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-INTRODUCTIONS

In this report it is proposed to develop a TPOM tube working under
CW conditions, seeking more particularly to reduce causes of instabilities and

rf noise.
1) - Ingtabilitie

Instability is generally due to coupling between the input and
output of the tube, this causing rapid variations of gain and spurious oscil-
lations. This coupling is introduced in the following way

a) The tube is badly matched at both the input and the output, and attenuation
is insufficient in relation to tho gain of the tube, Roflection can occur
also at the attenuation and at irregularities in the line.

b) A fast mode may propagatc between the line and the solo-plate. This mode is
excited at the two ends of the line at the input transformer and by line
irrecgularitics. The problem of docoupling betwoon input and output is more
difficult than in the preceding case, sinco tho fast mode suffors very littlo
attomuation, Furthor, coupling botween input and output can occur at the
reaonance frequencies of the body of tho tubo.
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2) Noise =

When oscillations are suppressed in an If optical system, it is
found that beam noise is of a white nolse kind, generally much more intense
than thermsl noise, by a factor which may reach 10° to 107, Te arigin of this
abnormal noise is not all well understood and many hypothese have been put -
forth in this respect} The noise characteristics ol a pulsed TPOM are knmm(z) ’
but the TPOM probatly behaves differently on CW on account of its much higher
beam impedance (10 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 possihle to reduce or %o suppress atnormal
gun noise by choosing a narrow cathode compared to the distance between
the cathode and the anode. For greater detail 300(3) .

(1) T.Van Duzer and J.R. Whinnery : "Noise in Crossod-field Elecotron Beams" -
Crossed Field Microwave Dovices, Vol 1 - Acadcmic Press. ‘
(2) 0.Dochler : "TPOH iiagnotron Amplificr" - Crossed-field Microwave 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 FUC 1807 ol 7717 6l.
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(4) /to .
’ has obiainod signal noisc ratios corparable

Farther, Anderson
to those of a normal "O" tube using a spaco charge gun in a carcinoiron. On
the basis of this rosult Van Duzer (1) suggests that perhaps the time has como
to try ard produce low-noise TP(l's. It seems improbable that such tutes = if
they ever come about - can compete with low=noise "O" tubes. In any case it is
first necesssry to solve the more "trivial" problem of suppression of insiabi-

litic she present work deals ossentially with this difficulty.

© o ® e @ v ®
ot S om e

{4) J.Ra Andérson : Noise Moasurcments on an M type backward wave Amplificr;

PIRE, 48, 946 (1960).
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I - INTLUFNCE OF THE FAST HIODE CN THU GAIN CF A TPOM

It is assumed that the line is perfectly regular from the gecmetrical
point of view so that the fast mode can be excited only at the tubo input and
output. There is no pogsibility of an exchange between the fast and the slow
modc elsowherc, since these two modes are orthogonal. The investigation which
follows does not account for disturbancesduo to resonance of the Hube tody but

can bo adapted to that case with little modification.

Notation is given in Fig.l.l,

Indices E, S, L. R, respectively, for : inpui, omtput, slow wave
and fast wave.

Signs + or - rospectively for an incident wavo or a reflected wave

with respect to the junction.
Voltages arc referred to arbitrary rcfercnce planes but which are

vory close to tho corresponding junction.

The slow wave has an atteruation A and an clectronic gain, G0 80
that the total gain(in voltage) is G = A G,

Phase shift between the input and the output is respectively, €.
d
and OR for the slow and thc fast wave.
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It is provisionally assumed that thc fast wave is unattonuated.

We have at the input :

A
v Ve
- 1= v
Vi |5 (S > L
\/R“ v;f 1)

whero (S) is the scattering matrix :

G Tew Tea

S)= = £ T
Ten Tia @ n@

(S) is symmetrical and unmitazy : (S)e (%) = (I) whore (I) is tho unit matrix.

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

transformer, hence

=<
O

- (S) \/'+ I.(3)

<
1

S

Tw

r

<;L
<
w ..

