ming ca-pacitor of 
·a bo:u-t .1 Opf. . · . :. · · · 

· Most .of· the ba·sic .applications ·i:n which .tran­
. sistors ·can .. be used have now been ·covered. It 
. is hoped that ... ~hese examples have . ·shown how 
· micro,-alloy'. t·rahsistors can be :used· to advantage 
in · virtu·ally every case. and. th&t their ·employ­
ment invariably saves · money c;irid ·c·orrl-ponents. 

. 
. . . 
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No special·· pre·cautioris ·are ·•. requited in :·the 
.use of ·micro-al·loy .transistors Over and above 
th~se of conv~~tiona.l .. types. ·rhey .. may,, :in .fact, 
be used . directly ·in· .a.ny · circuit ·· de~igned.- · for 
alloy-junction · or ·alloy diffused · tra.risistor~ a11d 
will ·almost · in:variably. ·give· an· improye~et)t .. i1t 
performance. · However, a.s we have seen,· better 

. results still can· . often be achieved' by .. · designing 
circuits lpecifically for 111icr~alloy transistors ... 

. .. . . . . . . .. . . . . . .. . 
In .. this ~ter· 18 ;new ~trcutts are g1ve11 .. all of. 
whi~h were ·designed ·around· MA T's· arid ·\vhi_ch· 
achieve perfo.rmance Jevels ·.hitherto · i·mpossfble­
without the use . of extra ·transistors. .. . .·· . . : . 

·. 
. . . . . 

1 mW Direct;.Coupled A .f'. ·Amplifier. . . 
... . . . ~ . . . .. . . . . 

' . : ~ 

. In hearing aids and very small radio sets a 
high ga·in . alll.plifie~ . is -· required . capable .. of 
operating from:· ·a : low battery . voltage. '. For 
reasons of : econc;>my, size.·· afld efficien~y:. the,· 
number of ·components, the battery voltage· and 

. . . . .. . . . , . 
. . .. . . . ~· . " , . . . . ·' . : , . . . 

• • 
. . . . . ~· . . . . ' . 

. . . 
~ ... . . ' 

-. . 

· . . the .• c~rrent drai~ : sho.uld · .al~- ·be. as itow· .. as · .. pos- · 
. sil?Je ... These· :r~quirem.e,rits ·a.re fuffilled ~dmirabiy 

i~ .. thjs cir~uit~ Fig. 8~ : The oa·ttery voltage is · 
only '.J·.~.v an~ . -th~ . total consumptio11 a ·mere 
2ntA .. Yet the power gai~ is ~t lea~t 90dB :<1 ,ooo 
n1illi<)n _ ·times)· and · tJt~ rit1mJjer o.f co~ponents 
used. is very ·much below average .. ·To achieve a 
similar ·gain from . conventional tra~sjstors at 
l~ast 4 ;: tr~nsistors in· an ·R---e .coupled circuit 
o~ ·. 3. transistors in .a tra·nsformer-cC>upled. circuit 
would be required. In either case .the cost ·and 
size ~ould · be very . much greater than those of 
the . circuit of Fig .. 8. · 

: . . . .. . . . ~ . .. 

.. Eff~ctive 41rect-.coupling· of· the ·type shown 
in··· Fig.· s··is ·.possible With ·MAT's. because the 
minimum- .collect~r~mitter voltage ·for .hig9 gain 
is ~ell ·below th~ . base-emitter voltage. ·This is 
not true · of ordinary alloy.:junction . transistors 
attd, whilst tltese could:be used in such a circuit, 
the .·current· gain of· each ·stage would be. very 
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. 

lo\v and the inter-stage coupling efficiency WOl!ld 

be poor because of the low transistor output 
in1pedances. Alloy-diffused transistors would 
11ot work ,at all. 

• • 

The collector ·currents of Tr1, Tr2 and Tr3 
·· are 0.1, 0.2 and· J .8mA respectively. The very 

low levels. of collector current in Tr1 and Tr2 · 

··result in very high overall e.fficiency and yet · 
cause no. loss of gain because of the types ·used. 
Despite the incredible simplicity of .the. cir- . 
cu it the working point . of . each transistor is 
thoroughly stabilised against wide temperature 
changes. This is achieved by overall d.c. feed­
back from the c·oll~ctor ·of Tr3 to the base of Tr1 • 

The degree ·of feedback is made very .high . by 
dividing the voltage on the collector of Tr:i by 
R., and. R!l thus enabling a low value to be· used 
for R~. C~ prevents degeneration at audio. fre­
quencies a.nd may be increased in value if .very 
good· low frequency response is Reeded. The 
value shown should- be adequate for m·ost appli- · 
cations ·however. 

The earpiece must be a high quality hearing. 
aid type with a d.c. resistance of 250 ohms and 
an _im.pedance of abou.t 1.000 ohms at tkc/s. 
The low cost type of earpiece, designed for use . 
with radio ·receiv·ers is not suitable as it requires 
a-n input .power of abo~t IOmW for a reasonable. 

.. . : ' . . .. 

output. · . 
T·he battery must· be a. mercury cell because a 

lo\\' internal resistance is required. The Mallory 
type RM675 is extremely small and ideal for 
this purpose. The battery life should ·then be 
at least· 75 hours. . 

This .. amplifier ·is ideal for use in a high.gain 
. hearing aid. In . this case R~ should be replaced 
by a hearing aid magne.tic microphone and C1 

should be removed from the circ.uit. R 1 should 
be a volu·me control with a resistance of lOk 
ohms (a 5K ohms type may be used if necessary) 
with the· wiper taken to ground via a 5 micro­
farad electrolytic in a similar arrangement to 
that shown in Fig. 9. 

The gain ·of the amplifier could be increased .. · 
slightly by the use of ar:i MATlOl for Tr2 but 

·there is really no po·int in this change under 
most circumstances. 

Very High Gain 35mW Amplifier.· . 
The principles used in the_ last circuit may be 

a f?Plied to l1igher power, higher yoltage circui!s 
with equally good results. A typical example ts 
shown in Fig. 9. This. amplifier has a,n 011tput 
power of 35mW and requires n·o ·output trans­
former. Since the full 35mW is fed into the 

- ---·----······-··--· ............... -··-----· .... . 

70 ohm loudspeaker the actual acoustical out­
put is very high and more th.an sufficient for a 
large living room. · . 

The power gain . is about 80dB making the 
amplifier suitable for use with very low output 
pickups and. microphones. When a high im- . 
pedance crystal or ceramic.microphone or pick­
up is used the polarity of C 1 should be reversed .. 

