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My invention relates to sawtooth wave genera-
tion and particularly to oscillator circuits
adapted to supply deflecting currents of linear
sawtooth wave form to cathode ray devices and
the like, :

It is an object of my invention to provide im-
broved means for generating sawtooth sweep
waves, for oscillographic wave form analysis,
television picture scanning, and similar applica-

tions, having a high degree of linearity during

the useful portion of the sweep cycle,

It is also an object of my invention to provide
an improved power oscillator circuit which re-
quires only one .thermionic tube and which is
adapted to supply substantially sawtooth sweep
waves to a magnetic deflecting coil circuit.

Still another object of my invention is to pro-
vide an improved sweep power oscillator which
is simple and inexpensive, which requires a
minimum number of component parts, and
which nevertheless gives good electrical per-
formance.

In preferred embodiments of my invention a
beam power amplifier or pentode amplifier is
utilized to generate the scanning waves supplied
to the inductive sweep coils of a cathode ray
device. In these preferred embodiments an in-
ner control grid is utilized as the oscillator trig-
gering element in the generation of the sweep
waves and an outer screen grid is utilized pri-
marily as a3 wave shaping element. In accord-
ance with the principles of my invention, fully
set forth in the following specification, the or-
ganization and adjustment of the circuit ele-
ents are such that the output current wave
form is substantially linear over the entire active
trace interval,

The features of my invention which I believe
to be novel are set forth with varticularity in
the appended claims. My invention itself, how-
ever, both as to its organization and method of
operation, together with further objects and ad-
vantages thereof, may best be understood by
reference to the following description taken in
connection with the accompanying drawings, in
which Fig. 1 is a circuit diagram of one em-
bediment of the invention; Fig. 2 is g circuit
diagram of a modified form of the invention;
Pigs. 3, 4 and 5 are graphs illustrating certain
operating characteristics of the circuits of Figs.
1 and 2 for particular operating conditions and
adjustments described in the accompanying
specification. :

In the circuit of Fig. 1 the tube 46 is repre-
sented as a well-known form of beam power

16

i5

20

25

30

35

40

45

50

56
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amplifier having an indirectly heated cathode
f4, inner control grid { 2, outer screen grid 13,
a pair of beam-forming plates 14, and an anode
i8. - .

The sweep waves, generated in the cireuits
associated with. the device {9, in a manner to
be described shortly in detail, are supplied to
the deflecting coils 16 of a cathode ray device
T through an output coupling transformer 18
having a tapped primary winding {9 and a sec-
ondary winding 20. The cathode ray device {7
is represented only in outline form, since it
may comprise any well-known form of tube hav-
ing magnetic ray-deflecting coils associated
therewith. For example, it may be an image
broducing tube such as is used in oscillographic
or television receiving apparatus; or it may be
& camera tube such as is used in television trans-
mitting apparatus. Furthermore, the cathode
ray tube will in general have other coordinate
ray-deflecting means althiough only one pair of
coils is represented to simplify the drawings.

An anode-to-cathode circuit for the device (6
extends from the anode i3, through the upper
portion 19a of the tapped primary winding {9,
& suitable source of anode supply potential,
represented conventionally by a battery 21, and
& variable resistor 22 to the cathode tf. A con-
trol grid-to-cathode -circuit extends from the
control grid {2, through g grid resistor 23 and
grid capacitor 24 in parallel, the lower portion
19b of the tapped brimary winding {9, potential
source 2§, and through variable resistor 22 to
A screen grid-to-cathode cir-
cuit extends from the screen grid 13, through a
variable resistor 25, potential source 21 and vari-
able resistor 22 to the cathode {1 .

The two portions {9¢ and {96 of the primary
winding §9 are magnetically coupled in such
sense that anode voltage variations are im-
Dressed regeneratively upon the control grid (2.
It will also be observed that g fixed bias of rela-
tively high positive value is impressed upon the
control grid 12 from the source 2{, The trans-
former ratio and other circuit constants are pro-
portioned to provide feedback voltages of suffi-
cient amplitude for the production of sawtooth
oscillations, as will be described in a later para-
graph where circuit constants of a typical oscil-
lator are given. The ecircuit therefore operates
essentially as an over-coupled or blocking os-
cillator, as will shortly be explained in greater
detail.

Resistor 28 and capacitor 24 together limit the
maximum swing of control grid voltage in the
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positive direction and maintain an average bias

within the dissipation rating of the tube. Their
time constant, i. e., product of resistance and

capacitance, should be of the same order of mag-
hitude as, or longer than, the period of oscilla-
tion. The oscillations developed in the anode
circuit are supplied to the deflecting coils 6
from the secondary winding 20 with which they
are serially connected.

