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to Radio Corporation of America, a corporation 
of Delaware 

Application January 18, 1945, Serial No. 573,437 
(C. 175-335) 4. Claims. 

The present invention relates to circuits for 
generating non-sinusoidal oscillations such for 
example as those adapted to produce periodic 
deflection of the beam of a cathode ray tube. 
The wave form of the current flowing through 

2 
current flow through the suppressor tube which 

5 

the deflecting coils of a cathode ray tube deter 
mines the manner in which the cathode ray beam 
is deflected. If the wave form of the current is 
linear during a portion of each cycle, as is the 
case for example when the current wave is of 
sawtooth configuration, then the deflection of the 
cathode ray beam during this interval of lin 
earity of current flow will be at a constant rate 
with respect to time. 

It is especially important that the wave form 
of current flow through the cathode ray beam 
deflecting coils be linear during a portion of 
each cycle in systems where this linear current 
flow is utilized for the time-base deflection of 
a cathode ray beam in any electronic device used 
for television or oscillographic purposes. In tele 
vision receivers, for example, where reconstitu 
tion of a line of the transmitted image occurs 
during the linear motion of the beam, any de- . 
parture of the wave form of the current flow 
ing through the deflecting coils from linearity 
during this interval of reconstitution will affect 
the rate of motion of the bean and hence result 
in distortion of the reproduced image. 
A number of circuits have. been developed for 

the purpose of obtaining linearity of current flow 
through deflecting coils or other inductance ele 
ments. One of the circuits, which is especially 
adapted for use in television transmitters and 
receivers, employs a power tube connected to the 
beam deflecting coils of a cathode ray tube 
through a coupling transformer. Across the 
secondary of the coupling transformer a con 
trolled suppressor tube is connected, the purpose 
of which tube is to damp out parasitic oscilla 
tions and also to regulate the rate of current de 
crease in the Secondary circuit. When so regul 
lated, the current in the secondary circuit Sup 
plements the current flowing in the primary cir 
cuit to a linear summation characteristic, this 
linear summation current being that which actu 
ally flows through the deflecting coils to produce 
linear deflection of the Cathode ray beam. 
A circuit operating On the above principles is 

described and claimed in co-pending Schade ap 
plication Serial No. 572,712, filed January 13, 
1945. One feature of this co-pending applica 
tion is the provision of means to shape the volt 
age variations appearing on the control electrode 
of the suppressor tube SO that the Wave form of 
these variations will be such as to produce a 
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varies in a predetermined manner. 
Circuits such as the above which include a cons 

trolled suppressor tube are generally efficient 
and give good linearity of current flow when the 
wave form of the voltage variations applied to the 
control electrode of the suppressor tube is cor 
rectly determined. However, they require the 
use of a Suppressor tube containing at least one 
control electrode and, in addition, necessitate the 
inclusion in the circuit of means for deriving the 
voltage variations to be applied to this control 
electrode. The above factors are a disadvantage 
in the manufacture of television equipment in 
the lower price ranges where production costs 
must be held to a minimum. 
The simplest circuit which includes a sup 

pressor or damping tube, and the circuit which 
is consequently the lowest in cost, is the One 
employing a diode connected both across the sec 
ondary winding of the coupling transformer and 

A circuit of this 
nature not only uses less expensive tubes but, 
in addition, since the diode is not externally con 
trolled, eliminates the circuit elements which in 
the controlled suppressor tube circuit are required 
to derive the voltage variations to be applied 
to the control electrode of the supressor tube. 
Systems of the type last described employing 

"damping diodes' are well known. The prin 
cipal reason why the "damping diode' type of 
Scanning circuit has been superseded to a large 
extent by the "controlled suppressor tube' form 
of circuit, even in view of the increased coma 
plexity and cost of the latter, is that the "damp 
ing diode" arrangement is always less efficient 
and in addition has not, in practical operation, 
produced an output which is sufficiently linear 
for quality reproduction of images. 
While the non-linearity of output from the 

