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SUMMARY

This report deals with the change in beam cutoff voltage and spot
8ize with variations in the immersion lens parameters,

Beam cutoff voltage is mainly determined by the grid 1 aperture
size, grid 1 - grid 2 spacing, grid 1 top thickness and grid 1 cathode
spacing., Increasing grid 1 aperture diameter increases the beam cutoff
voltage while increasing the grid 1 - grid 2 spacing, grid 1 top thicke-
ness and grid 1 cathode spacing reduces cutoff,

The results show that the beam spot size at the edge of the tube
face increases with increased grid 1 cathode spacing and decreases with
increased grid 1 aperture size, grid 1 top thickness and grid 1 - grid 2
spacing. The spot size at the center increases rapidly with increased
grid 1 - grid 2 spacing and only slightly with increased grid 1 aperture
size and grid 1 top thickness. Grid 1 cathode spacing appears to have
very little effect on the center spot size.



I. INTRODUGTION

During past gun development programs it has often been necessary to
build several groups of tubes in order to arrive at the desired bean cute
off voltage. Evalnation of the different groups of tubes has indicated that
focus quality varies with cutoff voltage. These ‘changes in focus quality
depend on which parameters are varied to bring about the change in cutoff.

In order to learn more about the effect of mount parameter changes on
cutoff and spot size a program was initiated to investigate s tely each
of the parameters believed 4o have an effect on beam cutoff, g:eause of
the complexity of a direct mathematical approach most of the evaluation was
done experimentally. An attempt will be made to explain the experimental
data in terms of the general spot size equations,

In this report beam cutoff voltage will be defined as the negative volt-
age which applied to grid 1 will just extinguish the electron beam at the
screen,

IT, EFFECT OF MOUNT PARAMETERS ON BEAM CUTOFF

Very little mathematical analysis of the effect of the various mount
parameters on beam(ﬂtoff has been attempteds Most of the work done has been
experimental, Moss assumed that for a triode the beam cutoff was a function
of the grid 1 cathode spacing a, grid 1 thickness ty, grid 1 - anode spacing
b and grid 1 aperture diameter D,

CO = Kf (D,t,a,b) when K i3 a constant

Experimentally using #riodes, Moss determined that cutoff was approximately
proportional to D, and inversely proportional to t, a, and b,

kp3
CO =
tam (1)

Similar work done by Maloff-Epstein(z) s using a triode of slightly different
configuration, gave the same general results., When used for our present mount
Moss's equation (substituting grid 1 - grid 2 spacing for the grid 1 - anode
spacing) is only reasonably accurate for very small changes in mount parameters
and useless for large changes in mount parsmeters.

The mount parameters which affect beam cutoff in our present day mounts
for television picture tubes can conveniently be divided into two groups, The
first group consists of the parameters that were studied by Moss,

1, Diameter of the grid 1 aperture.
2, Grid 1 top thickness,

3o Grid 1 cathode spacing,

bo Grid 1 - grid 2 spacing.

The second group consists of the parameters which have a small effect on
cutoff and therefore are difficult to evaluate experimentally. These parameters
control the penefiration of the anode field into the cathode region and can be

+~" The Electron Gun of the Cathode Ray Tube, Part 2, Moss - Journal of British IRE
(2) Electron Optics in Television - Maloff-Epstein
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congidered part of the constant in Moss's equation.
These parameters are as follows:

1, CGrid 2 - anode spacing,
2, 0Orid 2 dias and height.
3. Urid 2 aperture diameter.
s Anode cylinder diameter.

As indicated by Moss's results the grid 1 aperture diameter has the
biggest effect on the cutoff voltage. The cutoff voltage is closely propore
tional to the averture diameter cubed. Fipgure I shows the variation in
beam cutoff with changes in grid 1 aperture size.

Fig. 2 and Fig. 3 show the variation in cutoff with changes in grid-l
top thickness and grid 1 - grid 2 spacing,

Figure li shows the variation in cutoff with changes in grid 1 - cathode
spacing for both the .025" and the 031" grid 1 aperture. In the region of
=50 to «60 volts cutoff there was a change in cutoff of TV per 001" changes
in spacing for the ,025" grid aperture as compared with 5V per 001" change
in spacing for the .031" grid aperture,

The voltages which are applied to the filament, grid 2 and anode also
affect the cutoff voltage, Figure 5 shows the variation in cutoff with
changes in grid 2 voltageo

Figure 6 shows the variation is cutoff with changes in anode voltage.
If the parameters in group 2 could be changed such that the cathode could
be completely isolated from the anode field there should be no change in gut-
off with changes in anode voltage.