For reasons that will shortly become apparent,
the resistor 25 in the screen grid circuit is repre-
sented in Fig. 1 as being unbypassed or, moare
accurately, bypassed only by its inherent dis-
tributed capacity, indicated schematically by the
dotted Hnes 21. The winding 19a is bypassed
by a filter network comprising a resistor 28 and
capacitor 29 in series for the purpose of damp-
ing or suppressing high-frequency parasitic oscil-
lations which would otherwise distort the output
wave form, )

In television systems it is generally necessary
to synchronize the sweep oscillator with other
circuit components. This is readily accomplished
by injecting synchronizing pulses upon the con-
trol grid (2 from any suitable source, not shown,
connected to the terminals 30. The input cou-
pling network for the synchronizing signal com-
prises the series resistor 31 and capacitor 32;
and in some cases it may be desirable to employ
a coupling resistor 33 between the control grid (2
and ground.

In television receiving systems.the synchro-
nizing pulses are usually separated from the com-
plete television signal and supplied to the ter-
minals 30. Synchronizing pulses of such form
are represented schematically by the wave 34.
The individual pulses in the wave are applied with
such polarity as to drive the control grid (2
more negative with respect to the cathode .
However, in some cases it may be preferable to
impress the complete television picture signal
upon the grid 12. One well-known form of pic-
ture signal is generally represented by the wave
35. By proper adjustment of the oscillator cir-
cuit constants, particularly the positive bias on
control grid 12, only the most negative portions
of the wave 35—corresponding to the synchro-
nizing pulses of the wave 34—can be made effec-
tive to trigger the oscillator.

In accordance with common practice the oscil-
lator is adjusted to have a free-running frequency
slightly lower than the frequency of the received
synchronizing pulses. The variable resistor 22
provides a speed contrel for adjusting this free-
running frequency within limits. It will be ob-
served that this resistor is common to the con-

_trol grid and anode circuits of the amplifier 10.
/"It provides a small amount of degenerative feed-
back, in opposition to the regenerative feedback
from winding 195, so that the net regenerative
feedback may be adjusted to the proper value
to maintain oscillations at the desired frequency.

The circuit of Fig. 2 represents a modified form
of the invention. Since it is similar in many
respects to that of Fig. 1 and fundamentally
operates in the same manner, it is believed un-
necessary to describe all of its features in detail.
Therefore attention is particularly directed only
to those points wherein it differs from the em-
bodiment of Fig. 1. Corresponding elements

have been designated by corresponding reference
numerals wherever possible.

In the Fig. 2 modification, the oscillator-ampli-
fler 40 is represented as being of the pentode type
having a suppressor grid 41 in place of the heam-
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forming electrodes 4. It will of course be un-
derstood that my invention is not Iimited to the
use of any particular type of amplifying device.
Various known types of tubes having at least two
control electrodes may be employed. The tubes
shown in the drawings are merely representative
of two alternative types which I have found to be
satisfactory.

In the embodiment of Fig. 2, the deflecting
coils 16 are energized from an autotransformer
42 having sections 40a and 400 corresponding
generally to sections 19a and 19b of the trans-
former I8 of Fig. 1. The deflecting coils 16
in this case are connected between a tap 43 on
the section 40a and ground. A blocking capaci-
tor 44 is also included in the deflecting coil cir-

_cuit to isolate the deflecting coils from the voltage
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of the source 21.

In this modification the bias on the control
grid 12 is made adjustable by a connection to a
tap 45 on a voltage divider 46 connected across
the anode supply source 21. A pair of mechani-
cal stops 46a and 46b limit the movement of
tap 45 to an intermediate portion of divider 46.
This permits adjustment of the linearity of sweep
to a limited extent, by permitting adjustment of
the total damping of the circuit. The main con-
trol of linearity in either of the illustrated forms
of the invention is effected by the screen grid
resistor 25, as will shortly be explained in greater
detail. It has also been found by test that ad-
justment of the position of the variable tap 4%
provides adjustment of the mean potential on
control grid 12 for most favorable synchroniza-
tion in the presence of a combined picture signal
including both video signals and synchronizing
pulses, as indicated schematically by the wave 38
in PFig. 1. This follows from the fact that this
adjustment changes the level at which portions
of the picture signals become effective to drive
the control grid 12 negative.

In the modification of my invention illustrated
in Fig. 2 the screen grid resistor 25 is represented
as being bypassed by a physical capacitor 41. For
reasons that will be explained later, this capacitor
is relatively small, being only large enough to hy-
pass some of the higher frequency components
present in the screen grid current waves. It must
have an appreciable impedance at the funda-
mental sweep frequency, as compared to the im-
pedance of resistor 25, if the improved results
obtainable in accordance with my invention are
to be realized. :

The electrical characteristics of the circuits
of Figs. 1 and 2 for certain operating conditions
shortly to be described, are represented graphi-
cally by the curves of Figs. 3, 4 and 5. The
solid line curves in Fig. 3 are drawn from actual
oscillographic observations made during tests on
one particular form of apparatus embodying the
invention. The dashed curves are derived from .
theoretical considerations. The curves 49, 80
and 51 represent current variations in the de-
flecting coil circuit; the curves 52 and 53 repre-
sent screen grid voltage variations; the curves
54, 55 and 56 represent anode voltage variations;
and the curve 571 represents control grid voltage
variations. The ordinates of the voltage varia-
tion curves are not to the same scale. Their
wave shapes only are to be compared. All of
these curves are positioned one above another
with reference to a common time axis. Each of
the six vertical dashed lines marked %1, fz, t3,
14, ts, and ts, respectively, intersects all curves at
points representative of their values at a corre-
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sponding instant of time within one complete
cycle of operation, Reference will be made to
these instants of time in the analysis of operation
bresented below.