· · · . The frequency response. of the amplifier is 
extremely· good mainly because. there ·is no 
A.F. transformer to introduce distortion. The . . 

response is linear from 50c Is to 30kc Is ·which 
suggests the. use of this amplifier with high 
fidelity headphones. · · 

·. Li·ke the last' 3:mplifier (tescribed th~ stability 
·of.this unit is very good. The collector currents 
of the transistors are determined by the resistor . 
values and not· 5y .·the current gains of the tran­
sistors themselves. The V·Oltage 011 the collector · 
of Tr:l should be 2.3V with- a new battery. Slight 
deviations from this value will· not cause any 
Joss · of output power but a larger deviation 
should ·be cured ·by· a slight alteration to the 
value of R 5 or R 6 • This is unlikely to be neces­
sary however .. 
•, . R~ and. C 2 are included ·in this circuit to 

prevent· positive feedback being caused by the 
i : ernal. resistance of the battery. They ·were. · 

· u .necessary in the last circuit because a mer­
c11ry cell was used ·but with this amplifier an 
ordi11ary zinc-carbon battery is a better choice. 

. C~, may be omitted, however, if the· value ,of C3 

is increased to · 50 microfarads. In this case R4 
may also become unneces8ary but it should still 
be included as it· prevents any chance of feed­
back at the maximum ·volume setting .. •· 

·: : .. 
: : 

Tl1ree Very Low Noise Pre~amplifiers. 
' . . 

Very · low n·oise . ·_operation ·in a transistor 
amplifier can be achieved:,by using low levels of 
collector current and. voltage. 'lJnfortunately, 
this usually" results in very low gain and a con1- . 
promise between gain and noise level has to be 
made~ With the MAT l 0 J , however, the high · 
gain characteristics · are · 1nainta_ined down . to 
very low levels of collecto.t current and voltage. 
In the case of the three pre-amplifiers shown in 
Fig. 1 o·, the collector cur1·ent ·is 0.1 mA and the ·· 

. collector emitter voltage. is only a fraction of a 
volt. In each case, however~ the gain is high. 

. :. . 

.·· ·The three pre-amplifiers should, between 
them,· serve virtually every pre-.arnplifier re-. 
quirement. Type (a) has an input. impedance of 
10l) ohms. Type (b) ·Of 5k ohms·and .Type· (c) of· 

. : : . 
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• . . . . . . . . 

200k ohms. These· different impedance levels- the transistor. This has been taken into account 
are achieve<;! by operating the transistors in the/ in: the design · of this circui·t but since the effect · 
common base, common emitter and ·common cannot.·be determin~d accur~tely the frequency 
c·ollector rriodes respectively. Ty.pes (a) and (c) \\1ill not be precisely 1 kc Is .. ·Ho\vever,· this will 
have power gains of l.7dB and Type· (b) h·as a · . not matter in: ·most applications since it · is 
gain of 30dB. To achieve · sim.ilar levels of gain ·· u·sually the sine wave·' output:· that is. required an4 
. arid noise with conventional allov ·transistors . the exact output frequency is not significant. 

. - . 

\\"OUld require at least two transistors . in each . The distortion of the outpu.t from·. this oscil-
case. ·· · · la tor· wil·l · depend upon ·the ·amplitude of the 

The output impedance of each Pre-amplifier . . signal so some means of controlli·ng the ampli-
is the same; namely 4. 7K ohms~ · · This ma~es "t\1de is ·necessary. In t'his case .the amplitude is 
them suitable for feeding directly · .into· either a. conttolled ·by .varying the degree of negative 
valve or a transistor power amplifier. Their fre- feedback produced by the· t1nbypassed portion · 
quency.response will .be at least.as good as and · of R 6 i11 the emitter circuit. If the output is 
probably bette·r tl1an· the amplifiers they -drive. . · .observed o·n an oscilloscope Ra may be adjusted 
The response in . each. case is · . typically 20 t·o ·until maximum; amplitude. within the limits of · 
40~000 c Is + ldB. · · · tolerable distortion is produced. 

. ~ 

The most obvious power ·supply for each · · Other . frequencies may be obtained simpiy 
unit is ·a mercury cell but a small zinc.carbon ; . by changing the values of C

1
, C

2 
and Ca. With · 

cell could ·.be used . with equally go~·~, .~esults. . these· a~l equal · to 0.001-.. microfarads the fre-
The total consu.mption of .type (~) is 0.2mA and. quency will be about 1·okc / s. Val.ues of l OOpf 
Type (b) and (c) consume 0.12mA each.' Thus, , · and . 0.1.mfd will produce frequencies of about 
even with the shirt .. button .size RMJt.2 .·~ercu·ry --IOOkc/~ and l_·OOc·/·s respectively.-
cell, . t.he battery life will be in excess of 200 · 
hours. . . . T R fl R . , 
: . d . . . 1. . f . h . . . . 1vo e ex ece1vers. · ·An MA TI·OQ may be· use 10 · p ace ·o ·t e · \ .. ~: · : . . _ · . 

M.AT JO l in Types. (a) and (c) without significant .. Th~ design of ~eftex . re~e1vers has alr~ad~ . 
loss · of ·gain but fo.r . Type · (b) the .. MATIOl . · ~s · ··· .. b~i11. . ~1scussed ~n.d 1t ~as ·po1nted .out that d1re~t 
.preferable.· · ~otipl1ng of th~ - ~-t~de to the transistor results ~n 

in1proved sens1t1v1ty because ·of the automatic 
IL . . . . .control · provided by regeneration. The two re-

Single 1'ransistor Phase s·hift Osei .ator. ··. . ceivers shown in Figs. 12 and 13 embody this 
In Chapter 2 it was 1nentioned. tha·t. an RC · i1nprovement and,. despite ." their simplicity, p~o-

oscillator using a single transistor could : :be vide a level of performance · w·hich ·is ·quite 
mad·~ so long as the value Of· Beta, the .. common rema:rkable. . ; . ~ . ·. . 
emitter ,current ·· g'ain· · of the trai;tsistor, . ~as . . Considering the receiver ·of 'Fig.· 12 first, tliis 
gr,eate:r than 60 .. The MATIOl and· MAT.121 is unusual in that th¢ total consumption is only 
~re u~ique am·ong.st avai_lable ·types. ·in that the,y tmA ·and t·hat . it i~ 4..~~igned for use with a low 
1nvar1ably ful~l t~1s req~1rement. All MATIOI s · ... cost crystal earpiece. Crystal . ~arpieces have 
~-!"~ ~AT~21 s _ha·ve gains of over.75 and ~~-~-n .·· impeda.nces .of abo~t 50k ohms. at· l_kc/s and, . 
at 0.1 mA colJector current· Beta ~ill al~ays ·-be · \vhilst th.ey are extremel}'· sensitive, this ·makes 
greater than 60. Thu~_ phase-sh.ift osc~llator~ them unsuitable" for·, ·most ·designs of · earpiece 
can ~e constructed without an.y selection · of receiver. In · this . case, ·however, ._ the collector 
trans1stor.s. . . . . . . . . . . . . · · Cur.rent , of the output tfansis~or is orily !mA 

