~GEC

~ VALVES

BEAM TETRODE
63V INDIRECTLY HEATED

KT83

ISSUE 3

The KT88 has an absolute maximum anode dissipation rating of 42W and is designed

for use in the output stage of an a.f. amplifier. Two valves in Class AB1 give a continuous
output of up to 100W. The KT88 is also suitable for use as a series valve in a stabilised
power supply.
— The KT88 is a commercial version of the CV5220 and is similar to the 6550.
BASE CONNECTIONS AND VALVE DIMENSIONS
A—
£, 8y
AN
OmO Base: Metal shell wafer octal
a (3) (6) NP Bulb: Tubular
o h (D) G) h Max. overall length: 125mm
Max, seated length: 110mm
o e Max. diameter: 52mm
— s k, bp
R HEATER
Yh 63 L'
In 16 (approx) A
.
MAXI NGS
ARIMEE. BATI Absolute Design Maximom
—_ - Va 800 800 Y
V2 600 600 v
Va,gZ 600 600 v
—Vg) 200 200 v
il Pa 42 35 w
Pg2 8 6 W
Patg2 46 40 W
— Ik 230 230 mA
Vh—k 250 200 Vv
Toulb 250 250 °C
Rz — k {cathode bias)
A Patg2 <3I5W 470 kO
Dat g2 >I5W 270 kQ
Ryi—k (fixed bias)
D g2 <3IW 220 kQ
—~~
Pa+gz >35W 100 kQ
CAPACITANCES (Measured on a cold unscreened valve) )
s Cgl—a‘,gZ:T'g-PF Cgl—all less a,g2:93pF Ca,g2—all less g1:17pF
== THE M-O VALVE CO, LTD. - BROOK GREEN * LONDON -+ W.6
a subsidiary of
. THE GENERAL ELECTRIC CO. LTD. OF ENGLAND

JUNE, 1561
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VALVES BSUE 3

CAPACITANCES (Measured on a cold unscreened valve)

Triode Connection
Cgl—ag2 1.9pF Cgl —all less ag2:  9.3pF Capz—alilessgl? 17PF
— Tetrode Connection

Cg1—a: 1.2pF Cpl—alllessa: 16pF Ca_alllessgl: 12pF

THE M-O VALVEl CO. LTD. -+ BROOK GREEN - LONDON * W.6
a subsidiary of
THE GENERAL ELECTRIC CO. LTD. OF ENGLAND

Printed in England—K-C R627 OCTOBER, 1961




KT88

CHARACTERISTICS
Tetrode Connected
Va 250
Vaz 250
Ia 140
Ig2 3 (approx)
— Vi 15 (approx)
Em 1t-5
Ta 12
Hgil—p2 8
Triode Connected
Va,g2 250
Tate2 143
— Vgl 15 (approx)
gm 12
Ta 670
e 8

TYPICAL OPERATION
Push-Pull. Class AB1. Cathode Bias. Tetrode Connection

Va(b) 360
Val’o) 521
VgZ 300
Iafo) 2x 64
latmax sig) 2x73
Ig2(0) 2% 17
Ig2(max sig) 2% 9
Riga-a) 9

*Rk 2% 460

—Vei i 30 (approx)
Paut 50
Dioe 3

1. M. 11
Palo) 2x33
Pafmax sig) 2x12
Pez(o) 2x 05
Peg2imax sig) 2 247
Vin{gl —g1)}{pk) 60

*It 35 essential to use two separate cathode bias resistors,

mA
mA

mA/Y
kG

mA

mA/V

mA
mA
mA
mA

o,
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tIntermodulation distortion; measured using two input signals at 50 and 6000c/s

(ratio of amplitudes 4:1),
Push-Pull. Class AB1. Fixed Bias. Tetrode Connection

Vil(b) 560
V;l(o) 552
Vg2 300
Taco) 2% 60
Lagmax sig) 2x145
Igato) 2x 17
Tg2tmax sig) 2x15
Rita—a) 45
* Va1 34 (approx)

Pout 100

2

mA
mA
mA
mA
kQ
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KT88

Dot 25 %
TL.M. 10 o
Pa(o} 2x33 W
Pa(max sig) 2x28 w
Pg2{o) 2x 05 W
Pg2(max sig) 2x 45 W
¥in(gl—g)(pk) a7 v

*It is essential to provide two separately adjustable bias voltage sdurces, having a
voltage adjustment range of =259,

fIntermodulation distortion; measured using two input signals at 50 and 6000c/s
(ratio of amplitudes 4:1).

Push-Pull. Class AB1. Cathode Bias. Ultra-Linear Connection
(40 °;, Tapping Points}

Va.g2ch) 300 375 v
Va,gl(o) 436 328 ¥
Ia. g2{0) 287 2x87 mA
Ia:gzemax sig) 299 296 ' mA
Rifa-a) 6 5 k2
*Rk 2 x 600 2400 Q
— Vg1 52 (approx) 35 (approx) v
Pout 50 30 W
Dyor 15 1 %
t1.M. 4 3 o
Pa+g2(o) 2x38 2x28-5 w
Pa+g2(max sig) 2x17 2x16 w
Vinigl —glipk) 104 71 A
Zaut 4-8 45 kQ

*It is essential to use two separate cathode bias resistors.
tIntermodulation distortion; measured using two input signals at 50 and 6000c/s
(ratio of ampiitudes 4:1).

