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Thus, a single beam pencil may be used to give
any one of the desired primary colors by de-
flecting the beam pencil into any one of the
positions, r, b, or g. It should be emphasized
Lthat the functions of the color selection de-
flection system and the anastigmatic deflection
yoke are quite independent: the color selec-
tion deflection system serves to "color-tag*
the electrons as they leave the gun; the anas-
tigmatic deflection yoke serves to deflect the
beam over the raster. As & result the "color-
tsgged " beam may be focused on the screen and
deflected over a raster in much the same manner
As the beam in a conventional cathode ray tube
except for the greater diameter of the composite
beam which necessitates a widar aperture elec—
tron optical system.

The requirements on the elements of this
electron-optical aystem will become less strin-
gent as the beam pencils are crowded closer and
closer together. But it will be seen from Fig.
1, that as the angle-of-approach Is reduced,
the individual beam pencils must be made small-
er and smaller if they are not to overlap. The
question now arises whether space charge mutual
repuls ion effects will permit the Individual
beam pencile to be made as small as desired.
This problem of space charge is of much greater
concern for the one-gun tube than for the three-
gun tube because of the different current re-
quirements., When the one-gun color kinescope
is used to reproduce a color television picture
sequentially?, the single electron beam i3
shared in time sequence between the three pri-
mary colors and blanked off as it is switched
from one color position to the next. As a re-
sult, the average beam current to any particular
color phosphor can only be a small fraction of
the peak current capability of the single elec~
tron gun. When allowance is made for this low
duty factor and the loss of electrons on the
shadow-mask, peak beam currents of several mil-
liamperes may be required to give a picture of
adequate brightness.

A rigorous analysis of space charge ef-
fects is beyond the scope of this presentation.
but a simple approximate analysis suffices to
give a, satisfactory indication of the point
where space charge effectis may become impar-
tant. In terms of the geometry of Fig. 2, by
making certainsimplifying assumptions, Thompson

Tloc. clt,

and Headrick® have shown that for a beam of
circular cross section the minimum radius is
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Fig. 2 - Diagran of a nalf-longitedinal section of &
pean of circular cross saction beyond an electron lena,

given by
3 2
R T (Vamidle)V? (1]
where:
Ry = Initial radius of outer bear surface.
cm.
fe = Minimum radius of beam, cm.
V., - Initial inward component of velocity

of outer electrons, cm/sec.

Vg = Axial component of velocity of the
baam, em/sec.

| - Electron beam current, e.s.u.
e =~ Electronic charge, e.5.u,

The assumptions made in developing this rela-
tionship are: first, the radial component of
the velocity of the electrons as they leave the
electron lens is assumed to be proportional to
their distance from the beam axis; second, the
beam is assumed to be a uniform cylinder cf
electrons moving in a field-free space, except
for the field due to the eiectron charge den-
sity of the beam; anc third, the axial velocity
of the electrons in the beam is assumed to be
constant. In practice the devidtions from the
assumptions will tend to increase the size of
the focused spol. For the purpose of this
analysis, this relation will be construed as
sotting a lower limit to the beam slzo:obl-in-
able ina high vacuum rather than being a
measure of the spot size.

In a practical design of the one-gun
shadow-mask color kinescope the lens-to-screen
distance is 14 Inches, the angle of approach is
1.2 degrees and the second anode voltage is 18

8., Thompson and L.B. Weadrick, "Space Charge Limli-
tations on the Focus af Electron Seams™, Proc. [RE,
Vol, 28, pp. 318-324, July (940,
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“kilovelts?, |In this case, a simple computation
based on the geometry of Fig. 1 will show that
it the beams are not to overlap, the diameter
©of the individual beam pencils in the plane of
the converging lens cannot exceed 0.52 inch.
Translated in terms of the geometry of Fig. 2,
R, cannot be greater than 0.26 inch, Further-
more, | f the converging lens is adjusted so
that the bean comes to & point focus in the ab-
sence of space charge corresponding to low
levels of beam current, V_ cannot be greater
than 0.0187 V,. Under these specific condi-
tions, the variation of r, with 1 as computed
by equation (1) (s shown in the following
Table |.

~

Table |
| |milliamperes) - ro linches)
15 0.035
0.009
0.002

The practical tube for which the above
calculations were made glves a picture approxi-
mately 9 inches high?, For 500-)ine vertical
resolut fon the spot should not be more than
0.008-inch radius, and if space charge affects
are to be unimpartant, r, as computed above
must certainly be less than 0.009 inch.
If the point where space charge effects limit
the performance is arbitrarily taken to be that
point were r, equals 0,009 |nch, Table | shows
that the beam current should not exceed 9 mil-
liamperes.

