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- lator tube and the shunt impedance path across

6 Claims,

This invention pertains generally to regulated
power supply circuits and more particularly to a
voltage regulator for a source of rectified and fil-
tered alternating potential wherein the regula-
tor provides a power source having substantially
constant output voltage and a low output im-
- pedance.

Various types of voltage regulators have been
used heretofore in conjunction with conventional
power supply circuits for thermionic tube appara-
tus. Besides regulating the output voltage of a
power supply within predetermined small limits,
one of the prime requisites of a voltage regula-
tor is to provide a power source having extremely
low output impedance in order that variations in
load or source impedances may have minimum
effect upon tre regulated output voltage.

The instant invention is an improvement over
the invention described in the copending U. S.
application of W. J. Poch, Ser. No. 515,038, filed
December 20, 1943, and assigned to the same as-
signee as the instant application. It contem-
plates. the use of a thermionic regulator tube
having an anode, a cathode and at least one con-
trol electrode wherein the anode-cathode circuit
of the tube provides a shunt impedance path
across the output of a filter which is connected
to the output of a conventional high voltage rec-
tifier. A voltage divider, comprising a pair of
serially-connected resistors, one of which is
shunted by a capacitor, is also connected across
the output of the filtered power supply. The an-
ode of a first thermionic tube amplifier is con-
nected directly to the positive output terminal
of the filtered power supply. The anode of a
second triode amplifier tube is also connected to
the positive terminal of the filtered power supply
through an anode coupling resistor. The cath-

odes of the two amplifier tubes are connected to-.

gether and are connected, through a common
cathode resistor, to the negative terminal of the
filtered power supply. The anode of the second
amplifier tube is connected through, for exam-
ple, a one microfarad capacitor to the control
electrode of the thermionic regulator tube.
Briefly, the operation of the system is as fol-
lows: The regulator tube provides a shunt im-
pedance path across the output of the filtered
power supply. A portion of the regulated output
voltage degeneratively controls the first ampli-
fier tube which is cathode coupled to the second
amplifier tube. Suitable phase reversal is pro-
vided thereby for applying regulating voltages to
the control electrode of the thermionic regulator
tube, thereby varying the impedance of the regu-
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the filtered power supply.

It will be seen that the circuit will compensate
readily for substantially all except very gradual
line surges, for residual hum and for fluctuations
caused by all except very gradual variations in
source and load impedances. Since the output
voltage will remain substantially constant, not-
withstanding variations in applied voltage and
in load impedances, the effective cutput imped-
ance of the circuit will be extremely low. The
use of large capacitors across the output of the
regulated voltage source therefore becomes un-
necessary, resulting in considerable economy in
space and cost. . .

Among the objects of the invention are to pro-
vide an improved voltage regulator for a source
of uni-directional voltage. A further object is to
provide an improved voltage regulator having a
relatively small static current drain. Another

" object of the invention is to provide an improved
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voltage regulator for a uni-directional voltage.

source wherein a portion of the output regulated
voltage is degeneratively applied to an amplifier
which is connected to vary the shunt impedarce
of a regulator tube connected across the uni-di-
rectional voltage source. . A further object of the
invention is to provide an improved regulator cir-
cuit for controlling the output voltage of a fil-
tered power supply circuit wherein a portion of
the regulated output voltage is degeneratively
applied to a first amplifier tube, and the output
of the first amplifier tube is cathode-coupled to
a second amplifier tube to provide control poten-
tials which are applied to the control electrode of
a - thermionic regulator tube connected across the
output of the filtered power supply. Another ob- -
ject of the invention is to provide an improved
voltage regulator for a source of uni-directional
potential wherein maximum voltage regulation
and a low power supply output impedance are
provided. A further object of the invention is to

~ provide an improved voltage regulator for a
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source of uni-directional potential wherein, sub-
stantially constant output voltage and relatively
low power supply output impedance are accom-
plished without the necessity of employing rela-
tively large capacitors across the output of the
voltage regulator. '

The invention will. be described in further de-
tail by reference to the accompanying drawing of
which the single figure. thereof is a schematic
circuit diagram of a preferred embodiment.