The curves of Fig, 4 are theoretical curves il-
lustrating the tube and load characteristics for
the operating conditions represented by the
curves of Fig. 3. The curves 58 are conventional
static characteristic curves. The dashed curve
59 is a derived load characteristic curve. This
curve 59 takes into account only the currents
flowing in the inductive portions of the circuits,
capacity current effects being neglected. The
various points #1, za, ts, t4, ¥5, and ts on the load
curve 89 illustrate the load characteristics qur-
ing one eycle at the instants of time correspond-
ingly indicated in Fig. 3. ) )

Fig. 5 graphiecally represents the manner in
which the anode and screen grid currents vary
in a typieal pentode or beam power amplifier, as
the anode voltage is varied, for one value of con-
trol grig voltage. Curve 60 represents the static
anode characteristic and curve 61 represents the
corresponding static screen grid characteristic.

The adjustment and operation of the circuits
of Figs. 1 and 2 will become apparent from a
consideration of the curves of Figs. 3, 4, and 5
in conjunction with the following description, in
which one complete cycle of operation is analyzed,

To simplify the analysis, let it be assumed
for the present that the screen grid voltage is
maintained at some constant value over the en-
tire cyele, Now consider the various voltages and
currents at the instant of time ti. At this in-
stant the control grid voltage is nearly zero and
is rising in the direction of positive grid voltage
as a result of feedback from the anode circuit,
The anode resistance of the amplifier is now
relatively low and the anode voltage is also low.

During the time interval ti—%2 the anode cur-
rent and the deflecting coil current rise at a rate
determined primarily by the effective trans-
former inductance .and the reflected inductance
of the sweep coils. It the load circuit contained
only pure inductance, the deflecting coil current,

voltage would correspondingly remain constant,
for example as shown by the horizonta] dashed
line 54. However, the circuit is unavoidakrly
loaded by various resistive and capacitive com-
-bonents which tend to decrease the rate of rise
of the anode current and deflecting coil current,
particularly toward the end of the trace inter-
Consequently. under the assumed condi-
tions the deflecting
the manner represented approximately by the
dashed curve 508, and the anode voltage tends
to vary in the manner represented approximate-
1y by the dashed curve 56.

The resistive components mentioned in the
breceding paragraph primarily include the trans-
former core loss, the resistance reflected into the
transformer primary from the sweep coil circuit
and the internal resistance of the tube ijtself.
The capacitive components are largely comprised
by the distributed capacity of the transformey
windings, referred to the primary side, and the
Interelectrode capacity of the tube,

It will be seen from Fig. 4 that conditions of
anode current saturation are approached at the
instant 2. The limitation in the rate of rise of
the anode current causes the anode voltage to
rise, as is evident from the curve 56. This in
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decrease due to the regenérative feedback from
the anode circuit.  The curve 51 also shows that
the control grid, which is maintained positive by
the rising anode current throughout this inteyr-
val, hag its most positive value Jjust prior to the
instant 2. Due to the continuing loss of charge
on the grid blocking capacitor 24, caused by flow
of grid current during the interval just prior to
instant t2, an increasingly negative component
of grid voltage is developed. 'The net grid volt-
age therefore starts to fall at instant ..

Since all of these effects are highly cumulative,
the anode current starts to fall and begins to
decrease very rapidly near the instant of time 3.
When this occurs the control grid is rapidly
driven to high negative potential values in the
interval ¢3—#s by the inductive voltage surge in
the transformer primary winding. The internal
resistance of the tube consequently rises to a
very high value and the anode current decreases
at a rate determined largely by the circuit and
If the circuit elements are care-
fully designed, these capacities can be made low
enough to provide a retrace interval ¢3—¢5 which
is a small fraction of the time period of a com-
plete cycle.

During the time interval tz—= the anode volt-
age goes through approximately a half-cycle of
oscillation at a high frequency. This frequency
is determined primarily by the circuit and tube
capacities and by the reflected load inductance,
and it may be of the order of ten times the oper-
ating frequency in the ordinary case. The anode
voltage increases until the instant ¢: at which
time the anode resistance of the tube and the
cireuit capacities become effective in absorbing
the anode voltage surge. It will be observed from
Fig. 3 that this surge may reach the value of the
order of about ten times the anode supply poten-
tial Es. The control grid and anode voltage
surges then decrease until, at the instant ts, the
anode current again begins to increase in the
positive direction. If the transformer and coils
have low distributed capacity the coil current will
also start its forward trace at instant #5. Other-
wise, the start of the forward trace will be slightly
delayed.

