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ULTRA LINEAR AMPLIFIERS

First article of a series by F. LANGFORD-SMITH

and A. R. CHESTERMAN

This first article gives a general introduction to
the subject, with its history, some of its characteris-
tics, and then an investigation into the effects of the
tapping point on the power output and distortion.
The effects of high resistive loads are also
investigated.

1. Name

The name has been the subject of much controversy.
“Tapped Transformer” and “Triode Tetrode” opera-
tion have been suggested in England, while “Partial
Triode Operation” has been used in the Radiotron
Designer’s Handbook (Ref. 1). None of these
seem to have taken on, so that we are left with the
title “Ultra Linear”, which will be used throughout
this article in its abbreviated form, UL.

2. History

A claim has been made that the circuit was
originated jointly by R. Lackey and R. R. Chilton
of the Australian Radio College and distributed to
students in the form of notes in 1933. Unfortun-
nately, the early records were destroyed by fire, and
no written description has been seen by the authors.
If any one of our readers can produce the relevant
documents, we would be happy to publish the fact.

The UL circuit (not, of course, under this name)
was patented by the late A. D. Blumlein in 1937
(Ref. 2). It did not receive much publicity until
1951, when D. Hafler and H. 1. Keroes (Ref. 3)
published a fairly detailed description under their
newly-coined appellation “Ultra Linear”.  Since
then, it has attracted a good deal of attention and
is now being widely used in place of pentode opera-
tion in high fidelity and other good quality ampli-
fiers. Some of the many references are given at the
end of this article. However, no satisfactory treatise
on the subject has yet appeared with information

sufficiently detailed to satisfy an amplifier designer.
The present article is the first of a series to meet
this need.

3. Description

A typical circuit diagram is shown in Fig. 1. It
differs from pentode operation by the screens being
connected to tapping points T, T, on the trans-
former primary. It is always advisable to fit screen
suppressors R3 and R4 and usually also condensers
Cl and C2 between the plates and the transformer
end of the screen suppressors, to eliminate a form
of instability. Typical values are 0.001 or 0.002
uF and 47 to 220 ohms. Grid stopper resistors
(10K) are also desirable.

In this article, “pentode operation” is to be taken
as including beam tetrode operation.

UL operation is a step between pentode and
triode operation. When the tapping points are
moved down to the B+ terminal, the valves operate
as pentodes. When the two tapping points -are
moved to the plate ends of the windings, the valves
operate as triodes; when the tapping points are in
between, the operation is intermediate between
triode and pentode operation. Any desired tapping
points may be used — those closest to the B+ end
give characteristics closely resembling pentodes and
then as the tapping points are moved towards the
plate ends the characteristics become more and more
like triodes, until the extreme case is reached where
full triode operation is obtained. It is wusual to
refer to the tapping point as so many per cent.
of the total impedance, and this practice will
be followed in the present series of articles.
However, sometimes a tapping point is referred to
as a percentage of the total number of turns. One
may be converted to the other by using the
relationship.

Percentage turns = 10N percentage impedance (1)
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For convenience, Table 1 has been calculated.
Table 1 — Tapping Point (from B+ end)
Percentage impedance Percentage turns

0% 0% (pentode)
5% 22.4%

10% 31.6%

15% 38.7%

18.5% 43%

20% 44.7%

25% 50%

35% 59.2%

50% 70.7%

75% 86.6%

100% 100% (triode)

A complication with UL operation is that the
screen voltage swings around the applied voltage.
For example, with 250 volts applied, and a trans-
former tap of 20% impedance, the alternating screen
voltage will be 44.7% of the alternating plate volt-
age (Table 1). If the plate load resistance is 5000
ohms (single-ended) and the power output is 5 watts,
the r.ms. plate voltage will be about 158 volts and
the r.ms. screen voltage will be about 70 volts.

The two most important effects of UL operation
are on power output and total harmonic dis-
tortion. The power output with UL operation
is always less than that with pentode operation and
greater than that with triode operation, for constant
applied voltages. As will be shown later, the
maximum signal cathode current with UL is less
than with pentode operation, and the cathode current
efficiency is approximately the same, so that if the
plate voltage is increased to give the same input
power for both cases, then the output power will
be the same for both UL and pentode.

