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ELECTRIC DSCHARGE TUBE OSC, LATOR, 
Arthur C. Stocker, Haddon Heights, N.J., assign 

or to Radio Corporation of America, a corpora 
tion of Delaware 

Application June 9, 1934, Serial No. 729,748 
Claims. 

My invention relates to electric discharge tube 
Oscillators and particularly to oscillators de 
Signed to produce voltage impulses periodically 
for use in television circuits. 
In television apparatus of the type utilizing 

a cathode-ray tube for transmitting or receiv 
ing, or for both, means must be provided for de 
flecting the cathode ray both horizontally and 
Vertically Simultaneously in order to scan the 
View being transmitted and/or the fluorescent 
Screen at the receiver. To obtain undistorted 
transmission of the view, it is essential that the 
Scanning at the transmitter and at the receiver 
be maintained in synchronism. 

In television Systems of the above mentioned 
type, each cathode-ray tube requires a horizon 
tal deflecting circuit and a vertical deflecting 
circuit for deflecting the electron beam in the 
manner described. Each deflecting circuit must 
Supply either Voltage or current having a saw 
tooth Wave shape depending upon whether de 
flecting plates or deflecting coils are employed. 
It has been the general practice to generate the 
saw-tooth wave of voltage or current by gener 
atting Voltage impulses as by means of the dyna 
tron oscillator and impressing these voltage im 
pulses upon several amplifier tubes connected in 
CaScade for reshaping and amplifying the volt 
age impulses. 
One of the objects of my invention is to pro 

vide an improved generator of current or voltage 
impulses. 
More Specifically, it is an object of my inven 

tion to provide a voltage impulse generator which 
is stable in operation and which may be readily 
Synchronized. 
A further object of my invention is to provide 

an improved single tube deflecting circuit for a 
Cathode-ray tube. 

In a preferred embodiment of my invention, I 
utilize a Screen grid Vacuum tube which has a 
positive direct-current voltage applied to the 
Screen grid, this voltage being somewhat lower 
than the direct-current voltage applied to the 
plate as is customary in operating Screen grid 
tubeS. 
The plate circuit of the tube is made highly 

inductive whereby an increase in plate current 
is almost directly proportional to time. 
The plate circuit of the tube is coupled to the 

Screen grid through a transformer in Such phase 
that the voltage impulses in the plate circuit 
which make the plate more positive, induces a 
voltage impulse into the screen grid circuit to 
make the screen grid negative and thereby bias 
the tube to plate current cut-off. This is the 
equivalent of a sudden break in the plate cir 
cuit and the resulting collapse of flux in the 
plate circuit inductance coil induces an exceed 
ingly high voltage in the plate circuit. 

(C. 250-36) 
The above mentioned voltage impulse in the 

plate circuit occurs after the plate current has 
increased to a certain value because of the nega 
tive resistance characteristic of the Screen grid 
tube. 
Other objects, features and advantages of my 

invention will appear from the following descrip 
tion taken in connection. With the accompany 
ing drawings, in which 

Figure 1 is a circuit diagram of one embodi 
ment of my invention; - 

Figs. 2a, 2b and 2c are curves showing the 
plate current and certain Voltages appearing in 
the oscillator circuit shown in Fig. 1; 

Fig. 3 is a characteristic curve of a screen grid 
tube; 

Figs. 4, 5, 6 and 7 are curves which are referred 
to in explaining the operation of the oscillator 
shown in Fig. 1; 

Fig. 8 is a pair of curves showing certain fre 
quency characteristics of my improved oscillator; 

Figs, 9 and 10 are curves which are referred 
to in explaining certain characteristics of my in 
proved Oscillator; and 

Figs. 11, 12, 13 and 14 are circuit diagrams 
showing other embodiments of my invention. 

