Space-Charge-Grid Amplifier

MELVIN C. SPRINKLE”

A new low-power amplifier using the space-charge-grid tubes first publicized as audio
output tubes almost four years ago. By the designer of the Musician's Amplifier.

audio enthusiast has been scarching

for wider frequency range and
lower distortion in his amplifiers. These
desirable features are expensive, and
cost is an important consideration to
the average audio ian. So, the eliort
has gone on to get the most for the least.
The amplificr 10 be desceribed represents
what is believad 1o be the highest guality
vet attained ior the required financial
investnient. The remarkable perform-
ance 1s wade possible by two important
components: a new and radically Jdifder-
ent tube type and a high-quality low-
cost output transformer.

In spite of its well known limitations
which increass cost, the triode tube has
for years been the standby of the aundio
crowd. The bzam-power tube overcame
a number ol the linitations of the triode,
but many builders never accepted the
beam power tube as the egual ot the
triode. Thus the argument has raged
for some ycars on the heam tube vs. the
triode, with good points on hoth sides.
Now. the National Union Radio Corp.
has developded for commercia!l unse a
new tube type which combines the best
features of the triode and the heam tube,
and which opens a new era in high-
quality amplifiers. This tube is known
as the NU 2160 and is a space charge
tube. Its plate family of curves resembles
those of triodes, but its efficiency il
drive requircruents are like a bheam
power tube,

The space charge tuhe has been de-
scribed in the literature,' * but for the

Fnou TIME IMMEMORIAL, it scems, the

« Peericss Dizasion, Altee Lousing Corp.

1 Llectronics, Vol. 20, No. 8 August
1947, p. 121,

2 Avolo Excmvesming, Vol 31, No. 9,
October 1947, p. 20,

Fig. 1. Separate chassis for the amplifier and
power supply simplify mounting in many ap-
plications.
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Fig. 2 Schomatic of the space-charge-grid amplifier chassis.

benelit of those who o not have access
to the references, its characteristics are
bricfly summarized. The space charge
tube is a tetrode, with a cathode, two
grids, and a plate. The grid nearest the
cathode is operated at a positive d.c.
voliage with respeet to the cathode, the
cffect being to counteract the negative
space charge and produce a larger cloud
of electrons at the plane of the lirst grid.
This cloud acts as a virtual cathode. The
seconul grid is then the control clectrode,
heing operated with a negative bias in
the conventional manner. The operation
of the space charge tube is similar to a
triode with a large effective cathode. It
should Le pointed out that it is not pos-
sible to connect an ordinary tube as a
space charge tube because so doing
would cause excessive current in the
first grid. In the NU 2160 the current
in the first grid has been lowered by
mounting a pair of side rods between
the space charge grid and the cathode,
and connccting these rods to the con-
trol grid. The side rods thus shield the
space charge (No. 1) grid from the
cathode except in the vicinity of the
lateral wires of the grid. They also have
an effect in reducing harmonic distor-
tion.

The positive voltage on the space-
charge grid is supplied from the plate
supply through a 10,000-ohm resistor.
The space charge grid is not bypassed,
and the omission of the bypass capacitor
produces three heneficial cffects: the
power output is increased slightly for a
given average cathode current, the out-
put is less affected by changes in ex-
ternal load impedance, and the odd har-
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monic distortion is reduced. It has been
mentioned that the plate current family
reseinbles triode curves, To this must
be added the fact that the plate resist-
ance 18 low-—=2.300 ohms—the p of 16
is medium, and the transconductance is
6,500 micromhos. The uniformity and
regularity of the plate faumily indicate
thiat these parameters arc fairly constant
and therefore the distortion is low. The
tube is operated with a bias of about 18
volts on the control (No. 2) grid so that
operation out of a resistance-coupled
sy:u:lc or phase inverter is very prac-
hical

Through the courtesy of National
Union, the writer was provided with a
pair of NU 2160's for experimental use.
As of the present, National Union is
plining to market the NU 2160
through radio parts distributors, hut
nriterial uncertainties make the general
availability of the tube a question mark.
It is also not known whether other tube
manufacturers will make space charge
tubes for sale through their distribution
channels,

