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-INTRODUC T 10N-

In this report it is proposed to develop a TPON tube working under

CW conditions, seeking more particularly to reduce causes of instabilities and

rf noise.

i) - Instabilities

"- Instability is generally due to coupling between the input and

output of the tube, this causing rapid variations of gain and spurious oscil-

S-• lations. This coupling is introduced in the following way •

a) The tube is badly matched at both the input and the outputp and attenuation

is insufficient in relation to the gain of the tube. Reflection can occur

-. also at the attenuation and at irregularities in the line.

b) A fast mode may propagate between the line and the sole-plato. This mode is

excited at the two ends of the line at the input transformer and by line

I irregularities* The problem of docoupling betweon input and output is more

difficult than in the preceding case:, since the fast mode suffers very little

attenuation. Further, coupling between input and output can occur at the

roesonanoo frequencies of the body of the tube.

I
I
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2) Noise -

When oscillations are suppressed in an H optical system, it is

found that beam noise is of a white noise kind, generally much more intense

than thermal noise, by a factor which may reach 103 to 1O4. The origin of this

abnormal noise is not, {t all well understood and many hypothese have been put -

forth in this respecto 1-The noise characteristie&-vf a pulsed TPOI are known (2),

but the TPOMI probably behaves differently on CW on account of its much higher

beam impedance (iO to 50 kohms against 0.5 to 1 kohm). On this point it may be

"noted that

1) Abnormal noise in a TPOM operated on CW is essentially related to the

electron gun.

2) For a high beam impedance it is possible to reduce or to suppress abnormal

gun noise by choosing a narrow cathode compared to the distance between

the cathode and the anode. For greater detail see(3).

(1) T.Van Duzer and J.R. Whinnery : "Noise in Crossed-field Electron Beams" -

Crossed Field DNicrowave Devices, Vol 1 - Academic Press.
(2) 0.Doehler : "TPOII 11agnotron Amplificr" - Crossed-field Ydcrowavo Detdces -

Vol 2 p.155 - Academic Press.

(3) Research on Noise in Crossed-field Devices" - Final Report - Sept 1961 -

Contract CSF/Signal Corps - DA 91.591 FTJC l&07 ol 7717 61.

i
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(4) /to
Further, Anderson•' has obtained signal noise ratios comparable

to those of a normal "0" tube using a spaco charge gun in a carcdnotron. On

the basis of this result Van Duzer (1) suggests that perhaps the time has cc=

to try ard produce low-noise TPOK's. it seems improbable that such tubes - if

they ever come about - can compete with low-noise "0" tubes. In any case it is

first necessary to solve the more "trivial" problem of supprossion of instabi-

litL',The present work deals essentially with this difficulty.

(4) J.R.. Anderson : Noise I.easuroments on an 4 type backward wave Amplifior;
PIRE, 48, 946 (1960).

I
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I - 1=N TFNC3 OF TM FAPST HODE CN TM, GAIN CF A TPC0N

It is assumed that the line is perfectly regular from the gocmetrical

point of view so that the fast mode can be excited only at the tube input and

output. There is no possibility of an exchange between the fast and the slow

mode elsewhere, since these two modes are orthogonal. The invostigation which

follows does not account for disturbanoesduo to resonance of the tt.bo body but

can be adapted to that case with little modification.

Notation is given in Fig.I.i.

Indices E, S, L. R, respectivoly, for : input, oitput, slao wave

and fast wave.

Signs + or - respectively for an incident wave or a reflected wave

wf.th respect to the junction.

Voltages arc referred to arbitrary rcfercnco planes but which are

very clone to the corresponding junction.

The slow wave has an attonuation A and an electronic gain, G soo

that the total gain(in voltage) is G = A G0

Phase shift between the input and the output is respectively, Q',

and QR for the slow and the fast wave.I
II'
L!



W.R* 971 5.

It is provisionally assumed that the fast wave is unattnuatcd.

We have at the input

VR

whore (S) is the scattering matrix

(s) is symmetrico. and unit,-y : (S). (SN) = (I) where (i) is the-unt matriy.'

It is assumed that the output transformer is identical to the input

transformer, hence

V, 0

I+



v W.R. 971 6.

Also +

A.- V, • +', i.

- -V

I Attention here is given to the tube's effective gain. i.e. to the ratio

between the output and input voltages, Eliminating tho other variables

I between I.(i) and I.(3) and 1.(4), we obtain :

-- ~A few special cases will now be consjiered

i) No couplinw with the fa_.tFod__e

All that is required is to put in I.(5)(

S~~~~and: • ,6

LA - P PL ) P' L

-4!
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In particular the tube begins to oscillate when the denominator

is 0 fj4,this relation being evident. So the gai-n

has to satisfy

Powor gain is given by

v+ 2

Gonorally A -42  Z 4 hence

PC)..-(
P s - 1c,- 2Qo

Taking a total gain of 20 dB (G = 1O), a 10 dB attenuation

A rvj 0,3, a VSWR of 1,5 : P = 0,2,powor gain will vary from 80 to 13 0
7T

for a variation -@ , which is largo considering that we are

dealing with common values.

