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1 Claim.
1

This invention relates to voltage regulators
and more particularly to voltage regulators em-
ploying thermionic valves which are utilized to
regulate the voltage or current of a load circuit.

It is frequently desirable to control the voltage
of a direct current circuit within very narrowly
defined limits. For example, in many applications
such as television, wireless and the like, it is im-
portant to maintain the voltage substantially con-
stant within wide ranges of load current. Where
a source of unidirectional voltage is obtained by
means of a rectifier energized from an alternat-
ing current circuit, it is desirable to employ an
electronic voltage regulator between the output
circuit of the rectifier and the load circuit, to
maintain the voltage of the load circuit substan-
tially constant. It is well understood that, as
the load current fiuctuates, variations in voltage
drop due to the impedance of the rectifiers and
other portions of the circuit causes a substantial
variation in the value of the voltage transmitted
to the load circuit. Also, variations in the main
supply may cause undesirable changes in the out-
put. "

In systems of this character it has been pro-
posed to derive, from a resistor connected in shunt
to the load circuit, a regulating potential which
is applied through 2 control channel to the con-
trol grid of a regulating device having its cath-
ode-anode circuit connected in series with the
load. This control channel usually includes an
amplifier which functions to maintain, at the
control grid of the regulating device, a potential
which opposes variations in the load circuit volt-
age, thereby maintaining the load voltage varia-
tions within narrow limits, regardless of substan-
tial variations in main voltage or load resistance.

A typical circuit arrangement for an electronic
voltage regulator in accordance with the teach-
ings of the prior art is shown in Figure 1 of the
accompanying drawings.

It has been found that the contro} amplifier
valve Va in the exemplary circuit of Figure 1 is re-
quired to have voltage ratings higher than the
full output voltage of the system because at plate
current cut-off the total input voltage would ap-
pear across the plate and cathode of the valve.

Where output voltages up to 400 or 500 volts
are required, the easily obtainable recelving type
valves having the necessary voltage ratings may
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be satisfactorily employed in the control am-
plifier Va, but where the regulator is employed in
a circuit having a high voltage output, for ex-
ample 1,000 or 2,000 volts, it is no longer possible
to use receiving type valves and consequently
transmitting valves with adequate voltage rating
have to be employed in the control amplifier Va.

1t is obvious that the necessity for using trans-
mitting type valves in the amplifier Vs, in order
to comply with the voltage requirements of the
circuit when used in high voltage applications,
greatly increases the cost of the regulating equip-
ment and thus imposes an undesirable restriction
on its use in this direction.

The object of this invention is to provide an
improved electronic voltage regulator circuit
which enables receiving type valves, with low
voltage ratings, to be used in the control amplifier
when the regulator is employed in high voltage
applications.

The principal reason why it has not been pos-
sible in the past to use receiving type valves in
the control channel of a voltage regulator, when
employed in high voltage application, is because
it was previously thought necessary to maintain
the cathode of the amplifier at a fixed potential
with respect to the negative conductor of the sys-
tem in order to obtain satisfactory regulation.

This requirement, and the limited range of sta-
bilizing tubes available and which could be used
for that purpose, restricted the potential to which
the cathode could be raised above the negative
conductor to a relatively low value.

Tt has now been found that, so long as it is pos-
sible to obtain sufficient amplification in the sys-
tem to compensate for any variation in cathode
potential, the value of such cathode potential may
be raised to any value within the Ilimits of such
amplification,

The present invention is based on the above dis-
covery and provides a new and improved elec-
tronic voltage regulator in which the voltage at
the cathode of the amplifier V2 is raised to such
value that the difference of potential between the
cathode of the valve Vz and the positive terminal
of the load is reduced to an extent that will per-
mit receiving type valves having high amplifica-
tion factor and low voltage rating being used in
this part of the circuit.

