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PREFACE

This investigaticn was initially assumed by R. H. Rausch who dee
signed and constructed the pulse generator and activation chassis, made the
necessary theoretical calculations to determine the range of voltages ro-
quired, and built and aged preliminary tubes to establish the limits of the

aging parameters.

The investigation was next assumed by R. Corrodi who, with the as-
sistance of F. Caplan, designed Latin Square experiments to determine by
analyses of variance the optimum values of the aging paremeters. As a result
of these experiments, the optimum aging schedule was selected.

The author next undertook the analysis of life test data, re-design
of the pulse generator (with the assistance of R. Olsson), and a production
run of pulse aging on the factory floor at the Buffalo Tube Plant. Statisti-
cal analysis of the data was accomplished by F. Caplan and the investigation
was drawn to a conclusion,



T

IntPOduCtiOn..'............ ----- 9 64050003300 #e°00808GUOPOCO00CCO0OO00OGI0+¢OOTOO0OGECO
A. Sketch of the Aging Process o.cevecscocsecvcscosacasoasnases susse b
B. }Ieed fO!’ the InVeStigation © 2000 00QQACO0TYPPEEEeOEOEee0R0BRLULBROOYRVO 1

Cv Objectives CRC AR I A A B I B A A A uooo-m-ov'oenOQ-Ooah-o-sctoo1

II Equimentuan-pa.‘-ttoo ----- © 6 640 9D V6 2O 20 HPO NIV ON e t'.-n'OOl'.O.‘O'll!CG'It.‘C2

IIT

Iv.

VI.
VIID
VIII.

Preliminary Investigation
A, Theoretical........... cruebadde e it R NS SEA RS R SR I
B Experimental...sscnsnssssvunssasossnssrynsnmoosrossnssenssnanotsn 3
Determination of Pulse Aging Parameters
A. Initial Experiments and ResultsS........cecoeececevoccoccscescsos 1
B. Life Test Results.......oevveruenn e T I EEEEE S susdl
Re-Design of Pulse Deley Line.se.csecesococecracscancnsavoscansscnssncscronsosesll
The Cas Problells «ocsvsivs envasisannssusimssssnessesssrsmpassons svsenssssenessss bl

ConCluSionS----.o-........'.......,.'.-....a.-...a....-......-'.... ------ ..---5929

Facets fOI' Fllture Investigation.'o.cloo-ooaotoal:Io-p.baoocoo.'oonooot.-010000029



1. . INTHODUCTION
do Sketch of the Aﬂihg Frocese

The cathode in a cathede=ray tube is of nickel metal (with colwe

trolled amounts of impurities), Jndirectly heated, uanotentlal,aud coated
on the circular end surface with a triple caibonate mix of Barium, Strontium
and Calcium carbonates, During the exhaust of the tubs the cathode iy hested
to a temperature which is high enough to break the carbopateo down to their
respective oxides, and then, at, &  sufficiently low pressure, the stor o

sealed off, ,This‘treatment is known as aCtIJdLJOH ol the cathode.

The ox1de-coated cathode does not show any aporpclablp emission une
til a portion of the. oxides is broken down to provide free alkallnn earth
metals, The decomposition may occur in four ways: (1) tharmal, (2) 2loctroe
lytic reductlon, (3) chem1cal reductlon, (L) ion bombardment.

e In aging a cathode by ‘the pu&se method all four of the above pros
cesses occur, The cathode is heated to a temperature which is high encugh
for thermal decomposition; a voltage pulse is applied between cathode and
first grid causing current to flow, thereby permitting clectrolytical dee
composition; positive ions are created by the electron beam current, produce
ing ion bombardment of the cathode; and chemical reduction ocecurs at the )
nickel=oxide interface due to the presence of the minute quantltiea of ree

duc1ng 1mpur1t1es in the nickel.

It has been shown by Beckerl that an ox:de-coated cathode, heated -
to a high temperature and subjected to a potential field which is strong
enough to draw a temperature~limited current, will release a quantity of
oxygen. He has also found that a cathode may be poisoned by too great an |
accumulation of oxygen at its surface, The aging of a cathode by tﬁ@ arplw»
cation of a strong potential field between cathode and first grid for a
short interval of time followed by a relatively long rest 1ntcrva1 wag fleoe
signed to age a cathode in the shortest possible tine vfi?e, at the sime
time,'mlnlmizing the possibilities of oxygen poisoning, The cathode teme
_perature is maintained at a high enough value to promote rapid diffusion of
the oxygen out of the grld-cathode volume b@fore unother pulse 1s appllcd,

B. Need for the Investigatlon

Aglng in the factory is presently accomplished. by apnllcatlon of
low d.c, voltages for an interval of around forty=five (45) minutes while-
the tubes are being transported by a conveyor systems 1 methods were to be
adgpted by the factory whereby its exhaust capacity could be increased, then
aging conveyor space would be at a premium and, possibly, additional conveyor
‘lines would need to be built, If a method of aging could be devised whereby
the schedule could be made very short, without detriment to the quality of
the tube, then Lhe capac1ty of the aging conveyor lwne could. also be increased, .

C. Objectlves

1. A determination of the minimum time’neceSSary ﬁbt'praper aging of
cathode-ray tube cathodes when pulse technigues are used.



C.

II.

D,

Objectives (Cont.)

2. A determination of the effects of the pulse aging parameters, such as
pulse width, pulse repetition frequency, and pulse amplitude, on de-=
gree of aging and total aging time.

3. A determination of cathode life when pulse aging is used as compared
to cathode life when conventional aging schedules are used,

Equipment (See Figure 1)

Trigger Generator - A variable frequency micropulser built by Kay Electric
Company

This pulser delivers to the pulse-output first a synchronizing pulse for
the oscilloscope, then, after a predetermined delay interval; a positive
firing pulse for the thyratron pulser, However, if it is desired to spread
the pulse to investigate its shape, then the oscilloscope should be trig-
gered internally, since the minimum delay between triggmer pulse and firing
pulse of the Kay micropulser is ten microseconds.

Thyratron Generator (See Figure 2)

This was designed so that the pulse voltage amplitude may be varied con-
tinuously from fifty (50) volts to two hundred (200) volts, the pulse
width may have values of 4, 1, and 2 microseconds, and the generator
will operate at pulse repetition frequencies up to 5,000 pulses per sec~
ond. The pulse output is negative, so the first grid must be zrounded
while the negative pulse is applied to the cathode.

