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W.R. 739 1.

O1E WATT "0! TYIE CARCINOTRON

FOR OPER:TION AT 150 kMc/s

ITRODUCTIONI
I

IA This report is a suna.-y of the studios which have been made to

i build on 110"1 Carcinotron delivering an average output power of one watt at the

wave length of two millimeter with a bandwidth of 5 to 10 %.I
The contract specified that the tube night be pulsed to obtain this

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

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

of a tube for the watt level will be examined.

I In the second aaid third parts the results of the study of the min

components of the tube : Tho gun and the slow wave structure will be reported.

I

I
I
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W.R. 739 2.

The technology will be described in the fourth part.

In the fifth part, the equipment for wavelength measurements, power

nmasuremonts will be reported.

In the sixth part, the operating characteristics of different

I experimental and final tubes will be reported and the results will be discussed.

1 3. A comparative study with the 4 mm Carcinotron will he made during

the course of the report. Concerning a theoretical survey and bibliography l-21

j reference is to be made to tho report (W.R.411 - 95029) on design and dovolopmenz

of 4 millimeter prototype Carcinotron tubes, made under contract A.F.61(514)-919I
I
I
I
I
I
I
I
I
I
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DETAILED PLEPORT

I I. DESIGN OF THD TUBE

j 1.1. DESIGN CONSIDEATION.

The studios which have boon rmdo at 70 or 75 kIvic/s have load to the

construction of tubes C0.40 which have delivered up to four watts in C.W. ope-

ration. Characteristics arc shown in figures 1 and 2. Indeed those figuros

have not boon obtained with all tubes but with tho best oncs. But it was felt

that such a result was not at all a iLit at 4 rm, because their main features

having not boon yet perfectly roalized. This ozpharizod the feasibility of an

one watt C.W. tube at 2 mi, and this objective has boon fixed for the first

design of the 2 r.IL Carcinotron, If this turned out to be difficult to achiovo

the design would be modifiod towards a pulsed operation with a duty cycle as

high as possible.

During the course of this work, an attempt has boon mde on a 4 m

Carcinotron and 6 watts C.W. power has boon obtained (fig.3). This reinforced

the C.17. operating design consideration of an one watt tube at 2 m.

I

I *
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1.2*. THE HUA.N FEATURES OF T112 DEDSICN.

1.2.1. Basic solutions.

Tbroo basic solutions havo boon contoriplatod, doponding on tho boon

to bo usod :

-a) Cylindrical solid booxi (usod in a dosign sixilar to tho 00.40).

IA currant donsity of thc ordor of 200 A/cu 2 is nocossary. This necans a current

1 of tho order of 50 r.A through a hole 0,15-0,20 uu in diaoetor.

A vano typo structuro could be usod, the dirm.nsions of which should

I bo approxkmatoly .,

I- hole diamatur 0,15 - 0,2 zu

- fingor width 0.-35 - 0, 4 r-za

j - Ditch 0,2 - 0,0 ma

The tubo construction should bo quito siin-ilar to the 4 mui Carci-

notrono Tho final rosult of this werk hs ccnfirmod the success of a dosignJ of this typo which wiUl. be nauo-d tyrpo "A"l tuba in tho text.

b) Flat boon. In this case tha total currant should be, approximatoly

tho sanex but tho donsity could be soncwhat trallor becauso a widcr lino rmay

j bo used * With suchabeen two typos of stmcturo have boon used. Tho typo "71

using a slottod vane lino havine a width nearly a wavelongth largo without

r.-oding probleri,and the typo "1C11 tube, using a double vane Lino -st-mcture.

Sane tubas of those two typos have boon constructed and tastoeI Sonio results have boon obtained, but uany construction difficulties havo boon

encountered and some of thua havo not boon solvoe
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1.2.2. Basic Problos.

Whatovor the solutions, the sane basic problemis ijust be faced :

A. Accuracy.

An accuracy of the ordor of one micron Lust be achieved. A now

J m:illing zvchino has boon ordered to moet this requirerient.

jB. Heat dissipation.

