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HIGH V0LTAG3 CUIDE COATED VACUUM RECTIFItliS 

I. General Problem of Diode Specifications. 

1.1  Introduction. 

The conventional method of rcting a rectifier la to give 
maximum values for peak plate currant and average, or d.c. output current 
for a aeries of inverse voltage ratings. These ratings are based 
primarily on tube performance In conventional 60 cycle rectifier circuits 
and, as »ill be shorn, do not necessarily apply fcr other types of 
service such as pulce operation. Since the oonvcntlonal nothods of 
rating do not apply to all types of service it has boen customary to 
write a specific rating for each new application and to perform life 
testa under the exact circuit conditions rsquired to establish this 
rating. This ofton loads to considerable confusion and exoaaslvo life 
testing. 

An examination of the oav.aes of failure or oxide dlodoo 
Indicates that It should be possible to establish a rating method 
br.aed on anode dissipation, which would cover ell types of applications, 
and a rating that could be established by life testa under relatively 
few conditions 

1.2  Causes of Failure and Shortcomings of the Conventional 
Rating Xethod. 

End of life is usually specified as failure to give some 
minimum current at a given anoda voltage (resulting from loss of emission), 
or failure to rectify. 

Failure to rectify, i.e., the presence of conduction in the 
reverse direction, le due to emission fros the anode. Anode emission 
if affected by (1) anode temperature, (2) presence of barium on the anode, 
which causes emission to rise rapidly as the axode passes a critical 
temperaturn, (3) decree of vacuum and (4) inverse voltage. 

Because of othur design considerations, cathode sise is usually 
greater than necessary to provide adequate eclssiou . Cathode failure, 
however, ma;- be caused by (1) improper processing, (2) over-heating due 
to back emission, which causes evaporation of the oxide coating or. 
In some casos, the melting of the cathode structure. 

As can be saen from the above remarks, ths primary cause of 
failure Is back eoiaslou isA,  for a given tube design, this is olosaly 
eonneoted with enode temperature. 

In the conventional method of diode rating, the limitation of 
average current is an attempt to limit «nod« heating, however ancde 
dissipation is not proportional t« average current. If the tube were 
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a pure resistance, an r.n.a current rating would be satisfactory, but 
the .tube la a non-linear impedance Bhooe reeietanee ia proportional to 
I~V3. The usud diode peak current rating la to prevent gas being 
releaaed from the anode possibly due to oloctron bombardment or surface 
heating. 

The effect of anode ourrent rave form on anode heating ia shown 
in Tables I aad II. These tables ere breed on a rectangular wave form 
to simplify calcuations, the values or tuba drop during the conducting 
period being bakon from the experimental characteristics of the QK95 diode 
shorn in Figure 9. The anodo dissipation is the product of tube drop, 
peak current and percentage time of conduction, Teble I shown the 
variation in anode watts for aonat&nt average current and varying peak 
current and Tabla II shows the variation in anode watts for constant 
r.m.s. current and varying peak current. 

Conduction 
Time 

t  if cycle 

Peak 
Current 
A.-nj>s 

Average 
Ciirre.it 

r.m.6. 
Current 
Amps 

Peak 
Tube Tirop 

Volts 

Anode 
Dlaolpatlon 

Watte 

20 .500 .100 .223 353 35 

40 .250 .100 .158 ** 20.4 

ICO clOO .100 .100 

BHLZ 

IM 10.8 

Conduction 
Time 

% of cyolo 

Peak 
Current 
Amps 

Average 

Amps 

r.m.s. 
Current 

Peak 
Tube Drop 

Anode 
Dissipation 

W«.tta 

9 .500 ,045 .150 350 15.8 

36 .250 .090 .150 204 18.4 

100 .150 .150 .150 

TAfll.» J| 

U2 21.3 

It is evident fron these tables that anode wattage can vary 
widely for either constant average, or constant r.m.s. current. Hence 
neither of these represent u accurate method of rating. They are 
useful only In a specific circuit, buch as 60 cycle rectifier service, 
where the current wave form is relatively fixed. Since conduction in 
the reverse direction is largely dependent on anode tenperature, it 
would eeoa more logical to base diode ratings on anode dissipation. 
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1.3 Proposed Anode Dissipation Method "or Establlphlng Pat1 i»s. 

