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1 
This invention relates to filters for removing 

the ripple from- a- uni-directional voltage power 
supply, such as is used in electronic circuit 
work. 
The use of, a non-linear impedance, such as 

a saturated diode, biased‘ to an operating point 
just above the knee of its characteristic curve, 
and inserted between a ripple-containing power 
supply and a load, is known in the art. The 
operating point is determined by the magnitude 
of the current ?owing through the saturated 
diode, and hence through the load. Therefore, 
for each different load demand, it is necessary 
to have a different diode, inasmuch as each 
diode has a single characteristic curve. 

It is an object of this invention to provide 
an improved non-linear ripple ?lter circuit 
which may be readily adjusted for different load 
currents drawn from the source of uni-direc 
tional voltage without necessity for changing the 
?lter element. 

It is another object of- this invention to pro 
vide a ?lter circuit for suppressing the ripple 
in a source of unidirectional voltage which em 
bodies not only the advantages of a non-linear 
impedance, but also has means for directly sup 
pressing the ripple by’ feeding it back in phase 
opposition, i. e. negative feedback. 
Another object of this invention is to provide 

a simpli?ed inductive reactance in- the form of 
a tube which may be substituted for the con 
ventional choke coil‘, with a saving in space and 
weight and in power lost in the ?ltering element. 
A further object of this invention is to ac 

complish the above outlined objects and still 
insert the ?lter element in the positive lead 
of the voltage source, rather than in the nega 
tive or ground lead, thereby simplifying use or?‘ 
the voltage source for many- applications. 
Other objects and many of the attendant ad 

vantages of this invention will be readily ap 
preciated as the same becomes better understood 
by reference to the following description. 
A principal feature of the instant invention 

resides in the employment of a screen grid tube, 
which has a family of characteristic curves, 
each one representing a typical non-linear im-. 
pedance saturation curve, the particular curve 
in the family being determined by the voltage 
bias on the control grid of the tube. Thus, for 
any load current desired the control grid bias 
on the screen grid tube may be. so chosen that. 
the operating point lies just above the knee of 
the curve, thus giving optimum operating con— 
ditions, i. e. a high A. C. resistance, and a 
relatively low D. C. resistance. 
Use of a screen grid tube in the above-de 

scribed manner readily lends itself to the op 
eration of negative ripple current feedback; to 
the tube also, so that in addition to utilizing 
the saturation characteristics of the screen grid 
tube, the tube may serve as a means by which 
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degenerative ripple feedback can- be introduced 
into the system- to further‘ suppress the ripple 
from the uni-directional voltage power. 
Useof a screen grid tube in the above outlined 

manner also readily lends itself to the applica 
tion of a quadrature voltage through the con 
trol grid of the tube, whereby it maybe made 
to appear as an inductive reactance-the full» 
equivalent of a bulky and weighty choke coil, 
and with the added advantage of the saturation 
characteristics above discussed. 
In accordance with the above general descrip 

tion, several embodiments of the instant inven 
tion wi-li now be described with reference to the 
accompanying drawing, wherein: 

Fig. 1 illustrates a simple form of the instant 
invention; 

Fig. 2 shows a modi?cation in which degener 
zitligve ripple feedback is applied to the ?lter 
u c; 
Fig. 3 shows the use of the screen grid ?lter 

tube. with quadrature feedback, giving it the 
added advantage of appearing as an inductive 
reactance in the power supply circuit; and 

Figs. 1i, 5», and 6 illustrate how the screen 
grid ?lter tube may‘ be placed in the positive 
lead of the power supply rather than in the 
negative lead. 

Referring to Fig. 1, ll designates the usual 
source of ripple-containing uni-directional volt 
age, consisting of a transformer 12, the secondary 
winding I3. of which is connected to. the anodes 
l4. and [6, respectfully, of a double- recti?er I1. 
ri‘he cathode l'8 of the recti?er I1: is connected 
to the positive output- terminal l9, while the 
midpoint 2! of the, secondary winding I3 is 
connected, through a ?lter circuit to be described, 
to the negative output terminal 22. Across the 
terminals. 19 and 22 is connected any desired 
load, represented by the impedance 23. 
In accordance with the instant invention, a 

screen grid tube 24 has its anode-cathode con 
nected in series with the negative lead of the 
power supply; In Fig. 1, the anode 26 of the 
tube 24 is shown connected directly to the nega 
tive terminal 22, while the cathode 2'‘! is con 
nected through an adjustable impedance 28, to 
the point 2| constituting the negative terminal 
of the basic supply source H. The control grid 
29- of the tube 24 is connected to one terminal 
of the resistor 28, coinciding electrically with 
the, point, 2!, sov that the I voltage drop in the 
cathode impedance 28 provides a negative bias 
from the cathode 21 to the grid 29.. The screen 
grid 3| of the tube 24 is returned through a. 
resistor 32 to the positive terminal I9, of the 
power supply. Numerals 33 represent conven 
tional ?lter capacitors. E 

It is characteristic of screen grid tubes. such 
as 24 that when plate current is plotted as 
ordinate against plate voltage as abscissa, a 
series of typical saturation curves are derived 
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rising steeply and then bending sharply at a 
knee. The location of each member of the curve 
is determined by the bias on the control grid 
29. It is thus seen that in the instant invention 
as illustrated in Fig. 1, for any given load 23 
drawing a particular current, it is only neces 
sary to adjust the impedance 20 so that there 
is chosen that tube characteristic which has its 
knee just below the operating point as deter 
mined by the load current through 23. In this 
way, the screen grid tube 24 may be made to 
serve as an e?lcacious ripple ?lter for different 
loads 23, it being merely necessary to adjust 
the impedance 28 whenever the load 23 is 
changed, As is known from prior usage of satu 
urable diodes, by placing the operating point 
just above the knee of the curve, a relatively 
high A. C., or ripple, resistance is obtained with 
only a relatively low D. C. resistance. 