The real gain variations are generally loss, since a TPOM is ofton

oporatod under saturated conditions.

2) Infinite attonuatiornon the line

Assuming that there is no beam : G = 1, and that the line attenuation

is infinite, we have A 0.

I
!



W.R. 971 8.

I.(5) gives in this case "

This provides means for measuring the parameters related to the fast

modo. For example maximum and minimum transmission are measured •

This gives two relations which will permit the determination of :

I

I



W.R. 971 9.

Assuming that radiation is slight that the input - fast wave trans-

mission is of the same order as the transmission from the slow wave to the

fast wavo, or 'V T L , 0 then ) tends to unity,

because 7 + IT, 12+Z Under those conditions

I.(8) yiolds

I-_

a result which is certainly not obtained under usual conditions. This is

duo to the fact that, in the case of the fast mode, losses havo boon

neglected. Even when these losses aro small they considerably alter the

result. The case considered above is actually a resonance of the fast

mode, damped only by the power transmitted at the two ends, to the input,

the output and the line. Since we have assumed that those losses are very

small, the Q factor is very high, and result I.(9) becomes plausible.

I
I
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IIIt is therefore necessary to take losses of the fast mode into

accounts All that is required is to replace, in I (8), OR 5
where : is the length of the line, (R is the attenuation constant

(1 of the fast mode.

Relation 1 (8) then becomes I (10)

Ae 1 (10)

Hence

-_____ _____1__ _ I (ii)

this result differing considerabl• from.I (9), even in the cam of very

low losses* For example: 0, 9t ('i = 0,1, henLce IVAII(assuming that T-. v )R

Hence: ~]-.4 4 , .

-16% 4 ,,- -,/.f,
It will now be shown that, in practice, all that is needed is to

knIaow Ain order to determine the admissible maximum gain. To

moasureo " it is of course generally necessary to use a fairly high

power goneratdr.

[
LI
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NOTE-

If line attenuation is hiqh but not infinite, we have

v~~. ~- (O I(2

3) The tube under amplifying conditions

To write tho condition of oscillation it will bo sufficiont to

mako tho donopinator of I (5) equal to 0.

i (Hence : 2

In the caso of the most unfavourablo phases

C7A L) -- P'- /the +G
To avoid oscillation, gain G will have to bo loss than :

I

I
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Assu ing • whiL' mch is probably true, somo i.dea

of maximum.acceptable gan can be obtained b measuringSA, and 11CLmax under the conditions given in tho procoding• paragraph

t A I V1,I~LC A.

.1 le

PL.A +I K IA + (p

Tho fast mode losses naturally play an important part, as already

mentioned. Assuming these losses are nil, and T. = T I (14)

givos tho father low critical gain :

SA -Z ••

C onclusion,-

iMoans have been shown whereby parameters related to the fast modo

of a WM can be determined. This mothod of moasuromont has the advantage

of requiring no modification (such as additional outputs on the solo-

plate) liable to Porturb this measuromont, From the rosults obtained

maximum admissible gain can be prodictod.

No aocoumt has been taken in this investigation of radiation from

the input to tho gun and from tho output to the collector# this radiation

contributing to the excitation of rosonances in the box of the tube. The

problem in of course almilar. The principle indicated for this measurement
in still valid s in both cases, \1 masures ap tely thoLudo moea app ron imatel w th e r a uiatiII tndo of reaction fro the output to the input, connected. ith radiatiOn.

-i-i-Y.:l
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I-
V

I~ II-BEUCTION OF THE FAAST N3 -

The following methods are available :

"- 1) The fast mode is attenuated, the preceding results showing that this is

effectivoo But this attenuation is not easily obtained in practice for the

- fast mode impedance is generally rather highs Damping of resonance in the

tube box sots a similar problem.

2) A modo ttpor is used in ordor to avoid radiation by the driving

transformers. This method, due to J. Arnaud (5)t consists in progressively

modifying the finger cross-soction, the distances between the fingers

and the groun , and between the fingers and the sole over a length

of several sections, starting from the input end, so as to secure a progres-

sivo change in the ratio of the corresponding capacities.

"By applying a cortain law of variation for these capacity ratios,

the fast mode is excited. Adjustments are fairly critical and roquiro a groat

"deal of care.

