
May 3, 1949, R. M., FRASER 2,469,227 
ELECTRONIC WAWE GENERATING METHOD AND MEANS 

Filed Jan. 30, l946 

AOS/7/WFAL/ISE 
OWAIATE OF A. 

7/AF f2 

SAW7007A/ WAVE 
OW Egg aid : 

O 
/W/EGRATED 50 2 70 

SAW/007H WAVE MN 62 V1NY, OW GR/D OA DISCHAARGF: -- : Nipsch4&F 
7t/AAF 32 AO/Wr 66 : ;POWr 66 
outpur 
WAVE 

NVENTOR 

ROBERT M. FRASER 
22a-e. 

ATTORNEY 

    

  



Patented May 3, 1949 2,469,227 

UNITED STATES PATENT OFFICE 
2,469,227 

ELECTRONICWAWE GENERATING METHOD 
AND MiEANS 

Robert M. Fraser, Baldwin, N. Y., assignor to 
Radio Corporation of America, a corporation of 
Delaware 

Application 3 anary 30, 1946, Seria No. 644,201 
(C. 250-27) 5 Clairas. 

The present invention relates to electronic ap 
paratus of the type wherein square wave outputs 
are developed and which are particularly useful 
to effect switching operations between Various cir 
cuits. Such apparatus and circuits have Wide 
applications in the field of television, as Will be 
come evident from the description to follow. 

It is frequently desirable, in connection with 
switching circuits employing electron discharge 
devices, that a voltage variation be available the 
waveform of which is of substantially rectangular 
configuration. It is furthermore desirable, where 
such a voltage variation is initiated by a Synchro 
nizing impulse, that the leading edge of each 
cycle of the voltage variation be constant With re 
spect to such Synchronizing impulse, and that the 
Width of the variation be controllable within a 
certain percentage of the period of the Synchro 
nizing impulse. Such a voltage wave is useful, for 
example, in television Systems where a line travel 
ling across the viewing screen “wipes out' one 
image and replaces it with another. 

It is an object of the present invention, there 
fore, to provide a method and means for produc 
ing voltage variations having a waveform of Sub 
stantially rectangular configuration. 

It is a further object of the present invention 
to provide a method and means for producing a 
substantially rectangular, cyclically recurring, 
voltage variation the width of which is control 
lable within a certain percentage of the period 
of the synchronizing impulses. 

It is a still further object of the present inven 
tion to provide a circuit of the above nature which 
is stable in operation. 

Further objects and advantages of the inven 
tion will be apparent from the following descrip 
tion of a preferred form of the invention and from 
the drawings, in which: 

Fig. 1 is a circuit diagram of a preferred embod 
inent of the present invention; and 

Figs. 2d. and 2b are each sets of curves illustrat 
ing the operation of the circuit of Fig. 1. 

In describing the Operation of the circuit of 
Fig. 1, let it be assumed that a series of negative : 
input or driving pulses ) is applied to the grid of 
an electron discharge tube 2. These negative 
input pulses 0 may, if desired, be obtained either 
from the horizontal or vertical sync generator 
in a television system. Tube 2 is connected to : 
act as a class A amplifier, so that the negative 
pulses 0 are inverted to appear as a series of 
positive pulses in the plate circuit of the ampli. 
fier tube 2. These positive pulses are repre 
sented in Fig. 2 by the reference character 4. 
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A portion of the output of tube 2 is coupled 

by means of the series combination of capacitor 
6 and resistor 8 to the plate of one electron dis 

charge device 20, and also to the cathode of a 
further electron discharge device 22. 
The two electron discharge devices 20 and 22 

are preferably enclosed in a single envelope, as 
shown in the drawing, although separate tubes 
may obviously be employed if desired. The re 
maining portion of the output of amplifier tube 
2 is coupled by means of a capacitor 24 to the 

control grid of a further tube 26. However, in 
the following description, the portion of the out 
put of tube 2 which is applied to the electron 
discharge devices 2 and 22 Will first be consid 
ered. 