"damping diode' type of scanning circuit is rec 
Ognized, the reason for this non-linearity has 
not been appreciated. Applicant has discovered 
the reasons for this non-linear output, and by 
means of the present invention corrects these 
defects so that the "damping diode' circuit will 
produce current variations through an inductive 
member such as a cathode ray beam deflecting 
coil which are linear with respect to time. 
One object of the present invention, therefore, 

is to provide a simple and relatively inexpensive 
circuit for producing through an inductance ele 
ment, such as a cathode ray beam deflecting coil, 
a cyclically varying current a portion of each 
cycle of which varies linearly with time, 
A further object of the invention is to provide 
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a cathode ray beam deflecting circuit of the 
type utilizing a so-called "damping diode' in 
which linearity of current output is obtained. 
A still further object of the invention is to pro 

vide a cathode ray beam deflecting system of the 
type utilizing a so-called "damping diode,' in 
which the resistance of the diode circuit as it 
appears across the beam deflecting means may 
be adjusted to a certain particular value to give 
linearity and also to permit compensation for 
changes in the constants of the diode itself due 
to aging, replacement, or other reasons. 

Other objects and advantages will be apparent 
from the following description of a preferred 
form of the invention and from the drawing, in 
which: 

Fig. 1 shows schematically a circuit arrange 
ment illustrating the principle involved in the 
present invention; 

Fig. 2 is a set of curves illustrating the Oper 
ation of the circuit of Fig. 1; and 

Fig. 3 shows schematically a commercially 
practical circuit based on the principle illustrated 
in the circuit arrangement of Fig. 1. 

Referring now to Fig. 1, there is shown a power 
tube having at least an anode, a cathode, and 
a control electrode. The anode of the power tube 
is connected to one end of an inductance ele 
ment L, which may comprise a cathode ray bean 
deflecting coil. Inductance I has inherent re 
sistance R and distributed capacity C, these be 
ing shown in the drawing as separate elements 
to facilitate the following description. Capacity 
C forms with the inductance L the equivalent 
of a tuned circuit, which will, under proper op 
erating conditions, produce oscillations as is well 
known in the art. The inherent resistance R of 
the inductance L, which as above stated has been 
shown for purposes of illustration as a separate 
element, has one end connected to the inductance 
L and its other end connected to the cathode of 
the power tube through a battery or other source 
of potential EB having the polarity indicated. 
A biasing battery or other source of potential Ec 
with its positive terminal connected to the cath 
Ode of the power tube is provided to maintain a 
proper operating potential on the control elec 
trode of the power tube. 
Across the inductance L and its inherent re 

sistance R, or in other words between points ac 
and gy, is connected a diode circuit including a 
iode having an internal resistance Rd and an 
adjustable series resistor of value Rs. The diode 
S inverted as shown so that its cathode is con 
nected to the anpde of the power tube. The cur 
ent flow il indicated by the arrow in Fig. 1 rep 
resents the current flow due to the power tube, 
while the current flow i2 represents the current 
low through the diode circuit, the currents is 
and i2 flowing in opposite directions through the 
inductance. 
When a varying voltage such as that indicated 

by the wave form eg is applied between the cath 
)de and control electrode of the power tube, the 
ircuit of Fig. 1 will operate to produce a cycli 
ally varying current through the inductance L. 
in the manner shown by the curves of Fig. 2. 
The upper part of the left hand diagram of Fig. 2 
llustrates the control-bias family of current 
'oltage curves of the power tube, while in the 
Ower part of the same diagram there is illus 
rated by the broken line the current-voltage 
urve of a typical diode. It will now be shown 
hat a diode having a current-voltage charac 
eristic as shown by this broken line can not 
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4. 
be employed to produce linearity of current flow 
through the inductance L. unless the characteris 
tics of the diode circuit appearing between points 
ac and y in Fig. 1 are altered in the manner dis 
closed by the present invention. 
As illustrated in the middle right-hand dia 

gram of Fig. 2, the desired linear current flow 
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through the inductance L during scansion is the 
sum of the current component output of the 
power tube, which varies between zero and a 
peak value I, and the current flow 2 through 
the diode, which varies between zero and a peak 
value 2. The peak-to-peak current through L 
is therefore equal to 1--12. In ideal circuits 
I=Ia, but I2 is always less in practice due to 
circuit losses. 
The linear rate of change of current flow 