4. Optimum bias and load resistance

Up to now all experimenters seem to have
assumed that the load resistance and bias for UL
would be the same as for pentode operation. A
graphical approach indicated that the optimum load
resistance would be different, so tests were carried
out on type KTGG6 as a typical example.

5. Type KT66, 300 volt operation

Many measurements were made on type KTGG
with 300 volt plate and screen supply, and those are
summarised in Fig. 2. Curve 1, marked “Max.
power output”, shows power output against per-
centage tap, and each point is the condition of bias
and load resistance giving maximum power output
irrespective of distortion. Curve 2 shows the power
output when the bias and load resistance are selected
for minimum total harmonic distortion. On both
these curves the load resistance and grid bias for
each point are marked on the curves. Curves 3 and
4 give the THD for each of the two upper curves.
It will be seen that the difference in power output
between curves 1 and 2 is fairly small (less than
0.5 db) and in most cases it is only necessary to
consider the minimum distortion curve (2). The
following conclusions can be derived for type KTGG6,
for constant plate and screen voltages.

(a) Lowest distortion occurs at about the 20%

tap. It is deleterious to go beyond this point, on -

account of the reduction in power output and in-
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Fig. 1. Circuit diagram of a typical UL amplifier.
(44.)

crease in distortion. At the 20% tap the power
output is from 52% to 59% of the pentode maxi-
mum power, and the THD from 04% to 0.65%,
depending on the bias and load resistance.

(b) The optimum tapping point for highest
fidelity is between 17% and 20%, and it is not at all
critical.

(c) The optimum tapping point for public
address work is probably 5%. This gives from 73%
to 78% of the pentode maximum power output,
depending on the bias and load resistance, and from
05% to 2% THD. Of course, if the plate and
screen voltages can be increased, it might be possible
to use the 20% tap for P.A. with no loss of power
output.

(d) Whether adjusted for minimum distortion or
for maximum power, UL with 15% to 20% tapping
points gives lower THD and higher power output
than triode operation — see Fig. 2.

(e) The optimum bias for maximum power out-
put is greater for UL than for pentode operation.
It increases from — 28 volts (pentode) to— 30 and
— 34 volts (UL) and — 34 volts (triode) — see Fig.
2. 'These values of maximum power output are
irrespective of distortion and would not be used in
practice for pentode operation, since by allowing a
slight reduction in power output there would be
a considerable reduction in distortion. However,
the condition for maximum power output can be
used for UL operation, since the distortion is low.

(f) The optimum bias for minimum THD de-

creases from —34V with pentode operation, to
—26V with all UL tappings and for triode
operation.

(g) The optimum load resistance for maximum
power output is greater for UL than for either pen-
tode or triode operation, increasing from 6K (pen-
tode) to 6K, 7K, and 8K (UL), and back to SK
and 6K (triode) —see Fig. 2.

May, 1955




Wt o Coattipmonstts -7
S Veotl 55
26 |
&—6K—~28V THD,
24&\— 127
-\ 5K —34V =
22 \\ dohysad L I
RN
201\ X—6K=30Y 19
i ': NN 4-5K,—30V 5
LN 7K —34V
[} \R
164 TK;30V 8
f T | gk, ~34V
% tu 5K~2?V >\ i BK=34V 4
v oK,~26v— i
= (214 } ~ 6
Sl sk2ev] ISl T~lmay
ol 6K26V T OWER QuTPYT J
1 RQ)R.g, FOR W E—— 50r 6K-34V
\ N N,
8 |l '\\‘ — |
6 “‘ Bz 25
X = 5K~26V—
Al s 2
AN . (3) THD, FOR_MAX, P_]O_W_Q_R % L
\ B S L e T DR e e
2 o € 4 Lok |
SR BT T e
0 ars B ;
o] o) 20 30 40 50 60 F0 451280 90 1007%
PENTODE TAP TRIODE

Fig. 2. Effect of tapping point on power output

and total harmonic distortion. Type KTG6G’s with

E, — E., — 300 V. Optimum bias and load re-
sistance for each point. (RT45.)

(h) The optimum load resistance for minimum
THD increases from 4.5K (pentode) to 5K for UL
10% to 20%, up to 6K at 25% tapping, and down
to SK for triode operation— see Fig. 2.