During the time that the positive pulses 4 are 
being received on the plate of the electron dis 
charge device 20, the latter is rendered conduc 
tive, and current flowing in the cathode circuit 
of the tube charges condenser 28 with the polarity 
shown in the drawing. When the negative por 
tion of the amplifier tube output is received on 
the cathode of tube 22, the latter is rendered con 
ductive to place the plate of tube 20 effectively 
at ground potential and thus discharge the cou 
pling capacitor 5. As a result of this node of 
ogeration, and by the Selection of a proper value 
for capacitor 28, the latter may be maintained at 
positive potential until discharged by means 
which will now be described. 
The charge on capacitor 28 is applied to the 

control electrode 29 of one tube 30, and also to 
the plate of a further tube 32 having a control 
electrode 33. As in the case with tubes 20 and 
22, the tubes 30 and 32 may also be enclosed in 
a common envelope. 
Tube 3 is so biased by means connecting its 

cathode to a positive point on the voltage divider 
34 that when the control electrode 29 is at ground 
potential, no current flows in the tube. How 
ever, when capacitor 28 acquires a positive charge 
in the manner above described, this charge is 
applied to the control electrode 29, and tube 30 
is rendered conductive. The constants of the 
tube and circuit are so selected that this current 
flow in tube 30 will be of saturating proportions. 
When tube 3 is rendered conductive, the in 

creasing current flow through the Output load 
resistor 35 produces a corresponding voltage war 
iation 36. This constitutes the initial portion of 
the output Waveform 38. Since, as above stated, 
the current flow through triode 30 reaches Satu 
rating proportions, the output voltage developed 

5 across load resistor 35 levels off to produce the 
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waveform portion 40. This waveform portion 4) 
thus in effect constitutes the “trough' portion of 
the output Waveform 38. 
The current flow in tube 3 will continue as 

long as capacitor 28 is charged positively. Since 
the charge on capacitor 28 is maintained posi 
tive, in the manner above set forth, during the 
time that the positive pulses is are being received 
on the plate of tube 2, the present invention 
provides means for discharging capacitor 28 a 
predetermined time interval following the initia 
tion of each cycle of the output waveform. This 
means will now be described. 

It Will be noted that the high potential side 
of capacitor 28 is not only connected to the con 
trol electrode 29 of tube 3, but is also connected 
to the plate of the normally non-conductive tube 
32. The cathode of tube 32 is grounded. Hence, 
when this tube conducts, a low-impedance path 
shunts the capacitor 28 to ground, and the capac 
itor 28 will be discharged. 
The means for rendering tube 32 conductive 

necessitates reference again to the output of am 
plifier tube 2. It will be recalled that the output 
energy of tube 2 is divided, a portion being ap 
plied to the plate and cathode respectively of 
tubes 20 and 22, and the remaining portion be 
ing applied through capacitor 24 to the control 
electrode of a tube 26. 
This tube 28, in combination with its associated 

components including the capacitor 42, consti 
tutes a sawtooth wave generator which is syn 
chronized by the pulses 6 to produce an output 
Voltage variation which may be such as indi 
cated in Fig. 2 by the reference character A4. The 
Sawtooth wave 44 is then passed through an in 
tegrating network consisting of resistor 46 and 
capacitor 48. The integrating network 46, 48 
changes the sawtooth wave 44 into a partially 
parabolic wave having a form which may be such 
as indicated by the reference character 5. These 
Voltage variations represented by the wave 5 
are then applied to the control electrode 33 of 
tube 32. 

Bias for tube 32 is provided by means includ 
ing a potentiometer 52 connected to the control 
electrode 33 through a pair of isolating resistors 
54 and 56. The ends of the resistor element of 
potentiometer 52 are respectively connected to 
Sources of positive and negative potential, as 
illustrated, so that by adjustment of the poten 
tiometer tap 58 a bias may be placed on the con 
trol electrode 33 which varies between positive 
and negative limits. 
In describing the operation of the above means, 

let it first be assumed that the control electrode 
33 of tube 32 is positive with respect to ground. 
Under Such conditions, electrons will flow from 
the cathode to the plate of tube 32, and, since the 
tube is connected in parallel with capacitor 28, 
the latter will discharge through the tube. 

