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QNE WATT "O" TYPE CARCINOTRON

FOR OPERATION AT 150 Mc/s

INTRCDUCTION

I This report is o swyiary of the studics which have been made to
build on "O" Carcinotron dclivering an average output power of one watt at the

wave length of two millineter with a bandwidth of 5 to 10 %o

The contract specified that the tube nmight be pulsed to obtain this

result. In this case, the peak output power must be not cxcecd 50 watts.

2, In the first part of this report, the main features of the design

of o tube for the watt level will be exanincd.

In the second and third parts the results of the study of the main

componcnts of the tube ¢ The gun and the slow wave structure will be reported.
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W.Re 739 2.
The technology will be described in the fourth part.

In the fifth part, the cquipment for wavelcngth measurcments, power

measurcments will be reported.

In the sixth part, the opcrating characturistics of diffecient

cxperimental and final tubes will be reported and the results will bo discussed.

3e A comparative study with thc 4 mm Carcinotron will be mnde during
tho course of the roport. Concerning a theorctical survey and bibliography{;-Z)
refersnce is to be mede to the report (W.R.411 - 95029) on design and dovelopmens
of 4 millimcter prototype Carcinotron tubcs, made undor contract A.F.61(514)-919




WeRe 739 3

DETAILED REPORT

I. DESIGN OF THD TUBE

I.1., DESIGN CONSIDERATICN.

The studies which have been made at 70 or 75 ko/s have lead to the
construction of tubcs C0.40 which have delivered up to four watts in C.W. cpe-
ration. Characteristics arc shown in figurcs 1 and 2. Indced these figuros
have not been obtained with all tubes but with the bost onese But it was felt
that such 2 result was not at all a liiidt at 4 mm, because their main features
having not been yet perfeetly reolized. This copharized the feasibility of an
onc watt C.W. tube at 2 ma, and this objcctive hos been fixed for the first
decsign of the 2 mm: Carcinotrone If this turnod out to be difficult to achicve,
the design would be redifiod towards a pulsed operation with a duty cyclo as
high as possiblc.

During the course of this work, an atternpt hos boen nade on a 4 ma

Carcinotron and 6 watts C.W. power has bcon obtained (fige3). This reinforced

the C.W. opcrating dosign consideration of an onc watt tube at 2 mm.
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1.2, THE [IAIN FEATURES OF THS DESIGN,

I.2.1. Bosic solutions.

Threco basic sclutions have been centonplated, depoending on the boan

to be uscd ¢

a) Cylindrical solid boam (uscd in a design similar to the €0.40).
A curront density of the order of 200 A/cu? ig nceessary. This neans a curront

of the order of 50 nA through a hole 0,15-0,20 mm in diamcter.

4 vane type structurc could be uscd; tho dinensions of which should

be approxinately 3

-~ hole dicncter 0,15 - 0,2 mn
- finger width 0,35 - 0,4 ™
- pitch 0,2 -0,3:mn

The tubc construction should be quite similar to the 4 mn Carci-
notrone The final rosult of this werk has confirmed the success of a design

of this type which will. be naned type "A"™ tubo in the text.

b) Flat bcon. In this case the total current should bo approxinately
the sanc but the density could be somcewhat smaller because a wider line nay
be uscd. With suchabean two types of stracture hove boen uscdes The type "BY
using a slotted vanc line having a width nearly a wavelength large without

rneding problenyand the type "C" tubc, using o double vanc line stmicture.

Scrie tubes of these two types hove been constructed and tested.
Soue rcsults have been obtoined, but mony construction difficultices have boen

encountercd and scne of then have not been solved,
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T.2.2. Basic problens.

Whatover the solutions, the sanc basic problens must boe faced ¢
Ao Accuracy.
An accuracy of the order of onc nicron rmust be achicved. A now

nilling oinchine has been ordercd to ncot this requircrient.

Bo Hecat dissivation.

The dissipation of a vane line should be goojenough due to the
small height (less than half a millimeter) of the fingers to be used. As expe~-
rienced in the study of the C0.40 attention must be paid to the collector. A
bean power density up to 1 MW/cm2 must be useds Such a power density would lecad

to local evaporation of the collector if not carcfully designed.

Ce Gun dosigne

An high convergence nust be uscd to minimize the eathode currcnt

densitye 4 corefull insulction must bo achicved to prevent high voltoge arcing.

D¢ R.F. ncasurciontse.

Equipnent and scurccs mwust be designed nninly to neasure the line
losscs and the reflexions and logscs of the cutput windows of the tube; which

cannot be deduced freiy large scalc nodel ncosurcientss

Host of thesc problens have been solveds Their good solutions have

contributed to the final succcss of the tubce
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TI. ELECTRON GUNS.

