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Horizontal output circuits for some time have
been viewed with awe and mystery, not only in the
manner in which they basically operate but in the
apparent changes in linearity and size as various
voltages are changed. In general, all present day:
magnetic scan amplifier systems are alike, however,
the direct drive system is perhaps the least com-
plex and easiest to understand. With this system
and the asymmetrical yoke, later to be described,
some of the advantages are inherent uniformity of
linearity, high efficiency and ease of adjustment.

In order to obtain a better understanding of
the operation of the direct drive scanning system, .
this paper will begin with the usual classical |,
approach of a deflection yoke shunted with its dis-
tributed capacitance in seriés with a battery and a
switch, as shown in Fig. 1
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Figure 1

* Advanced Development Department, Engineering
Division, Colonial Radio Corp., Buffalo, N.Y.

The instant the switch is closed, current will
begin to flow from the battery through the deflec-
tion yoke. Inasmuch as the battery is shunted
directly across the yoke, and the voltage of this
battery is constant, the current will rise in such
a mapner as to make the rate of change of current a
constant dictated by the formula, E L-%%, If
now, the current in the battery and yoke is sudden-
1y intenvﬁpted the energy in the inductive branch
of €he ypke‘ 111 begin to transfer to the capacitive
branch Tg@ ¢urrent in the yoke will decrease from
its positive value to zero and then to a negative
value equal to its positive value, barring losses,
in a\cosine fashion.. The voltage across. the coil
will, s of course, rise from Eb to a high value and.
then decrease to zero in a sine function., Left in
this condit;on,wlt“would oscillate forever,- this
particular circhit}having no losses. If at the
moment the current in the yoke reaches its peak.
negative value, the switch is again closed, the
current will then flow through the battery in such
a direction as to charge the battery until all the
energy induced in the yoke has been returned to the
battery. The current will begin to flow in the
opposite direction and -energy is again being re-
-moved from the battery, and the current will con-.
tinue to have the same ¥ate of change as before.

Inasmuch as the switch will have to be re-
placed with a vacuum tube, ‘and vacuum tubes are not
bi-directional, as are switches,'two oppositely
connected tubes will be requireﬂ. For the first, a
diode is shunted across the switch to enable the
reverse current to pass through it and thereby
charge the battery. The diode has also two other
advantages: (1) the diode is automatic as far as
the timing is concerned; it begins to conduct when
the voltage across the open switch passes through
zero, (2) it enables the switch to be closed at any
time after that time at which the yoke current
reaches peak negative current and that at which it
reaches zero current.
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Fig. 2

Until the time the switch is opened, the
operation of the circuit in Fig. 2 is identical to
the circuit of Fig. 1. At the.time the switch is
opened, the'voltage across the coil begins to in-
crease in such a direction as to hold the cathode
more positive than the plate and hence no conduc-
tion occurs. After this voltage has gone through
one-half cycle, it then tries to go negative, but
the diode conducts holding the voltage across the
coil constant and therefore L-%% constant. Under
these conditions, the stored energy can be returned
to the battery through the diode circuit., The
switch can be closed at any time after the diode
has begun to conduct as it will only short out the
diode.

Obviously, the procurement of a mechanical
switch that will close and open in a fraction of a
~microsecond, and repeat at a frequency of over
15000 cycles per second, is rather difficult to say
the least, and must, therefore, be replaced by a
vacuum tube., Fig, 3 illuétrates the same circuit
as Fig. 2 except the addition of a tube and battery
and the deletion of the switch, The purpose of the’
battery is to supply the drop that will occur
across the tube, which was not present when the
switch was employed. This battery is also used to
supply screen power.

A saw tooth of voltage, equal in amplitude to
approximately twice that of zero bias to cutoff, at
the proper values of plate and screen voltage, is
applied to the grid. The tube obtains bias by
drawing grid current and, therefore, the peak of
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Fig. 3

the input saw tooth is held very nearly zero bias,
During the first half of the cycle the diode is
supplying the current to the yoke. Just before the
diode current reaches zero, the output tube will
begin to conduct. The input wave form, to the grid
of the output tube, can be shaped so that the rate
of change of current supplied by it is constant.
This is the most efficient mode of operation but is
not necessary as long as the tube supplies at least
enough current to sustain the L at drop. Any addi-
tional current supplied by the tube will flow
through the diode, for if the current were allowed
to go through the yoke, it would cause an addi-
tional drop over and above L %% which would then
make the cathode of the diode more negative with
respect to its plate. So it can be seen that the
diode regulates the L-%%-drop across the yoke to

E_.
exactly y

. The power losses in the direct drive system
can be classified into two distinct classes:

(1.) Power lost in the yoke.
(2.) Power lost in the deflection tube,

. The second of these two items is wholly sup-
plied by the battery in series with the output tube
Vl. As the voltage on the plate is held at ground
potential due to the action of the diode, the total
power consumed by this tube is then equal to the
voltage of the cathode supply, Ek’ times the
cathode current. Plate and screen dissipation can
be separated quite easily by determining the screen
dissipation and subtracting from the total power
input to obtain plate dissipation. Screen dissipa-
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. tion is, of course, screen current times screen to
cathode voltage. '

Power lost in the deflection yoke can be found
with equal ease., In all previous examples this
power has been zero due to the assumption of a
lossless yoke. If now, for example, the yoke has
resistance, there would be some power lost due to
this resistance. This power lost is a function of
the effective "Q" of the yoke at the retrace fre-
quency. If we assume a yoke with a "Q" of 20 at
the retrace frequency then the logarithmic decre-
ment will be:

€ - Nz
Q
Where N = Number of cycles
Q=20
Then :
e-Nr o l2%_ X . .- 0786 - 92.45%

Q 20
Therefore, the peak negative excursion of the cur-
rent during retrace time is only 92.4% that of the
positive excursion of current just prior to retrace
time. This also implies that only 92.4% of the
energy stored in the yoke will be fed back to the
battery during the first half of the scan. If the
peak positive current is 100% i and the peak nega-
tive current is 92.4% i, then the total current,
peak to peak, is 192% i. The positive peak cur—
rent of 100% i minus 192% i 4%. The DC component
is then 2% of the peak to peak current.in the yoke
due to the "Q" of the yoke, There are, however,
other causes which raise this value of direct cur-
rent through the yoke. One of these is the ex-
ponential rise of current, while still another is
the "Q" of other circuit parameters, If, for ex-
ample, the output tube is not cut off sharply at .
the end of trace, the tube itself will dampen the
ringing and thereby lower the efficiency of the
circuit., It is not impossible to obtain a system
for scanning 50° at 10 kilovolts that will draw as:
little as 15 milliamperes from the yoke supply.

The total losses in the yoke circuit can then be
computed by multiplying this direct current by the

battery voltage Ey.

. The direct drive horizontal scanning system
has an inherent uniformity of its characteristic.
Under normal operating conditions, the output tube
is made to sﬁppiy more current than is necessary to
support the L %% drop in the yoke, and the diode,
therefore, absorbs this excess current. Under
these conditions, grid drive, plate voltage, and
screen voltage can be varied considerably without
affecting either size or linearity of the horizon-

tal scan. In order to change size with this sys-

item, it is only necessary to change the yoke bat-

tery voltage. This change of battery voltage does
not affect the linearity as this voltage determines
only the rate of change of current through the yoke,

In general, non-linearity of trace in the
direct drive system can be classified into two
classes: (1) the non-linearity due to the exponen-
tial rise of current in the yoke and, (2) non-
linearity due to tube geometry.

Fig, 4 is a graph in whichb(, or the angle the
beam subtends from an axial line down the center of
the tube is plotted versus S spot location as a
percentage of the total distance across the tube.
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Fig. 4

Assuming constant angular velocity, for the
presenf, the solid line indicates perfect linearity.
This condition is not obtained in present day tubes
due to the flatness of the face. .It can be proven,
by simple geometry, that the observed scan will re-
sult in a tangent function. This curve has been
plotted to the same coordinate, namely S andcliin
Fig. 4.

Picture tube geometry is such as to cause a
stretch in the picture, as viewed on both the right
and left hand sides of the picture tube. Somewhat
compensating this non-linearity on the right side
of the picture tube is the fact that the angular
velocity is not comstant, but varies in an exponen-
tial manner due to resistance in the circuit.

By a trial and error method this resistance

was determined and the exponential was plotted. It
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can be observed from the graph that the two factors
causing non-linearities compensate for each other
on the right hand side of the picture while they
are additive on the left side of the picture,.

2lo
N
N= PERCENT ils PERCENT NONLINEARITY
T NONLINEARITY DUE YO TUBE GEOMETM\;\ ]
ifo /
5 -4 /
/ : 3ls .
35 3o 2 o 1 o Is 5,10~ 2o 2 f/"ﬁ)
—
L—1 ) \"\o.\‘ /
Aﬁ’// e ilo ™~
d PERCENT Nom.muam?\
|_rovaL oF Two ils DUE TO RESISTANCE —|
i NONLINEARITIES
2o
/ 2|s

Figure 5

To more clearly illustrate these points,
figure 5 is a graph in which percent non-linearity
is plotted againstqﬁ or, more accurately, against a
constant multiplied by time. From this graph it
can be seen that the non-linearity on the right
side does not exceed three percent; however, on

“the left side of the picture, the linearity has
been increased to the point where, for a 70° tube,
it reaches 26%. This 26% non-linearity is, of
course, not commercial but fortunately, can be can-
celled out by a judicious arrangemenf of the mag-
netic field in the deflection yoke.