The detailed test results on which the curves of
Fig. 2 were based are shown in Fig. 3. The effect
of load resistance on power output is quite small
over the range shown, but its effect on distortion
is very marked. The effect of bias voltage is also
more marked on distortion than on power output.
Note that the minimum distortion point for pentode
operation is quite critical, both on bias voltage and
load resistance (although not shown in Fig. 3),
whereas the 209% UL tapping gives almost constant
distortion over the range of load resistances shown,
for any bias voltage between —26 and —30
volts. This is a very valuable feature.

Note the surprising low distortion possible with
pentode operation and a load of 4500 ohms—1.7%
THD at —34 volt bias, but the operating point
is rather critical.

The readings for distortion are only relative owing
to the difficulties in reading a THD meter at very
low levels, and the distortion in the signal voltage
applied to the grids (up to 0.2%). There is
necessarily some cancellation and accentuation of
harmonics due to harmonic phase relationships be-
tween the input source and those produced in the
amplifier. The Appendix gives the detailed con-
ditions of testing.

Radiotronics

6. Screen dissipation

The static screen dissipation will normally be
slightly less than that for pentode operation, because
of the increased bias. Since the screen makes some
contribution to the total power output, the dynamic
screen dissipation is not given by the screen input
power. The maximum signal screen dissipation
for identical operating conditions in each case,
is highest for pentode ~operation, lowest for
triode and UL is intermediate between the two.
For this reason pentodes may sometimes be used
with UL operation under conditions when pentode
operation would cause the screen dissipation rating
to be exceeded. The screen power relationships may
be expressed:—

Screen dissipation = screem input power —

....................... (2)

It is usually not convenient to measure the screen
power output and, so long as the maximum signal
screen input power is below the screen dissipation
rating, the valve will be operating well within its
ratings.

power output

Fig. 4 shows the screen current plotted against
tapping point for 300 volts and —30 volt bias.
The lowest curve shows the zero signal current per
valve, while the two upper curves show the maxi-
mum signal screen current for SK and 8K load
resistances. It will be seen that the 5% tap reduces
the screen current to 57% and 55% respectively
of the pentode value. Fig. 4 applies to a pair of
typical valves, but wide tolerances occur in the
screen currents drawn by all beam tetrode valves.
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7. Plate current

Table 2 gives values of plate currents per valve,
obtained by subtracting measured screen currents
from cathode currents, at 300 volts and —28 volts
bias.

Table 2
Plate current
Max Signal

Operation | Zero Sig. Load 5K | Load 8K
Pentode 49.1 715 59.75

10% 48.1 639 57.3

20% 47.75 61.0 56.5
Triode 44.5 50.9 48.7

The differences between the zero signal plate cur-
rents are due to the resistance in the output inductor.

Table 2 shows that with UL operation the plate
current rise with maximum signal is less than that
with pentode operation for the same operating con-
ditions, but the power output is less, so that no
conclusion can be drawn. - Table 3 (below) gives
similar data in respect of the cathode current.

8. Linearity

Linearity curves are given in Fig. 5, where A is
for pentode operation, and B, C, and D various
UL conditions. The THD at the grids was reduced
to 0.13% for Fig. 5 only. The linearity characteris-
tics were measured using peak reading valve volt-
meters for both grid and plate voltages, in order to
get a true result*. The disadvantage of this pro-
cedure is that the power output indicated by the
valve voltmeter is appreciably less than the actual
power output when the THD exceeds about 1%.
As a consequence, it has not been practicable to add
the power output readings to the pentode linearity
curve. The approximate power output may be
calculated by multiplying the power indicated on
the curve by a factor of 1.1 for 5% THD.

The pentode curves for maximum power output
are given in Fig. 5SA. Note the “shelf” in the
distortion curve from about 15 to 19 watts output.
The linearity curve deviates from the straight line
about 2 watts power output, and the slope of the
curve at maximum power output (input voltage 17.5
volts) is only 349% of that at low levels. This
reduces the effective feedback at maximum power
output.

The UL 5% curve is given in Fig. 5B. This is
practically linear up to 2.5 watts and the deviation
is distinctly less than for the pentode, although its
shape is rather unusual. The THD curve reaches a
maximum of 1% between 9 and 13 watts, then
comes down to about 0.8% (minimum) at 18 watts
before rising to 14% at zero grid.+ Although this
form of distortion characteristic is generally unde-
sirable, the THD at any level is much below
that for pentode operation. In the distortion

1T The zero grid line is where the peak input voltage
is equal to the bias.