II.1. CYLINDRICAL GUN,

The structurc of the gun used on type "A" tube is similer to gun

structurc of 4 ma Carcinctron. It is Hffller-~Picrce typoe

2
The gun performance shall have a currcnt density of 200 to 300 &/t

in the bean which diometer will he below 0,2 i and going down to 0,10 mn if

possiblos
Two types have been designed and tosted ¢
Cathodo Curvature Cathode bean
diamcter rodius currcnt density currcnt
Type I 1,8 mn 2,22 x 4 A/cm2 100 nd
Type 1I 1,4 m: 1,58 m A 4 A/cm2 65 nd

Thesce guns have ¢ convergence arround 100 and a perveance
~1.07° A/v3/ g,

An inprognoted cathodo is used instead of the C.S.Fe 103 cathode
uso&n%ho C0440 bocause it has a highor currcent density charge. It will bo dese
cribed laters
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In order to moke the bean transnission not scensitive to the linc
voltage variations during the operation of the tubec. The gun has been designed
50 as to obtain a large megnctic flux through the cathode approxinately 80 %
of tpo flux through the bean. These node of operation requires a total magnotic
field significantly larger than the ninimun theorctical once This latter is

given by figurc 4 for the design values

R

R
c

= 8 I0 =100 nA

Duc the high convergence ratio of the gun the cathode region rust
be heavily shiclded. The ingnctic shicld has boen designed nainly by cut and
try ncthods. The saturation of the uagnetic material noking a thecorctical

calculation not accurate cnoughe

At sct of thc gun construction bosic data arc given in figures 5

to 11, whore the synbols have the following ncanings E y _]

5‘ cathode currcnt density.
Io beari current.

rz1 anodc aperture radius.
rk cathode curvaturc radius.
6 cathode aperture angle

D =2R bean diancter.
0 o

D _= ZRI’ cathode diacter.

K
o wehnelt aperture angle.
h cathode-wchnelt spacec.

Dy =D+ 24 =0 ¢ 2h tgo{wehnelt aperture diancter.

L cathode=anodc spacce
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The gun test nounting is shown with his constituting parts in
Fig,12 and with the punping system in Fig.l3.

The bean diamcter have been tested by using a cylindrical tunnel,
1 mn in dianmeter and 20 mm in length, which was screcned with a concentrical
small aporature of the same dianeter at cach end. An accuracy better than 1/100rm
has cen achieveds The collector is designed for high power density dissipation.
It is a copper piece with a very sharp conical hole carefully polished in bean

impact region and with a water cooling systcn closely placed behind it.

Results.

- The type I gun, designed fronm the optical diagram of figure 14

has teen given a bean transmission nearly 100 % through a hole of 0,25 mn in dia~
neter (test €0,C.20,I1.8. Fig,15,16,17) and an optimun transnission about 80 %
has tecn obtained through a hole 0,18 tn in diancter (test C0.Ce20.1I,7.Fig.18)e

In this latter case the cathode current can be 70 mA, the bean
current density of order of 200 A/cm2 and the bean power density 1,0 - 1,5 MW/cm2

This gun is used prescntly in the type "A" tubes in construction.
Satisfactory rcsults have been obtained,

- The type II gun, designed fron the optical diagran of figurc 19 has
given o bean transnission ncarly 90-100 % through a hole of 0,20 mn for a bean
of 70 nA (Fig.20,21,22) and a transnission about 50 % in a hole 12/100 rm in dia-

nctere
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This gun has been nounted in two experinental type "A" tubes.If vmna seen

that impréved rcsults of the tube should be possible with such a design, but the
gun opcration turned out to be very critical,

Theso two types of gun have tested in a depressod collector operation.
Such an opcration is interesting bocause it could sinplify the heat dissipation
problen in the collector and would allow an increasc of the overall efficioncy
of thc tube. The curves figurc 23 and figure 24 show that, without H.F. opcration,
the collcctor voltage can be decrcascd down to only 10 % of the linc veltage
while having a bean trensnission of 85 % or riorce ReF. measurcients would be
indced necessary, but because coupling coefficicnt is low and the spanc charge
offocts arc not inportant, therc is a good possibility that a depressed collector

operation would increascd very significantly the overall efficicncy of the tubes

RECTANGULAR GUY.

1. The beon to be used in the gbnd C design is a roctangular onc. The
dinensions of the gun which have been tosted varied widely duc to the possibility

of using slow wave structurc of very diffcorcnt widthe

A first converging gun was designod having the following charac-

teristics @

bean dimensions 0,4 = 0,8 o
convergence 20 .

perveance 1.10-"6 A.V-§/2
boan density up to 25 A/cnz.

