CHAPTER 4

AMPLIFIERS OF 15 TO 30 WATTS

Amplifiers giving from 15W to S0W output are adequately catered for by the
three beam pentodes, K'I'55, KT66 and KT88. This chapter gives details of a
14-15W K166 triode amplificr, two versions of a 30W ultra-linear amplifier
(KT66 and K'T88), and a 25W KT55 ultra-linear amplifier for d.c. or a.c. mains.
Chapter 5 describes amplifiers of S50W to 100W using the XTS5 and the KTS8,

The KT66 has achieved a world-wide reputation in sctting a standard of
performance in its class. Introduced in 1937, it was used in very large quantities
by the military services in World War IT because of its efficiency and rcliability
and it has since become the basis of many amplificrs with output powers up to
S0W. It is widely used in domestic and industrial amplifiers connected in
push-pull triode or ultra-linear circuits for outputs of high quality from 15W
to about 30W. A well-known example of a push-pull triode design is the
“ Willtamson ” amplifier introduced by the M-O. Valve Co. Ltd. in 1947.

The K'T88 might be described as a larger version of the KT66 and this
chapter includes details of a high quality KT88 30W amplifier suitable for
domestic use. This valve was primarily designed for amplifiers of up to 100W
output and Chapter 5 gives circuit information for amplificrs of that class and
compares the characteristics of thc K188 and the K'I66. Appendix A
describes the use of the K'T88 in multiple pairs for obtaining outputs of
several hundred watts, |

The K'T'55 has a 52V, 0-3A heater and was designed specifically to give a
high-power output from the low h.t. voltage inherent in the d.c./a.c. amplifier.
Details are given of a d.c./a.c. amplifier of 25W output at 1-3%, distortion with
notes on operation with low mains voltages.

4-1. KTé66 Triode Amplifier.—The circuit of the original Williamson
amplifier is shown in fig, 4-1*.  An output of 14-15W is given at a distortion of
0:1%. Table 4-1 gives the operating conditions of the output stage.

*A complete description of the * Williamson > amplifier and associated tone control
circuits is published by Iliffe & Sons Ltd. for Wireless World.
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COMPONENT VALUES FOR FIG. 41
* WILLIAMSON " AMPLIFIER

G.E.C. VALYES

V1 B&5/65N7 or 2 L63/615
V2 B65/6SNT or 2.« 1L63/615
V3 KTeb

v4 KTé&b6

V5 US2Y/5U4 or US4

RESISTORS

(209, 0-25W unless otherwise shown)
R1 1MQ

R2 4.7kO)

R3 470 10%

R4 33ki} 1W

R5 4710 1w

Ré 12004/ speech coil impedance
R7 22k} 1W P

Eg %%::8 :w}ﬁatched to 59,
R10 470k

R11 470k

R12 3900 109

Ri3 o) 2 L Matched to 5%
R15 100k 109

R16 10082 2W  w.w.

R17 100k 10%

R18 10002 1w

R19 10002 1w

R20 1k(

R21 1kQ

R22 1008}
R23 150Q
R34 1000
R25 10002

2W  wow,

5% 3W  w.w.
0-5W

0-5wW

CAPACITORS
C1 8uF 500V

C2 200pF
C3 0-05.F
C4 0-05.F

C5 8:F 500V
C6 BuF 500V

C7 0-25uF
C8 0-250F

C9 8uF 500V
C10 8pF 600V

MISCELLANEOUS
L1 30H 20mA

L2 10H

150mA

T1 i4¥Y Output transformer
10k€2 anode-anode

Primary inductance :
Leakage inductance :

<4 100H
3 30mH

T2 Mains transformer
Secondaries '
425-0-425V  150mA
53V 4A CT

3V

TABLE 4-1

3A

OPERATING CoNDITIONS OF THE KT66 OUTPUT STAGE OF Fic. 4-1

Va (v
Va, g2 (approx)
Tatez (o)
Ia+g2 {max sig)
Pa+eg2 (o}
Pu+g2 (max sig)
R '
V¢ (approx)
quat
RL(a-a) '
Zout
D
Vin (pk) (approx) (to first stage)

450)
410
2 862-5
2x72-5
2x25
2x21

See fig. 4-1
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4-2. Two 30W Ultra-Linear Amplifiers. - The basic circuit of fig. 4-4
may be used with either K'T'66 or K'I'88 valves and the components list on page
43 gives suitable values for each type of valve.