Referring to Fig. 1, I have shown one embodi 
ment of my invention applied to a television re 
ceiver circuit in which a cathode-ray receiver 
tube, indicated at , is provided with deflecting 
plates 3 for deflecting the cathode ray horizon 
tally. It will be understood that, in this case, 
a voltage wave having a saw-tooth shape is re 
quired across the deflecting plates 3. 
The oscillator of the saw-tooth Wave generator 

comprises a vacuum tube 5 having a cathode 7 
which preferably is indirectly heated, a control 
grid 9, a screen grid and an anode or plate 
3. The anode f3 is connected to a point of posi 

tive potential such as a positive terminal on a 
battery 5 through the primary winding 7 of 
a transformer 9. The screen grid is con 
nected to a point of positive potential Such as a 
point on the battery 5 through the secondary 
Winding 2 of the transformer 9 whereby the 
screen grid circuit is coupled to the plate circuit. 
The positive direct-current voltage applied 

to the screen grid f by the battery 5 or other 
voltage supply source is ordinarily considerably 
lower in value than the positive direct-Current 
voltage applied to the plate 3. For example, if 
the vacuum tube 5 is type 224, the Voltage ap 
plied to the anode 3 by the battery may be 500 
volts, while that applied to the screen grid 
by the battery may be 90 volts. 
In accordance with my invention, the plate 

circuit of the tube 5 is made highly inductive, 
this being accomplished in the embodiment be 
ing described, by giving the primary Winding of 
the transformer 9 a high value of inductance. 
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2 
In order to produce the most satisfactory re 
Sults, the inductance in the plate circuit should 
be high compared with the total resistance in 
the plate circuit. 
In the circuit illustrated, the horizontal Syn 

chronizing impulses, which are transmitted from 
the television transmitter, are impressed upon 
the control grid 9 of the tube 5 through a cou 
pling condenser 23. The control grid 9 may be 
connected to the cathode 7 through a grid leak 
resistor 25, as shown, or it may be connected 
to the cathode through a grid leak resistor and 
a biasing battery (not shown) for applying a 
negative bias thereto. 
To explain in general the operation of the 

OScillator, it will be assumed that voltage has 
just been applied to the plate 3. Since the plate 
circuit is almost purely inductive, the increase 
in plate current will be almost directly propor 
tional to time, as indicated by the dotted line 
curve 27 in Fig. 2a. When the plate current 
reaches a certain definite value, a voltage im 
pulse is produced in the plate circuit in the 
direction which makes the plate more positive. 
The reason for this sudden increase in plate 
voltage will be explained hereinafter. 

This voltage inpulse in the plate circuit is 
impressed upon the Screen grid through the 
transformer 9, the secondary 2 of the trans 
former being so connected to the screen grid that 
the Voltage impulse makes the screen grid less 
positive. As a result, the plate impedance of 
the tube is increased to cause a decrease in plate 
current whereby the screen grid is made still 
leSS positive, or more negative, and the tube 
is almost instantaneously brought to cut-off by 
an accumulative action. The result is that the 
Sudden effective opening of the plate circuit 
causes a suddent collapse of flux in the primary 
Winding T to produce a voltage impulse of great 
magnitude in the plate circuit, as shown by the 
curve 29 in Fig. 2b, this voltage impulse appear 
ing in the screen grid circuit as a negative volt 
age impulse as shown by the curve 3 in Fig. 2c. 
It Will be noted that these negative impulses 
have a value exceeding the cut-off voltage of 
the tube. 

Before explaining the operation of the oscil 
lator in more detail, the deflecting circuit shown 
in Fig. 1 will be described. The voltage impulses 
appearing in the oscillator plate circuit are in 
preSSed through a coupling condenser 33 upon 
the input circuit of an amplifier tube 35. The 
plate 3 of tube 35 is connected through a re 
Sistor 39 to a source of positive potential such 
aS a point on the battery 5 or a point on a volt 
age divider (not shown). In order to convert 
the voltage impulses 29 into a voltage having a 
SaW-tooth Wave shape, a condenser 4 is con 
nected between the plate 37 and ground whereby 
it is charged through the resistor 39. As the 
Condenser is charged, the Voltage across it in 
Creases in a straight line relation as indicated 
by the portion 'a' of the voltage curve 43. As 
Soon as the positive voltage impulse appears on 
the grid of the tube 35, the condenser 4 is 
caused to discharge through the tube 35 in a 
very short time, this period of discharge being 
represented by the portion “b' of the voltage 
curve 43. It will be apparent that the voltage 
appearing across the condenser 4 has a saw 
tooth Wave shape. The saw-tooth voltage is ann 
plified by amplifiers A5 and 47 connected in cas 
cade Whereby a saw-tooth Wave of voltage of the 
desired Walue is impressed across the primary Sec 
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tion of the auto-transformer 49 and, through 
coupling condensers 5, upon the deflecting 
plates 3. 
The theory of operation of my improved OS 