Dulga of Amplifier

Exanunation of the ddata sheets pro-
vided with the tubes, showed that the
tube was ideal for a low-cost amplifier,
the power output as calculated heing of
the order of 6 watts for two tuhes in
push-pull. The Peerless S-508-A output
transformer, originally designed for type
6V6 tubes, has ratings as to plate cur-
rent and primary impedance which suit
it to the 2160. Tts design, based on the
6V6 plate resistance, means that it will
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perform even better at low frequencies
with the low-plate-resistance space-
charge tube. Its physical size is small,
and its price—scarcely higher than a
lurge replacement type transformer—
puts it within the reach of the most mod-
est budget. This transformer has low
msertion loss, wide frequency response,
and ability 1o deliver power at frequency
extremes. Thie periormance dita on the
complete amplifier to he given later at-
tests to this,

The amplifier itseli is simple and with
the possible cxception of the space-
charge stage is conventional. As will
be seen from Fig. 2 it consists of &
pentode amplifier stage using a
65]7, direct conpled to a 6)5 split-loud
phasc inverter whicli drives the output
tubes. The circuitry of the pentode stage
15 conventional, the only precaution be-
ingr to use an adequate hypass capacitor
on the screen. The split load phase in-
verter is also well known and conven-
tional. The writer has jound it to lw
about as good a circuit as is available,
having none of the drawbacks some-
times ascribed to it. One of the big -
vanages is that it lends itseli so well
to direct coupling from u preceding
stuge, Use of direet coupling extends
the frequency response of the stage to
d.c. am& climinates coupling networks
which can cause phase shift and Jow-
frequency attenuation. There are only
two coupling capicitors in the amplitier,
from the phase inverter plate and cath-
ode to the power amplitier grids. The
low-frequency response in the entire am-
phtier 15 very good, much better than
the transformer curves alone might lead
one to believe. [t should also be pointed
out that the direct coupling system used
fiere is almost automatic in its action to
provide optimum operation for both
stages once the plate voltage of the
preceding stage is brought close to the
positive voluage on the phase inverter
cathode. There is plenty of good clean
signal from the phase inverter to work
directly into the space charge control
grids and give full power output.

Output Stage

The spiuce charge tube cirewit differs
from the usual push-pull Lemm power
circuit in one respect. Two 10,000-0hm
10-watt resistors are used to provide
the space charge grid voltage. It is nec-
essary to use a separate resistor for
each tube. As has been pointed out pre-
viously, these space-charge grids are
not ypassed. The cathodes are tied to-
gether and go to ground through a 150-

ohm resistor, which is heavily hypassed,
The tubes are operated more Class AB,
than recommended hy the manufacturer,
as tests with intermodulation equipment
showedl that reducing the bias increasesd
the distortion slightly at the higher ont-
put levels.

Inverse feedback around the amplifier
is sufficient to reduce hum, noise, and
distortion almost to the vanishing point
at the usual levels, The source nnped-
ance is lowered 1o 2.5 chnis on the 16-
ohm tap. Connections arce available on
the output transformer to match loads
of from 4 to 16 ohms. Values for the
feedback resistor for various load im-
pedances are given in Fig. 2.

Construction

The amplifier is constructed on an
aluminum chassis 5x7 x3 in. There is
plenty of room for all parts, most of
which are mounted on two terminal
hoards. One hoard 1s used for the pen-
tode  amd  phase-inverter  components,
while the other holds the coupling ca-
pacitors and resistors for the space
charge tubes. A ground bus is used with
connection 1o the chassis at the input so
as to avoid chassis currents and hum.
The controls are simple—a volume con-
trol. a pilot lamp and an a.c. line switch

The power supply, Fig. 3. is simple
and conventional. The power trans
formner is rated a1 120 ma, and the am-
plifier ddraws just about that current.
After 12 hours continuous wse in 75° F.
ambient, the transformer is just warm.
A G-wire cable 15 used to connect the
power supply to the amplifier. The ac.
power line 15 run to the amplifier so
that there is no possibility of the power
supply hecoming cnergized, without its
load bLeing connected even if the a.c.
power switch is not installed. If no
switeh is desired, terminals 3 and 4 of
the plug must be wired together,

The two-chassis system was employed
for this unit—one chassis being used for
the amplifier anl another for the power
supply—so that the amplifier can be
placed wherever desired and the power
supply can be located at some remote
point. Furthermore, thex can be placed
side by side, cnd to end, or cven stacked
if required. One large chassis can be
used if the amplifier and power supply
are to be constructed as a single nmit.