With negative feedback, the KT668 amplifier will give 32W output with
about (-39, distortion at an anode potential of 400V and the KT88 will give
32W with () 25%, distortion at an anode potential of 335V.* The input signal
to the first stage of the amplifier for full output in the K'T66 version is 600mV
whercas the K'T'88 version requires 500mV. With no negative feedback these
figures become 120mV and 100mV respectively. It will be noted that the
KT88 version has less distortion, higher scnsitivity and requires a lower h.t.
voltage than the K'T'66 for the same maximum output. If feedback is omitted
the K'T'88 amplifier has only 1%, distortion at 32W output as against the 29,
of the K'T66 version. As the K'I'S88 valves are conservatively run in this circuit
they will have a long life.

The output stage is preceded by a conventional double triode voltage ampli-
fier which is fed by a triode phase-splitter comprising one half of a further double
triode. T'he other half of #iis valve is the inp'ut stage voltage amplifier, which is
directly coupled 1o the phusc-splitter. As in other ultra-linear amplifiers in
this book instability is guarded against by the capacitors and rcsnstors across
part of each output transformer half-primary and by grid and screen ¢ stopper ”’
resistors in the output stage. 'The curves of figs. 4-2 and 4-3 illustrate, respec-
tively, the performance of the KT66 and K'T88 cutput stages without feedback.

Negative Feedback.—14db of negative feedback is used and this is adequate
for all normal purposcs. This value will reduce the output impedance, distor-
tion and sensitivity of the basic amplifiers by a factor of 5.

Feedback from the output transformer secondary is introduced into the
cathode circuit of the first stage via R2.  Since the sensitivity of either amplifier
without fecdback is approximately 100mV, a feedback voltage of about 500mV
is required for 14db feedback. As the voltage across the nutput transformer
secondary for 30-32W 1s about 21-5 for a 150 load and about 11V for a load of
4(), the resistors R2 and R4 are chosen so that 500mV will exist at their junction
at full output.  Assuming R4 to be 220, R2 is given by 2254/Z, (where

=the loudspeaker impedance) and the nearest standard value may be used.
[f Zio- 15£), R2 should be 1k and if Z,=4£2, R2 should be 4702,

The operating conditions for the output stage of the amplifier of fig. 4-4 are

given m Table 4-T1.

*The KT88 output stage is, in fact, operated here almost in Class A, hence the
reduced distortion compared with the KT66 version,
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Sec. 4-2} AMPLIFIERS OF 15 TO 30 WwWATTS

COMPONENT VALUES FOR FIG. 44
KT88 30V¥ ULTRA-LINEAR AMPLIFIER
Values required for KTé6 valves are indicated where necessary

G.E.C. VALVYES

V1 B&5/6SN7

V2 B&S/6SNT

V3 KT88 (KT66)
V4 KTE8 EKT&é)
V5 US54 -

RESISTORS

(2054, 0-25W unless otherwise shown)
R1 1M Log.

*R2 2254/ speech coil impedance
R3 1k

R4 470}

R5 100k

Re 15k O-5W
R7 15k 0-5wW
RS 470kQ  10%
R9 470k 1087
R10 Tke2

R11 22k 1WW
R12 33k} 109, 1W

RT3 33kl 10%, 11W

R14 220k

R15 220kQ

R1&6 10kL

R17 10ki)

R18 4.7k} 1w

R19 4000 (KT66 : 560(2) 5%, 5W
R20 40002 (KTé66 :56002) 5% 5W
R21 270Q 0O-5W

R22 2700 O-SW

R23 470—1500£) 0O-3W

R24 47015009 O-5wW

*For 14db feedback.