In the output of the pulse generator is a twenty (20) olm resistor to
measure the current in the tube circuit. A switch is provided to give
on the input of the oscilloscope either the pulse voltage or the veltage
drop across the twenty (20) ohm resistor,

Filament Voltage Supplies, TimerRelays, and Pulse Switch

Two filament a.c. voltage supplies are mounted in 2 cabinet and connectad,
through timer relays, to the output tube socket in such a way that, at
the push of a starting button, any desirel voltage may be applied to the
filament for a previously set interval; as the relay removes that voltage
from the filament, the second filament supply apnlies any desired preset
voltage and, at the same time, the pulse generator is switched into the
circuit for the remainder of the aging cycle.

Oscilloscope
In order to view the shape of the pulse, and measure its width and ampli-

tude, a scope with satisfactory bandwidth and calibrated amplifier is needed.
In these experiments the Tektronix Type 514D was used.
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III Preliminary Investigation
A, Theoretical

Preliminary considerations have been based on G. E. TIS #528603,
dated January 15, 1952, by J. A. Murphy. He found that pulse aging of re~
celving tube cathodes, with which he worked, is dependent upon cathode tem-
perature, pulse width, pulse repetition frequency, and pulse voltage. He
also found that aging could be accomplished in very short iongths of time
through the use of pulse methods. On the basis of Murphy's report, these
same variables were chosen for investigation in the present work.

Theoretical calculations of temperature-~limited emission current
for several different temperatures were attempted on the basis of the design
dimensions of the 10FPL cathode-ray mun, but these calculations were found
not to agree with experiment.

B. Experimental

One preliminary tube was built in the lahoratory, aged by the normal
d.c, aging schedule, and a volt-ampere characteristic run to determine the
minimum voltage required to produce temperature-limited emission current, At
the time this was run, the highest voltage available for filament power was
7.2 volts, so this was used, Figure 3 shows the curve obtained by pulsing
grids #1 and #2 with short positive pulses, with respect to cathode. Curi-
ously, the slope in the space~charge~limited region is 1.156 instead of the
expected 1.5. The saturation l+ace was around 30 volte,

Two more tubes were built for further preliminary tests. One was
aged according to a conventional aging schedule and its zero bias emission
and grid #l voltage cut-off values taken. The other gun was pulse aged and
the same characteristics were measured., Details of the pulse aging experiment
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are given below:

The pulse aging parameters first apolied were:

Filament voltage, Ej = 6,3 volts

Pulse peak voltage, Vp =76.5 volts

Pulse width, T = 0,25 1cros¢cond
Pulse repetltlgn frequency, prf = 1 ilocycle/second

The peak pulse cathocde current measured was:

IKP = 60 me

Next, the parameters were changed to:

E¢ = 8.5 volts

Vp =76.5 volts

Tp = 0,25 microsecond
prf = 5 kilocycles/second

Within 15 to 30 seconds Igp= 425 ma and did not change during two minutes of

pulsing.

Next, the tube was pulsed under the original conditions again:

Ef = 6,3 volts

V., =76.5 volts

T‘ = 0,25 microsecond

pgf = 1 kilocycle/second
The pulse current was measured again and found to be 220 ma, It is signifi-
cant to note that Ixp did not reduce to its original value of 60 ma., This

indicates that the second period of pulsing did age the cathode to a greater
extent than the first,

Zero bias emission was next measured on 2 test set, with Ep - 6.3 volts,

Ec1 = 0, Eg2 = 200 volts, and Ig was found to be l.4 ma.
This same tube was next aged by the conventional aging schedule given
below:
For two minutes:
Ef = 10 volts
Ecp = 5 volts
Eep = O volts
For the next 45 minutes:
Ep = 8 volts
Eg1 = 5 volts
Eop = 150 volts
Zero bias emission measurements were thzn found to be Of = 6.3 voltsf
Eq.y = 0, Egp= 200 volts, I, 2 1.6 ma, and Grid #1 cut-off voltage, By, = =45 volts,

The d.c. aginp improved the zero bias emission slightly, indicating that the ace
tivity obtained by pulse aging was not the optimum, but the difference was slight
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enough to indicate that the cathode was aged to a great extent by the pulse
method alone.

/e

Since Dr. Hillary Moss3 gives I, = kE,oq/‘, where 1, is the =z

emission and E,, is the grid #1 cut-ofr voltaae, the ratio I 7_po3’3 ¢
a constant for guns with cathodes that are sufficiently aged, This ratic should,
therefore, be a dependable means of comparison between cathodes, c*‘cs 1t elimi~
nates the effects of gun geometry. The value of the ratio, I /E /2, of the

pulse aged tube compared favorably with that of the uonvent1onal / aged tube.

A conventional aging schedule which has been used in the Syracuse
Tube Plant is given below:

For 2 minutes:

Ep = 12 volts
Egp = O
Eep = 0

For the next 40 minutes:

Ef = 8.5 volts
Ecl = 3,5 volts
Le2 =0

The pulse aging was accomplished with the equipment illustrated by the
block diagram in Figure 1. The complete procedure for pulse aging a tube is as
follows:

1. Turn on both filament supplies, micropulser, pulse generator
and oscilloscope.

2. To adjust micropulser: set frequency to desired value; set
output switch for positive pulse; adjust pulse amplitude and
pulse width to values such that pulse generator is driven in
a stable manner,

3. To adjust pulse generator: set selector switch to desired
value of pulse width; adjust pulse peak voltage amplitude by
rheostat to desired unloaded voltage; turn analyzer switch to
read output volts and allow to warm up for two minutes.

4. Connect oscilloscope to circuit; calibrate the scope face in
volts; set trigger selector to internal negative; set sweep
range to 10 microseconds,

5. Apply desired filament voltage for desired length of time
(12 volts for 2 minutes in these experiments) for the pre=-
heating period, Next, apply desired filament voltage and pulse
voltage simulte.neouslyo The pulse peak veltage will now drop
to a lower value, since the tube becomes part of the load, but
all values in these experiments refer to the unloaded voltage.

6. The analyzer switch may now be turned to allow the scope to
read the voltage drop across the 20 ohm resistor in series with
the tube., This permits calculation of pulse peak cathode cur-
rent.

7. The pulse is actually negative with eespect to ground, so,
actually, grid #1 (tied together with grid #2 and znode) is
at ground level while the cathode is pulsed negatively.

Since the filament voltage is related to the temperature which & cathode
will attain, it was decided to use this as a variable instead of cathode tempera-
ture, due to the fact that in the usual cathode~ray tube it is impossible to view
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the éathode with an optical pyrometer.

1V. Determination of Pulse Aging Parameters
A. Initial Experiments and Results

Preliminary tests on nomral and low emission tubes showed the ranges
of filament voltage, pulse repetition frequency, pulse voltage and pulse width
to be used, All tubes aged in the following three series of tests were regu-
lar 12=inch production types (12KPLA's and 12LPL4A's) from the Buffalo Tube Plant.
In order to derive the maximum amount of information from a given laboratory
procedure, & statistical analysis of variance should be performed. The labora-
tory procedure described below waps designed to collect data which can be used
for an analysis of variance.