* An article on linearity characteristics will appear in a
future issue.
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curves of Fig. 5 there is undoubtedly some
effect from in-phase and out-of-phase relationships
between the harmonics in the signal source and the
UL stage, so that the exact shape of the distortion
characteristic is uncertain, having a maximum pos-
sible tolerance of *0.26 in the reading of the total
harmonic percentage at any point (ie. twice the
distortion in the source).

The UL 10% curve is given in Fig. 5C and has
the same general characteristic as for the 5% curve,
but better linearity. It is practically linear up to
4 watts. The measured THD reaches a maximum
of 0.77% between 8 and 14 watts, falling to 0.68%
(minimum) at 17.5 watts and rising to 1% when
the peak grid voltage reaches zero. In practice, with
a high impedance source, it would not be possible
to drive the grid to zero voltage without introduc-
ing distortion into the driver voltage.

The UL 209% curve is given in Fig. 5D and is
practically linear within the limit of accuracy of the
measurement up to 15 watts. The voltage gain is
constant at 7.15 times right up to 15 watts. The
measured THD shows a steady rise up to 0.6% at
15 watts, being about one-tenth of that for pentode
operation. The whole performance is quite re-
markable.

9. Efficiency

The cathode current efficiency for pentode opera-
tion was measured under the conditions giving maxi-
mum power output. Three different conditions for
UL operation were also measured, and are given in
Table 3.

The pentode and the first UL condition given
above are the respective conditions for maximum
power output given in Fig. 2. The second UL
condition is for the bias and load resistance which
give maximum power output with pentode operation;
it is therefore not optimum for power output or
efficiency with UL operation. The third UL con-
dition is intermediate between the other two UL
conditions; it also is not optimum for power output
or efficiency with UL operation.

Table 3 shows that, by selecting the UL condition
giving maximum power output, the efficiency is
49.8% compared with 51.2% for the pentode. This
is quite a remarkable performance, especially since
the pentode output includes about 11% distortion,
with the large third harmonic component giving
an effective increase in the power output for a
limited swing (Ref. 12). On the other hand the
UL output had only about 1% total harmonic distor-
tion, with a negligible effect on the power output.

Under the conditions for maximum power output
in both cases, the efficiency with the 109% tap was
slightly higher than for the 20% tap.

Thus UL operation, using conditions for maxi-
mum power output, will give nearly the same
power output from a specified d.c. power input as
will pentode operation. It merely requires some-
what higher plate voltage and somewhat less plate
current than for pentode operation.

In addition, a specified valve, operating with
constant d.c. input power, will give nearly the same
power output with UL operation as it will with
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pentode operation (each being operated under its
own optimum conditions), and the total plate plus
screen dissipation will be about the same. Hence,
csince the screen dissipation with UL is less than

57

with pentode operation, the plate dissipation will
be greater by the amount that the screen dissipation
was reduced—in most cases this is only a very
slight amount.

Table 3
Type KT66, Supply Voltage, 300 Volts
Iy (mA) Power Power
Condition no sig. max. sig. input output Efficiency
Pentode 6K, — 28V 105 - 48.8W ? 25W 51.2%
UL 209% (1) 8K, —34V 60 29.6 14.8 49.8
(2) 6K, —28V 108 36.4 14 38.5
(3) 7K, —30V - 88 34.5 14.2 41
20
i Il KT66
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Fig. 4. Effect of tapping point on maximum signal
screen current for a single valve, for load resistances
of 8000 and 5000 ohms, and E, = E, = 300 V.
Zero signal screen current is also given. (RT46.)

10. Negative feedback

The UL amplifier has internal negative voltage
feedback which decreases the total harmonic distor-
tion and reduces the output resistance and the gain,
when compared with pentode operation. Each of
these characteristics is intermediate between the
values for triode and pentode operation,

However, the feedback cannot be treated as pure
feedback, because it reduces the maximum power
output and requires additional bias and higher load
resistance for optimum operation.