By a similar calculation one may determine
the limiting beam current corresponding to
other beam-approach angles. The results of
these calculations are shown in the following
Table 1l. As js to be expected, the limiting
beam current varies as the square of the beam-
approach angle,

Table Il
Maximum beam current
that can be focused
in spot Beam-approach angle
(milliamperes) |degrees)
9 1.2
3 0.7
1 0.4
3og, elt,

In the preceding calculation for & tube
with a lens-to-screen distance of 14 Inches and
an angle-of-approach of 1,2 degrees, we saw
that the individual beam pencilis night approach
one-half inch in diameter at the plane of the
converging lens, By similar reasoning, it is
easily shown that the composite beam may exceed
one inch in diameter. 1t has been possibie to
provide an electron optical system which will
handle this relatively large diametesr beam. As
already pointed out in connection with Fig. 1,
this system includes & large aperture primary
converging lans, an auxiliary dynamic conver-
gence lens to compensate for the fact that less
convergence is required as the beam i3 deflect~
ed from the center,.and an ahastigmatic deflec~
tion system. Some of these problems have been
encountered in the design of projection tube
systems. |t is known that a large aberration-
free aperture can be obtalined with a suffi-
ciently large magnetic lens located cutside the
tube envelope’. When such a primary magnetic
converging lens is used, dynamic convergence (s
conveniently accomplished by an auxiliary coil
ingide the main lens, The solution of dynamic
convergence and anastigmatic deflection prob-
lems are similar in both the three-gun and one-
gun color kinescopes and are discussed In de-
tail elsewhere®,

An electron source which meets the re-
quirements schematically indicated in Fig. 1
was suggested and developad by D.A. Jenny of
RCA Laboratorias. As indicated in Fig. 3, It
includes a standard 5TP4 projection-type elec—
tron gun, a color selaction deflgctidn system

Fig, 3 ~ Eloctron optics of a developmental onv-gun
color kinescope.

TR,R. Law, "HWigh Current Electron Gua for Projection
Kinescopes,”™ Proc. [,R.E. vol. 29, pp. 954-976,
August 1937,

®A.W. Friena, "Deflection ana Convergence In Color
®i * An wany ing paper.

-




4
i
!

A One-Gun Shadow-Mask Color Kinescooe

which serves 1o deflect the beam into the suc—
cessive color positions, and a converging lens
which bends the beam penclls back toward the
axis to form the image. The voltages applied
to the electrodes of the gun are so adjusted
that the beam comes to a focus at the object-
point, The electron optical regulirements are
met when the longitudinal position of the
object-point Is so adjusted that the virtual
object-point colncides with the virtual center
of deflection of the color selection deflection
system. This relationship is shown in greater
detail In Flg. 4. In the fiald-free region
beyond the defiection system the elactrons are
assumed to travel in straight lines. Insofar
as the converging lens is concerned, the eleoc~
trons appear to have originated from a virtual
source at the apex of the dashed-ocutline cone
formed by tracing the straight line trajec~
tories back into the deflection system. BGe-
cause of the finite length of the deflectlion
system, the virtual center of deflection lies
somewhat ahead of the geometric center of the
color selection deflection system., Also, be~
cause the beam is bent somewhat before it reach-
es the virtual center of deflection, the true
object-point traces out a circle around the
virtual object-point.

Fig, 4 - Electron trajectories in the region of the
color selection deflection system,

Such a system was used with the one-gun
color kinsscopo in the March 1950 demonstra-
tions?, The standard 5TP4 projection-type

electron gun was used to form the object-point.
This gun, itself, is unnecassarily long for
this application., Also, as the first anode
voltage is lowared to move the object-point in
close to the gun, less than normal beam currant
for the gun is obtained, By placing an auxili-
ary magnetic-type electron lens over the elec—
trostatic electron lens formed by the first-to-
socond-anode transition as shown in Fig. 5, It

Fig. 5 - Omvelopmental elnctron gun with auslliary
magnetic lans,

is possible to raise the first anode voltage
and increase the beam current several fold.
This arrangement was suggested by F.H. Nicoll
of RCA Laboratories. To reduce the length of
the tube further, the simplified shortened
electron gun shown in Fig. & was developed.
The electron optics of this arrangement are of
course similar to those encountered in the sys-
tem of Fig. 5. The details of the performance
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Fig. 6 « Developmental simplifiad ahort alectron gun.

