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A RESEARCH REPORT ON DEACTIVATION EFFECTS IN TRIODES RESULEIHG
FROM EXCESSIVE ANODE HEATING # * * * * st

(Experimental Study -  February 27 - May 3, 1940)

INTRODUCTION

After prelimlnary correspondence with iir, H. W. Abbott,

a meeting was arranged in New York with Messrs,., Abbott, Lacey,
and lay of the Speer Carbon Company, and representatives of the
Amperex Electronics Products Company, Inc,, (see report, March 1,
1940, by M¥r, M. S. May).

During the New York conference two main problems were dis-
cussed., These were (1) the deactivation of thoriated filaments
when operated with overloaded plates and, (2) faulty operation
due to the so-called "dusting" effect.

Under the first queetlon 1t was pointed out that the evolu-
tion of gas, principally oxygen, or water vapor, within the tube
when subjected to excessive over-load, was probably responsible
for the deactivation effect. In order to investigate this it
was proposed that a number of Amperex HF-100 "geals" {tubes as-
sembled but not exhausted) be taken to Cambridge for exhaust and
investigation, In order to make certain checks &s to the nature
of the gas, I proposed to attach an ionization gauge containing a
thorlated filament to one of the HF-100 seals and exhaust the two
tubes simultaneously. This would serve two purposes, which were
(1) to give a means of calibrating the HF-100 tube so that it
would serve as an lonization gauge for future reference and, (2)

to find out whether or not the material responsible for deactiva-

'1_-



tion would travel from the over-heated HF-100 into the ioniza-
tion gauge and deactivate that filament. Under problem #2,
namely that of the “dusting" effect, I proposed that this might

be due to the presence of insulating material on the carbon

anode whlch might have a tendeney to become positively charged
under electron bombardment and fly off of the anode onto the nega-
tive parts of the tube, One reason for proposing this hypothesis
was that 1t 1s generally observed that the dusting effect comes
immediately after, or perhaps during the first few minutes of
operation of the tube, Experiments which will be discussed be-
low seem to indicate & possibility that this insulating material
may come from the glass walls in the case of the HF-100, or even
the ceramic insulating parts which are used in the tube. Agh
impurities in the carbon nmight also contribute.

A plan of attack as visualized at the time of the New York
conference thus included the items mentloned above and, in addi-
tion to these, I planned to study possible improvements in exhaust
schedule with the hope of seperating the question of the de-
gassing of the anode from that of de-gassing the other parts in
the tube.

Also interest was expressed in determining comparative data
on tubes made by other manufacturers, containing carbon, tantalum,
and molybdenum anodes. The types chosen for these comparative
tests were as follows: Taylor 211-D (earbon); Taylor 203-A (car-
bon); Eimae 75-T (tantalum), and Western Electric 276-A (molybdenum) .



EXPERIMENTS ON TUBE WITH ION GAUGE
Effect of Small Metallic Deposlt on Thoriated Filaments

An Amperex tube, HF-100, (#12305), was attached by means of
a 3/8% ID tube to an ionization gauge which was constructed of
all molybdenum parts. These parts were thoroughly outgassed be-
fore the tube was assembled so as to avold the objectionable ef-
fects of fllament contamination when metallic parts are heated to
a very high temperature, The reason for using molybdenum instead
of tantalum was that I wanted to avoid having the material present
which might react with or absordb hydrogen which, it was thought,
might posslibly be one of the gases evolving from the earbon anode,
In splte of the precautions taken to eliminate the deposit of metal-
lie impurities on the filament of the ionization gauge, just enough
material became deposited on the gauge filament during the final
exhausting of the tubes so that it became excessively sensitive and
did not serve very effectively as an indicator of gas received in
that part of the tube. The tube did serve as a means of cali-
brating the HF-100 so that it could be used as an ilon gauge to meas-
ure the residual gas pressure left in any tube, The sensitivity
turned out as follows: 7ith 230 volts on the grid and -45 on the
plate, the plate serving to colleet lons, and a current to the grid
of 20 milliamperes, the ilon current to the plate was 108 amperes

for a pressure of 10~8

millimeters.
Under these conditions the current in amperes to the plate
is equal to the gas pressure in units of millimeters of mercury.

Since in the normal operating circuit the plate 1is usually positive



and the grid negative, an HF-100 tube can serve as its own ion
gauge with thils arrangement Jjust as well as with the one described
above, It happens also to have the same sensitivity, that is,
with 20 mlls of current to the plate, the current now to the grid
is a direct measure of the pressure in millimeters. For most
practical purposes 1t may be assumed that the sensitivity is the
same for any plate potential from 1000 volts to 2000 volts.

Gas pressures mentioned in the subsequent discussions were
determined by using this scale of measurement.

Although the results using the thoriated filament as an
"analyzer" of the gas evolved were not very satisfactory because
of the above-mentloned experimental diffieculty, it was not thought
worth while to rebulld the tube so as to replace the filament be-
cause, as will be shown below, the principal source of gas in a
well out-gassed HF-100 tube ie the glase wall instead of the car-
bon. In order to make the analyzer of value as regards the car-
bons it would be necessary to build a tube with a larger envelope,
preferably of Pyrex, so thét the effect of the glass could be re-
duced sufficlently to allow gas effects from the carbon to dominate.



EXPERIHENTAL METHODS

The dlagram in Flgure 1 shows the circult arrangement used
for testing the tubes, The fllament was heated from a D.C.
power lline and the grid potentlals were obtained by means of a
potential divider from the same line. The plate potentials were
furnished by a motor generstor set with a l-ampere capacity and
an available voltage from 1000 to 2300 volts. = The plate current
and plate potentlal were observed at the tube with calibrated
Rawson lnstruments. The grid currents were observed, using a
Leeds and Northrup type "R" galvanometer and also a microammeter,
The small condenser shown across thg galvanometer and protective
reslstance was needed to eliminate oscillations, which otherwise
might have interfered with the measurements. After operating
the fllament temperature at a proper value for activation, the
saturation emlssion was measured by malntaining the plate at a
potential of 1500 volts, or more, and the grid at =20. The fila-
ment heating current and voltage were ralsed until the standard
emlssion arbitrarily taken as 30 mils, was observed. A elight
decrease in the activation of the surface results in an increase
in the fllament voltage needed to deliver a saturation current
of 30 mils. This method of measurement is more sensitive than
the one used for standard comparisons by Amperex because in their
case the current 1e partly limited by space charge and therefore
small changes in the emisslon are not so prominent.

After having determined the minimum filament voltage for a
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30-milliampere emlssion, the grid was made very negative and the
filament voltage brought up to its normal operating value.

In order to start a run with a given plate dissipation the
grid blas was lowered until the plate current increased to that re-
quired so that the product of the plate current and the plate po-
tentlal equalled the required dissipation in watts, In nearly
every case pyroueter measurements were made to determine the ap-
parent temperature of the hottest part of the anode, No correc-
tions were made for the light absorbed in the glass., For some of
the measurements a blower was used to cool the glaes envelope with
a very strong stream of air, In the summary of results given be-
low it may be assumed that the blower was not used unless special
notation 1s made,

It is of course obvious from the e¢ilrcuilt arrangement that the
operation of the tubes is the equivalent of that used in & class A
amplifier with no signal. As Tar as the evolution of gas from the
anode is concerned it should not be any different in this case from
that obtalned when the tube is operating as an csecilllator or eclass B
or C amplifier,

The gas evolved from the grid in the latter cases might be
greater since in actual operation the grid often receives consider-
able bombardment and therefore might run hotter than is the case in
the circult which I have used.



TUBES THESTED AND DIVISION INTO GROUPS

The tubes tested may be divided into six groups.

GROUP I treats with 8 seals prepared at Amperex, but not evacu-
ated, ‘These all contained hydrogen treated anodes and thoriated
filaments carbonized by Amperex in acetylene, There were six
tubes in GROUP II. These contained anodes which were hydrogen
treated but the filaments were not carbonized, Of these, only
three were used.

GROUP II11 had three tubes containing anodes which had not
been hydrogen treated and the filaments had not been carbonized.
In GROUP IV there were slx HF-100 tubes buillt and evacuated by
Amperex. Three of these were tested,

In GROUP V there were four tubes bullt and evacuated by
Taylor Tubes, Ine., Chicago, Illinois. Two of these were 203-A
tubee and two of them were 211-D tubes,

In GROUP VI there were two tubes, one the 75-T Iimac tube,
made by Eitel-MeCullough, Ine., St. Bruno, California, and the
other was the Western Electric 276-A vacuum tube produced by the
Western Lleotric Company at Kearny, N, J.

The results of measurements taken on these six groups of
tubes will be summarized by giving what might be called the
"ease history" of each tube.



EXPERIMINTS CARRIED OUT ON TUBES OF GROUP I

The following table of general characteristics will serve
as a description of this type of tube,

TABLE I  GENERAL CHARACTERISTICS -~ TUBE HF-100

Fillament wvoltage Y T E R E TRy - Y A
Filamént current I S I, W
Ampliflcation rﬂ»etﬂl‘ s @ ¢ ® » . » . @ . . @ . . . 23

Grid to plate transconductance at 100 m,a, . . . . 4,200 micro-
mho

D.C, plate voltage maximum LR . . RN
Haximum plate current M e A h e ww s B

Plate dissipation maximum . . . . . « o « o « .. 75

TUBE #12304

Thie tube was evacuated on 35/9/40. The heat given the grid
under electron bombardment was so severe that the grid melted and

the tube was of no gervice,

TUBE #12306
The lonlzation gauge was attached to this tube after it had
been completely rebullt, following the spoiling of the gauge in
connection with the evacuation of TUBE #12323, dlscussed below,
This tube was evacuated on 3/6/40 according to an evacuation

schedule which started out with a baking at 500°C for 1! hours.