The non-linearity known to exist in the screen
characteristic is not the cause of these two pheno-
menon, which are fundamental, although it must
have some effect on non-linear distortion. A further
point in support of our conclusion is that the dis-
tortion with UL is not intermediate between pen-
tode and triode, but is lower than either.

Measured values of the voltage gain are
given below for KTG66, E,, — E., = 300 YV,

E., = —30 V and R, — 6000 ohms.
Operation ~ Gain Ratio
Rentode e e na s oo 10.2 1

Dcitap e 9.15 0.9
10% 05 i wn o dneannnor 8.6 0.84
POZoRapie ol s e e e a7 0.75

Radiotronics

These values appear to check reasonably well with
the gain reduction ratio derived from Williamson
and Walker (Ref. 5) on the assumption that this
can be treated as pure voltage feedback.

e r,,—i-R,,

where ratio = 1 for pentode operation
X = fraction of output voltage fed back
to screen
= percentage turns of tapping point
- 100
p = pentode mu
ne = triode mu  (screen connected to
plate)
r, = plate resistance of valve
and R, load resistance for single valve
1 X load resistance plate-to-plate.

Il

11. Overload characteristics and distortion

The overload characteristics as observed on an
oscilloscope differ fundamentally from those of pen-
todes, although they bear some resemblance to those
of pentodes with a high degree of feedback. Pen-
todes show slight flattening of the peak some dis-
tance before reaching maximum power output, the
minimum visible being about 3 or 4%. UL amplifies
without feedback show no visible deformation until
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Fig. 6. Circuit used for deriving test results pub-

lished in this article. (RT47.) Note that the

0.001 pF condensers are in different positions to
those shown in Fig. 1.

signal plate current is reduced. However, the efhi-
ciency may be made to be almost the same as for
pentode operation, and, circumstances and valve
voltage ratings permitting, if the UL amplifier is sup-
plied with the same power input as the pentode,
by increasing the UL supply voltage, approximately
the same power output will be given by both and
the combined plate and screen dissipation will be
roughly the same.

UL operation not only reduces the distortion, but
it makes the load resistance less critical over the
limited range used in these tests. It is hoped to
investigate this matter more fully at a later date.

The screen dissipation is less with UL operation,
so that conditions of operation are sometimes per-
missible with UL which are not permissible with
pentode operation. The only disadvantages of UL
compared with pentode operation appear to be the
slight loss in voltage gain, the reduced power output
(unless the supply voltage is increased) and  the
slightly increased cost due to the tapped transformer
and the stopper condensers (although the latter are
sometimes used with pentodes).

(b) Comparison with triode operation.

UL operation has higher power output, greater
efficiency, less total harmonic distortion and requires
less driving voltage. When overloaded, it suffers
from a particularly flat form of flat top even without
any external feedback.

Operation on a loudspeaker load has not been
covered by the present series of tests, but it is hoped
to publish further results in the near future. However,
a graphical check has been made on the only valve
type for which UL characteristics were readily avail-
able (type 5881), leading to the conclusion that
high load resistance will cause high distortion. If
this is substantiated in later measurements, it leaves
the triode output stage still as the ideal when its
performance on a loudspeaker load (and not a fixed
resistive load) is considered. However, this must
be at the expense of larger power supply, and
larger input voltage.
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(¢) Operation.

The point for minimum distortion is given, at
least for type KT66, by a tapping point from 17%
to 20% impedance, and the optimum grid bias and
load resistance will both be greater than for pentode
operation on the same supply voltage. Comments
on increasing the screen voltage have been made
in (a) above.

When used as a public address amplifier with the
5% tap, the loss in power output is only about
20%, and yet there is an outstanding reduction in
non-linearity when compared with pentodes.

14. Appendix
14.1. Test conditions

The test circuit used for these measurements is
shown in Fig. 6. The oscillator harmonics were
reduced by a filter, and the amplifier non-linear dis-
tortion was reduced by the use of a large amount
of feedback, so that the total harmonic distortion
at each grid did not exceed 0.2% (0.13% for the
linearity curves). The input transformer T, was
made with a C core and an inductance of 100H, with
a set-up ratio of 1:2 primary to whole of secon-
dary. The leakage inductance was 16mH primary to .
whole of secondary, and 36mH primary to half
secondary.