In general, a diode •.:"   't .-?n design will have a maximum Inverse 
voltnge rating that Is relatively Independent mf anode dissipation. 
The structure of the tube, such aa spacing of the elements, breakdown 
of Insulators, etc., and the residual gas pressure determine this voltage. 
The Maximum inverse voltage rating ceo be determined by 11re tests at 
relatively loir currents, and it will hold below those values cf anode 
dissipation at which any appreciable bask emission can occur* In Figure 1, 
point B represents tho maxinuD allot-able anode dissipation at maximum 
Inverse voltage. 

A given diode design »ill alno have a najdnum anode dissipation 
above which the anode tenperature is such tnct back oalsslon rises very 
rapidly. The diode cannot be operated abovs this dissipation even at 
very low inverse voltage, Ho-fove;-, it is usually possible to operate 
at this dissipation up to an inverse voltage o* considerable value. 
Point C in Figure 2 represents the itaximum invevac voltape at naxiarum 
anode dissipation. The shaded region of Figure 2, bounded by the line 
A, B, C. D, represent9 aafe values cf roods dissipation and inverse voltage 
as determined by two life-test conditions- For absolute maximum ratings 
the line A, B, 5, D would be sor.e form of smooth ourvr, but for onst 
practical purposes two test nolnts can be used to detflrminr the boundary 
conditions, 

0        .10       20 

Anode Dissipation in Watts 

Figure 1 
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The permissible peak current w'nieh lay be drawn Is not usually 
limited by the cathode, but by anode, gassing» For very short pulses. 
I.e., 1 to 2 microseconds, current may ho Halted by the cathode, but 
for longer pulses there will fcs a sorl-an of .->oak currant ratings 
dependent upon the duration of the pulso and upon the Inverse voltage» 
Since this limitation Is to prevent anoda gassing and Is not dependent 
upon anode dissipation, It should be possible to determine values of 
peak current without life tests. Several test points at maximum Inverse 
voltage should give a curve showing safe limits of peak current and 
current duration:. 

1,4 Technique of Determining Anode Dissipation Rating. 

To determine £loda anode distinction, It Is uceas.-.ary to 
measure r.m.s. current und r.e.o, forward voltage o* the diode In the 
particular circuit application. A thermocouple voltmeter and amsater 
are used to obtain r.m.e. values, and a second diode is placed In 
series »1th the tube under mensurcmant to keep the invefs» voltage from 
the voltmeter. Figure ? shows the connections 'or a half-wave negative 
hot rectifier circuit. 

Figure 2. 

First the «ameter is lneertod in the circuit to obtain the 
r.m.e. current under nomal operating conditions. Then the second diode 
and tiie voltmeter are added to the olrcult| the r.m.s. current Is set 
to the value previously measured and the r.m.s.' voltage read. The 
product of r.m.s. values of current i-r.d voltage Is t!.e anode dissipation. 

It is recognised that the Insertion of tiie additional resistance 
(the second diode) will afoot the peak current, but when the r.m.e« 
current is set to the uormal value the '.CM In peak current Is compensated 
for by an increase i» the duration of the time of current flow. An 
inoreace in average current will alt?o result. The actual difference is 
quite small (of the eaae order of nagnituus as tht> probable error of 
measurement) and Is in the direction of increased safety. 