Following this the tube parts were heated, as indicated by

TABLE II.
TABLE II
Conditions Time Temperature
Bomb 5 nmin, T 800 *°C
4 830
T = 1000
4 1180
Off to make changes 3 *
Bonb 5 * 1226
oft g *®
Bomb s 1261
off 4 ®
Grid heat 5 * 100 watts to grid
Bomb and grid 3 ® 1270 to 1300°C
Grid heat 10 * 120 watts to grid
Heat capillary : *
Preheat and finally
flash getter 14 ¢
Flagh il 1 : at 4.0 amp. (2850°K)
Bomb and grid 2
Activation > @ at 3.0 *
Test Ve = 6.8 gtandard conditions
Operate 10 * 150 x 10-3 1500 volts (85°C)
(225 watts)
Tegi - Vr = 5,75 standard test
Se 0

The pressures observed followed about the same as those
listed below in connectlon with ITUBE #12308, TABLY IV. Just be-
fore seal-off the pressure was 1,8 X 10~7 mm, Just after seal-
off 1t was 4 x 1076, This 1s an abnormally large increase in
pressure and ls unexplained. After a very short period of opera-
tion the pressure dropped to 2,5 x 10”7 mm,, which is about normal
although a little larger than the best obtained in other tubes.
Considerable difficulty was experienced in activating the thoriated
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filament in the lonlzation gauge whereas the thoriated filament
in the HF-100 tube was easily activated. This indicates that the
ionization gauge filament probably received some contamination,
probably molybdenum, dwring the outgaseing process. After acti-
veting the ion gauge filament the tube filament was heated., This
resulted in only a slight deactivation of the ion gauge filament
but upon cooling the tube fillament & very considerable deactiva-
tion of the gauge filament took place lmmediately, This wae a
rather unexpected phenomenon, although action similar to this
has heen observed in other cases and might serve as an interesting
subjeet for further investigation,

The gauge filament was again activated and the emission cur-
rent in the Hf-100 was ralsed to gilve a 48 watt plate dissipation
for 13 minutes. This resulted in complete deactivation of the
gauge filament and a very elight deactivation in the tube fila-
ment with an increase in gas pressure from 107 mm to 2.5 X 10~ 'mm,
The wattage was then 1lncreased to 120 watts for 10 minutes, with
no further deactivation of the tube filament.

In TABLEIII the first serles of 9 runs 1s tabulated.
“xperiments with this tube served also to calibrate the HF-100
tube so that 1t could be used for determlning the pressure as de-
seribed above under "Experiments on Tube with Ion Gauge."
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TABLE I1II. POWER RUNS MADE ON 3/8/40

Best Worst
Run Watts Time Temperature Vacuum Vacuum  Remarks
(min,) {mm) (am)
1 1208 10 4.4x107% 171078 o deactivation
2 1508 10 780°C o7 1.4 " B
3 203° 10 830 1.1 1.7 " "
4 2068 10 850 1.1 1.9 “ a
5 2508 10 890 .9 1.9 0 "
6 2788 10 925 1ed 2.9 " "
7  300B 10 925 1.2 4.6 " '
8 3508 10 990 2.0 15.2 Some "
Full recovery normal
£11.V. in 30 min,
e 4008 15 1025 2.5 31.5 Some deactivation
Recovery in 35 nain,
10 150 30 780 2.8x10"%  15.7%10~6 No deactivation
3/9/40

B - Indlcates that a strong air blast was used to cool the tube.

TUBE #12308
Evacuated in 1 hour, 23 minutes on 3/12/40. The filament

springs 1n this tube lost their power to keep the filament taut
and therefore the sagging of the fllament caused a short eirecuit

to the grid making the tube unsatisfactory for further tests.
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TUBE #12308
The ion gauge described above wag attached to this tube
and evacuation undertaken on 3/4/40. After baking, the anode
wag heated by high frequency and the following table (TABLE IV)
will gerve to indicate the gas pressures observed as & function

of the time and temperature of anode heating,

TABLE IV
Pregsure

Haximunm at end of

Time Teuperature Pregsure Period
(min,)

8 770G 6X10~4 um 2x10~% mm
5 900 1.8x10™3 1x10™°
10 950 1.3x10~3 2,4%10~4
7 1017 ox10-4 5.5%x10~4
4 1132 2.5x10~9 8.6x10~4

#ithin 15 %o 45 seconds after turning on the high frequency,
at each of the steps indicated in TABLE IV, the gas pressure rose
to a maximum and then gradually declined to the walue shown in the
fourth column. Thie shows that at any given temperature the rate
of evolution of gas ls at first high, and then gradually decreases,
but even at the end of a few minutes the pressure 1s still very
high in the tube, Of course the faster the pumps and the larger
the pumping lead by which the tube ie connected to the vacuum ays-



ten, the more effectively the pumps can carry away this gas.

Upon cooling, & large part of the gas that may be in the
tube at the moment the high frequency heating current 1s turned
off 1s likely to be reabsorbed in the graphite anode, After
having carried on the evacuation as far as indicated by TABLE IV,
the anode temperature was ralsed to 1230°C and, owing to the laek
of sufficlent cooling of the glass, it softened and punctured,

TUBE #12320

This tube was evacuated on 3/9/40 and served as a basis for
the formulation of a new pumping schedule, shown on page 24 of
my notebook, A modification of this pumping schedule 1g ine
cluded under a geperate heading below,

This tube was evacuated in 1 hour, 48 minutes and after the
seal-off and a short time of operation the prezsure observed in
the tube was 2.8 X 10~8 mz., This vecuun was far superior to
that obtained in connectlon with the evacuation of $12306. The
followlng table shows the results obtained on & series of runsg
made with this tube,



3/11/40

3/12/40

14

PABLE V
Test V Test Vr
Plate before after
Run Hatts Tinme Temp, run run Remarks
1 2255 156 min, 830 5.15 5.2 0. .
5 2068 1 np, 8 ¥ 5.20 5.05 .
3 300° 47 910 5.08 5.06 "
4 3005 1 hr, 915 5.05 5.15 #
5 3505 1 nr, 950 5.15 5.3 S1ight deactivation.
Reactivated in 20 min,
Ko alr blasgt
6 260 15 min. 910 5.2 6.6 liore deactivation
than for 350 watts
above, Recovery by
activation in 3 min,
at 13 volts. Vr.
7 300 15 950 5,26 6.8 Deactivation.
Recovery 3 min., at
13.56
a 350 10 1000 .S 6,7 Deactivation,
6.7 6.1 7 min. 10,5
6.1 5.2 3 4 13
Blower on
9 4008 10 1035 5.06 5.06 0. K.
10 475° 10 1110 5.06 5.07 Less deactivation
than for 260 a2bove in
Run 6,
11 515° 10 1140 5.2 6.95 About the same as B
above,
6.95 5.4 25 min., at 10.5
5.4 5.1 50 " at 10.5

Full recovery

B - indicates glass cooling with strong air blast

V¢ = 1indlcates filament voltage for standard emission conditions
described under "experimental methods®
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Attention should be called to the fact that the degree of de-
activation for Runs #6, 7, and 8 1s greater than that of Run #9 or
10, and that the deactivation in Run #11 is very little greater
than that found with the lower plate dissipation and no air blast,
These data serve as one °f the first indieations of the fact that
the graphlte anode can be sufficiently outgassed go that 1t becomes
uniaportant 1in comparison with the glass as a source of filament

econtamination,

TUBE £12522
This tube was evacuated on 2/28/40 and was the first one to be

pumped in connection with this study, It.was first baked for 30
minutes 2t 500°C and after cooling the anode was heated for thres
minutes with high frequeney current., At the time the importance

of oooling the glass was not fully realized and at the end of three
minutes & visible gray deposit could be seen, Previous discussion
with Megsrs. Abbott and Anton led me to understand that thie gray
deposlit was usually associated with a gas discharge phenomenon take
ing place while the high frequency heating was first carried out,
The pumping speed of my pumps was such thet at no time was there any
gas discharge visible, I am therefore inclined to think that the
gray deposit perhaps ehould be interpreted as & deterioration of the
glass when it 1s heated to an excessively high temperature. In the
absence of gas discharges this may take place slmply as & result of
the heat absorbed from the high temperature graphite anode, It 1s
largely avolded if a strong air blast ie used to eool the glags,
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This wae not done in thls particular case. If an alr blast 1s
used and an excesslvely high gas pressure generated, then the
glass may stlll be disrupted because of the heating brought about
by the lon bombardment which may take place,

The obJjeet in discussing this point in suech detaill ie that it
seemns to me that the eso-called "dusting® phenomena are probably as-
sociated with the deterioration of the glase or the ceramic insu-
lating parts in the tube,

After the initial high frequeney heating, the grid and plate
were connected together and eleectron bombardment at high voltage
was started, With 2000 volis and 20 watts belng dlssipated, the
filament emission remained constant, but at 4000 volis and 30 watts
the emisgsion dropred off somewhat, At this potential fluorescence
could be observed upon the grid and grid posts ae well as on the
glass walls of the tube., The color of the fluorescent spectrum
seemed 1o De the same &t all pointe at which it was vizible, This
might indicate that the disrupted glass and the deposit on the grid
and grid wiree were essentially the same material, At BDO0 volts
and 20 milliamperes (160 watte) the filament suddenly deactiveted
and ite reslstance decreased about 12%., This is clearly the phe-
nomenon cof dusting as I understand it. It was found that the ma-
terial which had deposited upon the filsment did change ite optical
emlesivity in the direction to inerease the power radiated at a
given temperature. Thls material left the filament rather slowly
&t the normal filament voltage of 10.5 volts. It was found neces-

sary to ralse the filament woltage to 156 volts to bring about a
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rapld evaporation of the material condensed on the filament. Fol-

lowing the 16-volt treatment the filament returned to normal.