cillator will now be described more in detail in 
connection with Figs. 3, 4 and 5. The curve 53 
shown in Fig. 3 is the characteristic plate cur 
rent-plate voltage curve of a screen grid tube, 
type 224, for example, for the condition where 
the control grid and screen grid voltages are 
held constant. It will be noted that as the plate 
Voltage increases, the plate current increases 
up to a certain value and then decreases with 
further increase of plate Voltage until it reaches 
a certain minimum value where it again begins 
to increase. The reason for this decrease in 
plate current, as is well known, is that secondary 
electrons are emitted from the plate and flow 
to the Screen grid which, at this time, is more 
positive than the plate. 
In explaining the operation of my oscillator, 

it is preferred to utilize the characteristic curve 
53 to see what happens to the plate voltage as 
the plate current increases. As previously ex 
plained, the increase in plate current, because 
of the inductive plate circuit, will be proportional 
to time. Therefore, the plate current axis is a 
time axis as well, as indicated in Fig. 4. 

Referring to Fig. 4, it will be evident that at a 
time when the plate current reaches the value 
at which it Would normally decrease with fur 
ther increase of plate voltage, the plate voltage 
Suddenly increases to the value indicated by the 
point 55 on the curve 53. The physical reason 
for this sudden increase in plate voltage is that, 
because of the emission of Secondary electrons 
from the plate, there is a tendency for the plate 
Current to decrease, which tendency is opposed by 
collapsing lines of fiux in the primary winding fl. 
In other Words, the inductance in the plate cir 
cuit prevents a sudden decrease in plate current 
and it does this by causing an increase in voltage 
across the primary winding of the transformer 9. 
Although the upper portion of the character 

istic curve 53 of the screen grid tube has been 
shown in Fig. 4, the tube operates along this 
characteristic only to the point where the plate 
Voltage increases Suddenly in value. The reason 
for this Will be seen by referring to Fig. 5 Where 
the curve 57 represents the voltage applied to 
the screen grid . It will be seen, from this 
curve that because of the coupling between the 
Screen grid circuit and the plate circuit, the 
Screen grid Voltage is reduced as the plate voltage 
is increased. At the point where the sudden in 
crease in plate Voltage occurs, there is a corre 
Sponding Sudden decrease in Screen grid voltage. 
This sudden decrease in screen grid voltage starts 
the accumulative action previously described, 
Whereby the tube is biased to cut-off almost in 
stantaneously. The curves shown in Figs. 6 and 7 
show Somewhat more accurately than the curves 
in Figs. 2b and 2C how the plate voltage and the 
screen grid voltage change as the tube 5 Oscil 
lates. 

In Fig. 8, the curve 59 shows the frequency of 
the oscillator output plotted against changes in 
plate voltage, while the curve 6 shows the fre 
quency of the Oscillator output plotted against 
changes in Screen grid voltage. It Will be seen 
that as the plate Voltage is increased, the fre 
quency is increased, assuming that the screen 
grid voltage remains constant and that, as the 
screen grid voltage is increased, the frequency is 
lowered, assuming that the plate Voltage remains 
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2,147,114 
constant. Since in practice, the plate and the 
screen grid are supplied with voltages from the 
Sane power Source, Whenever there is an increase 
in plate Woltage, there is a Corresponding increase 
in screen grid Woltage. As a result, a tendency for 
a frequency increase is counter-balanced by a 
endency for a frequency decrease, and the fre 
quency of the oscillator output remains Sub 
Stantially constant with a considerable variation 
in the applied voltages. 
The reason for the above described frequency 

characteristic of the oscillator Will be understood 
by referring to Figs. 9 and 10. 

