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I.

THE RELATIONSHIP OF CATHODE LIFE
TO CATHODE TEMFERATURE AND ENVIRONMENT IN
COMMERCIAL CATHODE RAY PICTURE TUBES

P. P. Coppola

Introduction

Among others, there are two important questions that often arise in respect
to increasing the life of oxide cathodes in commercial cathode ray picture
tubes, namely (1) what influence does temperature have on cathode life? and
(2) what is the most desirable operating cathode temperature? The answer

to the second question follows naturally from the investigation of the first,

Cathode life in general denotes the ability of a cathode to maintain stable
emission current of sufficiently high density for a maximum period of time.
The availability of such an emission current for many hours of cathode ray
tube operation implies an ample space charge cathode condition well beyond
the requirements necessary to maintain some desirable electron beam charac-
teristics,

Many basic investigations concerning the relationship of oxide cathode life
to cathode temperature have been made in past years and are reported in the
literature so that some answers in respect %o high and icw temperature limits
are immediately available,

High temperature limits are imposed on a cathode by several deleterious ther-
mal effects on emission. These include the sintering and evaporation of the
emitter material; the evaporation of the base metal and its reducing con-
stituents; and the excessive chemical reaction between the emitter material
and the reducing constituents in the base metal. Other problems follow such
as loss in vacuum and an increase in leakage due to deposition of evaporents
on to internal tube components, Below extreme levels, however, a high cathode
temperature can provide a very high reserve of space charge emission current,
but certainly at the expense of life,

Some of the principle effects which impose a lower limit on a cathode temp-
erature are the loss of space charge; and an adverse shift in the dynamie
equilibrium between constituents respcnsible for electron emitter activity
and oxidizing constituents present in the surrounding environment,

As indicated above, physical and chemical principles do govern the temperature
extremes within which an oxide cathode can actually function as a satisfactory
emitter. But it is very difficult to predict a specific operating temperature
for a specific tube type. In respect to cathode ray picture tubes and for
many other commerical tubes as well, the difficulty is due in large part to
the presence of many pertinent factors which can affect cathode environment.,
These would include the number and type of tube component materials present,
the processing involved, and the operating conditions to which the tube is
subjected during life. Since these factors exert a strong influence on
cathode emission characteristics through environment, it is often necessary
that the final determination of a satisfactory operating temperature be done
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through the empirical variation of cathode temperature in the tube type
under question, Such an empirical approach would imply that the environment
surrounding each cathode is guaranteed to be nearly the same for all. Such
a condition is not likely to be achieved, however, when single cathodes
tested at different temperatures in single tubes are compared since the
cathode temperature itself can influence the environment. On the other hand,
when several cathodes under test at different temperatures in a single tube
are compared, a condition of similar environment for all is approached more
closely and thus an internal control is automatically obtained.,

8ince there appeared to be obvious environmental advantages to be gained in
the use of a multi-cathode single tube approach for the determination of a
desirable cathode operating temperature, this method was used for all of the
experimental work described in this report,

Experimental Methods

For our investigation a 17 inch, 70 degree tube type with a 2 inch 0.D. neck
was used. In such a tube, 3 cathodes mounted in 3 electron guns joined to-
gether could be accommodated on a single 1k lead stem. Details of the gun
assembly are shown in Figures 1 and 2, Each of the cathodes in a tube can
be operated at some test temperature independently of the cthers, All
cathodes in a tube can undergo life testing simultaneously.,

Two series of tubes were prepared for life test, Series 1 consisted of 7
tubes and Series 2 consisted of 6 tubes., For Series 1, the 3 cathodes in

a tube were adjusted to temperatures of 800°C, 875°C, and 950°C respectively;
and for Series 2, the cathodes were adjusted to temperatures of 750 C, 800°C,
and 850°C respectively. The 800°C temperature for one cathode in all of the
tubes tested provided a base line for the comparison of data between tubes
of 3eries 1 and 2,

Factory cathodes were used for all of the tests. These were of the planar
indirectly heated disc type using (Ba, Sr, Ca) CO3 triple carbonate emission
coating sprayed to a thickness range of 0,0025~0,0030 inch on to special 330
nickel. The coating density was approximately 1 gram/cc., Other tube com-
ponent materials and the procedures used for screening, aluminizing, and
inside painting of the bulbs were the same as for current factory production,
The exhaust, activation, and aging schedules on the tubes were carried out

in the laboratory and differed somewhat from the schedules used in the factory
since 3 cathodes instead of one were involved., Life and electrical test con-
ditions followed standard factory practice closely,

