of the magnetic pickups and eart-

ridges bearing his nuine, presented o
paper on the spauee-charge-grid output
tube at a meeting of the New York section
of the Institute of Radio Fngineers held
in the Western Union auditorium on
Sept. IS,

While the investigation of this tube
was started in the early 30°s, the advent
of the heam power tube effectively over-
shadowed the space-charge tube, and it
was never introdueed publicly. The desive
for the towest possible distortion cansed

N()l{.\l.-\.\' . PICKERING, designer

N.
r

C. Pickeri

Advantages of

Describing new application of an old
principle
put tube achieves
formance ot

the space-charge-grid out-
triode per-
tetrode efficiency.

ing out the lines of equal poten-

the tnbes to he resurrected, and further
measurements have shown them to have
many advantages. Triodes, of course,
Lave long been favared for low-distortion
amplifiers, but they are hard to drive
properly.  Pentodes and  heam-power
tubes are easier to drive, but bave in-
trinsieally higher distortion. The tests on
the space-charge-urid tube show it to
combine the low distortion characteristices
of the trinde with the easy-to-drive
churaeteristies of the beam power tube.
This tube has certain points of similar-
ity to the beam power tube in construe-

tials within the structure of 8 triode, as compared to those in
the beam and space-charge tubes. The solid lines on the
chart represent conditions between the cathode at the left
side of each diagram, and the plate at the right when the con-
tro! grid is at zero-signal conditions. r
sent conditions at maximum positive swings of the control grid.

¢ dotted lines repre-

tion, using two grids aligned: in the same
manner. The spacing between eathode
amd the space-charge prid is greater than
is customary with beam power types. The
fow positive potential applied to the
space-charge grid causes, the cffective
cathode diameter to be increased appre-
ciably, and the tube is able to perform in
a manner similar to a triode without the
necessity for the control grid to he in
close proximity to a thermally heated
cuthode, with its attendant disadvantages.

If an ordinary beam power tube were
connected as u space-charge tube, the cur-

Per cent harmonics vs. power output, and (right) power output and distortion vs. load resistance for a typical triode, @ space-charge-grid tube,

and a beam power tetrode.
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Space—Charge—Grid Output Tubes

rent drawn by the gpace-charge grid
would he excessive, due to the close posi-
tioning with respect to the cathode, In
the experimental tubes, this was over-
come by mounting a pair of side pols
hetween the space-charge grid and the
cathode, and connevting these rods to the
control grid, thus shielding the spuce-
charge grid from the eathade in the areas
where the effeet of the first grid is not
necessarv.  The voltage for the space-
charge grid is obtuined from the plate
supply  throngh  an unbypassed  series
dropping resistor, the absence of a hy-
pass capacitor eausing some degenerative
action on the signal current. The tube is
not eritieal with respeet to load resistance.

A comparizon between the space-charge
tube ond the types now in use—triodes
amd beaom power tubes -involved the con-
struetion of three separate amplifiers,
using nearly  identieal eirenit arrange-
ments, the same output transformer, and
the xume power supply. Sinee the only
available space-charge tubes were rela-
tively small, the comparison waz made
hetween them, the 45 representing the
trindes, anmd the 6V6 representing the
heam power tubes.

Measurements of power output, and
intermodulation and harmonie distortion
were made on the three amplifiers, each
being wrranged for optimum load impe-
dance, and the results indieated =ome
promise. In practically every test, the
space-charge tube was superior to the
others.

The =puce-charge tubex were about
twice ax gol as the triodes at low values
of harmonie distortion, with the latter
being about 1 db better on the intermodu-
lution tests, The effective wplification of
low-mmu triodes i naturally small, and
while the i of the Y6 is 230, the useful
gain, considering the high plate resistanee
of the tubes and the low value of load
required for optimum operation, is only
about 13.3. The spuee-churge tube with
aom of 20 manages to afford o useful
gain of 16.6.

Damping Factor

The damping factor. a result of the
effective generator impedancee, varies con-
siderably  with the tube types. The
impedance of the generator, as scen from
the Towdd, is five times the load resistance
in the ease of the beam power tube, 0.8
times the load resistance for the triode,
and 0.5 times for the space-charge tule,
Thix property makes for cleaner bass re-
sponze ad the elimination of  “hung-
over,” un effeet so objectionable with
pentotdes and beam power tubes. Oue
additional advantage of the low effective
generator impedance 1= the prevention

of a voltage rise at high frequencies; with
the space-charge tubes, there is less neves-
sity for the use of inverse feedback,
While the plate-to-plate load for the
space-charge tubes wis found to he higher
than for either the trimdes or the heam

tubes, no more primury inductance is re-
quired in the transformer, it being neces-
sary only to mateh the impedanee of the
loudspeaker properly by reducing the
seconedary turns in the output trans-
(Continued on page 43)
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Space--Charge--Grid Tubes
[ from page 21)
former.  This reduces the  transformer
cost, and also reduees losses in the second-
ary winding, and leakage inductance,
A primary inductanee of 10 henries is
sufficient for response to within l:«lbcln\\'n i
to 30 eps, |

The input-output curves for the three
types of tubes were also compared, aned
the space~charge tube was better in this
respect.  The 6V6 curves depart from !
linearity about 10 db below the max imum
output point. while the space-chanze
tubes were linear up to 3 db below the
waximum output, The triodes were in-
termediate to these two values.

The aural demonstrations aceompany-
ing Mr. Pickering's talk were convlusive
proof of the advantages of the space-
eharge tubes.  Using a maodified Klipseh
speaker system, the low-frequeney re-
sponse was notably freer from hangover
and from distortion in the higher fre-
gueneies,  Howover, when  reproduced
through o good quality 12-in. speaker
mounted in a conventional bass reflex
cabinet of about 3 eu. ft. volume, the
hangover effects of the 6V6 amplifier were
particularly objectionable, and the per-
formance of the spaee-charge tubes was
seen to be definitely =uperior to that of the
beam power tubes. In all particulars, the
performance of the space~charge tubes
was equal to or better than that of the
triodes,

Unfortunately, these tubes are not vet
in production. The response to the paper
and the obvious advantages of the new
tubes will govern the future steps of the
designers.  Your reporter has already
placed an order for a pair of them as =oon
us they become available. It ix contem-
plated that these tubes will be made in |
two power capaeities. one heing in the
range of the 6V6 while the other will corve-
spond roughly to the capacity of the L5,
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