Push-Pull. Class AB1. Fixed Bias. Ultra-Linear Connection
{40 % Tapping Points)

Va,p2(0) 560 460 v
Va‘g2(0) 553 453 v
Tatgage) 2x50 2x30 mA
Ia—%gl(max sig) Pt e 2140 mA
RL(H -a} 45 4 k&
*—Vat 75 (approx) 59 {approx) v
Pout 100 70 W
Diot 2 2 o
LM, 1 10 Yo
Pa -g2(0) 2x27-5 2225 W
Pa+g2(max sig) 215 2x27 w
Vin(gl—g1){pk) 140 ' 114 v
Zout 7 65 k€2

*It is essential to provide two separately adjustable bias voltage sources, having a
voltage adjustment range of 125%,

tIntermodulation distortion; measured using two input signals at 50 and 6000c/s
(ratio of amplitudes 4:1).




KT88

R-l.(a—a)
—~Vai
Pout
Diat
*LM.
Pa+g2(0)
Pa--g2imax sip)
Ry
Vintgl —g)(pk}
Zout

Push-Puil. Class AB1. Cathode Biss. yriode Connection

400
349
2x76
280
4
40 (approx)
17
15
56
2x26'5
2x19
2% 525
78
2

485
422
2x94
2x101
4
50 (approx)
31
15
56
2x40
2% 27
2% 525
114
1-9

kQ

*Intermodutation distortion; measured using two input signals at 50 and 6000c/s

(ratio of amplitudes 4:1).

INSTALLATION

The valve may be mounted either vertically or horizontally.
When a patr of valves is mounted vertically it is recommended that the centres of the
valve sockets are not less than 4in. apart and that pins 4 and 8 of each valve are in line.
When a pair of vaives is mounted horizontally it is recommended that the centres of the
valve sockets are not less than 4in. apart and that pins 4 and 8 of each valve are in the

same vertical line.

Free air circulation around the valve is desirable.

|
Va,g2(b)
Vu.gZ(c)
I:1+g2(0)
iu te2(max sig)
|
|
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&S.C CIRCUIT SUPPLEMENT K138

—~ VALVES ISSHE 2

)

! INTRODUCTION

-~
‘ The KT88 may be used in pairs in either triode, pentode or ultra-linear push-pull
circuwits and this Supplement gives circuits and operating data for amplifiers giving
outputs of 30 to 400 watts in various conditions of operation. The ultra-linear circuit
— is recommended for outputs up to 100W when the maximum output coupled with the

lowest distortion is required and it is also used in the multiple-pair 400W amplifier
described on page 20.

— push-pull KT88 valves with various positions of the screen grid taps on the output
transformer. At the left-hand side (0% taps) the valves are, of course, pentode-con-
nected and on the right-hand side (1009, taps) they are triode-connected. Generally
speaking, the taps shouid be spaced at 20% te 30% of the turns on each half-primary
from the centre, with 309, to 40%, as the optimum. The dotted curve shows the re-

|
|
|
‘ The curves in fig. | show the output and approximate distortion obtained from
|
| S duction in output impedance obtained.

|

|

Either cathode bias or fixed bias may be used and the circuits show both types of
operation, The former has the advantage of simplicity whereas the latter provides the
- normal maximum ocutput of 100W from a pair of valves and higher efficiency.

The output power of the ultra-linear circuit is not less than that of the pentode at
any given supply voltage and has the advantage that a low impedance screen supply is
not required. The ultra-linear circuit does, in fact, show a rather higher efficiency in

— that a lower current is required from the power supply. For example, with fixed bias
and a supply voltage of 460 an output of 65W is obtamned with an anode current of 240mA
_ in both the pentode and the ultra-linear arrangements but the pentode requires, in
i addition, a screen current of 35mA. TIurthermore, it is desirable that the pentode screen
| supply be stabilised. The output impedance and distortion are both more favourable
: _ in the ultra-linear circuit, the former being 6-5k(} in this example, compared with 30k(},
and the distortion is almost entirely independent of lead impedance above the rated
value. Information on the effect of the positions of the screen taps upon the degree of
intermodulation is given in the Appendix on page 26.

The triode connection is sometimes preferred when a moderate power output with
low distortion is required. An output of up to 27W is obtainable with ar h.t. supply of
485V and cathode bias and, even at lower voltages, the output is adequate for domestic
amplifiers. The distortion will depend on the degree of matching between pairs but it is
|-~ normal to obtain a distortion below 2%, without negative feedback by the selection of
| ' two out of any three valves since this procedure, at worst, halves the normal variation
| in characteristics, Operating data will be found in the KT88 data sheet,

Due to the high mutual conductance of the KT88 some precantions have to be taken

_ against parasitic oscillation whatever the circuit arrangement, Grid and screen series

resistors of about 10k and 2700 respectively, are recommended. In the ulira-linear

circuit, resistance-capacitance networks may be found necessary between the anede and

screen taps on the output transformer as shown in fig. 4. With some transformers

- they will not be needed and they become less necessary as the taps include a greater
: part of the primary due to the consequent reduction in leakage inductance,

! Details are also given for Class B operation of triode-connected KT88 valves for an
i output of up to 150W. This type of operation is useful when a distortion higher than
SN that given by the ultra-linear circuit can be {olerated.

