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Transistor Operation at 200 Mc/s.

—the AF102 in Mast-head Amplifier Design

An experimental printed wiring assembly has
been constructed in order to study the AF102 in
TV mast-head amplifier applications. The results
of the investigation will also be of interest to
circuit designers in the Communications Field. All
measurements have been standardised on a 50 Q
unbalanced basis.

A power gain of 22 dB flat has been achieved
over a single lower-band channel bandwidth
using a single transistor, and the same order of
flat gain over three higher-band channels using a
two-stage amplifier. These gain figures, obtained
after a compromise with such factors as low noise
factor for this particular application, are not the
maximum obtainable from the AF102. Economical
wide-band units are feasible, using a single stage.

The AF102 is an alloy-diffused pnp junction transistor
designed for operation at frequencies in excess of
200 Mc/s. It features low intrinsic base resistance,
high slope and low noise factor.

1. General Considerations in Mast-head Amplifier
Design

For some years, low noise valves have been used in
mast-head amplifier application in order to improve
the signal-to-noise at the set terminals. Despite their
excellent performance capabilities, valves have no
proper place at the mast-head as they require high
voltages for satisfactory operation and introduce addi-
tional cost and problems in meeting safety require-
ments.

On such points as long life, cost, weight and wind
loading, the transistor has the advantage.

2.-Extension of the Fringe Areas

The imminent installation of TV transmitters in
country centres will introduce extensive new areas of
fringe reception. In these regions the use of mast-
head amplifiers will undoubtedly increase.

The experimental amplifiers described in this article
feature a high band (Ch’s. 7, 8 and 9) and a low
band (Ch. 2), but the design principles may be ex-
tended to cover alternative channels.

3. Narrow-Band versus Wide-Band Units

This introduces the first design compromise. The
manufacturers’ ideal would be a single wide-band
amplifier with acceptable performance on all channels.
This concept raises serious problems of interference
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MINIWATT AF102

PNP Germanium Transistor

0482007
-0482-007
Maximum Ratings (Absolute Maximum) . qy%.co8"
Collector to base voltage (—Ves) 25V 'M'
Collector Current (—I¢) 10mA 375"
max.
Characteristics at T..;, = 25°C (and at 1 :na:'
—Ves = 12V, Iy = 1 mA, f = 200 Mc/s 017" —[ﬂIH
. +-002—
unless otherwise stated)
Range

Typical | min. max.

Frequency at which

|hre] =1 f. 180 | — — Me/s
Intrinsic base impedance

(at 2 Mc/s) Zw| 10| — — @
Noise figure (with 30 2 source

resistance ) F 6| — 7.5dB

Available power gain in typical
grounded base stage (without

neutralisation ) G, 13 10 — dB
Collector cutoff current

(Ie = 0) —JIeso — | — 10 pA
Base current for —Ves = 12V,

—Ic = 1 mA —I = =] 50 “A
Base voltage for —Ver = 12V,

—Ic = ImA —Vee — | 220 360 mV
Small Signal Admittance Parameters
Input conductance gnw 30| — — mmhos
Input capacitive Cwmw —12| — — pF
Forward transfer admittance

(absolute value) yaw, 25| — — mmbhos
Phase angle of ym a0 90| — — deg
Feedback admittance

(absolute value) |y 04| — — mmhos
Phase angle of ym $1n —90 — — deg.
Output conductance gen 03| — — mmhos
Output capacitance Co, 18| — — pF

from unwanted radiations, which in turn require a
formidable range of band elimination filters and ex-
tensive field studies. The problem of phase distortion
should not be discounted.

For these reasons, the amplifiers described are rela-
tively narrow band (one to three channels width),
but design methods for economical wide-band systems
are indicated.

The front cover illustration shows a unit providing
separate balanced inputs for horizontally and verti-
cally polarised fringe aerials, receiving transmissions
from different directions.
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4. Balanced versus Unbalanced Down-Leads

In the main, unshielded 300 @ down-lead has been
used for reasons of cost, weight, ease of connection
and acceptable losses. However, it has some notable
disadvantages such as “salting-up” and greater sus-
ceptibility to locally radiated interference. On the
other hand low-loss shielded cable avoids these dis-
advantages and is increasingly used in difficult situa-
tions in spite of slight additional weight and cost.
Hence the mast-head units described are designed for
a 75 Q unbalanced down-lead. In addition, shielded
cable provides better mechanical protection, which is
particularly important as the down-lead has also to
supply DC power. Also, problems of power supply
polarity no longer arise. Stand-off type cable clamps
shown in the cover illustration were used for con-
venience only. Simple means of transforming to
300 @ balanced, if needed, are described in section 6.

5. AF102 Circuit Configuration and Operating Point

(a) Noise Considerations. Unless the amplifier has a
low noise figure comparable with a good tuner, its
main advantages will be lost and gain figures become
less significant.

The noise figure of the AF102 is a function of both
source conductance and susceptance as shown in
Figs. 1a and 1b,™ which apply for an average transis-
tor at 200 Mc/s. The noise figure is essentially the
same in common base or common emitter configura-
tion. )

From Nielsen’s®® formula for noise figure, we can
approximate for the case of hg, =~ 1 by:

f \2 2
( ) (Rg+l’e+l’hh')
Ton Te fah
+

+
2 Rgre

¢ 2Rg

T (1)

where F = noise factor
rov’ = ohmic base resistance (2) ~ |Z.| quoted in data
R; = source resistance ()

kT 25
r. = DC emitter resistance — — = — (Q)
qle Iz (mA)
f = frequency of measurement
fon = cutoff frequency in grounded base which is re-
lated to:

f. = frequency at which |hs.| = 1 by:
fao =~ (1 + 0.3)f; for the AF102.
Using this formula, F (converted to dB) has been
calculated for Ig of 1, 2 and 3 mA for f = 60 Mc/s,
the results being given in Fig. 2.