»
—
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Attention here is given to the tube's effective gain. i.c. to the ratio
between the output and input voltages. Eliminating the other variables
betweon I.(1) and I.(3) and I.(4), we obtain :

2

?(BL % Y 1.(5)}
[T;'p\ “GA‘Q L(()TR kL LR)l*Gé{e ['EL”‘Q K(;l r 1;' ER)
s
R

391’ 22 e 60
S ST L R

A fow special cascs will now be congidered :

1) No coupling with tho fastmode

All that is required is to put in  I4(5) :

T-ER = T;:K =0 Hence:[é:/]
and = s [0
ﬁL PE ( 1.(6)
Vi TR G g% e
. A4-peAaLl"
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In porticular t}m tube begins to oscillate when the denominator
is 0 {J’“ GA ézé‘al— =] » this volation being evident. So the gain
has to satisfy :

/ /{ 2
G ~ P ,4
Power gain is given by :

2
R W]t G'(4~0r")

- Ve ~ + C,;Q(DL""A2 -2 (JQGA cos 26,

.2 .2 .
Generally F(‘(J A (4 /1 hence ¢

2
~2
P Ga=P)
Pe A - 4P GA s 20,

Taking a total gain of 20 dB (G = 10), a 10 dB attenuation :
A ny O3, aVSiRof 1,5: [ = 0,2,povor gain will vary frow 80 to 13 0
Tr
for a variation A eL = -:2‘: y which is large considoring that we arc

dealing with common values.

The real gain variations are generally less, since a TPOM is often

operated under saturated conditions.

2) Infinite attenuntior.on the lino

Assuming that there is no beom ¢ Ge =1, and that the line attcnuation
1s infinite, we havo 4 = 0,
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1.(5) gives in this case

-6

2

Vs Teg A 6)
= - .(8

VE “q - @ze-zd,eg

This provides means for measuring the parameters rclated to tho fast
mode. For oxamplo maximum and minimum transmission are measured :

.,Pg.) I .
%y AR ]

4
(PS | Tenl

S ————

\&/ (/1 + [Palz)z

h

This gives two relations which will pormit the determination of :

Tea ) an TeL
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Assuming that radiation is slight that the input - fast wavo trans-
mission is of the same order as the transmission from thc slow wave to tho

fast vavo, or Tgp vV Ty > 0 then (2 tonds to onity,
R

9 2 2
bocause l’rikl + ITZ‘Q‘ + lPRi b~ 4 . Under these conditions

I1.(8) yiolds :

| %l
Va 'eR
£ g Ter

X

a result which is certainly not obtained under usual conditionse. This is
duc to tho fact that, in the casc of tho fast mode, losses have boon
noglocteds Even whon these losses arc amall they considorably altor the
rosulte Tho caso considorod above is actually a rosonance of the fast
modo, damped only by the power transmitted at the two ends, to the input,
the output and the lino. Since we have assumed that those lossos are vory
small, the Q factor is very high, and rosult I.(9) bocomos plausible.
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It is thereforc necessary to take losses of the fast mode into
acoount. All that is required is to replace, in I (8), @ R byg -?4‘8
where : -Z is the length of the line, d is the attenuation conata.nt
of tho fast modes

Relation I (8) then becomes I (10) :

_\_/5_ ) _Q'JGR T_ v d&

-

Ve A - -20( B (, e I (10)
Hence : - p:e
W 2

this result difforing considerahly from-I (9), evon in the camof very
low losses, For example 1 < R =0,9, lT I = 0,01, honce P/U/f
(assuming that ~nT ).

Tea ™Mo

2 —o(€
Honco 1 Jm] ¢ " __ 901299 ~2

4
S A 22 =99
VE ~€ [
oy

It will now bo shown that, in practico, all that is noeded is to
,\_12.’ in ordor to doterminc the admissible maximum gain. To

i
moasuro)y, 2"“’ it is of course gonerally nocossary to usc a fairly high

know

power gonermr.

4 e 0 s B e
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NOIE -

If linc attenuation is high but not infinito, wo havo
~2 =t ‘1—( b,
e *

lgr
N AT
A - -Jo( g JJ G2 1.(12)
e e

3) Tho tubo under amplifying conditions

To write tho condition of oscillation it will bo sufficiont to
mako tho denominator of I (5) equal to O.

