Pertinent Design Data

A HIGH-POWER OUTPUT TUBE—THE 250

HE 250-type power tube was developed

to 11l a definite place in the field of radio

reception, that of a tuhe which would
deliver a large output to a loud speaker with-
out appreciable distortion and with a griil
swing or input signal strength readily obtaina-
ble with available apparatus.

The tube as finally developed has been
found to meet this requirement well. A fda-
ment of the coated type is used which insures
an ample electron emission with a moderate
[ilament power consumption. The plate re-
sistunce is inherently low, a plate voltage of
only 450 being required for full power output.

he general characteristics of the tube were
determined according to its intended use as
a power amplifier. Consequently it is not well
adapted for use as an oseillator or voltage
amplifier. The use of a eoated filament to-
gether with the low amplification faetor, which
were found to be very desirable features. are
not ideal from the standpoint of oscillator
tube design, althongh the tube ean be used
as an oscillator in certain cases.

Before going into the details of the develop-
ment of the 250 it may be of interest to con-
sider some of the factors which have made the
production of tubes of high power output
desirable.

A very few years ago about the only kind
of loud speaker in general use was of the
horn type operated by a vibrating metallie
diaphragm. The characteristics of this type
of loud speaker were such as to aceentnate
greatly the higher frequencies and to suppress
the lower frequencies. Recent developments,
however have made it possible to reproduce
frequencies well below 100 cyeles with prac-
tically normal relative intensity.

A general idea of the relatively large amount
of power that the output tnbe must handle in
order to reprodnee the lower {requencies ade-
quately may be secured by examination of a
curve in the paper “ An Analysis of the Voice-
Frequeney Range” by 1. B, Crandall and B.
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Judy, 1922, This curve shows in a striking way
that in normal speech the power associated
with the low frequencies is enormously greater
than that associated with the high frequencies.

The same general relation may be observed
readily by the use of an oseillograph or a
milliammeter inserted in the output cireuit of
a receiving sct. Low notes at intensities which
are not particularly striking to the ear are
seen to have amplitudes many times greater
than those of the higher notes. Tbis elfect is
evident whether speech, vocal music, or in-
strumental music is being studied.

A litile thought will show that the use of
tubes designed for low power output in sets
equipped with transformers which pass the
low notes will, ualess the output of the set he
very much redueed, result not only in bad dis-
tortion of the low notes, but also in many
eases the complete obliteration of the high
notes.

Talble 1 shows the power output, grid swing
and other characteristics of the tubes whieh
have been developed from time to time in
order to meet the growing demand for a larger
power output.

Analysis of Various Types

1" THE tubes listed the 199- and 201a-types
are general purpose tubes, the others were
designed  primarily as output tubes. The
112a, however, while distinetly an output
tube, has a high amplification constant which
makes it useful as a voltage amplifier and de-
tector as well. The 210 also has a fairly high
amplitication constant which facilitates its
operation as an oscillator; hut as a power out-
put tube, although the plate voltage is high,
the grid swing is only 35 volts and the power
output is low eompared with that of the 250.
The power output of the 230 is about
ninety times as great as the output of the
201a which originally was used as the out-
put tube of most storage-battery-operated
sets at the time when the horn-type loud
speaker was common.

Most prople readily appreciate the advan-
tages of increased volume when it has been
demonstrated that this ean be obtained with-
out distortion.

With the relatively poor fidelity of reeep-
tion that was formerly obtained, people hay-
ing a well-developed sense of musiced harmony.
generally preferred to use low volume due (o
their unconscious objection to the distortion
at full volume. In many cases it was eon-
tended that the music was too loud although
it was the distortion accompanying high
volunie which was the real source of the objec-
tion. With the best equipment now available
most people, after becoming accustomed to
the fact that good volume may be obtained
without distortion, prefer to have their sets
adjusted for a more normd volume.

Development of the 250

T TIIE time work was started on the

. devclopment of this tube it was decided
to limit the plate potential to 450 volts; and
in order to keep the physical dimensions
within limits that would permit the use of the
standard ux base the plate was limited to a
size whieh was estimated to he able to dissi-
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¥3 watts without an unduly high tem-
atore¥rise; the blackening of the plate
makeg ut larger heat dissipation possible, due
to the résplying inerease in thermal emissivity.
It was furthed’estimated that with one stage
of audio-frequency voltage amplification, us-
ing equipment now availahle, a grid swing of
80 volts peak could be obtained.

With l‘wse factors fixed as a starting point,
several tubes were made up having amplifica-
tion constants ranging from 2.5 to 8.3.

A set of static characteristic eurves was
then taken for each tube and from these was
calculated the maximum undistorted power
output that could be obtained, using in each
case the optimum value of load impedance and
grid bias. The plate current in all cases was
limited to 55 milliamperes, the value corre-
sponding to a lieat dissipation of 25 watts.
The maximum second-harmonic distortion
permitted in these cnlculations was five per
cent., a value which has been assumed gen-
erally to be inappreciable in effect on repro-
duction.

The methods of ealeulating the maximum
power output from a set of static characteris-
tic eurves have been deseribed in detad by
others (“Design of Non-Distorting Power
Ampliliers” by 15, W. Kellogg, Proceedings
A.LE.E., Febh.. 1925, and *“Output Charaeter-
istics of Ampliier Tubes™ by J. C. Warner
and A. V. bLoughren, Proceedings 1.R.E.,
Dee., 1926): a brief outline of the procedure
will be sullieient here.

For a moderate plate voltage at whieh the
heat loss at the plate is below the maximum
allowable, the hest load impedanee is equal to
twice the tube impedanee. That this 1s true
has been shown theoretically by W. J. Brown
(*“Symposiom on Loud Speakers,” Pro-
ceedings of London Physical Sociely, 36, Part
111, Aprd, 1921) and was verified experiment-
ally by 1lanna, Sutherlin, and Upp preceding
their development of the 250.