In Fig. 9, the increase in plate current plotted 
against time for the case of 450 volts on the plate 
is represented by the curve 63. A similar curve 
65 is shown for the case of 470 volts on the plate. 
As will be understood from the previous descrip 
tion of the oscillator operation, whenever the 
plate current reaches a value indicated by the 
dotted line 6A, the tube is suddenly biased to cut 
off. It will be seen that this value of plate cur 
rent is reached sooner with the higher voltage on 
the plate whereby the frequency of OScillation is 
increased. 

Referring to Fig. 10, two plate Voltage-plate 
current characteristic curves of a screen grid tube 
are shown. The curve 69 shows the characteristic 
of the tube When the Screen grid has 80 volts ap 
pied thereto, While the curve shows the chair 
acteristic when the screen grid voltage has been 
increased to 85 volts. As previously explained, 
the Sudden increase in plate Voltage, which pro 
duces the plate current cut-off, occurs when the 
piate current increases to a value represented by 
the peak 3 of the curve 7. This peak in the 
curve occurs at a later time than does the 
peak 3 of the curve 69 whereby the frequency 
of the Osciliator output is lower for the higher 
screen grid voltage. 

In Fig. 11, there is shown an embodiment of 
iny invention in Which a single tube Supplies a 
saw-tooth Wave of current for the deflecting coils 
of a cathode ray tube indicated at 7. The Oscil 
lator preferably comprises a vacum tube 79 of 
the Screen grid type having a cathode 8, a 
control grid 83, a Screen grid 85 and a plate 87. 
In one specific embodiment of my invention, a 
tube Was employed having the Same general char 
acteristics as the type 224. 
The plate 87 is supplied through the primary 

83 of a transformer 9 With suitable positive 
Woltage. In the circuit illustrated, the Voltage is 
Supplied fron a Suitable Voltage divider 93 con 
nected a CrOSS a SOurce of rectified and filtered 
current (not shown). The Screen grid 95 is sup 
plied through the Secondary 95 of the trans 
former 9, with a somewhat lower positive 
voltage, from the Voltage divider 93. The Screen 
grid 35 is connected to the plate circuit in the 
Sane phase relation as described in connection 
With Fig. 1. 

ihe plate 87 is coupled through a coupling 
condenser 9 to the horizontal deflecting coils 99 
of the cathode ray tube 77. Preferably, the in 
ductance of the deflecting coils 99 is considerably 
lower than the inductance of the transformer 
priinary 28, whereby the greater part of the cur 
rent, fioW in the plate circuit Will be through the. 
deflecting coils and, therefore, be useful current. 
With this circuit arrangement, the frequency of 
oscillation is determined mainly by the induct 
ance value of the deflecting coils 99 and by the . 
applied Voltages. 
The main function of the transformer 9 is not 

3 
to make the plate circuit of the tube 79 inductive, 
but instead merely to transfer the voltage “kick' 
Which Occurs in the plate circuit into the screen 
grid circuit for blocking the tube. It has been 
found advisable to connect a by-pass condenser 

between ground and the end of the secondary 
95 which is the more remote from the screen 
grid 85 in order to insure that the tube will os 
cillate without the reception of synchronizing 
Signals. Otherwise, the plate current would rise 
to a high value sufficient to injure the tube as 
SOOn as Synchronizing signals were no longer 
is pressed upon the tube input electrodes. Also, 
a by-pass condenser 90 may be provided for the 
plate circuit if desired. 
The Synchronizing impulses are applied 

through a Coupling condenser 03 to the con 
trol grid 33, the control grid being connected 
to the cathode 8 through a grid leak resistor 
85. Certain typical condenser, inductance and 