To establish th« tube ratings by the anoJd llasipation method, 
it is necessary to carry on lire tests, I series of tests -.-ere conducted 
on tb« 3K95 diode. 
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Since a rating of t\OH on filament voltage WM desired, most 
tents were conducted at »10% on the fllcnent„ The ovar-volted filament 
raises culonoent cathode temperatures = --o 50 to 60°C, resulting in 
somewhat higher quiescent anode temperatures. The higher initial cathode 
and anode temperatures appreciably loner the anode dissipation which ia 
permissible if the rvrjrlnsl condition which isay result In 'allure to 
rectify 1B to be avoided. 

The low filament voltage condition is esrentlally an omission 
problem. In the caso o<"  the (JX95, the large cathode arac of approximately 
2.6 sq. cm, Halts current densities (et 8 amps total, density * 3.25 
amp/sq. cm.) sufficiently to prevent anj marked £&gra? of temperature 
limited emission. 

In addition, a few spot a^eoke of anode dissipation ware aside 
under widely differing applications at both plus ar.', tiiaus 10* of nominal 
filament voltage. No approciablo 'iJfforonce in anode dissipation resulted 
from the 20$ change in filusent voltage. 

To establish the hlgh-dl ie'-patioi:, low-invarse rating a bsr1.es 
of life tests were conductart cX vss.rC  levels. One group was run at 
about 6.5 KV inverse voltage and -nods dissipations of 21 to 25 watts. 
These test points are plotted in 71euro 1 as group 1. A second group 
■as tested at inverse voltages of 10 to 11 KV aid ana'.e dissipations 
of 21 to 23 watts, and is plotted AH  g.oup II in Figure 4* A third 
group was tested at 8 KV inverse voltage and anod-> dissipations of 20 to 
21 watts, and is plotted as group 1*1 of figure £. 

Those tubes tested at 6.5 KV invars;» voltsfca with 21 watts 
anode dissipation show low values of leakage current thou^iout tests 
of more than 500 hours. Those run at 25 watts anode dissipation were 
early failures (failure to rectify). The tubes run at 11 KV inverse 
voltage and 21 to 22 watts anods dissipation wore either marginal o? 
early failures. The tubes run at 3 KV invertu axA 20 to 21 wetts anode 
dissipation showed low valuM of leakage current for 50C hours. Beyond 
500 hours the leakage was slowly increasing, but had. not recched marginal 
values at 6OO hours »then the tests were oonelüdsd. From those tests it 
seems apparent that 20 watts 1« the maximum onfo «mode dissipation for 
values of inverse voltage up to 8 KV, and is plotted as point B in 
Fieure 3. 

Typical data from a nutbor of preliminary tests at 17 KV lavsrss 
voltage, 12.5 watts anode dissipation, and 6.5 XV invorsn voltage at 
21 watts are tabulated in Tabl? III. Operation at t! 3 higher inverse 
voltage represents a less sevnre condition, as lu in*looted in these 
data by the appreciably smaller vali.es of leakage mee&ured. 
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Tub« No. Inverse voltago 
iaKV 

Anode 
Dissipation 
In Tatts 

Leakage current 
in u Amps. 

29 17 12.5 30 

.  6.5 22.6 180 

*8 17 12.5 25 

6.7 21.9 ifl 

Although no extensive life teists at the 17 KV lovers« voltage condition 
wer«> oonducted in view of the above preliminary testa, a rating of 16 XV 
inverse voltage at 12.5 watts anode dissipation seems safe. This 
oonriltion la plotted as point I in Figure 3. 

II. External Anode Rectifier - U.I. 12, 

2.1 Factors Affecting Dtslgn. 

The najov factors affestlng diode design are (1) average 
cathode emission, (2) neat cathode cnlssloa, (3) desired tuba drop, 
and (4) inverse voltage rating. 

The oathode area «ill be determined by the desired omission, 
safe values being IOC niUlaxperoc per square centimeter for average 
current and 10 amperes per square cont'netdr for pulsed or peak omission. 
The ratio of length to diameter of the cathode will 1M determined by 
structural considerations. In general, the cathode should be as long 
as possible to reduce tube drop and in;rtu:e v-oris dlsripatlon) however, 
long slender structures may be mechanically unsound, particularly .ilth 
alugle-onded mounting. 