through inductance L will produce a voltage be 
tween points ac and gy which is substantially con 
stant with respect to time, as shown by the 
broken line in the lower right-hand diagram of 
Fig. 2, this voltage being equal to the inductance 
I multiplied by the rate of change of current 

di 
dt 

However, due to the resistance R, which is the 
effective resistance of the tuned circuit LC, the 
voltage curve is not horizontal, but instead has 
a slope such as indicated by the solid line in the 
Same diagram. 
The effect of this change in voltage across the 

diode circuit due to the resistance R is shown in 
the left-hand diagram of Fig. 2, the levels of the 
peak currents I1 and Ia being projected across the 
figure from the middle right-hand diagram il 
lustrating the current flow through inductance L. 

If, as above brought out, the resistance R were 
of negligible value, then the voltage variation 
between points at and y in Fig. 1 during scansion 
would be substantially zero, the actual voltage 
being equal to 

d 
Li 

a constant. The current line u of Fig. 2 would 
then be vertical, crossing the voltage coordinate 
E of the diagram when I1=12=0 at a point deter 
mined by 

d 
E=L, 

This current line u would extend vertically be 
tween points I1 and I2, or in other words between 
the respective peak values of currents i and i2. 
As shown in the lower right-hand diagram of 

Fig. 2, however, the voltage across the diode 
circuit, or in other words between points ac and y, 
is not constant during scansion. For that reason 
the current line u of the left-hand diagram is 
not vertical, but instead has a slope determined 
by the voltage variation occurring as the current 
Varies from Zero to its peak value. The slope 
of the current line u is such that the line ap 
proaches the horizontal as the resistance R, in 
creases, since this increases the maximum volt 
age displacement as shown in the diagram on 
either side of the voltage point determined by 

d 
L 

It will be clearly appreciated that in order to 
obtain a peak diode current I2 at the voltage 
indicated, the diode must have an operating 
characteristic which passes through this point 
of peak current Ia, 
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A diode which is chosen arbitrarily without 
regard to the above analysis will have an oper 
ating characteristic which passes through the 
point a only by accident, and even should a 
diode be selected by experimentation which has 
the required current-voltage output, changes in 
the constants of the diode due to aging or other 
reasons will cause the Operation of the tube to 
vary so that the current-voltage relations neces 
sary in order that the curve pass through point 
I will no longer prevail. In Fig. 2 for example, 

O 

the operating characteristic of a typical diode 
as shown by the broken line does not pass 
through the point Ia, .. 
Assuming that a diode has been selected which 

has an operating characteristic such as shown 
by the broken line in the left-hand diagram of 
Fig. 2, then by the insertion of a particular value 
of unbypassed resistance in the diode circuit, an 
operating characteristic for this same diode may 
be obtained such as indicated by the Solid line 
in Fig. 2, this solid line passing through the 
point Ia as required. The particular value neces 
sary for this resistance may be calculated from 
the following formula: 

L-1R 
R’=R.+R,--- 

where 
R'=the resistance of the diode circuit appearing 
between points at and y in Fig. . : 

Rs=the external series resistance in the diode cir 
cuit indicated by Rain Fig. . 

Rd=the internal resistance of the diode. 
L = the effective inductance of the tuned circuit. 
A-the rate of change of current flowing through L. 
= the peak current flow through the diode. 
R = the effective resistance of the tuned circuit. 
Although the value of I2 in the above formula 

is not known, it may be obtained from the foll 
lowing equation: 

I=le 
Where 
I. positive peak current in L. due to the power 
tube. 

