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Lo TU20SLTION,

In plannin: the construction of 2 hish-Crequency
triode for operatlon at 4,000 nmc/s we always encounter
thc problem of producin; a eathode with an extremely
flat surface. In such a triode, the jsrid-cathode spacing

| 18 in ths order of 10 to 40 microns, ani the .aaximun
' deviation from flatuess, inz2ludin; surface rouhness,
must be less than 10J of this value.

It 1s possible to use a metallic cathode such as
the L cathode, and we have already succceded in cons-
tructln; such a cathode in our laboratory, but the *ish
temperatures requlred by this cathods make it difficult
to bulld the _;rid-cathode assembly, and we were led to
abandon it for cur pur—oses, |

In usin; an oxlde-ceated cathod we f£ind theh the
clectrophoresis method slves us a surface with very
little roughness, but on the other hand rather wavy,
and we have thorefore tried to find a nethod of ceatinz
by sprayin; which produces a cathodo surface which 'ig
flat within 1 or 2 microns. .e also tried, later, to
reduc  wastase of the carbonate mixture by using
clectrostatic sprayin:z.

2, PAHRAESTSRS JHIGH AFFLOT SUMPASE UALITY.

In order to obtaln conslstent surface quality, the
spraylns conditions must be held constant. Amons the
various parencters, wo cite the followin: as the nmost
important:

a) Jesrec of fineness obtainod by ball-mill srindinc;

b) Jompesition of the emissivo paste.

¢) lelative positions of the spray csun and the
speclimen to be coated.

d) Alr pressure at the zum.
2.1 Iulverization by srindins.

1t is obvious that tho carbonatc powder must be as
fine as vpossible. 3ut prolen:in: the ball-nill crinding
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doos not produce a proportionate increase in finoness,
llarasimae (1) has shown that zrindins for 40 to 50 hours
1g sufficlent, Je bhave obtsined similar resulhs,

For the paste, we use a triple carbonate in order
t¢ obtain the best thermionic emission. This carbonate,
aftor tho prescription siven by Amakasu (2), is drawm
from a mixture of three nitrates, composed of:

Ba(r0}, &r(Nc), Ja(XN0)p3lla0 inthe ratlo of 47:43:10

The preelpitation is mads, im $ho first phase at 20°0.
from a solution having; a congentration of 0.25 mole, but
later at a temperature of 80°J. from o s&surated solution.

The carbonate thus obtained ls mixed with amyvl
acetate, and then sent to the ball-mill for 30 hours,
also for soveral hours before using, Sometimes we also
use ultrasonic treatment.

_ The gralne of this carbonate ara forked or fan-
ghaped.The effectlive diameter 18 less than 0,1 nmieron
for the gmallest grains and around 1 to 2 microns (with
an averaze value of 2 microns) for the ordinary grains,
If the suspension 18 retained for somc tinme 1% settles
out, but the srains ars easily brokon dovm to tho valucs
siven above by grindins for a short tinme.

In order to obtain a paste of finc particles, we
1ot the solution stand for twenty or thirty minutes,
and then use the upper nart of the suspension.

2.2 JIprag

2.2,1 gonstructlon of the sproav ~um. In a commereial
Spray sun tho level of the pasuo 18 above the nozz 1le, so
that the drop of paste always romaings at t:: nozz le
when the trizzer is not pressed. Ihe drop cvaporates
readlly, and the residue thus formed blocks the nozzle.

In order to overcome thls difficulty, we have
constructad anofhor typo as showm in Fis, 1. In this
type,when %the flow of air is stovped, the 1iquid returns
to tho tank and thus no residue 19 produced 2% the nozzld.
The sprayin; obtained is as 3ood as from the Tirst type.

2.2,2 Chservations on the carbonate ~roins. Small
pleces of slass or nickel were placed in whe cone of the
Jet in varlous positions. These plecos wore exnosed to
the Jet for very chort timos, determined by a falling
shield plsced in front of the Fekx ~un.