The dissipation of a vane line should be goodenough due to the

jsmall height (less than half a millimeter) of the fingers to be used. As expe-

rienced in the study of the CO.40 attention must be paid to the collector. A

bean power density up to 1 IrP/cm2 must be used. Such a power density would load

to local evaporation of the collector if not carefully designed.

C. Gun dosign

I An high convergence nust be used to Linimizo the cathode current

density. A carefull insulktion must be achieved to provent high voltage arcing.

D. R.F. racasurci.onts.

I Equipraont and sources must be dosignod rnainly to measure the line

losses and the rofloxions and losses of the output windows of the tube; which

cannot be deduced from largo scale model r leasuromnts.

IMost of those problems have boon solved. Their good solutions have

contributed to the final success of the tube,I

I



W.R, 739 6.

II. ELECTRON GUNS.

I,.1. CYLINDRICAL GUN.

I
The structure of the gun used on typo "A" tube is similar to gun

structure of 4 r :i Carcinctron. It is I Illor-Picrco typo.

I The gun performanco shall have a current density of 200 to 300 A/cm2

in thc boon which diameter will be below 0,2 rnu and going down to 0,10 m if

i possible.

i Two types hav boon designed and tested 3

Cathode Curvature Cathode ben

diamtor radius current density current

Typo I 1,8 mml 2,22 mm -Z - 4 A/cm2  100 mA

Typo II 1,4 ru.m 1,58 rm , 4 A/cn2  65 rA

I Those guns have a convcrgenco arround 100 and a porvoanco

1 .10- 6 A/v3/2 .

An impregnated cathode is used instead of the C.S.F. 103 cathode

Iusontho CO.40 because it has a higher current density charge. It will be dos-

cribod later.

IelN



W.R, 739 7,

In order to :iake the beam transnission not sensitive to the line

voltage variations during the operation of the tube. The gun has boon designed

so as to obtain a largo riagnotic flux through the cathode approxirmately 80 %

of the flux through the bean. These modo of operation requires a total magn-tic

field significantly larger than the miniium theoretical one. This latter is

given by figure 4 for the design values

R k
I = 19 I =l100A

R 0
c

Duo the . igh convergence ratio of the gun the cathode region m.ust

be heavily shielded. The mrgnutic shield has boon designed mainly by cut and

try rothods. The saturation of the .ngnotic material making a theoretical

I calculation not accurate enough.

At sot of the gun construction basic data are given in figures 5

to 11, whore the synbols have the following rnceing, U ]I
cathode current density.

I I bc:ui current.

I ra anode aperture radius.

rk cathode curvature radius.

I cathode aperture angle

D = 2R bean diameter.

D = 2R cathode diamiotor,
K K

DC wehnolt aperture angle.

h cathode-wohnelt space.

DI= J3+ 2d = 2h tgowehnolt aperture dianetor.

L cathode-anode space.
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The gun test mounting is shown with his constituting parts in

Fig.12 and with the pumping system in Fig.13.

The beam diameter have been tested by using a cylindrical tunnel,

1 mm in diameter and 20 r in length, which was screened with a concentrical

small aperaturo of the same diameter at each end. An accuracy better than 1/100mm

has been achieved. 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 system closely placed behind it.I
Results°

I - The type I gtu, designed from the optical diagram of figure 14

has boon given a bean transmission nearly 100 % through a hole of 0,25 mm in dia-

jmeter (test CO.C.20.II.8. Figd15,16,17) and an optimum transmission about 80 %
has been obtained through a hole 0,18 m= in diameter (test CO.C.20.II.7.Fig.18).I

In this latter case the cathode current can be 70 mA, the beam

I current density of order of 200 A/cn2 and the beam power density 1,0 - 1,5 MW/cM2

I This gun is used presently in the typo "A" tubes in construction.

Satisfactory results have boon obtained.

-The typo II gun designed from the optical diagram of figure 19 has

givon a beau transmission nearly 90-100 % through a hole of 0,20 mm for a bean
of 70 mA (Fig.20,2122) and a transmission about 50 % in a hole 12/100 mm in dia-

l motor.