Since the control electrode 33 has been as 
Sumed to be positive with respect to the cathode 
of tube 32, electrons will be collected by the con 
trol electrode during conduction of the tube. 
These electrons will flow through the resistors 
46, 54 and 56. Inasmuch as all of these resistors 
are chosen to be of a relatively high value, this 
electron flow will reduce the positive charge on 
the control electrode 33. During the interval 
that the positive charge on control electrode 33 
is being reduced, the capacitor 28 is discharging 
through tube 32, and, as a result of these con 
ditions, the control electrode 33 will reach plate 
current cut-off at approximately zero volts. At 
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the instant when cut-off is reached, the charge 
on capacitor 28 (and hence the plate potential 
of tube 32) will also be approximately zero volts. 

Accordingly, at time t-0 (Fig. 2d) the recep 
tion of the leading edge of a positive pulse 4 
On the grid of tube 26 renders the tube 26 con 
ductive, and discharges the capacitor 42 through 
the tube to produce the return, or snap-back, 
portion of the sawtooth wave 44. Reception of 
this same positive pulse 4 on the plate of tube 
2 Irenders the tube 20 conductive to charge ca 
pacitor 28. It should be noted that resistor 8 
and capacitor 6. together act as a delay network 
during this charging operation. 
The positive charge on capacitor 28 is applied 

to the control electrode 29 of tube 30, and the 
latter is rendered conductive. As a result, cur 
rent flows through the load resistor 35 and the 
Voltage variation produced by this current flow 
constitutes the leading edge 36 of the output 
Waveform 38. 
AS has been stated above, the integrating net 

Work 46, 8 changes the sawtooth wave 44 into 
a partially parabolic wave 50. From Fig. 2a it 
Will be seen that conduction of tube 26 to dis 
charge capacitor 42 causes the voltage on grid 
33 to Swing in a negative direction. This nega 
tive Swing constitutes the initial section 62 of the 
parabolic portion of wave 50, and, as a result, 
tube 32 is driven below cut-off. 

Since tube 30 Will conduct as long as its con 
trol electrode 29 is maintained at positive poten 
tial by the positive charge on capacitor 28, and 
Since capacitor 28 can discharge only through 
tube 32, it will be seen that the voltage across 
output resistor 35 will remain at a level 40 deter 
mined by the saturation current through tube 30 
as long as tube 32 remains at or below cut-off. 
However, the negative swing of the voltage on 

control electrode 33 as represented by the leading 
Section 62 of the parabolic portion of waveform 
58 reaches its maximum at a certain point. The 
voltage on control electrode 33 then begins to 
rise in a positive direction. This voltage rise is 
represented in Fig. 2a by the terminating section 
34 of the parabolic portion of waveform 50. 
At a certain point 66 (Fig.2a) the rising volt 

age on control electrode 33 reaches the cut-off 
level of tube 32. Tube 32 now conducts to dis 
Charge capacitor 28, and, as has been stated 
above, when the charge on the latter reaches 
approximately Zero volts, the plate current of 
tube 39 ceases. Upon termination of current flow 
through tube 38, the voltage across the load re 
Sistor 36 rises almost immediately to source pO 
tential, as shown by the vertical portion 68 of 
the output Waveform 38. The output voltage 
then remains at Source potential, as shown by 
the Substantially horizontal waveform portion 69, 
lintil time t-1/f, where f is the recurrence fre 
Cuency of the input pulses (). This waveform 
portion 69 thus in effect constitutes the “crest' 
portion of the output waveform 38. 
When tube 32 becomes conductive in the man 

ner described above, it acts to discharge capac 
itOr 8 due to the electron flow between the grid 
and Cathode of the tube. The grid 33 is thus 
returned to approximately zero potential at the 
beginning of the next cycle of operation. This is 
due to the fact that the grid-cathode resistance 
of tube 32 is Small in comparison with the values 
of the resistors 46, 54 and 56. 
The point 66 at which the rising voltage repre 

Sented by the waveform portion 64 reaches the 
cut-off level 70 of tube 32 (see Fig. 2a) may be 



2,469,227 
5 

varied by adjustinent of the potentionnetter tap 
3 so as to change the bias on tuihe 32. This 
changes the width of the output wave 33. In 
practice, this width has been varied between the 
limits of approximately 12% to 88% of the period 
of the input pulses . 