1. First Series of Tubes Pulse Aged

Eighty-one tubes were aged in the series, the parameters being fila~
ment voltage, pulse width, and pulse repetition frequency. The pulse peak
voltage and aging time were constants for all tubes. Three replications were
considered sufficient. In order to insure the success of the experiment, the
tubes were numbered and aged in a random fashion., Immediately befors pulsing
each tube; preheating was accomplished by applying Eg = 12 volts for 2 minutes.
Then the pulsing schedule shown in Table I was applied,

¥y = 80 volts
Pulsing Time = 2.5 minutes
Ee v 10, 5V 13V
prf 1Kc 3Kc 5Ke 1Kc Xe 5Kc 1Kc 3Kc 5Ke
To | & 1| 2] &) Y| 20 &| 2| 2f | 1| 2f &| 2| 2 & 1| 2§ &| 1| =2} 4] 1| 2f 4| 1| 2
w S I9] 7[13132] T[25010[431 2| 4[17[a7|16| 9 6| 3]63(L6[11] 2|21 12]52[20f22]53| 5
-9 40]55]|35064|15 38114 45 (3923|2674 128]41 (27|44 |24 |56 §18] 49 [36]34]68]|25}30(55| 8
S & 72(60|73[79|70 [65065| 69| 76| 58|31 | 80 33| 54 | 77|18 |81 |67 51| 78 |62]57| 61| 75| 50| 71|37

Table I: Schedule of Tube Aging

Iristead of using the ratio Io/Ec03/2 as a criterion for comparison among
tubes, it was decided to use the regular factory method of correcting the zero
bias cathode emission current to the value it would have if the grid #1 voltage
cut-off were ~50 volts. This corrected emission current will be called, for the
remainder of this report, 50-volt emission.

Values of emission cureent and grid #1 cut-off were taken both before
and after aging, and records of the cathode images were taken to see if pulse
aging would tend to damage the cathode surface.




Table II gives the 50-volt emission values for the first

-

sor1os (

(SRS R QRS v ]

rents",

The three series of tests were designed as "full factorial experi-

Egp av
prf 1Ke 3Ke 5Ke
To 1 1 2 % 1 2 I 1 2
; 1020 1 1190 1130 | 1060 | 1080 1270 850 1050 G20
1100 | 1090 1020 | 1150 | 1120 1110 1090 840 1140
1070 { 1130 1050 G00 | 1060 4950 1180 1140 340
Average 1083 | 1137 1067 | 1037 { 1087 960 1053 1010 820
Average peak pulse current 15.6 amp/cm?
Ep 10.5V
prf 1Ke 3Kc 5Kc
T I T2 2 I 1 2 ¥ 1 2
1160} 1120 1090 | 1210 1010 | 1170 | 1150 1120 1130
1130 | 1160 1170 | 1130 1060 { 1080 | 1130 1040 1130
1130} 1100 1140 | 1190 1130 | 1160 | 1150 890 750
Average 11401} 1127 1133 | 1177 1067 | 1137 | 1143 1017 1003
Average peak pulse current 19.2 amp/cm?
Ef 13V
prf 1Ke 3Kc 5Ke
Ty z 1 2 3 1 2 i 1 2
a 1120 | 1130 1160 {1140 1180 1160 11&0 1120 1140
1090 | 1110 1140 1110 1140 1120 | 1100 1070 1110
1070 | 1130 1140 {1080 1040 1050 980 1140 1130
Average 1093 | 1123 1147 (1110 1120 1110 | 1073 1110 1127
Average peak pulse current 21.3 amp/cm?
Table II

and the method of evaluation was the analy:=is of variance, ending

in its last step in a variance ratio test ("f" test).
obtained in this investigation has been analyzed by F. Caplan of Process
Quality Control

voltage.

All statistical data

An evalustion of the measurements obtained from the firet =eries
of tubes showed that a significant correlation exists only for the filament

optimum value nearer to Ef = 10,5 volts,

2.

Second series of Tubes Pulse Aged

The choice is between Ey = 10.5 volts and Er

8 13 volts, with the

For the second series of 60 tubes to be pulse aged the f1lament
voltage used during pulsing was chosen to be constant at 1l volts, and the
length of pulsing time was used as a parametaer.

relation existed for pulse repetition frequency or pulse width, and to

Since no significant cor-
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allow more replications, the extremes only of these parameters were
Five replications were accomplished., Table III gives &
values for these tubes after aging.
]
Vp = 80 volts
Ep = 11 volts
Time 1 2.5 5
pri 1 5 ! 5 1 5
T 1 | 2 1 &
P 3 2 |3 2 i 2 | 2 % 2

1160 1150 | 1130 | 11301160 | 1160 | 1100 | 1120 | 1150 | 1160 | 1170 1130
1100 1130 { 1170 | 11501090 { 1140 { 1080 { 1110 | 1090 | 1160 | 1130 1140
1130 1150 | 1120 { 1100 {1140 | 1090 | 1100 | 1120 ; 1080 | 1120 ; 1140 1150
1150 1130 | 1140 | 11501100 | 1100 | 1160 | 1190 | 1120} 1130 | 1130 1150
1110 1170 F1660 | 1180]1150 | 1100 | 1160 | 1130 | 1110 | 1400 | 1110 1150

Average

1130 1146 L 12ns 114211128 11128 11120 | 13134 133101 1190 11136 1L

Average Peak Current = 14.9 amp/cm<

A1l tubes preheated for two minutes at Ep = 12 volts before pulsing.

#This galue was measured on one extraordinary tube with a low cut~off (~42
volts).

Table III

The evaluation of these results showed that all tubes were very
good and no significant correlation existed. The only positive result was
that a tube seemed to be aged after one minute of pulsing time, because
there was no significant difference in 50~volt emissions.

3. Third Series of Tubes Pulse Aged

Seventy~two tubes were pulse aged in this series. This permitted
six replications, with this aging schedule design. This time the filament
voltage was held constant at 11 volts and the pulsing time for each tube
was one minute, Table IV gives the 50-volt emission values for these tubes
after aging.

