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HIGH VOLTAGE OXIDE COATED VACUUM RECTIFIERS

I. General Problem of Diode Specifications,
1,1 Introduction,

The conventional method of rating a reciifier 1s to glve
maximum valuss for peak plates current and average or d.0., output current
for a serles of iaverse voltage ratings, Theso ratings are basad
primarily on tube performance in conventional 60 cyols rectifier circuits
and, as will be shown, do not necsesarily apply fcr other typos of
eervioa such as pulse operation. Sinco the oonventional methods of
rating do not apply to all types of servics it has been customary to
write a specific rating for each new epplication and to parform life
tests under the exmct circult conditions required to establish thle
rating, This ofton loads to considerable confusjon and excessive life
ult’.ﬂg.

An examination of the osuses of failurc of oxide dicdes
indicates that i1t should be possible to ertablish n rating method
based on anode diesipation, which would cover 211 typee of applications,
end a rating that could bo establiched by life teats under rolatively
few oonditions .

1,2 Causes of Fallure and Shortcomings of ths Conventional
Rating Kethod,

End of 1life 1s uesually specified as fellurs to give some

minimum current at a glven ancde voltege (resulting from loss of emission),
or feilure to reotify.

Fallure to reotify, 1.e., the preeence of conduction in the
reverse direction, is dus to emissicn from the anoda, 4Anode emission
if affected by (ls anodo temperature, (2) presence of barium on the anodo,
which causee emiasion to rise rapidly as the anode paases a critical
temperature, (3) degree of wacuum and (4) inverse voltago,

Because of other design considerations, cathods size is usuelly
greater than necessary to provide adequate emissioa , Cathode feilure,
however, may be caused by (1) improper processing, (2) over-heating due
to back emissicn, which causes evaporation ef the oxide coating or,
in somo cases, the melting of the cathode etructurs,

Ae can be esen from the above rowarks, the primary cause of
failure is back emission end, for a glven tube design, thie is olosely
conneotad with enode temperature,

In the convoational wethod of dlode rating, rthe limitation of

averags current is ean attespt to limit ancdo heating, however ancde
dlaslipation is not proportional to averuge current, If the tube were
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& pure reaslistance, an r.m,s current rating would be eatisfactory, but
thi/tubc ie a non-linear impedanco vhose reeistance 1s proportional to
1°4/5, The usuel diode peak current rating is to prevent gas being
released from the anode possibly due to eloctron bombardment or surface
h“ting.

The effect of ancle current wavo form on anode heating ie ehown
in Teblee I axd II, These tablec ere brsed on a reotanguler wave form
to eimplify calcuations, the valuse of tubd drop during the conduoting
period being taken from the experimental cheracteristios of the QK95 diode
ehomn in Pigure 9. The anodo dlseipetion is the produet of tube drop,
peak current end percentage time of ccnluctlon, Teble I ehows the
varistion in anods watte for constunt averege current end varying peak
current and Tabls II ehows the vuriation in anocde watts for constant
r.m.0, current and varylrg peak current,

Conduction Peak Average TI,m.S. PeaXk Anode
Tire Curreat Curreat Current Tubde Drop Dissipation
% of cyole Ampe Arpe Aumpe Volts Watts

20 « 500 «100 o223 350 35
40 «250 «100 0158 204 0.4
100 +100 «100 +100 0.8

TARLE I

Condustion Aversge r.m.8, Peak Anode
Time Current Current Dissipation
% of cycle Arpa Aapa Volta Tetts
9 045 «150 35 15.8
36 «C20 JA50 | 204 18.4
100 «150 «150 12

JABLE I

2.3

It 1e evident from theco tebles that ancds wattage cen vary
widely for either conatart average, or constant r.m.e, ocurrent, Hence
nelther of these represent &n acsuranta method of rating, 7They are
useful oxly in a speoific eircuit, such &3 60 eyclo roctifier service,
where the current wave form is relatively fivxed, Sinoe condustion in
the revorse direotisn 1s largely dependent on snode temperature, it
would seea more logical to base diode ratings on saacde dlesipation,




1.3 Proposed Anode Dissipation Wethod “or Establishing Ratings,

In general, a.diode of given design will have a maximum inverse
voltage rating that is rel:ztively indepondent of anode dissipation,
The structure of the tube, such as spaoing of the elements, breakdown
of insulators, atc., and the residual pas pressuroe determine this voltage,
The maximum inverse voltags rating cen be deteruined by life tests at
rolatively low currents, and it will hold below those values cf anode
dissipation at which any appreciable back emiasion cen occur, In Fipure 1,
point B represents the maximun allowable ancde dissipation at maximum
inverse voltage,