When an output exceeding 150W is needed, the KT88 valve may be used in multiple
pairs in paraliel push-pull instead of a single pair of larger valves. One of the advantages
of this method is the low cost of the power supply which is required to give an h.t. of

- only 550%. Another advantage is that a valve failure in the output stage merely re-
duces the available output power with & probable increase in distortion.

THE GENERAL ELECTRIC CO. LTD. OF ENGLAND
— Head Office : Magnet House . Kingsway . London . W.C. 2

SEPTEMBER, 1958
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Fig. 1. Output power, distortion dnd output impedance of KT88 ultra-linear output
stage at various positions of the screen taps from 0%, to 100% of each half-primary
from the centre tap.

Installation

The bulb temperatare rating of 250°C munst not be exceeded and any cabinet used
must provide adequate ventilation. Under free air conditions this temperature is not
reached at maximum ratings, bui where a valve is enclosed the use of the temperature
sensitive paint * Tempilaq ”* is recommended to check that adequate air circulation
exists.

Although the KTB8 may be mounted in any desired position it is recommended
that, when valves are mounted horizontally, pins 4 and 8 should be in a vertical line as
in fig. 2.

‘When two valves are mounted vertically, in the more usual manner, on a horizontal
chassis, there is a slight advantage obtained if pins 4 and 8 of both valves are mounted
inline, asin fig. 3. The coolest part of the bulbs then face each other whilst the hottest
parts (nearest the anodes) are at right-angles.

*Obtainable from J. M. Steel & Co. Ltd., 36, Kingsway, London, W.C.2.
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CIRCUIT SUPPLEMENT KTBS

Fig. 2. Correct orientation and spacing of the valve sockets when the valves are
mounted horizontally,

Fig. 3. Correct orientation and spacing of the valve sockets when {he valves are
meunted vertically.

Power Supply

The type of power supply required will depend oa the operating conditions but a
capacitance input filter circuit is satisfactory for the ultra-linear cathode bias amplifiers,

‘With fixed bias, the large change in anode current requires a low impedarnce power
supply and an inductance input filter is essential. It is desirable for the smoothing
capacitor te be of high value to prevent an instantaneous fall in voltage upon the occur-
rence of a transient. Satisfactory performance will be obtained with a single inductor
and a capacitance of 50—150pF. Twa 160uF, 450V electrolytic capacitors in series
have been found very successful with the ultra-linear higher voltage working conditions.

The choice of a rectifier will depend on the power output required. The U52 or
U54 are suitable for powers up to 50W, but for amplifiers designed to cover the range
50—100W, two U19 or two GXTUS0 rectifiers should be used.



KT88 CIRCUIT SUPPLEMENT

A 30W ULTRA-LINEAR AMPLIFIER

With negative feedback, this amplifier {fig. 4} will give 32W output with about
0-25%, distortion at an anode potential of 335V. The input signal to the first stage of
the amplifier for full output is 500mV. Even when negative feedback is omitted the
amplifier has only 19 distortion at 32W output and requires an input of 100mV. As
the K'T88 valves are conservatively run in this circuit they will have a long life.

Circuit Description

The output stage is preceded by a conventional double triode voltage amplifier V2
which is fed by a triode phase-splitter comprising one half of a further double triode V1.
The first half of this vaive is the input stage voltage amplifier, which is directly coupled
to the phase-splitter. RS, in the cathode circuit of V2, reduces any cignal unbalance
in the phase-splitter and lowers intermodulatien distortion.

Depending upon the particular characteristics of the output transformer, it may be
necessary to prevent instability by connecting capacitors and resistors acress part of
each output transiormer half-primary and * stopper "' resistors in series with the grids
and screens of the output stage. The curves of fig, 5 illustrate the performance of the
output stage of this amplifier without feedback.

Continued on page 6.

COMPONENT VALUES FOR FIG. 4
30W ULTRA-LINEAR AMPLIFIER

G.E.C. VALVES CAPACITORS
V1 B65/65N7

Ve B65/65N7 i L
v3 KT8’ G ODaun
V4 KT88 L3 G0k
v5 US54 c4 Bp.P: 350V
5 BuF 450V
8  0-05uF
RESISTORS ‘ C7 0-05uF
(20%, 026V unless otherwise shown) C8 50uF 50V
Rl IMQ Log. Cg gO%F sggg
* HE Cl n
lRag %i%\/speech coil impedance E11 1000pTF
R4 220 Ciz 1000pF
R5 100kQ C13 8pF 500V

R6 15k 0-5W
R7 15k 0-5W
R8 4-7Tk0

RO 470k 10%

¢ 470k 109
Elil 112 4 MISCELLANEOUS

}Matched to 59,

R12 1kQ
= L1 10H 200maA

Rl ggﬁg %8?’ %g, T1 33W Ultra-linear transformer
Rl‘; 22011} Yo . 6k} ancde-anode
%ig 220k tPrimary Inductance ; 450K
R17 10kQ Leakage inductances !
RI18 10kQ 1Prim.—sec. 3 10mH
RI19 470 1W 1% prim.—UL tap : % 10mH
R20 4000 59% 5W T2 Mméls tra;sff)rmer

g W econdaries :
Roz 2700 0AW S50 sy 200mA
R23 2700 0-5W §3V 3A CT
R24 470-15008) 0-5W: 5V 3A
Ris #I015000 OOW +With these values, R24, R25 and C11,
*For 14db feedback. C18 may be omitted.
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KT88 circuir svprrement

The negative feedback network shown in fig. 4 provides 14db of feedback and this
is adequate for all normal purposes. This value reduces the output impedance, distor-
tion and sensitivity of the basic amplifier by a factor of 5.