Fig. 2b illustrates the effect of an adjustinent 
of the potentiornetter tap 33 SO as to place a more 
negative D.-C. bias on the control electrode 33 of 
tube 32, and shows how the instaint of discharge 
of capacitor 28 ray be delayed through a vari. 
ation in the iStanta Seous slope of the Wavefortin 
portion 4 resulting fron a change in grid bias. 

It will be obvious tinat, if desired, a Suitable 
Enajual or electronic Switching eleinent inay be 
inserted in the grid circuit of tube 32 so as to 
effect p3riodic changes in the D.-C. bias applied 
to control electrode 33. In such an event, the 
time coastant of resists r 56 and capacitor 2 
should preferably be long. 

It Will also be clear that tha output wave 38 
may be passed through Ore Cr inore Wave shaping 
and/or clipping circuits. In this connection, 
however, it should be noted that the tuba 38 is 
in itself a clipper, since as above described the 
Waveform portion is of the output wave 33 re 
Sults fron a Saturation current flowing through 
tube 3 and load resistor 36. 

Having thus described inly invention, I claiia: 
... If a Wave-generating Systein in which a 

Series of Synchronizing puises control the pro 
duction of an output voltage variation of Sub 
Stantially rectangular Waveforn, the leading edge 
of each cycle of the Voltage variation being con 
stant With respect to the ieading edge of a Syn 
chronizing pulse, and the width of each cycle 
of the Voltage variation being a selected percent 
age of the period of the Synchronizing pulses, 
the combination of means responsive to the re 
ception of said synchronizing pulses for initiat 
ing a Current foW, a saw-tooth Wave generator, 
raeans responsive to the reseption of each Syn 
chronizing pulse of Said series for initiating the 
discharge portion of each cycle of operation of 
S8id Sawtooth Wave generator, naeans for in 
tegrating the output of said Sawtooth Wave gen 
erato, and reans for applying the output of Said 
integrating neans to terminate cyclically said 
Current flow. 

2. A wave-generating System in accordance with 
clain , in which said means responsive to the 
reception of said Synchronizing pulses for initiat 
ing a current flow includes 8 rectifier, a source 
of energizing potential, and a capacitor con 
nected in series relation, whereby said capacitor 
is charged during conduction of said rectifier, a 
grid-controlled electron discharge device, and 
reans for applying the charge on said capacitor 
to the grid of said electron discharge device. 

3. A wave-generating systern in accordance 
with claim 1, in which said nears for integrating 
the output of said Sawtooth Wave gainerator Con 
prises a resistance-capacitance retWork SO ar 
ranged as to charge the output of said sawtooth 
wave generator into a voltage Variation haWig 2, 
waveform of partially parabolic configuration. 

4. A Wave-generating Syster in accordance 
with claim i, in which said neans for applying 
the output, of said integrating means to terminate 
cyclically said current flow includes a normally 
non-conductive electron discharge device shurat 
ing a portion of said means responsive to the re 
ception of said synchronizing pulses for initiating 
a current, flow, and means for applying the out 
put of said integrating means to said normally 
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non-conductive electron discharge device So as to 
reider the atter conductive. 

5. A Wave-generating System in accordance 
With clair, i, further comprising means for al 
eig the waveform of the output of said in 
egrating lineans So as to Vary the instant of 
eijigation of Said current foW. 
6. An electrical circuit comprising: means for 

cyclically initiating a current flow; an energy 
Storage device; i.eans for charging Said energy 
Storage device; means responsive as a function of 
the cyclic operation of Said initiating means for 
discharging said energy-storage device; means 
for integrating the cyclically varying charge. On 
Said ensrgy-Storage device; and means for ap 
plying the output of said integrating means to 
terminate Saidi current flow. 

7. An electrical circuit in accordance With 
clain 6, in which Said integrating means cons 
prises a resistance-capacitance network, further 
corprising a Source of direct current, and Ileans 
for charging the capacitalice of Said resistance 
capacitance network from said source of direct 
current so as to alter the wave-form of the output 
of said integrating means. 