Ef % 11 voltis
Pulsing Time = 1 minute
Peak V 50 80 130
prf 1 5 1l 5 1 5
Tp 1 2 1 21 2131 . 1 2| 1 »

750 | 1130 | 980 T120|1080] 900 [ 3080 1130 | 1060| 780| 810 | 490
1070 | 1090 | 500 | 1060|1120| 850 | 1250 ' 1130 ' 1070{1060| 880 | 550
4,80 630 | 760 1130{113011020 | 1100 . 720 1120} ¢70| 790 | 1050
1220 880 | 830 1090(1170|1110 | 1170 | 1090 ° 450| £80{1050 | 1000
1100 | 1120 |1060 11401100{1200 | 1150 | 1080, 240{1090{1130 | 440
1060 | 1150 | 940 1110{ 65011120 | 1170 | 1150 | 1120}1150{1140 | 850

Average 9L % 1000 | 911 1108104113017 | 1140 | 1050 : 850 | 972] 973 53

Pulse peak current 13,6 amp/cm? 22,1 amp/cas 3405 amp/cm®
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(Third Series of Tubes Pulse Aged - Cont.)
All tubes preheated for 2 mimutes at Ep = 12 volts before pulsing.
Table IV

Evaluation of these results indicated a significant correlation be=
tween the pulse peak voltages. ThecCibice is between 50 volts peak and 30
volts peak, nearer to 80 volts peak. The 130 volt peak value gave extremely
poor results. There is no significant correlation between pulse widths or
pulse repetition frequencies or evidence of their interaction.

4, Next, it was decided to run a "t" test by comparing the average emission
of the best pulse aging schedule with the average emission of the same
numoer of conventionally aged tubes. Six tubes were aged by the c¢onvene
tional d.c. schedule and their 50-volt emission velues averaged. See

Table V.
D.C. AGED TUBES
Tube
# Before Aging After Aging
Iy Grid #1 S0V I Grid #1 50V
(pa) Cut-off Iy (aa) Cut=of Iy
m : (volts) (pa) (volts) (ua)
1 1270 =57,5 1030 1230 ~58 1C30
I 390 =55 340 1240 -54 1110
111 730 =53 670 1250 =54, 1120
Iv 1600 =63 1130 1600 -62,5 1140
s 450 =50,5 LAO 1100 ~50,5 1080
V1 1350 =51 1000 1500 =50 1140
1 Average 1103 |
Table V

Although the best pulse aging schedule (80 volts peak, 5 kilocycles/
second, 1 microsecond pulse width, pulse time of one minute) produced an evi-
dently higher average emission than the conventionally aged tubes, a "t" test
showed no significant correlation. To get a significant relation, it would
be necessary to run at least 20 tubes on the same schedule,

The following schedule was derived from the best results of these series
of experiments and was used in aging a part of the production tubes in the Bufe
falo Tube Plant and in the Syracuse Tube Plant.

Preheat for 2 minutes at Ep = 12 volts
Pulse for 1.8 minutes at:
Ep = 11 volts
Vp £ 75 volts peak
prf = 3 kilocycles/second
Tp = 1 microsecond

The results of the production runs were satisfactory except in one
respect, It was reported that the percentage of initial rejects of tubes for
high gas pressure was objectionably greater for tubes pulse aged at the Buf-
falo Tube Plant than for conventionally aged tybes, This problem was inves-
tigated and the results are presented lateyr in this report,
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Be Life Test Results

Because a sufficient number of life test positions were rot avail-
able at the Syracuse Tube Plant at the time of these tests, part of the tubes
were sent to the Chemical Products Works, Lamp Department, Cleveland, Chio,
for life testing. Because of a misunderstanding, the only reading taken on
these tubes was at the end of 1515 hours, Variations during life of these
nine tubes are not inown, but the final emission and the percentage of the
initial emission at the end of life are calculated, Five pulse aged and one
conventionally aged tube were put on life test at the Syracuse Tube Plant,
and three pulse aged tubes were life tested at the Buffalo Tube Flant, The
21-inch tubes, listed by tube type only, were pulse aged and life tested at
the Buffalo Tube Plant,
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L6A

63B

10B

1B

31

158

32B
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LIFE TEST DATA FROM CHE'ICAL PRODUCTES WORKS

50V Iy ( a)
Cut~off)€volts)

50V I) (pa)
Cut~off)%iolts)

50V Iy )
mt-off(lz?rolts)
£ 50V Iyo

50V Iy (ua)
Cut«offg?volts)
® 50V Iko

50V Iy )
Cut-offg?zolts)

50V Iy (pa)
Cut-of £ "(volts)

50V Iy (ua)
Cut-off)?;olts)

50V Iy (pa)
Cut-off}%solts)

50V Iy (ne)
Cut~of f "(volts)

1080
=58
1008

1180
=50
100%

1050
52
100%

870
-57
100%

1120
56
100%

1080
=58
100%

1030
60
100%

8L0
"'5ll-c 5
100%

1120
=55
100%

1515 Hours

975
=50
G0.2%

agl,
47

75%

1250
=50

115%

1090
-5
125%

1180
=52
105%

510
=55
84.3%

825
=51
80%

780
-52
93%

1020
52
91%

# I, represents initial value of Iy (cathode current) at zero hours.
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COMBINED LIFE TEST DAT

b =3

Average Values of 50 Volt Iy at Intervals During Life Test

0 hrs, 50 hrs. 200 hrs. 250 hrs. 500 hrs. 1000 hrs. 1515 hrs, 2605 h

Avg. 50V
Ik (pa) 1146 1263 1245 1105 1059 9L7 950 270
£ 50V I, 1008  110% 108.6%  96.4% 92.4%  82.6%  86.5%  76.0
1600 -
1200 . / X
Avg° ’ = e —
(pa)
Practical End of Life
OO 1
0 ; ' . s
0 100 200 300 400 5
Hours of lLife
Figure #5
1600 )
Avg. 1200
50V Ik
) —
| 800
400 | Practical End of Life
0 L v ) i
500 1000 1500 2000 2500 3000

Hours of Life
Figure #5a
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For a means of comparison Figure 6 is a graph of average 50-volt
emission versus hours on life test for 63 conventionally aged tubes (type
21EPLB) over the period October, 1552 to June, 1553.

1600

Avl. T
50V Iy
(pa) B
)ﬂ& 800 |
Practical End of Life
400 |
0 ; . : .
0 100 200 300 L00 500

Hours of life
Figure #6
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According to Standing Instructions No. 13701 T2-73, of the JSyracuse
Tube Plant, dated November 10, 1953, concerning the practical end of life for
a tube on life test -

"End of Life (500 hours)

When the 50-volt emission level falls below 803 of
the original level or below 750 micrcamperesy which-
ever comes after the longest period of activation."