Feedback {rom the output iransformer secondary is intreduced into the cathode
circuit of the first stage via R2. Since the sensitivity of the amplifier without feedback
is approximately 100mV, a feedback voitage ¢f about 500mV is required for 14db
feedback. As the voltage across the output transformer secondary for 32W is about
21:5 for a 15Q load and about 11 for a load of 4€, the resistors R2 and R4 are chosen so
that 500 mV will exist at their junction at full output. Assuming R4 to be 22Q, R2
is given by 2254/Z; (where Zo=the loudspeaker impedance) and the nearest standard
value may be used. If Zo=15Q, R2 should be 1k} and if Z;=40, R2 should be 470

The operating conditions for the output stage of the amplifier of fig. 4 are given in
Table I.

TABLE |

30w ULTRA-LINEAR AMPLIFIER
Operating Conditicns

(Fig. 4)
Vaib) 375 v
Va.g2 335 v
La+g2i0) 2% 80 mA
iz +g2{max sig) 2x 85 mA
Pa+g2(0} 2x27 W
Pa+g2(max sig) 2x12 W
Rk 2% 400 Q
Vg (approx) —-32 v
Pout 30 W
Ria—s) 5 LQ
Zout i ki)
D 0-25 o
Vin(rms) (approx) (fo first stage) 500 mv

If negative feedback is omitted, the last three values are as foliows :

Zaut 4-5 k2

P 1 %

Vinfrms) {approx) (to first stage). . 100 mV
6
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CIRCUIT SUPPLEMENT KT88

TFFEH Ao R e T e 40
HE : S THULTRA-LINEAR AUTO BIAS T
‘ ; Va= Vg, =335
: Vg = - %2
+ e e
e NN S e s
o A 1 ir‘: H g : [ E E
'::2% T HoT20
i \r 5 &=-'l
s a®
j ; ! 1% :
: nsR2RaE Hg
0 5 10 I5 20

R (a—a} (k)

Fig. 5. Performance of the K'T88 30W ultra-lincar amplifier of fig. 4.

A 50W ULTRA-LINEAR AMPLIFIER

This section describes the use of the KT88 in a design for an ultra-linear amplifier
with cathode bias giving 50W output at 0-2% distortion.

Circuit Description

The circuit of the complete amplifier is given in fig. 6. The design is similar to
that of the 30W amplifier except for the type of input stage and the inclusion of the
networks consisting of C6, R10 and C7, R11 between the first two stages. These net-
works reduce the amount of overshoot and consequent '* ringing * in the output trans-
former. ’

The first double triode, VI; is arranged as a self-balancing floating paraphase phase
nverter which feeds V2, the following push-pull voltage amplifier. Potentiometer
R22 allows the signa} input to the output stage to be adjusted for output stage dynamic
balance.

The power supply incorporates a thermistor in the h.t. output line in order to reduce
the surge from the directly heated rectifier while the remaining valves are warming up.
The performance of this amplifier is illustrated in fig. 7 and the output stage operating
data are given in Table II.



KT88 CIRCUIT SUPPLEMENT

J;‘? '!‘
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181
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Fig. 6. Circuit diagram of the KKT88 50W ultra-linear amplifier.
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CIRCUIT SUPPLEMENT KT88

COMPONENT VALUES FOR FIG. &

50W ULTRA-LINEAR AMPLIFIER

» ) I III

i
5

> 2 9 D )

IR

G.E.C. VALVES R27 100
V1 B339/12AX7 R28 5250 59 6W
V2 DB329/12AU07 R29 5250 5% 6W
V3 KT88 R30 100
V4 KTS83 R31 1000
V5§ U52/5U4
CAPACITORS
RESISTORS
(20%,, 0-5W wunless otherwise shown) Cl BuF 500V
o C2 50pF 12V
R1 IMO C3 50uF 12V
R2 3.3k C4 (-25pF
R3 1000 C5 0-25.F
R4 3-3k(} C6 470pF
RS 1MQ C7 470pF
R6 220kQ 10Y%, C8 0-005pF
R7 220k02 109, C9 0-005pF
R8 1MQ Cl10 0-5pF
RS9 1M Cll 0-5pF

R10 10kQ C12 50pF 100V

R11 10xQ C13 50pF 100V

R12 4.7MQ Cl4 24uF 350V

R13 4-7MQ C15 24pF 350V

R14 100kQ C16 4yF 750V

R15 470kQ C17 8uF 500V

R16 470kQ

R17 10O

RIS 6ROO MISCELLANEOUS

RIS 100 Ll 5H 250mA

R20 4-7kQ T1 50W Ultra-linear transformer

B2 330 OV %E&ﬁ;%i;ﬁ&iice : 4 30H
*R22 25k 4W .

. Leakage induciances :

R23 33kQ 2W Prim.—sec. : 3 10mH

R24 220k 3 prim.—UL tap : 3 10mH

R25 2200 T2 I\fI’rli‘]SJS traclllsfgrmer

econdaries :

RIS Jos0 5000500V 250mA
*Optional potentiometer for dynami- ggg ?iggr CT
cally balancing the output stage. If 5V 3A
omitted, R21 and R23 should be 47k§2,

294, 2%W. F1 1A delayed fuse
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CIRCUIT SUPPLEMENT KT88

A 100W FIXED BIAS ULTRA-LINEAR AMPLIFIER

The circuit of this amplifier is given in fig. 8 and it provides 100W output at 59
distortion with an h.t. potential of 560V. The performance is shown graphically in
fig. 9 and Table III gives the operating conditions for the cutput stage.

