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Introductions

Before this investigation was started there were no accurate data
available for the temperature of the cathode during processing and at normal
operation. As part of an emission build-up and tube life improvement
investigation on monochrome tubes a program was outlined for measuring
the temperature of the cathode within % of 1%. Since work of a similar
nature was being done in Schenectady, a trip was made to the Research
Laboratory where Dr. V. L. Stout suggested the thermocouple techniques
used in making the measurements in this report.

Eguigment:

Pyrometry instruments used in measuring the temperature of the cathode
were the Brown one point recorder Model No. Y 153X11(R)-X-27 and the Leeds
and Northrup potentiometer Model No. 8657-C and optical pyrometer Model
No., 8622-C., The Brown recorder and the Leeds and Northrup potentiometer
were calibrated at the Electronics Laboratory, Syracuse, New York before
this investigation started. The same laboratory checked several platinum-
platinum 107 rhodium thermocouples, similar to the ones used, against standard
thermocouples and they were accurate to 0.3%.

Unless otherwise stated, gun parts used are the same as those of moumt
assembly NN1603L4AC less upper structure with the exception of the cathode.
The cathodes used are ceramic with holes, except where stated; they are
solid ceramics N16000DD. Heaters are N160OOFG except where stated.

Mounts were sealed in neck tubing. This is simply the neck tubing of
a bulb with the top rounded off in order to seal as shown in Fig. 1 and 2,

Designs

The first group of two tubes had a 2 mil platinum-platinum 10% rhodium
thermocouple spot welded to the cathode cap just below the cathode coating
and is shown in Fig, 1. These thermocouple wires were brought out through
the small holes in the ceramic disk and the cathode shield to a point
%" below the grid #1 cupe. At this point the 2 mil pt. and the pt. 104
rh, were spot welded to 20 mil pt. and pt. 10% rh. respectively. The
20 mil wires extended 33", where they were spot welded to the Ni stem leads.
When ready for test, the tube was placed in a distilled water bath in order
to keep the cold junction (20 mil pt. to nickel and the 20 mil pt. 10% rh.
to nickel) at room temperature., Cathode temperature measurements were made
with a Leeds and Northrup potentiometer and recorded with a Brown one point
recorder,

Group #2 consisted of 3 tubes made and measured the same as those
described in group #1. The measurements are listed in Fig. 3. All heaters
were operated at 0.6 amps.

The first five cathode temperature measurements were higher than anticipated.
For this reason several methods were devised to cross-check the temperature
range., The first cross-check was the three tubes of group #3. These had
slots (1/16"X 3/16") cut in the grid #1 cup and spacer in order to measure
the cathode temperature with the optical pyrometer. A correction factor
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of .36 for the emissivity of nickel was added to the optical pyrometer
readings using a temperature factor correction curve.

A Fourth group of two tubes was made and measured, having a thermo=-
couple spot-welded to the cathode as described in group #1 and slots cut
in the grid #1 cup and spacer as described in group #3. In addition, a
clear glass window was formed in the neck tubing for viewing the cathode.
The average of the measurements made with the optical pyrometer are within
15°C of the average of the measurements made with the Leeds and Northrup
potentiometer., This correlation tends to substantiate the previous temperature
measurements.

Another possible source of error investigated was the cold junction
of pt. to nickel and pt. 10% rh. to nickel. If the cold junction's temperature
changed from room temperature an error would be introduced depending on the
conditions. In order to be sure that such an error was not being introduced,
the cold junction was moved outside the tube. This was done by bringing
the pt.-pt. 10% rh. extension leads out through the side of the neck tubing
so that the cold junction was now at the instrument. This design is shown
in Fig. 2. Group V are of this design and are within the range of previous
readings,

Independent of this work, Dr. V, L, Stout of the Research Laboratory
measured the temperature of 5 CRT cathodes using an optical pyrometer.
He left his cathode exposed using no assembly or grid #1 cup and his measure-
ments averaged 818°C, Dr. Stout was of the opinion that the radiation
losses of his exposed cathodes were sufficient to make the difference
and was not surprised at the temperature measurements listed in this report.