The photographics 25 and 26 show the conpononts of this gun, ond
figurc 27 shows the first rosults.
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The testing nount is sinmilar to the nount for cylindrical onc cxcept

indced for the shape of the tunnel and scrocns.

This gun has been uscd in the first tube up to the serial nunber
n248 (scc bolow).

26 An other design was studied with the following charscteristics
bean dincnsions 0,25 x 1,5 m
perveance 2.10_6
bean density 50-100 4/ cu2.

The tests showed a beon tronsmission of 40 % only. This bad
operation can be cxplained by centoring innccuracics, and to good o shieclding of

the gun rcgion which lead to 2 rotation of the beans

Nevertheless two tubes (n249 = n251) have boen nounted with this
gun. The results have been disappointings Duc to the success of the A design, the
work with rectangular guns have becen stoppede

A _



NS R $#GEE) G GG P AP NS 2 GENNY 2GRl 2 SEEEP 2 MRS CEEEY SEmEme

W.Re 739 10,

III. CIRCUITS AND COLD TESTS

IIT.1. MAIN FEATURES OF THE CIRCUITS.

The main requirements which rust be met by a circuit for one watt

two millimeters tubc are the following 3

=~ high thermal dissipation,
- good coupling impedancs,
- low lossecs,

~ good accuracye.

Though its coupling impedance is rather low, the vane type struce
turc appeared as the best compromise concerning the above requirements.

Becausc the power requirements are fairly high thinking of the
wavclongth it has boon nocessary to choose a relatively high maximum voltage.

I1I.2. VANE TYPE STRUCTURE WITH A HOLE.
These lines are used in the type A design. They arec machined in a
block of copper with a c¢ylindrical hole, made according to processes indicated
below,

The following dimensions gave satisfactory resultse.
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piteh 0,23 m
hoight 0,42
width 0,3

hole diancter 0,18
finger width ¢ half the pitch

nunber of vane 85.

The photography 28 shows thc line. The photo n229 uekes a conpa=

rison with o 4 m line nachinod nore than onc ycar ago.

- The holc diamcter is a2 counpronisc between boan=line coupling, and
bean transnission.With a voltage 6 kV, the boon radius reasured in transit

anglc ise
va =1,8

- With such a design at a bean donsity of 200 A/cm2 it is ocasily scon
that bean bunches arc nnde of a fairly large number of clectrons (>'106)

showing no linitations due to the granularstructurc of the current,

- Losses of the vane type structurc have been neasured to be loss
than 12 dB 2t the conter frequoncye

IIl.3. SLOTTED SIPLE LINE.

These lines arc used in the typc B tube.

Two nodels have boen mndo, throc slots or six slots, used in the
first two nillincter nodels.
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The figuro 30 shows such a structure.

To evaluate tho influence of the width of a vane type linc on its
dispersion curve, two scrics of such lincs scaled up by a factor of 25 have been
nade. Tho pitches of these scalod up lines arc 6,25 mn and 5 m corresponding
rospoctively to 0,25 mm and 0,20 mm for the 2 m wavelength lincs. The width
to hoight rotios are ¢ 0,5- 1 - 2 and 4. The disporsion curves which have boen

neasured arc given on figures 31 and 32.

On thc lines with a wid*h 4 times the height, it has been verified
that tho slow waves arc still propagating on the syrmictric nodes

Tho usc of such a line which is approximately a wavelength wido

scts up two new fundancntal probdlense

12 The probvicn of tho junction. to the output waveguides.

22 Tho problen of designed an r.f tra;#o provent power radiation through the
bean hole,

Solutions have been found for these two problons, but becauso
of the bed operation of the whole decsign it has not boen though nocossary to
study thon in a noro profound a way.

SLOTTED DOUBLE LINES.

These structurcs are used in the type C tubes., This dosign is a
way to obtain a large number of elemontary lines in parallol.
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But the construction of the structurc is inwuch nore intricatc than

a singlc linc. The relative position of tho two parts rust be fairly accurate.

Two diffcrents reolative positions have been tested ¢

12 Conponont linos placed synctrically.
28 Cooponont lines shifted by half the pitchs

The dispersion curves mozsurcd in thesc two cases, on large scale

nodels (X 25) arc shown in the figures 33 and 34,

Three lines of the synetrical type have beon rachined. The photo~
graphics 35, 36, 37 show diffcrent aspects of the nount.

A tube hove been nounted with such a structure which gave no
resultse
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IV. OVERALL TECHNOLOGY OF THE TUEE

GENERAL SURVEY.