With fixed bias, the large change in anode current necessitates a low impedance
power supply and, with normal rectifier circuits, an inductance-input smoothing filter is
essential. The smoothing capacitor should be of high value to prevent an instantaneous
fall in h.t. potential upon the occurrence of a transient sighal, Satisfactory performance
will be obtained with a single inductor and a capacitance of 50—150pF. The circuit
diagram shows twg 180pF 450V electrolytic capacitors m series as an economical method
of obtaining the required capacitance.

Reducing the h.t. potential to 460V, the load 1mpeda.11ce to 4kQ and the grid bias
to —63V results in an amplifier giving 65W output. The performance of this version is
shown in fig. 10 and the appropriate cperating data are included in Table I11.

Protection Against Bias Failure

Should the bias supply fail, the KT88 anode currents would increase excessively
and it is recommended that some device be incorporated for protecting the output valves
in the event of bias failare. The arrangement iliustrated in fig. 11 inserts a suitable
resistor into the ountput stage cathode circuit which will enable the amplifier to function
temporarily at half maximum output.

A triode, which could be one half of a double triode used also in the first stage of the
amplifier, is connected in series with a relay across the main h.t. supply. The relay
contacts are normally closed and short-circuit the emergency cathode resistor R1. The
triode is held at cut-off by the connection of its grid to the bias supply at a point about
50V negative to earth. Should the bias fail, the grid of the triode will rise to earth
potential and current will flow through the friode. This energises the relay, the contacts
of which will open and bring inte circuit the cathode bias resistor,

TABLE [H

100W ULTRA-LINEAR AMPLIFIER

Operating Conditions

{Fig. 8
Va(u) 480 . 560 ' ; v
Va,g2 450 550 v
Tatg2(0) 2% 50 2% 50 A
La 4 g2(max sig) 2 120 23 150 mA
Paig2{o) | 2x 25 2% 30 W
Da+pg2(max sig) 2 x 20 . 2x33 W
Vg1 —B3 —80 v
Pous 65 100 W
Rifa—a) 4 4.3 kO
Zout 85 65 kQ
D 3—6 36 o
Vin{rms) (to first stage} 1to 1-5 1to 15 mV

*A bias voltage range of at least +4-25%, is recommended.
tThe distortion will vary according to the degree of matching by R11.

11
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CIRCUIT SUPPLEMENT KT88

COMPONENT VALUES FOR FIG. &

100w FIXED BIAS AMPLIFIER

G.E.C. VALVES
V1 163/6)5
V2 B65/6SN7
V3 KTS8
V4 KTS8
{Zg}mg {or GXT50 with delay)
RESISTORS
(20%,, 0-25W unless otherwise shown)

R1 IMQ
R2 1-5kQ

%3 gglﬁg R’g} matched to 5%

R5 470kQ  10%

R6 470kQ 109

R7 33k 1W

R8 1kQ

RS 33kQ 109, IW
RIO  10kQ

R11 33kQ 109 1W
R12 100kQ 109% O-5W
R13 20kQ w.w. preset
Ri4 20kQ w.w. preset
R15 1000 105% 0-5W
R16 10k 10% W
RI7 47K 1W

R1§ 56k

R19 56k

R20
RZ21

RZZ 2700 O-5W
K23 2700 05W
R24 470-1500Q O5W
R25 470-1500Q 0-5W
R26 100k0Q 109 IW
R27 100G 10% 1W
R28 10kD 0-5W

}Meter shunts

13

CAPACITORS

Cl 0-0luF

C2 0-05.F

C3 005,F

C4 BuF 350V

C5 8pF 450V

C6 0-1yF

C7 0-1yF

C8 1000pF

C9 1000pF

C10 8uF 250V

€11 160uF 450V each 100+ 60
Cl12 160yF 450V [ dual
Cl3 8uF 250V

Cl4 0-01uF 750V

MISCELLANEQUS

LI 5H 325mA
L2 20H 10mA

T1 100W Ultra-linear transformer
4-5kQ) anode-anode (100W)
4k anode-anode (65W)
Primary inductance : <+40H

Leakage induciances :
Prim.—sec. : 3»6mH
% prim—UL tap : 36mH
T2 Mains transformer
Secondaries :
700—0—700V 325mA
6.3V 5A (T
5V TA
75V 10mA (bias)
51 I-pole 3-way
MRI1
MR2
MR3
MR4

75V 10mA



KT88 CIRCUIT SUPPLEMENT
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CIRCUIT SUPPLEMENT KT88
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amplifier in fig. 8 when it is arranged for
{see Table IITj.

Fig. 11. Bias failure protection for the
KT88 fixed bias amplifier, R2is connected
to the positive {(earthy) junction of R13
and R14 in fig. 8. R2 and RJ take the
place of R16 in the amplifier. The earth
connection to the meter in fig. 8 is broken
and the meter {and R20, R21) taken to
R1. Component values: V1: G.E.C.
L63/6]5; Rl : 33OQ 109, oW ; R2:
6:810Y 10“” 0-5W ; : 15kQ 109% 0-5W ;
RLI 201{(2.