I
I
I
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This gun has been mounted in two experimental type "A" tubes0oI1 was seen

that improved results of the tuba should be possible with such a design, but the

gun operation turned out to be very critical.

Those two typos of gun have tested in a depressed collector operation.

Such an operation is interesting because it could simplify the heat dissipation

problen in the collector and would allow an increase of the overall efficiency

of the tube. The curves figure 23 and figure 24 show that, without H.F. oporation,

the collector voltage can be docreaso. down to only 10 % of the line voltage
while having a beam transmission of 85 % or more. R.F. measuronmmts would be

indeed necosjary, but bccause coupling coefficient is low and the space charge

effects are not important, there is a good possibility that a depressed collector

operation would increased very significantly the overall efficiency of the tube,

II.2. RECTAYGULAR GUMJ

l. The bom, to be used in the )4nd C design is a rectangular one. The

dimensions of the gun which have beon tested varied widely duo to the possibi2ity

of using slow wave structure of very different width.1
A first converging gun was designed having the following charac-

jteristics :

boar i dimensions 0,4 X 0,8 Lmi

convergence 20

porveanco 1.10 "6 A

I boan density up to 25 A/cm2 .

I The photographios 25 and 26 show the components of this gun, and

figure 27 shows the first results.
i OSo..

I
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The testing mount is siuilar to the mount for cylindrical one cxcept

indeed for the shape of the tunnel and screens.

This gun has boon used in the first tube up to the serial numbor

j n248 (see below).

j 2. An other design was studied with the following characteristics S

bean dironsions 0,15 x 1,5 rr.

porvocince 2 .lO 6

bean density 50-100 A/cD2 .

The tests showed a beoa tramsrission of 40 % only. This bad

joperation can be explained by centring inaccuracies, and to good a shielding of
the gun region which lead to a rotation of thu beoa.I

Nevertheless two tubes (n249 - n251) have bon nountod with this

gun. The results have boon disappointing. Duo to the success of the A design, the

work with rectangular guns have boon stopped.1
I

I
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III, CIRCUITS AND COLD TESTS

1111.. MAIN FEATURES OF THE CIRCUITS.

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

two millimeters tube are the following :

- high thermal dissipation,

- good coupling impedance,

- low losses,

- good accuracy.

jThough its coupling impedance is rather low, the vane type struc-

ture appeared as the best compromise concerning the above requirements.

IBecause the power requirements are fairly high thinking of the

wavelength it has boon nocossary to choose a relatively high maximum voltage.

I IIo2. VANE TYPE STRUCTURE WITH A HOLE.

These lines are used in the type A design. They are machined in a

block of copper with a cylindrical hole, made according to processes indicated

below.I
The following dimensions gave satisfactory results*

I

I
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pitch 0,23 i i

he ight 0,42

width 0,3

hole diameter 0,18

finger width : half the pitch

I number of van 85.

j The photography 28 shows the line. The photo n229 makos a compa-

rison with a 4 mm line machined more than one year ago.I
The hole diamotor is a cor promise between beam-line coupling, and

beam transmission.With a voltage 6 kV, the boan radius rasured in transit

anglc is.
Iya = 1,8

With such a design at a beam density of 200 A/cm2 it is easily soon

J that beam bunches arc nade of a fairly large number of electrons (> 10 )

showing no limitations due to the granularstructuro of the current.

- Losses of the vane type structure have boon moasurod to be loss

than 12 dB at the center frequency.

111.3. SLOTTED SfNPLE LINE.

I Those lines arc used in the type B tube.

Two models have boen mado, three slots or six slots, used in the

j first two millimeter models.

I 0deee

I
I!
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The figure 30 shows such a structure.

To evaluato the influence of the width of a vane type line on its

dispersion curve, two series of such lines scaled up by a factor of 25 have boon

maudo. The pitches of those scaled up lines are 6,25 mu and 5 rau corresponding

respectively to 0,25 rxi and 0,20 Lm for the 2 Ln wavelength lines. The width

to height ratios arc : 0,.5- - 2 and 4. The dispersion curves which have been

reasured are given on figures 31 and 32.