This theoretical treatment shows that the optimum
source conductance is in each case non-critical, and
that for source conductances ranging from 5 to 17
mmbho, F is less than 2 dB.

There are two points which are worth mentioning at
this stage. Firstly, at 60 Mc/s the contribution of the
frequency dependent noise term is not negligible, and
it is this which tends to deteriorate the noise perform-
ance at low values of source conductance, especially

February 1962

at higher values of Iz. However, there is a compensa-
tion arising out of the increase in f; with increasing
I, which has been taken into account in plotting
Fig. 2. Thus the resulting curves are virtually identi-
cal over this broad range of source conditions.
Secondly, measurements have indicated noise figures
slightly in excess of those predicted theoretically, and
at 2 mA, F = 2.5 dB was obtained with an optimum
source conductance of approximately 17 mmho.®
The deviation of measured optimum source conduc-
tance from the 9 mmho predicted theoretically is not
serious owing to the relative constancy of F.

F(dB)
8

NOISE FACTOR
o

=

FREQUENCY =200 Mc/s

0 10 20 30 40 50 60 70
SOURCE CONDUCTANCE, gg,(mmho)

NOISE FACTOR
“ F(dB)

7

[
5
4
3 FREQUENCY = 200 Mc/s
2
1

=20 =10 0 10 20
SOURCE SUSCEPTANCE, bg (mmho)

(b)

Fig. 1.—Illustrating the relative constancy of
AF102 Noise Factor over a wide range of
source admittance and a limited range of col-
lector current.

24
w 2mA
P —

FREQUENCY = 60 Mc/s

NOISE FACTOR

5 6 7 8 9 ®© U 1213 U4 15 6178
SOURCE CONDUCTANCE, gy, (mmho)

Fig. 2.—Theoretical dependence of AF102
Noise Factor on source conductance, at a fre-
quency of 60 Mc/s—derived from Nielsen’s
equation.
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input admittance of a lower
frequency
(single channel bandwidth)
loading the collector.
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Besides possessing a low mid-frequency noise figure,
the “upper noise corner”® for the AF102 is quite
high. The upper noise corner frequency, f, can be
derived from Equation (1) by equating the frequency-
dependent term to the sum of the non-frequency-
dependent terms.

13
T (Re+ e + )

For R, = 30 @, Iz = 1 mA, then fa = 185 Mc/s. Measurements
have in fact indicated a noise corner closer to 140 Mc/s.

f. re (2Rg + 2ren” +10) .. (2)
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3.—Effects on AF102 Fig. 4—Effects on AF102
input admittance of a higher
frequency  tuned circuit
(single channel bandwidth)

loading the collector.

tuned  circuit

coiL

R.F.

»x3.4 TUNING

ke

BAND-PASS

FILTER

GAPACITIVE
PADDER

Yg=9g+ibge-

TRANSISTOR
_{AF102

—in vicinity of resonance;
(assumptians are outlined
in section 5b).

J
ﬁ

£ |
| |
AERIAL

PERFECT | b neey | P
s
WiWrommer | RaNsISTOR| ot~b

Fig. 5.—Derivation of simplified equivalent circuit, useful for
estimating VSWR and source conductance, for mast-head units
described.
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It is to be noted that the improvement in f; with in.
creasing I will tend to raise fs. At Iz =3 mA, the
theoretical figure for f, is about 189 Mc/s.

(b) Input Matching Considerations. The source con-
ductance for optimum noise figure for the transistor
does not correspond to that for maximum transfer of
power. Hence some degree of mismatch is desirable.
As a target, one should try to keep the VSWR within
about 3:1. For Iy approximately 1 mA, both g,
and Ciy, are practically constant over a 60 Mc/s to
200 Mc/s range, and the common base configuration
has thus much to recommend it when broad-band
inputs are contemplated. However, greater gain is
obtainable if I is increased somewhat. The common
emitter configuration, on the other hand, exhibits
changes in g5, of the order of 10: 1 over the above
range. Thus, despite other excellent features, includ-
ing high gain at lower frequencies, this configuration
will require some form of impedance compensation in
the input circuit, if broad banding is contemplated.

Besides reducing the power transfer, excessive mis-
match at the input terminals of the amplifier, if not
allowed for in alignment, tend to introduce “tilt”
effects in reception, the extent depending upon the
degree of mismatch and the exact length of the con-
nection between amplifier and antenna (a 1’ length
of 300 @ “ribbon” corresponds to about a quarter
wavelength at 200 Mc/s). It is not possible to reduce
these effects by means of padding at the input, as this
would only deteriorate the noise performance as well
as gain. With this in mind, it is recommended that
the mast-head unit be aligned using an accurate
“dummy aerial” which also simulates the connecting
leads. This implies that for the best results the acrial
and amplifier be supplied as an integrated umit.
VSWR’S appreciably better than the 3:1 target
figure are obtainable with careful design.

In the case of an un-neutralised stage, the input ad-
mittance will be affected to some degree by the con-
dition of the tuned collector circuit. If this is not
allowed for in design, adequate compromise between
power match and noise may not be achieved. Figures
3a, 3b, 4a and 4bV) indicate the effects on the input
admittance of the AF102 of a double-tuned collector
circuit providing approximately flat gain over a single
channel width. To a reasonable degree of approxima-
tion, the curves for the input conductance and shunt

capacitance (g; and % respectively) can be taken to
also apply for a two-channel-width collector circuit.
The theoretical input admittance is given by:

YizYn
Yo

yi =Y —

where Y, =Y,* 4+ yu
N == Vi + vy

Y.* and Y.* being those lumped admittances, at input and
output terminals respectively, which are external to the transis-
tor.
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The equivalent input arrangement made use of
throughout for the experimental units is given in
Fig. 5.
It can be easily shown that

@5 £

&

g1 = b, \2
T+ rora)
w w /

b
and if C, + C, >>—|, g* is independent of b;.

w

[ i b
1f also ( — )<< (—- + C. + Cl,)then
w w

e
g’ ~ g =tg
G oy

and the capacitive tapping arrangement would behave as a
true auto-transformer, stepping down the transistor input con-
ductance to the required level of balanced conductance.

b* on the other hand is given by:

b, b
on e (—- TR c.,) (—' i c)lr
w @ J

w?