e = the logarithmic base, equal to 2.71828, 

and also from the equation previously given: 
I-I-I=peak to peak current through I. 
When the total resistance R' of the diode cir 

cuit is obtained from the above formulas, it is 
only necessary to subtract therefrom the internal 
resistance Rd of the diode to obtain the required 
external resistance Rs which it is necessary to 
insert in series with the diode resistance Rd in 
order to obtain the entire diode circuit resist 
ance R. 
When the resistance of the diode circuit ap 

pearing between points ac and gy in Flg. has 
been correctly determined by a proper selection 
of resistance Rs, the characteristic curve of the 
diode will be as shown by the solid line in Fig. 2, 
and will pass through the point a representing 
the peak current through the diode. The actual 
current flow through the diode is indicated by 
that portion of the characteristic curve lying 
between the limits identified by the vertical 
boundary lines m and n in Fig. 2, these boundary 
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lines in and 7 also enclosing the line to repre 
senting the current flow through the induct 
ance L. For a diode current flow such as shown by the 
portion of the diode operating curve lying be 
tween the boundaries m and n, there is only one 
characteristic curve of power tube output that 
will produce linearity of current flow through the 
inductance L under the circuit conditions as set 
forth in the curves of Fig. 2. The manner of 
deriving the operating characteristic of the power 
tube will now be described. 

Since the power tube is the fundamental source 
of all the current flowing through the inductance 
L, the power tube must furnish not Only the 
current which flows in the inductance L dur 
ing the latter part of the Scanning interval, as 
shown in the middle right-hand diagram of 
Fig. 2, but must also furnish a current is to back 
out the rising diode current flowing through the 
diode circuit in the first part of the scanning 
period, as a rising diode voltage is required in 
order to obtain current linearity, 

Referring again to the left-hand diagram of 
Fig. 2, the total power tube current must therefore 
be the sum of the current actually flowing 
through the inductance L, as represented by the 
line u, and the reverse current a flowing through 
the diode during the first part of the Scanning 
interval, and which is represented by that part 
of the diode characteristic curve lying between 
the limits m and n. When these two currents 
are added together, the resulting curves is that 
which represents the total current which is 
furnished by the power tube. Looking at the 
above from a different viewpoint, the inductance 
current may be said to be the Summation of the 
power tube current and the diode current, the 
former being positive and the latter negative. 

it will be clear that for a certain Wave form of 
diode current there will be only one wave form 
of power tube current that can be added thereto 
to provide a linear flow of current through the 
inductance (assuming fixed constants of I and 
R). By varying the external diode circuit resists 
ance Rs, the characteristic curve of the diode 
may, in most practical cases, be altered so as to 
pass through point I2 regardless of the location 
of such point on the current-voltage graph of the 
diode, and thus provide for a diode current flow 
which, when added to a power tube current out 
put determined in accordance therewith, Will pro 
duce linearity of current flow through the in 
ductance, 
The output current curves of the power tube 

as shown in the left-hand diagram of Fig. 2 cuts 
across the control-bias family of current-voltage 
curves for the power tube. If each point of intera 
section between these control-bias current-volt 
age curves and the required operating character 
istics is plotted separately as shown in the upper 
right-hand diagram of Fig. 2, a curve may be 
obtained showing the voltage variations which 
must be applied to the control electrode of the 
power tube in Order that a current output there 
from as represented by the characteristic s may 
result. 

70 

Fig. 3 shows One form of commercially practical 
circuit which may be employed to carry out the 
principle of the invention described in Figs. 1 and 
2. In Fig. 3 is shown a pair of power tubes lo 
and 2 for supplying current to a pair of deflect 
ing coils 4 through a coupling transformer f. 

75 
Each of tubes O and 2 may be of a type such as 
the RCA 807 and includes at least a cathode, a 
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control electrode, a screen electrode, and an 
anode. 
The anodes of tubes O and 2 are each con 

nected to the positive terminal 8 of a source of 
potential (not shown) through the primary wind 
ing of coupling transformer 5. Between such 
primary winding and the anode of tube 0 is con 
nected an oscillation suppressor resistor 26, and 
a similar oscillation suppressor resistor 22 is con 
nected between the primary winding of trans 
former 6 and the anode of tube 2. 
The cathodes of tubes O and 2 are each con 

nected to ground through a common biasing 
resistor 24 across which is shunted a by-pass cons 
denser 26. A proper operating potential for the 
inter-connected screen electrodes of tubes ( and 
2 is obtained by means of a screen dropping re 