Referring to the drawing, the circuit includes
a conventional filtered high voltage power sup-
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ply which comprises a power transformer | hav-
ing a primary winding 2 connected to a source
of alternating potential. The terminals of the
high voltage secondary winding 3 are connected
to the anodes of a full wave rectifier tube 4. A
cathode of the full wave rectifier tube 4 is con-
nected to a low voltage secondary winding 5 of
the transformer {. The cathode of the rectifler
tube 4 is also connected to the positive output
terminal 6. The center tap of the high voltage
secondary winding of the transformer ! is con-
nected, through a relatively high reactance coil
1, to the grounded negative output terminal 6’.
A first fllter capacitor 8 is connected between
the cathode of the rectifier tube 4 and the cen-
ter tap of the high voltage secondary winding
3 of the transformer 1. A second filter condenser
9 is connected from the cathode of the rectifier
tube 4 to the grounded output terminal of the
reactance coil 1.

The anode of a thermionic regulator tube {0 is
connected to the cathode of the rectifier tube 4.
The anode is also connected through a screen
coupling resistor If to the screen electrode of
the regulator tube 10. The cathode of the regu-
lator tube 10 is connected to the grounded ter-
minal of the filtered power supply circuit. Suit-
able negative bias potential for the control elec-
trode of the thermionic regulator tube (0 is ap-
plied thereto through the series resistors 12, (3,
{4, which are connected to the center tap of the
high voltage secondary winding 3 of the trans-
former |. Additional filtering of this bias poten-
tial is provided by .third and fourth filter ca-
pacitors 15, 16, connected respectively between
the junctions of the series resistors 12, 13, and
14 and the grounded terminal of the power sup-
ply circuif. .

The anode of a first amplifier tube 17 is con-
nected to the positive output terminal 6 and to
the cathode of the rectifier tube 8. The. anode
of a second amplifier tube 18 is connected,
through;an anode coupling resistor 19, to the
cathode of the rectifier tube 4.

- the first and second amplifier tubes 17, 18 respec-
tively, are connected together, and are connected,
through a common cathode resistor 28, to the
grounded negative terminal 6’ of the power sup-
ply. A voltage divider, comprising a pair of se-
rially connected re_sistors 21, 22, is connected be-
tween the output terminals 6 and 6’." A capacitor
23 is connected across the first series resistor 21.
The junction of the series resistors 21, 22 is con-
‘nected to the control electrode of the ﬂrst am-
plifier tube (1.

It will be seen that variations in the output
voltage applied to the output terminals 6, 6’ will

be applied degeneratively to drive the first am-

" plifier tube 1. The output of the first amplifier

tube 17 is cathode coupled to the seéond ampli-
fler tube 18 to provide properly phased control
potentials at the anode of the second amplifier
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regulated output voltage is coupled degenerative-
ly to a control electrode of & thermionic regula-
tor tube comprising a shunt impedance path
across the output of the source of uni-directional:
potential. The resultant circuit provides substan-
tially constant output potential at an effectively
low power supply output impedance.

I claim as my invention:

1. A voltage regulator for a source of direct
voltage including a thermionic regulator tube
having a cathode, an anode and at least one
contirol electrode, means connecting the anode-
cathode circuit of said tube across said voltage
source, a pair of thermionic amplifier tubes hav-
ing a common cathode circuit, means connecting
the anode-cathode circuits of said amplifier tubes
across said voltage source, means including said
source for degeneratively controlling one of said
amplifier tubes, capacitive means coupling said
one amplifier tube to the other of said amplifier
tubes, and means coupling said other of said am-
plifier tubes to a conirol electrode of said regu-
lator tube for varying the shunt impedance of
said regulator tube across said voltage source.

2. A voltage regulator for a source of uni-di-
rectional voltage including a thermionic regula-
tor tube having a cathode, an anode and at least

- one control electrode, means including said tube

30

40

The cathodes of -
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tube (8 which are applied through a coupling -

capacitor 24 to the control electrode of the ther-
mionic regulator tube 10.