The c1rcu1.t of a 1 kc Is phase-shift ,osctllator . · which ena.bles an un.usually .. high ·value of col-
is shown in 'fig. 11 , re~istors. R ::~ R.J and· R4 ~n.d Iector. resistor to be _used. The. q_ua·lity obtained· 
caJ?aCitors C 1 • C~ and C:~ . form a three -se~t1011 . from a crystal earpiece is ·not as . ·good· as tbat 
)_adder netwo.rk which :p1·od1:1ces ·a _phase~sh1ft . of · provided by a . hearing aid type of magnetic. ear-
1800 at a frequency deter1111ned by the formlt)a · . piece bu·t in a high voltage circuit of this .sort · · 

I . . . . . · , . , the sensitivity is actually . qui.te a bit higher. 
f = 2.,. CR iY 6 . . Since ·.the transistor also pro- . The quality may be. improved by connecting a 
dttces a phas~-shift of 180° the circ.uit .<>sci.I- : capacitor in paral·lel wi~h the earp~~ce. · The ·best 
la.tes. 1 n ~ract1ce the !re9uency of osc1llat1on 1s value . must. be . determan~d . by trial and error . 
sl1gh t ly l11gher· than 1nd1cated by the formula ~~t so~e.thin_g 1_n the· _region of I ~OOOpf should. 
bcc,tusc of the input and ou.tput· impeda.nces of · be suitable~ · · · 

. . 

. . 

• 

. . 
'. ' • ~ .... _____.:_" - · --· -···· t •• htn ' ' 'rj ,; . t ' b ; i' . 9 1 ii . 7 ·~ .,as1rt I .;· 5 ..... : . . t I I . • , '. '. ' $ " j : !::' ' • •" ; :. , · • . ~ 
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I 
f .j 9· 13. Loudspeaker • 

~. ' re fl.ex ·receiver: 

. . 

No means of . providing· . regeneration is. 
shown in the diagram but this. may be .obtained 
by positioning the .R.F .. choke .near .the :ferrite 
rod .aerial . ·and rotating ·it .for maximum sensi­
ti.vity. Alternatively a .t·rimming capacitor. of 
a~out 30pf ~ay be connected between . t~e :col-· 
lector of Tr 1 and point 'X on the f err1te rod 
aerial. · If regeneration ·cannQt ·.be obta~ned the· 
cc;>.~nections to the~ secondary . of·. the aerial coil 
should be changed over .. 

. . . 

The value of .R 1 may require alteration under 
some circumstances. The collector current of . . 

Tr1 :should· be 0.25mA and R 1 should be chosen. 
to provide this. 

. . 

The battery used will d·epend on· the size of 
.the set. For ·very small sets· ~n Everready PPS 
will be the best choice and will give a very long 
life because of the minute consumption of the . 
~ei~~· · · · · · 

The receiver shown. in Fig. 13 uses the same 
principles as . the last ··set bu.t it is designed for 
loudspeaker operation.· Higher collector ·cur­
rents are used and the total . consumption is ·· 
increased to ab.o~t 6mA. Any loudspeake1~ ·\\'ith 

. 

•. 

. . 
• ... 

. . . . . . 

· a voice •coit. impedance of 3 ohms may be used. 
but· the TSL LP31 .is a good· choice fo1· a very 
small .. set. :Any medium· or long wave ferrite rod 
aeria:l :will. be suitable .and ·the same methods 
· of .regeneration as were suggested for the last 

• • receiver are recommended. . . 

R·egenera,ive Receivers. 
· Figs 14 . and .i 5 show two regenerative de­
tector receivers. designed for the ·broadcast band. 
The design principles .·involved have · already 
beeil .. discussed so only ihe ·details need be con­
sidered ·here. 

. . 

The receiver .of· Fig. 14 is· .designed for ear­
piece operation a.nd a high ·impedance magnetic 
type must be chosen; the hi.gher ·the impedance 
the better. La consists· of 1 or 2 turns of. enam­
elled copper wire · wound on a paper former and 

· able . ·to ·.slide up and down the· ferrite rod on 
w~ic~ the ... ·ae~ial is wou11d. The aerial may be 
any commerctal type. · . 

Fig. 15 is designed to obtain high perform­
a·nce from . a . single Mallory mercury cell such 

. as the . RM675. A three · stage directly coupled 

. ' 

. . 

, ... 

' . ' - . ' ' ' ' . . . . . . '' . .. . ''' .... . •' . ·'-• -·· ··· .... ~----.~~---···· · · · .. · · -~·-~---~ 
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R7 
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R6 
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Output 
Amplifier or 

. . . 

for all bands·. 

-

• 

I 

- 9 V. 

to A.F. 
Headphones. 

- . . . . 

. . : . 

amplifier follows the detector and gives enough the volume ·should be sufficient for all but the 
gain. for reception of ·eve11 very w.eak : signals. , : weakest·~ signal~. · · · · · 
The regeneration loop Lis the same as in Fig.,14 · : · .. · . ·. 
and-.should slide up and down ·the rod beyond Shortwave transmitter. . . . 
the Y end of the aerial winding. Once the· best . ·· · ·. · · .. . · . · · · 
position has been found it may be sealed. .. . Si~.ple , shortwave-. band . transm_itters using 

Regenerative detectors are excellen.t for use . transistors often employ modulation of . the 
in multi-waveband . short wa·ve receivers . . To oscillat·or to reduce the _n:umber of components 
simplify coil changing, 11owever, it is ... desirable .. required. Audio modulation i.s ~chieved ·by this 
that the coil should consist . of only a · single .. means but. frequenc~ mod~lat~o~ al-so occurs. so / 

. winding without any taps. This is . possible _if · . that. t~e. __ st~nal. r~c~~_ved 1s d1st~rte~. F~r. high 
the conimon base mode . of operation is chosen . · ·quality transm1s.s1on · .a·n. R.~F. · amplifier.·. should 
and tltis . has the additional advantage o( ex- .·· be used aft~r t~e osc~llato~ .and .the modulation 
tend-ihg the maximµ~ freque·ncy. of operatioQ. · .. shoul~ be·· applied after · t~~s. 
to beyond 1 OOMc Is. Th·us, sim.ply by ·plugging " · A. ·.circuit of this type ·is shown in Fig. 17. 
indifterent coils, any frequ_ency from _lOOkc/s .to. . · ·1"r~ is· th~ oscillator:: which drives. a class Bout-
1 OOMc Is ~ay be tuned. The c·oils .. used may .be .pu~ stag~ · :~sing . Tr~ . 'ft~. is an A._F. : _amplifier 
any proprietary types or ~ay be home wound. which appl1es .. m.odulat.1on to . the base ·of Tr3 • 

Regeneration is controlled by c. and C:s an·d L 1 and L 2 are .identical .. coils with turns ratios . 
the latter being u~ed for the ·fi!lal precise adjust~ of abo.ut "6 ·: l selected· fo~ the band. require(}. 
ment. At very high. frequenc1~s, beyond about _C., and C5 ma·y be l_OOpf trimmers or they may 
30Mc Is, only Cs will be r~qu1red. . · b(! fixed if . ·the coi~s are slug tuned ... For top 

The outp':lt from· Tr2 will not· be very la.tge ·band operation L 1 ~·nd·· L~ ma.y ·be transistor I.F. 
and al'!- amplifier. mu~t be use.d for 1-oud·speaker transformers with ·their fixed capacit.ors · re-
ope1·at1on. A high 1mped~nce. :pair · of .. he~~-- · -~oved. _:Slug. iuning. ·ca.n then be . used and C

4 

phones may ·be connected in place of· R 0 and . and· Cs may be 1 OOpf fixed. · · · 
. ' . : . . ' . 

