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In this application, I disclose an improved:

method of and means for operation of electron
discharge tubés of the screen grid or beam pen-
tode type. My invention is of wide use in the
radio and allied arts, the uses thereot bemg too
nuinerous to include in this application. I have,
however, disclosed herzin one important applica-
tion of my invention. In this application, a tube
is arranged and operated in aécordance with my
invention and is used as a power amphﬁer siich as
might be used to amplify speech for modulating
acarrier. Of course, this apphcatlon per se of my
invention isof wide useé in the electronic ait since
power amplifiers are widely used.

The tube described is ah RCA 807. Other
screen grid tubes may be used such &g, for &x-
ample, tubes of the 616 type. Tubes of this
tybe have excellent €lass AB2 characteristies
but have been used comparatlvely little in audio
frequency modulator service. Perhaps this is
because of the difficulties encountered in pro-
viding the reguired regulation of control grid
bias and screen grid voltages. The possibility of
using the 807 tube and others of the same type in
class B audio service is 1ntr1gu1ng Its unipo-
tential cathode, its low priee, its small size and its
ability to deliver a great deal of power at low
plate voltage provided the impetus for a series of
experiments, the primary purposes of whi¢h were
to provide a circuit arrangement using this tube
in a manner such as to bring out its good features
enumerated in part and to suppreas or eliminate
its undesirable characteristics. A ore spe(uﬁc
pburpose of My invention is to eliminate the use
of screen erid and bhias supplies necessaty for
AB?2 operation of these tubes. In carrying out
my invention, work was started with sereen grid
tubes of the 616 type but later tests weré made
with the type 807 tube and these tests show that
the system éan be used with other multi-grid
tubes for numerous class B operations.

In describing my invention in detail, reference
will be made to the attached drawings wherein

Fig. 1 is a schematic circuit diagram showing
the essential features of my invention as used in
a power amplifier.

Pig. 2 fllustrates by a séries of curves the pro-
gressive improvement of plate characteristics
with addition of resistance in the #1 grid circuit.

Fig. 3 is a second family of curves 111ustratmg 5

the plate current voltage characteristics of tubes
srranged and operated in accordance with my in-
vention, while

Fig. 4 is a basic diagram of 3 tube arrangeéd snd

-operated in accordance with my invention; such &
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2
as might be useq to obtain the various character-
istics illustiated by the eurves in Figs. 2 and 3

In Fig. 1, the Voltage to be amplified is fed to
the leads mdlcated Input and amplified in a pre-
amplifier 4 of any approved type. A suitable
amplifier for use here has béen described in
detail in g pubhcatlon appearmg in Ham Tips,
May-June 1947, vol. VII, No. 2, entitled “New
modulator ¢ircuit utilizes 807’s in class B with
verd bias.” The amphﬁed output is fed to the
primary winding of a transformer T2.

My invention is included in the next stage
comprlsmg tubes 12 and 18 of the pentode type
havmg sereen grid electrodss 16 and 18 coupled
differentially by the secondary winding of the
transformer T2. The contiol gnd 28 of tube 12
is connected to the scréen grid i§ by a reSIStor R
while the eontrol grig 22 of the tube 14 is con-
nected to its screen grid 18 by a résistor R. The
electrmal center of the $econdary winding of
transformer T2 is tied to the indirectly heated
cathodes and to ground and t6 ‘the negative
terminal of the plate source. Tubes {2 and {4
afe otherwise substantially conventional in their
arrahgement and connection and the anodes are
connected with the primary winding of an output
transformer T3.

T8 the development of this ciréuit, plate fam-
iliés were taken with various values of resistance
R between the #9 and #1 gtids of tubes 2 and 14,
The series of curves shown in Fig. 2 illustrate the
eITEct of the resistancs in the #1 _grid ‘circuit upon
the shape of the plate family. 'The drlvmg volt-
age désighated is that which is applied dlrectly
to the #2 grid. Low values of resistance give
poor knees because the #1 grid is takmv too
much of the current. As the resistance is in-
creased, the knee improves, until the optimium
condition is reached at about 20,000 ohms.
Higher values of resistdance necessitate screen
grid driving voltages that are higher than the
type 807 tube ratings permit. - In the curves of
Figs. 2 and 3 Ho i5 volta ge applied to the #2 grid.
R is measured in ohms. Esis plate potential in
volts. Iz is plate curient in millismperes and Ic
is euirent in mllhamperes to the #1 and #2 gv'lds

The 90,000 ohm value for R is a good coni-
Promise, and it can be seen in F1<r 3 that when
R20,000 chms, 4n adequate plate family is pro-
duced. The grld current curve is depicted by a
dotted line. With a 750 Volt supply, a plate-to-
plate 16ad of 6600 ohins, and a driving source
giving 554 peak volts giid-to-grid;, 120 watts of
audio are dvailable: The powér fo drive the grids
Is greater than that veeded for class ABY; but the
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sacrifice is an easy one to make because a push-
pull triode driver will easily furnish the 5.3 watts
needed for the class B 807 grids.

The only important technical difference be-
tween 807’s and regular zero bias class B triodes
is in their effective grid resistance. Whereas most
of the high mu zero-bias triodes require low-
voltage high-current driving signals, the 807’s
take excitation at high voltage but with low
current.