During the time interval t3—f1 the tube oper-
ates in the region of negative control grid volt-
ages. Therefore during the fraction #s—+# of the
active trace interval the control grid exercises
some control over the wave form of the anode
and deflecting coil currents; that is, the linearity
of sweep within this interval may be slightly
affected by adjustment of the values of the grid
resistor 28 and grid capacitor 24 in the modifica-
tion of Fig. 1. or by adjustment of the tap 45.0on
the resistor 46 in the modification of Fig. 2,
However, during the entire interval of trace ts—t;
the principal quantities influencing the linearity
of rise in deflecting coil current under the as-
sumed condition of fixed Screen voltage are the
transformer and sweep coil inductances, referred
to the primary side of the transformer.,

The function of the series resistor 28 and ca-
pacitor 29 connected across the anode circuit is
to suppress high frequency transient or parasitic
oscillations which would otherwise be caused by
the anode voltage surge in the vicinity of the
point #s. The manner in which the deflecting
coil current curve would otherwise be distorted
by these parasitic oscillations ig approximately
indicated by the dotted oscillatory curve portion
63 in Fig. 3. An alternative method of damping
such parasitic oscillationg is to replace capacitor
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29 with an inductance of the same order of mag-
nitude as the deflecting coil inductance reflected
into that portion of the transformer primary
winding included in the anode circuit. Asa fur-
ther modification, such a damping circuit may
be connected across the deflecting coils providing
a suitably corrected value of damping inductance
is employed.

The operation of the system has now been
traced through one complete cycle under the as-
sumed conditions of fixed screen grid potential.
It has been shown that the sweep current tends
to be distorted from its desired linear sawtooth
wave form, particularly toward the end of the
active trace interval ts—iz, as shown by the curve
50 due to circuit damping effects. It now re-
mains to investigate the circuit operation in
somewhat greater detail to show how the screen
grid is utilized to control the deflecting coil cur-

rent wave shape during the interval ts—tz and -

how the linearity of sweep during this interval is
thereby materially improved in accordance with
the principles of my invention.

As previously mentioned, the static character-
ictic curves 60 and 61 of Fig. 5 illustrate respec-
t'vely the manner in which the anode and screen
grid currents vary as & function of anode voltage,
for one fixed value of control grid voltage, in a
typical pentode or beam power amplifier. It is
a familiar fact that so long as the anode voltage
exceeds a certain value, indicated approximately
by the vertical line 62, the division of total space
current between anode and screen grid is sub-
stantially independent of anode voltage.

1t is also well known that for values of anode
voltage so low that an effective virtual cathode
is formed between the anode and screen grid, the
currents to these respective electrodes vary in a
manner shown by the portions of the curves 58
and 60 to the left of the vertical dashed line 62.
In this operating region it will be seen that the
screen grid takes a greater proportion of the total
space current and the anode takes a correspond-
sngly smaller proportion as the anode voltage de-
creases. Itis further important to note that this
relation is distinctly non-linear, i. €., the screen
grid current curve has a pronounced curvature in
this region. as shown. So long 88 space charge
conditions limit the space current, the control
grid voltage determines the magnitude of the
space current but does not affect the manner in
which space current flowing to the anode and to
the screen grid is divided between them.

Referring again to Pigs. 3 and 4 of the draw-
ings. the voltage Es may be regarded as repre-
senting a typical value of anode supply potential.
1t will be apparent that during the time interval
ti—t2 the instantaneous anode voltage is very
1ow as compared to this value. Consequently,
the anode and screen grid currents in this region

are dependent upon the anode voltage, for the

reasons outlined in the preceding paragraph.

In accordance with my invention this inter-
dependence between screen grid current and
anode voltage is utilized to improve the linearity
of trace. In the interval ti—tz the linearity of
trace is regulated primarily by the impedance
in the screen grid circuit, which causes the screen
grid voltage to vary degeneratively in response
tn variations in the anode voltage. For exam-
ple, the curve §2 in Fig. 3 shows how the screen
grid voltage varied in a particular case when
the screen grid resistor had a value of the order
of 2500 ohms and was unbypassed by any exter-
nal capacity. It will be observed that the screen
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grid voltage curve §2 is concave upward over
most of the interval ti—t2. It is also important
to note that this curvature is greatest during
the latter portion of this interval when the tend-
ency for the deflecting coil current curve 80 to
become concave. downward, due to the circuit
damping effects previously described, is also
greatest.