2

g|2 b, =
— 4 (~—'+Cn+Ch
w /
g1 b,
Now if — << (— + Cu + Cs
w w
b;
w Gy (— =+ C.)
w
then b® oo ——

l)|
—4+C.+GCs
w

b
and if further - <L Cq:

w
w C, G,
bﬂ e = "’Cut,
(Cn + Ch)

i.e. the susceptance of the two capacitors C,, C, in series.

Transforming from the other direction, we arrive at

’ j
]""Ch (gu —_—— ]’wc‘\)
1%

w

= jwC, + ;
ga + jw (Ch —_ 4 C‘\)
w’L,

and for a truly resistive aerial system Ci = O.
w"'Cn,"'g.\

1 )
ga 4 o? (Ch — '——)
w’L,

L Ye=

J

However, in the vicinity of resonance, the imaginary term must

equal —j : , and so is non-zero. Also,
w
b
€ L—
Cb 5 w Cn CI)
wL ™ B (e TG
Co+GCo +—
w

with previous assumptions,
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*Coga g4
and S0 gg =~ =
( Cy? )2 ga® [ Gy 2
ga® + w® +(
C. + Co w’Cy’ (Cry + (Ciy
C. + Cu\*
and if ga << wC,, g = gs ( )
Ch
A
i.e. g, = —, as to be expected.
t2

This analysis, together with Section 5 (a), provides
the basis for a compromise between standing-wave
and noise considerations. The degree to which the
above assumptions hold in practice depends on two
main factors. Firstly, at high frequencies, only a small
total LC product is required for tuning the input
circuit, and the additional tuning coil required across
the input terminals may become too small to be
physically realizable, if too great a total capacitance
is in the circuit. Secondly, too great a capacitance
will severely restrict the input circuit bandwidth.

(¢) Gain, Bandwidth and Stability Considerations.
The response of a mast-head unit should be com-
paratively flat over any channel bandwidth. The
design target was set at = $ dB total variation over
a single channel.

As previously stated, the gains achieved in the follow-
ing designs do not represent the maximum achievable.
However, gain figures exceeding 20 dB will be quite
adequate in the great majority of cases for the ampli-
fier to serve the additional function of a distribution
unit for up to about four sets. Distribution technique
has been treated by Lackey®.

At higher frequencies the common base configuration
is characterised by some internal positive feedback
which boosts the gain. However, satisfactory stability
margin can still be maintained, and the resulting inter-
action of the output circuit on the input circuit is still
reasonably small at 200 Mc/s. Although this inter-
action produces a slight deterioration in VSWR, this
is within acceptable limits. An idea of the degree of
interaction can be obtained from Figs. 3 and 4.

For common emitter configuration, however, the in-
ternal feedback is negative, with consequent reduc-
tion in gain. A satisfactory neutralising scheme can be
arrived at by considering a single element, having ad-
mittance Yy, connected between output and input of
the transistor through an idealised transformer having
unity turns ratio. The y parameters of the combina-
tion become:

Yu =yu—+ Yy
Ya _y»1—Y\
Yize =y — Yx
Yo = y=+ Y~

The condition for perfect neutralisation being Y:.: =0, ie.
Ys = Via.
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= g AF102 ! QUTRUT 750
3 —
5 : r
- 3 ° ] % | A. SINGLE-STAGE HicH-BAND CIRCUIT
‘Nagﬂ;x ) . RSk % & (CortmoN BAse)
5 ° 1
Ci1ZF1s 27 5&2’ l:iK Cogft |Cavee | e B. Two-stacE Hicu-BanD CrrcuiT
& I Cs Csl T e (CoMMoN Base)
22 C, D. SiNGLE-STAGE Low-BAND CiRCUITS
o R (ComnoN Basg)
E. SINGLE-STAGE Low-BAaND CircuiT
(ComMoN EMITTER )
AF102 AF102 OUTPUT 752
2 ) 3 F=at g o
¢ o ! I Any low-band circuit can
if IC75§Q =2 2,58 jas2 8 be coupled, at the output,
1 ;;8;’ g Roctl g ' to either high-band circuit
3250 n Ry ,C";f Cgiss Rsé/ Ry |Cron cgisa 1 through point @ with C,*
5K i i {
T Ca | Cq 68 T e CE T L removed.
© il [
. +av
ts
E PUT
¥ SAF102 ;5; c{u b o O T g
Tl 330 l l
l 1©19 Ry2 Czét K u Czg o
3008 i Rq L0, of L r el 3002 B,
INPUT g1 1K ! ) ! INPUT i i
' 7~ M : .
Cie C1a T G
. . ‘ n |l
G,D + 9V E. + 9V
Parts List
By, mo NE R 56K R.: 0K
Ronn 68K P d.7ake B G 5 K . W Philips type E097AC/5K
All fixed resistors Philips insulated cracked carbon type B8 30505B/..
Cy, 2 15 pF Cs, :* 68 pF Cos 938 pg‘ C, 1, 8‘,3102,915, ﬁs/, 11{8281%30 pF feed-through capacitors Philips type
C. 22pF C.® 330pF C» 220p :
C: 47 pF ’ Cs, 3, 8, 10, 13, 15, 20, 21, 22 ceramic trimmers (0.8 pF max. zero
Ci* 68 pF for cct. C, 47 pF for cct. D, 100 pF for cct. E capacitance, 6 pF min. variation) Philips type CO04EA/6E
Ci* 150 pF for cct. C 150 pF for cct. D, 39 pF for cct. E C.. Philips glass lead-in type 88018/03

All above Philips “Pin-Up” type C322 capacitors

L., . Ferroxcube-cored choke, Philips type VK200.10/4B

L. 41t 18 B&S enam. copper, 1% former (spacing adjusted)

L; 035 uH, 8t 18 B&S enam. copper, 1%” former, wound
close spaced.