_ "Extended lLife (2,000 hours)

When 50-volt emission level falls below 55% of the
original level or below 515 microampees, whichever
comes last,"

It appears that pulse aged tubes compare very favorably with 211 of
these criteria,

V. Redesign of Pulse Delay Line

When the author assumed the investigation, the pulse equipment was
returned to the Syracuse Tube Plant and checked completely. The pulse shape
was examined and found not to have any constant or average peak value. For
instance, the rounded peak of the one microsecond pulse occupied an interval
of between 0.2 and 0.3 microsecord, while the rest of the time was occupied
by the rise and the decay of the pulse. Since the value of the pulse ampli-
tude does not appear to be critical in these experiments, the deviation of the
pulse shape from a true rectangular form should not be construed to vitiate the
experimental results. Howsver, in order to run additional experiments with a
pulse shape as close to a true rectangular shape as possible, the elay line of
the pulse generator was redesigned and rebuilt., This was necessary in order
that the factory, at any future time, may reproduce the conditions and variables
of the experiments and have assurance of obtaining similar results, as long as
the equipment is of optimum design. For example, i1f the factory would attempt
to pulse tubes with a peak voltage that remained constent for the full nicro=-
second (a rectangular pulse) it would age tubes to a much greater extent than
was indicated by these expsriments.

Calculations of the delay line consbants, as outlined by Elmere and
Sandsh, provide the following: Since the pulse rise tirme is given by

T =~ 1.1n¥/34L¢C

(where n is the effective number of sections), low values of C and R were
chosen. The values used are: C = 625 (10)-12 fared end L = 2 (10)~6 herry.
The total delay time is given by

TD =11VEE

A delay time of one microsecond is required, so the number of sections needed is

- Tp = ) = —
n P - - 2813
NLC A3(10)-0 (625) (10)-12 '
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Since the delay line is open at the end, the volitagze wave is reflecled
with a 180° change of phase back to the input end. Thus, the length of the pulse
is the time required for the voltage wave to travel to the open end and back. A
delay line of this type, therefors, requires only fourteen physical sections,

The rise time is then approximately -

T, = L1 (28)/3 N2(10)~5(625) (10)"12= 0,12 p sec.

This 4s satisfactory.

The characteristic impedance is given by =

z, =& ="2010 = 56.6 8
¢ V—C_ 46253105-12 26.6 ol

The capacitances and inductances were carefully mounted to avoid ex-
cessive stray capacitances, and the loxl resistor, Ry, of Figure 2 was replaced
by one of 50 ohm value.

Measurement of the pulse produced by the new delay line, while loaded
with a cathode-ray tube, showed the pulse to be of one microsecond width, with
peak value constant for about 0.8 microsecond.

VI The Gas Problem

A. After the optimum parameters for pulse aging had been determined,
the Buffalo Tube Plant pulse aged several hundred tubes on the factory floor.
Upon analysis of the results a report was issued which stated that high gas
pressure at initial test was a serious obstacle to pulse aging; that the average
gas pressure at initial test was about twice that for regularly aged tubes;
that rejects for gas at initial test on pulse aged tubes were about & per cent
higher than for regularly aged tubes; and that pulse aging, as set up at that
time, was not suitable for factory production. It was thought that oxygen was
liberated from the oxide coating on the cathode at a faster rate then the getter
material could remove it by sorption. It was known that the gas cleared up of
its own accord upon standing, but it was thought that the time necessary to hold
the tubes before they tested within limits would be excessive.

Several methods for cleaning up the gas in & rapid manner were sug-
gested, the most promising among them being the method of scanning the tube with
zero bias emission for 15 seconds. The Syracuse Tube Plant applied this scan-
ning method to both pulse aged and regularly aged tubes and in every case the
gas pressure tested well within the limits immediately after scanning. The
Buffalo Tube Plant, however, reported that after scanning their tubes increased
in gas pressure. Their conclusion was that pulse aged gas rejects could not
easily be recovered by scanning.

It was decided that the approach to this gas problem should be in
terms of determining the actual length of time required for the gas pressure to
drop to within limits after pulsing. If the interval were short enough to be
tolerated in the factory schedule, then special auxiliary equipment, designed
especially to clear up gas, <could be avoided.

The author first pulse aged several tubes in the Design Engineering
laborztory at Syracuse, using the new delay line, and found that all gas pressures
were well within limits from immediztely after aging, The equippent was then
taken to the Buffalo Tube Plant and set up on the factory floor. Tubss were
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taken from regular production at random just azhead of the normal d.c. aging
conveyor and were pulse aged using the optimum eschedule of =

For twe minutes:
Filament hotshot of Ep = 12 welts

For the next 1.8 minutes:
Ey = 11 volts
Pulse peak voltage (unloaded), V, = 75 volts
Pulse width = 1 microsecond
Pulse repetition frequency = 3 kilocycles/second

Ninety~three (93) tubes were pulse aged and date was taken from seventy-eight (72)
control tubes. The following procedure was used.

A strip of tape was placed on each tube on which all data pertinent to-
that tube was recorded. After pulse azing, the tube was 7eld for ten minutes
and then placed on the regular aging conveyor just three minutes ahead of the
test operator; this allowsthe tube to preheat before testing. To assure an equal
number of controls, also selected at random, a piece of data tape was also placed
on a tube four or five positions behind each pulse aged tube., In order to eli-
minate some of the variables due to manufacturing equipment, and to permit ell
testing to be done in one set, only 21" tubes were chosen, In order to keep
the testing as uniform as possible, all tubes tested in this experiment, both
pulse aged and controls, were dore on one test set. The data follows.
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TUBES PULSE AGED AT B.T.P.

75 V (unloaded)

2 ke/sec.

1 n sec,

12 volts for 2 min.
11 volts for 1,8 min.

Peak Voltage (Vp)
Pulse rep. freqg.
Pulse width
Hotshot at Ee
Pulse Time at E¢

oM n

({4

Tube Type Al. or Elec, Inline Peak Emission 50V I,  Cut Gas Ratio  Cath,

And No. _Black or _# _ Current Iy Em., yua) off Before After lmage
Mag. I Spa) (volts) Test Test

0023 Ama)

21EPLB Al. Mag. 4 500 1350 1105 57 .08 ok
gizzh Black Elec. 2 350 1000 1170 L5 .16 ok
ggggh Black Elec. 1 350 1100 1210 47 0L ok
giéghB Al. Mag. 2 400 1200 1040 55 e32 .16 ok
gi%?h Black Elec. 2 400 1050 1150 L7 088 ok
gggghA Black Elec. 2 4,00 1300 3125 53 16 ok
gigghA Black Elec. 2 400 1150 1150 50 240 .12 ok
gigghA Black Elec. 2 350 1250 1110 54 WA .18 ok
ggg%hA Black Elec. 1 400 1200 1200 50 240 220 ok
gg%gh Black Elec. i LOO 1250 1110 54 « 3 .16 ok
ggggh Black Elec. 1 350 1000 1175 L5 012 ok
giggh Black Elec. . 2 LS50 1000 1175 45 .08 ok
gi%gh Black Elec. 4,00 1200 1200 50 0L ok
gig%hﬁ Al, Mag, 2 350 950 950 50 .40 .16 ok
gi%%h Black Elec. 2 400 1700 1145 65 40 .16 ok
ggg%h Black Elec. 2 550 1300 1125 55 L0 <16 ok
ggggh Black Elec 1 350 1650 1110 65 028 08 ok
ggg%h Black Elec. 1 350 1100 ° 1100 50 «32 .16 ok
gi;gh Black Elec, 2 350 1300 1125 55 o 40 .32 ok
gi;gh Black Elec. 2 £L00 500 1055 L5 o0 12 ok
giégh Black Elec. 2 350 1200 1410 45 «18 ok
Egggh Black Elec, 300 1000 1400 L0 L0 W24 ok

21YPLA Al. Elec, 2 300 1000 1175 L5 16 ok



Tube Type
And No.