In order to test the reproduecibility of this effeet the volt-

age was agaln increased to 8000 volts and again the sudden fila-

ment deactivation and dusting took place.

This time the de-

erease in resistance was 18% but after three minutes of heating

with 15 volts on the filament the resistance returneéd to normal,

After additional oven baking and high frequency heating the tuhe

wag sealed off, Its general behavior under test was quite normal

and with the voltages used under operating conditions, no further

effects of the dusting were observed,

Blast on

’ off. Shows
slight deact.with
no air
Blast on, Shows
l1ittle add, deaect.
Blast on - Deact.
Lasy to reactivate
to §.66
Ho blast.Some de-
activation

Some deact. Full
recovery in 1 hr.
normal Vr.

TABLE VI

Test Yr Test Ve

Run WYattie Tine Temp., Before run After Run Renarks
1 3s® 10 min, 940 5.5 5.5
2 315 10 " 5.5 5,66
420° 10 5.65 5.7
4 5008 10 5.7 8.9
380 10 5.66 6.2

8 300 start 13 hrs.

255 finish 5.7 6.0
7 4008 27 min. 5.5 6.7

Deact., set in
after 20 nain,

Run #4 of TABLE VI compares quite favorably with Run #11 of

TABLE V¥V, showing that a 500 watt plate dissipation for as long a time

as 10 minutes can be withstood without serious diffieulty when an air
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blagt 1s used to cool the glass, Direct comparisons with cages for
which the alr blast was not used were not made for this particular

tube.

TUBE #12323

A new fllament was mounted in the ionlzation gauge since the

exposure of the first filament to alr at the time Tube F12308 was
punctured caused serilous oxydizetion of the filament, The gauge
was then connected to this tube and again measurementes were made
of the pressure as a funetion of the anode temperature, These

results are tabulated in TABLE VII.

TABLE VII
Haximuwa ' Preasure at end
Temperature Pressure of Period

841 6.5 x 10~%

897 8 x 1074

965 1.6 x 10™3

1035 1.4 x 108 9 x 10~* for 5 min,
Cooling 2 x 1074 4 x 107% tn 2 min.

1126 5 x 1075 1.7 x 10°°
Cooling 2 x 10~% 3.8 x 107% in 4 min,

1159 2.4 x 10~5 2 x 1079

1270 2,9 x 10~9

1270 1 x 1079 sucked in due to insufficient

alr blast
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Owing to an insufflelently strong alr blast for the cooling
of this tube the glass punctured after the anode had run for a few
minutes at 1270°C. This resulted in the spoiling of the ioniza-
tion gauge, which had to be completely rebuilt,.

TUBE #12330
Evacuetion on this tube was started on 3/12/40. During the
high frequency heating the alr blast was not turned on sufficiently

gsoon and the tube punctured.



EXPERIMENTS CARRIED OUT ON TUBES OF GROUP IY

There were six tubes under GROUP II which were prepared by
Amperex with hydrogen treated graphite anodes but with filaments
whiech had not been ecarbonized. Only three of these tubes, as
noted below, were evacuated and tested - the three numbering
#12472, #12473, and #12474 have not been evacuated as yet,

TUBE #12489

This tube was evacuated on 3/17/40 in one hour and 28 mine
utes following closely the new schedule mentioned above (page 24
of my notebook), The pressure just after sealing off was
6.4 x 10~% un,

On ny pumping system between the second mercury pump and the
mechanlcal pump, & Gelsler tube 1s attached to determine very
roughly the type of gae which may be trapped in a large reservoir
at this point. The tubes of GROUP I gave out a gas mixture which
showed up in the Gelsler tube discharge with a distinct blue color.
It was noted that the gas trapped from this tube (#12489) gave a
pale blue discharge instead of the darker blue one observed previ-
ously. This 1s probably to be associated with the absence of
acetylene in the graphite anode since the filament of this tube was
not earbonized. In spite of this lack of carbonization, and the
feellng on the part of lir. Anton and others that a noncarbonized
filament could not be expected to stand up under test, this tube
did perform very satlsfactorily, &as 1s indicated in TABLE VIII.



TABLE VIII
Run Watts Time Teuperature 7:1 Vfg Remarks
) § i50 4 hres.oo m. 4.9 4.8 No blower
2 260 4 * 10 m. 860°C 4.8 4,75 No change in acti-
vation
3 300 0 * X0 933 4,75 4.8 +# "
4 350 5 * 15 ¢+ 965 4.8 5.9 Some deactivation.
Recovery to 5.3 in
18 min, at 10.5
5 400 35 * 1030 5.9 6.4 No air blast.
Some deactivation
6 400° 2 * 110 5.5 6.3 Air blast on.

Same deactivation
as in 35 min, of 5.

7 5505 10 * 1100 5.3 7.5 Started at 550 watts.
: Started falling in
3 min., React. to
5.25 easy.

Again the importance of the eooling of the glass makes 1ltself
apparent in connection with this study since it will be noted that
at 4 watte the deactivation in 35 minutes is greater than that
obgerved in 2 houre and 11 minutes when, in the latter case, the

blower wag used.

TUBE #12496

This tube had an anode which was hydrogen treated but the cath-
ode was not carbonized. It was evacuated on 4/16/40 with a pumping
time of 2 hours and 7 minutes, A Geilsler tube was connected to

the outlet of the mercury pump in order to take a sample of the gas
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which was evolved during the high temperature heating of the
anode after the tube was oven-baked, Zxtra time was used in the
evacuation in order to study a deactivation effect which had been
observed & few days previous in connection with the pumping of
TUBE #12495. The detalls of this effect are given under this
tube number in GROUP III below, It suffices to say here that
the effect was not observed in this tube. A series of five runs
was made after the tube was sealed off and the results are tabu-

lated in TABLE IX.

TABLE IX
Run Watts Time Temp. v v Remarks
fl £2
1 80 90 4,7 5.7 Leakage effect and
_ deactivation
2 160 60 780°C 4.6 4.7 Very little leakage
3 3008 65 910 4.7 5.16 " " .
4a 500° 18 1080 4,55 Vaocuum 8 x 10°C
4b 500 to 12 7.25 Much leakage now
4558
5 110 30 4,85 4.7

The run lasting 30 minutes and starting out at 500 watts with
the blower is plotted as CURAVE I of Figure 2. This shows that
this tube was capable of operation for 18 minutes before the ecathode
emigsion was reduced as & result of poisoning to the point at which
it was not possible to deliver 500 watts to the plate. When this
tube was first connected to the measuring system i1t showed no B
preclable leakage current from the anode to grid over the insu-
lating grid-anode support. After the first run of 90 minutes at
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80 watte a very noticeable leakage current was observed which was

at least 10 times as large as normal and more than 100 times
larger than the original current before the run. This seems to
be a part of the dusting phenomenon,

After the second run the leakage was still larger but follow-
ing the third run it retwrned to normal and remained nearly normal
for the rest of the tests. This might be interpreted to indicate
that the material whlch leaves the anode when it "dusts' carries
with 1t a large amount of carbon, This settles on negatively
charged surfaces such as the insulators in question and causes a
large leakage current, I still think that the reason the carbon
is torn off the anode is to be assoclated with a previous deteriora-
tion of the glass or the ceramic insulators, This presumably be-
comes embedded on the surface of the carbon and finally flies off,
carrying with 1t a certain amount of graphite material,

TUBE #12497

This tube contained an anode which was hydrogen treated at
Amperex and the fllament which was not carbonized there but was
carbonized here 1in acetylene. The carbonlization raised the room
temperature resistance of the filament from 0,377 ohm to 0.437 ohnm,
This tube was evacuated 1n exactly 90 minutes, following very closely
the schedule which ieg described below, The important modification
which was introduced here is that of allowing the anode to cool very
much more slowly after it had been at the highest temperature, The
results shown in TABLES IV (page 12) and VII (page 18) show that at
high anode temperatures the gas pressure is of the order of 10™° mm,
In this tube a temperature of 1325°C was attalned and at this tem-
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perature the pressure must have been well above 10™° millimeters.
If the anode had been suddenly cooled off then, 1t would tend to
absorb a good deal of the gas in the tube more quickly than the
pump would be able to pump it away through the small seal-off con-
striction. By dropping the temperature slowly to about 1300,
then 1250, and so on, it seems likely that the pump would be able
to carry the gas off with less of 1t going baeck into the anode,

The dusting leakage effect was looked for in thls tube and although
it was there to a very small extent, 1t was decidedly less notice-
able than was the case in TUBE #12496.

Four runs were made for thile tube, the last of which started
at 500 watts and continued at this high dissipation for 18 minutes,
The wattage as a funetion of the time 1s shown by CURVE 2, Fig.2,
The other date are summarized in TABLE X.