Figure 6 is an illustration of a cross section
of such a deflection yoke. It will be noted that
the coils are so constructed as to have the half of
the winding on the right side, short and thick,
while the other half of the same coil, which neces-
sarily must have the same volume, is long and nar-
row, This slide has, of course, been exaggerated
for illustration purposes and is not to scale.

The flux distribution in a yoke of this type
is such as to produce non-linearities; however,

[worizonTAL]
| YOKE colLs |

~—_ |

Figure 6

these non-linearities are of a magnitude and direc-
tion as to approximately cancel the already exist-
ing distortion.

Moving the center of the window over, as is
done, could produce a minor amount of trapezoidal
and pincushion distortion. With a few geometric
changes on the vertical coils these effects can be
eliminated., The amount of defocusing of the spot
that this yoke introduces is negligible and, in the
order . of that encountered in normal yokes for
minimizing the pincushion effect,

Deflection yokes of the type described have
only a minor change in the flux distribution and
are not intended for deflection circuits other than
the type described, as the non-linearities encount-
ered in other circuits may not have the uniformity
that is demanded.

In practice, 4% non-linearity is not an uncom-
mon achievement. This coupled with the stable cir-
cuit enables the television set to have good
linearity for the life of the set.

I wish to thank Mr. H. R, Shaw and Mr. K. R.
Wendt of Colonial Radio Corp. under whose direction
this work was completed.
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FOR’ PRECISION. MEASUREMENTS

5 CYCLES TO

MODEL 59 MEGACYCLE METER
2.2 to 400 megacycles in seven coil ranges

MODEL 80 STANDARD SIGNAL GENERATOR
2 to 400 megacycles, AM.and Pulse Modulation

MODEL 65-B STANDARD SIGNAL GENERATOR
75 to 30,000 kilocycles M.O.P.A., 100% Modulation

oMODEL 82 STANDARD SIGNAL GENERATOR
20 cycles to 50 megacycles, AM

MODEL 62
VACUUM TUBE
VOLTMETER
0 to 100 volts AC, DC and RF

BOONTON

"IN THE FREQUENCY RANGE OF

1000 MEGACYCLES

MOEI. 84 U.H.F. STANDARD SIGNAL GENERATOR
300 to 1000 megacycles, AM and Pulse Modulation

MODEL 78-FM STANDARD SIGNAL GENERATOR
86 to 108 megacycles, 0 to 300 KC. deviation

MODEL 58 U.H.F. RADIO NOISE

AND FIELD STRENGTH METER 15 to 150 megacycles

MODEL 79-B PULSE GENERATOR
60 to 100,000 cycles 0.5.to 40 microsecond pulse width

>  SQUARE WAVE

MEASUREMENTS CORPORATION

MODEL 71

GENERATOR
5 to 100,000 cycles

NEW JERSEY
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SPECIFICATIONS . . .

Cuthode-ruy Tube: For Type 250.A, Type 5CP.A;
for Type 250-AH, 5RP.A.

Accelerating Potentials; Type 250.A, 3200 volts;
Type 250-AH, 13,500 volts,

Y-Axis: Deflection factor, 0.015 tms volt/in., maxi.
mum through amplifier at fy]) gain; 0.15 through
probe and amplifier; 0.9 d.c volts maximum through
d-c amplifier at full gain; 21 rmg volts/in, + 209,
direct to deflection plates, Sinusoidal lrequ'oncy re.
Sponse of a.¢ amplifiers uniform within 10% from
§ to 200,000 €ps; within 60% to §00.000 cps. Re.
Sponse of d.c amplifier uniform within 109 from 0
to 200,000 cps, - :

X-Axis: Deflection factor, 0.4 rms “volt/in, maximum
through a.c amplifier at fy]] gain; 1.2 d.c volis/in,
maximum through d-c amplifier at tull gain; 23 ms’
volts/in, +209% direct to deflection plates. Siny.
soidal lrequency response of a.c amplifier uniform
within 10% from § fo 200,000 cps; within 60% 1o
500,000 cps, Response of d-c amplifier uniform
within 10% from @ 10 200,000 cps,
Linear Time Base: Both driven and recurrent sweep-

time intervals continuously variable from 5 seconds
fo 10 microseconds,

lpfensity Modulation; 5 volis peak for adequate
modulation,

Primary power; 115/230 volts, 50-60 cycles, 250
watts, .

Dimensions; 15~ h, 11" w,, 19" d.. Weight: 68 Ibs,