sistor 28 connected between the Screen electrodes 
of tubes 0 and 2 and the positive terminal 8 
of the potential source. A Screen by-pass con 
denser 30 is provided between the Screen elec 
trodes of tubes do and 2 and ground. 
When voltage variations, such for example as 

those indicated by the wave form 32 in Fig. 3 and 
as shown in the upper right-hand diagram of Fig. 
2, appear at the terminal 34, these voltage varia 
tions will be applied to the control electrode of 
tube 0 by way of coupling condenser 36 and Sup 
pressor resistor 38, and also to the control elec 
trode of tube 2 by way of coupling condenser 36 
and suppressor resistor 40. A grid leak resistor 
44 is connected between coupling condenser 36 
and ground. . 
The voltage variations applied in this manner 

to the control electrodes of tubes O and 2 pro 
duce nearly linear current variations in the pri 
mary winding of transformer 6, and these cur 
rent variations induce corresponding currents in 
the transformer Secondary. The Secondary 
winding of transformer 6 is wound in a direction 
Opposite to that of the primary winding, so that 
the adjacent ends of these two windings in the 
drawing Will be of opposite polarity as indicated. 
A transformer of the nature Set forth herein is 
described and claimed in Co-pending Schade 
application Serial No. 572,712 above referred to. 
A pair of duplex diodes 46 and 48 are connected 

in parallel across the secondary winding of trans 
former 6, except that between the joined twin 
cathodes of diodes 46 and 48 and the lower or 
A.-C. ground potential end of the transformer 
Secondary winding is connected an adjustable 
resistor which, in the circuit shown, comprises a 
potentiometer 50 having a sliding contact 52. 
Contact 52 is connected to ground through a by 
pass condenser 54. 
Each of the duplex diodes 46 and 48 may be of 

any suitable type, such for example as an RCA 
5W4-G. As illustrated, each duplex diode is 
formed With twin anodes connected together and 
to the upper end (in the drawing) of the second 
ary winding of transformer 6. 

Sliding contact 52 of potentiometer 50 is also 
connected to a tap on a further potentiometer 56, 
the ends of this potentiometer 56 being connected 
respectively to ground and to a negative tap 57 
on the source of potential (not shown) which has, 
its positive terminal indicated by the reference 
numeral B. A sliding contact 58 on potentiom 
eter 56 is connected to the lower end of deflect 
ing coils 4 and also to ground through a by-pass 
condenser 60. Adjustment of sliding contact 58 
controls the centering of the cathode ray beam by 
regulating the amount of direct current flowing 
through the deflecting coils 4, 

between points 62 and 64, is critical. 
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As hereinbefore stated, the resistance of the 
diodes 46 and 48 appearing across the secondary 
winding of transformer 6, or, in other words, 

Since the 
critical character of this diode circuit resistance 
was not previously appreciated, no way is pro 
vided in conventional circuits by which the diode 
resistance as it appears between points 62 and 64 
may be varied, the anodes and cathodes of the 
diodes in these conventional circuits being respec 
tively directly connected to the ends of the sec 
ondary winding of the coupling transformer. 
The present invention provides means by 

which the resistance of the diode circuit appear 
ing between points 62 and 64 may be adjusted 
to control the current flow through the diodes 46 
and 48 so that it will bear a particular relation 
to the current output of the power tubes C and 
A2. This means comprises the potentiometer 50 
connected between the Cathodes of diodes 46 and 
48 and the lower end of the secondary winding 
of transformer 6. It will be noted that poten 
tioneter , 50 is not by-passed by a condenser, 
When it is desired to obtain a certain particular 
resistance for the diode circuit between points 62 
and 64, so that the current flow through the di 
odes will be such as to produce linearity of cur 
rent flow through the deflecting coils when added 
to the current output of the power tubes, the po 
sition of the sliding contact 52 is altered so as 
to vary the value of the potentiometer resistance 
introduced between point 64 and the cathodes of 
diodes 46 and 48. The linear current flow thus 
produced through the deflecting coils results in 
linearity of deflection of the cathode ray beam. 