The overall technological design of the tube is quite similar to

the 4 mm O Carcinotron. The objectives of the design are :
12 A simple mounting ¢ making the tests easier, and allowing chanhges of internal
parts.

22 High heat dissipation. The tube must dissipate a power of the order of
500 wattse.

32 A good mechanical strength.

42 A good accuracy.

The figure 38 shows the structure of the type A tube. The figure
39 shows its envelope and its components. The components of the B tube can be
seen on the photography nf 40,

OUTPUT WINDOWS.,

The machining of the waveguides through the kovar collector are
made by a sparking machine. The accuracy is approximately 0,01 mm which is good
enough for a two millimeter wave guide.




Vi3

W.Re 739 15.

The glass thickness is 2/100 to 3/100 mm.

The losses through the glass window are estimated to be a few tenths
of a dB. The voliage standing wave ratio due to reflection on the window is
less than 1.4 in the required bendwidth.

SLOW WAVE STRUCTURES.

Nosol . Milllng .

For most of the dimensions, the accuracy of the machined of the
line as compared to what has been made at 4 mm have been increased by more than

a ratio of two; mainly due to the use of a new milling machine,

The pitch can be machined with an accuracy of 1 . The width is not

80 accurately machined due to a milling tool problem.

Slots down to 0.03 mm can now be machined using very thin tools of
a small diameter. A particular attention must be paid to the straightness of the
cutting part of the tool. By a carefull selection of milling tools, an accuracy
of 4 2,5 v can be achieved on the width of the line. The height can now be
machined with & 5 |* accuracy.

The progresses made in machining are well shown in the photography
29 which makes a comparison of an old 4 mm line with a new two millimeter
structure.

- Bending of the tools are prevented by making them with a small
diameter and maintaining then botween two steel cylindrical blocks; the diameter
of vwhich is nearly tho same as the diameter of the toole.
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- 4 very significant improvement in the results have been obtained
by using a tool with only one tooth. The photographies 41 and 42 show such good
results. The linear magnification in the photo 41 is 4/1 and is 35/1 in the
photo 42,

In such an operation the speed of the tool must be increased. The
rotation speed is 2000 turns per minute, machining the line at only 8 mm per

minute,

- The slow wave structure is a part of a larger block of copper to
achieve a good heat dissipation. Longitudinal slots have been managed along the
block of copper, so as to make possible itshrazing to the outer envelope.

The collector is made of a piece of tungsten having the shape

of an anticathode.,

- The figure 43 shows a comparison of a 2 mm line assembly with a

4 mm line.

The figure 44 shows a line assembly for a type B tube.
JUBE ENVELOPE.
- The tube envelope is made of a copper part and a kovar base, and a

kovar"collector"part. They are brazed together in hydrogen by r.f heating in

one operation.
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ATTENUATION.

The collector end of the line must be loaded by a lossy section.
This attenuation is placed outside of the tube, in order to prevent the in-

crease of the line itself,

The lossy material which is used is Eccosab MF-116.

All part of the gun arc fitted inside of a magnetic shield of the
gun which is screwed inside of the envelope so as to ingure a good mechanical
strengthe

Good electrical insulation must be achieved due to the use of

relativcly large voltages.

Metal parts are electrolytically polished so .asto eliminate arcing.

Some ficld emission has been observed from a Wpdnelt which was

formerly made of titanium. This material has been then roplacegymolybdenum.
CATHODE,

Two types of cathode have niged ¢ the 103 cathode and the impre-
gnated type. This last one is now preferred, because it can deliver a somewhat
a higher current density at the same temperature (4J » Diode tests have shown
a curront density up to 15 A/cm®. With a 10 A/cm® load at 12009C, the life in
diode tests, is larger than 1000 hrs. In the two mm tube, these cathodes are
used in much more conservative conditions : less than 4 A/cm2 at a temperature of
10509C, The heater powor is lfw,s at 6,5 volts. The cathode is activated at
1200°c,
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IV.8. THERMAL DISSIPATION — COOLING SYSTEM.

Tho power to bo applied to tho tube is a few hundred watts. The
cocling is achieved through the use of a water flow around the envelope and in
a cooling systen which is 4n a tight contact with the collector.

This last cooling systen is fitted there for safety it could be
suppresscd; only the cooling of tho envelopo is strictly necessary.

IV.9 ¢ CAPILLARY.

A lot of work has been nade to make the copper block with tho
capillary hole in which the linc is machined.

The difforont nethods which have boen triecd are classified in the
following list ¢

Al Elcctro forming.
y:\ Fusion.