J(5) . Arnud i -Study of fast mode interaction in Crossod-Field Aaplifier"°

CSF ontract Raytheon n222 WR 826 - Jamary 1962.

I
I



h vA. 971 14.

w) Without taking any special precautions as regards the excitation of the

f fast mode at the driving transforners, the propagation conditions for this

mode are modified to make it evanescent within the useful band. Lot us

assmlmt solo-plate is short-circuited by the sides on the line unit.

This gives a closed section in which the fast mode is propagated as in a

Skind of ridge vaveguido. The cut-off frequency of this waveguido has only

to be higher than the high-frequency cut-off of the useful mode under

"evanescent conditions* Naturally, the sole-plato has to be insulated from

the line unit when the tube is in operationpbut memurmont hbs shown that if

this insulation is secured by means of a sufficiently thin layer hz'ving a

sufficiently high dielectric constant, results are not very differont. At

the same time conditions are secured which permit solving the loss problem

more easily, (low impedance), by superimposing a dielectric an

attenuating layer.

To decouple the outputs from the tube box resonance, this cut-off

•- waveguide must not only cover the line, but =ust also extend

on the gun and on the collector sides.

'I
[
I



W.R. 971 15.

III -DESIGN OF ATPO?4FRR L BAB-

A TPOK for CW operation in L band has been constructed. Since the

object was to reduce instability and noise, high performance as regards power and

frequency band was not aimed at.

"It is a laboratory tube designed to permit easy modification3s such

as to gun, the line, the sole.

IIThe different tube components and connection points are mounted

on a water-cooled platform insulated by a cover and "0" ring seal. The tube is con-

I btnuoualy evacuated (Fig.III.1) and its general out-view is shown in Fig.IIL2.

T Line characteristics

First, experiments will be conducted on an interdigital line

working on the first direct harmonic. This line is easily constructed (electro-

erosion) but its coupling resistance for the harmonic mentioned is low and varies

rapidly over the band*

I. The dimensions of the line are shown in Fig.III3 and its dispersion

curve in Fig.III.4,

I
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F The coupling resistance was investigated by an analogic method which

gave a choice of favourable dimensions from this point of view. The principle

of this method is described in Appendix Fig. 111.5 shows the variations of

Rcl ( C ) (coupling resistance of harmonic 1 in the middle and at the level

of the line) against the fundamental phaseshift 0(O0s< f. I- Z r ) ,for

various values of a form factor ( (ratio of interdigital space to distance

between fingers).

It should be mentioned that all the dimensions are as shown in

Fig.III.3, excopt for the finger width which is set at C( = 0,5 on this figure.

Fig.III.5 shows that the most useful coupling resistance is obtained : for X.

about 0,5. In the case of wider fingers, the coupling resistance is lower over

the whole band. For narrower fingers the coupling resistance is higher, for

less than P , and lower for 0 greater than i , so its variation over the ban

greater.

Sole-Plato : (Fig.III.6)

The sole-plate is insulated from the line by a thin dielectric layer.

Originally it had been proposed to fcoat the sole-plate with a layer of enamel

0,6 mm thick, This operation met with several failures, eithor during baking,

on account of excessive tomperaturo gradient or during grinding. It is now

proposed to obtain this insulation either by using a strip of stoatite, or by

sputtering alumina*

Trajoctories have been plotted neglecting space charge. The result

is that, with the dimensions mentioned, injection is approximately laminar.

I
II
!
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Guns more spocially dosignod for low wise -will be mounted later-,

p0erating conditions

The values given were obtained with the following criteria : high

gain for low applied power, reasonable space charge, with no attempt to obtain

high efficioncy.

1. Delay 22

Applied power Pe = 500 watts

Ii Critical magnetic field k = 370 gauss

Magnetic field = 440 gauss

=1,2

Line voltage Vo = 3000 v

Sole-plate voltage VS = 600v
Line sole-plate distance = 6 mm

T Distance between line and
zero equipotential surface = 5 mm

1" Cathode current = 170 M

Beamimpedance Z = 18

Wavelength X 18 cm
LPropagation constant ZT 21 7

Mean distance from beam toSline 3,4
Coupling resistance 3 = 0 ohms

II
[
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Diocotron. gain 20 p 7 .0 10-2

3,7 ~ 207 0

Total gain: s'. 4q =022

Voltage gain for a line length of -too 35 cm s

G= - -- :-65

I
I
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[ F~ i- ,,.ERDMI RESMTS-

SIV.1. Matcgn

"The line impedance is about 300 ohms. Matching is facilitated by

I widening the first finger (315 mm instead of 2,5 ma). The line is driven

from the end of the finger. With a coaxial transformer 13 mm long, and

a characteristic impedance of 85 ohms, an acceptable value of VSWR is

obtained (Figo LV.i).
1..