KT88 CIRCUIT SUPPLEMENT

A 150W CLASS B AMPLIFIER

Two KT88 valves, triode-connected in Class B, may be used when maximum cutput
for intermittent (ICAS*) cperation is required. It is permissible to use a higher ancde
voltage than is usual, and an output up to 150W is obtained.

This type of cperation is satisfactory when a distortion higher than that obtained
with the ulira-linear circuit, may be tolerated. (A typical use would be in a speech
modulator for a transmitter).

Circuit Description

The circnit is shown in fig. 12. In this circuit, the screen and confrel grids are
connected via resistors R18 and R19 forming, in effect, a high impedance triode. Both
grids are driven into the positive region from a driver stage capable of providing 180+
180V r.m.s., the current drawn by the contrel grids being limited by R18 and R 19.

Successful operation is almost entirely dependent npon the design of the driver
stage. This should have a low impedance, so as to ensure minimum distortion in the
output stage.

Satisfactory results can De obtained by using a resistance loaded pentode stage.
The load resistors R16 and R17 in fig. 12 also serve to reduce the 750V lne {o 450V for
the pentode anodes. This method of supplv prevents the line voltage from rising
excessively during the quiescent periods, when the output stage passes no more than
15-20mA.

Continued on page 18.

COMPONENT VALYES FOR FIG. 12
CLASS B 150W AMPLIFIER

G.E.C. VALVES R14 100kQ 109% 1W w.w.
V1 163 R15 100kQ 10% 1W wow.
Ve KTes R16 5k 5%  20W w.ow.
vs KT6s R17 5kQ 5% 20W w.w.
v4 KTS8 R18 22-100k0 1W
V5 KTS8§ R19  22-100k0 1W
Ve R20 100kQ 10% IW
V7 w R21 100Ky 10%, 1W
VA J& U32, U4, GU30 or GXUS0 R22 10kQ
X CAPACITORS

Ci C-0luF

RESISTORS ‘ 2 005uEF

{20%,, 0-25W unless otherwise shown) €3 0-05uF
R1 470kQ C4 8ul
R2 1kQ C5 23u4F
R3 33kQ C5 25uF
= SSkQ}Matched t0 5% 1W 7 3oam
RS 220KkQ C8 32uF
RE 220k0 Co O-5uF
R7 10kQ 10 0-5uF
RE 10kQ il 0-01ul
RS 22k 1W Ci2 0-0lgF

RI0 6000 5% 3W w.ow. €13 160uF

R11 600k 5% 3W wow, Cl4 180xF

R12 22010 C15 0-01pF

R~13 220K0 Cl16 160pF

*JCAS : Tntermittent commercial and amateur service.

18
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KT88 CIRCUIT SUPPLEMENT

An inductance L1 is used in place of grid return resistors as the output stage grids
draw some 30mA at full output, The characteristics of L1 are not critical. It shouid
have a d.c. resistance not exceeding 5000, an inductance of about 20H and a centre tap.
A small output transformer, with the secondary left unused, is satisfactory.

A bridge-connected rectifier system fed by a transformer giving 900V r.m.s. pro-
vides the anode supply to both the output and driver stages. A cenfie tap on this
transformer enables half the d.c. anode voltage to be obtained for the driver screens and
the previous stage(s). The electrolytic capacitors C13, Cl4 and C16 are of high value in
order to absorb the large fluctuations of anode current (from about 120 to 400mA).
The series connection of C13 and C14 permits a voltage up to 800, Suitable rectifiers
are : GUS0, GXUS0, U52 or Us4.

Table TV gives the operating conditions for the amplifier and fig. 13 illustrates its
performance,

TABLE ¥

CLASS B 150W AMPLIFIER
ICAS RATING

Operating Conditions

(Fig. 12

Output Stage

Va(o) 880 v
Va(max sig) 750 v
vg?(rms) 60 v
Latoy 2x10 mA
Ya(max sig) 2% 140 * mA
Igl +p2 30 mA
Pout 150 W
Rifa—a) 6 k0O
Zout 25 kO
D 6to 8 %
Pd: (approx) 7 W
Vindg—g){ros) 360 v
Zin 18 kG
Driver Stage

Va(o) 500 i
Valmax sig) 400 A
Veato) 375 v
Vg2(max sig) 325 A%
Ta(o) 2 % 50 ma
Ea(max sig) 2% 58 mA
Yooty 2% 2 mhi
Tg2(max sig) 2% 7 mA
Vin(g—g)irms) 40 v

The above conditions are suitable for normal speech applications only. For other
purposes, Rifa—aj should be increased to 7-5kQ. At V=600V an cutput of approxi-
mately 100W is given.

18
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KT88 CIRCUIT SUPPLEMENT

MULTIPLE-PAIR PUSH-PULL AMPLIFIERS

The circuit diagram of fig. 14 illustrates the use of ten valves in a fixed bias ultra-
linear cutput stage and this arrangement gives 400W putput. More or less than five
pairs of valves can be used, depending upon the cutput power required.

A single control is used for grid bias adjustment and this simplifies the amplifier at
the expense of somewhat higher distortion and lower output.

Continued on page 22.