It has been found that, by proper adjustment
of the screen grid resistor 25, the resultant varia-
tion in deflecting coil current can be made almost
perfectly linear, as the experimental curve L 1
clearly shows. It is not easy to analyze this
phenomenon mathematically, since the wave form
of the deflecting coil current depends upon a
number of variables which are related in a com-
plex manner, However, observations and experi-
ments indicate that the form of the screen grid
voltage curve 52 is primarily due to the previously
described non-linear relationship between. screen
grid current and anode voltage within the inter-
val ti—t2. As the anode voltage decreases with
increasing anode current in the interval ti—ts,
the screen grid current increases, but at a con-’
stantly decreasing rate due to this non-linear
relationship. Consequently, through the action
of the screen grid resistor 25, the screen grid
voltage curve 52 is caused to have the concave
upward curvature observed in actual practice.
Additional upward swing of screen grid voltage
oceurs in the interval {2—t3 because of the slight
increase of anode voltage and increase of anode
current during this interval.

It is well known that a variation in screen
grid voltage causes & variation in the transcon-
ductance of the amplifier in the same sense; or
expressed in another way, the internal anode-
to-cathode impedance of the amplifier varies in-
versely with variations in the screen grid voltage.
Consequently, the screen grid voltage variations
cause the anode voltage to follow the curve 88,
as actually observed, instead of the dashed curve
56.

Now consider very briefly a complete cycle of
operation taking into account the effect of the
screen grid variations during the cycle. It will
be observed from the actual test curve 5% in Fig. 3
that the anode voltage variations closely approach
the theoretical curve 54 and that the curve §6
has an opposite curvature over most of the in-
terval ti—t2 from the curvature of the uncom-
pensated anode voltage variation curve 56. (The
small remaining curvature in the curve 65 is
apparently necessary to correct for capacity ef-
fects -and for losses in the anode, control grid,
and deflecting coil circuits which have been neg-
lected in order to simplify the analysis.) .

. During the interval ta—t3 the deflecting coil
current and the control grid voltage reverse in
direction, as previously explained. In the un-
compensated circuit this time interval may be
an appreciable fraction of the active trace period
ts—t3, as is indicated by the relatively gradual
change in curvature in the curve 56 near the
end of the trace interval. However, by suitable
choice of the control grid and screen grid circuit
constants, it is possible to increase the speed of
reversal of control grid potential, in accordance
with the principles of my invention, so that the
interval tz—t3 becomes practically negligible.
This will be evident from the pronounced upward
curvature of the voltage curves 52 and 55 and
the pronounced downward curvature of the volt-
age curve 67 in the immediate vicinity of time #a.

1t will also be apparent to those skilled in
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the art without detailed explanation that the
current and voltage reversals may be accelerated
by negative synchronizing pulses applied to the
control grid just prior to the time 3. The free-
running frequency of the oscillator can be ad-
justed within limits by variation of the resistor
22 so that synchronization is readily obtained at
frequencies reasonably close to the free-running
frequency of the system.

During the interval fs—#: these current and
voltage reversals continue at an Increasing rate,
causing the anode voltage to reach g high posi-
tive peak which may, for example, be of the order
of ten times the anode supply potential in the
case of a system adjusted to have g retrace in.
terval Zs—t approximately equal to one-tenth
of the total period of & cycle, o

At the instant ¢ the internal anode-to-cathode
resistance of the tube reaches a very high value

and the control grid simultanecusly reaches its :

most negative value. The circuit losses and the
decrease of charge on grid blocking capacitor
24 caused by current flow through resistor 23
in Fig. 1 and through voltage divider 4§ in Fig, 2
limit the anode potential rise at this instant,
and therefore the rate of decrease in anode cur-
rent becomes less, and the induced negsative con-
trol grid voltage becomes less. - As g result, a sec-
ond reversal of anode and control grid voltages
occurs cumulatively, as breviously explained.

The deflecting coil - current continues to de-
crease beyond the instant #; and up to the instant
ts, due to the effect of various circuit capacities
which cause the natursl period of oscillation of
the deflecting coil circuit to be longer than the
interval ts—#s. Just after the instant £s the screen
grid current begins to rise very rapidly because
the anode.voltage is now appreciably lower than
the screen grid voltage. At the point s the anode
current begins to rise because the contro] grid
voltage is approaching zero potential. -The cycle
then repeats.

The points of discontinuity in the control grid
voltage curve 57 at instants of time #s and # have
been found to have negligible effect upon the rate
of rise of deflecting coil current, providing that
the correct values of circuit constants are em-
ployed. Capacity currents in the anode circuit
also oceur at each sharp discontinuity in the cycle,
but these do.not appreciably affect the current in
the deflecting coils and hence have been neglected
in the foregoing analysis.