• 

' 

• 

, 
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(",; controls the arnplitudc of oscill«1tio11 i11 this rectifies· the oscillati·on and produces an 
Tr.':· It s·houlcJ be ad.iustccl to· the· minimum · posi- A.F. output which finally appears across R r. 
tio11 consistent witl1 reasonable output. R:~ cc>11- and is a111iJli!ied by Tr:t· · 
tr·ols the modulatio1n· and should be adjt1~tcd to Adjustment of _the_ synchronous Qetectorl' as 
p1·oyidc maximum modulation short of di.s- the oscillato1· circ;uit is k.nown, is very simple.· 
tort1on. . . C() is varied for ma.ximum ·sensitiv.ity· on a stror1g 

The 1nicrophone should .have an. i·mpcdance signal. T90 high ·a setting for C., will result in 
of between 500 ohms and 5k ohm.s. The ve1··y clipping of large signals a11d too low a ·setting 
small types designed for hearing aids are ideal. will reduce · the sensitivity. ,.fhe value of Ci, 
In some cases the addition of a l ,OOOpF. capacitor sh·own in the diagram as l ,OOOpf, may affect the 
from the emitter of Tr~ to ground · may improve performance. In som·e case.s a ·1a·rger ·value will 
performance. ~;- · . · give greater out.put and values up to as high as 
!l"w\.11cl1ro11ou.f) Detecto1· F.,\-1. 1~uner. · 10 microfarads may be tried. · · . . 

Conventional transistorised F.M. tun.ers em- . · · C:~ ·and CK are used t(l align the two tuned 
ploy 5· V .H.F .. transistors, two match·ed_ diodc·s· circuits a~d to .·adjust the tuning range so that 
and .20 or more coil windings ·as. well as a large it covers the whole of ti1~ F.M. band. c .. and · 
1.1umbe,r . of r~.sistors· and capacitors, They are .c 1<• • . are the .t~.o~ __ halv~s of a. ~~in-ga~g~d . l 8pf 
alsc• rather difficult to align. In order to achieve . . tun1n~ capacitor. T.he value 1s not cr1t1cal and 
simplicity · superrege.nerative circuits are .. some~ • . · a11yth1ng fr·om 10 to 20pf may be used instead. 
tin1es used and several designs have been p11b- · · · A,11 the coifs. a.re wound on !'' formers but· 
lish·cd. Thes·e~ ·however, suffer · from seve1·al · . only L1 and L :? should l1ave a dust it1ori. slug. 
f41µlts: they are diffi.cult to adjust- propc~ly.. Aerial Transformer: 
ar~ ext~emely suscep_tiblc to hand capacita~cc Primary (L1)- s ·turns of 32 gauge enam-
efle.cts ~nd. they. radiate strongly over a wide . elled copper wire wou-nd -between secondary. 
b~nd · causing ~nterference .. The fir~t · ·fa1.1lt, . · , ; · ·Secondary (L~) 4 turns of 20 ga1.1ge 
d1~cul~y. of. ad;1ustment, arises beca11se self- · .~· :. en.amelled copper wire wound with 2mm. 
quenching c1rcu1ts are. normally used. • and · tl1c . .· ·~ spacing between turns. . 
performance ~f th~se _is '1ard to predict. Sepa- , . . R.F .. Collector c :oil <L:~) 3 turns of 20 
rately quench~d c1rcu1ts use m~re ·C?mponents . . . ... gauge enamelled copper . ·wire wound with 
but are considerably bet.~er ~n th ts . respe~.t. · ... 1 mm. ~pace between turns. . · · · 
Nevertheless all superregener~t1ves d~s1gned to-- Oscillator Emitter Coil (L.

1
·) 4o turns of 

date ~ave. bc:n r~ther t1nsat1sfactory. . . . . 32 gauge enamelled co . er wire ·close 
This c1rcu1t, Fi~. 18,. has been des1g_ned to · ·wound. pp · . 

overcome these. d1fficult1es .. . Al.though it uses · Oscillator Collectoi· Coil (L
5

) As L
3 

bu.t 
only . two transistor~ (Tr 3 . 1~ simply an A.F. . .· centre ta ed. . . 
a~pl1fief) . and relatively few associated com--. . ... , · .· · . PP_ · . . · · .. . 
ponents it achieves high· sensitivity with good· ... · . The slug tn coil~ .L.i. and. L~ :should be 
quality, does not radiate interference and is· v·ery . · ad1.usted for best s(!ns1t1v1ty over the band·. 
mucl1 less prone to hand capacit.ance effects~ .· · ·· The output . from Tr:~ n1ay l).e ·.used to drive 
Tr

1 
is .a broadband R.F ... ampl·ifier ·primarily . either a valve _or a transistorised . amplifier·: . 

intended to isolate the d·etector circuit from· the · Alternatively a pair of high i.mpedance head-
acrial. I.t is opera.ted in the ·common: base mode · pl1o~es .111ay be· · con~ecte<.i in ,place of R 9 • · · 

and provides . ~bo.ut 1 OdB of gain. Tr~- :forms the.. . · ~ : · · . ..... ~ : . 
main part of the tune1·. This transistor oscillates, F.M. I V.H.f · Transmit/et· . 
again in the comm<>ri base · mode, at th·e. signal·· . ·For high q·u-ality tran.smissjon· over a short 
frequency. Cr. is adjusted so that the am.plitude "d.istance: .the V.H.F. band is ;ideal. With the 
of ·.oscillations is well . below.· :the-· ·maxim·um of. .. .. simple transmitter ~how11 i,n_ F:ig. _19 a range .of 
\\'hich the oscillator is capable. A.s. the·· signal; I 00 yards·· cari be achieved· an~ · the . qu.a·lity is 
fr·equency deviates abouts .its· centre ,position the excellent. Direct modulation o·f ·the oscillator is 
<>scillator follows it as · it tends to· lock in "on it~ · possible b·e·cause it is· frequency. modul·ation that 

. ' ' . 