of these several practical designs ara reported
in a later section.
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Color Selection in the One-Gun Color Kinescope

Color selection in the one-gun color kine-
scope is accomplished by deflecting the beam
into appropriate color positions. Becauvse the
energy stored in a magnetic field makes it dif-
ficult to suddenly change the direction of de-
flection, the choice of magnetic deflection or
electrostatic deflection for color selection
will depend upon the ceclor system undsr con-
sideration. In the case of field~-sequential or
line-sequential color systems, stepwise switch-
ing from color to color is desired. This prob-
lem is no more difficult than the raster scan
and it should be possible to accomplish the
switch by magnetic means during the beam re-
trace time. If the direction of approach is to
be changed from picture clement to picture ele-
ment to praovide a dot-sequential presentation
of the color gsignal, magnetic-deflection color
selection with sine-wave switching by circular
deflection with uniform angular velocity is
preferred since it leads to considerabie cir-
cuit simplification. In the case of simultans-
ous presentation of the three primary colors
with the brightness signal applied to the gun
control grid and the color signals determining
hue anc saturation applied to the color selec~
tion system, the adility to change continuously
is desired, The rate of change of direction of
approach required will be determined by the
bandwidth of the hue and saturation informa-
tion. Ordinarily this bandwidth will be great
enough to make electrostatic color-selection
deflection desirable.

In the receiver previously described?,
dot-sequential prasentation of the color signal
Is employed and color selection is done mag-
netically. The required circular deflection is
provided by a small deflection yoke having two
sets of colls which are fed with quadrature
currents at color-sub~carrier frequency to pro-
duce & rotating field. Service adjustment of
color phasing is provided by mechanical posi-
tioning of this yoke. The amplitude of the
circular deflection is adjusted to produce the
proper convergence angle as required by the
mask and phosphor-dot screen. The duty factor
of the beam is controlled by a signal having a
froquency three times the color-sub-carrier
frequency which is Injected into the kinescope
cathode circuit. The amplitude and phase of

this signal are determined by the alignment of
a filter circult which utilizes the third har-
monic of the circular-deflection driver tube.

The performance of the one-gun, color kine~
scope under the above operating conditions Is
well illustrated by analyzing the case of a
large area single-primary-color at various
relative brightness levels., The esszential
features of such an analysis ars [1lustrated in
Figs. 7, 8, 9, and 10. A!l amplitudes in these
figures are expressed as relative values. In-
asmuch as the circular scan is synchronized and
locked in phase with the incoming signal, time
may be expressed in either ploctrical degrees
at the calor-sub-carrier angular velocity or
arimuth angle of the circular scan, The phase
is adjusted so that the beam is centered on the
desired phosphor at the moment the dezired
single-primary-color signal is a maximum, In
the present analysis time arbitrarily starts
at this instant.

i BEAM CURRENT

g CATHODE - GRAID  VOLTAGE

8 GRD VOLTAGE
CATHODE VOLTAGE
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Fig. 7 - Time variation of voltage and current when
reproducing a single primary color of uniform bright-
ness.

Proceeding now to the detailed analysis,
the voltage arriving at the grid is a sine wave
of fundamental frequency whose amplitude is
proportional to the brightness of the desired
monochrome area. |In keeping with the require-
ment that the current must be zero with zero
signal, this sine wave is plotted in Fig. 7
about a voltage axis corresponding to the cut-
off voltage., It is indicated by the curve
lavteled grid voltage. As already mentionad,
the duration of the beam pulse is controlled by
a signal having a frequency three times the
color-sub-carrier frequency which is injected
into the kinescope cathode circuit. This signal
is represented in Fig. 7 by the curve labeled
cathode voltage and s plotted about a voltage
axis marked bias voltage equal to the peak




third-harmonic voltage amplitude. The alge-
braic sum of these voltages is the resuitant
signa! between the cathode and the grid. It is
represented In Flg. 7 by the curve labeled
‘cathode-grid voltage. 1In the particular case
portrayed, the third harmonic amplitude i3 one-
half the fundamental amplitude. When the kine-
scope is operated in the space-charge-limited
reglon of its characteristic the beam current
is very nearly proportional to the five-halves—
power of the cathode-grid voltage. It is
represented here by the curve labeled bear
current,

Fig, # = ODiagram of veam positions assumesd auring
circular color scan.