On exhaust, the tubes were baked at LO0O°C for 1/2 hour, and cooled. When the
pressure in a tube dropped to below 0,005 micron, the 3 ring channel getters
(32 mg barium each) were outgassed by RF at a temperature of 700-800°C optical
for 1 to 2 minutes, Next, the grid 1 was outgassed by RF at a temperature of
700-800°C optical for 10 minutes. The RF was turmed off before activation of
the cathodes was started. The 6,3 volt 600 ma heaters of the 3 cathodes were
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connected in parallel, The temperature of the heaters was raised gradually so
as not to allow the pressure in the tube to exceed 0.0k micron., When the
maximum of the heater current range (1.58-2.55 amps) was reached, the heaters
were dropped to 1,86 amps, and held until the pressure in the tube dropped to
below 0,004 micron. At this point, the heaters were shut off.The tube was
tipped off and the 3 ring channel getters were RF flashed simultaneously.

The cathodes in each tube were aged simultaneously. The three heaters were
connected in parallel and 11.5 volts were applied for 2 minutes. The heaters
were dropped to 9 volts; +l volts were applied to each grid 1, and +550 volts
were applied to each grid 2., These conditions were maintained for 19 minutes.
After the aging schedule was completed, each tube was cooled for several hours
before proceeding with the initial electrical tests.

The electrical tests were made separately for each cathode operated with 6.3
volts on the heater. The measurement of emission build-up ratio (1), 50 volt
emission (2), cut-off voltage (3), and gas ratio (L), were made in proper
sequence,

For life test, the heater current of each of the 3 cathodes in a tube was
adjusted independently to achieve the desired cathode temperature mentioned
previously. The heater current-temperature relationship had been determined
previously through thermocouple measurements. A total beam current of 210
microamperes was drawn from the 3 cathodes in each tube. L50 volts were
applied to grid 2 and 18,000 volts were applied to the anode of the gun, A
full raster was maintained. During life, periodic electrical tests were
made after 100, 250, 500 hours, and etc, After each interval, the tube was
cooled for at least 3 hours before measurements were made on the first cathode,
At least 20 minutes waiting time was aliowed before making each of the sub-
sequent measurements on the second and third cathodes. Cathode electrical
test sequences were randomized for each tube so as to average out any pois=-
oning effects which might have occurred on the two standby cathodes during
the measurement of one,

Emission build-up is a ratio of cathode DC emission measured in the grid 2
circuit with grid 1 zero bias after 30 seconds and after 3 minutes from the
time the heater is switched on.

50 volt emission is a measure of the cathode DC emission for a particular
gun configuration and cut-off normalized to a 50 volt cut-off condition,

Cut-off is the amount of grid 1 bias voltage required to decrease cathode DC
emission in grid 2 circuit to zero. .
Gas ratio_is the relation of positive ion current to beam current in grid 2
circuits It is a relative measurement of residual gas pressure in a tube
through the arrangement of its gun electrodes to serve as an ionization gauge.,
Factory calibration show the ratio to be a factor of about 10 greater than
micron gas pressure, \
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Experimental Results

The life testing of tubes in Series 1 was terminated at 2,000 hours since
an indication of the emission build-up ratio and 50 volt emission trends
was seen well before this time. However, with Series 2 tubes, wherein a
lower cathode operating temperature was maintained, the emission trends
were not evident early in life especially at relatively low gas ratios,
Thus, life testing was continued well beyond 2,000 hours,

At the present time, the initial or O hour factory criteria for tube accept-
ance are a level of 450 microamperes emission in 30 seconds from the time
the heater is switched on to 6.3 volts and a 50 volt emission level of 800
microamperes at equilibrium cathode temperature with the heater at 6.3 volts,
For tube life, the factory criteria are 100 microamperes emission in 30 sec-
onds and 55 percent of the original 50 volt emission, both at 2,000 hours
life, Further tests to determine standards of life beyond 2,000 hours are
in progresse.