I On the lines with a width 4 times the height, it has boon verified

that the slow waves are still propagating on the symictric node.

The use of such a line which is approximately a wavelcngti, wide

sets up two now ftnd-arantal problems.

12 The problem of the junction. to the output wavoguido,

22 The problem of designed an r.f trato prevent power radiation through the

boam hole.

Solutions have boon found for these two problems, but because

of the bad operation of the whole design it has not been thmg necessary to

study them in a more profound a way.

j 111.4. SLOTTED DOUBLE LfIES.

I These structures are used in the typo C tubes. This design is a

way to obtain a largo number of eloentary lines in parallel.I
I @o

I
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But the construction of the structure is much moro intricate than

a single line. The relative position of the two parts must be fairly accurate.

Two difforents relative positions have boon tested :

12 Componont lines placed sytictrically.

22 Couponont lines shifted by half the pitch.I
The dispersion curves noasurod in these two casos, on largo scale

jmodels (X 25) are shown in the figures 33 and 34.

Three lines of the symotrical type have boon maobinod. The photo-

graphics 35, 36, 37 show different aspects of the mount.I
A tube have boon nountod with such a structure which gave no

jresults.

I
I
I
I
I
I
I
I
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IV. OVERALL TECHNOLOGY OF THE TUBE

I IV.l. GENERAL SURVEY.

I The overall technological design of the tube is quite similar to

the 4 mm 0 Carcinotron. The objectives of the design are :

19 A simple mounting : making the tests easier, and allowing charges of internal

j parts.

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

1 500 watts.

39 A good mechanical strength.

42 A good accuracy.

IThe 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 ng 40.

IV.2. OUTPUT WINDOWS.

l The machining of the waveguides through the kovar collector are

made by a sparking machine. The accuracy is approximately 0,01 mm which to good

3 enough for a two millimeter wave guide.

I eg

I
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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 volage standing wave ratio due to reflection on the window is

less than 1.4 in the required bandwidth.

IV63. SLOW WAVE STRUCTUPES.

SIV.3.1. Mlig

For most of the dimensions, the accuracy of the machined of the

Iline 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 I IL. The width is not

so accurately machined due to a milling tool problem.

ISlots 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

j cutting part of the tool. By a carefull selection of milling tools, an accuracy

of + 2,5 R can be achieved on the width of the line. The height can nov be

machined with _+ 5 p, 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

I structure.

- Bending of the tools are prevented by making them with a small

Idiameter and maintaining them between two steel cylindrical blocks; the diamter

of which is nearly the same as the diameter of the tool.

I
I
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- A 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.

I 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.

T

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 itsbrazing to the outer envelope.

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

of an anticathodo.

- 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.

IV.4. TUBE ENVELOPE.

- The tube envelope is made of a copper part and a kovar base, and a

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

one operation.I

I

!2
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IV.5. ATTENUATION*

The collector and 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.I
IV.6. GUN.I

All part of the gun are fitted inside of a magnetic shield of the

gun which is screwed inside of the envelope so as to insre a good mechanical

strength.

I Good electrical insulation must be achieved due to the use of

relativoly large voltages.i
Metal parts are electrolytically polished so -asto eliminate arcing.

I Some field emission has been observed from a iAnelt which was

formerly made of titanium. This material has been then replacer molybdenum.

IV.7i CATHODE.I -

Two types of cathode bave heed : the 103 cathode and the impre-

gnatod type. This last one is now preferred, because it can deliver a somewhat

a higher current density at the same temperature C 4] . Diode tests have shown

I a current density up to 15 A/cm2 . With a 10 A/c=2 load at 12000C, the life in

diode tests, is larger than 1000 hrs. In the two mm tube, these cathodes are

I used in much more conservative conditions : less than 4 A/cm2 at a temperature of

105000. The heater power is 11,5 at 6,5 volts. The cathode is activated at

I 12000 C.

I ..@ .



W.R. 739 18.