As the degree of deviation_ ill:Creases, ho.wever, ' is required. .. . . .·· . . 
the o~cillat·or amplitude is reduced because th·e · Tr. is operated .. · as· an oscillator in .. the co1:11-
impedaoce of the· tuned circuit formed· by L;; mon ... base mode with" feedback being ·applied via 
and C

10 
is reduced.· Thus .the amplit.ude of-oscil- .. :c;. Tr. a·'lso .acts as a .·common emitter A.F. am­

lation is proportional to · the modulation" ampli- · ·plifier .. tc> ·the microphone output. Tr~ opera1·es 
tucle. Now there is a diode in the emitter of 1:~=~ ' · ·as an- ·unt~ned corrlmon base R.F. a·mplifier a11<.t 
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• 

serves to isolate the oscillator from .the .aerial 
and thus avoid-hand· capaci_ty effects. . · 

All the coils are wound on !'' formers as in 
the last circuit. Once the coils have been wound 
the fo.rmer . may be removed as the . coils will 
have sufficient rigidity to sup_port thelnselves. · · 

. . 

Oscillator Coils : 
. Prim:ary (L1) 5 turns o.f 24 gauge enam­

elled C9pper wire spaced Imm . . apart and 
centre tapped. , 

Secondary (L2) ·2 · turns ·of · 24 gat1ge 
enamelled copper wire close .wound. · 
R~F. (:l1oke (L4) 30 ·turns of 32 gauge 

enamelled copper wire close ·wound. 
Aerial Coil (L3) 1 0 turns of 24 · . gauge 

enamelled copper wire close woul)d. · 

The adjustment · of C1 is not critical and in 
n1ost cases it .can be replaced by a 5pf . fixed 
capacitor. · _ · 

The, aerial may be a · l' length rod or, if only 
a very short . range is required., .. · the radiation 
from L 3 will be \sufficient . . In the latter .ca·se, 
spacing the turns of L 3 may imp1·ove the ·range. 

' . 

consumption hav.e both . been halved. The 
. original . circuit was · remarkable- .for the .·per­
formance it gave with so few components but 
the new one is even more amazing. 

· The receiver is designed for use with modu­
lated signal i·n the 27Mc Is'. band. Tr 1 is a super­
regenerative detector and. provides ·an output at 
.the modulation frequency which is fed to Tr2 

via a 4 .. 5 : 1 step down ti·ansformer. 'J:r2 ampli­
fies the modulation frequency which is then fed 
to the diodes· for ·rectification. The d.c. com-
. . . 

ponent of the output from the diodes is used to 
forward bias Tr2 and thus i11crease· the collector 

. .. . . . . 

current cons1derabl.y .. Since the . collector current 
. flows through. the actuator: it is operated when­
ever a modulated signal of sufficient amplitude 
is received. · · ·· · · · · 

..... 

The current in the output stage rises from 
about 1 mA to I 5rr.iA· on reception . of a signal · 
and this is· sufficient to operate ari actuator 
directly making a relay unnecessary. 

When the ·receiver has been built .a pair of 
headphones sh·ould be con11ected into the c.ircuit 

. at po~.nt A . and· C6 adjusted ·until a rushing noise 
· is lteard. C6 may be replaced by a fixed capaci-. 

·Sub-miniature Radio Control Receiver with td1·, a "s~it~ble value . being found by trial and 
f .. 111ile range. . .. .. . er or~ 

• 

. . Fo~ radio control use the · micro-alloy tran• ,'L2 sho~ld cons~st of J 5 turns of enamelled 
s1stor 1s .. ·far and away t.he best type ever put on_ . 24 :gauge copper wire on at'' former. L 1 should 
the market . .. ·In receivers its abi1ity to .provide a . . be 5 turns of the same wire · \\'ound beside L 2• 

very high gain at 27Mc./s with low levels of Both coils sl1ould be close wound . 
. collector current and· voltage is unique .. and · · 
enables a . considerable reduction to . be ·made. in . . ' . . 

the size and weight of a receiver. In tran·smittcrs 
. the maximum current rating of 50mA, five· times 
that of alloy diffused types, increases the maxi­
mum possible output power, and hence. the. 
range, very considerabl)'. · . 

Fig. 20 ·shows the circuit diagram o.f a sur­
prisingly simple receiver \Vhich has ~ quiescent 

.>consumption . of only about 1 tmA from a 2.6 
or 3 volt battery. 

The d·es.ign is based on an original one by .... 
Capt. Pless~er of France :published . in ''Tran­
.sistor Circuits for Radio . Controlled Models;.' 
.by Howard B·oy:s. The original. receiver t1sed an 
1\0 l surface barrier tran"s.istor f·or 'fr 1. and a . 
2N2 l 7 for· l'r.). The transistors l1ad t.o be .: . ... . 

selected for. high gain and the range was rather 
lin1ited~ Substituting MAT l 0 I's . for Tr1 and 
Tr:; rem·oves . the need for selection, reduc.es the 
11umber of ·components· 1·equired and · extends 
the range considerably. Ftirthcrmore, in this cir­
cuit~ the battery voltage and the total current 

' . 

. 

Sztperhet Receivers ·- usin.~ MAT's. 
. . . . 

·Most commercial superhet ·receivers, as well 
as the ~ajority of -kits, use two l.F. stages after 
the ·fre.quency changer. w ·ith the .advent of the 
alloy -~iffused transistor it became possible to 
eliminate 011e of the I~F. · stages a11d ye.t still 
obtain the . usual degree ·Of sensitivity. The san1e 

· applies with ·micro-alloy transistors with the 
added. a·ct.v:antage · that ··collector c·urrerits a.nd ·· 

· voltages·· can be reduced considerably wit.bout 
loss ·Of gain should this be necessary . . 

·: Fig 21 . sh~ws the circuit diagram of · ~ fairly 
. Con VCT1ti9nal 3-transisto1· SQperhe~ designed to 
fe.ed a· h.igl1 imped-ance m_agnetic earpiece. Using 
an Ever.rea·dy· PP5 ·for the bat.tery this set can 
be built ' into .·a case little larger than a match­
box because · the tuning capacitor specified is 

·· only -~ '' squa1·e and the . e:ierial is o.nJy 11·'' long. 
. . . . 

. 
' 

Tr, is the autodyne .c.onverter, Tr2. the l.F~. 
amplifie.r .and· Tr:t the A!F. amplifie~r. '. A.G.C. is 
taken from the detector to the base of Tr~ and 

• 

. 

.·~ 
.. -~-
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. . . 

a volume coritrol is inc_orporated. The total. con- Combining the circui.ts of Figs. 2·1 and 22 
.results in a· four transistor loudspeaker superhet 
b.ut simil~r results can be achieved with only 
3 transistors if the I.F. s~ge is refte.xed to dottble 
as an A.F. amplifier. Such a circuit. is show·n in 

sumptio11 is about ·3mA. Alignme~t follo.ws· the 
normal procedure and the tfimmers shown con~ 
nccted in parall·el with the-tuning capacitor are 
incorporated in .the .. TSL . ''Babyvar''~ 

Tr:~ .may be replaced by .the two stage am.pti~ 
fier shown in Fig. 22 . . Connections are 1nad·eat_ 
points A, B and · C ... With· this . a~plifier, . either. 
ail LP45F TSL 1 i'' lou~speaker · ·or a low 
impedan·ce magnetic earpiece may be used. 