8. In a wave-generating system, a source of 
Synchronizing pulses, a rectifier and a first con 
denser connected in Series relation, nears re 
Sponsive to the reception of Synchronizing pulses 
froia said source to cause a current flow through 
said rectifier and said first condenser Whereby 
the latter will be charged, a grid-controlled elec 
tron discharge device, means for connecting the 
positive plate of said first condenser to the grid 
of said electron discharge device so as to initiate 
2. current, flow through Said device, a Second con 
denser, a source of direct current, a resistor, 
means for applying a steady direct curernt from 
said source to said second condenser through said 
resistor so as to develop a steadily increasing 
charge on the latter, means responsive to the re 
ception of synchronizing pulses from said Source 
to discharge said second condenser, whereby the 
voltage developed across said Second condenser 
Will be substantially of Sawtooth configuration, 
an integrating network, means for applying the 
voltage developed across said second condenser 
to said integrating network so as to produce a 
voltage output therefrom a portion of Which is 
substantially parabolic in shape, a Second nor 
mally non-conductive grid-controlled electron 
discharge device connected in parallel relation 
with said first condenser, and means for applying 
the partially parabolic voltage output of Said inte 
grating network to the grid of Said second electron 
discharge device so as to control the conduction 
of the latter and hence the discharge of Said first 
condenSer. 

9. A Wave-generating System in accordance 
with claim 8, further comprising a Source of bias 
potential, and means for connecting the grid of 
said second electron discharge device to Said 
source of bias potential so as to further control 
the conduction of said second electron discharge 
device. 

10. A Wave-generating System in accordance 
with claim 8, further comprising a Source of bias 
potential, means for connecting the grid of Said 
second electron discharge device to said Source of 
bias potential, and means for varying the value 
of said potential and hence the amount of the 
bias on said second electron discharge device. 

... A Wave-generating System in accordance 
with claim 8, in which said integrating network 
comprises a resistance-capacitance combination, 
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further comprising a source of potential, means 
for connecting said source of potential to the grid 
of Said second electron discharge device and also 
to the capacitance of said integrating network, 
Whereby the charge thus developed on the capaci 
tance of Said integrating network acts to alter 
the configuration of the output waveform of said 
integrating network as applied to the grid of said 
second electron discharge device. 

12. A Square Wave generator having uniformly 
repeating periodicity coinciding with an input 
control pulse series and having the crest and 
trough portions controllable to occupy selected 
fractional portions of the time period between 
Successive control pulses of the control series, 
comprising means responsive to each input con 
trol pulse to initiate and maintain a current flow 
under the control of the control pulse series, 
means also responsive to each input control pulse 
to initiate a Series of saw-tooth wave currents of 
periodicity coinciding with that of the control. 
pulse series, means to integrate the developed 
saw-tooth wave currents, and means operating 
under the control of the integrated saw-tooth 
wave currents to interrupt the said current flow, 
with the interruption period occupying a selected 
unexpired time period between successive control 
pulses. 

13. In a Square Wave generator having uni 
formly repeating periodicity coinciding with an : 
input control pulse series and having the crest 
and trough portion controllable to occupy selected 
fractional portions of the time period between 
successive control pulses of the control series, the 
method which comprises initiating a current flow 
under the control of the control pulse series, initi 
ating, under the control of the control pulse 
series, a series of saw-tooth wave currents of 
periodicity coinciding with that of the control 
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pulse Series, integrating the said saw-tooth wave 
currents, and interrupting said current flow under 
the control of the said integrated saw-tooth wave 
currents, said interruption period occupying a 
selected unexpired time period between successive 
control pulses. 

14. In a Wave-generating System in which a 
Series of Synchronizing pulses control the produc 
tion of an output voltage variation of Substan 
tially rectangular waveform, the leading edge of 
each cycle of the voltage variation being constant 
With respect to the leading edge of a synchroniz 
ing pulse, and the width of each cycle of the volt 
age variation being a selected percentage of the 
period of the Synchronizing pulses, the method 
which comprises initiating a current flow in re 
sponse to the reception of said Synchronizing 
pulses, generating a current Wave of Substantially 
saw-tooth configuration under the control of said 
Synchronizing pulses, the period of said saw 
tooth current Wave coinciding with the period of 
said Synchronizing pulses, integrating said saw 
tooth current wave, and applying said integrated 
saw-tooth current wave to terminate cyclically 
said current flow. 

15. The method of claim 14, further comprising 
altering the Waveform of the said integrated saw 
tooth current Wave So as to vary the instant of 
cyclic termination of said current flow. 
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