A given dicde dosign will also have a maxirmm anode dissipation
sbove which the anode temperature i1s such thet back omission rises very
rapidly. The dioda cannot be operatod abovs this dissipation even at
very low inverse voltage. IJlowover, it 1s ususlly possible to operate
at this dissipatior up to an inverse voltege of considerabls value,

Point C in Figure 2 represents the maximum inverse voltage at waximum
anode diesipation, The shaded reglon of Figure 2, bounded by the line

4, B, G, D, represents safe valucs of enode dissipation and inverse voltage
as determined by twe life-~test conditions. For absolute maximm ratings
the lins 4, B, C, D would be some form of mmeoth curve, but for moat
practical purposes two %est points can be used to detormine the boundary
conditions,

n>omB5hbh F&

0

Inverse Voltage in Kilovolts

Anode Diassipation in Wettis

Figure 1




The permieeible peak current which msy bo dramn is not usually
limited by the cathode, but by anode gassing. For very short pulsee,
i.8., 1 to 2 microseconds, current may be limited by the cathode, but
for longer pulses there will bs a series of peak current ratings
dspendent upon the duration of tho pulso and upon the irverse voltage.
Sinoe this limitation is to prevsnt anode gassing and ie not dependent
upon anode dissipation, it ghould be poesidble to dotermine values of
peak current without life tests, Seversl tost points at meximum inverse
voltage should give a curve showing safe limite of peak current and
current duration,

1.4 Technique of Determining Anode Diesipation Rating.

To determine ¢ioda anode disaipation, it 1s necessary to
measure r.m.s, current end r.z,8, forward voltage of the diode in the
particuler circuit epplication, A themeocouple voltmeter and emmater
ara used to obtain r.m.8., values, and & sacond diode is placed in
series with the tube under measursmont %o keep the invarse voltage from
the voltmeier, Figure 2 shows the consections for a half-wave nogative
hot rectifisr cireuit.

o~

\

, .-,_TZ‘ )l({}_;;. ) _l ——
I8 piotedemer + § *
& teat 13

Figure 2

Firet the ammeter is insertod in the oircuit to obtain the
r.m.8, current unde: normal operating couditicns. Then the second diode
and the voltmeter are added to the circuit; the r.m.s. current is eet
to the value previously measured and ths r.m.s. voltage read, The
product of r.n.s. values of curreat end voltage 4s the anode digsipation,

It is recognized that the ipsertion of the additional resistance
(the secord diode) will uffeot the pesak currant, but when the r.m.s,
current is set to the uormal valus the loes in peak current is compensated
for by an inorease in the duration of the time of current flow, An
inoreece in averege current will aleo result, Tho actual difference is
quite small (of the eame order of nagnituds as the probadle error of
measurement) and is in the direction of increazed safety.

To establieh the tube ratings by the anoda dissipetion method,
it is necessary to carry on 1ifs teste, A seriee of tesis were conduoted
en the QK95 diode,




Since a rating of £10f on filament voltags was cesired, most
tescts were conducted at ¢10% oa the filament., The ovar-volted filament
ralses quiencent cathode temperzturoca acre 50 to €0°C, resulting in
sonewhat higher quiescent enode temperaturea, The higher jnitial cathode
and anode temperaturea eppreciably lossr the snode dicsipation which 1is
permissible if the marginel condition which gy rasult in “eilure to
rectify is to be avolded,

The low filament wvoltape condition 12 escentially an emission
problen, In the case of the (K95, the large eathcde areu of cpproximately
2,6 8q. cm, limits current derslitieos (et 8 ampa total, doneity = 3.25

amp/sq. cm,) sufficieatly to preveat any marked Cegros of teaperature
limited eazission,

In eddition, a few £pot ohecke of ancde ¢issipution ware nude
under widely differing applications at beth plus ard einus 10% of nominal
filament voltage. Ko apprecisbdle differencs in anods dissipaticn rosulted
from the 20% change in filemont voltagn.