L; 10t 24 B &S enam. copper, centre-tapped, wound bifilar

on Ferroxcube bead type 56.390.31/4B (refer Sec-
tion 6)

Output Cable Telcon type ET10M, 75 € cellular polythene

Fig. 6.—Circuit details of Experimental Mast-head Amplifiers.

T: Two hair-pin loops, 18 B &S enam. copper, i%” high,
127 across, coil separation 1%”.

T, Prim. and sec. 24 t 18 B&S enam. copper, £” former,
~ 5" between turns and ~ %” between prim. and
sec. Secondary tapped § t from Gy, o*.

Ts; As for T: except ~ 1” spacing between prim. and sec.

T, Prim. and sec. 5 t each, 22 B &S enam. copper, wound
bifilar through Ferroxplana double bead type
K5.050.06/1Z2

T; Prim. and sec. each 2% t 25 B &S polythene covered,
wound through Ferroxplana single bead type
K5.000.81/1Z2
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TABLE 2—PERFORMANCE CHART OF SAMPLE AMPLIFIERS
Input circuit Total Noise | Power VSWR Power Responses (linear scale)
Configuration 3 dB Bandwidth | 3 dB Bandwidth | Figure F| Gain | maximum =
(Mc/s) (Me/s) (dB) (dB) Input Circuit Overall
Channels 7, 8, 9 33:1

A. Common Base Ch’s. 7 & 9

One stage 39 36 L 10

5
Ini= 1% mA Ch. 8
Channels 7, 8, 9 33:1

B. Common Base Ch’s. 7 & 9

Two stages 39 29 22

Bl
Is =13, 2 mA Ch. 8
Channel 2

C. Common Base 2% 1 1

One stage 26 134 143 (refer

Fig. 7a)
I =13 mA single-tuned
Channel 2 response; Ofl\,

D. Common Base 33:1 approx. 26 Mc/s
One stage 26 134 17 (refer bandwidth: flat
AL TN Fig. 7b) | within 4 dB over | -

| LA T ek L RE Sl S e | E 7 Mc/s channel
Channel 2 width
E. Common Emitter Dl
One stage 27 12 22 (refer
Fig. 7
Ta=8mA o fel
Configuration A or B can be used with C, D or E using the coupling arrangements discussed in Section 7 (a).
Markers not specified in photographs are at multiples of 10 Mc/s.

This would require a neutralising component which
is in fact, a negative admittance. So that neutralisin
can be achieved using a positive capacitance, t
transformer has to be an inverting type, i.e. Yx be-
comes equal to —yi. In practice, some allowance
must also be made for stray capacitive feedback.

Over a 3:1 frequency range, yiz. exhibits approxi-
mately a 3:1 change. This, with a suitable wide-
band transformer (Section 6) opens the way for wide-
band common emitter units.

The stability factor A (which must be appreciably
greater than unity) is given by:
aty (gu + g¢) (g2 + g1) 2

|)’12l I)’21| [1 + cos (¢12 + ¢21)]
where gy, is an additional damping conductance introduced into
the output circuit in order to ensure stability when the output
lead is disconnected.

In the common base configuration, stability problems
will be worse at higher frequencies where the total
loop phase shift is approximately zero.

6. Wide-Band Transformers

Some interesting wide-band “baluns” have been de-
veloped, all of the auto-transformer type. Both pri-
mary and secondary consist of a small number of
turns of 24 B & S enamelled copper wire, bifilar wound
circumferentially on a small Ferroxcube double-bead,
type 56 390 31/4B. Briefly they are:
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Fig. 7.—Input Im-
pedance, normal-
ised with respect
to 300 @, plotted
1 for single-channel
« configurations C, D
and E, denoted by
(a), (b) and (c)

respectively.

(a) 8% t, centre-tapped, with additional tap 33 t
removed from this—for noise and wide-band gain
measurements on 300 Q@ balanced systems using 50 Q
unbalanced equipment.

(b) 10 t centre-tapped, for (i) converting 75 Q un-
balanced output to 300 @ balanced, should this be
desired, (ii) wide-band input arrangements for mast-
head units, (iii) wide-band neutralising arrangements
for common emitted stages (in a 1:1 balanced con-
figuration).

All units were checked, on a back-to-back basis, for
insertion loss in a 50 Q system, providing losses per
unit as tabulated.

eMiniwadt DIGEST 75



TaBLE 1
InserTION LOssEs OF BRoAD-BAND AuTO-TRANSFORMERS

Freq. 75 : 300 @ “balun” 50 : 300 @ “balun”
(Mec/s) (dB) (dB)
40 0.2 0.6
100 0.1 0.4
200 0.2 0.2
350 3 1.8

7. Experimental Amplifiers

Printed wiring technique with its low wiring capaci-
tance, provides a high degree of reproducibility from
prototype to production sample. Fibreglass board was
used as most of the synthetic-resin bonded-paper
boards tested had significant losses at 200 Mc/s at
impedance levels as low as 300 Q. For the 1" board
used, the copper thickness was .001”.