EQ70
21FPLA
L353
21YPL
K330
21ZPLB

K336
21FPLA
L358
21YPL
PL1L
21FPLA
P331
21ZPLB
P330
21EPLB
P392
_21YP,
N347
21YP,
P318
21ZPLB

No #
21FPLA
Q364
21YP,
R376
21ZPLB
P315
21YPL
No #
21EP4B
L348
21YP,

L368
21EF,B
M398
L097
21YPL
L347
21YP,
N342
21YPL
NO22
21YPLA
No #
21YPL
MOO3
21YPL

** Evidentl

* Notice that regu

Al. or Elec.
Black or

Mag.,
Black Elec.
Black Elec.
Al. Mag.
Reaged
Regular Aging
Black Elec.
Black Elec.
Black Elec.
Al. Mag.
Al, Mag.
Black Elec.

Black Elec,

Al. Mag,

Black Elec.
Black Elec,
Al. Mag,
Black Elec.
Al. Mag.

Black Elec.

Al ° Mago

Black ~ Elec.
Black Elec.
Black Elec.
Al. = Elec,
Black Elec.

Black Elec,

Inline
#

VDOONNNDN N NN

N = N

V)

1

Pesk
Current

Ip
250
350
LOO
350
300
500
300

350
300
350

4L00 to
350

300
350
400
300
350

600 to
1000

400
350

350
350
350
400
350
LCO

wd ]

Enls ion 50V I
Emn \!&) off

(gg

1250
1100

350

500
1200
1000
1200
1725
1000
1250
1650
1750

1250

1525
1250
1200
1100
1300
1700
1300
1100
1000
1500
1500
1500
1400
1900

860
1080
1035

ga0

960

760
1290
1400
1500
1370
1140
1250

1220

a leaky tube and should not be averagad in.

ar aging saved the tube.

1

4
v»U

Gas Ratio.
Before After

{volts) Test Test
55 » 20

L5 40 L16
55 40 .12
55 016

50 .12

L5 06

60 40 .20
65 o4C .08
56 240 016
58 40 A
50 L0 .16
72 040 .20
59 040 - 1.8L
73 ~40 +16
55 o L0 2 22L
55 040 .08
54 40 014
61 040 2152
85 o540 1,20
60 28 (12
L5 40 2,40
40 2

50 32 .08
53 0 .08
60 0216 095
51, A0 12
67 032 016

ox
ok
ok
ok
ok
ok
ok
ok

ok

ok
ok
ok
ok
ok
ok
ok
ok
ok
ok
ok
ok
ok

ok

-
Iow Fm,
S,
7

3

Fit

Lealey

& o
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Tube Type Al. or Elec. Inline Psak Emission 50V ,Ilﬁf u:t G“s RZ‘IEJQ . :.Jait.ho
And Mo, Black or _#__ Gurrent Iy Il‘_l‘_,_sﬂd__t off Ber{o re After Image
Nag, —IQE)— Sna) (volts) Test Tesi
N340
21FPLA Black Elec. 2 400 1850 1305 63 12 ok
lg?ggh Black Elec. 1 350 1250 1080 55 -32 1k ok
g;thA Black Elec. 300 1525 1130 b1 o4O .20 ok
gi)sfl?’h Black Elec. 2 350 1925 1325 6l 2336 .16 ok
giFu}:hA Black Elec. 2 300 1075 930 25 o2l .12 ok
giggh Black Elec, 2 350 1500 1105 61 o0 .12 ok
gg%h Black Elec. 2 350 1C50 1230 L5 o4O <36 ok %
gi!ﬁh Black Elec., 350 5C0 500 50 20 ok #%
Reaged 350 125 705 51
N394
21FPLA Black Elec. 2 350 1000 1030 L9 e .08 ok
gﬁga Black Elec. 2 300 1500 1080 62 40 12 ok
gg’;gm Black Elec. 1 350 1950 1315 65 . 40 .16 ok
gizogas Al. Mag. 2 450 1500 1010 65 40 .16 ok
g?.;gh Black Elec. 1 350 1000 975 51 40 A6 ok
gg%gh Black Elec. 1 350 1750 1205 6l 40 .22 ok
g%hk Black Elec, 2 300 1500 1055 63 NAY .16 ok
231;;&8 Al Mag, 2 400 1450 1045 62 »40 .16 ok
ggggu Black Elec. 2 300 Low Emission
gg%fs’h Black Elec, 1 350 1250 1080 55 o2l .168 ok
gg_FgAA Black Elec, 250 00 565 61 40 216 ok R

¥ 2 hrs. later G, R. = .40
##* Low emission - reaging did not bring within limits.
##%  Low emission



Tube Type
And No,

FOb6
21YPL
FO65
21YPL
FO73
21EPLB
FO75
R1ACPLA
Y069
21EPLB
F397
21YPL
G026
21YP,
GOO7
21YPL
GOos
21YpL,
G103
21YP,
G102
21YPL
G023
21FPLA
G022
21YP4L
GO2L
21YPL
HO37
21YP,
FL09
21FPLA
HO35
21YP,
Ful2
21ZPAB
G374
21YPL
K002
21YP,
G387
21YPl,

Al. or
Black

Black
Black
Al.

Al.

Al

Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Al.

Black
Black

Black

Elec.
or

Mag.
Elec.
Elec,
Mag.

Mag.

Mag.,

Elec.
Elec,
Elec,
Elec,
Elec.
Elec,
Elec.
Elec,
Elec.
Elec,
Elec.
Elec.
Mag.

Elec,
Elec,

Elec,

=23

TUBES PULSE AGED AT B. T. P.

Peak Voltag
Pulse rep.
Pulse width
Hotshot at
Pulse time

Inline Peak

#

T N ST = T S S U

o

N

1

2

Current

Ip

(ma)
300

350
400
375
400
375
350
350
350
300

375
350
300
350
375
300
400
375

375
400

e (V)
freq?