1T the pleces of slass are lightly covered with oil,
the fallin; drops do not spread as nuch, and after they
arc dry one can observe tho zrains which wvere suspended
in each drop, (F;S. 2)
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The distributlion of the offective diameter of the
srains thus obgerved in the drops 1s shown in Fij, 2.
Tho majority of the diameters falls below 5 microns,
This valuc azrees reasonably well whth that described

in sceticn 2.1.
23 alr pressure for spraying;,

The air pressure has a marked Influence on the slze
of the drops in the jJot, as has been descrlbed by meny
authors, Briefly, hish pressure slves guall dlameter
drops., «e have obtalned the same rcsults in our experine
entg. s

Hotice, however, that we do not conslder the slze
of the drops in the main streanm, bubt rather the gralins of
carbonate within the drops, .o can ovade the much-discussed
but unresolved problem of the distribution of the drops
in the cone of the jJet. '

«Je choose tho pressure so as to obtaln stable
intermittent spraying and sufficlontly small drops, Too
hich a pressure (for oxample 60 k/8q.in.) is tco hard to
form a stable cone. OCn the other hand, too low a pressuro,
for example 20 k3/sq.in., zivos drops wvhich are too large.
«¢ have estaiblished 2 valuo of around 40 k:;/sq.in. as the
ontimum value.

2.4 Sxposure time

By direct observation of the surface under the Jot
or the surface after the shuttor i1s closed, and by
variation of the exposurc timo, we can see the process of
coatins and of drying.

The surface of the cathode coating renains wot when
the concentration of the paste and the jun-cathode spacin:
are sultable. If sprayin; 1s continued, the caoting besinms
to run, which roeduccs the chances of obtaining a flat
cathode; even whon the cathodoe surface 1s held horizontal,

6n tho other hand, 1f the caotin; is made in a dry
condition, the surface becomes rouch. The bost condition
consists of keeplu; the surfacs always wet, but not to
the point where it bozins to run. In order to achelve this
condition 1t is necoscary to alternately expose and dry.
The optimun exposure time depends on the concontration
of the paste (especiazlly that of the nitroceliulose).

The dryin; is acceleratcd by ralsin; the temperaturc
of thc atmosphere surroundin; the cathode. Tho optimum
condition 1s when dryin- 1s complete In 20 to 30 seconds,
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2.5 Nitrocellulosse Joncoentratlion.

Increesing the nitroeelluloge incresses the vis
cosity, which in turn has the following advantages and
disadvantages:

Advantaces:
1. A flatter surface is obtained.
2, A firmer surface 1o obtained,

Disadvantages:
exhaustion.
1. Jdracks appear after xmdwskimwts Tho odges of the
cracks are higher than the surfaco irrvegularities,

2, Larze cracks appeesr and cause detachment of the
Qoatin:o

Je must therelore find a compromlse betwesn these
opposing solutions.

Several pastes of various concentrations of niitro=
cellulose (at a dosrse of mitration of 60 scconds) wore
prepared, After coating the cathodes of test tubes with
thess pastes the tubes are sealed off and submitted to
the exhaustlon process, Fellowling this the tubes are
brokento obtain ths cathedes in order %o examine them.
The quantity of nitrccollulose (by weight) is from 6.5
%o 3 percent.

The optimum value of niitrocellulose is found to be
between 1,5 and 2 percent. The thermionic emisslon doos
not show any percoptible chance when the nitrocellulose
concoentration vadPies betwseen these limits,

To determino the nitrocellulose concentration in
the upper part of the suspension (which varics gprad-
ually as the suspension is allowed %o stand), meas
urement of viscosity sesms %o be tho best method.

3, SONJITIONS ADOPTLD AND RUSULTS

The experiments doscribsd above encblce us to
establish the spraying conditions for our purpose
as follows; :

L. Paste: as describod in 2,13 the nitrocsllulose
concontration is set at 1.7 porcent.

2, Gun: as shovn in Mig.l.
3. Alr nressure 40 Ikg/sq.it.

4, Guun-cathodc spacin~: S0 em.
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5. kxposure time: 0.3 to 0.5 sec, esch tima;
interval for drying: 20 to 30 ssc,; the number of
exposures varias according to the thickness desieed
(for sxample 18 to 20 times for a thlckness of
20 micréns)

The photographs show three examples of surfacas
(see figs. 3 through 5) and the ilast one shows a
surface complotely flat with an accuraey of 2 microns
on a metal support of polished alckel, obtained under
the ziven conditions, Fig. 6 shows a typlcal scctlon
of a cathode assombly. The two blocks next to the
cathode represent in sectlon the plece of steatite which
supporte the grid. The surface of this plece &8 polished
at the same time a3 the motal cathode aupport, so that
the two pileces have one common flal surfacs.