Voltage values have been indicated on the draw 
ings, but it should be understood that they may 
be varied within wide limits. 
In Fig. 12, a circuit is shown which is similar 

to the circuit shown in Fig. 11, the main differ 
ence being that the voltage impulses supplied by 
the Oscillator tube 9 are applied to a power tube 
f which supplies a saw-tooth current of the 
proper magnitude for the cathode ray deflecting 
coils 99. In the two figures, like parts are indi 
cated by the same reference numerals. As in 
Fig. 11, the main part of the inductance for the 
plate circuit of the tube 79 is reflected into the 
primary of the transformer 9 f, this inductance 
being provided by the inductance coil 99. Since 
it is desired that negative voltage impulses be 
applied to the control grid of the power tube GT, 
aS is Well knoWn in the art, for producing the 
Saw-tooth wave of current, the control grid, to 
gether with the inductance coil 99, is coupled 
through a coupling condenser if to the screen 
grid 85 of the oscillator tube. An inspection of 
Fig. 7 Will show that in the screen grid circuit, 
there are negative voltage impulses of great mag 
nitude. 
In Fig. 13, there is shown a slight modification 

of the circuit shown in Fig. 12. In the two fig 
lures, like parts are indicated by the same refer 
ence numerals. The main difference between the 
tWO figures is that in Fig. 13, the inductance coil 
89 has a resistor 3 connected in series there 

With, whereby the voltage impulse in the screen 
grid circuit is given a Saw-tooth component. 
This is due to the fact that a saw-tooth Wave 
of Current flows through the inductance coil 09 
to produce a saw-tooth voltage wave across the 
resistor f3, this voltage wave being impressed 
upon the Screen grid circuit through the trans 
former 9. The shape of the voltage wave ap 
plied to the input circuit of the power tube i7 
is indicated at 5. As is well known, this is the 
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Wave shape desired for producing a perfect saw 
tooth wave of current in the deflecting coils 99 
Since they cannot be made purely inductive. 
In Fig. 14, there is shown another form of sin 

gle tube deflecting circuit. The circuit is the 
Same as the one shown in Fig. 11, except that the 
secondary 95 of the transformer 9 is connected 
to the control grid 83 instead of to the screen 
grid 85, 2nd except that the synchronizing im 
pulses are applied to the Screen grid 85 instead of 
to the control grid. In FigS. 11 and 14, like parts 
are indicated by the same reference numerals. 
The tube shown in Fig. 14 is the one com 

monly employed in television receiving systems 
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4. 
for separating the picture signals from the Syn 
chronizing signals. It is biased close to the cut 
off point by means of a self-biasing resistor 9 
Whereby positive Synchronizing impulses are 
passed by the tube while the more negative pic 
ture Signals are not passed. The plate 2 of the 
tube 7 is connected to the Screen grid 85 of the 
oscillator tube whereby the plate impedance of 
the Screen grid tube 79 is increased each time a 
Synchronizing impulse appears upon the input 
circuit of tube T. The operation of the oscil 
lator shown in Fig. 14, is the same as that of the 
Oscillator shown in the other figures. It Will be 
noted that, in this embodiment of the invention, 
the control grid 83 is held at a Suitable negative 
bias by means of a self-biasing resistor 23. 
My improved Oscillator is pulled into step with 

the Synchronizing signals in the same manner 
Whether the Synchronizing impulses are applied 
to the control grid or to the screen grid of the 
oscillator tube. In either case, a negative Syn 
chronizing impulse impressed upon the grid of 
the oscillator tube causes a Sudden increase in 
the plate impedance of that tube whereby there 
is produced a voltage impulse in the plate circuit 
Which is transferred into the screen grid circuit 
(Or to the control grid circuit as in Fig. 14), in the 
proper phase relation to increase the tube imped 
ance still more. This action is accumulative and 
the tube is rapidly brought to cut-off. 

it has also been found that the OSciliator may 
be Synchronized by applying positive synchroniz 
ing impulses thereto but when Synchronized in 
this manner, the Synchronizing impulses must 
have a considerably greater magnitude than when 
they have a negative polarity. 
From the foregoing description it will be ap 

parent that various other modifications may be 
made in my invention and I desire, therefore, 
that Only such limitations shall be placed thereon 
aS are necessitated by the prior art and as are 
Set forth in the appended claims. 