·.Fig. 23. The sensitivity of this receiver is mt1ch 
t·he sam.e· as that of a con·ventional 6-transistor . . . 

superhet and de·spite the fact- that the output 
.·power is lo_w the volume· is. good because of the 
high sensitivity of. the loudspeaker specified. 

.. 

. " 

. : . 

SPACE AGE TRANSISTORS 
TECHNICAL SUPPLIERS LlMITED have been appointed sole distributors to both the . . . . 

\\·holesalc and retail radio trade for · the Micro-Alloy range of transi~tors t}!pes MAT 10\l. 
10·1.. 120 and · 12 l prodt1ced by Sinclair Radionics . Limited. The first· constructor·s ·article 
describing the· t1sc of these transistors appears on pages 133-136 of the '' Radio Constructor'' 
-Se_ptembcr 1962 issue. · 

The main advantages of Micro-Alloy 1~ransistors are as follows : 
41\ • 

• • * ExccptionaJly high levels of current ain are available. · 
• • 

* ExtremcJy high frequency operation ·is possible up to . 130 M'c/s. At tl1cse frequencies 
coJtector currents of .up t.o so mA can. 'Pe used.· 

' 
. 

:i~ Very high gains at incredibly low levels of collector voltage· and current a.re possible. 
. . 

* Superb f requcncy response, thus making them ideal . for Hi-Fi circuitry. I 

* Absolute freedom from drift or inconsistent performance. 

* Ultra Jow noise levels · m·aking MAT's the preferred types in pre-amplifier circuits. 
. . . 

* Phy3ical size of Micro-Alloy .Transistors is so small ·that they may be used in sub-
miniature circuitry as, .. well as in normal circuitry. . 

* Stage . gains of up to I 0:000 times. are possible with a · sing1c M icro-A11oy Transistor . 
• 

::: Micro-Alloy Transistors are the preferred types for st1pcrior performance in FM and T.V. 
circuits, because of ·their much higher· amplification. 

* Price of all f<?ur types of M icro-Afloy Transistors is \-·cry much below price charged · for 
ordinary .· transistors~ 

' 

.. S'o/e Dist_1·ih11to1·s to 1/1c R£1dio T1t1de £11id Rc1dio /11d11slr\·:--
. 

ECHNICAL SUPPLIERS LI I 
. . HUDSON HOUSE 

63 · GOLDHA WK ROAD, • 

. LOND~N·, W.12, ENGLAND 
. • 

.Telephone No.: SHEphcrds Bush _2581 / 4794 

• Tclegrams--Home and Overseas: TEKNIKA~ LONDON, W.1.:? 

' . 

' 
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· . 
. 

TECHNICAL SUPPLIERS LI_MITED now have available a vast range of components for the 
. . . . . . 

home .constructor. For the last ten years this Company has speeialised in supplying st1b-~iniatt1re 
. . . . . 

parts .for all cir~u-its shown in Bernards comprehensive range o·f practical _radio and el.ec·tronic 
handbooks. .. · · · 

• 

. . 

.. TECHNICAL SUPPLIERS can· als·o supply parts fo1· all circuits · and ·designs shown in practica.lly every 
• • • t • 

radio magazine · published in this country. Listed herewith are brief details -of some of the most . . . . 

_popular items available. I~ is only possible to sl1ow very brief details of the enormot1s range of 
components, and our very comprehensive range of prefabricated units for the home cons.tructor 

. 

and; m.dio ·experimenter. We have available many leaflets complete with circuit data, etc., which ·,ve 
can supplx on demand, which give full technical details, layouts, etc.,· -of ou1~ complete range. A . . . . . . . . . . 

nominal chat7ge .of ls. 3d. is· made for this range of data sheets. and upon rec.eipt of Postal. Order 
for .this amount we will supply. by return, post paid. · 

TSL .. LORENZ SUBMINIATURB LOUDSPEAK.ERS, 

CIRCULAR MODELS 
. 

The application of transistors . to small radio receiver 
design brings with it the need · for othe·r equally small 
parts. This has been success( ully achieved . in alJ· respects · 
save one, that of the loudspeaker. ·It becarne · quick1y 
apparen·t that those which simply duplicated the electro· 
mechanical ,features of standa~d types on a small scale. · 

. . . 

prevented transistor outputs from being used to full , 
advantage. To overcome thist it became necessary to . . . 

design exceedingly small loudspeakers specially with 
''transistpr characteristics", and · those presented l1cre 
will be found to conform ideally with the requirements 

involved·. 

· TYPE LP70 
\ 

A circular unit. of extra ·high sensitivity, functioning 
well from only a quarter ~f the power required to obtain 

. . 

comparable· results from larger units, yet it will co~-
fortably · handle up to 500 milliwatts loading , without 
signs of distress. Its amazing wide response ·ensures 

. . 
quality reproduction from the very smallest of sets, . . 

making it at least possible to compare pock.et·size per-
formance with that of top-ranking commercial portables, 
howe\ler powered. Model LP.70 is recommended pa_r­
ticularly for high~ua1ity output port~ble sets. 

Tec/111ica·1 Details .. 

Overall diame·ter 2~'' x 1 1/16'' depth. 

Response 120-14,500 c is. 
Loading 4 milliwatts to 500 milliwatts. 

Impedance · 10 ohms. 

Price: 24s. 4d. inc. Purchase Tax ~ .. 

' 

' 

• 

. • '-: 

TSL TYPE CMS50 

2'' diamete.r x g'" overall . depth. Response 200 c / s to 
·· 12 Kc/s. D.C. resistance 280 ohms. Impedance at 

800 c i s·-7.50 ohms. Designed to be connected directly 
to Class A output. Sensitivity is st1perior to an.y speaker 
under 4'' diameter, apart f.rom models. LP70 and LP31. 

Pri.ce: .17s. td. inc. Purchase Tax. 

l 
\' .. 

• 

' 

; 

t 
TY\l..E LP31 

ELLIPTICAL MODELS · 

. . . 

Of similar functional characteristics to Model LP.'70. 
the fantastically small dimensions of . this elliptical 
speaker with an overall face size of · only 4'' x t ~ '' 
makes even greater· achie'w·ements -in flm~ll. set <lcsign 
possible. Using a battery-powered 45 •·.p.m. turn.table~ 

a portable g!amophone or radiogram can be· built only 
two inches in depth. Higl1 effic·iency pocket receivers 
4.J'' .. x · 3'' x 1 ! .,, become practical propositions, with 

. outputs of · ~ watt using class B drive. Yet this speaker 
, will conve.rt .as little as 4 milliwatts into a loud, clearly 

. . 

audible signal. Specially made cone suspended with 
. watchmaker·s precision . ensttres extra sensitivity an.d the 
, wide range response essential to ob'tain high-fide1it}; per­
formance within . the restricted dimensions of transistor . 
portables~ Such is their . ruggedness and . qualit~; that . . . . 
these lou~speakers ·may also~ be . used to advant~tgc in 
larger size · instrumen:ts. 