Electronic high voltage regulators constructed
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in accordance with this invention have the fol-
lowing advantages. If a receiving type valve,
having sufficient amplification to maintain stable
conditions regardless of variation of cathode po-
tential, is employed in the control amplifier Va,
the output voltage may be stabilized to a high
order of precision. As recelving type valves hav-
ing very high amplification factors are available,
their use in the control amplifier channel enables
a better regulation characteristic to be obtained
over that possible by the use of the more ex-
pensive transmitting valves because of the lower
amplification factors obtainable in the latter
types.

In some applications for voltage regulators it
is desirable that the voitage remain substantially
constant throughout the entire range of the load,
and in other applications it is desirable that the
load voltage rise or fall at a predetermined rate
as the load is increased.

Various methods have been suggested in the
past for obtaining this type of control, but these
have mostly been related to regulators in low
voltage applications. The use of a screen grid
or pentode valve in the present invention and the
amount and method of connecting the potential
to the screen grid provides s ready and econom-
ical method of obtaining this control when the
regulator is used in high voltage applications.

If the screen grid potential for the low voltage
receiving type valve in the control amplifier is
derived from a potential divider across the input
to the regulator, it is possible to obtain the type
of control outlined above by variations of the
screen grid tapping on the potential divider.
This method of deriving the screen grid potential
not only permits variation of the output voltage
control characteristic, but, because of the high
amplification factor of the valve, provides more
perfect regulation for both input voltage varia=-
tion and output load variation. This follows
since the screen and control grids are not inde-
bendent and the screen works in the correct phase
to aid the effect of the control grid, and this
allows the stabilization ratio to be made infinite
over a suitable output voltage range. This phase
relationship between screen grid and control grid
voltages permits a wider variation of cathode po-
tential without affecting the resultant precision
of operation of the system, and consequently fa-
cilitates the necessary raising of the cathode po-
tential to the value required to permit the use of
receiving type valves of low voltage rating in
the control amplifiers of regulators employed in
high voltage applications.

An additional advantage arising from the use
of low voltage receiving type valves in the control
amplifier of a high voltage regulator is the reduc-
tion in cost brought about by the ability to use
a condenser of the low voltage rating between
the grid of the control valve and the positive
terminal of the load. This condenser is often
desirable in order to keep ripple in the output
at a minimum.

In prior art high voltage regulating circuits
of the general type shown in Figure 1, this con-
denser has had to withstand the full voltage
across the load and consequently has had to be
of high voltage rating.

- For a more complete understanding of the in-
vention and the manner in which it is to be
carried out, attention is now directed to the
following description in connection with the ac-
companying drawings in which Figure 1, as pre-
viously stated, is a voltage regulator cireuit
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exemplifying the teachings of the prior art, while
Figure 2 is the circuit arrangement of an im-
broved electronic voltage regulator constructed
in accordance with this invention, and Figure 3
is a modification of Figure 2.

Referring now to Figure 2, the invention is
there illustrated as applied to an electronic regu-
lator for controlling an electrical condition such
as the voltage of a D. C. (direct current) load
or output circuit comprising a positive conductor
4 and a negative conductor 5. The regulator
may be energized from g suitable source of D.C.
comprising & positive conductor 6 and.g negative
conductor 1. The supply circuit may, in turn,
be energized via a rectifier from an A, C. supply
circuit (not shown).

Between the positive conductors 4 and 5 of the
output circuit and the supply circuit, there is
provided a variable impedance electronic dis-
charge device Vi of the high vacuum type, com-
prising an anode 8, a cathode 9 and a control
means such .as a control grid 10. If desired the
device Vi may be provided with a screen grid
(not shown), which is connected to the anode 8,
or, more advantageously to a source which main-
tains screen potential constant with respect to
cathode 8.