Experimental interchanging of transistor configuration
was simple with the layout adopted.

Figure 6 shows circuit diagrams and parts list for all
configurations tested.

(a) Factors common to all Configurations

All configurations possess identical bias arrangements,
chosen so as to provide extremely good temperature
stabilisation, to present only a small conductance
across the transistor input terminals (noise considera-
tions) and to investigate the effects of various values
of Iz (5 KQ potentiometer ).

In addition they all use a capacitive tap arrangement
in the input circuit in order to provide a satisfactory
compromise between noise and power match. This
is based on the considerations of Section 5 (b). The
arrangement of the tapping capacitors also helps pre-
serve a better degree of balance on the input line.

Each low-band configuration is provided with a wide-
band 7 coupler section‘® in the output circuit, coupl-
ing to a 75 Q output impedance. This comprises Co,
C.; and Ls. Where a low-band output is to be com-
bined with that of a high-band, the former is con-
nected, through the small tapped section of the high-
band output coil to the 75 Q line. The high-band out-
put coil then connects to ground through the 33 pF
of the low-band = coupler, coil L; presenting a
high impedance to higher frequencies. This arrange-
ment has proved quite satisfactory, no interaction
effects being observed. VSWR at the output terminals
remains within 3 : 1 over a wide range of frequency.
The importance of down-lead mismatch has been
dealt with by Wiemers(™).

Transistor lead-lengths are cut to about 3”. All earth
by-passing is accomplished by low inductance, broad
band, ceramic feed-through type capacitors. Ferrox-
cube-cored chokes (grade 4B) are used for isolating
DC and RF circuits.

76 eMiniwadl DIGEST

Stability requirements (Section 5 (c¢)) have been met
by means of resistors R;, Rs and Ri..

(b) Specific Points concerning the Experimental
Amplifiers

In Table 2 a comparison is made between each of
the amplifiers constructed. However, some further
specific details are as follows:

Configurations (A) and (B) possess an over-coupled
double-tuned input circuit, which besides providing
sufficient bandwidth for Ch’s. 7, 8 and 9 also helps
preserve balance on the input line. To preserve input
line balance, the low-band circuits use a bifilar-
wound shell type 1:1 transformer with isolated pri-
mary and secondary. For the low-band circuits, input
circuit tuning is carried out by adjusting a small coil,
L.

For convenience, the inter-stage coupling in (B) is
arranged on a 50 Q basis, which approximates closely
to a power match. The transformers T, and T; are
both overcoupled to about the same extent.

A capacitively top coupled transformer Tj; is adopted
for the single-channel low-band circuits (C), (D)
and (E). The use of Ferroxplana cores, with only
a few turns of wire, both simplifies the manufacture of
the coils and reduces their overall size.

Configuration (D) is approximately neutralised by
means of the 1:1 reversing transformer L; and the
capacitor Cy; of approximately 1 pF, provided by a
Philips glass bead lead-in.

8. Further Information

Space considerations have precluded mention of such
details as power supply arrangements and measuring
techniques. Advice on these, and other details, is
available on request.

(This investigation was carried out in the “Miniwatt” Elec-
tronic Applications Laboratory by A. ]J. Erdman, assisted by
N. A. Steadson.)
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—7

Velve Mows

A 4-VALVE 12 W PUBLIC ADDRESS AMPLIFIER

Rated power output ..

power output and 1 Kc/s)

Sensitivity for rated output:
at PU input
at Microphone input

input):
for 0.5 W output

for rated output

Treble cut
Feedback

Performance Specifications

Total harmonic distortion (at rated

Frequency response (measured at PU

12wW

2.3%

480 mV
45 mV

—1dB at 11 ¢/s,
—3 dB at 10 Ke/s

—3 dB at 19 ¢/s
and 15 Kc/s

—10 dB at 3.5 Kc/s
8 dB

A simple medium-power Public Address amplifier is described.
It has inputs for crystal pick-ups and high-impedance micro-
phones, and mixing facilities are provided. The basic amplifier
(two 6GW8's) is ideally suitable for the incorporation of an AC107
hybrid-type transistor pre-amplifier, as previously described in
“Digest”. This would then also provide an inexpensive complete
amplifier for use with dynamic microphones.

The amplifier described in this
article is both simple and straight-
forward, using the pentode sec-
tions of two 6GW8 triode-pentodes
in a push-pull output circuit. The
initial design considerations for
such an amplifier were discussed
in a previous issue of the Digest?),

and are briefly:

(i) The pentode operating condi-
tions for Class AB with 300 V sup-

Ply (page 38)

(ii) “Arrangement (b)” for the triode
section in which one triode is ap-
plied as phase splitter and the
other triode as voltage amplifier
(pages 38 and 39).
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For applications where a sensitivity
of approximately 350 mV for full
rated output is sufficient, or where
full rated output is not required,
the basic amplifier with only two
6GW8’s will be adequate (e.g. with
crystal or ceramic pick-ups). Where
it is desired to use a microphone,
additional gain must be provided
by a pre-amplifier stage. The
present amplifier includes such a
stage, using an EF86 pentode, and
this arrangement is suitable for all
high-impedance microphones com-
monly employed in public address
service. However, if the source is
a low-impedance microphone then
either a step-up transformer must
be added, or alternatively the

entire EF86 stage can be replaced
by a hybrid type transistor pre-
amplifier stage®, no transformer
then being required. In this case
it is only necessary to adjust the
decoupling network (R;, Cj), the
mixing arrangements requiring no
alteration.

Provision is made for independent
mixing of both microphone and PU
inputs.

CIRCUIT DESCRIPTION (see
Fig. 1)

Input Circuit

A simple resistive adder network
has been used as mixer.