Temperature of G,E, and Competitors' cathodes

None of the several cross-checks made disproved the original temperature
measurements., With this information a comparison could now be made of the
cathode temperature of G.E. and competitors!' cathodes. The ranges and
averages for the particular groups, made as shown in Fig., 2, are as follows?

Tubes (5)
G.E. Cathodes and Sylvania Heaters
Range 861°C to 913°C
Ave, 898°C

Tubes (5)
Sylvania Cathodes, Heaters and Retainers
Range 8699C to 915°C
Ave, 891°C

Tubes (6)
G,E, Cathodes with solid ceramics and G.E., Heaters
Range 615°C to G680“C
Ave, 852°C

Tubes (2)
Sylvania Cathodes and G.E, Heaters
Range 82L°C to 8799C
Ave, 851°C
Tubes (5)
RCA Cathodes, Heaters and Retainers
Range 779°C to 870°C
Ave, 829°C
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The cathode temperatures are 25 to 50°C higher than that recommended by
design standards.

Measurements tend to indicate that the cathodes where Sylvania heaters
were used are higher in cathode temperature. This is attributable in part
to the construction of the heater., Sylvania heaters have an additional turn
and are 1/16" shorter than G.E. heaters; so they do not extend below the
cathode sleeve,

Lots of 50 G.E., RCA, and Sylvania cathodes were measured for the
thickness of the cathode caps and the average results are as follows:

Average Thickness of Cap Measured Tolerance

G.E. 20039 + .0002
RCA 0037 + 0006
Sylvania 0029 't'.0002

No correlation can be made between the thickness of the cap and cathode
temperature. The reason for the lower temperature of RCA cathodes might

be the method used by RCA in "erimping in® the ceramic to the nickel sleeve,
G.E. and Sylvania cathodes are assembled differently than RCA's cathodes.

Temperature Versus Emission and Time

Cathode temperature versus time was recorded on a Brown one point
recorder with a li second response time for full scale for G,E,, Sylvania,
and RCA cathodes, Plots of these curves are shown in figures 5, 6, and T.
The per cent of the maximum temperature reached in 20 seconds for each group
was averaged and Sylvania cathodes were at 82%, RCA 70%, and G.E. 78%.

Temperature limiting and space charge limiting emission curves were
%%otted for G.E. and competitors! cathodes and are shown in Fig. 8, 9, and 10,
e knee of the curve is the point where space charge limiting starts and
temperature limiting ends. Normally the voltage applied to a tube is such
that the operating point is just to the right of the knee of the curve.l
It can be seen that for G.E, and competitors! cathodes this is approximately
700°C, This is over 100°C less than the measured operating temperature.

Cathode Temperature During Processing

Before cathode temperatures were measured during processing, an R.F.
filter was designed to protect the recorder from the R.F. energy of the high
frequency heating coils. A special group of tubes was made with thermo-
couples welded to the grid #1 cup and cathode as shown in Fig.ll. A plot
of cathode temperature versus heater current and grid #1 temperature talen
from recorder measurements is shown in Fig, 12. Cathode temperatures
during aging may be found in the same Fig. (12). The temperature of the
grid #1 cup was measured for these special tubes at standard operating conditions
and the average temperature was 320°C.

1 cathode-Ray Tubes, M. G. Say (Editor)
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Discussion

Authorities recommend an operating range of 775 to 825°C for oxide
coated cathodes in cathode ray tubes.~ It is well knogn that the life of
a tube is directly dependent upon cathode temperature. Therefore, increasing
the temperature means an increased rate of evaporation of barium causing
rapid loss of emission and thus short life. However, the high temperatures
of the present product may be necessary because of the form of the envelope
and the materials used which make it more susceptible to contamination.
In order to overcome the contamination and obtain sufficient emission the
cathode has to be operated at a higher temperature.

Conclusion

The average cathode temperature of G.E. and competitors! cathodes
is from 25 to 50°C higher than is considered normal for oxide coated cathodes.
Work is continuing in order to evaluate the effect of operating at a lower
cathode temperature,

2 "Design Factors that Extend Electron Tube Life", J, H., Wyman, Tele-=Tech, Nov. 1953.

.
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