Fig. 2 illustrates the employment of the in 
stant invention, with the addition of negative, 
or degenerative, ripple feedback, so that in ad 
dition to furnishing the saturation character 
istic above described, the screen grid tube 252a 
also deliberately and speci?cally suppresses the 
ripple voltage, by means of negative feedback. 
As shown in Fig. 2, the screen grid tube 24a 

is inserted in the negative lead between the point 
21a and the negative terminal 22a. This ?gure 
differs principally from Fig. 1 in that it em 
ploys a capacitor 34, which feeds back degenera 
tive or negative ripple signals to the grid 20a, 
and the capacitor 30, the latter feeding back 
degenerative ripple signals to the screen grid 3m. 
Both feedbacks tend to further suppress the pas 
sage of ripple voltage power through the tube 
2411. 

Fig. 2 also illustrates an alternative manner 
of deriving the adjustable bias for the grid 28a. 
In this case, the cathode impedance is made in 
the form of a potentiometer 23a, the slider of 
which is connected through a resistor 3i’ to the 
control grid 29a. 
In Fig. 3, the basic circuit shown in Fig. 1 

has been modi?ed by the use of a reactive cir~ 
cuit to apply a quadrature voltage to the grid 
2% of the tube 2419, so that the tube presents 
the appearance of an inductive reactance be 
tween the terminals 2lb and 2212. 
This is done by connecting a circuit consist 

ing of capacitor 88 in series with resistor 32 be 
tween the terminal 2lb and the anode‘ 26b. 40 
is a small blocking capacitor. The midpoint be 
tween the capacitor 38 and resistor 39 is con 
nected to the control grid 29?) as shown. When 
the resistance of the resistor 30 is made much 
larger than the reactance represented by the 
capacitor 33, it may be readily shown that the 
A. C., or ripple, voltage applied to the control 
grid 29b lags the plate-to-cathode voltage of the 
tube 24b by substantially 90°, thereby causing 
the tube 24?) to appear substantially as an in 
ductive reactance to the A. C. ripple voltage ap 
pearing in the power supply circuit. In this 
way the advantages of a choke coil are achieved 
without the bulk and weight of the latter, and 
without the undue power loss resulting from the 
use of a choke. 
In the modi?cations illustrated in Figs. 1—3, 

it has been necessary to place the tube 24 in 
the negative lead of the power supply in order 
to obtain a ready source of high enough biasing 
voltage for the screen grid 3!. 
ment shown in Fig. 4, placement of the screen 

In the embodi- - 
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4 
grid ?lter tube 240 in the positive lead of the 
power supply has been achieved by making use 
of an auxiliary single recti?er 4|, having its 
anode 42 connected to the anode 140 of the prin 
cipal double recti?er Ho, and having its cathode 
43 connected to the screen grid 3lc of the tube 
240. A capacitor 44, also connected to the screen 
grid 31c, serves to build up a charge of current 
recti?ed in the recti?er 4|, so as to maintain 
the bias on the screen grid 3lc at substantially 
the full output voltage of the recti?er-trans 
former combination Hc-l 20. 
As in Fig. 2, degenerative A. C. ripple voltage 

may be applied back to the control grid 290 
through a capacitor 340; and the capacitor 44, 
in addition to holding the charge bias for the 
screen grid 310, also serves to feedback degenera 
tive A. C. ripple voltage. Proper bias for the 
control grid 290 is achieved in Fig. 4, in a man 
ner similar to that shown in Fig. 2, by the use 
of a potentiometer 280, the slider of which is 
connected to the control grid 290. 

Fig. 5 is substantially the same as is Fig. 4, 
with the addition of a series-connected R. C. 
circuit 46, 41, inserted in the circuit at the recti 
?er anode 42a for the purpose of cutting down 
the bias voltage on the screen grid 3ld. 

In Fig. 6, the use of any suitable ampli?er is shown for amplifying the ripple voltage ap 

pearing across the load 23c before applying it 
in degenerative fashion to the control grid 29c 
oi? the ?lter tube 24a. 1 

Obviously many modi?cations and variations 
of the present invention are possible in the light 
of the above teachings. It is therefore to be 
understood that within the scope of the appended 
claim the invention may be practiced otherwise 
than as speci?cally described. 
The invention described herein may be manic 

factured and used by or for the Government 
of the United States of America for governmental 
purposes without the payment of any royalties 
thereon or therefor. 
What is claimed is: 
A ripple suppression circuit adapted to be in 

terconnected between a source of ripple-contain- 
ing unidirectional voltage and a load comprising 
an electronic tube having an anode, a cathode, 
a control grid, and a screen grid, means serially 
connecting said anode and cathode between the 
source of unidirectional voltage and the load, 
a ?rst impedance consisting solely of a resistor 
connected to and in series with said cathode, ?rst 
circuit means connecting said control grid to a 
point of biasing potential with respect to said 
cathode, said ?rst circuit means comprising a 
second impedance connected between the con 
trol grid and a selectable point on said ?rst im 
pedance, and second circuit means including an 
impedance connecting said screen grid to a source 
of biasing potential. ' . 
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