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My present invention relates to high voltage-
low power direct current supply circuits, and more
particularly to a direct current supply source of
the radio frequency oscillator type.

One of the main objects of my present inven-
tion is to provide a power supply source of high
voltage and low power wherein g required direct
current voltage step-up is obtained by means of
& radio frequency oscillator having over-coupled
‘tuned primary and secondary circuits in the plate
circuit thereof.

Another important object of the invention is

to provide a high voltage power supply circuit

of good regulation, compactness and light weight;
the circuit having particular utility in connection
with television tubes, such as iconoscopes and
kinescopes.

Another object of my invention is to improve
the voltage regulation of high voitage supply
sources; a multi-grid oscillator tube being em-
ployed in a radio frequency oscillator circuit to

provide oscillations for g subsequent rectifier; a -

screen resistor being utilized in the oscillator tube
screen circuit to limit and regulate its power out-
put by having the screen voltage rise and fall in
accordance with the load.

Still another object of my invention is to pro-
vide a high frequency step-up transformer en-
ergized by an oscillator requiring a comparatively
low direct current supply voltage; and the nat-
ural frequency of at least one of the transformer
coils being varied to produce a double-peaked
Iésonance curve, the oscillator feedback phase
being adjusted to operate the oscillator prefer-
ably at the lower frequency peak of said curve
whereby excellent, voltage regulation of the out-

. but circuit is maintained, irrespective of the vari-
ation in the load across the secondary coil, within
the power output range of the oscillator.

And still other objects of my invention are to
improve generally high potential direct current
sources, gs for cathode ray tubes, and more espe-
cially to provide such sources in a compact,
readily-transportable and reliable form which is
economical in manufacture and assembly, and
which, because of its current limiting property,
removes the danger of lethal shocks obtainable
from powerful low frequency-operated supplies.

The novel features which I believe to be char-
acteristic of my invention are set forth with par-
ticularity in the appended claims; the invention
itself, however, as to both its organization and
method of operation will best be understood by
reference to the following description taken in
connection with the drawing in which I have in-

- dicated diagrammatically a circuit organization
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whereby my invention may be carried into effect.

In the drawing:

Fig. 1 shows an embodiment of the invention,

Fig. 2 shows response characteristics of the os-
cillator step-up transformer.,

- Referring now to the accompanying drawing,
there is shown in Fig, 1 a tube | of the multi-grid
type. It comprises at least g cathode 2, a control
grid 3, a screen grid 4 and a plate 5. The plate
and screen electrodes are maintained at positive
direct current voltages from a direct current
source (not shown). The screen 4 is connected
to a point of desired positive voltage by a screen
resistor 6 of predetermined magnitude. The con-
denser T by-passes the screen to ground for radio
frequencies,

The control grid 3 is returned to ground
through a path including grid resistor 8, shunted
by condenser 8, and feedback, or tickler, coil 10.
The cathode is grounded, while the plate 5 is
connected to a point of higher positive potential
than screen 4. The plate circuit includes a paral-
lel resonant circuit which consists of the priznary
winding (1 of output transformer 12 shunted by
the condenser 13. The latter may be adjustable
for a reason later to be set forth, The secondary
circuit of step-up transformer 12 consists of the
secondary coil 14 shunted by capacitance 15. The
latter is shown dotted to indicate that it is made
up of the natural coil capacity, stray capacities
and the diode capacity.

The arrow through coils 14 and 1 denotes the
reactive coupling therebetween. The arrow pass-
ing through coils 10 and 14 designates the re-
active coupling between the output circuit {4—15
and the feedback coil {0, The high frequency
voltage built up across the circuit 14—15 is recti-
fied to develop the high voltage-low power direct
current. Thus, dicde 20 may have its anode con-
nected to the high side of the circuit §4—{ 5, while
the diode cathode is connected to ground by the
load resistor 2f. The condenser 22 is shunted
across -load 21, and by-passes radio frequency
currents. The symbo] Ea represents the high vol-
tage-low power source,

The high frequency step-up transformer 12 is
a system comprising two tuned circuits of differ-
ent resonant impedances, and having a certain
degree of coupling. The high frequency energy
transfer into the secondary tuned circuit {4—t5
from the primary tuned circuit {t—13 may ap-
proach 1009% when the coupling is increased
sufficiently beyond the critical value. This does
not cause instability of oscillation between the
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two coupling frequencies, as the feedback phase
is only correct for one coupling frequency be-
cause of the indirect coupling of 11 through 14
to 10.  The effect of loading with tight coupling
between the transformer tuned circuits is shown
in Fig. 2. The coupling K is assumed to be of the
order of 25%. In that figure Ez, which is the vol-
tage across the output. circuit, is plotted against
frequency in megacycles (mec.).