Performance

At the beginning it was stated that
this amplifier was intended as a high-
quality, low-cost unit. 1t is believed that
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Fig. 3. Schematic of the powcr supply chassis.
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thes hies been accompilshed, as will be
seenn from the performance data. The
NU 2160 was not intended as a high-
power tube, and hence the power output
15 Jimited when compared with 616
tubes. The useful power output of the
amplifier in a load resistor connected
to output transformer secondary is about
3.5 watts, based upon the point where
the intermodulation begins to climb rap-
idly. This power rating compares very
fuvorably with the data sheet which
gives the power in a resistive load con-
nected from plate to plate as 6 watts for
2 per cent harmonic distortion, as shown
in Fig. 4 The single-frequency sine-
wave output power heiore the waveform
I»cgins to be distorted (about 3 per cent)
is 7.5 watts. The power output as a fune-
tion of frequency is given i Jig. S
It is the power output at frequency ex-
tremes that makes an ampliher sound
wood and which is retlected in the low
ntermodulation «istortion. Power out-
put at frequency extremes is a function
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Fig. 4. Intermodulation distortion curves for the
amplifier indicate its excellence tor low-power
applications.

of the output transformer, as tube man-
ufacturers o not put frequency restric-
tions on their audio power tubes, their
measuremients being made on a resistive
load comnected dircctly to the plates.

The absolute gain of the amplifier is
81 «b, and is practically constant from
20 to 20,000 cps., the maximum depar-
ture heing abont 0.2 db at the limits, It
must be pointed out agiin that frequency
response is not nearly as important in
the “ear appeal” of an amplifier as
power output s a fumetion of frequency.
The output transformer nsed has a rated
frequency response of no more than 1 db
down at 30 and 15,000 cps, yet the am-
plifier frequency response is much bet-
ter. The answer lics in the fact that in-
verse feedback improves the frequency
curve. However. inverse feedback will
not help power output measurements as
« funcuion of froquency to a great ex-
tent. Hence the power curve is more
miportant.

The total noise level, inclmling hum,
is = 31.2 dbm which is 88.7 db below the
rated output of 5.5 watts. The distor-
tion was measured with an intermodu-
lation set using frequencies of 40 and
2000 cps. Up to within 1 db of the rated
power the IM distortion is no more
than 2 per cent, and at 2 db below
rated power the 1M is 1 per cent or less.
These are entirely negligible amounts.
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An cfficient speaker with 0.1 watt input
at 1000 cps will produce a sound level
of around 83 db. This sound level has
been classified on the Electronic Indus-
tries sound level chart as “very loud
radio in home.” At a power output of
0.1 watt the IM distortion in this am-
plifier is about 0.15 per cent and at a
10 db higher level, which is roughly
representative of peaks in the program
material, the IM distortion is 0.25 per
cent. Thus at all usable levels, the IM
distortion is too small to worry about.

The total cost of the parts to build
this amplifier and power supply, using
the transformers specified for its per-
formance and other parts of first grade
is about $33.00. This does not include
the space charge tubes since no firm
price has been put upon them. However,
they should certainly be no more cx-

sive than GL6 tubes, for example.
hus the cost pnts it well within the
reach of the audio enthusiast who longs
for a better amplifier but whose “Chan-
cellor of the Exchequer” has other ideas
on what to bay.

It was not mtended that this ampli-
fier take the place of a deluxe amplifier,
such as the Musician’s Amplifier, where
the ultimate in quality is desired and
where the performance requircments
are rigorous. This amplifier “folds up”
at power levels where the Musician's
Amplifier is still below 2 per cent IM.
However, this amplifier 1s cspecially
commended for the average home, espe-
cially when cost is an important consid-
eration. At the 1950 Audio Fair it was
compared on A-B test with larger ampli-
fiers of equal quality and until the level
became so loud that it was dealening,
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there was no audible difference. In the K, 0.5 meg, audio taper vol, control
author’s home it has done everything ﬁ' }gofh’“sv 1 watt
that a home amplifier is called upon to 2’ 10 e i fn‘:m
do. There is not enough gain to operate ! 022 n:'g. 1 watt
dircctly from a magnetic pick-up car- R, R, 47,000 ohms, I watt (5% or
tridge but with a preamplifier, many of matched)
which have becn described in these Rv, R 027 meg, J5 watt
pages, it reproduces all that is on a rec- ﬁ‘: R }3000%":;;“ l:') ]“:;“:u“
ord. There is, however, plenty of gain R:.: :: 22.000 ohms. 1 watt
for an I'M tuner. Rau 0.22 meg, 1 watt
T, Peerless S-508-A output trans-
Parrs List tol:mer. iri. Z Sec w%o ohms
A te-t te; . L 4,
G 25 pf, 25 v, clectrolytic 12, 16 ohms. Frequency re8:
C: 4 pf, 450 v. electrolytic sponse = 1 db from 30 to 15,
C., Cy 0.1 pf, 600 v, paper 000 cps.
Cs 50 ud, S0 v. clectrolytic T, Pecrless R-480-A power trans-
Co, G 10-10 yf, 450 v. electrolytic former. 350-0-350 v. at 120
{FP type) ma; 5 v.at 3 amps; 63 v. at
C, G 4040 nf, 450 v, electrolytic 5 amps.
(FP type) V: 6S)7
L Peerless C-325-A filter chioke. ¥V, 6J
10 H. at 120 ma; dec. resist- 7, V,