Rl

FEYYVE a

RS RT Z=CS vzg
3
] | i 5 g

1L

=]

2R
VIA viB gre | A
cl 210
o N - S Y 4
J_- = A
R : a9 RI3
C2 =z .
T s | :
| 1 s )
e LU i
1 i § —
1
R
S 4 R3 ! V3A
RIZ é <R& ; ]
-< i = i 4
N —
i H d
!
i - —0
!
= i Feednozh rom TE OH.T Neg. 450V 20mAd

Fig. 14. (Above and opposite) Circuit diagram of the 400W multiple-pair amplifier.
Component values are given on page 23.

20

,f\,\'\

Ry

5



% 9 92 9 ®© ©® @ 00O

? 79% 99 9%9

Ri8

CIRCUIT SUPPLEMENT KT88

Rsg  C8

|

R20

AAARA
——ANVVY

vb

AAAAR
Y

AAAAR

Clo

R60

RS9 C9

%F‘

$Grid Bias

l550\#’



KT88 CIRCUIT SUPPLEMENT

It is not essential to use accurately matched valves but the total current in each
half of the push-pull stage should be equalised as closely as possible. This becomes i\
easier with an increasing number of pairs and is facilitated by the cathode current meter
built into the amplifier, The individual cathode currents will vary from about 35mA
to about 60mA and each valve should be measured in turn and the valves sorted into
two groups of approximately similar total current.
‘When the valves have been sorted and the two groups plugged into their respective ?\
l halves of the amplifier, the optimum operating condition is obtained by adjusting the
grid bias with R5 (fig. 15) so that the current drawn by any single valve does not exceed
I 60 mA. Inthis way an output of 400W will be gbtained at a distortion of about 5%.
| ‘When using six or more valves in this type of amplifier, the value of the grid return -ﬁ\\
| resistors R14 and R15 is of importance and a low value is desirable. In order to facili-
tate the production of the necessary distortion-free input signal of 55455V r.ms., the
output stage is driven by a pair of cathode followers V2B and V3B. With four Output
valves the grid resistors could be increased to 100 kQ and the cathode followers dis- o
. pensed with. However, as they form parts of double triodes. the saving in cost is ‘ “\
insignificant and, on the whole, it is preferable to retain them.
The method of measuring the cathode current of each KTS88 valve is shown in fig,
14. A resistor of 100 is inserted in the cathode lead of each vaive .ie. R38, R39, etc)
and a meter M1 is connected across this resistor through switck S1 2nd a series resistor SN
(R48, R49, etc.). )
It was found convenient to use a meter with a full-scale deflection of 2004, the
value of the series resistor being such that the meter indicated (-200ma. At full
output each cathode current is' about 100mA to 125mA. It may be preferred to sub- <
stitute the individual cathode series resistors with a single resistor inserted between the ﬂ “
meter and switch but the possibility of instability should be borne in ming as the indi- '
vidual resistors act as cathode circuit isolators.
The ultra-linear output transformer must have low leakage inductance between :
primary and secondary ; half-primary and half-primary ; and each half-primary and ‘4{“\
its tap. The absolute values of leakage inductance will depend upon the number of
valves used but a 400W transformer used in the prototype ha.d the following charac-

teristics :
Primary Inductance : 4H f\w
Leakage Inductances : ; i
Primary to secondary : 0-75mH
Haif-primary to half-primary : 0-75mH )
Each half-primary to tap : 1-5mH _ fi\w

To prevent ultrasonic oscillation, resistorjcapacitor combinations are connected
between each tap and the anode terminal of each half-primary. In the prototype,
C10 and R60 were also found to be desirable, the values used being 3500pF and 1k}
respectively, ﬂ\)

Negative feedback may be added to this amplifier in the normal way, from the
secondary of the output transformer to the cathode circuit of the input valve. The
values of the resistors R2 apd RS in fig. 14 are determined by the amount of feedback
and the ratio of the transformer, Ny

Fig. 16 illustrates a recommended layout for the output valves and is self-explana- "\\‘)-
tory. Adequate ventilation should be provided ; if in doubt, temperature sensitive :
paint should be used. (See page 2).

Power Supply \\1

The design of the power supply is an important factor in the satisfactory operation
of an amplifier of this type. The regulation should be good ; better than 109, with a
current variation of 400-1200mA was obtained in the prototype. This order of regula- _\w\w
tion was achieved by using the xenon flled rectifier GXUL which, in this application, is o
considerably under-run at a PIV of 1kV as against the rated PIV of 10k¥Y. For up to
six output valves, the smaller xenon rectifier GXUS0 is suitable.
The circuit of a complete power supply is given in fig. 15 and this provides the lower
h.t. voltage required by the earlier stages as well as the grid bias supply. Y \}
A single inductance-input filter is shown and, with a smoothing capacitance of .
150-200uF (obtained by series-conpecting two larger capacitors), this should be satis-
factory for most purposes. A further filter section may be inserted if desired. The
smoothing inductor(s) should have a value of 2-3H and a d.c. resistance of about 250 ’\)

29
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CIRCUIT SUPPLEMENT KT88

COMPONENT VALUES FOR FiG. 14
400w AMPLIFIER

G.EC. VALVES
VI-V3 B653/6SN7
V4-V13 KTI88

RESISTORS
209, 0-25W wunless otherwise shown)
R1 1MQ

%%}See page 22

R4 1k
R5 100k 0O-5W
Eg }gi‘:g g:gz@}matched to 5%,
RE 1MOQ
RO 1MQ
RIO 4:7kQ 10% O0-3W
Ri1 33k0 05W