The  microphone  pre-amplifier
stage provides a basic voltage gain
of (170 X), but this figure is re-
duced to about (107 X) by the
mixing network, mainly due to
losses in resistor Rg. Similarly, the
basic sensitivity of the PU input is
reduced by resistor Ry. These re-
sistors are necessary to obtain satis-
factory isolation between the two
inputs.

A simple treble-cut tone control
R;—C; is also included in the
input circuit.

Voltage Amplifier and
Phase Splitter

One triode section of the B6GWS§
pair is used as voltage amplifier to
produce the required drive for the
output stage. Since the cathodyne
phase splitter (second triode sec-
tion) does not contribute to the
overall gain, the voltage-amplifying
stage must provide the maximum
possible amplification. Miller effect
becomes noticeable in this high-
gain triode stage due to the high
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MIC.
INPUT
BU.
INPUT
6V4.or 6CAL
o)
| CIRCUIT No.4112 | MA'NS?w ‘
300mA S0uF
F I
é HEATERS
Parts List
R, 47 M Q R: 1MQ Ri: 27K Q Rir,s 68 K Q,5%
Rg, 8, 10 1MQ log. R; 68 K Q, 1w Rm, 26, 27 100 @ Rm, 20 820K @
R;,n 220K @ Rs 680K € Ris 10M @ Rar, 22,2 10 K Q
R, 22K¢Q R, 470K Q *Ris, s 150 €, 3 W, WW (for 6V4) R 150 2,2 W
1802, 3 W, WW (for 6CA4) Ras 22KQ 1W

All resistors, 10%, + W unless otherwise stated. Use of Cracked Carbon Resistors is recommended for this amplifier (Philips series
B830505 (4 W) and B8 305 06 (1 W).

C, e 64 uF, 10 VW electrolytic ( Philips type C425AL/D64) Cs 82 pF mica, or ceramic, 10% (Philips type C304AB/A82E )
Cs, 5,50 0.1 uF 400 V polyester (Philips type C296AC/A100K)  Ci, 1 50 #F, 350 VW electrolytic

Cs 0.047 uF, 400 V polyester (Philips type C296AC7A47K) Cu 50 uF, 25 VW electrolytic (Philips type C425AL/F50)
C, 24 pF, 300 VW electrolytic Ci: 330 pF mica, or ceramic, 10% (Philips type C304AH/A330E)
T, Power transformer: 80 mA, 2 X 285 V, e.g., Ferguson PF170 or A & R 1885 S S.P.S.T. toggle switch
100 mA, 2 X 285 V, e.g., Ferguson PF130 or A & R 1889 F 300 mA fuse
T. Output transformer: 10 K plate-plate, multi-tapped secondary, 4 Noval valve sockets (Philips ceramic
15 W, e.g., Ferguson OPM7 or A & R 2628 type B8 700 21)

Fig. 1—Circuit details of “Miniwatt” 12 W Public Address Amplifier.
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grid-circuit impedance, and it is
this which limits the high-fre-
quency response.

Output Stage

The two 6GWS8 pentode sections
operate in push-pull Class AB. The
optimum load for 300 V supply
voltage is given as 9,100 oW,
Transformers having such a pri-
mary impedance are not available
as stock items from manufacturers.
However, medium fidelity trans-
formers with 8 and 10 K @ imped-
ance plate-plate and 15 W power
rating are readily available at a
reasonable price and give good
results. The sample amplifier was
tested with such a 10 K Q trans-
former.

Feedback voltage from the output
transformer secondary winding is
injected into the cathode circuit of
the triode voltage amplifying stage
to provide approximately 8 dB of
feedback. The distortion charac-
teristic and frequency response of
the amplifier are shown in Figs. 2
and 3 respectively and are quite
adequate for PA service.

Power Supply

A thermionic valve rectifier is used
in the power supply since it is, at
the present time, cheaper than
silicon diodes for the DC output
current required. The HT current
drawn by the amplifier varies from
approximately 72 mA to 93 mA
bhetween zero-drive and full-drive
conditions. As the amplifier will
rarely, if ever, be driven in practice
with a continuous signal for full
rated output, the average HT
drawn will generally not rise much
above 80 to 83 mA. Under these
conditions it is possible to use a
6V4 rectifier (maximum current
90 mA); alternatively a heavier
duty 6CA4 could be adopted. For
the same reason, it is possible to
use a standard mains transformer
with a secondary rating of 2 X
285 V, 80 mA, particularly since
the heater requirements will be
considerably less than that for
which it is rated. The Parts List of
Fig. 1 includes suitable types with
both 80 and 100 mA ratings.
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The values of the current-limiting
resistors R;s and Ri¢ depend on
the type of rectifier as indicated in
the Parts List.

DC Voltage Analysis of Amplifier
Voltage Meter

range

6GWS
Pentode plate 300V 300V
Pentode screen . . 305V 1200V
Pentode cathode 98V 12V
Triode plate (phase

splitter) AR )1 300V
Triode cathode (phase

splitter) . .. 63V 120V
Triode plate (driver) 162V 300V
Triode cathode (driver) 1.3V 3v
EF86
Plate 79V 300V
Screen grid 81V 300V

Cathode 15V 3V
Cu - 305V 1200V
Cn Ty T 2shiv 300V
C. L LT T SRR O () SRV 300V

Voltage readings were taken with a
40 KQ?/V Philips voltmeter on the ranges
indicated and under no-signal input con-
ditions. All voltages were measured
with respect to ground.

(This article is based on work carried
out in the “Miniwatt” Electronic Appli-
cations Laboratory by P. Heins and
J. Clark.)

References
1. P. Heins and J. Clark, Miniwatt
“Twin Ten” Amplifier, Miniwatt

Digest, Vol. 1, No. 3, Dec. 1961.