Figure 7 shows the change in beam cutoff with changes in filament volt-
age., As the filament voltage is increased the temperature of the cathode
inoreases causing the cathode to expand, thereby deéreasing the cathode =
grid 1 spacing, The decrease in the cathode - grid 1 spacing in turn increases
the cutoff voltage. The increase in cathode temperature also increases the
velocity of the electrons leaving the cathode which also tends to increase
cutoff slightly, ‘

IITI. SPOT SIZE
Since the same mount elements which determine cutoff also form the
immersion lens, one would expect a relationship between cutoff and cross-

over size and position. Using Snell's Law an expression for the final spot
gize at the screen in terms of crossover size and position can be found,

de Sin a, \/Vl = ds Sin azv_V_; (2)
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Figure 8
where
dC -~ object size (crossover)
b « distance from object to lens
Yo = radius of lens occupied by the electron beam
L « distance from the lens to screen
8y = Tay angle in object plane
ap = ray angle in image plane
ds - image size
V1 = +oltage at object
V2 - voltage at image
Solving for ds
d.S s d C &'L di b VI (3)
S22 V7
Since for small angles the sin a = tan a
Lar, 5, = 2o las, Y.
P -b—- a 27 Lo
Substituting in eg 3 Yo Vv
¥ W
(L)

As can be seen in equation (L) any change in the immersion lens which
changes the position or size of the crossover will result in a change in the
final spot size at the screen,

In evaluating tube focus quality the spot size at the edge of the screen
as well as the spot dize at the center of the screen must be considered, The
spot size at the edge is directly related to the diameter of the beam in the
focusing lens (2Y,) and the distance from the focusing lens to the screen.
Fig. 9 shows why the spot size at the cedge increases when the beam diameter
in the focusing lens increases, 4s Y, is increased to Y,', beam angle a,
increases- to ap' and the resulting spot sizé increases from dL to dL',



Figure 9

Although in this report the aberration of the beam due to the focusing
lens is neglected it should be realized that the actual spot size at the
screen is the sum of the spot size obtained from the geometrical relation-
ship in eg. 2 and the spot sige due to the aberration of the focusing lens,
The spot size due to the aberration is proportional to the third power of
the beam diameter in the lens.

IV, METHOD OF MEASURING SPOT SIZE

Before discussing the attached curves of spot size vs the immersion
lens parameters a brief outline of the method used for measuring spot size
may be beneficiel, All but one or two lines of a normal raster are blanked
out, The line. 13 focused by a microscope through a narrow slit and onto
a photo multiplier tube. The slit is placed parallel to the line and the
line is slowly moved vertically across the slit so that the beam is divided
into small horizontal elements, Each element is then sampled by the photo
multiplier tube and a pulse which is proportional to the brightness of the
element is applied to the vertical output of a scope. Because the beam is
divided into a very large number of elements a uniform curve of light oute
put or current density (Jk)®the spot diameter (d) is obtained on the scope.

See Figure 10a,
t._— ¢ ——o‘
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The width (d) of the curve is pronortional to the beam snot diameter (ds)

ds = Kld

In order to determine the proportionality constant K; two lines, a known
distance apart are swept across the slit giving two curves on the oscilloscope
screen as shown in Fig, 10b. The distance C between the two curves is measured

K "% where f is the spacing between

1

the two lines on the screen.

In order to describe the spot size, two dimensions dl and d2 are taken
and these are called the ,5 and the .7 value, For ease of measurements, photo-
graphs are taken of the curves and the measurements made on the photographs,

V. SPOT SIZE yg IMMERSION LFNS PARAMETERS

Fipure 11 shows the variation in spot size at the center and edge with
changes in grid 1 - grid 2 spacing. As can be seen, the spot size at the center
increases with grid 1 - grid 2 spacing while the spot size at the edge decreases
indicating that the position of the crossover and the beam angle are changing
with changes in erid 1 - grid 2 spacing, (See Figure 9) and equation (L)), As
the grid 1 - grid 2 spacing increases the immersion lens is weakened thus de-
creasing the distance between the crossover and focus lens and reducing the beam
angle ag,

Figure 12 shows the variation in spot size with changes in grid 1 top thicke
ness, The soot size at the center of the screen increases slightly with in-
creased grid 1 top thickness while the spot size at the edge of the dcreen de-
creases slightly. The change in svot size indicates that the distance from the
crogsover to the focus lens is decreasing slightly and the beanm angle a, is
decreasing with increasing grid 1 top thickness,

The spot size in the center increases slightly with increasing grid 1 aper-
ture diameter, while the spot size at the edpe decreases. See Figure 13, The
decreasing spot size at the edge of the screen indicates that the beam angle is
decreasing with increasing aperture diameter. The increased spot size in the
center may be due toa small increase in crossover size or a decrease in the dis-
tance from the crossover to the focusing lens,

Figure 1L shows the variation in spot size with variations in cathode «
grid 1 spacing, The center spot size changes very little with changes in cathode -
grid 1 spacing., However, the spot size at the edge increases sharply with an
increase in grid 1 - cathode spacing indicating an increase in the beam angle.
The constant center spot size indicates wery little movement of the crossover
and very little change in its size.

By the use of the curves shown on Figures 11, 12, 13 and 1l it should be
possible to predict the effect of a design change in the immersion lens on
the spot size, For example, an analysis of the recent change from the flat
grid 1 with 007" top thickness to the coined grid 1 cup of 005" th2ckness
around the aperture #s shown in Table 1,



b

TABLE I
Flat g:ined Approx, Spot Size Changegd(QS Value)
Grid 1 dl Center dee
Gy4d 1 - top thickness 2007 .005 -.002 +,002
Grid 1 - cathode spacing ,0045 .0055 0 +,003
Grid 1 - Grid 2 spacing .01} .019 +,0015 0
Aperture Size 0025  ,025 - -
Total "omos +0005

The curves indicate that there would be little change in the center spot
size and an incrase of ,005" in the snot size at the edge. Although spot size
measurement are nct available on tu»es using the coined grid 1 cup depth of
focus ratings cornfirm that the edge spot size of these tubes is larger than
that of tubes with the flat grid 1 cup.
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