Ep
at Ep

L1 1

1 p sec.

el

Emission 50V I

Iy

ua)

1500
1600
1500

950
1650
1300
1000
1750
1600
2000

Em.

1150
1175
200
L70
950
1170

64,0
950
1065
565
1140
1215
1140
825
1250
985
1175
1180
1080
1210

75 V (unloaded)
3 ke/sec.

12 V for 2 mine.
11 V for 1.8 win,

-
cut

50

L5

60

&0
55
60
60
60
55
60
60
L5
65
55
70

- % Cathode damaged or poiscned -« not especially by pulsing.
#* Iow emission - not especially from pulsing.

Gas Ratio
off Before After
(gplts) Test Jest

<32
o4O
16
«28
YN
236
022
o2
o16
018
o2l
b0
.36
032
o2l
240
.36
240
o4O
240

o 40

o 12

=3

.16

Cath .
Imags

ok

ok

X #

ok

ok

ok

ok
ok
ok
ok

ok

"ok

ok
ck
ok Gassy

ok
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Tube Type Al. or [Elec. Inline Peak Emission 50V I Cut Gas flatio =~ Ceth,
And No.  Bliack or # _ Current 4 En off Before After Imace
' Mag, 1 gua) (volis) Test  Teat

(mg5
F373
21ZPLB Al. Mag. 2 450 1500 1140 60 240 .20 ok
F410
21YPL Black Elec. 2 350 1350 1020 60 <40 .20 ok
X365
21EP4B Al. Mag. 2 325 750 880 b5 40 .16 ok
KOLS
21YP., Black Elec, 1 400 1000 1175 L5 32 .16 ok
G386
21YP4 Black Elec, 2 350 1500 1140 60 40 « 20 ok

In these data sheets the values of gas ratio are given instead of absoclute
pressure, It has been determined that conversion of gas ratio to absolute
pressure in microns can be accomplished by dividing the value of gas ratio
by a factor of 10,



Tube Type Al. or
And No, Black

E39G
21YPl
FO93
21YPL
F332
21FPLA
FO72
21YPl
D366
21YPLA
“ F309
21YPl
HOLS
21YPL
G386
21YFL
G387
21ZPLB
G002
21YPL
J381
217ZPLB
J020
21YPY,
H301
21YP,
H309
21YP4
J36L
21YPL
J360
21YPL
JO5L
21YPL
K326
21YPL
D398
21YPLA
S415
21YP4
H325
21YPL
J366
21YP,
KOG4
21YPL
L355
21YPL
L336
21EPLB
L1663
21YPL

Black
Black
Black
Black
AL,

Black
Black
Black
Al,

Black

Black
Black
Black
Black
Black
Black

Black

Black
Black
Black
Black
Black
Al.

Black

g

.,a‘»_-‘_‘)sﬁ.

CONTROL TUBES FOR PULSE AGING EXPURIMENT AT B.

Elec.
or

Mag.

Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Mag.

Elec.
Mag.

Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec

Elec.
Elec.
Mag.

Elec,

Inline I 50V Ix Cutoff _ CGas Ratio
# {na) (na) {volts) Before After
’ § Test Test
2 1700 1290 60 16
1 1000 1000 50 «16
2 550 1115 L5 <36 .08
3 1250 1180 55 .08
2 1000 1400 L0 030 I
2 1200 1040 35 040 «20
1 1100 1100 50 « 20
2 1250 1250 50 o2l 12
2 1250 1080 55 .08
1 1200 1200 50 .12
2 1300 985 60 «32 .12
1 1750 1180 65 .08
2 900 1055 L5 .12
2 1700 1150 65 .16
2 900 1055 45 .32 .12
2 1000 1000 50 o0
2 1000 1000 50 .28 .08
2 1100 1100 50 020
2 1050 1230 L5 12
2 1160 G50 55 12
2 800 6950 55 .08
2 1200 1200 50 s 12
1 1400 1400 50 .08
2 1100 1100 50 «20
2 1200 1200 50 032 .08
Rotary 2000 1210 70 .18

5
J- <«

F.

Cath,

Image

ok
ok
ok
ok

ok

ok
ok
ok

ok



Tube Type Al. or

And No,  Black
LOS1

21YPL Black
P312

21YPL, Black
L1358

21YPLA AL,
L377

21YPL Black
L3L5 :
21YPL Black
N349

21FPLA Black
N369

21FPLA  Black
No #

21YPL, Black
No #

21YPL Black
NO51

21EPLB Al
Q363

21YPLA  Al.
POO1

21YPL Black
N350

21YPL Black
P301

21YPI, Black
M391

21YPL Black
PLO3

21YP/, Black
No #

21FPLA  Black
P313

21YP, Black
P326

21EPAB  Al.
N34S9

21FPLA Black
Q337

21FPLA  Black
P410

21YPL Black
Q369

21FPLA  Black
R100

21YP, Black
R373

21YPl, Black

Elec.
or

Mag.
Elec,
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Mag.
Elec.
Elec,
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Mag.
Elec.
Elec.
Elec.
Elec,
Elec.

Elec,

Inline

#

N

NONN

NN

[ B \© B O B (V]

2

Ty
(paa )
1250
1000
1200

1150
1525

50V I, Cutoff

Low emission

1075
1075
2000
1300
1500

1775

1225

100C
2000
1725
1700
1750
1250

775
175C
1750
1100
1100
1150

Gua)”
1080 55
1170 45
1100 53
720 68
1075 63
- no reading
880 57
930 55
1410 63
540 62
1235 55
1200 65
930 60
920 53
1110 Th
1135 66
1145 65
1180 65
8L0 65
750 o1
1205 6l
1125 &7
1040 52
1005 53
995 55

Gas_Ratio
{volts) Before After

Test  ITest
.18

.16

+28 .08
o4O 40
.08
possible.
o3k .16
o2l A4
o400 025
.12

016 .08
032 o1h
.30 .16
.28 <12
.08

236 .12
L0 15
40 .16
=32 w17
o4O .16
«32 .16
o540 ohO
Ay <17
2 AR
40 .18

Gath.

Image

ok
ok
ok
ok

ok

ok
ok
ok
ok
ok
ok
ok
ok
ok
ok
ok
ok
ok
ok

ok

e

(0}:4

ok

ok

ok

Low emission
Gassy

Low emission

Gassy

>
G

* This tube was rejected for gas; I labeled jt and i%{ was tested again 2 minutes later
and is within limits.



Tube Type
And No.