IABLE X

Run Watts Time  Temp, vfl ?fz Remarks

1 150 45 5.7 5.35 8 x 10”8 mn. Vacuum

2 4007 60 1035°C 6.3 5.8 Slight deactivation

3 300 80 9560 5.4 7.3 Shows poison from glas

Pressure still 8 x 10-

4a  500P 18 1110 6.2 Cont.

4b 500B 12 Cont, 7.7 ©Not much worse deactiva-

to 450 tion than 3

Reactivate to 5.25
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EXPERIMENTS CARRIED OUT ON TUBES OF GROUP IIT

There were three tubes in GROUP IIT which were sent without
having had the anodes hydrogen treated at Amperex and without car-
bonization of the filaments,

TUBE #124

Although the fillament of thie tube was not acetylene treated
at Amperex, I gave it a very slight carbonization which railsed its
resistance from ,375 to ,384 ohnm,

This tube wae evacuated on 3/16/40, The time required was
2 hours and 25 minutes, after having started on the regular sched-
ule, The schedule was not followed throughout because it becaue
apparent that the evacuation wasg proceeding less satisfactorily
than that experlenced when the anodes were hydrogen treeted, This
seems to indicate that the hydrogen treatment does displace certain
heavier gas molecules, such as nitrogen and oxygen, and that this
hd rogen will actually remain in the carbon for a considerable time
and thus inhibit the reabsorption of heavier atoms, I think this
has been the opinion generally held and these experiments simply
confirm it. The runs taken with this tube were not very extensive,
but the summary of observations is tabulated in TABLE XI.

TABLE XI
Run Watts Time Temperature vfl ?rz Remarks
1 180 11 m, 830°C 4,9 - Cont., to 2
2 340 10 1060 - 5.2 * fyom1
Very little deactiva-
tion, Vag. better
than 10-7,
3 260 30 990 4.8 5.8 (Blower off)
4 260 60 990 5.8 6.0 e '
6,0 5.6 In 5 min., at 10 v,
5.8 4.8 "3 ¢ * 10 Y.

Full recovery.



TUBE #12488

This tube was evacuated on 5/15/40 in 1 hour, 26 minutes
with & pressure at the time of seal-off of 4.8 x 10°° mm, Con-
glderable deactivation was observed even with only 150 watts to
the plate, I suspected that one of the metal-to-glass seals
was leaking, Thls suspicion wae verifled by the fact that after
20 hours (mostly without voltages applied) a test was made and
the gas pressure was so high that an arec-over took place destiroylng
the tube,

TUBE #1249

The fillament of this tube was carbonlzed here %o raise its
resistance from ,373 to .545 oha. The tube was evacuated on
4/13/40 with a required time of 3! hours. This was longer than
would have been necessary had it not been for an effect of gas
polgoning which made 1ite appearance. After some heating with
high frequency and while the filament was hot and being used to
bombard the grid, the filament activated to a certain extent with
the anode at 1335°C., The emlgsion from the filament at the time
wag 80 mils, As soon ag the high frequency heat was removed and
the anode started to eool, the current dropped very quiekly to
only 15 mils and then, after some little time, rose agein to 68 mils.
Thils experiment was repeated a number of times and an additional
experiment wae made, in which after having maintained the anode at
1335°C for a short time 1t was maintained at about 1000°, At this
temperature apparently the deactivation effect was a maximum,

There are some cases for whlch the gas evolved from the surface
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ies not the greatest at the highest temperature, These cases have
not been particularly well authenticated put it looks as though
this might be an example, It would be very interesting to follow
up this effect because of the fact that under an overload of the
order of 360-400 watis these tubes operate with anodes at the tenm-
perature at which they seem to give out this polsoning gas most
readily. This effect was not observed in the hydrogen treated
tubes, although as mentioned above in connectlion with TUBE #12497,
speclial attention was given to see whether or not the effect was
there, The fact that hydrogen seems to eliminate this deactliva-
tion effect points again to the advantage of its use and to the
importance of having the hydrogen as pure as it 1s reasonably pos-
sible to have 1it. In spite of this difficulty it was nevertheless
possible to produce a good tube with a residual pressure of the
order of 6 x 10™° mn,

The first tests showed a considerable leakage due to "dusting.*
The original leakage was quite small but after a few operations fol-
lowlng which the filament was suddenly cooled off, the leakage was
very large. After the serles of runs summarized in TABLE XII the
"dusting" leakage dlsappeared,



Run Watts Time Temp, v v Remarks
(in 1ain) 1 2
1 3008 10 5.3 5.6 Leakage increase
2 3008 75 915°C 5.5 6.5 Some deactivation.
Leakage gone after
reactivation
3 300 65 835 5.95 8.2 More deactivation
& 300° 75 5.4 5.7 Shows effect of glass.
p = 8 - 10"
5007 10 1090 5.4 7.1 Less deactivation than 3
400 10 1042 5.8 8.2 C(Glass effect again
o000

React. to 5.5 vae 5 x 10~8 no leakage

The couparison between runs 2 and 4 on one hend and 3 on the

other indicates the lmportance of c¢ooling the glass, Furtheruore,

& comparlgon between rune § and 6 shows the same effect. In fact,

in the case of run & it was possible to maintaln the 500 watt dige

sipation for 10 minutes, whille in the case of run 6, which started

out at 400 watts, 1t was not possible to maintaln this the entire

time and 1t fell to 300 before the end of 10 minutes.



EXPERIMENTS CARRIED OUT OH TUBES OF GROUP IV

There were six tubes in GROUP IV, which were produced at
Amperex on 2/28/40, Of these, only three have been tested and
the results are given below, The tubes of this group which were

not tested were #12326, #12326, and #12327,

TUBE #12321

The first tests on this tube were made to determine the best
worklng conditions by measuring the plate current as a funetion
of the grid potential with 1200 volts on the anode at various fila-
ment potentials, It was found that a plate current of 30 mils flow-
ing with the grid at -20 1s a measure of the saturation current from
the filanment, Since the saturation current is & direct indieation
as to the state of activation of the filanent, the voltage drop over
the filament required to get a standard emission current then be-
comes &n indicator of the state of activation of the filament,

The lower the voltage drop the higher the state of activation,

Tests were also made to determine the voltage @rop which would
glve a sufficlently high temperature of the filament to bring about
actlvation. At the operating voltage of 10 to 10} volts activation
takes place slowly, In fact, at this temperature the rate of ar-
rival of thorium atome from the inside of the thorlated tungsten
filament 1s supposed to exactly offset the normal loss of thorium
brought about by ion bombardment, gas adsorption (such as oxygen),
and thorium evaporation. In case the first two losses exceed the

rate of arrival, then deactivation takes place with a consequent
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logs in electron emigsion, When no electron current i1s being

emitted, falrly rapld activation takes place with filament voltages
between 11 and 15 volts. The higher the voltage the more rapid
the activation, With voltages hlgher than 15 wvolts the rate of
evaporation of thorium from the filament 1s so great that the fila-
ment becomes deactivated when operated at such & high temperature.
The gas pressure in this tube was found to be 2.5 X 10"? be-
fore any extensgive runs were carried out. After some time of
operation the gas pressure was found to inerease noticeably.

The results of the first serles of measurements, taken 2/29/40,

are tabulated in TABLE AIII,

IABLE XIIT
Run Watt Tine v v Remarks
f1 £2

i 175 10 5.4 5.8 Some deactivation

2 208 10 5.8 6.8 Hore .

3 0 9 hrs. at 10.5 V.

4 160 4 hrs,. 15 min, 5,5 5,7 81ight *

& 196 1 hour 5,7 6.6 lL.ess deactivation than

run 2,
8 0 10 min, at 6.8 5.5
Yf = 14 volts
7 8 10 5.5 Some deactivation
(to grid)
15 20 " "
52 20 lore »

10 50 2 W @

11 32 6 " "

12 GO 1 B.3 Serious .

13 0 9 8.3 5.7 (as pressure 5 x 10~7

at vr = 14 volts
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The runs above from 7 to 12 show the result of bombarding the
grid. It will be noticed that the grid 1s a rather serious source
of deactivating material in case it is bombarded, Even with as
low as B8 watts to the grild for 10 minutes, measurable deactivation
took place. The detalls for runs 7 to 12 are not filled in since
the standard test condiiions were not returned to between each run.
The nature of these experiments involved a continuous measure of
the emission properties of the filament and therefore the remarks
glven at each run are appropriate in spite of the lack of detail,
A second series of measurements was made on 3/11/40 with re-

sults as shown in TABLE XTV.

TABLE XIV
Run Watts Tinme Temp. ?} v Remarks
before afgsr
1 225P 10 830 5.4 6.6 Vac.before 2x10" '

" after 8x10-8
Recover from desct.in
25 min.normal Vf¢10.5 to

B 5.7 volts.
2 300 10 920 5.7 6.26 Deact.not as great as
above, Vrulo.ﬁ for 25 min.
3 3008 50 5.55 8.3 Very little greater
30 min, v;lo.s to get 5.56 deactivation
4 150 10 770 5.55 5.5 0.K. stand by 14 hours
Bt Vf=1005
5 200 30 B4 5.3 5.4 0.K. Vac. 1.3x10~7
8 250 15 910 5.4 5.85 Same deactivation
7 300 15 9656 5.856 7.5 Deactivation
8 8] 1l min 7.5 8,9 Activating Vr=14 Y.
g 3 *® 6.9 5.4 " #
10 2 * 6.4 5.85 " “

11 y ® 5.85 5.4 " 13 v.
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It will be noted that the tube returned to normal activation

and that in spite of the fact that after run 7 the vacuum wag
iT x 10'7 nm, it lamproved to 10'7, which was glightly better than
the initial vacuum meagured when the tube was first put into ger-
vice.