A tapped inductor I; was used in preference to a
transformer, tapped at 5, 10, 15, 20, 25, 35, 50
and 75% of the impedance on each side. Its in-
ductance plate-to-plate was 350H at low level,
SO0H at 240V 50 c¢/s, with leakage inductance from
one half-winding to the other half 10mH. The
d.c. resistance was 440 ohms total.

The large number of taps and switching facilities
gave a tendency towards instability, which was
avoided by the use of grid, screen and plate stop--
pers, and by capacitors of 0.001 upF between plates
and screens.

The input voltage was measured separately on
each side of the secondary T,, using a valve volt-
meter, but the values were almost identical. An
oscilloscope was connected in turn from each grid
to earth and the side showing earliest signs of
“flattening” was used as an indicator. The input
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was decreased until there was no visible deforma-
tion of a greatly enlarged waveform peak.

The output voltage, which was used for deriving
the power output was measured with an Avo Model
8 rectifier type meter. This is the type of instru-
ment commonly used in power output meters. This
was checked for accuracy against a Western dynamo-
meter type voltmeter. For pentode operation the
error was between +2% and +3.5% from 100
to 240 volts, falling to zero from 270 to 300 volts.
For UL operation the error was about +2% from
100 to 230 volts, zero at 250 volts, —1% at 270
volts, and zero again at 300 volts.

Before measuring distortion, the input and output
voltmeters and the oscilloscope were disconnected,
since they had an appreciable effect on the distortion.

The linearity tests were carried out with r.ms.
calibrated peak-reading valve voltmeters in both
input and output circuits.

The supply voltage for the present series of tests
was approximately 304 volts, giving very close to
300 volts between positive electrodes and cathodes.
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Applications Laboratory Report* Number 17

RADIOTRON 6BK8/272) = AL/ 94

LOW NOISE AF. PREAMPLIFIER
PENTODE

The Radiotron 6BK8/Z729 is a sharp cut-off a.f.
pentode of medium transconductance and triode-mu
in 9-pin miniature construction with noval base,
which has been designed specifically for a.f. applica-
tions which are critical for hum, noise and micro-
phony, and, in particular, for use in low level
miscrophone and pick-up input and preamplifier
stages of high gain audio amplifiers.

With good design and layout and provided per-
formance is not affected by factors external to the
valve, the inherently good low level characteristics
which have been achieved in the design and manu-
facture of the 6BK8/Z729 permit satisfactory opera-
tion of this valve as a resistance-capacitance coupled
pentode amplifier, with a.c. heater excitation, in
the input stage of low level high gain equipments,
such as broadcast studio and vape recorder amplifiers,
without sacrificing overall noise performance. In
typical equipments, with proper care and suitable
design, hum and noise voltages, referred to the
control grid, of the order of 1.5 uV for hum and
2 pV for valve noise (hiss) for a bandwidth of
15 Kc/s, can be achieved without undue difficulty.

The internal electrode structure is completely
shielded, the internal shielding being connected to
base pins 2 and 7 which should be earthed to the
chassis. For most applications, the internal shielding
is entirely adequate and the use of an external
shield-can unnecessary. In applications, however, in
which minimum attainable noise levels are required
external shielding of the stem section of the valve
may be necessary. In such cases, a shield-can register
or collar attached to the socket and earthed to the
chassis, as a rule, provides adequate shielding.

Because of special precautions taken in the design
to reduce the capacitance coupling between the
control grid and the heater to a minimum, the total
hum voltage referred to the control grid, under
typical resistance coupled amplifier conditions, does
not exceed 1.5 uV when either side of the heater
is earthed. Optimum and lower values of hum
voltage may be achieved, where warranted, by the
use of an ac. earth connected to a centre-tapped
resistor wired across the heater pins at the valve
socket and by biassing the cathode negatively with
respect to the heater sufficiently to cut off any
residual heater-cathode emission present. A most
convenient, simple and inexpensive arrangement for
this purpose consists of two 50 ohm resistors con-
nected in series across the heater, with a 0.25 uF
capacitor connected from the junction of the two
resistors to ground or chassis. The heater-cathode
bias is then readily provided by connecting the
junction of the two resistors to a point on a high

* Contributed by the Applications Laboratory, Valve Works,
Ashfield.
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resistance voltage divider, approximately 15 volts
positive with respect to the chassis or ground. In
order to achieve the minimum hum levels attainable
in this way, it is essential to use only a valve socket

of good quality and design, having low capacitance

and very high leakage resistance between the control
grid and heater contacts particularly. Care must also
be taken with the socket wiring and that the
centre shield is earthed.