In some cases it may be desirable to provide
& small external bypass capacitor in shunt to the
" degeneration resistor 25 in order to modify the
effective impedance in the screen grid circuit,
" The Fig. 2 modification shows the capacitance 47,
in full lines, to represent such capacitor. The
curve 83 in Fig. 3 shows the effect upon the screen
grid voltage wave form produced by the addition
of a small capacitor of the order of .01 mfd., at
& sweep frequency of 13,230 cycles per second. It
will be observed that this wave is generaliy -of
“cusp” form. It will be evident from a compari-
son with the wave 52 that the higher frequency
components in the screen grid current are by-
passed around the screen grid resistor and that
the concave upward curvature during the time
interval t1—i2 particularly near the beginning of
the interval, is accentuated. Whether any ap-
preciable improvement in linearity of sweep is
effected by addition of this external shunt ca-
pacity depends upon the damping characteristicg
of the particular transformer and defiecting 'coils
employed and upon the other constants of the
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circuit, The parallel impedance of resistor 25
and any shunt, capacity must be large enough to
cause the screen grid voltage to follow screen
current variations at the fundamental sweep fre-
quency. In other words, the time constant of
the screen grid degeneration network must be
shorter than the period of the sweep frequency,

Prior art circuits of the blocking oscillator type
for generating sawtooth waves have heretofore
relied upon a high value of primary inductance
in the output transformer circuit to insure reas-
onable linearity of sweep. Such constructions are -
not only expensive but fall considerably short of

:realizing the desired linearity. My improved cir-

cuits, on the other hand, require only an inex-
pensive output transformer of relatively low pri-
mary inductance, such as is readily available on
the commercial market, and utilize the wave shap-
ing action of the screen grid circuit to compen-
sate for the distortion which would otherwise be
caused by the damping characteristics of the
transformer and load. Not only is the cost of
the apparatus thereby reduced but the wave form
of the deflecting currents is more nearly g, perfect,
sawtooth than is obtainable with these more ex-
pensive. prior art arrangements. ‘The proper
value for the screen grid resistor 25 can be readily
determined in any particular case by varying its
value, or by substituting fixed resistors of dif-
ferent values, and observing oscillographically the
effect upon the linearity of the output wave form.

As another advantage of my invention, only a
single power tube is required for generating the
Sweep waves and energizing the deflecting coils.
for the saw-
tooth waves are required, This further contrib-
utes to the economy of construction and reduces
the possible causes of wave form distortion to a
minimum. The high Dpositive bias upon the con-
operation by
insuring a large swing in grid voltage over the
cycle,
- It appears to be a fundamental theorem in
bower oscillators of this general type that the
more efficiently the oscillator grid performs its
triggering action in sustaining the sawtooth os-
cillations, the less useful it is for controlling the
output current wave form, Consequently, the
apparatus embodying my invention has the fur-
ther advantage that these two functions are
largely separated, the control grid 12 being uti-
lized primarily for triggering the beginning of the
retrace interval.and the screen grid 8 being
utilized primarily for wave shaping. It is thus
possible to adjust the oscillator frequency and
wave form characteristics substantially inde-
pendently of each other and to proportion the
circuit constants so that each control element
performs its primary function with the greatest
possible efficiency. The inner control grid (2
is best suited for triggering because the mutual
conductance between control grid and anode is
much higher than the screen~-grid-to-anode mu-
tual conductance. Therefore a large swing in
grid voltage, which contributes to the attainment
of a short retrace time and to efficient oscillator
operation, is readily secured with g minimum of
grid excitation. Similarly, the scréen grid 13 is
best suited for wave shaping because of the non-
linear relation of the division of anode and screen
grid current with variation of anode voltage and
control grid bias,

Merely for completeness of illustration, and
not by way of limitation, the following ecircuit

.constants are given for a particular apparatus
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embodying the circuits of Fig. 1. These values
were found to give satisfactory results in actual
practice in a television line scanning oscillator
- operating at a synchronized sweep frequency of
13,230 cycles per second. These constants are
as follows:

Tube 10: Type 25C6G beam power amplifier,
Sweep coils 16: Effective inductance at 13,230
cycles per second=about one millihenry.
Transformer 18:
Winding i9a: 500 turns.
Winding 19b: 1000 turns.
Winding 20: 100 turns.
Open circuit inductance of winding 18a (with
.05 amp. D. C.)=06 H.
Inductance of winding 18a with winding 20
short-circuited=18 millihenries.
Source 2i=115 volts.
Resistor 22—=0-150 ohms (variable).
Resistor 23=230,000 chms.
Capacitor 24==.003 mfd.
Resistor 25-=3,000 ohms
2,500 ohms).
Capacitor 27=.01 mifd. (external bypass capac-
itor).
Resistor 28=20,000 ohms.
Capacitor 29==50 mmf{.
Resistor 31=50,000 ohms.
Capacitor 32—=470 mmf.
Resistor 33=infinite (omitted).

While I have shown particular embodiments of
my invention, it will of course be understood that
I do not wish to be limited thereto since various
‘modifications may be made, and I contemplate by
the appended claims to cover any such miodifica-
tions as fall within the true spirit and scope of
my invention.