Tec/111ic·a1 ·Details 

Size- ...:....~,, · ·x . 1 ~'' x. 1 '' deep. 
. . 

· Response- -120-14,000 cjs. 

Loading- -4-500 milliwatts. 

Impedance·-:--3 ohms. . 

• Price: 23s. 5d. inc. Purchase Tax . 

' . 

·: .. ,. "• 

,. 

.• 

-
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TYPE 125 ULTRA 01-,FI 125· mw· AUDIO 1,IFIER 
TSL type 125 is an economical, miniature (2'' x 1'' x l'') transfof'.mer ... Jess two-stage 12S· mW AF .amplifier. 

It uses matched npn / pnp,/ audio transistors in complementary symmetry circuits to achieve low distortion, high 
sensitivity, and low standby !>attery cuuent. It. is designed to . use . a standard 9V battery. The transistors are 
AF -.types specially ·developed for this t·ype of applica tjon. · · . . 

Designed as a general purpose amplifier, it can be used in ·intercom sets and in ·ultra portable RCOrd players 
fed direct from a medium impedance pick-up or from a high· im nee throuih a matching transformer . . It 
is suppli~ to a ·tight overall performance specification, guarant 100%. Selective asseml>ty takes .up all the 
component tolerances and gives · a narrow overall· amplifi~ perform~nce spread unobtainable,. by ·other means.· 

. 

TECHNICAL DETAILS 
. 

This direct .. coupled complementary symmetry.· transistor amplifier is ·assembled on a standard printed circuit 
board · using conventional components in a high packaging density, space saving being achieved also by the 
absence of transformers. Standard .. spaced end coMections ·are designed· for plug-in use with sockets while holes 

· in the printed cirCu'it permit direct soldering of flying lead connectioos • . The board also has two holes . for 
mounting fixing. A high transistor content combined ·· with the reliability . of standard field proved components 
ensures maximum reliability. · · · · - · · 

. 
All units meet ~he following overall speeification ·limits. for 9V battery voltage :·-

. 
Maximum output power . . . ··· . . . . . . ...... .... . ....... . .. 

··~· ~· 
., .... 12S mW 

Maximum total distortion at SOriiW . . . . . . . .... ....... . .. •••• • ••• 6% 
Minimum sensitivity (I Kc/s, 600 ohm soufce impedan~, SO mW out) ... ••• SO mV 
Maxim·um stan.dby (no-signal) battery ~uwent . . . . . . . .. • • • • • • 4 mA 

Detailed specifications are .set out below:-

CIRCUIT 

.. SUPPLY VOLTAGE 

OUTPUT LoAD 

OUTPUT POWER 

CURRENT CONSUMPTION 

POWER G.~IN 

SENSITIVITY 
• 

FREQU~NCY RESPONSE 

DISTORTION 

INPUT ·IMPEDANCE 
. . 

TEMPERAnJRE 

DIMENSIONS 

. . CONNECTIONS 

WEIGHT 
• 

FJNISH 

GUARANTEE 

PERFOR ' 

., 
. . -~ 

.. ~ree ... l.n!nsistor, two- ·· ge, tis mW, 9V, ·medium gain AF amplifier ·· (pnp Class A 
dnver direct coupled · ~ a pnp-npn complemen.tary symmetry Class B single--ended 
push-pull output. . . , .. 
9V nominal (operates at · reduced performance ·down to 4V). . . ' • . 

Optimum speaker or load impedance 40 ohms <is. to 60 ohms mav be used without 
significant performance deterioration). . · · .. . . 
(a) Absolute maximum ·· . . . . . . . . . . . . . . .. . . .. 12S rnW. 
(b) Maximum (for 6% total distortion) . . . . . . . . . .... SO· mW. ·· 

. 

(a) Quiescent (no ·Signal) (~) typ~cal . . . . .. ·· ... . ; . . ·· . . . 4 mA. 
· · · · · · (11) max. . . . . . . . . . . . . . . . S mA • 

. 
(b) .·At 125 mW . . . .. . . . • . . . . . . . . . . . . . . . 27 mA typ. 

. . . 

Typical (measured at nor111al 9V supply ·voltage at .50 mW output on to 40 ohm. load 
with 11'·.Kc Is input for 600 ohm signal so~rce) . . . . . . . . . . . . 4S ~b. 
For. SO mW out .(measured as above under ·power gain) better than · 

· . · ·. · . SO mV rms input . . . . 

Typical (for SO mW out and 3 dB. down) . . . . . . . .. . . . 100 c/s to 2S Kc/s. 
Tota·l · distortion for ... SO mW out typical . . . . . . . . . . . . 2 % 

max. . . . . . . . . . .. . . · 6% 
Typical ..... .. ... . . .,. . . . . . . . . . . . . . . . . . . . · 1.s K ohm. 
Normal operating ambient temp. . . . . . . .. . . . . .4S°C. max. (t 12°f'.) 

. -

Approximat~ :. length. 2''. width 1-,,, height 1'' .. 
. 

Four, · comprising : . 
(a) Signal input internally capacitor isolated (n9r~ally connected to slider .of S K 

volume control). . · . . . . . 
(b) Common earth and positive of d.c. supply. . 
(c) . Output to speaker (internally d~c·. ·connected to drivet transistor collector via 

· resistors). · · 
(d) Negative of d.c. supply and speaker. 
-~oz. (approx.) 
Matt cellulose spraked except connector terminations. 

. . 

12 months against all manufacturing faults. 

Priee 45/· 
. 

(Packed in dustproof plastic case) 

• 

• 
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LP45F. TECHNICA·L SPECIFICATIONS 

Overall diameter .. . I ::,, 
.. .. . .., . 

/l ••• 

_;1 ,, 
• • • ·-I • 

. . . Standard .low impedance. 
Ferrite. · 

Depth . . . . . . . . . 
Voice· coil im·pedance . 
Magnet· material ... 

. . . 9,500 gauss. 
120-14,000 c/s. 

. . . 1 mW to 300 mW. 

Flux density . . . . .. 
Frequency response ... 
Loading . . . . . ~ . 

. . 

The LP45F represents a remarkable development in 
the field of small speakers and provides the ho11Je con­
structor ·wit·h a .complete new dimension in which to 
work. The sensitivity is so high that a clearly audible 
output can be obtained with an input of o·nly 1 mW. At 
the same time the assembly is sufficicntJy flexible to 
permit an input power of 300 mW. At this. le·vel the 
output from t.he speaker, in a suitable case, · is com­
parable with t~at obtained . from a 4 or 5 inch speaker. 