Anode diameter will depjwi on the cathode diameter. The 
anode-to-cathodo spacing should be as sn&ll as possible, taking into 
consideration ease of assembly and back emission froa the anode. 

It can be shown that for eceh cathode dlavoter there is an 
optimum anode diameter with respsst to Variation in tube drop with align- 
ment. Figure 5 is a family of curve.* in which amperes per sq. on, to 
the two thirds power per kllovolt Is plctted acainst ott.hcVe diameter 
for several anoda dlamctors. The curves doriv- from the general emission 
equation I s KV*'', and the anode and cathode dieveters at the minima 
represent optlmun values. 

2.2 Anode Dissipation. 

The chief dlcdo limitation Is unodo heating, 
tube drop In a diode is. 

The •uatlon 'or 
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■( 2TT x 2.33 x 10'6, V   M 
In which J la ourrent In amperes per unit cathode length, V la anode 
radius and (3 a factor depondont on the ratio of anode to cathode 
radii. Figure 5 la a graph In which ano-la watts per aq. ca. are 
plotted against anode dlaceter, Tho points on the curve AB of 
Figure 5 were calculated from the abovn equation by holding the cathode 
area and diameter constant. The values of anode wattage plotted are due 

2.0 i 

fl 
g  *B 
■H     • y A/ 
•gji.o ' 

Cathods diameter 3 m.m. 
w*"^ <=>3 
• *» 

Is 
m 

o' 1 2                    3 4 
Anode Diameter Ir. em. 

Fl,juro 5. 

entirely to tube drop, and do not Include auy energy radiated from the 
cathode. It should be noted th-t, as the aiiode diameter Increases, the 
total watta dissipated at the anodo inurease, and as is evident from 
Figure 5, an Increase in this aVnter will not result in an increase 
in tube rating. 

An increase in tubs rating oaa bo obtained by an Increase in 
effective anode and cathode length, by the addition of dlaslpatlng 
fins to the anode, or by air or water cooling of the anode. The effective- 
ness of cooling fins Is limited by the heat conductivity of the anode 
material) water cooling,though effective, addc complications. The use 
of air-cooled anode aeems to be tho staple, affectl>e way to Inoreaae 
tube rating. fc 

2.3 R.L. 12 

The R.L. 12 is a hig!i vacuum diode designed for 20 KV inverae, 
100 mllllamperes average and 1C aaperes pealc. 
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In designing this ti-bo a conservative cathode area of 1.5 
square centimeters was chosen and, on the basis of 3 milliueteru 
diameter, the coated length wt.a 1.6 centimeters. This gave overall 
cathode sleove dimensions, including the unooatod ends, of approximately 
.120 inches by .875 inches,   v.-  seemed a reasonable design from the 
standpoint of mechanical strength. TK: anode diameter rar chosen on 
the basis of the curves in Figure 4, uu coae out approximately 9 
millimeters} the acutel veT.u» used *an .350 inches. This gave an anode- 
to-cathode spacing of .116 inches, which proved ta bo adequate for an 
inverse voltage of 20 KV, 

Figure 6 is a drawing of dlodi R.L. 12 shoning significant 
dimensions. The anode is mide up o*" a Jcevar disc, a machined capper 
barrel, and light cupper cooling 'i.. . ' oh ore hard-soldered iu a 
single operation. A high tetipqratu.ro paint Is used to proteot the copper. 
The metal-to-glesi' reel Is mode with 7052 glass to the kovar. The press 
leads are also kovar. 

Figure 7 shows d.o. and pulset] emission characteristics, 
taken with 9 watts "ilaieunt pevar which gives a cathode temperature of 
approximately 7500C Figure (? shows th.> variation of anode temperature 
with anode dissipation fcr cno tube. Tesperatvxes wore measured with 
a thermocouple touching the aicda barrel at the bottom edge o'" the cooling 
fine when drawing d.c. current. 