A3 Drawving.

A.4 Extonsion.

A5 Pressing.
Drilling

A7 Elcctro crosion.
Ag

Milling.
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A1 Eloctro forning.

Thoe photography 45 shows the experimentél assenblye. Copper is
obtained from a conventionnal cyanide bath. Three wecks are nccessary to obtain
of block of 16 rm in diameter. The coating is made of nmolybdenun the behaviour
of which is quite satisfactory in the thermal proccsses and the machining of the

blockof copper. Furthermore, it can be dissolved casily.

A2 Zonc fusione

The process and results arc shown in Fige46 and 47.

A wirc is stretched by a spring along a slot made inside of a block

of copper, which is placed inside a graphite crucible.

The fusion is wadc in argon starting with the bottom end of the

COpPPCT

A, Draving.
7

Satisfying rcsults arc cbtained only by drawing rclatively thin
tubes. The piece is than brazed on o larger block as shown in Fig.48.

A4 Extcnsion..

Figs49 shows the natrix and the sools used in this process. It

docs not work satisfactorilye.

A5 Pressing.
This process is the widely used at this tire,
The photography 50 shows a natrix.
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The assembling of two part are made through diffusion at 9000C in
a mount shown in fig.51. The slots in each component arc made by the following
process : A small slot is machined on a piece of copper which has been fPre-

viously baked at 650°C for a fow hours. A tungsten wire maintained by the matrix
is preossed in the slot with an hydraulic pross,

A6 Mochanical drilling.

Small diametor holes can only be drilled on very small lengthe It
is possible nevertheless to use this process in making the capillary. Thin pieces
can be drilled and then asscmblcdbéiffusion. The photographies 52 and 53 show
the process and the results.

A,., Electro erosion.

This process makes possible the drilling of the hole after the line
has been rachined. But satisfactory results could be obtained by guiding the

tungsten wire which is uscd as an electrode. This problem is not yet solved.

AB Milling of slots.

This can be used in connexion with the A.5 process.
PULIPING PROCESS.

Inprovements in the pumping process have been a fundamental con-
dition of the success of the two millimeter tube.

The technics which have been developped consist in the use of a
titanium getter together with a miniature Bayard.Alpert gauge. The process has
nade the object of a paper presented at "Journées du Vide".Paris {5 :\ .
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The photography 54 shows a pumping assembly with two gotters
(one for safety) and a gauge. « Fige55 shows tho tube operated in an electre

magnet.

The main intcrests of the pumping process are the following

=~ Finglpressurc less than 10'"8 Torr. "Clean" vacuume.

~ Constant control of the pressure evolution during the processing of the tubes
= Fitting of the tube in its magnet simplified in the "hardening of the tube".
=~ Sharp decrecase of tho duration of tho whole tubo processing.

The whole processing cycle is described below ¢
- The tubc and its pump is evacuated quickly on a diffusion pump.
A rough outgassing of the hoater of the tube and of the gottors is made.

- The asscmbly is soldered. The tube is thon baked in a hydrogen-
nitrogen flow, to provent oxidisation. During tho baking tho heater is operated
to ono third of its nominal powor.

At 480°C, the cathodo is hoatod at 16 watts during 15 minutes. At
this temperature a pressure of 10-6Torr. is gonorally achievod within 3 hours.

- After the baking ithe tubc is operated at its full powor in an
oloctromagnot, beforo the gottor and the gaugo are romoved.
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Ve EQUIPMENT

During the course of this rescarch, it was found necessary to
complete and create now moasuring aquipment. The moasuring technic has also
been improved.

Wo shall btricfly doscribe tho following items ¢

Dotector.

Wo possoss adjustablo detoctors (Fige56).

Tho adjusting mechanism is such that longitudinal movemont and
rotation of tho crystal is possible indopondontly of cach othor. This is very
convenicnt as tho point of contact can bo changod without dostroying tho tip.

avemcter.

A 2 mm wavometor oporating on the TE 01 mode (cylindrical cavity
g= 37;7 ) has been mado (photo 57). The absolute reading accuracy is of ¢ 1u
over tho wholo rango of displacement of the piston which is of the order of
10 mm. The cavity diamotor is kmown with a precision of 2 microns so that the
rolative procision on tho measuroment of the wavelength is about ¢ 1.10‘3.
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This wavoncter has been compared with that of F.X.Re. and shows

good agreencnt,

Slotted line.

We meke use of equipment supplicd by F.X.Re Their datoctor however
is unsatisfactorye

Intecrferometer.

In order to calibrate the wavemcters and to measurc the dielectric
constants of meterials wa havo constructed a Boltzman type intorferomecter. Fig.