Both curves shown demonstrate a higher reso-
nance rise at A1 than at fa. These resonance
peaks are caused by the tight coupling between
coils 11 and 14 of transformer 12. This is a prac-
tical tuning condition used for producing oscil-
lations at the lower frequency peak fi. A de-
crease of the capacity of condenser 13 causes a
frequency increase of fi'thereby increasing the
resonant voltage at /1 and vice versa. Tuning,
therefore, provides a voltage control within cer-
tain limits, It is found that the change in sec-
ondary voltage from no-load condition (“No
Load” curve) to a certain secondary load (“Load”
curve) is a minimum when operating the circuits
at the lower frequency peak f1 of the response
curve.

The secondary circuit {4—15 governs the oper-

ating frequency of the transformer. The ca- -

pacitance 15 is kept at & minimum in order to
secure a high circuit impedance. The primary
circuit {{—13 is tuned by condenser 13 to the
same frequency &s the secondary circuit, or near-
ly so. In other words, the tuned frequency of
1{—13 will be equal to, or higher than, the tuned
frequency of 14—15. When the coupling K is
equal to, or less than, critical coupling, the os-
cillating system has for equal tuning one degree
of freedom, and will oscillate at one frequency.
For the more efficient case K is made substan-
tially greater than Ke (critical), and the oscillat-
ing system has two degrees of freedom, as shown
in Fig, 2. An oscillator with grid winding cou-
pled to the plate winding will in that case oscil-
late at either f1 or fa reguiring re-tuning every
time it is started as it tends to select the fre-
quency peak of least loading.

The oscillations become stabilized to one cou-
pling frequency by coupling the feedback coil 10
to the secondary coil 14, as shown in Fig. 1. The
voltage Es (secondary voltage) is in phase with
the primary voltage only at one coupling fre-
quency, and is 180 degrees out of phase at the
other coupling frequency. The polarity of the
feedback coil 10 then determines stable operation
at either f1 or fo. The direction of the feedback
winding with respect to the primary i1, for oscil-
lations at the lower coupling frequency fi, is that
of a normal oscillator circuit. )

That is to say, the voltage of control grid 3
has the opposite phase with respect to the plate
potential assuming absence of coil {4, Sum-
ming up, then, the relation between the feedback
coil and the step-up transformer, it is pointed
out that, according to my present invention, it
has been found preferable to obtain grid excita-
tion from the secondary circuit rather than from
the primary. In this way oscillations are ob-
tained only at one of the two degrees of freedom
of the network. Oscillations may be generated
at either of the two peak frequencies of the dou-
bly-peaked response curve according to the rela-
tive polarity chosen for the grid coil 1{0. Fur-
thermore, in accordance with my.invention the
feedback coil polarity is so chosen as to produce
oscillations of a frequency which is substantially
equal to the lower frequency peak f1. This meth-
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od of operation has been found to give improved
regulation of voltage across the load 21 with re-
spect to variations thereof. The oscillator of
my invention is well adapted to deliver very high

8 alternating voltage to a high resistance load, and

to deliver such voltage with good regulation and
good frequency stability. ’
As explained previously, another important
feature of this invention resides in the use of a
multi-grid oscillator tube wherein a screen re-
sistor is employed in the screen grid lead to con-
trol the oscillator power output thereby to en-
hance the voltage regulation. The oscillator tube
may be one of the 6F6, or preferably a beam tube
of the 6L6 or 6Y6G type may be used. The
effect of screen resistor 6 is to permit the screen
voltage to be self-adjusting. With low power
output, that is with a high plate load, the screen
current increases. This, in turn, causes a re-
duction of screen voltage due to the series resist-
ance. This, again, increases the control grid
current thereby causing a further increase of
screen current. This action will be emphasized
if a fixed bias or cathode bias is used, because
then the control grid current is permitted to
" jncrease much more. With certain adjustments
of bias, screen resistor, excitation and tuning,
even negative regulation may be obtained for
certain .load changes. In so far as the present
sereen regulation is concerned, the screen voltage
will fall or rise in accordance with the load and
thereby maintain good voltage regulation.