In processing the tvbe, oartain precautions are access; ry to 
assure thorough degassing of bot.1-, the aitde and cathode. A bake-out 
at fa50°C for one hair hour followed by cathode conversion and aotivatibn 
with the oren at a tenpercture oT JüQPC.  was us«d with satisfactory results* 
Care ras taken to bring the oc.tho.le to a. high temperature (1050-1100°C) 
for a time sufficiently long to thoroughly degas tie cathode and at the 
same tim», emisjlon was drawn to heat tnd degas tf.e anoda. The tube was 
allowed to cool, the barium getter was -'lashed, ami the tube tipped off. 
It is possible to use such hi^h temperatures and to use a large getter 
without difficulties due to tho presence of barium o.i the anode because 
of the low anode temperatures. 

One tube was life tested at 21 KV Inverse, .100 amps, average, 
and .575 amps, peak current. The t-j'oo VKS run wit:. 9 wat'e hoator power 
and was still good after more than 600 hours. The mexijiua Inverse current 
measured at any time w&a 1-1/2 microamperes. 

K.L. drawings TC6A77A to K give the ccaolste details of the 
R.L. 12 design. 
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Ill Summary of Life Tents of QK95 

Table IV lists rerulte or life tests et R.L. on QK95's. All QK95 
tubes recslTDä have been tented for r>ul30d omission, end % «ere below 
8 amps, at 3 KV. All tubes have b . :. aged from 5 minutes to 2 hours at 
17 KV Inverse, and 12.5 watts ■■>•!?■ o dissipation. A few needed no ageing 
but the vast majority had high leakAge currents whioh decreased during 
ageing} approximately 5% had such high leakage that destruction would 
have resulted had thoy remained mere than a few minutes on ageing. The 
high leakage see-aod to be due to tha presence of appreciable quantities 
of gaB. In sons casss, a gas discharge of low intensity was observed, 
in other caces, with somewhat lower leakage, the presence of gas was 
indicated by large and rapid fluctuations in the leakage. 

The life t*ste indicated a considerable variation In quality fron 
on« tube to another, and it seans advisable to include a limitation on 
leakage current of 50 or 6tyaaps with t.! . tube operating at 8 KV Inverse 
and 20 watts anode dissipation. 

Tube I«o. Hours  V  KV 
Bf  Epx 

nA 

(f&al] 

Ave. r.n.s. '»; >p  Types of  Remarks 
service 

#69    486 2.5  9.75 

A0O22 121 2.75 10 

ifl9 26 2.75 6.5 
H 510 2.5 5.8 
#14 510 2.5 5.8 
if 13 510 2.5 9.75 

A0119 95 2.75 11.2 30 

.101 

.096 

.096 

.096 

c270 

.218 

.160 

.160 

.171 

38 

23.2 

Shunt 
Diode 

Failure to 
rectify 

.089  .163 22.3 

rectifier ■ 
■ O.K. 
■ ■ 

Hold off ■ 

recti'ler Failure to 
rectify 

A0035 

n 
#31 
if 48 
if 29 

80  2.75 6.7  UO 

6U 2.75 6.5 
597 2.75 6.6 
501 2.75 6.7 
501 2.75 6.5 

25 
8 
65 
1.2 

.096  .167  25.7 

.101 

.101 

.099 

.099 

.157 

.157 

.165 

.165 

21.3 
22 
21.9 
22.6 

■ 

O.K. 
* 
a 

A0121 

I A0070 

I A0024 

A0020 

A0069 

670 2.75 8.1 

668 2.75 8.1 

670 2.75 8.1 

666 2.75 8.2 

579 2.75 8 

3.5 

14 

25 

7.5 

3.5 

.080 

.088 

.087 

.086 

.083 

.151 

.150 

.143 

.148 

.146 

20.4 

20.7 

20.8 

20.5 

20.2 
K. J. Oermeshausen 
K. J. Urquhart 
October 12. IMS 
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