Honce ¢ _20(0 0&7__'9".6
(4 eApe2*9X ) 6

In the casc of the most unfavourablo phases :

onf)(amg ) = SFmiaeq

the
To avoid oscillation, gain G will have to bo loss than ¢

¥
2 -,

(77.9.’6 ‘-
A - A\a- g2

1}

@ L(14)
Cjo'sc (zQA +( Tot 4”‘““ )

4._():@2&{
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Assuming T.;R N ?:R’ which is probably true, somc idea
of maximum acceptable gain can be obtained by measuring p‘ p
A, and V’- under the conditions givon in tho proceding paragragh

C’ N l#&‘] wmax Ny A

0$ I (15)
‘ A +lVme A+{V‘ may

The fast mode losses naturally play an important part, as already
mentioned, Assuming thoso lossos aro nil, and T =Tpe I (14)
@lves the Pather low critical gain @

2-~A {9

2
YY) A*Q(JLA

"

= Conclusion =

- Means havo been shown whorety parametors rolated to tho fast modo
of a TPOM can be determined. This mothod of moasuromont has the advantage
of requiring no modification (such as additional outputs on the solo-
plate) liablo to porturd this measurcmonts From tho results obtained
maximum admissible gain can be predictod.

No account has been taken in this investigation of radiation from
tho input to tho gun and from tho output to tho colloctor, this radiation
contrituting to the oxcitation of rosonances in tho box of the tube. The
problen is of course similar, The principle indicated for this measurcment
is still velid s in both cases, lv pax Do&SUres approximately tho ampli-
tudo of reaction from tho output to the input, comnectod with radiation.
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= REDUCTION OF THE FAST bCD:

The following mcthods are availablo 3

‘ i 1) The fost mode is attemuated, the proceding results showing that this is

) effoctivo. But this attemuation is not easily obtained in practice for the
i | fast mode impedance is generally rather high. Damping of rescnance in the
tube box sots a similar problcn,

i 2) 4 modo tapor is usod in order to avoid radiation by the driving

- transformers. This method, due to Je. Arnaud (5) , consists in progressively

!’ modifying the finger cross-soction, the distances between the fingers
and the ground , and betwoon the fingers and the sole over a length

i- of sovoral soctions, starting from the input ond, so es to secure a progros-

sive change in tho ratio of the corrcsponding capacitios.
! By appl}ing a certain law of variation for these vapacity ratios,
the fast mode is .oxcitod. Adjustments are fairly critical and roquire a groat
I deal of care.

(5) 7. Armaud ¢ "Study of fast modo interaction in Crossod-Fiold Amplifier,
CSF contract Raythoon n222 WR 826 ~ January 1962.
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3) Without taking any special precautions as rogards tho oxcitation of the
fast mode at the driving transformers, the propagation conditions for this
nodo are modified to make it ovancscont within the usoful bend. Lot us
assume/ t%et solo~-plate is short-circuitod by the sides on the line unit.
This gives a closed section in which the fast modo is propagated as in a
kind of ridge waveguido. The cut-off frequoncy of this waveguide hos only
to be higher than the high-froquency cut-off of the useful mode under
ovanescont conditions, Naturally, tho sole-plato has to be insulated from
tho 1ine unit whon the tube is in operation,but mamuroncnts has shown that if

P this insulation i1s secured by means of a sufficiently thin layor hoving o

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

tho same time conditions are secured which permit solving the loss prohlom
morc easily, (low impedancc), by superimposing a dielectric an

attenuating layor,

To decouple the outputs from the tube box resonance, this cut-off
wavegulde must not only cover the line, but must also extend ’
on the gun and on the collsctor sides.

femem oo

S 1 s T T 0 SO RTIA K1 3 Tl BT BT A1 ean
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III ~ DESIGN OF A TPOM FOR L BAND -

A TPOM 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 modifications, such
as to gun, the line, the sole.

The different tube components and connection points are mounted
on a water-cooled platform insulated by a cover and "O" ring seal. The tube is con-
#inuously evacuated (Fig.III.1) and its general cut-view is shown in Fig.III.2.

characteristic

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.