What I claim as new and desire to secure by
Tetters.Patent of the United States is:

1. An oscillation generator for developing a
linear sawtooth current wave having a relatively
long trace interval and a relatively short retrace
jrterval during each cycle comprising, in com-
bination, an electron: discharge device having a
pair of control electrodes and an output elec-
trode, means coupling said output electrode to
an inductive load, feedback means for regenera-
tively impressing a voltage wave upon one of said
control electrodes in response to current in said
output electrode, said voltage wave having suf-
ficient amplitude to cause sald device to operate
as a blocking oscillator for supplying a sawtooth
current wave to said load, said current wave
tending to have an undesired curvature in one
sense within sald trace interval due to circuit
damping effects, and means to compensate for
said tendency comprising means for simultane-
ously impressing a voltage wave.on the other
of sald control electrodes having a curvature in
the opposite sense within said trace interval.

2. A sweep wave generator for developing cur-
rent waves of linear sawtooth wave form with
relatively long trace intervals and relatively short
retrace intervals comprising, in combination, an
electron discharge amplifier having inner and
outer control electrodes and an output electrode,
means coupling said output electrode to an in-
ductive load, means for impressing a regenera-
tive feedback voltage wave upon said inner con-
trol electrode in response to current in sald
output electrode, said voltage wave having suf-
ficient ampltiude to cause said device to operate
as a blocking oscillator for supplying sawtooth
current waves to said load, said waves tending
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to have an undesired decreasing rate of rise
within said trace interval due to circuit damp-
ing effects, and means for causing the voltage
of said outer control electrode to rise in response
to voltage variations of said output electrode at
an increasing rate within said interval and in
an amount sufficient to maintain said rate of
rise in load current substantially constant.

3, A sawtooth current wave generator com-
prising, in combination, a thermionic amplifier
having at least a cathode, an inner control grid,
an outer screen grid and an anode, means for
maintaining both said grids and said anode at
positive average operating potentials with respect
to said cathode, means coupling said anode to
an inductive output circuit including a magnetic
deflecting coil, means for regeneratively impress-
ing a voltage wave on said control grid in re-
sponse to output current variations, said device
thereby being rendered effective to develop a
sustained oscillatory sawtooth current wave in
said coil, said current wave tending to have a
progressively increasing departure from a con-
stant slope during the rising current portion of
each cycle due to undesired damping effects in
said amplifier and output circuit, and means for
degeneratively impressing a voltage wave on
said screen grid which is responsive to anode
voltage variations and which has a progressively
increasing departure from a constant slope in
the opposite sense during said portion of each
cycle, thereby to render said slope more nearly
constant.

4. An oscillation generator for developing &
linear sawtooth current wave having a relatively
long trace interval and a relatively short re-
trace interval comprising, in combination, a
thermionic amplifying device having at least a
cathode, an inner grid, an outer grid and an an-
ode, & highly inductive output circuit connected
between said anode and cathode and including &
current coil, an oscillation control circuit con-
nected between said inner grid and cathode, said
circuits being regeneratively over-coupled in an
amount sufficient to cause development of a saw-
tooth current wave in said coil, said wave tend-

-ing to have an undesired curvature during said

trace interval due to damping effects in said de-
vice and output circuit, a wave form control cir-
cuit connected between said outer grid and cath-
ode, and means in said last-mentioned circuit for
causing the voltage of said outer grid to follow
a voltage-time characteristic having an opposite
curvature during said interval, whereby the
transconductance of said device is caused to vary
in & manner to offset said tendency.

5. In a sweep wave generator, the combination
of an amplifying device having a cathode, a con-
trol grid, a screen grid and an anode, an in-
ductive load circuit connected from said anode to
said cathode, a first control circuit connected from
said control grid to said cathode through a source
of positive bias potential, said circuits being re-
generatively over-coupled to cause said device to
generate sustained oscillations of sawtooth form,
and a second control circuit connected from said
screen grid to said cathode through & non-induc-
tive impedance network, said network having a
time constant shorter than the fundamental
period of said oscillations.

6. A sweep wave generator for developing cur-
rent waves of linear sawtooth wave form with
relatively long trace intervals and relatively short
retrace intervals comprising, in combination, an

‘electron discharge device having inner and outer
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control electrodes and an output electrode, means
coupling said output electrode to a highly indue-
tive load circuit including a magnetic sweep coil,

means responsive to current in said load circuit
for impressing regenerative voltages on said in-.

ner control electrode sufficient in magnitude to
cause said device to supply sawtooth current
waves to said coil, said waves tending to have an
undesired decreasing rate of rise during at least
a portion of said trace interval due to .damping
effects in said device and output circuit,  and
meens for causing the voltage of said outer con-
trol electrode to rise in response to voltage varia-
tions of said output electrode at an increasing
rate within said interval and in an amount suf-
ficient to maintain said rate of rise in load cur-
rent substantially constant, said last means com-
. prising a non-inductive degeneration network in-
cluded in circuit with said outer control elec-
trode and having substantial impedance at the
fundamental sweep frequency.