To eatablish the high=diselpatiorn, low-~invore2 rating a series
of life tests were coanductod et sevoral levels, One group was run at
ebout 6,5 KV inverse voltage and crcds dissipations o' 21 to 25 watts,
These test points ara plotted in Figure 3 as group I. A second group
was tested at inverss voltagss of 10 to 1l KV aad enole dissipetlions
of 21 to 23 wetts, ard is plotied as group II in Figure L. A third
group was tested et 8 KV inverse voltlage and anod» dissipetions of 20 to
21 watts, and is plotlied as group III of Figure 4,

Thoee tubes teeted at 6.5 XV inverso voltsgo with 21 waits
anode dieaipation show low valuas of leskage curront thougchout testa
of more than 500 hourz, %Those run at 25 waits anode disaipation were
early feilures (failure to rectify). The tudbss rux et 11 XV iavorss
voltage and 21 to 22 watts enoda dipsipation were elther marginal or
early failures., The tubes run at 3 KV inveras aud 20 to 21 watts anode
dissipation showed low values of lackage current for 500 hours, Beyoad
500 hours the leaksgs wae slowly incra2esing, but hed not rscched marginal
values at 600 houra when the tesis were concludad, Froz those testa it
seems apparsnt that 20 watts 1s the raximum gafe anode dissipetion for
values of inverse woltage up to 8 KV, end is plotted cs polnt B in
Figure 3,

Typlecal data from a nurber of pralimiaary tests et 17 KV iavarss
voltage, 12.5 watts anode Glssipetion, end 6,5 XV invorse voltege at
21 watts are tabalated in Table 11X, Operation at the higher inverse
voltage represents a less sevare conditicn, as 1s irdloated in these
data bty tha eppreciably srallor values of leakags mezsured,
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Anode
Dissipation
in Tatts
12,5
22,6
12,5
21,9

IibLE ITY

Although no extonsive life tects et the 17 KV inverss voliage condition
were conducted in view of the sbove prelirinary tests, a rating of 16 XV
inverse voltage at 12,5 wstis encde disaipation see=s safe., This
condition is plotted aa point A in Figure 3,

II, Extsrnal inode Rectifier - R,L. 12,
2.1 Factors Affesting Design,.
The majox factors affecting diode design are (1) average

cathode emizsion, (2) peal cethode cniscina, (3) deaired tubs drop,
and (4) inverse voltage rating,

The oathode area wil) be daetermined Ly the desired omission,
safe values being 100 millicrpersc per equere centimeter for average

current ard 10 ampsres per square cont!meter for puleed or peak emission.
The ratio of length to diameter of the cethode will be determined by
struotural considerevtions, In gsneral, the oathode ehould be as lorg

as rossible to reduce tube drop and increase arode diseipation; however,
long elender structures may be mechanicelly vnsound, partioularly with
eingle~ended mounting,

Anode diameter will depand on the cathoda cilaweter. The
anode-to-cathode spacing should be as small as po3sible, taking into
consideration sase of asserbly and back emission froa the anode,

i It cen be shoxn that for ecch cathcde dieroter there is an
optim anode diameter with respsct to veriaticn in tube drop with align-
went, Figure 5 is a faz!ly of curvea in which amperss psr sq. om. to
the two thirds power per kilovolt is plctited against oathode diameter
for eeveral diamcters, The curves derive from the gereral emission
equation I 2 XV 3, end tho anede and ccthode diemeters at the minime
represent optimun values,

2,2 Anode Diesipation,

The chief dicde liritation is ancde heating, The euation for
tube drop in a diode is,




: g :
v (s (9

in which J 1! ocurrent in amperes per unit cathode length, V is ancde
radius and 8° a factor depondont on the ratio of ancde to cathode

radii. Figure 5 ie a graph in which anole watts per eq. ca, are
plotted against anode diameter. The pointa on the curve AB of

Figure 5 were calculated from the abovn equation by holding the cathode
area and diameter ccnstant., The values of anode wattaga plotted are due

N
.
o

CR.
[
L)
(=]

Cathods diameter 3 m,m.

Anode Dissipation in
watta/sq.

1l 2
Anode Diamater Inr en,

Flgure 5.

entirely to tube drop, and do not include any energy radiated from the
cathode. It ehould be noted thut, as the anode diameter increasee, the
total watte digsipated at the anode inurease, end &3 is evidert from
Figure 5, an inorease in this disuzeter will not result in an increase
in tube rating.