The dimensions of the line are shown in Fig.III.5 and its dispersion
cwrve in Fig.Ill.4.
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The coupling reaistance was investigated by an analogic method which
gave a cholce of favourable dimensions from this point of view. The principle
of this method is described in Appendix Figs III.5 shows the variations of
R, ( %P ) (coupling resistance of harmonic 1 in tho middle and at the level
of the line) against the fundamental phase shift § ( O P £ 2 7T ), for
various values of a form factor 0( (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 X, = 0,5 on this figure.
Fig.II1.5 shows that the most useful coupling resistance is obtained : for X
about 0,5. In the caso of widor fingera, the coupling rosistance is lower over
the whole band. For narrower fingers the coupling resistance is higher, for [/
less than /T , and lower for § groater than M , so its variation over the ban
groeator.

Sole-plate : (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 cnamel
0,6 mm thick, This operation met with several failures, either during baking,
on account of excessive tomperaturc gradiont or during grinding. It is now
proposod to obtain this insulation either by using a strip of stoatite, or by
sputtoring alumina.

Gup (FigeIIL,7)

Trajoctorios have been plotted neglecting space charge. The rosult
is that, with the dimensions mentioned, injoction is approximately laminare
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Guns more spocially dosigned for low noise will be mourted later,

t cO! 10

The values given were obtained with the following criteria : high
&ain for low applied power, reasonable space charge, with no attempt to obtain
high efficiency.

Delay Z =22
Applied power B, = 500 watts
Critical magnetic field Bo = 370 gauss
Magnetic field ® = 440 gauss
B3
Bo =1,2
Line voltage Vo = 3000 v

Sole-plate voltage V5 = 600 v
Line sole-plate distance dv = 6m

Digtance between line and
Zero equipotential surfacedb = 5mn

Cathode current T, = 110 m
Beam impedance Zo = 18
Wavelength b 18 cm

Propagation constant (3 = %’-’C = 34T Md'/‘“*

Msan distance from beam to
line d g =34m

Coupling resistance R =30 ohms
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&, - d’f
Circuit gain i =5,5 107 ’0‘/“"‘

Diocotron gain : Q‘la = 20,7 10"'2 /"/'/am

o(-.ﬁ- "3’
%
Total gain : 'b': \/b’ot'*“xaz = 0,22 ///n/c.»
Voltage gain for a line length of =2'35an:
eo  h¥LrE o dB
A+ o2
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IV — EXPERIMENTAL RESULTS -

IVel. Matching

The 1ine impedance is about 300 ohms. Matching is facilitated by
widening the first finger (3,5 mm instead of 2,5 mm). 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 acoeptable valus of VSWR is
obtained (FigsiVel).

IV.2. Trangnission

The sole-plate used for these measurements did not have correct
ddnensions, neither did it have the accuracy of the sole-plate to be
used in the tube, as regards paralloclism and centoring. So measurenents
will be repeated undor botter conditions. Figs.4.2 shows the transmission
with  RP-short-circuit and  insulated solo-sidos Radiation noar
the high froquency cut-off is distinctly less in the case of tho
short-circuited sole~plate.

IV.3. Direct radjation meagurement

Those measurcments were based on the method described in chapter 1 @
the line is strongly attemmated (over 60 dB) and transmission was
measured, To socure a sufficiently high input, the signal from a Ferisol
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gonerator was amplified by a TP0.153 A. This gavo a power of about ono
vatt,

Those moasuroments show that tho method using a cut-off wavoguide is
insufficiont to avoid coupling with tho resonancos of tho tube box. But
the attonuation of the fast mode at low impedance is effective. Only
tho results concorning tho lattor case will bo describeds Tho othor
sorios of moasuroments will be rosimed under better conditions with tho
correct sole-plate, and results will boe given in the noxt roport.

Figuro IV.3 shows the transmission curvo of the totally attenuated
line, with solo-plate and cover, for the throo following cases :

1/ - Normal solo-plate

2/ - Low-impodance sole-plate (two toflon strips 0,5 mn thick)

3/ = Attonuatod low=impedance sole-plate (a atrip of graphited papox
is superimposed on each toflon strip).

It is found that the low-impedance solo-plate radiatos less than the
normale The low=-impedancc attenuation seems to be quite effoctive.