It will be observed that the potentiometer 50 
not only provides means for obtaining the cor 
rect resistance for the diode circuit which bears 
a direct relation to the Wave form of the voltage 
variations appearing at input terminal 34, but 
also . permits correction of any change in the 
resistance of the transformer secondary or the 
deflecting coils 4 as developed between points 
62 and 64. By means of the present invention, 
therefore, a desired operating characteristic for 
the deflecting system may be selected, and this 
characteristic thereafter maintained regardless 
of any resistance changes which may occur in the 
various components thereof. , 
The following values have been found in prac 

tice to be suitable for certain elements used in 
the disclosed system. However, they are being 
given merely as an example, and other values 
may be substituted for any or all of those given 
as may seem desirable or necessary: , 

Condensers 
36=.01 mf. 
26s-20 mif. 
30=8mf. 

54, 60=100 mf. 
Resistors 

44-250,000 ohms 
38, 40s-100 ohms 
20, 22-50 ohms 

24=100 ohms 
28=1,700 ohms (approximately) 

Value should be such that screen dissipation of 
power tubes O and 12 will not be exceeded. 
56-5 to 10 ohms 
50=depends on design of deflecting coils f4 and 

transformer f6. Typical values range 
from 50 to 200 ohms. 

While I have illustrated and described, and have 
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pointed out in the annexed claims, certain novel 
features of my invention, it will be understood 
that various omissions, substitutions and changes 
in the form and details of the system illustrated 
may be made by those skilled in the art without 
departing from the spirit of the invention. 

I claim: s 
1. In a circuit arrangement of the type in which 

cyclically varying current having a Wave form a 
portion of each cycle of which is linear with re 
spect to time is caused to flow through an in 
ductive member having distributed capacity, the 
combination of a rectifier circuit connected 
across said inductive member, said rectifier cir 
cuit including an unby-passed resistance element 
and a unilaterally conducting device in Series, 
and means for adjusting the value of said resist 
ance element to change the resistance of said rec 
tifier circuit as it appears across said inductive 
member to thereby maintain the linearity of said 
Wave form portion. 

2. In a circuit arrangement for developing cur 
rent variations of substantially sawtooth wave 
form through a wound inductive element, the 
combination of an electron discharge tube hav 
ing at least a cathode, an anode, and a control 
electrode, a transformer having its primary wind 
ing in the anode-cathode circuit of Said electron 
discharge tube and its secondary winding con 
nected across said inductive element, means for 
supplying voltage variations between the cathode 
and control electrode of said electron discharge 
tube, a two-element rectifier, means connecting 
one element of said rectifer to One end of the sec 
ondary winding of said transformer, an unby 
passed adjustable resistance, and means connect 
ing the other element of said rectifier to the re 
maining end of the secondary winding of said 
transformer through said adjustable resistance, 
the said connections being such that polarities On 
the electron discharge tube and rectifier are in 
the conductive directions thereof during the long 
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slope of the sawtooth wave, whereby upon adjust 
ment of said resistance the effective impedance of 
said rectifier may be varied to bring about sub 
stantial linearity of current flow through said in 
ductive element. 

3. In a television circuit of the type in which 
a cyclically varying current having a wave form 
a portion of each cycle of which is linear with 
respect to time is caused to flow through an in 
ductive member, the combination with such an 
inductive member of a grid-controlled power tube 
connected to supply unidirectional current there 
to, and a rectifier damping circuit comprising a 
diode and an unby-passed resistor connected in 
series across said inductive member, said resistor 
being adjustable to adjust the impedance of said 
rectifier circuit and thereby to adjust the in 
earity of said wave-form portion in accordance 
with the characteristic curves of said power tube 
and diode. 

4. In a beam deflecting system, a deflection coil 
and a damping circuit, the latter comprising a 
diode and only a resistance connected in Series 
across said coil; said damping circuit and coil . 
forming a resonant circuit the capacity across 
which is solely the distributed capacity present 
in said circuit, OTO B. SCHADE. 
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