I claim as my invention: 
1. in combination, a vacuum tube including a 

Cathode, a control grid, a screen grid, and a plate 
and having a Screen grid circuit and a substan 
tially purely inductive plate circuit, means for 
iii) pressing a positive direct-current potential 
upon Said Screen grid, means for impressing a 
positive direct-current potential upon said plate, 
arid lineans for so coupling said plate circuit to 
aid Screen grid circuit that said screen grid is 
lade negative in response to said plate receiving 

a positive impulse thereon whereby said tube os 
Ciilates at a certain frequency, said screen grid 
circuit aid said plate circuit being non-resonant 
at Said frequency. 

2. ln combination, a screen grid tube including 
a Control grid, a Screen grid and a plate and a 
Substantially purely inductive screen grid circuit 
and a Substantially purely inductive plate circuit, 
Inleans for applying a positive direct-current Wolt 
&ge to Said Screen grid, means for applying a posi 

S 

tive direct-current voltage to said plate, and means 
for coupling said plate circuit to said screen grid 
circuit in such direction that said Screen grid is 
made negative in response to the current in said 
plate circuit reaching a certain value whereby said 

70 
tube oscillates at a certain frequency, Said Screen 
grid circuit and said plate circuit being non 
resonant at said certain frequency. 

3. In combination, a vacuum tube including a 
cathode, a control grid, a Screen grid, and a plate 
and having a substantially purely inductive plate 

2,147,114 
circuit, means for applying a positive direct-cur 
rent potential to said screen grid, means for ap 
plying a positive direct-current potential to Said 
plate, and a transformer having a primary and a 
secondary, said primary being included in Said 
plate circuit and said secondary being connected 
between said cathode and one of Said grids in Such 
direction as to make said one grid negative When 
the current in said plate circuit reaches a certain 
value whereby said tube oscillates at a certain 
frequency, said screen grid circuit and said plate 
circuit being non-resonant at Said certain fre 
quency. 

4. An oscillator comprising a vacuum tube of 
the Screen grid type having a cathode, a control 
grid, a Screen grid, and a plate, an inductance coil 
connected between said plate and cathode, means 
for applying a direct-current voltage to said plate 
whereby the plate current flow through said coil 
increases up to a certain value, means for applying 
a direct-current voltage to said screen grid having 
a Value Such that the voltage applied to Said plate 
Suddenly increases when said plate current 
reaches a certain value, and means for applying 
Said Voltage increase to Said Screen grid in re 
Versed phase. 

5. In combination, an electric discharge tube 
having a cathode, a grid, a Second grid, and a 
plate and characterized in that Secondary elec 
trons fioW from said plate when said Second grid 
has a certain positive voltage applied thereto 
greater than the voltage on said plate, said tube 
having a highly inductive plate circuit, a trans 
former coupling said plate circuit to one of said 
grids in Such direction that said one grid is made 
less positive in response to said plate being made 
more positive whereby said tube oscillates at a 
certain frequency, said plate circuit and said one 
grid circuit being non-resonant at said certain 
frequency, and means for applying control volt 
ages to the other of Said grids. 

6. In combination, an electric discharge tube 
having a Cathode, a grid, a screen grid and a plate, 
and having a screen grid circuit and a plate cir 
cuit, means for applying positive direct-current 
potentials to said screen grid and to said plate, a 
transformer having a primary winding and a 
Secondary winding, said primary winding being 
connected in said plate circuit, said secondary 
Winding beng connected in said screen grid circuit 
in Such a direction that said screen grid is made 
leSS positive in response to said plate being made 
more positive, an amplifier tube having input elec 
trodes, an inductance coil having a resistor in se 
riestherewith, means for coupling said inductance 
coil to one of said transformer Windings whereby 
its inductance is reflected into said plate circuit, 
and means for coupling said amplifier input elec 
trodes to said grid circuit. 

7. In combination, an amplifier tube which is 
selectively responsive to Synchronizing signals, 
said tube having a plate circuit, an oscillator tube 
having a cathode, a control grid, a screen grid, 
and a plate, a transformer having a primary and 
a secondary, said primary being connected be 
tween said plate and said cathode, said secondary 
being connected between said control grid and 
said cathode in Such a direction that Said control 
grid is made less positive in response to said plate 
being made more positive, and a direct current 
connection between said amplifier tube plate cir 
cuit and said Screen grid whereby said screen grid 
is maintained positive. 
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