Matched to 5%

CAPACITORS

C1 50uF 12V
C2 0-05uF -

C3 0-D5.F

C4 8uF 350V

C5 8uF 450V

Cé 0-05uF

C7 0-05uF

C8 S0pF 50V

C9 50pF 50V

C10 BuF 500V

C11 1000pF

C12 1000pF

C13 8uF 500V  (KTé6 : 600V1)

MISCELLANEOUS

LT 10H 200mA
Tt 35W Utra-linear transformer
6k(2 anode-anade (KT&6 : 7ki)
tPrimary Inductance : <47 S0H
Leakage inductances :
{Prim.—sec. : 3 10mH
I+ prim—UL tap : 3 10mH
T2 Mains transformer
Secondaries
375-0-375V  200mA
(KT66 : 450-0-450V 150mA)
63 S5A CT (KTeb :4A)
5Y  3A :

tOr two 16uF 350V in series.

1 With these values, R23, R24 ond C11, C12

may be pmitted,

OreERATING CONDITIONS OF THE OUTPUT STAGE oF Fia. 4-4

KTES Valves
375 v

335 v

2x 80 mA
2w 85 mA
227 W
2x12 W

2 400 [
—32
30

5 k€2
1 k{2

0-25

500 mV

TABLE 4-I1
KT66 Valves
Va ) 430
Va., B2 400
Tara2 (o) 2x62-5
Tatgz (mazx sig) 2% 725
Pa-+g2{a} 2 %25
Pa+g2 (max sig) 2x15
Rk 2= 560
Vg (approx) —36
Pout 32
RL (a—a) ! 7
Zout 1-8
D 0-5
Vin (rms) (approx) (to first stage) 600

1f negative feedback is omitted, the last three values are as follows :

Zout 9

4-5 k2
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4-3. A 25W d.c./a.c. Amplifier.—The main problem in the design of an
amplifier for d.c./a.c. operation lies in providing adequate output power with a
limited h.t. voltage, and the K'T'55 beam pentode has been specifically designed
for this purpose.

Two KT35 valves in push-pull will provide 25W output with a mains supply
of 225V,

Circuit Description — The recommended circuit is shown in fig. 4-5 and it is
designed round one Z729, one L63 and two K'T'55 valves, the h.t. supply being
provided by a metal rectifier when the amplifier is operated on a.c. mains. The
use of a thermionic rectifier is impracticable due to the high current required,
which is about 275mA.

The input signal is applied to a Z729 voltage amplifier, followed by a con-
ventional triode phasc splitter which feeds the K'I'35 ultra-lincar output stage,

The sensitivity of the amplifier without negative feedback is high, full output
being obtained for an input of 33mV. 'The sensitivity is reduced to 300mV
by the application of negatiwe feedback as indicated in fig. 4-5. Before feedback
is applied, the hum and noise level with the volume control at maximurn is
55db below full output.