Q354
21YF,
N3Lé
21YFL
FO31
21YPL
F398
21YPi,
GOg8
21EF,B
FO70
21YPL
G005
21YP,
G002
21YPL
G011
21FPLA
G021
21YP,
G025
21YPL
GOS4
21EP,B
F060
21YP
HO62

- 21YPL
P306
21YP,
F305
_21YP,
Joss
21YPL
F309
21YPL
F365
21YFL
F358
21ZP4B
F337
21YPl,
F361
21FPLA
F340
21YPL,
JO19
21FPLA
2358
21FPLA
G385
21YPL,
FL15
21YP,

Al. or

Black

Black
Black
Black
Black
AL.

Black
Black
Black
Black
Black

Black

Black
Black
Black
Black
Black
Black
Black
Al.

Black
Black
Black
Black
Black
Black

Black

Elec.
Mag.

Elec.
Elec.
Elec.
Elec.
Elec.
Elec .
Mag,

Elec,
Elec.
Elec.
Elec.
Elec.
Elec.
Elec.
Maéc

Elec,
Elec.
Elec.
Elec.
Elec,
Elec.

Elec.

inline

i

N

& L s T

N

N

Tk

ol

2000
1650
1200

1150
1350
1400
1500
1900
1650
1500

650

- 1000

1150
1750
2000
1700
1950
1650
1200
1500
1100
1500
1100
1100
1000
1650

"7

<

50V T, Cutoff _Gas Hatio
(pa) {volts) Before After
1130 73 40 .18
1060 67 40 .16
1200 50 .16
1180 55 40 40
990 55 06
1170 55 .20
1065 60 -4L0 40
1140 60 16
1145 70 .16
1255 o0 36 012
1140 60 .16
760 L5 .08
1170 L5 012
995 55 +16
1180 65 40 A
895 85 -40 .22
1145 65 .16
1315 65 I
1250 60 220
910 60 .20
1140 60 -4O 40
1100 50 «20
1500 50 <40 -16
660 70 .18
1260 L5 .20
1170 L5 2 2
1250 60 2

Cath.

Image

ok
ok
ok
ok
ok
ok
ok
ok
ok
ok

ok

ok
ck
ok
ok
ck
ok
ok
ok
ok

ok

ok

ok
ok
ok

ok

Gassy

Gassy

Emission

w

Gassy

Cutoff out
of specs.

Gassy
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Analysis of Data

Statistical methods of analysié were employed by F, Caplan to cbitain the

following results and conclusions.

~

b.

1.

2,

D,

Results
Comparison of gas pressures between tubes pulse aged and control tubes:

Bedlore testing, gas pressures of pulse aged tubes are significantly higher
than those of control tubes, After testing, the indication is strong that
gas pressures of pulse aged tubes are lowsr than those of control tubss.

Comparison between inline exhaust ovens:

According to the pas pressures read before testing, there is a sigrificant
differsnce between the tubes exhausted in Inline #1 and Inline #2 exhaust

ovens, the Inline #2 producing tubes with higher pas pressures. According
to the readings aftsr testing, there is no significant dif ferenca between

the tubes exhausted by either oven.

Since it was indicated that the two exhaust ovens varied significantly
from each other, an analysis was run on tubes exhausted bv one oven only,
the #2 oven. The results still showed significance indicating pulse aged
tubes, before testing, have a higher ges pressure than control tubes. Thus,
it appears that the difference in exhaust ovens did not affect the final
results.

Comparison betwsern pulse aged and controls of gas rejects:
Before testing, the number of pulse aged tubes with gas pressures higher
than specification _imits was significantly higher than for control tubes.

After testing, there was no significant difference between the two,

Comparison of gas pressures between aluminized magnetic and black electrostatic
tubes:

Analysis indicates no significant difference in initial emission between
pulse aged and control tubes.

Correlation of peak pulse current with initial emission and with Grid #1 cut-off:
There is no correlation of peak pulse current with either of the above.
Remarks

Althcugh at the start of testing, pulse aged tubes read sizoificantly

higher gas prassures, they compare very favorably with the rontrol tubes alt the
end of normal testing. Since it is normal factory procedure to accept any tube
found within limits at the end of testing, it seeme that the criterion for judzing
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pulse aged tubes should be the final gas check,

There seems to be no reason for continuing to read peak pulse current as
there is no correlation between this and any other tube characteristic. lowever,
this does not imply that information cannot be gained from the current wiave shape
in later investigations. It may turn out that some measurement, such as the slope
of the leading edge of the "rectangular' wave,may prove significant as to cathode
condition.

It should be noted that one tube, which was a low emission reject whan aged
and re-aged by the pulse method, was salvaged by aging it in the regular aging cycle.

ViI Conclusions

A cathode-ray tube can be aged in an interval of 3.9 minutes by the pulse
method, using the parameters found by this investigation to be optimum, and will be
ecual in quality to conventionally aged tubes in all respects. Although a «lighi
increnss in gns pressure may be expected immediately after aging, this diminishes
in value within a period of thirteen (13) minutes such that at the end of the final
test the gas pressure is within limits. ‘

‘Neither the aging parameters nor aging time seem to be critical. USince
factory equipment, even under close supervision, may be expected to vary to a cer-
tain extent, any process used in the factory should inherently possess a certain
amount of latitude. The pulse aging process, then, is favorable for factory appli-
cation.

VIII Facets for Future Investigation

At the start of the final seriss of tubes it was thought that a resting
period between pulsing and testing would ke needed to allow gas pressure to stabi-
lize at a value within epecification limits; therefore, that experiment was designed
to arbitrarily allow a minimum of thirteen (13) minutes delay between pulsing and
testing. Since the results are favorable, it might be desirable to determine the
minimum delay time which may be needed between pulsing and testing.

The normal procedure in the factory, in the aging process, is to preheat
the cathode to 2 hizh temperature and maintain it for two minutes to condition it
for the application of the various d.c. voltages., In this investigation this pre-
heating cycle was presumed to be necessary snd the usual values optimum. If a shorter
aging cycle were to be considered desirable, it might be fruitful to determine the
minimum necessarv preheating time and temperature, using the optimum pulse aging
parameters,

Since the eguipment used in this investigation was designed to allow varia-
tion of all the parameters, it is not directly adaptable to factory use. Factory
equipment designed for one specific set of the parameters will require fewer com-
ponents and & much smaller volume. The problems associated «ith the design of puls-
ing equipment for factory application are many. Among the most critical is the
sensitivity of the pulse shape to any stray capacitances or inductances in the out-
put circuit. Impedance metching between output load and the dslay line is also es-
sential, thereby lending discouragement to the possibility of aging several tubes in
parallel with one delay line. It is suggested that, in order to afford maximum re-
liability, individual pulsing units be installed in each tube position on the aging
conveyor,
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