Representative emission and cut-off data obtained from tubes in Series 1 and
2 are listed in Tgble 1 a, by, ¢, and de Emission results from tubes with
relatively low and relatively high gas ratios are compared. The emission
results for all of the tubes tested are plotted in Figures 3 to 15 inclusive,
The figures include the gas ratio data obtained periodically during life.

Examination of the data in Table 1 b and d. and of the data in Figures 7, 8,
and 9 of Series 1; and 13, 1k, and 15 of Series 2, obtained at relatively
high gas ratios, shows clearly that regardless of the cathode operating
temperatures used, a high level of gas can adversely influence both emission
build-up ratio and 50 volt emission to a great degree. Such evidence points
out how very important the surrounding environmental condition are when
examining cathode thermal characteristics,

Examination of the data in Table 1 a and b, and of the data in Figures 3, L,
5, and 6 of Series 1; and 10, 11, and 12 of Series 2 obtained at relatively
low gas ratios shows that thermal conditions as affecting cathode emission
and life characteristics can be resolved. For example, temperatures of

875 C and 950°C show a definite drep in 50 voit emission with life well in
excess of that obtained at lower cathode temperatures; also, the sensitivity
of the emission build-up ratio to high cathode temperatures is shown by a
pronounced drop very early in life., The serious drop in emission build-up
noted particularly for the 875°C and 950°C zathodes temperatures may have
resulted from an excessive gas condition localized in the immediate vicinity
of the cathode due to increased material evaporation on to and more energetic
bombardment of the grid 1 components,

The results of 50 volt emission at 2,000 hours life taken from Figures 3, L,
s 6, 10, 11, and 12 are summarized in Figure 16, It will be noticed in this
figure that slightly lower values of 50 volt emission are obtained from
cathodes operating at 800“C in series 1 tubes than are obtained from cathodes
operating at the same temperature in series 2 tubes, This difference may be
a coincidence, however, it is suspected that a siight adverse shift in cathode
equilibrium may have occurred in series 1 tubes due to change in the total
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environmental condition contributed to by the cathodes operating at con-
siderably higher temperatures. During the planning period of the complete
experimental program described in this report, it was believed that just such
an effect might occur and thus a base line cathode temperature of 800°C was
included as a control in both series of tubes.

The comparison of both the 50 volt emission and emission build-up data

collected from all tubes tested under relatively low gas ratios shows that
750 C and 800°C cathode operating temperatures give consistently better |
results in peak emission for optimum life. A cathode tenmperature of 850 C
is borderline., Temperatures of 875°C and especially 950°C are obviously too

high for long life.

BEven under the most ideal environmental conditionsé it should be expected

that an oxide cathode operating temperature of 950°C will give a relatively
shorter life when compared to lower temperatures simply through increased
evaporation of barium oxide emitter material. Table 2 lists the evaporation

of barium oxide in gram per square centimeter area per hour as a function of
cathode temperature from a (Ba Sr Ca) O triple oxide emitter coating on passive
nickel, ghese figures were obtained from instantaneous barium oxide evaporation
rate data’,

It should be pointed out that the actual evaporation of barium oxide from a
coating of finite thickness decreases with time, so that its total loss over
some period will be smaller than the product of instantaneous evaporation vs.
hours time shown in Table 2. However, the instantaneous evaporation rate
data do show that a considerably greater loss of barium oxide (a factor of
1,000) can occur at 950°C when compared to 750°C.

In spite of the greater loss factor of the emitter constituent that can
result from higher cathode operating temperatures, the experimental test
data described in this report show that non-ideal environmental conditions
can impose even greater limitations on cathode 1life than can be due to
evaporation as such, '

Conclusion

Experimental data have shown that in the test temperature range of 7500C=95800
used ogtimum life is achieved by cathodes operating at temperatures of 750°C
and 808 C. Greatest emission decay with life is shown for cathodes operating
at 875°C and 950°C. A temperature of 850°C is borderline. For any of the test
temperatures investigated, it is shown that where a relatively poor environ-
mental condition exists, namely in the vicinity of approximately 0.05 gas ratio
and greater, a severe limitation is imposed on emission and consequently on
tube life,
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TABLE 2

Coating Temperature Ba O Evaporation Rate
‘e Gram/cn’/hour
750%C 1.8 x 10 =7
800° 1.1 x 10 =8
850° 7.2 x 10 70
875° 1.8x10 '

950" 1.8 x 10
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