In general, for most applications, the microphony
characteristics of the 6BK8/Z729 are of a sufficiently
low level that the use of a special anti-vibration,
anti-shock type of socket mounting is unnecessaty,
even under relatively severe vibration and micro-
phony conditions, such as occur for example in
most portable tape recorder equipments, in which
the valve is subject to motor vibration and micro-
phony due to close proximity to the loudspeaker
which often is operated at a relatively high level.
Under extreme conditions, however, some degree of
isolation may be necessary depending on the per-
formance requirements.

Radiotron 6BK8/Z729 is now included in the
Radiotron range and is currently available from
stock.

Tentative ratings, characteristics and pentode
resistance-capacitance coupled amplifier data are set
out hereunder. It is hoped to publish triode charac-
teristics and triode resistance-capacitance coupled
conditions in a subsequent issue of Radiotronics.

Tentative Maximum Ratings and
Characteristics
General Data

Electrical:

Heater for Unipotential Cathode:
Woltage: Paiine oo 6.3 ac or dc volts
@uitente s Pas iR S 0.2 amp.

Direct Interelectrode Capacitances:®
Pentode Connection:

Grid No. 1 to Plate ... .. 0.025 ppE.
Input s it 4.0 pupFE.
@ueput: e I ppF.
Grid No. 1 to Heater .... 0.0025 upE.

° With no external shield.

Mechanical:

Mounting Position . .................... Any

Maximum Overall Length ..c............ £

Maximum Seated Length ............... ik

7

Maximum Diameter .. ........ccovvinnnn
Bulbn e el i n e e e T-6-%
Base: Small Button Noval 9-Pin (JETEC No. E9-1)

BOTTOM VIEW

Base Connections:

Pin 1—Grid No. 2 Pin 6—Plate

Pin 2, 7—Internal Shield Pin 7—Internal Shield
Pin 3—Cathode Pin 8—Grid No. 3
Pin 4—Heater Pin 9—Grid No. 1
Pin 5S—Heater

Radiotronics

AMPLIFIER — Class A4,
Pentode Connection
Maximum Ratings, Design-Centre Values:

Plate: Voltagew tis. netm 300 max. volts
Grid No. 2 [Screen] Voltage ... 200 max. volts
Grid No. 2 Supply Voltage .... 300 max. volts
Grid No. 2 Input . ......v..nn 0.2 max. watt.
Plate Dissipation .............. 1.0 max. watt.
Cathode Current ..................... 6.0 max. mA
Grid No. 1 (Control-Grid) Voltage:

Negative Bias Value ........ 50 max. volts

Positive Bias Value .......... 0 max. volts

Peak Heater-Cathode Voltage:
Heater negative with respect

totcathode Er i iy o e 150 max. volts
Heater positive with respect to
cachode i v o i b 100 max. volts
Characteristics:
Plater Voltage iniad i evininn 250 volts

Grid No. 3 (Suppressor) :
Connected to cathode at socket.

Grid No. 2 Voltage ............ 140 volts
Grid No. 1 Voltage .......... 220 volts
Plate Resistance ............... 2.0 megohms
Transconductance . ............. 1850 umhos
PRlate@uirrentds s & e e 3.0 mA
Grid No 2 (@urrent o2 i 0.6 mA.
EQ&H’..EHUJ.H&&&HM[HHHEH THHTHH H
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Application Data
Operation as Resistance-Capacitance Coupled Pentode Amplifier.
Typical Operating Conditions*: Pentode Connection.