COMPONENT VALUES FOR FIG. 45
KT55 25W DC/AC AMPLIFIER

G.E.C, YALVES R22 Thermistor CZ71 or TH1
Vi Z729 R23 6301 5%, 5W
V2 L63/6]5 R24 470-150002 0-5vV
V3 KT5G R25 470-15000 0O-5wW
VY4 KT55
V5 Barretter 303 CAPACITORS
C1 0-01:F
RESISTORS 2 50;}.;‘ 12v
(209, O-25W unless otherwise shown) C3 O1uF
Rt 1MQ  Log. C4 50 pF »
*R2 300+/speech coil impedance C5 0-01pF
R3 2-2k€ Cé O-1uF
R4 220 C7 O-1uF
RS 220k} 109 0O-5w 8 16uF 350V
R 1M 109 +C9 50uF 25V
R7 10k{ $+C10 50pF 25V
R8 1ML} (C:}‘I 200 F 275V
R9 22k 0-5W 2 1000pF
R10 22k 0-8W }'“a“-"“’d to 5% C13 1000pF
R11 1-5k C14 100pF 275V
ﬁ:% %%g::g MISCELLANEOUS
R14 10kl L1 1-5-2H 300mA 750
R15 10k T1 25W Ultra-linear transformer
R16 185(2 5% 5W w.w. 2k} anode-anocde
R17 1850 5%, 5W w.w. Primary Inductance : < 10H
R18 10kQ2 109, 1WwW Leakage inductances :
R19 47Q Prlm —sec. : Z» 20mH
R0 470 %+ prim.—UL tap : 3+10mH
R21 1541502 105, 10W w.w. MR 250V 275mA  (G.E.C. 13H16XG)

*For 14 db feedbock TSee poge 47.
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MAINS
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46

175

MAINS VOLTAGE

-

I'he output power obtained irom the amplifier of fig. 4-5 at mains vollages

from 180 to 2685, The appropriate value of rectifier series resistance is also given.

Fig. 4-6.
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Separate bias resistors are cssential in the output stage in view of the high
mutual conductance. The 30uF cathode bypass capacitors give a loss of 6db
at 50 ¢/s. They may be increased to 250uF when this loss is objectionable.

The output transforicer is tapped at 402, of the turns on each half-primary
from the centre tap. The small capacitors, C12, C13 and resistors R24, R25
are required with some output transformers to prevent the possibility of spurious
oscillation.

Negative feedback is applied over three stages, about 14db giving a satis-
factory rcduction in distortion and output impedance without introducing the
danger of instability. It is probable that more could be applied with high-
quality output transformers but with this value of feedback an output of 25W
at 0-259%, distortion is obtained. R7 and C4, in the grid circuit of the phasc
splitter, assist in ensuring stability by reducing the loop gain at ultrasonic
frequencies—they result in a loss of 6db at 20ke/s. (See Appendix B, page 119).

A low impedance power supply is obtained by the use of components
primarily designed for television receivers. 1.1, which should have an induct-
ance of about 2H and a d_c. resistance of about 75£l 18 used with two Iargc—value
electrolymc capacitors C11 and C14. On d.c. the mains adjusting resistor is not
in circuit and the metal rectifier protects the capacitors against reversed polarity.
The heater current of 0-8A is controlled by a barretter and thermistor.

The circuit of fig. 4-5 may be changed to pentode operation by simply
connecting R19 and R20 to the output transformer centre tap. This will, of
course, result in somewhat higher distortion. Compared with pentode opera-
tion the ultra-linear circuit reduces the output impedance from 9kQ to 2-35kQ,
giving unity ratio with the anode-to-anode load. 'T'he distortion is 1-59
comparcd with the 2%, of pentode operation. The advantages of ultra-linear
operation are gained at the expense of a slight full in the overall sensitivity of
the amplifier, that is, it will require a slightly larger input signal to give the same
output.

Performance—"The performance of the output stage in fig. 4-5 may be
judged from the curves of fig. 4-6 and the data in Table 4-ITI. The curves,
which cover four different groups of mains voltages, were prepared with two
considerations in mind : (4) the maximum dissipation of the KT'35, and (&) the
maximum rating of the metal rectifier. For d.c. mains voltages between 190
and 260 and for a.c. voltages between 190 and 215, no limiting resistance is
required in series with the rectifier to meet either of the two conditions (a) or (8).
With a.c. mains exceeding 215V, a series resistor (R21) is necessary and this is
tapped to cover operation up to 260V,

The curves of fig. 4-6 overlap at the low voltage end in order to convey a
complete picture of the petformance ; 1t is suggested that the three mains taps
be marked as follows :

1, 190-215V a.c, and 190 260V d.c.
2. 215-235V a.c.
3. 235-260V a.c.
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The heater current is maintained within the limits 285mA to 315mA by the
barretter ‘I'vpe 303. A satisfactory performance will be obtained over a rather
wider range than the usual 200-250V without adjustment. The thermistor
prevents surges during switching-on periods when the valves are cold. No
thermistor shunt is required.