IV.8. THEPMRL DISSIPATION - COOLING SYSTE.

The power to be applied to the tube is a few hundred watts. The

cooling is achieved through the use of a water flow around the envelope and in

a cooling system which is in a tight contact with the collector.

This last opoling system is fitted there for safety it could be

supprossod; only thn cooling of the envelope is strictly necessary.

IV.9i CAPILLARY.I
A lot of work has boon rado to make the copper block with the

jcapillary hole in which the line is machined.

jThe different methods which have boon tried are classified in the

following list 3

A, Electro forming.

A2 Fusion.

A. Drawing.

A4  Extension.

A5  Pressing.

A6  Drilling

A7  Eloctro erosion.

A 8  Killing.
AI 0u .

I@@

I
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A Electro forming.

The photography 45 shows the experimental assembly. Copper isI obtained from a convontionnal cyanide bath. Three weeks are necessary to obtain

of block of 16 mm in diameter. The coating is made of molybdenum the behaviour

jof which is quite satisfactory in the thermal processes and the machining of the

blockof copper. Furthermore, it can be dissolved easily.

A2 Zone fusion.

IThe process and results arc shown in Fig.46 and 47.

jA wire is stretched by a spring along a slot made inside of a block

of copper, which is placed inside a graphite crucible.

IThe fusion is mado in argon starting with the bottom ond of the

copper.

A Drawing.

Satisfying results are obtained only by drawing relatively thin

tubes. The piece is than brazed on a largeo block as shown in Fig.48.

I~ A Extension.

Fig.49 shows the matrix and the sools used in this process. It

does not work satisfactorily,

I A5 Prssing.

This process is the widely used at this time.

IThe photography 50 shows a matrix.

I
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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 are made by the following

process : A small slot is machined on a piece of copper which has been ?re-

viously baked at 650 0C for a few hours. A tungsten wire maintained by the matrix

is pressed in the slot with an hydraulic press,

A6 Mechanical drilling.

Small diameter holes can only be drilled on very small longthd It

is possible nevertheless to use this process in making the capillary. Thin pieces

can be drilled and then asscmblediffusion. The photographies 52 and 53 show

the process and the results.

A7Electro erosion.

This process makes possible the drilling of the hole after the line

has been machined. But satisfactory results could be obtained by guiding the

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

A Millina of slots.

This can be used in connexion with the A5 process.

IV.i0. PUITING PROCESS.

Improvements 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

made the object of a paper presented at "Journdes du Vide".Paris 5 Io
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The photography 54 shows a pumping assembly with two getters

(one for safety) and a gauge.. Fig.55 shows the tube operated in an eloctrc

magnet.

The main interests of the pumping process are the following

1 - Finalpressuro less than 10-8 Torr. "Clean" vacuum.

- Constant control of the pressure evolution during the processing of the tube.

- Fitting of the tube in its magnet simplified in the "hardening of the tube".

- Sharp decrease of the duration of the whole tube processing.

IThe whole processing cycle is described below :

1- The tube and its pump is evacuated quickly on a diffusion pump.

A rough outgassing of the heater of the tube and of the getters is made.

I - The assembly is soldered. The tube is then baked in a hydrogen-

nitrogen flow, to prevent oxidisation. During the baking the heater in operated

to one third of its nominal power.

At 48000, the cathode is heated at 16 watts during 15 minutes. At

this temperature a pressure of 10 6Torre is generally achieved within 3 hours.

I- After the baking the tube is operated at its full power in an

I electromagnot, before the getter and the gaugo are removed.

I

I.

I
I
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V4 E UIPIMT

During the course of this resoarch, it was found necessary to

complete and create new measuring equipment. The measuring technic has also

boon improved.

We shall briefly doscribo the following items :

Detector.

We possess adjustable detectors (Fig.56).

The adjusting mechanism is such that longitudinal movement and

rotation of the crystal is possible independently of each other. This is very

convenient as the point of contact can be changed without destroying tho tip.

Wavemo tar.