An increase in tuts rating can be obtained by an increase in
effective anode and cathode length, by the addition of dissipating
fins to the anode, or by air or water cooling of the ancds, The effective-
nese of cooling fins is limited by the heat conduotivity of the enole
material; water cooling, though effactive, adde complicationa, The use
of airecooled anode seems to be tha sirple, effective way to incresee
tube rating,

Y

2,3 R.L, 12

The R.,L. 12 1e a high vacwn dicde desiguned for 20 KV inveree,
100 milliamperes average and 10 axperes pedik,




In designing this tvbo a conssrvative cathode area of 1.5
square cantimetere was chosen and, on the basis of 3 millimeters
diametor, the coated length wna 1,6 centimeters, This gave cverall
cathods sleove dimensicas, including ths unsoated ends, of approximately
«120 inchee by ,875 inchee, which sssmed a ressorable design from the
etandpoint of mechanical etrangth, Tha enode dismeter weze chosen on
the tasle of the curves in Figure 4, and come cut approximately 9
millizetsrs; the ecutel value used wes ,350 inche>, This gave an anode-

to-cathode spacing of 116 inches, which proved t» to adequate for an
invsrse voltege cf 20 KV,

Figurs 6 1s a drowing of diods R,L., 12 shoning significant
dimensions, The anode 1s made up of & kevar dise, a machined copper
barrsl, and light eoppar cooling fias vhich are bard-goldsrsd in a

single operation. A high temperature paint is used to protect the copper.

The metal-to-glese gesl 12 mads with 7052 glaes to the kovar, The prees
leade ars sleo kovar,

Flzure 7 shows d,0. end pulsed smissioan characterieties,
taken with 9 wetts filement pewer which gives a cathode temperature of
approximately 7500C., Figure £ shovs tho variation of anode temperature
with anode diesipation fer cno tute, Temperatures were measured with

a theraocouple touching tho =1cdo barrel at the bottom edge of the cooling
fine when drawing d.c, current,

In processing the tibe, cortaln preceations ars necess:ry to
sesure thorough degussing of btoth the ancde and cathode, A bake-out
at 450°C for one Lall hour folleowed bty cathode coaversion and activatidn
with th2 oven at a2 temperuture of 3000C was ussd with eatisfactory results,
Care vas taken to bring the ccthole to o high temperature (1050-1100°C)

for a tizme suffioiently lecng to thorcughly degas the cathcde and at the
sane time, emleaion was drewn to heat end degas the anode, The tube was
allowed to 2001, the barium getiter was flashed, and the tube tipped off,
It is poseible to wwe such high texperatures and to use a large getter
without difficulties dua to tho presence of bariwm oa the anode bscause
of the low anode temperatures,

One tube was life tested at 21 KV inverse, 100 ewps. average,
and ,575 aaps. peak currsnt, The tube wee run with G watie hoater power
and was still good after more than 500 houre, The mexiaun inverse current
measured at any time way 1-1/2 mlsroamperes.

R,L, drawings TC6477A to K glve the ccaplsts details of the
R.L. 12 design. ;
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III Summary of Life Teats of QK95

Teble IV ligts recults of 1life teste at R.L. on QK95's, All QK9S
tubes recaivad have been teated for pulaed cmission, and 5% were below
8 amps. at 3 KV. All tubes heve bsen aged from 5 minutes to 2 hours abt
17 KV inverse, and 12,5 watts ancds dissipation, A few needed no ageing
but the vact aanjority hed high leakage currontis which decreased during
ageing; approxizately 5% had auch high leakage thet destruction would
have resulted had they remalned more than a few minutes on ageing. The
high leakage seemed to be dus to tho prosence of appreciadble quantities
of gas, In soma csses, a ga9 discherge of low intensity was observed,
ir. other caces, with somewhat lower leakage, ithe presence of gas was
indicated by large and rapid fluctuations in the leakagoe,

The 1life tasts indicated a considerable variation in quality from
one tube to another, and it seoms advissble to include a limitation on

leakaze current of 50 or 60;u:p| with thie tube operating at 8 XV inverse
and 20 walts anode dissipation,

Tube No, ‘Hours V KV m Ave, r.m.e. Wp Typee of
Ep E Ipx X I service
ol (fgnnl) 5 ®

9.75 270 38 Shunt Failure to
Diode rootify.

10 .218 . L]
6.5 rectifier L
548 «160 . 0.K.
5.8 096 .160 . L)
Hold off "

22,3 rectifier TFallure to
rectify

25.7 .
21.3 0.K.
22

21.9
2.6

20.4
20.7
20,8 " »
20,5 . 8

20,2 . L

Ko J¢ Germeshausen

K. J. Urquhart
Oetober 12, 1948
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ABSTRACT:

Conventicnal dicdz rating metkeds are discussed and a new rating method
based on ancdz dissipation is proposed, Dicde design considzrations are
surveyed ard applied to th2 development of 2n oxide coated cathode dicde rated
2t 20 kv inverse ard 100 milliamperes aversge. Life test data on the Raytheon
QPS5 are nlso incledad,
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