IV.2. Transmission

The sole-plate used for these measurements did not have correct
dimensions, neither did it have the accuracy of the solo-plate to be

used in the tube, as regards parallolism and centering. So measurements

will be repeated under better conditions. Pig.4.2 shows the transmission

with RF-short-circuit and insulated sole-sidos, Radiation near

J the high froquency out-off is distinctly loss in the case of the

short-circuitod sole-plate.

IV.3. Direct radiation measurement

Those measurements were based on the method described in chapter 1:

the line is strongly attemiated (over 60 dB) and transwission was

measured, To secure a sufficiently high input, the -i~nal from a Ferisol

I
I



IiW*R. 971 20.

[

generator was amplified by a TPO.153 A. This gave a power of about one

[ watt.

Those measurements show that the method using a cut-off wavoguide is

insufficient to avoid coupling with the resonances of the tube box. But

the attenuation of the fast mode at low impedance is effective. Only

the results concerning the latter case will be described. The other

series of measurements will be rosamed under better conditions with the

- correct sole-platoe and results will be given in the next roport.

- Figure IV.3 shows the transmission curve of the totally attenuated

line, with solo-plato and covory for the three following cases :

I/ - Normal solo-plato
L• 2/ - Low-impedance sole-plate (two teflon strips 0,5 m= thick)

S3/ - Attenuated low-impodanco sole-plate (a strip of graphited paper

is superimposed on each teflon strip).

It is found that the low-impedance solo-plato radiates less than the

normal* The low-impedance attenuation seems to be quite effective.

It should be noted that those curves give maximum admissible gain

I directly, limitation being duo to radiation only. That duo to reflections

is neglected.

[
I
I
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I ~PROGRAXE MOR THE NEXT PERIM

Work will continue on measurements iming at reducing the fast

mode.

L Tests will begin on the tube in operation.

F

SI!
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AMZendix A

DETMINATION OF COUPLING RESISTANCE

Coupling resistance is defined by

where ithlogtdnlcomponent of the particular n barmpnio, i

te propa ion conhstat for tonat b onrcp and P is the power transmitted.

etermna~ton o..f the s•ace ha onc ampnlitude.

All the quantities are defined at line level. Axis O•tis parallel

to the fingers, 0$ is perpendicular to the fingers and in the plane of the line*

A space harmonic is defined by:

ii, 0

A4+:
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Consider a section of line and the two potential distributions

shown below t

A.,) I/""Z' F I_ 1",# E.Sx'
VU

,•V= e• - v= =.e v --,':• r• '

1"~

0Z--0 U=OU= U)=0 UhO

coT

!L where upJ-f-AJu()eA + k ,.

and V :) is the space baimonio for oorrspondI to ig.A.l.

I .(m) Demonstration by B, EPZIN and J. ARNAD.

I
I
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24.

Ii

M~(f~can be detormined by an analog method (graplhited paper).

K ow U, is obtairid by £formtla A.l.

For an interdigital lino, if V is the voltage amplitudo at tho

ond of a fingor, we havo: if h is ovon:

Ii--

j 
A.4.

I

F

I
I
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L ~If ftV is odds

Determination of Dower transmittod

With V defined as in the preceding paragraph,

Stho capacity between two adjacent fingers
t " the fingors and the ground

the finger length

we have

P z -V A45

VWhore and are related by tho disporsion, whose theoretical value is:

I.W4 are generally moasured by an analog method. For the line used in
"this case (Fig.•.3), we have 3

Y494

I
It
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It is found that this dispersion is in vory good agrooment with

the experimental curve (1ig.3.4).

Under those conditions it can be accepted that the theoretical

oxpression for the power transmitted is also a very good approximation*

Coupling resistance

R .+ _., , _ ............................. .... .. X { A 1

e I in the case of rectangular fingers closyly spacedy the voltage

varies approximately linearly between two fingers. On this assumption :

i I--

1 where is defined in Fige3o5. eTi

I
jl
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It has boon verified on two examples that the value of

Sobtained from A-8 is in oxcollont agreement (of the order of • ) with the

results at measuremnt .by the analog method.

11 In conclusion, sufficiently accurate results are obtained in tlu

case of the type of line being considered hero, by applying A.6 for dispersion,

A.e. for the space harmonic amplitude, and A-7 for the coupling resistance.

The only measurement required is an analogue measuremont of the capacities

7 The following are obtained for the various valuOs of in -eig.3.5*

[03 0,4 0,5 0,6 0,7

_ _ _ _ 32 30 26 24 22

F:~./F7 vw) 15 12 9,5 7,5 5,6

[
I
I
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