The flatness and rouchness of vhe cathode surface
examined by silhouetts Lishting are shown for sonme
specimens in 5,

To obtaln a betfer surface, we have iried a mathed
of mechanical planing, which will be publlshel later,
Fip8.Te and W shovan exanmple of the resuli of this
apecial constructich. The central part shcvs that which
48 unuseable., The cross-section is clearly shown in
Fiz. Tba

4, SLWITRASTATIC GLPRAYING
4,1, Explanation »f the method

The moethod fdescribod in 3 gives us goul results
but it has two Glsadvantaces, On the ons hand, a large
part of the ratter costly carbonate is losty, and on the
other hand considerable time 1is required tb achelve
gpraying of the cathode. In ordsr to overcons thess
difficulties, we have used a speclal electrostatlic
spraying tecanique invented by 11, Sakal (3) »f the
Tyukyo Denkli Jompany.

So~c9lled electronic apraylng, in the palating
industry, consists of gun spraying, sad directlis the
dropd by means of an electric fleld so as to attuech
them to “he desired c¢lectirode, Whalt we propose, Lowe-
over, iu completely differembt. e do not use any tun,
but ratier we meke use of & corona discharge mEX o
produco extremely fine drops from the surface of &
1iquid. The charsed drops are carried by elsectro-
atatic force into contact with an electrode, in this
sase {he sample cathede,

In the apparatus shown in Fi;, 8, A is the paste
recepltacls, which has a fine, pointed spout, and G is
the agitator. If a voltage of 7 to 12 kV is applied
between the pointed gpout and the object to be coated,
on serarating lhe twe elsetrodes by a distance of



(6)

about 10 cn., a cone of extremely fine and slmost invis.
ible drops is formed,

The shape of the spray cone varies depending on
the physiocal characteristics of the paste, (See Fig.
%92 and b). The tip of the spout must be sullficiontly
pointed %o concenirate the electrlic field, but not so
fine that the precipitate will dblook the opening.

The paste is stlrred constantly by the agitator
G, but for the most effective agitation the bottom of
tha spout must be pretty large. Several attempic have
oeen made to find the most convenient shape for the
Spout, and we have found that the shape shown in Fig,
16 is the best. The angle B may be zero, but if it has
a value of 5 t0 10 degrees the point always stggs
conveniently wet, L 1s the shutter which determines the
exposure time and prevents the deposition of %the large
gralne which are often produced at the start of the

3pmy1r150

442 Jholee of the wehlcle. The cholce of tho
vehlcle has a rather considerable influence on the
surface finlish, The results for geveral vehicles
usable in practlce are shown in Table 1. At precent
we are using paste Ne. 6, which gives good results,

The relationship of spacing to voltage is shown
in Flz. 11 teking ocurrent as a paremoter, The surface
condition is alsc shown in this figure. A ocurrent less

~ than 0.15 uA glves a poor yield, but anything over

0.7 ul gives %oco much wetnees, which makes for & poor
surface qualiiy.

4,3 Sharacteristics of the coating and the surfaco.
The relationship between quantity of coating and voltase
is shown in Fig., 12 for a constant spacing of 15 om.

For paste No. 5 (sse table below), ¢the surface
obtained by wet spreying shows little roughness but
more wavinoss, with a total irregularity of £ 5 to
é 7 mlorens (see Fig. 14). For paste No. 6, If & slowly

rylng spray is used, the surface shows some roughness
but 1t is flat encuch. If a slightly wot spray is used,
a surface of the same quality is obisined, with an
irregularity of the order of £ 3 to £ 4 microns.

Je give herewith an exanple of spreying:
Veoltage: 10 to 11 kV Spacing: 5 om,
surrent: 0,31 to 0.43 ul Shape of spouty Type i3
Agltation: 120 rpm



Exposureg: lst. to 8th.: 3 to 8 secs,

oth. to 16th.: 11 to 45 secs.

Total: 215 secs,
Thickness of cathode coating: 15.5 microns
Surface irrezularity: £ 3.5 microns

The @lecircatatlic sprayins methed is very effective
in eoconomising on carbonate, but producos a lower
quality surface than the apraying describsd in 3. This
forces us to use machining for tubes in which the
grid-cathode spacing is in the order of 10 microns.
<@ must add that with the elestrostatic method, it is
much easier to bulld an automatic machine.