58 shows tho working principle and Fige. 59 the system with two mirrora.

Iwo interforometors have been built, ono working in tho 4 mm rango
(Fig.60) and the other in the 2 mm wave band (Figs61).

Mcasurcmonts carricd out with these devices provod entirely

satisfactory. Further dotails on this work will be publishod lator.

Eatt::xotor.

This is tho samc as tho ono used at 4 mm, but a matching section
hag been added in the input.

The wattmeter asscmbly has been improved (Fig.62). The entire
systom is now bridge-mountcd. (thormal conductivity water flow, hecater, thor—
mistors ctc ...). Thormal drift can be rcduced to a fow tons of microwatts. Tho
time~-constant with large flow is of tho order of 2 seconds, thus making pos-
sible the continuous recording of the power cutput of the tube.
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Further details have been givon in the following reports
Measurcnent of H.F.power by means of a water wattmeter {:6 ]n Assenbly of the

clemcnts of a wattmeter { T1loe

~

Photos 63 and 64 show the gencral lay-out of this equipment

associated with a reccorder,

Fige65 shows an cxanple of a recording token during the ageing
of a tubo. It shows how a tube bechaves through out each cycle of voltage-sweop.

(Timo cycle 20 minutos). The curves will: corprossed scale correspend to a slower

PePar speeds

The condinuous)s=variablie hich tension was obiained by a rotati
v LS (Y

potentiometer which applicd a varying voltage to the grid of a power triode,

with the stabilisecd high tension connected in sories with the carcinotron to the

plate and cathode of tho triode i 8‘]o
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TESTING OF THE TUBES AND RESULTS OBTAINED

The required measurements and main characteristics of these lines

arc tested in the following tabdle ¢

5.

Tubo Ne [Pitch | BSUEYS| Hoight| Width | poonon qype |1iMO Gun Focussing
vancs slots is~ |beam[named” | arrangecment
tance
1-2-3 0,2 | 99 0,46 | 0,78 | 0,10 {3 slots | 0,09 | R CO.R.20.I | Eloctromagnct
and
permanent mag,
7489 0,26 | 75 0,41 | 0,821 0,13 |3 0,13 | R CO.R.20.I | Eloctromagnot
10-11-12 | 0,2 | 85 0,44 | 0,76 ] 0,10 {3 " 0,10 | R CO.R.20.I "
16-@7-1@ 0,26 | 70 0,41 | 0,82 | 0,13 |3 n 0,13 ] R CO.R.20.II "
toaxe
28-29-30 | 0,2 | 85 0,44 | 0,76 | 0,00 {3 0,10 | R CO.R.20.I | Pormanont mag.
34-35-36 | 0,24 | 73 0,40 | 0,820,023 0,13 | R CO.R.20.I | Eloctromagnot |
46-47-48 | 0,24 |114 0,41 | 0,821 0,123 " |0,13| R CO.R.20.I "
49-(50) | 0,24 |114 0,41 { 1,56 | 0,12 {6 " 0,33 | R CO.R.20,II "
51 0,24 |114 0,45 | 1,56 { 0,12 16 " | 0,49 | R CO.R.20.II "
52-53-54 | 0,25 [114 0,47 0,4 0,12 |capillar{ 0,50 C C0.C.20.1I "
0,18
80-81-82 | 0,23 | 85 0,42 | 0,3 | 0,11 {eapillar| 0,47 | C €0.C.20.II "
. 0,18
. ? ?- i
82bis | 0,23 | T 0,42 | 0,3 | 0,11 {capillar| 0,47 | C C0.C.10.I "
‘ 0,18

e e e e

al
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The missing numbers correspond either to tubes not made or to
those with damaged lincs.

The alphabotical letters indicate the number of times the tube
was pumped again either after an accident or to change the gun structures

Typo A 52 = 53 - 54
80 - 81 -82 - 82 bis.

narrow 1lines : 34-35=36-46~47-48
wido linos ¢ 49-50-51,

Iypc 3B High powor

Low powoer 3§ 1-2-3, 10-11-12, 28-29-30.