A 2 mm wavomotor operating on the TE 01 mode (cylindrical cavity

= / ) has been made (photo 57). The absolute reading accuracy is Of +I l

over the whole range of displacement of the piston which is of the order of

10 mm. The cavity diameter is known with a precision of 2 microns so that the

relativo precision on the measurement of the wavolength is about + 1.10- 3 .reatv

I!@o
Iee

I
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This wavomoter has boon compared with that of F.X.R. and shows

good agreement.

Slotted line.

IWe maIke use of equipment supplied by F.XoR. Their datoctor however

is unsatisfactory.

Intorfcromotor.

jIn order to calibrate the wavomotors and to moasuxro the dielectric

constants of materials wa have constructed a Boltzman type intorforomotor. rig.

58 shows the working principle and Fig. 59 the system with two mirrors.

j Two intorforomotors have been built, one working in the 4 mm range

(Fig.60) and the other in the 2 mm wave band (Fig.61).

IMoasurocints carried out with those devices proved entirely
J satisfactory. Further details on this work will be published later.

attmotor.

This is the same as the one used at 4 mm, but a matching section

j has been added in the input.

The wattmeter assembly has been improved (Fig.62). The entire
system is now bridge-mounted. (thermal conductivity water flow, heater, thor-

misters otc ... ). Thermal drift can be reduced to a few tons of microwatts. The

time-constant with largo flow is of the order of 2 seconds, thus making pos-

siblo the continuous recording of the power output of the tube.

I
I
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Further details have been given in the following reports •

Moasurcraent of H.F.power by means of a water wattmeter [ 6 Assembly of the

elements of a wattmeter f 7"

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

associated with a rocordcra

IFig.65 shows an exanple of a recording taken during the ageing

of a tube, It shows how a tube behaves through out each cycle of voltage-swoop.

(Time cycle 20 minutes), The curves vwtli co rossed scale correspond to a slower
V-por speedi

I The c ou --v olhio te.. ion '..as obtained by a rotating

potentiometer which applied a varying voltage to the grid of a power triode t

with the stabilised high tension connected in Iories with the carcinotron to the

plato and cathode of the triodo 8

I

I

I
I
I
I
I
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VI* TESTING OF THE TUBES AIND RESULTS OBTAINED

Tho roquirca measurements and main characteristics of those linos

arc tostod in thc following tablo :

I-r Trans- ln uI Tubo N2IPitch N~ib-OHeight Width jversa. TYPO lo Fu 1  ocussing
vaos slots a beam &Oii~ arrangemont

I I tanco

1-2-3 0,2 99 0,46 0,78 0,10 3 slots 0,09 R CO*R.20.I Eloctromanot
andI pormanont mag.

7 9 0,26 75 0,41 0,82 0,13 3 " 0,13 R CO.R.20.I Eloctromagnot

j10-11-12 0,2 85 0,44 0,76 0,10 3 " 0,10 R CO.R.20.I

1 64~7-14 0,26 70 0,41 0,82 0,13 3 " 0,3 R CO.R.20.II

I 28-29-30 0,2 85 0,44 0,76 0,10 3 " 0,10 R CO.R.20.I Pormanont mag.

34-35-36 0,24 73 0,41 0,82 0,12 3 " 013 R CO.R.20.I Eloctromagnet

I46-47-48 0,24 114 0,41 0,82 0,12 3 Ov013 R CO.R.20.I

49-(50) 0,24 114 0,41 1,56 0,12 6 " 033 R CO*R.20.II

I 51 0,24 114 0,45 1,56 0,12 6 0,49 R COaR.20.II

52-53-54 0,25 114 0,47 0,4 0,12 cpillar 0,5 0 C 0.0.20.11

80-81-82 0,23 85 0,42 0,3 0,11 capillar 0,47 C COeC.20.II
0,18I .2bis 0,23 71 0,42 0,3 0,11 capillar 0,47 C CO.C,10.I
0,18
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The missing numbers correspond either to tubes not made or to

those with damaged lines.

The alphabetical letters indicate the number of times the tube
was pumped again either after an accident or to change the gun structure.