An actual determination of the proper load
impedanece and grid bias for maximum power

45 ‘
UX-250 1

—
L

?/

AMPLIFICATION FACTOR

g

3000

3

&

=

gzooo

1000 T~ 1

L T T L )
GRID VOLTAGE
Fig. 2



RADIO BROADCAST

i
Imax+ lmiu_l y

o
2 i/,

Imax ¢ Imin.
3

Plate Current

! ] Imax + lmm._l
y 7 b
I ‘“B"s"'l Per Cent D.-mmo,,.__?._
(max .= lmin.
| --- Grid Swing- -]

Fig. 3

output at a given plate voltage involves a
eonsiderable amount of eutting and trying,
due in part to the fact that the tube resistance
varies with plate current. The most straight-
forward procednre is probably that of taking
points on the plate-current curves, at the
desired plate voltage, corresponding to sev-
eral values of plate current and determining
for each the load impedance that will give the
maximum power output without excessive
distortion, Fig. 6.

The power output in watts for any dynamic
curve is given by:

W = (1 mar — 1 min) (E:max — L . min)
8

The minimum plate current is that where
1he negative grid swing is equal 10 the fixed
grid bias.

When this nas been done it will he found
that the ratio of the load resistance to the
plate resistance, Ri/Rp becomes less as the
plate current is increased or the grid bias is
decreased; and that the maximnm power out-
pul is obtained at a point where the ratio is
equal to approximately two.

If, however, the plale current at this point
is greater than the maximum allowable, the
output corresponding to the maximuin plate
current must be used, the Joad impedanee
heing in this case greater than twice the tube
impedanee.

Fig. 3 illustrates one step in the procedure,
that of determining the sccond-harmonic dis-
tortion due to the eurvature of the dynamie
characteristic. The formua wused is—Dis-

L () mar + t min) — 1,
I mur — Y min

tortion equals

and gives the amplitude of the second

In Fig. 4 are summarized the results of the
work done on the tubes of different amplifica-
tion constanis. Curve 1 shows how the
maximum undistorted power ontput varies
with amplification eonstant, the dotted por-
tion indicating how the output would increase
if the plate dissipation were not a limiting
condition, Curve 2 shows the corresponding
grid swing required in peak volts.

It will be seen that the grid swing required
to operate the tube al ‘full output becomes
rapidly greater as the amplification constant
decreases. Also it will be noted that the power
output ‘reaches a maximum and then de-
creases. Both of these conditions are dne to the
fact that at low values of amplification con-
stant the grid becomes less eltective in con-
trolling the elcetron tlow to the plate. This
results is an execessive curvature of the
plate-current characteristic which gives a
correspondingly limited working range when
the maximum distortion permitted is fixed
at a low value.
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Fig. 5 shows the relation between maximum
undistorted power output and plate voltage.
Over a limited range the power ontput may
be taken as proportional to the square of the
plate voltage.

Figs. 2 and 7 show the stalic characteristic
curves,

The dotted curves of Fig. 7 correspond to a
filament voltage of 7. The maximum undis-
torted power outpul is in this case 4.27 watts,
a grid swing of 78 volts being required. It will
be scen that there is little loss in maximumn
power output or in sensitivity when the tube
is so operated, and it is, in fact, frequently
preferable to operate the tube dightly below
normal filament voltage in order to protect it
from over voltage due to line [luctuations
when, as is usually the case, it is operated on
alternating current. Carceful control of fia-
ment voltage will help materially in sceuring
satisfacltory operation and long life.

The inter-elecirode capaeities are: from grid-
to-plate 9 mmfd., from grid-to-fdament 7
mmid., and from filament-to-plate 5 mmnfd.

Operalion of the 250

HE 250, requiring for full power out-

put a grid swing of 80 volts, has been

designed to he operated from a detector fol-

lowed by one stage of audio-frequency
amplification.

By the use of a high plate voltage on

the detector, and the plate-current method

harmonic component as a decimal of the  TYF¢ Ep ¥ MU mp o FILAMENT oo of detection the intermediate stage of
amplitude of the fundamental. 199 o0 45 6.6 15500 (Thoriated =~ andio-frequency amplitication may be
Fig. 1 shows the relation between the 9 90 715 % 1300 f,l.u"";‘:ll._“;‘n) 153 omitted. This will tend to improve the
power ontput obtainable at various plate 120 135 -22.5 3.3 6600 (Tnngsten) 105. quality, due to the eclimination of one
~voltages and the load impedance. The  201a 90 -1.5 8¢ 11000 (Tungsten) ;; andio transformer. as well as to the im-
curve marked Woc = 25 shows the limit- 55, 18 32 0 %% cohal s proved detector action when plate-current
ing values as determined by a plate dissi- 1714 135 -27. 3.0 2200 Couted 330. detection 1l.~; uqui Tl:]l-ﬁ. [pf course, will
pation of 25 watts. This curve also shows 180 -40.5 2000 720 require rather high radio-frequency amp-
that when the plate current becomes the 210 425 -35.0 7.5 5100 g}::ﬁ‘;:‘lﬁ‘l‘)) Py lification preceding the detector. The power
limiting factor, a load resistance grealer 250 350 -58.5 3.8 1900 ated 2450 supply for use with an am lifier employ-
than twice the tube impedance should be 250 300 -67.5 1800 3200 ing a 250-type output tube should use
used. For example, al I, = 500 the load  2%¢ g0 0.0 1800 4600 two 281-type half-wave rectifier tubes in
resistance should be 2.8, a full-wave eireuit.
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