!!E C 16 - 17 - 180

Tho following list of the punped tubes with thoir position shows
the difficultios cncountcred which will bo analyzed aftcrwardss
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- Tube N2 [Maxspower Bandwidth Romarks
bt}
1 18 2,37 to 2,058rm
(2800v) to(4500v)
2 23 2,6 to0 1,9
(2190v) to(5700v)
3 300 2,12 to 1,98
3000v to 6000v
7 300 2,77 - 2,25 High starting current
3250v =~ 6000v unstable
9 2,26 - 2,045 High starting current (80 mA)
5200v - 7100v Discontinuous
10 2,49 - 1,79 Modification of characteristics
26C0v - 5100v Fallin power; line molten on gun side
16 Not operated
28 2,45 - 1,96 Low-power. Mismatched
2500v - 5200v
29 2,43 - 1,% g Cun fiving deficient
2560v - 5270v )
46 2,78 - 2,055 Discontinuous
2640~ 6000v Ilismatched
34 B 800 2,48 - 2,03 ; Line current 120 mA
3600v - 6500v
47 200 2,70 - 2,05 ; Adjustment éritical
2900v - 6000v !
36 400 2,27 - 1,91 Discontinuous
4100v - 7000v
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Tube N2 | Max.power Bandwidth Remarks
mW
5000v- 7500V
49 1,975-1,86 Discontinuous
6350v ~ 8100v Tungsten .....molten
53 530 29475 = 2,145 g Poor insulation
3860v - 7500v
54 1100 2,60 - 2,2 ) Short circuit
3400v - 6600v cathode~wehnelt
51 Oscillated at 7100v (89 nA)
unable to adjust.
8l 2100 2,26 - 1,9 ; 1 watt through bandwidth of 7%
3900v- 7200v
80 A | 3000 2,245 - 1,96 ) 1 watt through bamdwidth of 4 %
4040v = 7400v
80 B | 2500 similar to 804 1 watt through bandwidth of 5 %
82C | 1600 2,25 - 1,96 1 watt through bandwidth of 6 %
‘ 4200v -~ 7600y Arcing-line molten in middle part
82bis{ 600 2,15 - 1,95 ) Unstable after brazing of the line
before and
after 4500v - 7500v Poor insulation
brazing)
L"—'———‘ e @"“ —
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The following information results from the abowo $

1, In the series of type A tubes, after trying out two tubes (53-54)
in the experimental series, the second series of tubes gave the required per-—
formance straight awaye. The four tubes gave approximately the same results.
Except thew gun structure C0.C.10.1 secems to be less satisfaction
C0sCe20.1Ie

In spite of the instability noticeable aftor brazing of the line

of tube 82 bis, we can consider this process as satisfactory.

2e In the series of type B low power tubes, satisfactory results were
obtained in permanent magnets but their reproductibility is not good.

3e The B scries did not give inter.sting results. As this has beon
said before this nust be related to the difficulties in adjusting the slow |
wave structure, which is a very difficult problenm, and in a bad design of the

rectangular gun.

4. For similar reasons the C tubes did not operato.

Characteristica of sone tubes.

Rosults concerning some tubes are listed beclowe.

[ N X
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Tube N2l : mounted in the first three months. It delivered 10 mW through a 14 %
tuning range between 127-146 CHz with a maximum power of 80 mW at 140 GHz.
(Fig.66andg7). Focussing field 4000 oersteds.

Tube N3 ¢ 100 mW through a 13,5 % tuning range (131-150 GHz) max.300 oW at
14). GHz (Fig8). Magnetic field 4000 ocersteds.

Tube N280 : It has been pumped three time duc to cathode defects. (A.B.C.).
80 A and 80 B have similar starting current (Fig.69).

80 A gave 1 watt from 147,5 to 153,5 GHz (4 %), and two watts through
3 % centered at 150 GHz, with a maximunm 3 watts at 152 GHz.

80 B delivered one watt from 144 to 152,5 GHz (5 %) (see fig.70) and
1,5 watt in a 3,%tuning range centcred at 148,5 GHz,

80 C delivers nore than 1 watt through the required range but with

a sonmevhat less sharp meximun power. The tube is shown in its elecctromagnet

in figure WI.

Tube Ne8l ¢ Sce Fig, 72 and 73.

The output power is larger than 0,5 watt through a 9 % tuning range,
and larger than 1 watt through a 7 % range centered at 147 GHz.

The output powcr is larger than 1,5 watt through 3 % centered at
150,5 GHz.

- The maximua power is 2,1 watts at 152 GHz.

- The magnetic field is 5400 Gausses.

= The current density in the beam larger than 200 A/cmz.
~ The power density in the beam larger than 1,5 lﬂﬂ/cmzo




W.Re 739 3.

Tube N282,C : See figure 74.

The tube has been destroyed. It gave :

0,5 watt tuning range 9% 139 to 152,3 GHz
1 watt tuning range 6 %  142,5to 152,3 GHz

The maximunm power was 1,6 watt at 148 GHz.
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VII. CONCLUSIONS

19) At the end of this contract we can conclude that the assigned objec~
tives have been fully attained :

\\\ “

tubes have been designed which deliver a.n output power larger
than one watt, in c¥ ?operatlon at a wavelength of i’-wo m&-l-!&e‘ber with a tuning
range larger than 5% (7500 McAd).