The oscillator operating frequency depends on
the resonant frequency of the high voltage cir-
cuit, which is designéd for high impedance and
reasonably high Q-value (about 150 to 300). For
example, a frequency between 600 and 300 kc.
results for good coil design for 2,000 to 10,000
volt sources respectively. By means of the pres-
ent invention a comparatively low direct current
supply voltage source can be used to energize the
oscillator tube. Cathode ray tubes requiring high
potentials may be supplied from the output load
resistor of a rectifier. Indeed, voltages up to
75,000 volts, as in the case of theatre projection
kinescopes, may be secured from supply circuits
embodying the present invention. For high effi-
ciency and good regulation class C operation of
the oscillator tube is preferably employed. For
example, & 6Y6G tube, embodied in a circuit of -
the present invention, is capable of delivering 15
watts of radio frequency power at a plate volt-
age of 300 volts with 75 percent efficiency. Prac-
tical values of output voltage regulation are be-
tween 5 percent and 15 percent, depending upon
the change of load current, the percentage of
utilization of possible oscillator power and the
circuit tuning.

It will be understood that the rectifier shown in
Fig. 1 is purely illustrative, Various other recti- -
fler circuits' may be utilized. Voltage doubling
diode circuits may be used. . Those skilled in the
art are fully acquainted with the various ways of
rectifying high frequency currents. Furthermore,

66 the rectifier load resistor may be tapped at dif-

ferent points to provide different magnitudes of
high potential for utilization by the load devices.

While I have indicated and described a system
for carrying my invention into effect, it will be

70 apparent to one skilled in the art that my inven-

tion is by no means limited to the particular or-
ganization shown and described, but that many
modifications may be made without departing
from the scope of my invention, as set forth in the

75 gppended claims, :
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WhatIclaim is:

1. An oscillator generator comprising a tube
having at least a cathode, control grid and plate,
a pair of resonant circuits, mutual impedance
therebetween substantially in excess of the value
required to produce two natural frequencies in
said circuits, a connection between the plate and
one of said pair, a load coupled to the second of
said pair, and a feedback coupling between said
second circuit and the grid for sustaining oscilla-
tions at one of said frequencies.

2. An oscillator generator comprising a tube
having at least a plate, cathode and grid, a pair
of resonant circuits, mutual impedance therebe-
tween substantially in excess of the value required
to produce two natural frequencies in said cir-
cuits, a coupling between the plate and one circuit
of said pair, a load coupled to the second circuit
of said pair, and a feedback coupling between said
second circuit and the grid for sustaining oscilla-
tions at one of said frequencies, the polarity of
grid coupling being chosen to produce oscillations
at the lower of said frequencies.

3. In a high frequency oscillation generator

adapted to deliver high voltage alternating power’
to a high resistance load with improved voltage
regulation and with good frequency stability, said_
generator comprising an electron discharge device

provided with at least an electron emitter, an out-
put electrode and an electron control electrode,
an output transformer comprising a first resonant
circuit connected directly to said output electrode,
a second resonant circuit coupled to said load, a
reactive element coupling said control electrode
to said second resonant circuit, each of said
resonant circuits including resonating capacity.

said capacities being so relatively chosen as

properly to load the oscillator, means for re-
actively coupling said two resonant circuits to
provide a doubly-peaked response curve for the
coupled resonant circuits whereby said oscillating
system has two degrees of freedom, and the
polarity of said reactive element being so chosen
as to generate oscillations at that one of the two
degrees of freedom of the oscillating system at
which the loading on the tube is increased by a
small decrease in the tuning capacity of the first
resonant circuit.

4. In a generator as defined in claim 3, said one
degree of freedom being such that oscillations are
produced at the lower of the two natural fre-
quencies of the system.

5. In an oscillation generator of the type com-
prising a tube provided with at least a cathode, a
control electrode, a screen grid and outpui elec-
trode, means establishing said output electrode at
a substantially higher positive potential than said
screen grid, a resonant circuit, means connecting
the output electrode to a point of relatively high
potential of said resonant circuit, a second reso-
nant circuit, means reactively coupling said two
resonant circuits, a load, means connecting said
load across said second resonant circuit, means
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reactively coupling said control electrode to at

least one of said resonant circuits to provide
proper- feedback for oscillation production, said
reactive coupling being sufficiently great to pro-
vide a doubly-peaked response curve for said
coupled resonant circuits, and said feedback cou-
pling being chosen to cause oscillations to be
produced at the frequency of the lower frequency
peak of said curve. '