A comparison might be appropriate between the resulis above
and those obtained on TUBE #12320, TABLE V. For example, runs 3
and 4, at 300 watts for & time of 1 hour and 47 minutes, show less

deactivation than was observed in the Amperex tube when running at
300 watts for only 10 minutes. Also, comparison mizht be made
with runs 9 and 10 of TABLE V, summarizing measurements made at
400 and 475 watts, respectively, Note that the deactivation 1s
less than for the 300 watt runs 2 or 7 of TABLE XIV.

Referring also to TABLE VI, the deactivation found on the
Amperex tube 1s definitely worse than that in TUBE #12322., TABLES
YIII and XI show simllar results also,

The leakage current from grid to anode in this tube was at
first quite small; it then increased showing the effect of "dusting"
but finally decreased again to normal, This phenomena has been
discussed in detall above (TUBE #12496).

TUBE §;2§28
The results of observations on this tube are shown in TABLE XV.
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TABLE XV
Run Watts Tine Vrl Vfg Remarks
1 260 5 5.4 7.35 Conslderable deactivation.
Big leakage effeot.
2 250 5 5.1 5.6 Deactivation not so bad
2560 10 5.2 6.25 - bad.
4 2508 10 5.156 5.15 Shows glags is source of
poison.
260 10 b.16 6.00 Polson from glass.
6 250° 3 wre.8m. 6.2 5.15 No poison with blower on.

The compsrison between runs 2, 3, and 5 on the one hand and 4

and 6 on the other shows the ilumportance of outgassing the glass in

2 rather remarkable degree,

Again, with this tube very seriocus

leakage was ohserved at first but this finally eleared up,

TUBE #12331

This tube, also pumped by Amperex at the same tlme as the one

above, had an initial vacuum of 6 x 10~° which may be considered

as very good,

The resulte of three runs are shown in TABLE Xvi.

TABLE XVI
Run Watts Tine Vr1 Vrg Remarks

1 200 2hrs.lOm, 5.26 8.0 Deactivation,
Activation for 15 min. at
Vfa10.5

2 260 2 % ap 65.56 6.56 Oreater deactivation,
40 min, at vrnlo.s

3 300 20 " 6.3 6.5 Compare with runs 5 to 8,

TABLE XX.
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Although the runs taken on this tube were not very exten-
sive, 1t seems that this performance is almost exactly the same
as TUBE #12321, as discussed on pages 29 and 30,



EXPERIMENTS CARRIED OUT ON TUBES OF GROUP V

There were four tubes in this group, all manufactured by
Taylor Tubes, Inec. Two of these were 203-A and two were 211-D
tubes. The gas pressures mentioned below were estimated, as-
suming the same gensitivity of the tubes as ionization gauges as
wag used in connection with the HF-100 tubes above.

These Taylor tubes have physical dimenslons distinctly larger
than the HF-100 and yet thelr proportlons are roughly the same,
For that reason I think that it 1ls legitimate to agsume the same
ionization sensitivity. The manufacturer!g tube ratings for
these tubes are given in the following table,

TABLE XVII. GENERAL CHARACTERISTICS

203-A 211-D
Filament Voltage, volts 10 10
Filament Current, amps. 3.25 3.25
Plate Resistance, ohnms : 6000 3400
Hutual Conductance, uifhos 4200 3530
Amplification Factor 25 12
Max, Plate Disslpation, watts 100 100
Nonex Glass 50 Watt Base 50 ¥Watt Basge

TAYLOR TUBE 203-A U-21

Thls tube was put to test after the tube U-32, results of
which are given in a section below, Since it was obvious from the
first run that thils tube was worse than the U-32 rather than better,

time was not taken for extensive tests. The measurements taken are

gilven, however, in TABLE XVIII.



TABLE XVIII
Run Watts Tine Tenmp, th Vrg Remarks
1 3002 60 min, 900 5.4 7.2 Deactivation

2108

TAYLOR TUBE 203-A U=32

Reactivation to 5,55

The initial pressure in this tube when first tried was approx-

: 4

imately 1.2 X 10 ', which checks with what might be expected, The
results of a series of runs are shown in TABLE XTIX.

TABLE
Run Watts Time Tenmp. vfl Vrg Remarks
1 157° 10 min, 5.3 5.3 50% overload
2 2508 10 5.3 5.3
5 300 10 900°C 6.3 5.8 Slight deactivation.
Reactivation to0 5.3
4 53005 1 hr. 4 min. 5.3 6.8 Deactivation. Com-
260 pare with run 6, TABLE VI.
5 300 5 nﬁv\ B.3 5.6 Some deactivation
with no blower.
& 200 20 o 56 ¢. %

It will be noticed that this tube shows & slight deactivation

when running at 300 watts for 10 minutes.

Run #4, which lasted for a

longer time showed so much deactivation that with constant grid po-

tentials the power dissipation dropped,

In this particular case

it does not mean that the maximum power this tube was capable of

delivering was 250 watts since the grid was not changed in order to
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bring up the current. This run might Dbe compared with that of #6
in TABLE VI, where a start vas made at 300 watts and after 13 hours
of operation the deactivatlon was less than that in TUBE 203-A U=-32.

Although the rune made do not bring out the effect of cooling
the glass as clearly as might be of interest, experiment shows that
glass eooling les a 1ittle less important in the Taylor tubes than
in the Aumperex tubes,

Three reagsons for this might be offered - first, the bulb of
the Taylor tube is larger, secondly, the Taylor anodes were probably
less thoroughly outgassed and therefore are & source of polisoning
comparable with that of the glass, and third, Taylor places the
getter pellet so that most of the getter falls on the glass where
it must receive 2 very considerable amount of radiant energy from
the anode which it must re-radlate, Getter activiiy increases
with the temperature and therefore the gas which might otherwise
be given off to deactivate the filament 1s rapldly absorbed by the
getter. Although this method of mounting the gettier may be suc-
cessful to counteract over-heating, it 1s not consldered good prac-
tice in my opinion because of the danger of evaporating the getter
over the other parts of the tube when the tube is operated for long
periods of time with an overload condition, The method of mount-
ing ueed by Amperex is very superlor from the point of view of
long life.

TAYLOR TUBE 211-D-1D9

This tube turned out to be the best of the four Taylor tubes.
In fact, it was slightly better than any of the tubes pumped by



Amperex, although not as good as the tubes which I evacuated.
Even though this tube was better than the Amperex tubes because
of the fact that it has a larger plate area, it should be better
and therefore I consider this one really on & par with Amperex.
Measurements were taken on this tube on two different dates

but are summarized all together in TABLE XX.

TABLE
Series I 4/5/40
Run  Watts Time Teup. vfl Vf2 Remarks
| 3008 1 nr.45 m, 906°C 5.3 5.9 ©Some deactivation
2 36508 35 1000 5.3 5.7 " “
3 400° 35 1040 5.3 5.95 ¢ "
e 400 37 1060 5.6 5.9 ' .
eries 2 4/9/40
5] 300 10 6.3 ©5.25 Compare with 1
6 300 1l hr,10 5.26 5.1 . - =
7 300 2° 10 5.1 6.2 " “ =
8 300 15 * 0 5.26 65.15 . . 9
(18 * 30 m, total of Runs 5 to 8)
9 400 30 1075°C 5.2 5.7 . - 3
10 400 36 6.7 7.0 Inerease in gas content
(66 min. total of Runs 9 and 10)
11 4008 85 1035  5.15 6.75 Compare 10 and 3
12 (500" 10 1100  5.06 7.95 See curve sheet,

(320 start Fig.2. Curve III.



The initlal pressure in this tube was 1.2 X 10'7 and the
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final pressure was 3,6 x 1 % Thie is an increase by a factor

of 3. The results of run 12 are ghown ag one of the curves in

Fig. 2, It will be noted that the tube was incapable of giving

the full 500-watt plate dissipation for more than 5 minutes.

TAYLOR TUBE 211-D 1D=1l
Runs taken on this tube are shown in TABLE XXI.

TABLE XXI
Run Watts Time  Temp. Vfl ?fg Remarks
1 300 15 Q00" 5.3 8,05 Deactivation
980
s 380)° 15 940% 5.256 7.00 "
300) 1020%%
(temp.at start of run)
3 350 10 5.2 7.56 u
o8
4 350)2 15 5.2 6.85
325
5 113° : 5.2 5.2
6a 5005 3 1080 5.2
6b 500)B 27 950 8.2 See Fig.2. Curve IV.
283) _
7a 5008 4 5.2 , ’ V.
7b  500) 16 8.2
270)

* Temp. on silde away from getter deposit.
ek Temp. on slde toward getter deposit.



There was & slight lncrease in pressure to 2 X 10~7 mm;
throughout these runs the pressure was less than that in TUBE 1D9
above and yet the deactivation was a little bit more severe.

This can be interpreted as indicating & thing thet 1s well known
and that 1s that at these low pressures it 1s not the pressure
per se which 1s 1important but the composition of the gas which

controls the degree of deactivation.



EXPERIMENTS CARRIED OUT ON TUBES OF GROUP VI

EIMAC 76-T TUBE
The runs were made on the EIMAC tube on 4/19/40 and as a re-

sult I can say that from the point of view of overload cepacity
this tube was the best of all measured. The general character-
istlcs of the tube are tabulated below,
T ; v )
_GENERAL CHARACTERISTICS OF EIMAC 75-T

Filament woltage 5 wvolis
Filament current 6,5 amperes
Amplification factor 10.6

Maximum plate current 225 mllliamperes
Plate dissipation 75 watts

Tube must be operated vertically with ample ventilation
provided.