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

ITm B High power : narrow lines : 34-35-36-46-47-48

wide lines : 49-50-51.

Low power : 1-2-3, 10-11-12, 28-29-30.

STypeO C 16 - 17 - 18.

The following list of the pumped tubes with their position shows

I the difficulties oncountored which will be analyzed afterwards@

I
I

I
I
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Tubo NQ Maxopowor Bandwidth Romarks

1 78 2,37 to 2,058mm

(2800v)to(450v)

2 23 2,6 to 1,95

(2190v) to(5700v)

1 3 300 2,12 to 1,98

3000v to 6000v

7 300 2,77 - 2,25 High starting current

I 3250v - 6000v unstable

9 2,26 - 2,045 High starting current (80 mA)

I 5200v - 7100v Discontinuous

10 2,49 - 1,79 Modification of characteristics

j 2600v - 5100v Faitn power; line molten on gun side

16 Not operated

28 2,45 - 1,96 Low-power. iLsmatched

i 2500v - 5200v

29 2,43 - 1,95 Gun fiing deficient

I 2560v - 5270v

46 2,78 - 2,055 Discontinuous

I 2640(- 6000v Rismatched

34 B 800 2,48 - 2,03 )

3600v - 6500v current 120 mA

i 47 200 2,70 - 2,05 Adjustment eritoal

2900v - 6000v

1 36 400 2,27 - 1,91 Discontinuous

4100v - 7000v! . ig e
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Tube N2 Mx.power Bandwidth Remarks
mW

48 2,11 - 1,855 Unstable

50OOv- 7500v

49 1,975-1,86 3 Discontinuous
6350v - 8100v Tungsten ..... molten

1 53 530 2,475 - 2,145 ) Poor insulation
3860v - 7500v

1 54 1100 2,60 - 2,2 ) Short circuit

3400v - 6600v cathode-wehnelt

51 Oscillated at 7100v (80 mA)

1 2unable to adjust.

8132100 2,2v- 16 ) 1 watt through bandwidth of 7%
j 3900v- 7200v )

80 A 3000 2,245 - 1,96 ) 1 watt through bandwidth of 4 %
I 4040v - 7400v

80 B 2500 similar to 80A 1 watt through bandwidth of 5 %

82 C 1600 2,25 - 1,96 1 watt through bandwidth of 6 %

4200v - 7600v 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)

I
I
I
I
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The following information results from the abov I

14 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 away. The four tubes gave approximately the same resu ts.

Except that gun structure C0.C.10.1 seems to be less satisfaction thn'tin

1 0oC.20.11.

In spite of the instability noticeable after brazing of the line

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

I 2i In the series of type B low power tubes, satisfactory results were

obtained in permanent magnets but their reproducibility is not good.

3 The B series did not give interesting results. As this has been

said before this must be related to the difficulties in adjusting the slow

wave structurep which is a very difficult problem, and in a bad design of the

rectangular gun.

1 4. For similar reasons the C tubes did not operate.

Characteristics of some tubes.

Results concerning some tubes are listed below.

I
I o, ee

I
I
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Tube N21 : mounted in the first three months. It delivered 10 mW through a 14 %

tuning range between 127-146 GHz with a maximum power of 80 mW at 140 GHz.

(Fig.66and67). Focussing field 4000 oersteds.

Tube - : 100 mW through a 13,5 % tuning range (131-150 GHz) max.300 mW at

141 GHz (Fig68). Magnetic field 4000 oersteds.

I Tube N280 : It has been pumped three time duo 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

f 3 % centered at 150 GHzt nith a maximum 3 watts at 152 GHz.

80 B delivered one watt from 144 to 152,5 GHz (5 %) (see fig.70) and

I 1,5 watt in a 3,5/tuning range centered at 148,5 GHz.

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

j a somewhat less sharp maximum power. The tube is shown in its electromagnet

in figure 97.

Tube N2SI : See 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 maximum power is 2,1 watts at 152 GHz.

- The magnetic field is 5400 Gausses.

- The current density in the beam larger than 200 A/cm2 .