*%. ITLASURELENT OF SURFASE IRREIULARITY

Bel. Jholce of cquipment. If the surface in question
1s metallic, measuremont %o an accurscy of 1 micron is
not difficult. On the other hand, for a surface of
carbonate or oxide, which is sasily crushsd, there are
scne limitations which must be placed on the various known
possibilities of moasurcments

a) The specimon is easily crushed. The measuremant
pressus® must be as small as possible,

b) The specimon must be free from impurities
during the measurenment.

c) It is nocessary to know not only ithe mean
value but alse thoe maxinum value of the irregularity.

d) The measurement must be mede quickly in order
to avold the effects of dust and molsture in the
atmosphere,

After having exemlined soveral methods, such as
mechanical, optical and pneumatic, we conclude that the
silhouette lighting mothod (Lichtechnittmethode) after
Schmaltz (4) is the most appropriate. Unfortunately
this mothod is not appilcable for the measurement of
irregularities in the crder of 10 microns,

5.3. Jescription of the apparatus. .Jo have tried
to bulld apparatus with an sccuracy of better than
1 micron. The design of the optical system is the
subject of anothor disclosurs (5), hore we shall give
only the results of the calculatious,
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The objective has an aperture number of 0.25 and
a masnification of 1Cx., The cyepiece 1s of the
nmicrometer type with & marniflcation of 10x, The.
smellest scale division of L mm in the eyoplece Zorr-
ssponds to a length of 1 micron on the image.

For one edze of the alit F, we use & rectilinear
plate (sse Fip, 13) with an ascuracy of' 1,5 micron in
a length of 75 mm, The other adge is simply & cylinder
of blackensd brass, If we apply to the gllt I a
parallel bsam of monochromatlc 1li-ht produced by the source
L and the two leuses 0, and O, the s8lii becomes an
extremelz sharp, recti%inear Iight aouree of which a
reduced image 1s projected by tho lena 04 om to the
surface of the specimen T. This imase lg observed by
means of the mlcroscope il. The spscimen is movable in
two perpondicular dlrectlonsg in & horissntal plane.
The anzle of incgdancaﬂaand_the ensle of emimslon p
arc choeen as 45" each in Flg., 13 but these angles may
be varfed, and sometimes the combination o ® 60" and
f=30" 18 used.

To calibrate the ejuipment, o plece of polisghed
metal, of which the surface is extremely flai; and
of which the roushness and {latness have alrsesdy teen
neasured, is placed on the specimen cupnort. The
imagze was rectilinoer witnin £ 0,25 micron, which
ig consldsred to be the inhoerant error of the squipment.
We cen thus moeasure by meang of this equipment all the
irresularities of a flat surface with a maximum srror
of 0.5 micron., There is some inereasc in the error
Tor a rouch surface bacause of diffusion of the light,
but in no case does this exceed 1 micron,

5.2, Exanplies of the results of measurements, Migs.
14 to 16 show surfaces of various roughnosses: the
samnle in Fic. 14 has a rougkness of 22 microns and thak
of Fls. 15, 11 micromns. Fig. 16 shows tho best surface,
1t having o rouchness of 2 microms. In Fig. 7 coan be
seen plcetures of %he sectlon and 2 photomicrosraph slde
by side,
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TABLL 1.
# 54
Ko.of Pulver. G&tabll. Opt.ourr, vondit. Jurf.
Paste Vehiele lization of Spray uh Dr-/fiet  Gual.
5 Amyl
acetate 0.04=
(1s0) Yuis Good 0,07 Jry s
6 Ethyl O © 15"
Aleohol £ Jonica} 0e3 dry
Amyl ac, Gocd 04304 Medlum A-B
(is0) X 00,7 Uet
T Butyl
! Alcohol Yol Good 0510 Jdot Be(
0,15
8 Acetone # % Poor 001w 48t 3
Anyl ac, T 0,20
9 Acotone £ ¥ Poor Oel3m=
But.Alec, 0.23 vy
0s25m it}
0.40 et

-

#The dogroe of pulverizaddms is glven by the letters XX,
and 4, whioh designate very good, good, and falrly good
respectively.

#0The quality of tho surface is iven by tho letters A, B,
3 and D whioh dosignate very good, good, falrly geod and
somewhat poor,
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