The results of my measurements are swmarized in IABLE XXTII

IABLE XXIII
Run Watts Tinme Tenp. Vfl Vra Remarks
1 150% 18 min. 1300°¢ 2.6 2.6  No desctivation
2 300 10 1560 2.6 2.8 * u
3 3008 90 2.6 2.6 .
4 400® 15 1680 2.6 2,6 " "
5 500° 10 1750 2,6 2.6 "
& 400 60 2,6 2,6  Slight *
7 50074 39 1740 2.6 2,66 .
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It will be noticed that no deactivation was observed through
the first five runs, Run 6, however, at 400 watts without a
blower showed a slight deactivation and Run 7 at 500 watts, with
only & small fan instead of an alr blast, showed also a slight de-
activation, These runs, 5, 6, and 7, are truly remarkable for a
tube with a 75-watt rating, The success in this matter may be
attributed to two factors - first, a reasonably thorough oute
gassing of the tantalum anode and, second, the use of Pyrex glass
of adequate dlameter for the envelope. ¥ithin the tube there
are no ceramlc insulators since the tube gclements are supported
by their lead-in wires, This eliminates the ceramic meterial zs
& source of gas since in the other tubes this material does get
exceedlingly hot, Pyrex 1s a somewhat harder glass than Nonex
and 1s posslbly more transparent to infrared radiation, This
point 1s discussed in a little more detail below,

One of the really serious objections to the properties of
thls Eimac tube is that the grid emission is exceedingly large be-
cause of the very high temperatures attained within the anode
structure, At the highest wattage this grid emission was 1.2
milllamperes. Such large grid currents interfere with the appli-
catlon of potentlial to the grid through a relatively high resis-
tance, If the full blas potential is not applied then the tube
is 1likely to "run away," FPor example, if the grid of this tube
became disconnected for a moment during operation, the anode would
probably melt within a very few seconds. If it 1s possible in the
circuit employed to use sufficiently small current fuses, it might
be possible to save the tube in case of "run-away." This diffi-
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culty is not encountered in the graphite anode tubes because de-
activation of the cathode takes place before permanent damage 1is
caused, The reason for this is not that the graphite 1s neces-
garily a worse source of gas but that the temperature to which
the graphlite will rise in order to dissipate the required number
of watts 1s so much lower than that for tantalum, I think this
is & point of conslderable lmportance and yet if, in practice,
users of tubes properly fused their circuits the disadvantage
in the tantalum tube may not be serious,

WESTERN ELECTRIC TUBE #276=-4
This Western Electric tube is rated at 100 watts anéd contains

a molybdenum plate within a Nonex envelope, The characteristies
of this tube are shown in TABLE XXIV.

TABLE XXIV
Filament voltage 10 volts
Filament current (nominal) 3 amps,
Average thermionic semission 1.25 amp.
Max, direct plate voltage 1250 wolts
Max, direct plate current 125 milliamp,
Max, Plate dissipation 100 watts
Plate resistance 3000 ohms
Grid to plate transconductance 4000 micromhos
Amplification factor 12

This tube turned out to be the poorest of all tubes studied.
The runs taken are suumarized in TABLE XXV.



TABLE XXV
Run Watts Tinme Tenp. v v Renarks
) ff T2
3 110 10 min, 830°C 5.4 5.36 No deactivation
2 210 10 1000 5.35 5.25 . '
3 320) 4 1150 5.2
250) 10 total 7.2 Considerable *
Reactivate to 5.3 wvolts
4 590? 6 1130 5.3 Considerable deactivation
245) 7.8
3 Reactivate to 5.1 volts
5 500 10 sees. 9 Conslderable deactivation
350 % min., total 7.5

It will be noted that a 10-minute run at 210 watts, or ap-
proximately #ggge times normal load, resulted in no deactivation and
yet a run which started at 320 watts resulted in very serious deac-
tivation. In fact, the current could not be meintained more than
four minutes. This was without a blower. Run 4, with a blower,
showed no observable difference. This Indicates that the molybdenum
wasg so inadequately outgassed that 1t was more important as a source
of polsoning than the glass because there was considersble differ-
ence in the glass temperature for these two runs, 3 and 4,

Run 5, which might be compared with many of the other runs
listed above, shows this tube incapable of operating for more than
& few seconds with a 500-watt plate dissipation. In fact, in one
minute's time the filament was so completely deactivated that only
380 watte could be delivered to the anode. The original gas pressure
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in the tube was about 3 x 107, This was also the highest pres-
sure of all of the commercial tubes tested. After the final run
of the above table the pressure had increased to Il.(.'i'6 mm, The
grid emission was also objeetionably large, Leakage current, when
the tube was cold, was the largest of all tubes measured. In
splte of the serilous deactivation and the increase in gas pressure,
it was nevertheless possible to reactivate the filament to normal
activity. There ware no exceptions to this rule in all of the
tubes tested.



COMPARI SONS

Some comparleons have been made in connection with the in-
dividusl summaries of data taken, Perhaps it would be worth
while to review some of these,

The first point is that hydrogen treated anodes are more
easlly outgassed than the non-hydrogen treated anodes, although
the latter can be outgassed and tubes with the same overload char-
acteristics produced, As far as these experiments go, there
seems to be no difference in performance between the carbonized
and non-carbonized filaments, This cannot be said to be evi-
dence that carbonization is not desirable since there are other
experiments which have been made in the past demonstrating the
superlority of carbonized filaments as regards their ability to
hold thorluam,

The tubss pumped at the Amperex plant were slightly inferior
in load-carrylng capacity to the ones pumped here. The average
of the Amperex tubes though is no doubt better than the average
of the Taylor tubes although the best Taylor tube is a little
better than the best Amperex tube. Considering only the question
of plate dissipation, the Eimac tube with the tantalua anode and
the Pyrex envelope was undoubtedly the best of all tubes measured.
The Western Electric tube with a molybdenum anode was very definitely
the poorest tube of all those measured,
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RADIANT ENERGY ABSORBED BY TH: GLASS

It is obvious that the radiation fronm a graphite anode dissi-
pating & large number of watts will have ite energy distributed
over longer wavelengths than that from the metallie anodes. With-
out having detailed knowledge as to the transmission character-
istics of Nonex and Pyrex glases it ie well known that both of them
absorb practically all of the infrared radiation of wavelengths
longer than about 4 mierons,

The transmission characteristic of Nonex glass has, as far as
I can find, never been measured, The Corning Glass Company and
also Dr. Coblentz, of the Bureau of Standards, had no information
ag to the infrared properties of this glags, Dr. Coblentz has
measured the transmission of the go-called "chenmlcal Pyrex" which
1s the general type used for tube construction. Flg. 3 shows
the transmission characteristic of Pyrex for a sample 2 mm. in
thicknese. Also in this figure are two curves deeignated 2200°K
and 1400°K, These curves have been adjusted to have the game
maximum helght, although for a more accurﬁte comparison one should
perhaps adjust them to have the same area underneath the respective
curves. Since any estimation of the energy absorbed ies only s
rough approximation, because of the lack of detalled information
as to the spectral emissivity of graphite as compared with tantalum,
for example, in the infrared, the caleulation of the eurves in Fig.4
was accomplished by taking the product of the energy distribution
curve and the absorptivity,. It is clear that & much larger frac-
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tion of the energy radiated from a 1400° gource is absorbed in the
Pyrex glass. The absorptivity was determined by the relation
A = 1-T where T 1ls the transmission.

If the atrong abeorption in Honex begins between 2 and 2.5
microns, then the relative amounts of absorption in the glass will
be even stlll greater in the direction of more absorption for the
graphite anode, Also, 1f the graphite anode 1s operating at a
temperature considerably less than 1400°K, the normal wvalue being
in the neighborhood of 1000 or 1100°K, a very large fraction of the
energy must be re-radiated by the glass, This very approximate
analysls only serves to lndicate the nature of the problem and
could be carried with profit a little farther only at & rather
conglderable expense in determining additional transmission charae-
teristics for Nonex glass after it has been heat-treated in the
way it actually is 1n practice and also determining the spectral
emlgsivity of graphite in the infrared.

SPECTROSCOPIC ANALYSIS OF EXHAUST GAS

In order to get an idea as to whether or not it would be worth
while to examine the exhaust gas in detaill to determine its com-
position, Gelsler tubes were attached to the exhaust manifold of
the vacuum system during the evacuation of tubes #12495 and #12498,

The report given on the spectroscopic analysls is summarized in

TABLE XXVI,



49

TABLE XXVI
£12495 12496
CH < CH
co = co
CH = CH
H 2 N
a
H < Hz
2 > e
0 == 0
N = N

These comparisons are very inconclusive since my inspection
of the Gelsler discharge before the analysis was run and ay in-
spection after the analysis was run showed that the running of
the tubes had actually changed the relative proportions of the ma-
terials present in that the color in one tube was originally a
pale blue, while in the other a definitely darker blue; after the
tubees had been run for the analysils both tubes had & very much
stronger red component than waeg initlally the case, The composi-
tion found included of course most of the elements that one might
gsuspect without running the analysis.

Without earrying a study of this kind very considerably
farther than was originally intended, it 1s unlikely that anything
of value could be obtained., In the first place the Gelsler tube
would perhaps have to be made of quartz so that it would not give
off gas during the time required for exposing the photographiec
plate and the effects of various refrigerants on the trap should
be considered since a certain fraction of the gas liberated by the
graphite must be adsorbed in the trap and this proportion would be
different for different molecules.