It should be noted that these curves givo maximum admissible gain
directly, limitation being due to radiation only. That duo to roflections
is neglected.

vt = s 4 o A BN e S 8 A e
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PROGRAMME FOR THE NEXT PERIOD

Work will continue on measurements aiming at reducing the fast

Tests will begin on the tube in operation.
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Appendix 4

DETERNINATION OF COUPLING RESISTANCE

Coupling resistance is defined by ¢

Al R (‘-? , C B (LP)I
182 P
B
where E mis the longitudinal component of the particular nth harmonic, (3 is
(Y
the propagation constant for that harmonic, and P is the power transmitted.

Dete ion of the ce onic amplitude.

A1l the quantities sre defined at line level. Axis 0% is parallel
i ¢ F
0 i,
@)i

to the fingers, O% is perpendicular to the fingers and in the plane of the line.
A space harmonic is dofined by s . @+aAnTl
E (x0)=2\ E (¢ ¢ ”v%
o0t ) Bl
A-2 . +onT q"'z
= ?fff T (°¢ <? ¢
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Consider s section of line and the two potential distributions
shown below ¢
/\Aaf

e s L 7, - S > 3
4) /:///u/'//’ "7:% //7 7 7/,// s
v- ot vz of® V=4 Vgl vegHP e
Feg A-4

) 2 U4 A A 2
U=0

U=0

+o0 3:
where - A
= U,@) =4[ ) e

-od
and \L(?) is the nth space harmonic for V(%) corresponding to FigeAels

() Demonstration by B, EPZSTEIN and J, ARNAUD,
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Ur» (‘F) can bo detormined by an analog method (graphited paper),

Kn‘owing U, ¢y E?: w (D) s obtained by formua A.1.

For an interdigital line, if V is the voltage amplitude at tho

ond of a fingor, we havo : if n is oven 3

E?’--"“’ (P, %)=

+2n VU (9)
LP " A "[1 2C
$ A &L
2 A,
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®
If Yy is odd

E ,c}z @ +Inl] VU,,,(‘?) cod ke
5:””@' ’ 4 “”%e‘

tion o wor tx tto

With V defined as in tho preceding paragraph,
X‘ the capacity between two adjacent fingers
% " " " the fingors and the ground
J, the finger length

wo have
cbf, v-?. -Ol;h- %
E - 2 -4‘;?"&@ AdS

whore (? and he are rolated by tho dispersion, whoso theoretical value is @

¢ _ %
wé—z- —(/1 + 5};) cod RE 4.6

¥ 1 ¥ are gonorally measured by an amelog mothods For tho 1ino used in
this case (Fige3+3), wo have i
Yo = 2

X" 9,5
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Honce 1 m%:gtg‘r‘mhﬂ

It is found that this dispersion is in very good agrecment with
the oxperimontal curve (Mig.3.4),

Under these conditions it can be accepted that the theoretical
oxpression for the power transmitted is also a vory good approximation.
[ ]

Coupling rosigtance

With Um(ce”measumd as shown above, and the thoorotical
exprassion for P boing justified in the case of our particular line, we have

2 Y "y
R (42) = UNCA7 ol I
"

%
¢ b; Diwm f.‘-g. At b.)t (w oven)

In tho case of rectangular fingers closoly spaced, the voltage
varies approximatoly lincarly betweon two fingers. On this assumption ¢

/
I e R
T = ' A8
w ('?/ T ¢ w X% M
2t i)
where o 1s defined in Fige3:5e L
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It has boen verified on two exazhples that the value of U,n((p )
obtainod from 4-8 is in oxcollont agroemont (of the order of 3% ) with the

results of measurement by the analog method.

In conclusion, sufficiently accurate rosults are obtained in the
case of the type of line being considered here, by applying A.6 for dispersion,
A8. for the spaco harmonic amplitude, and A~7 for tho coupling resistance.
The only measuroment roquirod is an analoguo measurement of the capacities Ko‘ ; ( .

The following are obtained for the various valucs ofdin Tige3+Hy

A 03 |04 | 05 | 06 | 0,7

%o ( pF ,-‘//m} 2 | 0| 26 | | 2
/

a: j pFi /m) 15 12 ] 95| 7,5 | 56

B ST e e e
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