In order to control the conductivity of the
electronic discharge device- Vi1 and to control an
electrical condition such as the voltage of the
output circuit, there is provided in series rela-
tion across the output circuit an impedance ele-
ment such as resistance Rs3, a control electronic
discharge device Vs, a glow discharge device V3
and an additional impedance such as the re-
sistance Rs. The control voltage device V2 is
of the high vacuum type and is in accordance
with this invention, a high mu low voltage re-
ceiving type valve having an anode, a cathode
and one or more intermediate grids. In the
bresent example the valve Vi is a receiving type
pentode having an anode t1, a cathode 12, a con-
trol grid 18, a screen grid 14 and g suppressor
grid I8, The suppressor grid 15 is conductively
connected to the cathode 12, either within or
outside the envelope.

The glow discharge device Vs and the resist-
ance Rs together with a further resistance Ry,
provide an additional potential divider across the
supply. The cathode 12 of valve V2 is connected
to the divider at the junction point between the
anode of Vs and the resistor R, the relationship
between the resistance values of the resistor Ry
and the combined series resistance of the glow
discharge device V3 and resistor Rg governing the
operating potential of the cathode (2. In ac-
cordance with this invention the relationship be-
tween these resistances is made such that the
operating potential applied to the cathode 12
does not differ from the full output potential of
the system by an amount greater than the volt-
age rating of the valve V..

Generally speaking the voltage on the cathode
12 is raised to such a value, by adjusting of the
voltage divider R+—V3:—Rg, that the difference
in potentia] between cathode {2 and the positive
conductor 4 is between 200 and 400 volts.

The anode {1 of the control valve Vz is con-
nected to the grid 10 of the discharge device Vi
The control valve Vz transmitg variable amounts
of unidirectional current through the resistance
Rs, and hence controls the potential of the grid
10 of valve Vi.

As an agency for controlling the conductivity
of the control valve Vz in response to the mag-
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nitude of the voltage of the output circuit, there
is employed a potential divider comprising ‘the
gerially connected resistors R+—Rs—Rs and the
control grid i3 is connected through an adjust-
able contact 18 to the resistor Rs. The contact
{8 serves as a means for adjusting the magni-
tude of the output voltage which is maintained
by the regulator.

Filtering means such as capacitor Cz may be
connected between the positive conductor 4 of
the output circuit and control grid 13.

Operating potential for the screen grid 14 is
derived from a high resistance potential divider
comprising the resistors Ri—Ra serially connect-~
ed between the positive conductor ¢ on the in-
put side of the variable impedance Vi and the
cathode 12 of the control valve Va. The ratio
between the resistors Ri—Ra governs the out-
put control characteristic of the regulator. This
ratio may be made such that the regulator will
function to maintain the output voltage con-
stant or it may be proportioned so that the out-
put voltage is caused to have either a rising or
falling characteristic. If the screen grid 14 is
connected by means of an adjustable tapping
to the potential divider Ri—Ra, the output volt-
age characteristic may be controlled as required.

The operation of the embodimen} of the in-
vention shown in Figure 2 will be explained by
considering the system when it is operating to
maintain the voltage impressed on the load cir-
cuit ab a substantially constant value. The dis-
charge device Vi operates as & variable impedance
to maintain the voltage of the load circuii con-
stant. If it be assumed that the voltage of the
output circuit tends to tise above & predeter-
mined value, due to variations of the input volt-
age or load, the conductivity of the control valve
V2 is increased by the increase in the voltage
across the divider R+—Rs, which raises the pos-
itive potential on the grid i4. The incident in-
crease of current through the resistor Rs drives
the grid 10 of the valve V: increasingly nega-
tive with respect to its cathode 8, thus causing
its impedance to increase and tend to restore
the output voltage to the desired value. Con-
versely, if the output voltage tends to decrease
the voltage applied to the grid 14 of valve V3,
the tapping point 18 on the voltage divider
4—5—86 becomes less positive or, in other words,
more negative. This causes a decrease in the
conductivity of the valve V2 thereby reducing the
current through the resistor Rz and producing a
resultant variation of potential in the positive
direction on the grid 18 of valve Vi. This in-
crease in positive potential on the grid 10 of
the valve V1 reduces its impedance and conse-
quently raises the voltage impressed on the load.