I - The power density in the beam larger than 1,5 1W/cm 2 .

I B

I
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Tube N282.0 : 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 maximum power was 1,6 watt at 148 GHze
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VII. CONCLUSIONS

i

I,)At the end of this contract we can conclude that the assigned objec-

tives have been fully attained

tubes hav-ebeen designed which deliver an output power larger

than one watt, in cI operation at a wavelength of ±e o m meter with a tuning

range larger than 5 % (7500 Xc4.

-he tubes ae operated in electromagnets but the design of per-
manent magnets to focuses them should not be too dif ult.

Q4 the't - such conditions that 4 good life sb be

expected. A

- tehir-fliesof, while low, is comparable to the efficiency

achieved in the first 4 mm tubes designed, ac; It is felt that this
efficiency could be increases significantly (as hapned with the 4 = tube)

in the production of a few tens of such 2 m tubes.

20) Conclusi.ons of a broader nature can also be dr&mtn. To meet the gignifi-
cant progressm waz made in machining accuracy, in vacuum processing and general

technology. Important progressw ha -n made in gun designs for very high
current density and in large power density handling problems. aking account

of these, the design of a 10 watts tube at 4 mm for instance sh4 be quite
I straight forward.

I @e

I
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- No true limitations appear yet to be attainod. 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 I mm.

I
I

I

I

I
I

I
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FIGURES

Fig.

1. Characteristics COE 40 B N
O 8 (d.c. applied power

2. (pulsed operation

3. Power/line current characteristic of COE 40 B NO 34.

4. Gun magnetic field k/Ro = 9 and Io = 100 mA.

5. Cathode current density for different cathode diameters.

6. RA/, and 00 versus D R = anode radius; Rk = cathode curvature radius;
00 = cathode aperture angle; Do = beam diameter;

Dk = cathode diameter.

7. Wehnelt aperture angle versus cathode aperture angle.

8. Wehnelt aperture diameter calculation.

9. Rk/Dk and ra/Dk versus Do/Dk.

10. I/Dk and D/Dk versus Do/Dk (L = cathode anode space).

11. Current donsity for different beam diameters.

12. Constituting parts of the cylindrical gun mount.

13. Pumping system for gun tests.

14. Optical diagram of the gun CO C 20 II.

15, 16 wd 17. Transmission characteristics of the gun CO C 20 II 8.

18. Optimum trnnsmission of the gun CO C 20 II 7.

19. Optio adiagram 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 versus V/VL.

(V0 : collector voltage)

(VL : line voltage)

'4. Efficiency of the gun CO C 10 I versus Vc/VL .

25p 26. Rectangular beam gun. Components and assembled gun.

27. Beam transmission of the rectangular beam.

Ie~
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28. 2 mm hole vanelinet

29. Lines comparison at 2 mm and 4 tm.

30. 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.

33. 34. Dispersion curve of a double vaneline symmetrical.

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

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.

* 41 and 42. 7illing samples 4 x 4.

35 x 35.

43. 2 mm and 4 mm line block comparison.

44. Two different models of line block for the type "B" tube.

45. Electroforming mounting.
installation.

46 and 47. Fusion process crucible mounting.

48. Drawing process.

49. Extension process.

50. 51. Pressing prooess.

52. 53. Assembly of holing pieces.

54. Pumping system.

55. Tube pumping in electromagnet.

56. 2 mm detector.

57. 2 mm waveneter.

58. Interferometer diagram.

59. 2 irrors unit.

60. 4 mm interforometer.

61. 2 mm interferometer.

62. Calorimetric wattmeter (new model).

I
II
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63. Wattmeter assembly.

64. Wattmeter and recorder.

65. Tube forming recording curves.

66. Starting current of the tube NO 1.

67. Power of the tube NO 1.

68. Power of the tube NO 3,1 69. Starting current of the tube NO 80 A.

70. Power of the tube N080 B.1 71. The tube in electromagnet.

72. Starting current of the tube NO 81.

73. Power of the tube NO 81.

74. Power of the tube NO 82 C.

-o0o--
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