The shadow-mask scrzen is described else-
where?. Two features are of importance in the
present analysis. First, the phosphor dots of
contrasting colors occupy adjacent tangent
clrcles. Second, to provide a factor of safety
for errors In mechanical alignment, the open-
ings in the shadow mask are of such size that
the electron beam transmitted by each opening
arrives at the phosphor plate In a spot smaller
than the individual phosphor dots. Due to the
circular deflection of the beam the electron
spot scans the trio of contrasting phosphor
dots with a uniform clrcular motion as shown in
Fig. 8. The position of the hole in the mask,
the mask to phosphor-dot-screen distance, and
the convergence angle are 3o related that the
spot traverses a circular path from the center
‘of the desired phosphor dot through the centars
of each of the undesired phosphor dots and ra-
turns to the center of the desired phosphor

*loc. cit.

dot. Thus in Fig. 8, at zerc electrical -
grees or zero angle of scan, It ia centered on
the desired phosphor dot R, At &0 degrees
impinges equally on the desired phosphor dot R
and the undesired phosphor dots G* and 8. -_
will be recognized as one of the phosphor dots
of an adjacent trio. (n a similar manner, the
remainder of the cycle may be traced out in de-
tail, In the following analysis, the relative
ares of the spot on each of the phosphor do
has been computed for the case where the dis-
meter of the electron spot is 80 percent of the
diameter of the phosphor dots. The resulls af
this analysis are indicated in Fig, 9. The
relative areas at various angles of scan are
shown by the curves r, g°, and B. The analysis
has been carried out for the remainder of the
scanning cycle, but for reason of simplicity is
not reproduced hare.

-
i |

Fig. 9.~ Tise varintiooof area of esch color possarded
by beam with unifor= angular velocity circular scan,

The instantaneous relative excitation of
the several phosphor dots is now of course the
product of the relative instantaneous values of
current and area, The variation of jnstantane-
ous excitation with scenning angle for one-
third cycle is shown by :ko curves R, G', and B
in Fig. 10. And finally, the relative light
output of each color is numerically egqual ts
the relative area under each of these curves.
When the complete cycle is traced out in this
manner, it can be shown that light of the two
undesired colors i's produced in equal small
quantities, Since an egual small portion of
the desired color may be combined with the un-
desired colors to produce white. the net con-
taminating effect may be expressed as a slight
dilution. For the purpose of this analysis.

dilution is arbitrarily defined as: |

Dilution = Li output Of undesires colors

~ Light putput of desires cotor
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Fige 10 = Timw variation of relative inntantacecus
axcitation of wach color due to singie primary—<olor
signal.

The foregoing analysls gives the dilution
and the light output for one particular oper-
ating point, During modulation cerrespanding
to changes in the brightness level of the mono-
chrome ares, the signal on the grid changes but
the third-harmonic signal applied tothe cathode
does not, By repeating the analysis using a
fixed third harmonic signal with various rela~
tive amplitudes of the fundamental, It Is poa-
sible to deduce 4 transfer characteristic ang
the gilution at corresponding points. The ef-
fect of using other relative values of the
third harmonic may be computed in the same wan-
ner., The results of these computations are
shown in Fig, 11. As is to be expected, the
gilution decreases as the relative amplitude of
the third harmonic is Increased. Of particular
interest from a practical standpoint is the
fact that dilution can be substantially elimi-
nated by the addition of a third-harmonic com-
ponent, For example, the intraduction of a 20
percent relative amplitude third harmonic re-
duces the dilution to about 6 percent. Also,
the relative transfer characteristic is ob-
served to change very littie as the third har-
monlc content is changed,

To translate relative brightnass into true
brightness, it is necessary to know the cduty-
factor, l.e., the ratio of average beam current
to peak beam current. Inasmuch as highlight
brightnsss l= measured in the “whites® of the
picture, the guly-factor of greatest interest

10
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Fig. 1l = Kineascope transfer characteriatic anec
ditution for varicus values of third harmsonic.

is that for a white field., The duty-factor for
a white field is readily determined from Fig,
7; 1t is simply the ratio of the area under the
desired beam-current-yersus-time curve 10 the
area possible if the beam current remains as
peak amplitude throughout the cycle., Fig. 12
shows the results of such a graphical analysis
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DILUTION OR DUTY FACTOR
3

Fig. 12 = Duty=factor and gilution as & fumction of
relative smplitude of third harmonic.
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