7. A sawtooth wave generator comprising, in
combination, a thermionic device having a cath-
ode, a& control grid, a screen grid and an anode,
a highly inductive load circuit. connected be-
tween said anode and cathode and including an
output transformer and a magnetic deflecting coil,
an oscillation control circuit connected between
said control grid and cathode including a source
of positive bias potential and a non-inductive
current-limiting impedance network and a re-

generative feedback coil on said transformer, said.

control circuit being over-coupled to said load
circuit for the production of g sawtooth current
wave in said coil and having a time constant at
least as great as the fundamental period of said
wave, and a wave form control circuit connected
between said sereen grid and cathode and includ-
ing a non-inductive impedance network, said
network having a predetermined impedance at
said frequency and a time constant short as com-
pared to said fundamental period.

8. A sweep wave generator for developing a
linear sawtooth current wave having a relatively
long trace interval and a relatively short retrace
interval comprising, in combination, a thermi-
onic amplifying device including g cathode, an
inner grid, an outer grid and an anode, a highly
inductive output circuit connected bhetween said
anode and cathode and including an output cou-
pling transformer and a magnetic sweep coil, a
first control circuit connected between said inner
grid and cathode and including a source of posi-
tive bias potential and g regenerative feedback
winding on said transformer, said winding pro-
viding sufficient feedback voltage to cause said
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linear sawtooth current wave comprising, in
combination, an amplifying device having a
cathode, a control grid, a screen grid and an
anode, an inductive load circuit connected from
said anode to said cathode, g first control circuit
connected from said control grid to said cathod
through a source of positive bias potential and
& grid current limiting impedance, means for
regeneratively feeding back voltages from said
load circuit to said control eircuit sufficient in
magnitude to cause said device to generate sus-
tained oscillations of sawtcoth wave form, fre-
quency control means comprising a variable re-
sistor common to said ecircuits for providing a
relatively small, adjustable degenerative feed-
back therebetween, a second control circuit con-
nected from said screen grid to said cathode, and
Imeans comprising a non-inductive impedance

" in said second control circuit for causing the
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device to operate as a blocking oscillator for sup- -

plying a sawtooth current wave to said coil, said
wave tending to have an undesired curvature
within said trace interval due to damping effects
In said device and output circuit, a second
control circuit connected between said outer grid
and cathode, and means in said last-mentioned
circuit for causing the voltage of said outer grid
to follow a voltage-time characteristic having an
opposite curvature during the same portion of
said trace interval, said means comprising a non-
inductive element in said second circuit having
substantial impedance at the fundamental sweep
frequency. .

9. An osclllation generator for developing s

as

70

voltage of said screen grid to vary in response
to variations in screen grid current at the fun-
damental frequency of said oscillations.

10. An oscillation generator for developing &
linear sawtooth current wave comprising, in
combination, an amplifying device having a
cathode, a control grid, a screen grid and an an-
ode, an inductive load circuit connected from
said anode to said cathode, a first control eir-
cuit connected from said control grid to said
cathode through a source of positive bias poten-
tial and a grid current limiting impedance,
means for regeneratively feeding back voltages
from said load circuit to said control circuit suffi-
cient in magnitude to cause said device to gen-
erate sustained oscillations of sawtooth wave
form, a second control circuit connected from
said screen grid to said. cathode, means com-
prising a resistance element in said second con-
trol circuit for causing the voltage of said screen
grid to vary in response to variations in screen
grid current at the fundamental frequency of
said oscillations, and means to impress negative
synchronizing signals on said control grid hav-
ing a fundamental frequency slightly higher
than said oscillation frequency. ’

11. An oscillation generator for developing a
linear sawtooth current wave comprising, in com-
bination, an amplifying device having a cathode,
a control grid, a screen grid and an anode, an
inductive load circuit connected from said anode
to said cathode, a first control circuit connected
from said control grid to said cathode through
8 source of positive bias potential, means for
regeneratively feeding back voltages from said
load circuit to said control circuit sufficient in
magnitude to cause said device to generate sus-
tained oscillations of sawtooth wave form, a sec-
ond control circuit connected from said screen
grid to said cathode, means comprising & non-
inductive impedance in said second control cir-
cuit for causing the voltage of said screen grid
to vary in response to variations in screen grid
current at the fundamental frequency of said
oscillations, means to impress synchronizing sig-
nals on said control grid having portions tend-
ing to drive said control grid negative at regu-
larly recurring intervals slightly shorter than
the natural period of oscillation, and means to

" adjust said bias potential so that said grid is

driven negative only by said portions.
HAROLD T, LYRAN,