T. Davis, AC107 Low-Noise Transis-
tor offers Advantages in Pre-Amplifier
Design, Miniwatt Digest, Vol. 1,
No. 2, Nov. 1961, p. 26.
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Special Purpose
Resistors

In industrial and communications equipment there
is frequently a need for reliable resistors capable
of meeting a more rigid performance specification
than normally required for consumer products.
For such purposes, Philips manufactures a number
of special types of resistors, three of which are
the Moulded Metal Oxide, the Precision Cracked
Carbon and the Precision Wire Wound, each with
its own special features.

The Moulded Metal-Oxide resistors have been
designed specifically for miniaturised transistor cir-
cuits. Their special features are small dimensions,
low-noise, moisture-resistance and stability.

The Precision Cracked-Carbon resistors are low-noise,
high-stability resistors, available in a wide range of
values in close initial selection tolerances.

The Precision Wire-Wound resistors feature very close
initial selection tolerances together with a very high
long-term stability.

The characteristics of each type are listed in the
accompanying tables.

In addition to these three types of resistors, the
Philips range includes low-reactive wire-wound resis-
tors and vitreous-enamelled wire-wound load resistors
which are not described further here, but details will
be supplied on request.

Factors in Selection of a Resistor

Where resistance value is critical, the circuit designer
is faced with the task of ensuring that the component
he chooses will remain within an acceptable tolerance
of the nominal value over a long period. In order to
determine the variation in value, he must take into
account such factors as temperature coefficient, long-
term stability and voltage coefficient. It is only after
considering all these factors that he is able to specify
a type and a selection tolerance which will ensure an
overall acceptable limit.

80 eMiniwal DIGEST

Where extreme precision is essential, the wire-wound
type of resistor will be the obvious choice. In many
cases requiring precision, but where the cost of the
wire-wound resistor is not justified, the cracked-
carbon resistor will be chosen. This applies particu-
larly where high values, high frequencies or low noise
are factors to be considered.

The metal-oxide resistor, having a better stability
than the normal composition types, offers the further
advantages of very small dimensions and relatively
low cost.

In Fig. 1, the size of a metal-oxide resistor is com-
pared with that of a typical carbon composition resis-
tor also capable of dissipating 0.5 W at 70° C.

Fig. 2 shows the power derating curves for each type
of resistor at higher temperatures.

Fig. 1.—Size of a Moulded

METAL-OXIDE COMPOSITION  Metal-Oxide resistor com-
RESISTOR R'ESISTOR pared with a conventional
Pk whrsm et composition resistor. The

PERMISSIBLE LOAD W max ()

Fig.

resistors: (i)

rated dissipation of both re-
sistors at 70° C is 0.5 W.

!

o
N
(=]

100

@
o
4

: AN

20 \

—40-20° 0 20 40 60 80 100 120 130
TEMPERATURE (°C)

2.—Power derating at high ambient temperatures for Philips
Precision Wire-Wound, (ii) Precision Cracked-
Carbon, (iii) Moulded Metal-Oxide.
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Type Numbers

A resistor is completely specified by a type number, the first
part of which may be determined from the accompanying
tables of characteristics. This is followed by a number and
letter denoting the value, as shown in the following typical
examples:

Description Type Number

1 M =+ 1%, 0.25 W, Cracked Carbon .. E003AC/DIM
15 K& & 5 %, 0.5 W, Metal Oxide .. E004AD/B1K5
100 € + 0. 5% 1.2 W Wire Wound 83513F/100E

(The letter E following all values below 1000 € indicates the
decimal point.)

PRECISION WIRE WOUND RESISTORS
TYPES 83510./.. . to 83524./. ..

General Characteristics

Temperature Range —355° C to +110° C

Stability (change in R

PRECISION CRACKED CARBON RESISTORS
TYPE E003./..

General Characteristics

Temperature Range

Stability (change in R

after
van X )

1000 hrs.

at

Temperature coefficient

Voltage coeflicient
Noise potential

Peak voltage

~—40° C to +110° C

<1.5% for values up to 91 K
<2.5% for values above 91 K

—0.02%/C° to —0.03%/C° for
values up to 91 K
—0.03%/C°> to —0.06%/C° for
values above 91 K

<0.1%
<0.5 #V/volt applied

500 V for 0.125 W rating
700 V for 0.25 W rating
1000 V for 0.5 W rating
1400 V for 1.0 W rating

< 0.1%
< 1 pV/volt applied

Voltage coefficient
Noise potential
Resistance values . .

R12 series (12 values per decade)

after 1000 hrs. at
Wmax at 40° C) +0.25% Resistance Values R24 series (24 values per
Temperature Coefficient =+0.0025%/C° decade)
Tolerance +05% (E), =+10% (D),
+2.0% (C), +=5.0% (B) for all T -
types, with the addition of |
+0.25% (( F) 1f<))r typ(es 83510 to Resistance Max. Dissipa- | Tolerance
83514 inc Letter in 3
brackets follows first five figures t1:)n Wanax at Type
of type number.) (2) 70° C (Watts) (%)
Resistance Values R24 series (24 wvalues per [ I
decade)
10—0.62 M 0.125 == EO003AB/D . ..
2 T P +2 EO03AB/C . ..
Resistance Max. Dissipation -
Type Wooae at 40° C =+5 EO03AB/B. ..
() (Watts) - ale
83510./. .. 1—250 0.4 10—1.0 M 025 +1 | E003AC/D.
83520./ . .. 251—2.55 K T2 E003AC/C. .
—— i =+5 EO003AC/B . ..
83511./. .. 3—670 0.6
83521./. .. 671—6.0 K = — —
i | B 10—1.6 M 0.5 t=gl EO03AD/D . ..
83512./ . .. 6—1.34 K 0.7 +2 E003AD/C. ..
83522./. .. 1.35 K—12.1 K *5 EO03AD/B . . .
83513./ . .. 17—3.65 K 12 .
SRy Al 10—1.6 M 1.0 +1 | EO03AG/D. ..
r - N_- +2 E003AG/C.
83514./ .. 25—6.3 K 1.8 =5 E003AG/B .
83524 ./ . .. 6.31 K—-37K
MOULDED METAL OXIDE RESISTORS TYPE E(004AD/B .
B Resistance Max. dissipation Tolerance
Temperature Range —55° Cto + 130° C " Wm:\x“’at 70° C i
Stalglhty (ch}almge 1r;/ R (2} (Watts) (%)
ter 1000 t Wiax
Zt e7r0° C) . : a' < 5.0% 10—15 K 0.5 +5.0
Temperature Coech1ent . Low values 40.07%/C° max.
High values —0.07%/C° max. AT S Amn—’mw s