29 N
e R&-’}mamh‘fd 1S
RU 470 W aiched to 59,
R16 4750 109, 0-5W
R17 47k 10%  0-53W
RI&-R27 15kQ :
R28-R37 2200
R38-R47 Meter shunts, see p. 22
R48-R57 Meter scries resistors,

R58 1kQ2 2W
R59 1k 2W
RB0 Seep. 22

CAPACITORS

C1 0-0luF

C2 50pF 12V
C3 0-GlpF

C4 0.01pF

Cd BuX 450V
6 0-25pF

C7 0-25uF

€8 1000p¥F
C9  1000pk
14 See p. 22

MISCELLANEOUS

M1 200pA meter (see p. 22}
81  1-pele 11-way switch b.b.m.
T1 400W Ultra-linear transformer
© 1k£) anode-anode
Primary inductance : < 4H
Leakage inductances :
Prim.-—sec. : 3 750pH
t prim —UL tap : 3 750uH

see p. 22
TABLE V
400w MULTIPLE-PAIR AMPLIFIER
Operating Conditions

(Fig. 14)

Va(b){o) 570

Valb){max sig) 530

Vauzio) 565

Va,g2(max sig) 525

I.+g200) (per valve) 35 to 60

T +g2(max sig) {per valve) 100to 125

I e2(0) (total) 450
Ta+g2(max sig) [total) 1200
Pa+g2ic) (per valve) 35
Da+g2(max sig) (per valve) 23
Vg1 (approx) —75
Fout 400
Rifa—a) 1
Zeut 1-2
D Sto7
Vin{rms) to first stage 250

1f 10db of negative feedback is applied, the last three values become 40404}, 2% and

750mV respectively.

23
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KT88 CIRCUIT SUPPLEMENT
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Fig. 15, Power supply circuit for the 400W multiple-pair amplifier. The winding of

T3 is simplified if four identical secondaries are used. To prevent mains-borne inter-

ference with ncarby receivers, generated by the xenon rectifiers, a pair of capacitors

{0-05uF, 700V a.c.) should be connected in series across the 700V winding and their
junction connected 1o the negative {earth) line. ‘
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CIRCUIT SUPPLEMENT KT88

COMPONENT VALUES FOR FiG. 15

POWER SUPFLY FOR 400¥v AMPLIFIER

G.E.C. VALVES C3 300pF 350V each 100-+200
VIV GXU1 g‘é g?é){ﬁ? 3;(?0‘{( dual
V5 U709 or U78/6X4 C8 2uF 250V
RESISTORS C7 2uF 250V
R1 100kQ 10% 0-5W I o
RZ 100k0 10% 0-5W gl
R3 47k0 20% 2W L1 2H 1200mA 250
R4 22k0 20% IW T1 700V 1200mA*®
R5 10kQ w‘w_o T2 Bias transfc?rmer
R6 47k 109 1W Secondaries :
R7 47kQ 10(}/5 W 150 -0— 150V  10mA
R8 10k 208, 1W 6:3V_ 204
RO 22k 209, 1W T3 ggy gﬁ

. os ,2 -
B Lok i Loow 2-5V  10A (or 2x 5A)
CAPACITORS F1 2A
C1 32uF 350V F2 5A

C2 320F 350V

*10V taps on primary.

q7 Bus Wire
|
4 4
Anode But W‘irg
énzo
Tkt A YolvesN7Boer Fig. 16, Recommended
layout for the output
. wvalves of the 400W
a1 1bus ite amplifier. If the distance
between pairs of valves is
reduced to the minimum
of 4in centre to centre,
3y et Wire they should be orientated
k25 as shown on page 3.
——Volves V9,V I0 [+ Valves VizZviz -
J .
R35 3

1 Anode Bus Wire

63V Bus Wire

92 Bus Wire
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m CIRCUIT SUPPLEMENT

.., APPENDIX
INTERMODUILATION INlULTRA~LINEAR AMPLIFIERS

The curves below illustrate the various degrees of intermodulation with varying
positions of the screen taps on the output transformer from 0% (pentode operation)
to 100% (triode operation). The measurements were made under SMPE conditions
using freguencies of 50 and 8000 c¢/s at a ratio of 4 : 1. It will be noticed that the
lowest level of intermodulation is obtained with taps of about 40%. A slight increase
in intermodulation is produced at 33% or 579% and a significant increase at 259 or
759,

The triode performance (IOOU/{;) is inferior to the ultra-linear at all outputs except
below 10W with 259 taps. The high intermodulation of the pentode arrangement
{09, is to be expected. .

The application of negative feedback will reduce intermodulation roughly in
proportion to the reduction in gain., ¥or example, a 3 : 1 reduction in intermodulation
is obtained with 10db and 2 5 : 1 reduction with 14 db feedback. It can be seen from
fig. 17 that it is not difficult to reduce intermodulation to below 12 at 50W output.

20 758 " _:_ i —r
‘! 0%
s /7 == ctt] {Pentode)
e
5 /
- 7
o / &% ___{75%
= 100% "]
s 5 / (Triode / e : _i
£ s R o
2 . / / s /u/’_____-Ma%
- a.ydva el
£ e [
= 8 Ve =
7 ?, 7 T
2 // /(4
|0 10 20 10 40 50 &0
POLIt (W)
Fig. 17.
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