Epp Ry R, Reo Ry V.G. Ttl. Harmonic Distortion %
Volts MQ MQ MQ Q E,= 10V. | E,= 10V. | E, = 33V.
r.ms. r.ms. r.m.s.
0.1 0.1 0.18 1500 68 0.9 =
0.1 0.22 0.18 1600 85 0.7 o=
0.1 0.47 0.18 1600 102 0.4 —
0.22 0.22 : 0.56 3000 95 1.6 —
150 0.22 047 0.56 3000 128 1.1 —
0.22 1.0 0.56 3300 151 0.9 =
0.47 047 1.0 8200 116 1.5 —
0.47 1.0 1.2 7500 159 14 —
0.47 22 155) 6800 204 1.1 —
0.1 0.1 0.22 1200 74 0.5 ==
0.1 0.22 0.33 1000 929 03 —
0.1 0.47 0.33 1100 114 0.1 —
0.22 0.22 0.68 2200 115 0.9 —
200 0.22 0.47 0.68 2200 151 0.5 —
0.22 1.0 0.68 2400 175 0.5 —
047 047 1.2 6200 143 1.1 =
047 1.0 1.5 5100 217 0.7 e
0.47 22 1.8 4700 256 0.7 =
0.1 0.1 0.27 1000 79 04 2.2
0.1 0.22 0.33 820 103 0.1 1.3
0.1 047 0.33 910 123 0.1 0.9
0.22 0.22 0.68 2000 120 0.6 3.8
250 0.22 0.47 0.82 1800 167 0.2 2.4
0.22 1.0 0.82 2000 200 0.2 1.8
047 047 15 4300 176 0.8 Al
047 1.0 1.8 3600 250 0.4 34
0.47 2.2 2.2 3900 294 0.4 2.3
0.1 0.1 0.33 680 80 0.4 1.5
0.1 0.22 0.39 750 107 0.3 0.8
0.1 0.47 0.39 750 128 0.2 0.5
0.22 0.22 0.82 1500 137 0.3 1.9
300 0.22 0.47 0.82 1600 182 0.2 1.6
0.22 1.0 1.0 1500 227 0.2 0.8
0.47 0.47 1.8 2700 208 0.5 3.5
0.47 1.0 1.8 3300 270 0.3 3.2
0.47 22 22 3300 333 0.4 15
* Explanatory Notes. current practice, operating conditions have been de-
o ama termined, using only preferred values of resistance of
(a) Circuit Diagram — Component Symbols. Ry, R and Ry within the following tolerance ranges,

R, 20%, Re. 10%, Ry 5%, R, 20%. Conse-
quently, the conditions tabulated are not always
optimum with respect to harmonic distortion, and
improved distortion values may in certain cases be
obtained by exact adjustment of the particular con-
ditions using non-preferred values for Ry and Re..

(c) In all cases, a value of Ry has been chosen
such that the effective control grid negative bias
is not less than 1.6 volts, plus the peak value of
the signal voltage, to ensure negligible grid damping
of the input circuit.

= (d) Grid No. 3 (suppressor) should be con-
(b) Component tolerances— In accordance with nected to cathode at the valve socket.
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(e) Voltage gain (V.G.) and Total Harmonic
Distortion were measured at a frequency (1000 ¢/s.),
at which the attenuations due to the capacitor C
coupling R, to the following grid resistor, Ry,
and incomplete bypassing of R., and Ry by
C., and Ci respectively are negligible.

The results tabulated were obtained using a
valve having the nominal published characteristics.
Slight departures from these values can be expected
with the normal variations in characteristics, which
occur from valve to valve. :

(f) For the conditions tabulated, the valve noise
(hiss) voltage, referred to the control grid, is
normally lowest for the highest Ry, values (lowest
cathode current conditions) and is substantially
independent of E,, Typical limiting measured
values which include the normal variations from
valve to valve for the values of R, and conditions
tabulated, for a bandwidth of 15 Kc/s., are as
follows: —

Valve Noise Voltage

R, (Referred to Control Grid )
— 15 Kc/s. Bandwidth.
0.1 megohm ........ 23 — 50 pV
0.22 megohm ........ 20 — 4.0 pV
047 megohm ........ 1.0 — 3.0 uV

(g) The tabulated conditions have been selected
mainly on the bias of the best practical compromise
for minimum distortion and acceptable gain for the
two output voltages of 10 and 33 volts r.m.s. and do
not represent the optimum conditions for minimum
valve noise. The noise voltages obtained under
these conditions should, however, be adequate for
most low level applications, since they are of similar
order to the thermal noise levels of typical low level
input circuits connected to the control grid of the
first preamplifier valve.

The New A.W.A. Low
Noise A.F. Preamplifier
6BKS3 /72729
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