TABLE 4-II1

OreraTIiNG ConpITiONs oF THE KT35 OQurrur Srtace oF Fic. 4-3

Va (b 225 V
Va, BZ 200 v
Tavez (o 2% 120 mA
Ia»,‘-.gz (max sig) 2w 127 mA
Pa+g2 (o) . 2x23 W
Pa-+g2 (max sig) Z2x11-5 W
Ry 2185 Q
Vg _a9 v
Pout 25 W
RL (a—a) 2 kQ
Zout 325 Q
D 0-259%; A
Vin (ems) (to first stage) 1-5V mV

If negative feedback is omitted, the last three values become 2-35k(2, 1-59,
and 300mV.

Operation from Sub-Normal Mains Voltages. -

Low d.c. Mains.—The KTS55 may be used successfully on low-voltage d.c.
mains supplies, as in some marine installations. The curve in fig. 4-7 shows the
expected output on mains voltages of 100-200.

The recormnmended circuit in this case is similar to fig. 4-5 but, to obtain
maximum h.t., the rectifier should be omitied and the output transformer
connected to the mains side of the smoothing inductor, Cl4 also should be
omitted and C8 and C11 made 4uF paper capacitors. The output stage bias
resistors R16 and R17 should be reduced to 1502 and the optimum load to

1-5kL2.

The heater connections depend upon the valuc of the mains voltage. From
150 to 200V the existing series arrangement may be used with a 305 barretter?
which is replaced by a suitable resistor for 125-150V. Below 125V two chains
will be required, the KT58 valves being connected in series in one chain with a
small resistor, if necessary, and a 303, 304 or 305 barretter in series with the
remaining valves in the second chain. A suitable tapped resistor may be used,

if preferred, instead of the barretter.
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Fig. 4-7. Characteristics of the amplifier of fig. 4-5 on low d.c. mains. The circnit
is modified as described opposite. Although drawn for pentode operation, these curves
apply also to the ultra-linear circuit but the screen cnrrent will be ahout haif that shown.

Low a.c. Mains.—For low a.c. mains voltages an auto-transformer may be
used for the h.t. supply, with the heaters connected as for d.c. mains. An
alternative method of obtaining the h.t. supply from low a.c. mains is shown in
fig. 4-8. A voltage doubler circuit is used to give an h.t. of 220V from 110V a.c.

The smoothing inductor used for the circuit of fig. 4-8 has a lower resistance
(20£2) and the specified rectifier is specially designed for voltage doubling.

The h.t. voltage and power output at various mains voltages is as follows :

AC Mains Voltage HT Foltage Outpur Power
110 200 19W
110 220 23W
120 235 27TW

Heater Circuit for Four Valves.—The heaters of four K'I'S5 valves may be
connected (via a shunted thermistor) directly to a mains supply between 200
and 215V. For supplies between 215 and 250V, additional series resistance is
necessary. See fig. 4-9 for details of the recommended arrangement.
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Fig. 4-8, Voliage doubler circuit for the KTS55 amplifier.

Component values :

V1 : G.L.C. Barretter 303, 304 or 305 (depending upon voltage across heater chain) ;

R1 : Thermistor CZ1 or THI ;

yn ]

R2 : 68002 8W ; C1 and €3 : 200pF 275V ; C2 : 100uF

230~
250V

275V L1 1H 200 ; MR1 and MR2Z : 250V 300mA (G.LE.C. 13DSXG).
R
R3
RZ
©200-
215V
Fig. 4-9. Heater circuit for four KT55 valves. Component values : R1 : Thermistor

CZlor TH1 ; R2 ; 7500 10% 2W ; R3 and R4 : 500 3% 10W.