Actual size
MIL-R-11C style RC-20
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TRANSISTOR DISSIPATION IN CLASS B OUTPUT STAGES

In a transistor Class B output stage, the peak instantaneous
collector dissipation exceeds the average dissipation by a factor
of several times. Overheating of the transistor junctions can
occur at low frequencies where the period is comparable to
transistor thermal time constant, and where the design is based on
maximum average junction temperature rating (Tjmas).

A simplified design is used to illustrate the problems of low

frequency operation.

Assume idealized transistors and
output transformer (i.e. bias at
Ie=0, I'co =0, Vcgx =0, and

- IC lossless  transformer), then the
(mA) minimum load resistance R, per
300 transistor is given by:
Ve
R. = QL)
7r2PCmax

200

100

where Ve = supply voltage

and Pewax = maximum value of average
collector dissipation per
teansistor.

It is important to note that Pcmax
occurs, not at full output, but when

05 the power output (Po) is given
by ®:
0 0 4
Po =|— | Pomax = 0.404 Ponlxlx .. (2)
o
05 |
where Pomax = maximum output power
100 (two transistors), or when
1 2
L | T (.1
T
where Icmax = maximum collector cur-
200 rent.

300
-IC
(mA)

Fig. 1.—Composite characteristic for 2-OC74 in Class B push-pull.
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There is a further design constraint
arising from maximum permissible
collector current, and this must be
carefully checked since in- many
cases it is possible to satisfy the
restriction of Pemex and not Iepas.

Assume a situation using the
2-0C74 with Vcc = ¢ V, the
design aim being to obtain maxi-
mum output power.
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Since Iema, is 300 mA, then Ry is
limited to:

Vee 9
= ———— = 30 © minimum.
Tomax 300 x 10—

Hence from Eqn. (1), Pew.x = 274 mW.

(A curve representing Pepae is
shown on the composite output
characteristics Fig. 1.)

The average collector dissipation
per transistor at maximum output
power is given by:

1 I%max Re
Pe = [ — | Voe lenay — ——— = (4)
T 4

On substitution of values, Pc = 184 mW.

The thermal considerations are ex-
pressed by the thermal equation:

Uit = 0 Lol B o 10 2 T o e (550

where Tyuax and Tamb are the maximum
junction and ambient temperatures re-
spectively, and K = total thermal resis-
tance (i.e. 0.09 C°/mW for a heat sink
of 2 sq. in.).

A load line for the 30 Q load resis-
tance calculated is drawn on the
composite characteristics. It will
be noted that the load line crosses
the maximum dissipation curve;
therefore during part of the cycle
the instantaneous dissipation ex-
ceeds the calculated average dissi-
pation.

Fig. 2 shows the instantaneous col-
lector dissipation for a single tran-
sistor over a cycle, for two condi-
tions of input signal. Curve (a)
represents the case with sufficient
drive for full output. As the drive
is reduced, the points labelled A,
B and C move towards the point O.
New positions for these points are
shown as A’, B’ and C’ on curve
(b). This curve represents the case
of maximum value of average col-
lector dissipation and occurs when
Equation (3) is satisfied. When the
drive is reduced further such that
Ic = 0.5 Icmax, the curve exhibits
a single peak at point O. For I¢ <
0.5 Icmax, the amplitude of this
peak diminishes along a vertical
axis through O.

Curve (b) represents the worst case
since the average dissipation is ex-
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Pc INSTANTANEOUS COLLECTOR DISSIPATION — SINGLE TRANSISTOR (mW)
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184
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T
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2

Fig. 2.—Variation of collector dissipation over one cycle
(shown for single OC74 in Class B push-pull).
Curve (a) at full output power (Pomax).

Curve (b) at P, = 0.404 Pomax.

ceeded for a longer period of the
cycle than for any other condition
of drive. When the period of the
signal frequency is comparable to
the thermal time constant (tw) of
the transistor, appreciable junction
temperature cycling will occur.

Usually, it will be possible to ap-
proximate the curve (b) by the first
two terms of a Fourier sine expan-
sion having the form

p=P+3psin2«ft .. .. .. (6)

In a given design, the resultant
peak periodic junction temperature
variation AT; may be specified to
be less than an arbitrary constant e,
i.e. ATJ' < e

For convenience, this variation

may be normalised with respect to

KA, resulting in a new (dimension-
AT,

less) constant ¢, that is, < €.
Ka,

.In order for this

apply®,

1 1 —e¢?
f>—J e e (70
. St &

:Generally, for audio work, values
. of minimum frequency will be of

condition to

the order of 10 ¢/s. Provided that
the thermal time constant of the
transistor is large compared with
the period of the lowest frequency
amplified, the fact that the instan-
taneous dissipation exceeds the
average dissipation will be of little
consequence.

(This information has been compiled by
T. Davis of the “Miniwatt” Electronic
Applications Laboratory.)
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