6. In an oscillation generator of the type com-
prising a tube provided with at least a cathode, a
control electrode, & screen grid and output elec-

65
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trode, means establishing said output electrode at
a substantially higher positive potential than said
screen grid, a resonant circuit, means connecting
the output electrode to a point of relatively high -
potential of said resonant circuit, a second reso-
nant circuit, means reactively coupling said two
resonant circuits, a load, means connecting said
load across said second resonant circuit, means
reactively coupling said control electrode to at
least one of said resonant circuits to provide
proper feedback for oscillation production, said
reactive coupling being sufficiently great to pro- -
vide a doubly-peaked response curve for said
coupled resonant circuits, and said feedback cou-
pling being chosen to cause. oscillations to be pro-
duced at the frequency of the lower frequency
peak of said curve, and a resistor in circuit with
salid screen grid for obtaining regulation of oscil-
lator power.

7. An oscillator generator comprising a tube
provided with at least a cathode, control grid,
screen grid and plate, means for establishing said
screen grid and plate at positive potentials, a pair
of resonant circuits, reactive coupling therebe-
tween substantially in excess of the valué required
to produce two natural frequencies in said cireuits,
a connection between the plate and one of saic
pair, a load coupled to the second of said pair, a
feedback coupling between said second circuit and
the grid for sustaining oscillation at one of said
frequencies, and a resistor of predetermined
magnitude in circuit with the screen grid to limit
and regulate the oscillator power output.

8. An oscillator generator comprising a tube in-
cluding a cathode, a grid, a plate and a screen
grid, a pair of resonant circuits, mutual im-
pedance therebetween substantially in excess of
the value required to produce two natural fre-
quencies in said eircuits, a coupling between the
oscillator tube plate and one of said pair, a load
coupled to the other of said pair, a feedback cou-
pling between said other circuit and the grid for
sustaining oscillation at one of said frequencies,
and a resistor in the screen grid circuit for limit-
ing the oscillator power output.

9. In a high frequency oscillation generator
adapted to deliver high voltage alternating power
to a high resistance load with improved voltage
regulation and with good frequency stability, said
generator comprising an electron discharge device
provided with at least an electron emitter, an out-
put electrode, an electron control electrode and a
screen grid, an output transformer comprising a

first resonant circuit connected directly to said
‘output electrode,

a second resonant circuit
coupled to said load, said two resonant circuits
being sufficiently reactively coupled by mutual in-
ductance therebetween to provide a doubly-
peaked response curve for the two resonant cir-
cuits whereby the oscillating system has two de-
grees of freedom, a reactive element coupling said
control electrode to said second resonant. circuit,
the polarity of said reactive element being so
chosen as to generate oscillations at one of two
degrees of freedom of the oscillating system.

10. In an oscillation generator of the type com-

_prising a tube provided with at least a cathode,

70
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a control electrode and output electrode, a reso-
nant circuit, means connecting said output elec-
trode to a high potential point of said resonant
circuits, a second resonant circuit, means reactive-
ly coupling said two resonant circuits, a resistive
load connected to said second resonant circuit,
means reactively coupling said control electrode
to at least one of said resonant circuits to provide
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proper feedback for oscillation production, and
said reactive coupling being sufficiently great to
provide a doubly-peaked response curve for said
coupled resonant circuits, said feedback coupling
being chosen to cause oscillations to be produced

at the frequency of the lower frequency peak of ’

said curve. -
11, A direct current supply source comprising a

tube having at least a cathode, control grid, screen

grid and plate, a relatively low direct current volt-
age supply source connected to said tube to apply
positive potentials to said screen grid and plate, a
transformer having resonant primary and sec-
ondary circuits each tuned to substantially an
oscillation frequency chosen from a range of high
frequencies, means connecting said primary cir-
cuit between sald plate and cathode, a rectifier

10

15

2,374,781 .

coupled to said secondary circuit and including a
resistor load in circuit therewith, a coil coupling
sald control grid to said secondary circuit to pro-
vide feedback thereby to produce high frequency
oscillations for rectification by said rectifier, said
primary and secondary resonant circuits being
coupled in excess of critical coupling thereby to
impart a doubly-resonant response curve {o the
transformer whose resonant peaks are relatively
widely spaced, said coil coupling being chosen to
cause the feedback phase to be correct for pro-
ducing said oscillations at a frequency equal to the
lower one of said frequency peaks, and resistive
means in circuit with said screen grid to permit
the screen voltage to be self-adjusting.

OTTO H. SCHADE.