METHODS OF EVACUATION RECOMMENDED

In order to produce tubes which are capable of withstanding
large over-loads without deterioration, the tube must be well
evacuated and the components heated to teuperatures well in excess
of any value which is likely to be reached under the anticipated
overload condition, To get a good vacuum, the vacuum pumps must
be fast and the connecting manifold must be as large as it is feas-
ible to make it, right up to the polint at which the tube 1z sealed
on the manifold, The seal-off constriction of the tube should be
made ag large in diameter as ia_oonslstent with the mechanical re-
quirements of the tube structure,

In the tube design every attempt should be made to make this
constriction large and short. The pumping resistance of the con-
striction increases in proportion to ites length and is proportional
to the reciprocal of the cube of the diameter. Thus & small ine-
crease in the diameter of this tubing may make a very considerable
inerease in the puaping speed, Arrangements should be made so
that the entire manifold, lneluding the ligquid air trap in case
mercury puaps are used, can be baked at a relatively high tempera-
ture (480°C for Honex and 500°C for Pyrex).

The oven in which the tubes are to be baked should be so ar-
ranged that 1t can be removed quickly and brought up to temperature
quite rapldly. The temperature should be accurately known and
controlled and should be as uniform &s it 1s practically nossible
to make it.
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The proper use of alr blasts to cool off the liquid air trap
and to cool tubes under construction during the high frequency heat
treatment 1s very essential.

The evacuation schedule, which i1s summarized in TABLE XXVII
1s one which has been found to be very sultable for the HF-100
tubes and thls same schedule should be useful for other tubes of
the same general construction,

The following schedule is built on the assumption that the
tube being evacuated 1s connected through a large manifold and
liquid air trap to fast mercury diffusion pumps, =nd thence to a
mechanical pump. In our case the mercury pumps are gingle-sgtage
pumpe, the first of which has a gpeed of about 15:20 liters per
second and must be backed up by a "Jet pump" which has & much
lower speed but 1s capable of operating ageinst =2 much higher fore
pressure. This second mercury pump is backed up by a Cenco me-
chenieal punmp.

TABLE XXVIT
EVACUATION SCHEDULE USED ON HF.100 TUBES

Time (in minutes)

Seal tube to pumping manifold and start mechaniecal pump.

1 Apply heat to mercury pumps and turn on ovens. (Kain
baking oven should have been pre-heated to 500°C.)

6 (a) Remove baking oven.

(b} Test for leaks at “seal-on" junction.

(e) start high frequency heating of anode using strong
alr blast to cool glass,

(a) wWithin one minute after starting, bring anode up
to 1260°C and hold for three minutes. During the
ggxtnminute lower the temperature in 50° steps to

00°®C. .



TABLE XXVII -~ continued 52
12 Baking oven on, hold at 516°C for 30 minutes.

42 Liquid air trap oven off; air blast blower to cool trap.
lLower temperature of baking oven to 480°C,

44 Put ligquid air on trap with flask 2% below maximum helght,
(This is done so that later the liguid air level can be
raised above the starting level.)

62 Baking oven removed after cooling to near 480°C, Iif
gauge 1s attached to system presswre &t this time should
be about 3x10~7 mm,

53 High frecquency heating of anode to approximately 1250°C
with eir blast on and filament heating connections made
but power not supplied, Anode connected to fllament
and grid connected to +800 to 1000 wolts D.C.

62 Flilament current turned on and gradually increased until
B0 milliamperes of emlssion current flows to the grid,
Keep the high frequency heat on all of the time,

04 Anode temperature should now be about 1300°C and the
vacuum 2X10™* or better.

68 During the following 2 minutes reduce the anode tempera-
ture gradually to 200°C and then turn off high frequency
and grid and filament power.

70 Pre-heat getter to maximum temperature for which only a
slight getter deposit is made in 3 minutes' time, (800°C
for getter used by Amperex.)

75 Flash fillament one minute at 4.2 amperes for HF-100 tube,
Teuwperature should be approximately 2900°K,

76 High frequeney and grid heat applied, as above, at 62 min,
79 Gradually reduce anode heat to 200° during ensuing minute,

80 Soften seal-off capillary sufficiently to lose approximately
half its diameter.

gl Flagh getter complete, Ralse liquid alr level.
82 Re-apply high frequency heat and grid power as above.

88 Reduce anode temperature gradually during ensuing 1% minutee
to 1000¢C,

20 Seal off tube with anode red hot.
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The above vacuum schedule may seem to be rather too detailed
for some manufacturers. Naturally it can be modified in ways
that local experience indicate are satisfactory, I think 1t 1is
pessible that an extra 156 minutes added to the oven baking would
be &n advantage, If the tube design were such that the insulating
ceramic parte or the springs which holé the filament taut would
not over-hest, and the glass wall itself not over-heat, then an
inerease in the anode temperature to 1400 or 1500°C would be an
advantage, With the design as now uged by Amperex, the tempera-
tures recommended above are, I think, the absolute maximum that
can be used without having excesslve loss of tubes during the evacu-
ation process, In fact it might be necessary to reduce some of
the temperatures slightly 17 there were much likelihood that cone
ditlons in all of the tubes on a given manifold were not ressonably
unifora,

This schedule 1s incorporated to serve as a sort of gkeleton

plan which should be modified to sult loecal circumstances.
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SUMMARY

The followlng summary has been prepared so that it nay
gserve along with the Table of Contents as an index to the ine
formation contained in this report.

1. Experimental Factors
lMiention 1s made of certaln experimental factors which had to

do with the setting up of standard test conditions. These are
glven on pages O and 29, The eircult arrangement 1s dlscussed
on page 6. The callbration of the tubes tested as ionization
gauges 1s discussed on pages 3 and 35. Experiments were made
to determine the range of voltage drop over the filament for
which activation or deactivation takes place as the result of
heating, This dlscussion 1s on pages 29 and 30,

2. _Pressure During and After Exhaust

Two sets of measurements are recorded for the presgsure meas-
ured during the exhaust. These are on page 12 for TUBE #12308
and page 18 for TUBE #12323. Mention is made of the pressure
before and after seal-off 1in the rather exceptional tube, #12305,
on pages 9 and 10, Further information on this tube during an
overload run may be found on page 11, The advantage in having
hydrogen-fired anodes ls mentioned on page 25. Data on the gas
pressure in other tubes may be found as indicated in the follow-
ing table.
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TUBE KO, PAGE
#12320 P I - G 13
12489 P R P 20
12496 R e s e W 22
12497 TEEEEEE R 24
12471 R O S 26
12488 P A 26
(the leaky tube)
12495 R R B 27
12495 T T 28
Amperex 12321 bR R A e
. 12321 oW W W 31
. 12331 33
Taylor 203=-A U=32 59 B W e w w 36
. 211-D 1D9 R 38
. 211-D 1D-11 . . . ¢ . . 40
Western
Electric 276-A W W R w R W 45

3. Tube Exhaust

On page 12 mention 1s made of the pumps and pumping lead,
while on page 50 there is a general discussion of the pumplng
problem and mention of the desirable requirements for the seal-off
connection, A detailed pumping schedule is given on page 51 and
the desirability for slow cooling of the anode 1s discussed on

page 24,
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4, Deactivation Effects Produced by Non-Overload Conditions
A discussion 1s given on page 3 of the effect on activation

gstability resulting from small deposits of foreign material on
the Tungsten fllament, Deactlvation brought about in the ioniza-
tion gauge as a result of the liberation of an unknown gas upon
cooling of the HF-100 filament 1s mentioned on page 10. Upon
cooling the anode in TUBE #12495 an unexpected deactivation ef-
fect was observed, as mentloned on pages 26 and 27. This tube
was not hydrogen treated, The same effect was looked for but
not found in the hydrogen treated TUBE #12498, Mention of this
is made on pages 21 and 22,

6. "Dusting® Effect
The first really obvious case of "dusting" was observed after
operation of TUBE #12322, with very high voltages applied., Fluo-

regscence of the glass and the grid structure were observed., The
dlscussion is on pages 16 and 17. In this tube the reduction in
filament drop for a standard filament current was observed after
*dusting." Detalls are on page 16. The grid deposit on the
glase 1s assoclated with glass deterioration and is mentioned on
page 15, A leakage current from grid to anode has been observed
and associated with the "dusting" phenomenon, The discussion is

on pages 23 and 27,

6. Deactivation Due to Overload

Severe deactlvation was observed ag a result of grid bombard-
ment, as shown on pages 30 and 31, The heating of the anode and
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the consequent heating of the glass resulted in deactivation ef-
fects, as indlcated on pages 14, 21, 28, and 32,

Experimente mede with Taylor tubes, with and without glass
cooling, indicate that the envelope here plays a much less im-
portant part than in the Amperex tubes. The discussion is on
pages 37 and 38, This reduction in the importance of the glass
in the case of the Taylor tubes may be partly attributed to the
location of the getter, as mentioned on page 37. The gas liber-
ated from the molybdenum anode of the Western flectric tube,276-4A,
was 80 great that no effeet of the glass could be observed, See
page 44,

Throughout thls report there are numerous tables showing the
extent of the deactivatlon observed under verious load conditions.