If a screen grid or pentode valve is employed
as the control amplifier valve V2, the regulation
of the system is greatly jmproved. This improved
regulation is brought about by reason of the fact
that the screen grid 14 works in the correct
phase to aid the effect of the control grid i3.
As the control grid 13 is made more positive,
due to an increase in cutput potential, the con-
ductivity of valve Vz is increased thus causing
an increase in the current flow through the
valve. This increase in current is further mag-
nified by the increase in positive potential on
the screen grid. The relationship between the
potential on the screen grid and the potential
on the control grid, and hence the extent to
which the screen grid potential aids the control
grid potential in controlling the current flow
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through V3, is governed by the ratio of R1to Ra
and the initial regulation of the input source.
If this ratio is made variable by varying the
point at which the screen grid 14 is connected to
the divider Ri—Ras, or by varying the values or
ratio of Ri—Ras, the variable effect on the out-
put characteristic previously outlined may be ob-
tained.

When the input or output voltage falls, the re~
duction of current through the valve V1 brought

‘about by the increasing negative potential ap-

plied to control grid 13 as a result of this con-

‘ tion is further reduced by a corresponding fall
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in positive potential on the screen grid {4,

This variation in current through Va brought
about by an increase or decrease in the input
or output voltages is applied to the grid 10 of
the valve Vi to control its impedance in the di-
rection necessary to restore the output voltage
to the desired value.

Because the potential applied to the screen
grid 14 is in the correct phase to aid the effect
of the control grid 13, a wider range of varia-
tion in cathode potential is permissible without
producing any undesirable effects on the opera-
tion of the system, Because of this the potential
of the cathode may be raised to the value re-
quired in the invention with only & slight de-
gree of stabilization. This stabilization may be
brought about by the use of the stabilizing valve
Vs. The extent of the stabilization required for
stable operation of the system is inversely pre-
portional to the effective amplification factor of
Va, and the remainder of the control circuit.

The circuit in Figure 3 is essentially the same
as that of Figure 2, except that the circuit of the
contro!l grid 13 of the amplifier valve Va is con-
nected across a small portion of the output load
resisécor and not across the full output as in Fig-
ure 2.

The circuit of Figure 3 is preferable because
it arrives at the desired output immediately the
high voltage is applied whereas & unit of the type
illustrated in Pigure 2 takes wseveral minutes,
unless precautions are taken when selecting R1
and Rs to use resistors with ratings many times
the minimum wattage rating or of smalil tem-
perature coefficient of resistance so that their
relative resistance values will not alter appre-
ciably with change in temperature.

What we claim is:

In a system of the type comprising a pair of
current leads of a relatively high potential dif-
ference, a regulator tube having at least a cath-
ode, control grid and plate, the plate to cathode
impedance of the regulator tube being connect-
ed in series in the high potential lead; the im-
provement comprising a control tube provided
with at least a cathode, control grid, screen grid
and plate, a first voltage divider connected across
said leads, means connecting said control tube
cathode to a point on the divider which is highly
positive relative to the low potential lead, a sec~-
ond voltage divider connected from the plate
of the regulator tube to said control tube cath-
ode, means connecting said screen grid to a pre-
determined intermediate point on the second di-
vider, a third voltage divider connected in paral-
lel with at least a portion of the first divider,
means connecting the control grid of the con-
trol tube to a predetermined intermediate point
on the third divider, and a resistive element,
disposed in the space current path of the con-
trol tube, connected between the control grid and
cathode of the regulator tube, & stabilizing tube
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7 8
of the gas-filled type having itg plate to cathode
path. in series between two resistive sections of REFERENCES CITED
the first divider, said third divider being con- The following references are of record in the
nected in shunt with said last-mentioned path, file of this patent:
and said control grid connection to said third gi- 5 UNITED STATES PATENTS
vider being adjustable and being free of electron
discharge devices. ' Numbex; Name Date
2,219,195 Norgaard __________ Oct. 22, 1940
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