The s·peaker is id~al for tise ·in tjny pocket radios of 
the regenerative, reffex or superhet 1ype and if incor· 
porated in ·such a set will vastly increase its performance. 
It is, in fact. ·recommended by Clive Sinclair, at1tl101· of 
''P.ractical Tra11sistor Recei\·ers'' and numerous other 
books on transi~tors. 

TSL, in · otf eri11g the LP45F. to the · ho1ne· constructor, 

SUB·MINIATURE FERRITE ROD AERIAL 
This unit has an overall size of 011ly t ·~'' x ~ ,, x i'' yet 

by using a new type of ferrite of very high gain and 
first grade Litz·wire a sensitivity has been achieved which 
is as good as ~ normal 6'' ferrite rod · aeri_al. Thus, by 
using this rod, a ·pocket set can be .made _having the 
same sensitivity as· a full size table radio~ This aerial is 
irleal for use in any pocket -Or · portable superhet, T.R.F. 
regen. or reflex circuit. · Since the inductance is adjustable, 
it may be used with any tuning capacitor from 150 pf. 
to 500 pf .. in value. · 

Size : 1 i '' x i'' x i''. . . . 
'furns ratio· and current gain: 10 to 1. 
Inductance range (varied by sliding coil along rod): 

200-440 uH. 
.Q-Factor: Better than 240. 
Colour code: Primary yellow and bltte. 

- Secondary red and green. 
Retail price; 3s. 6d. · . 

SUB-MINIATURE SINGLE GANG TUNING 
.. CAPACITORS .. 

Two types are now available. They are identical except 
that tlpe .. A has a value of 250 pf. and type B a value of 
365 p . They are totally enclosed in plastic cases to· keep 
out dust, and although the smallest of their type in the 
world, the performance of these . tuning capacitors is 
second· to none . . 

. . . 
Size: ~ ,, x g'' x .g''. (Smaller than a11 ordinary· po~tage 

stamp.) , 
' . 

Capacity: Type A 250 pt., price 7s. · 6d. retail . 
Type B 365 pf .• price 12s. 6d. retail. . 

HIGH IMPEDANCE CRYSTAL EA.RPIECE WITH 
JACK PLUG AND SOCKET. 

. 

' 

~· 

The perform·ance of any rec~iver can be enhanced by 
use with one of these earpieces, the quality and sens.i- , 
tivity of which are vastly better than ordinary · head .. 
phones. Because of their very small size and low weight 

. . . 

guarantees that it is su.perior to any other speaker ot 
this t}·pe. 

·1>rice: 24s. 4d. inc. Purchase Tax. 

For some time now "fSL have been weJJ ahead of ' 
their competitors in making available subminiatt1re 
compo~ents. Their lead is now strengthened by the 
introduction of 3: compl~t~ ran~e -of really ti11y com­
po11cnts f o.r ·use 1n subm1n1ature superhets. The range 
comprises the f o11owing prodttcts: · 

T~L ""Babyvar"' twin gang tuning capacitor 17s. 6d. 
each. This i~ · the smallest tuning capacitor made . any­
where in the world. Eacl1 section has a · max1mt1n1 
capacity of· 120 pf~ and is padded by a 5 pf. trimm~r. 
The ·overall size is only 3 / 5~' x 3 / 5'' x . ~ ''. 

. Tecl111:ica/ .Specification 
· Maximum capacity· for c~ch section 

Minimun1 ca.pacity for ~ach section 
. Rotation ang]e · . . . . . . . . . 
Capacity variation of the trimmers 
Inst1lating vo1tag~ . . . . . . . .. 
Maximum operating temperature 
Size . . . . .. . · . . . . .. . . .. 

.. 

.. . .. . . ·" 

120 pF. . 
Jess than 4 pF . 
180° 
O 5 pF. 
50 volts D.C. 
60° c . 
t '' x ~ ,, x 29 /64'' 

· they are convenient to carry and sufficiently comfortable 
to be worn for long periods. The earpiece lead is con­
nected· to a sub-miniature jack plug and a matching 
socket, with built in switch, is included in the price. 

·Retail price : · I Os. 6d. · . • · 
. . . . 

MlNIATURE PLASTIC CASES . 

One of the main d.ifficultics involved in bt1ildi11iz sub­
mi·f,liature receivers is the "difficulty of ol>taining a stlitable 
and attractive case. We J1ave now remedied· this situation 
b · ·. making available a c1ear plastic · box. This may be 
p 'nted in5.ide, in any colour or colours, to produce a 
dt ttable .and attractive finish. · Holes may easil·y be drilled 
as required and the case will ~.ccommodate our new · 
ferrite rod aerial and sub-min.iature tun.ing capacitors. 
Many circuits built with our components will fit com­
pletely into this case. . . •• 

Size: 2:}1
' x . 1 -~ '' x ~,, . 

· Retail price: 1 s. 
. . 

1'SL ''Microtran'' I.F. transformers and oscillato1 
coil 25s. _per set. This set comprises the . usual 3 I .F . 
transformers an~ I o.scillator coil. Eac.h coil is enclosed 
in a minute met~I · can only ~~ 11 square by u11der -~ 11 ta JI. 
Despite their small size each l.F.T. has its 200 pf. capa­
citor . built in. The oscillator _coil is specifica11y designed 

·. for the "'Babyvar'•. . 
TSL ''Maxigain'' ferrite rod aeriat 3s. 6d. eacl1. This 

is
1 
! n~w ferrite .rod aeri_al 9.-·ith an ove~all 1erygth of on!y 

1 :! • and . a maximum diameter of i'' 1nclud1ng tl1e coil. 
~t is \\'01;1')d. to match th~ ''~abyvar'' tuning C3:pacito1-. 
fhe· sens1t1v1ty of the aer1~tl 1s such tha.t even 1n areas 
of very low signal strength it will pick up more than 

. enough signal for ~uperhet circ1:1its. . · 
. . . 

TSL· A.F.· transformers. Two types are ava1la.ble: a 
dr.iver tran~f~rmer with a · centre tapped s~condary and 
a turns ratio of 4i : ·l and an output transfo1111er with 
a . centre tappe~ prima.ry and a turns ratio of 20 : 1. 
These transf~rmers m~ay be. use_d in :either clas$ B push­
Pt111 or class A amplifier c1rcu1ts with outputs of up to 
200 mW. · 

Obtainable f ronz all Radio Dealers . 
. . 

Distributt~d throughout Gt. Britain and the British .Con1mon»-·ealth bv: . · 
. . - . 

TECHNICAL SUPPLIERS LTD., Buds.on House, 63 Goldhawk .Road, London,-W.12 . 
. . . . . 

Telephone: SHEpherds B.ush 2581 and 4794 · . 
Telegrams- -Home and Overseas: Teknika Lond.on, W.12 

• 

. . . . ·' . -· . . . 

---
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