Refer to the Table of Contents for these data,

7. BSome Comparisons
A general treatment of the comparative merits of the tubes is

glven on page 46 while other comparisons, for example, that between
H.I.T. evacuated tubes and Amperex tubes, is on page 32. A CONM
parison between Amperex and Taylor 1s on page 33 and the Eimae

comparisons are on page 42,

8. rid io
The detalls as regard grid emission on the Eimac tube are
glven on page 42 and for the Western Electric tube on page 45,
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During the past few months I have been interested

uverload bﬂ&Pd“tPP stice of certain small trangsmitting

S ———— i S

with thoriated filaments for cathodes. Under extreme over-

load conditions tube failures generally result from structursl
I ——

changes due to the moving of the filament or the grid resulting
'l-—_,,—f’“a&‘

in internal shorts, or else due to the effects of gas lilberated

by one or-more of the electrodes, or by the glass wall of the

envelope itself. The liberation of make itself ob-

in elther of three ways, First, the gas pressure
ficlently to cause an actual gas discharge to take
pressure may be sufflecient to result

of the fllament by ion bombardment, or, third,

the filament may take place as a resn1t of gas

poisoning, In reason L1l uated tu,e the gas polson-
ing effect 1s generally the f1] , one to be noticed, In ordi-
the triode oper ¢ a device in which the

imited by space una“be When this is the ca

o
l'.':

nd the design has been ’ 3 pruportloned, noticeable changes

e without alte
For test purpose
the tube in such a way that the current

uhP bemppfafure u; the filament serves as a very

indicator of the degree of thoriation and therefore as

extent to which the deactivation effects fronm

the true emlssion from the filame ent,




During normal operation activation ic king place cone
tinuously, If there are no poilsoning effe d no cathode
bombardment, then the cathode takes on a value of surface
coverage of thorium which is probably between 70 and 80% of the
maximum thorium surface density which would be associlated with

a monatomic layer of thorium on the surface, At this coverage

the rate of evaporation exactly equels the rate of arrival of

thorlium &ﬁfthﬁ surface, leaving it with the optimum coverage
from the point of view of obtalning a maximum thermionic emission
at the operating temperature,
overload 1is to 11@"“ate poisonous
Ohjgéﬁjmfggf;;;hbie, whilch react
temperatures to remove some of the

polson does not
I

the filament at operating temperatures but combines the

thorium and leaves the fil men%}thus effectively increasing the

rate of removal of thorium atoms above that due to simple tem-
perature evaporation, This, of course, results in a decrease

in the surface coverage and in case this decrease goes far

enough the thermionic emigsion falls to a very small fraction

of its original value. The speed and extent of this deactivation

depends, of course, on the concentration of the objectionable gas

S9S,

which in turn depends upon the temperature of the source of the
1

objJectlonable gas and the activity of the getter used in the tube,




Experiments were carried out to determine to what extent
souwrces of polson could be eliminated and it was found in
case of graphlte anodes that it was possible to out-gas the

anodes sufficiently so that they became a relatively unimportant

contributor to the deactivation process. In these cases

for which the anodes had been well out-gassed, the glass envelope

became the dominating source of trouble. This was demonstrated
by operating the tubes with about 500% rated plate disgipation
with and without an air ©last to cool the glass wall. The

rate activation was very greatly influenced by the effect
of glags cooling,

Another type of run which wag used to determine the ef-
fectiveness of the out-gassing procedure followed=the plan of
adju g the plate dissipation to 500 watts at the start and
obgerving the time during which the tube was capable of de-
livering the 500 watts and then determining the maximum plate
dissipation which could be obtalned even after deactivation had

4
L")

10, 1e of the results are shown in the second slide,

-

One might lude from these studles that an important
factor determining the eﬁ+@3¢ to which a tube of given rating can
be overloaded 1s that of the glass, It 1s of course important
to out-gas the anode as thoroughly as is practical, Care must
be exercised in the placing of sueh insulating parts as are neces-

sary to hold the tube elements in their specified and proper

pogitions, Although it has been general practice to operate




tubes contalning metal anodes with operating temperatures such
that the anodes give off considerable intensity of
dlation, the general practice with graphite anodes has been to
operate them so that relatively little visible radiation is to
be obsgerved. It seems altogether likely that a re-proportioning
of the tube so that the anode i1s smaller relative to the glass
envelope and running at a higher temperature would be an ad-
vantage. The lmportant point in this connection 1i1s that since
a glven total amount of radiation energy must be transmitted
through the glags or re-radiated by the glass, the structure
which results in the most uniform heating of the glass would be
a distinct advantage.

it seems as though it might be worth while to

specify the maxlmum overload wattage which a given tube can be

s

expected to withstand for a period of, say, not more than ten

or flfteen minutes, without permanent injury. Of course all
tubes of this particular type, when overloaded in the extreme,
become temporarily injured because of the deactivation of the
cathode but, as is well known, prolonged operation even at normal
cathode temperatures without the application of the plate po-
tential results in a reactivationjor a reactivation schedule

can be used which will bring the tube back to its optimum con-

dition within a very few minutes,




During the past few months I have been interested in the
overload characteristics of certaln small transmitting triodes
with thoriated filaments for cathodes. Under extreme over-
load conditions tube fallures generally result from structural
changes due to the moving of the filament or the grid resulting
in internal shorts, or else due to the effects of gas liberated
by one or more of the electrodes, or by the glass wall of the
envelope itself. The liberation of gas may make itself ob-
Jectionable in either of three ways. Pirst, the gas pressure
may rise sufficlently to cause an actual gas discharge to take
place; secondly, the gas pressure may be sufficient to result
in deactivation of the fllament by ion bombardment, or, third,
deactivatlion of the filament may take place as a result of gas
poisoning, In reasonably well evacuated tubes the gas poison-
ing effect is generally the first one to be noticed. In ordi-
nary practice the triode is operated as a device in which the
plate current is limited by space charge, When this is the case
and the design has been properly proportioned, notlceable changes
in the thermionic emission may take place without altering the
practical characteristics of the tuwbe For test purposes, how-
ever, the operation of the tube in such a way that the ocurrent
is limited by the temperature of the filament serves as a very
sensltive indicator of the degree of thoriation and therefore as
an indlicator of the extent to which the deactivation effects from
overload have decreased the true emigeion from the filament.



During normal operation activation is taking place con-
tinuously. If there are no poisoning effects and no cathode
bombardment, then the cathode takes on a value of surface
coverage of thorium which ls probably between 70 and 80% of the
maximwn thorium surface density which would be assoclated with
& monatomic layer of thorium on the surface, At thils coverage
the rate of evaporation exactly equals the rate of arrival of
thoriun wﬁ the surface, leaving it with the optimum coverage
from the point of view of obtaining a maximum thermionic emlssion
at the operating temperature.

The first effect of overload is to liberate poisonous gases
within the tube such as oxygen, for example, whieh react with
the filament at operating temperatures to remove some of the
thorium, Generally speaking, the so-called polson does noi
stay on the filament at operating temperatures but combines the
thorium anéd leaves the filament thus effectively increasing the
rate of removal of thorium atoms above that due to simple tem-
perature evaporation. This, of course, results in a decrease
in the surface coverage and in case this decrease goes far
enough the thermionic emission falls to a very small fraction
of its original value. The speed and extent of this deactivation
depends, of course, on the concentration of the objectionable gas,
which in turn depends upon the temperature of the source of the

objectionable gas and the activity of the getter used in the tube.
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Experiments were carried out to determine to what extent
the sowrces of poison could be eliminated and it was found in
the case of graphlte anodes that it was possible to out-gas the
anodes sufficlently so that they became a relatively unimportant
contributor to the deactivation process, In these cases
for which the anodes had been well out-gagsed, the glass envelope
becane the domlnating source of trouble. This was demonstirated
by operating the tubes with about 500% rated plate dissipation
with and without an alr blast to cool the glass wall, The
rate of deactlvatlon was very greatly influenced by the effect
of glass cooling,

Another type of run which was used to determine the ef-
fectiveness of the out-gassing procedure followed=the plan of
adJusting the plate dlssipation to 500 watts at the start and
obgerving the tlme during which the tube was capable of de-
livering the 500 watts and then determining the maximum plate
dissipation which could be obtained even after deactivation had
set in, Some of these results are shown in the second slide,

One mlght conclude from these studies that an important
factor determining the effest to which & tube of glven rating can
be overloaded 1s that of the glass. It 18 of course important
to out-gas the anode as thoroughly as is practical, Care must
be exerclsed in the placing of such insulating parts as are neces-
sary to hold the tube elembnds in their specified and proper
positions. Although it has been general practice to operate
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tubes containing metal anodes with operating temperatures such
that the anodes give off conslderable intensity of visible ra-
diation, the general practice with graphite anodes has been to
operate them so that relatlvely little visible radiation 1s to
be obeerved, It seems altogether likely that & re-proportioning
of the tube so that the anode is smaller relative to the glass
envelope and running at & higher temperature would be an ade
vantage. The important point in this connectlon 1ls that eince
a2 glven total amount of radiation energy must bs transmitted
through the glase or re-rediated by the glass, the structure
which results in the most uniform heating of the glass would be
a distinct advantage,

Finally, it seems &s though it might be worth while to
specify the maximum overload wattage which a glven tube can be
expected to withstand for a perlod of, say, not more than ten
or fifteen minutes, without permanent injury. of course all
tubes of this particular type, when overloaded in the extreame,
become temporarily injured because of the deactivation of the
cathode but, as is well known, prolonged operation even &t normal
cathode temperatures without the applicatlon of the plate po-
tential results in a reactivationjor a reactivation schedule
can be used which will bring the tube back to its optlmum cone
dition within a very few aninutes,
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