As stated above, any approved amplifier may be
used as the preamplifier 4. In Fig. 1, I have
shown in rectangle 4 an amplifier I found satis-
factory in operation. The voltage to be ampli-
fied is impressed on the primary winding of a
transformer Tl, a secondary winding of which
is coupled in push-pull relation to the control
grids of a pair of amplifier tubes € and 8. Inthe

embodiment illustrated, these preamplifier tubes

were of the 2A3 type with their cathodes heated
by alternating current from a transformer T4,
the secondary winding of which is connected to
ground by a biasing resistor R{ shunted by a
large condenser Cl. The potential drop therein
is applied to the center point of the secondary
winding of transformer Tl and operates the grids
as desired. The anodes of the tubes 6 and §
are coupled in push-pull relation by the primary
winding of the transformer T2 and direct cur-
rent potential for the anodes of the preamplifier
stage is supplied to a point at the electrical center
of this primary winding.

The 807 grids present a fairly constant load,
applied continuously. A pair of 2A3’s, which will
give ten watts with a plate-to-plate load. of 5,000
ohms, can be coupled to the 807’s by a trans-
former T2 matching the 5,000 ohms of 2A3 plate
load to the 7,100 ohms or equivalent grid re-
sistance of the 807 class B stage.

The final item in the modulator is the output
transformer T3. Any audio transformer designed
to handle the required output will do, providing
it will matech the plate-to-plate impedance of the
tubes. 12 and 14 to the load which, in the case
under discussion, might be the plate circuit of an
RF amplifier operating class C.

As stated above, my invention was made during
work on power amplifiers. The principle in-
volved, however, is much broader being the use of

a resistor between the control grid and screen grid

of a multigrid tube. The selection of the re-
sistor will determine the operating characteristic
of the tube and such selection is made with the
use to which the tube is put in mind. For
example, with a tube as arranged in Fig. 4, ad-
justment of the resistor R’ may be made to ob-
tain various characteristics such as illustrated in
Fig. 2. The range of resistor R values and
magnitude of Ec of Fig. 2 are such as may be
used with a type 807 tube. Different type tubes
will require other values of resistance to obtain
the optimum operating conditions for the job
at hand. The variable potentials may represent
control potentials of any type such as for tuning
purposes or keying purposes and the like. The
conductance of tube 12’ and its current outputb
changes with changes in the magnitude of the
supplied screen grid potential in accordance with
the tube characteristic as established by selection
of R’. The resistor I, may represent the load and
the current therethrough is controlled.: For ex-
ample, a relay winding may replace L and then
the relay may be controlled by the variable poten-
tial on the #2 grid. Controlled voltage appears
across L and may be used as desired,
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What is claimed is:

1. In a voltage or current amplifier, an electron
discharge tube having an anode, a cathode, a con-
trol grid and a screen grid, an alternating current
input circuit, on which said voltages or currents
to be amplified are impressed, coupled directly be-
tween said screen grid and said cathode, an
alternating current output circuit coupled to said
anode, and direct current circuits for the elec-
trodes of said tube including a series resistor of
appreciable value connecting said screen grid to
said control grid and a source of direct current
potential for maintaining said anode electro-posi-
tive relative to said cathode.

2. In a voltage or current amplifier, a pair of
electron discharge tubes each having an anode, &
cathode, a control grid and a screen grid, an
alternating current circuit excited by voltages or
current to be amplified coupled directly to the
sereen grids of said devices in push-pull relation,
said push-pull coupling including a connection
to the cathoedes of the tubss, an alternating cur-
rent output eircuit courled to the anodes of said
tubes, and direct current circuits for the elec-
trodes of said tubes including a series resistor of
appreciable value connecting the screen grid of
each tube fo its control grid, there being a sep-
arate resistor for each tube, and a source of direct
current potential for maintaining said anodes
electro-positive relative to said cathodes.

3. An amplifier as recited in claim 2 wherein
said resistors are of substantially equal value.

4.-An electron discharge tube circuit, com-
prising an electron discharge tube having an
anode, a cathode, a control grid, and a screen
grid; a source of controlling volfage; means con-
necting said source directly to said screen grid;
means connecting said control grid o said source
and to said screen grid only through a resistor
of appreciable value; and a utilization circuit
connected between said anode and said cathode.

5. In an electrical energy repeater making use
of an electron discharge tube which has an anode,
a cathode, a control grid, and a screen grid; a
circuit terminal for each tube electrode; means
connecting the control grid terminal to the screen
egrid terminal only through a resistor of ap-
preciable value; connections for applying a con-
trolling voltage directly to the screen grid
terminal; and means for connecting a utilization
circuit between the anode and cathode terminals.

6. In connections for operating an electron dis-
charge tube which has an anode, a cathode, a
control grid, and a screen grid; a circuit terminal

5 for each tube electrode; means connecting the

control grid terminal to the screen grid terminal
only through =2 resistor of appreciable value;
connections for applying a variable controlling
voltage directly to the screen grid terminal; and
a utilization circuit connected between the ancde
and cathode terminals.
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