Lo [

- ;he tubes ave operated in electromagnetsy, but the design of per-
manent masnets to focuses them should not biwzult.
sy e e et

Clr& WVJJ..

L>}' tho-tnhu.m:ls-&u such conditions that @ good life sw.
A

’

expected,

- their-e¢fficieney, while low, is comparable to the efficiency
avo 53Qe It is felt that this
efficiency could be increases significantly (as haphened with the 4 mm tube)

achieved in the first 4 mm tubes designed;

in the production of a few tens of such 2 mm tubes.
2°) Conclusions of a broader nature can also be dramn. To meet the signiﬁ-
WU SA,
cant progresses we:e made in machining accuracy, in vacuum processing and general
technology. Importa.nt progressew bmn—ﬁ made in gun designs for very high
current density and in large power dens:Lty handling problems,ylaking account
of these, the design of a 10 watts tube at 4 mm for instance sho be quite
straight forward,

LA NN 4
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- No true limitations appear yet to be attaincd. New progresses can
be made, which, for instance, could be marked by a further step : the design and
construction of a one watt c.w. tube at 1 mm.

SRS o T YO

Il s -
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FIGURES

Figo

1., Characteristics COE 40 B N° 8 (dic. applied pover

2. (pulsed operation

3. Power/line current characteristic of COE 40 B N° 34,

4. Gun magnetic field R/R =9 and I, = 100 mA.

5e¢ Cathode current density for different cathode diameters.
6. R,/R and 0° versus D /D,. R,
Q° = cathode aperture angle; Do = beam diameter;
D, = cathode diameter.

k
7. Wehnelt aperture angle versus cathode aperture angle.

anode radius; Bk = cathode curvature radius;

8. Wehnelt aoperture diameter calculation,
9, Rk/Dk and re/Dk versus Do/Dk. '
10, L/Dk and Dp/Dy versus Do/Dx (L = cathode anode space).
11+ Current density for different beam diameters.
12, Constituting parts of the cylindrical gun mount.
15, Pumping system for gun tests,
14, Optical diagram of the gun CO C 20 II,
15, 16 =d 17, Transmission characteristics of the gun CO C 20 II 8,
18, Optimum trensmission of the gun CO C 20 II 7,
19. Opticdldiagram of the gun CO C 10 I,
20, 21 and 22, Transmission characteristics of the gun CO C 10 I,
23, Efficiency of the gun CO C 20 II 8 wersus V c/v .
(Vo : collector voltage)
(Vy, : line voltage)
¢4e Efficiency of the gun CO C 10 I versus Vc/V .
25, 264 Rectangular beam gun. Components and assembled gun,
27. Beam transmission of the rectangular beam.

[ RN ]
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28. 2 mm hole vanelineq

29, Lines comparison at 2 mm and 4 mm.

304 2 mm slotted vaneline.

31, Dispersion curve of a vaneline with a 6.25 pitch.
32, Dispersion curve of a vaneline with a 5 mm pitch.

symmetrical,
shifted.

35, 36 and 37, Structure comprising two vane lines symmetrically opposed.

33. 34, Dispersion curve of a double vaneline

Details and assembled unit,
38. Cut away view of the 2 mm tube,
39. "A" type tube, envelope and components.

40, "B" type tube, envelope and components.,
x 4.

35 x 35.
43, 2 mm and 4 mn line block comparison,
44, Two different models of line block for the type "B" tube.

45, Electroforming mounting.
installation.
crucible mounting.

41 and 42, ililling samples

46 and 47. Fusion process

48, Drawing process.

49, Extcnsion process,

50. 51. Pressing process,

52. 53. Assembly of holing pieces,
54, Pumping systom.

55. Tube pumping in electromagnet,
56, 2 mm detector,

57. 2 mm wavencter,

58, Interferometer diagram.

53. 2 mirrors unit,

60, 4 m interferometer.

61, 2 mm interferoneter,

62, Calorimetric wattneter (new model).
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63,
64.
65.
66,
67.

69,
70
1.
724
73
T4

Wattmeter asscmbly.

Wattmeter and recordcr.

Tube forming recording curves.
Starting current of the tube N° 1,
Power of the tube N° 1,

Power of the tube N° 3,

Starting current of the tube N° 80 A,
Power of the tube N°80 B,

The tube in electromagnet.
Starting current of the tube N° 81,
Power of the tube N° 81,

Power of the tube N° 82 C,
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