ance, 240 ohms
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HE TiIRD An-
781 nual  Audio
7/ Fair, scheduled
for November 1, 2,
and 3, in Manhat-
tan's famous kotel
New Yorker, will
complete the meta-
morphosis  which
has scen the ex-
hibit  develop in
just threc years
mto one of the
country’'s major
clectronic events.
Beginnimg  back
in 199 with 50 ex-
hibitors and a to-
tal attendance of
3000 visitors, the
Fair occupied only a portion of the New
Yorker's sixth floor. Even though the '49
showing was considcred a success, its most
enthused supporters were forced to admit
that, unless 1950 brought a great increasc
in both comumercial su t and in attend-
ance, there was little chance for the Fair
to achieve the prominence they had hoped

or.

Came 1950 ard things happened. The
number of exhibitors nearly doubled, and
attendance jumped almost 300 per cent. An
inkling of how firmly The Audio Fair had

Hotel New Yorker

staked its position in the electronic indus-
try is found in the graphic words of an A¢-
lantic Montkly awthor who wrote, ™. . . the
mood of the visitors was exultant and an-
ticipatory,” and in review articles which
appeared in such magazines as Satwrday
Rewview of Literature, Pageont, and Path-
finder, not to mention most of the recog-
nized technical publications. Truly, Tie
Audio Fair had arrived.

The Fair is held cach year in conjunc-
tion with the annual Convention the
Audio Engineering Socicty. Growth of the
Convention has parallelled that oi the ex-
hibit, awl today it is regarded as a sym-
posium of world-wide prominence in every
aspect of audio enginecring. This year AES
members who attend the Convention will
be treated to techinical papers covering
wany departurcs from convention in the
field of audio design and application. The
technical sessions are assuming an inter-
national favor with the announcement that
engineering representatives of well-known
European manufacturers will participate.=

Theme of the Fair for ’51 is Awdio on
the Contemporary Scene. Exhibits are be-
ing planned to emphasize and dramatize the
full stature of audio and the influence it
exerts on people in all walks of life. Items
on display will serve the interest of every-
onc from the music lover looking for an
economical assembly of living-room equip-
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Plans All Set For 1951 Audio Fair

ment to that of the government official
whose responsibility lies in the use of sound
devices for psychological warfare.

In addition to commercial displays, there
will be a joint showing by Olio State Uni-
versity and a segment of the Armed Forces.
The university exhibit will be built around
a dynamic demonstration of the newest in
scientific instruments for checking hearing
characteristics, The visitor who desires
will be afforded the opportunity of using
the equipment to determine the sensitivity
of his own hearing. The Armed Forces'
portion of the display will fcature the use
of similar devices in connection with vari-
ous military projccts.

It can thus be secn how thoroughly the
1951 Audio Fair will realize the prime ob-
jective of its founders—". . . to provide an
mstrument of national research as well as
a medium for bringing high-quality audio
before the public’s ¢yes and ears.”

Irrespective of one’s audio interests—
whetlier he be a top-flight design engineer,
a broadcaster, or a music lover—he must
attend The Audio Fair to keep well in-
formed in his chosen field. As in previous
years, admission to all exhibits is iree, and
technical sessions of the Convention are
subject to a small attendance charge.

More emphatically than ever the slogan
of the first Fair prevails in 'S1—The Andio
Fair is YOUR Afair.
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