It should be understood that various modiﬁca.-
tions of the amplifier circuit disclosed herein may
be employed for degeneratively utilizing a por-
tion of the regulated output voltage to control
the impedance of the thermionic regulator tube

which is connected across the output of the fil-

tered power supply.

Thus the -invention disclosed comprises an im-
proved voltage regulator circuit for a source of
uni-directional potential wherein a portion of the
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providing a shunt impedance path across said
source, a pair of cascaded amplifier tubes each
having a cathode, an anode, at least one con-
trol electrode and a common cathode resistor,
means for degeneratively applying af least g por-
tion of said voltage to said control electrode of

_ the first of said cascaded amplifier tubes, capaci-

tive means coupling said anode of said first am-

plifier tube to & control electrode of the second
of said amplifier tubes, means for deriving &
control potential from said second of said ampli-
fier tubes, and means for applying said control
potential to said regulator tube to vary said shunt
impedance in response to variations in said uni-
directional voltage.

3. A voltage regulator for a source of direct
voltage ‘including a thermionic regulator tube
having a cathode, an anode and at least one con-
trol electrode, means including said tube provid-
ing a shunt impedance path across said voltage
source, a pair of cascaded thermionic amplifier
tubes having a common cathode circuit, means
connecting said amplifier tubes across sald source,
means for degeneratively applying at least a por-
tion of said voltage to one of said amplifier tubes,
capacitive means coupling said one amplifier tube
to the other of said amplifier tubes, means for
deriving a control potential from said other of
said amplifier tubes, and means for applying said
control potential to said regulator tube to vary
sald shunt impedance in response to variatmns
in sald direct voltage. :

4. A voltage regulator for a source of unidi-
rectional voltage including a thermionic regula-
tor tube having a cathode, an anode and at least
one control electrode, means including said tube
providing a shunt impedance path acrosg said
source, a pair of cascaded amplifier tubes each
having a cathode, an anode, at least one control
electrode and a common cathode resistor, means
for degeneratively applying at least s portion of
said voltage to said control electrode of the first
of said cascaded amplifier tubes, capacitive means
coupling said anode of said first amplifier tube
to a control electrode of the second of said am-
plifier tubes, means for deriving & control poten-

“tial from sald second of said amplifier tubes, and
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means for applying said control potential to said
control electrode of said regulator tube to vary
said shunt impedance in response to variations in
said unidirectional voltage. .

5. A voltage regulator for a source of unidirec-
tional voltage including a thermionic regulator
tube having a cathode, an anode and at least
one confrol electrode, means including said tube
. providing a shunt impedance path across said

source, & pair of cascaded amplifier tubes each
. having a cathode, an anode, at least one control
electrode and a common cathode resistor, means
including a capacitor and a resistive network for
degeneratively applying at least a portion of sald
voltage to said control electrode of the first of
said cascaded amplifier tubes, capacitive means
coupling said anode of said first amplifier tube to

& control electrode of the second of said ampli-

fler tubes, means for deriving a control potential
from sald second of said amplifier tubes, and
means for applying said control potential to said
control electrode of sald regulator tube to vary
sald shunt impedance in response to variations in
said unidirectional voltage. '
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6. A voltage regulator for a source of unidi-
rectional voltage Including a thermionic regula-
tor tube having a cathode, an anode and at least
one control electrode, means including said tube
providing a shunt impedance path across said
source, a pair of cascaded amplifier tubes each
having a cathode, an anode, at least one con-
trol electrode and a common cathode resistor,
means including a capacitor and a resistive net-
work for degeneratively applying at least a por--
tion of said voltage to said control electrode of
the first of said cascaded amplifier tubes, capaci-
tive means coupling said anode of said first am-
plifier tube to a control electrode of the second
of said amplifier tubes, means for deriving a con-
trol potential from said second of said amplifier
tubes, and capacitive means for applying said
control potential to said control electrode of said
regulator tube to vary said shunt impedance in
response to variations in said unidirectional volt-

age.
) RALPH V. LITTLE, J&.




