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'~CARCINOTRON 0" 

The " Carcinotron O " (*) represents the latest offspring of a long 
line of low power microwave tubes descended from the old special triode 
which was, not so long ago, terminated by the travelling wave amplifier 
tubes (TPO) . The determining role played by the COMPAGNIE 
GENERALS DE T.S.F. laboratories in this evolution is well known; the 
"Carcinotron O" which after the magnetron type amplifier enlarged the 

family of travelling wave tubes is itself also a creation typical of our 

Company. Conceived, designed and developed by Dr. Warnecke and his 
team it is now in production in our factories. 

BACKGROUND OF THE " CARCINOTRON O " 

The " Carcinotron O ", the logical outcome 

of research carried out by electronic specialists on 

the exchange of energy between electronic beam 

and electromagnetic field, would probably have 

remained a lab " curiosity if its appearance in 

viable form had not fulfilled the wishes of many 

electronic experts. These wishes were expressed 

by: 

(') " CARCINOTRON " is a registered trade mark. 

• modern telecommunication technicians 

who above all sought to transmit simultaneously 

and without distortion the greatest possible number 

of high quality signals, 

• Radar specialists striving to increase the 

accuracy of range measurements, 

• and electronicmetrology technicians. 
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These requirements can be enunciated in 

their most elementary form in the following manner: 

" We could simplify our equipment and 

increase performance quality if there were available 

in the field UHF a self-oscillator ,easily modulated 
by purely electrical means throughout a very large 
frequency range, and this, of course, without preju-
dice to the other qualities generally required for a 

microwave tube ". 

From the outset, the " Carcinotron O" could 

bedefined as a microwave electronic self-oscilla-

tor capable of covering by simple electric 

adjustment a frequency range, considerably 
larger than that of tubes previously known: 
special triodes, reflex klystrons, travelling-wave 

I - _ BEFORE THE " CARCINOTRON O" 

A simple example, backed up by a few com-
parisons will give a better appreciation of the supe-
riority of the " Carcinotron " over older tubes. Exa-

mination of the characteristics of the CO 119 shows 
that around the 4,200 Mc/s frequency it is possible 

to obtain frequency deviations of 200 Mc/s by modu-

lating the high voltage fed to the tube by means of 

a signal of which the frequency can attain a few Mc/s. 
The distortion of the modulation is small and the 
power delivered in a 400 Mc/s bandwidth remains 
practically constant and in the neighbourhood of 
500 m W . 

The tube could thus possibly be used with 

success as a transmitter in a very high capacity 
radio link. 

The perplexity of the engineer faced in 1948 
with the problem of designing a transmitter having 
the same overall characteristics as the " Carcino-
tron " just described can well be imagined. 

Within the range of tubes available at the time 
the magnetron was quite obviously of no use. 

self oscillators using internal feedback (UHF field, 

UHF electron current...) 

The " Carcinotron O " exactly replies to the 

wish formulated above : further, it has many advan-

tages over its predecessors, which will be pointed 

out later, and in no case, is it inferior to them. 

The ideal tube for the radio-technician has 

thus materialized in the form of the " Carcinotron " 

but the qualities of this newcomer greatly surpass 

the highest expectations. Development of the 

future " Carcinotron " by our Electronic tubes 

laboratories was so rapid that potentiel users, 

taken by surprise, have not even yet fully reali-

sed all the possibilities of the tube, outside 

conventional use. 

The special triodes (lighthouse tubes) which func-

tioned precariously at around 4,200 Mc/s and which, 

if absolutely necessary, could be deeply modulated 

mechanically, could only provide, when used with 

reactance tubes, according to the conventional tech-

nique, electronic-tuning bandwidths of only a few 

Mc/s. The reflex-klystrons would have justified 

more hope : a CSF tube such as the KR 63 B opera-

ting at around 4,200 Mc/s has a tuning-band, defined 

conventionally, as being of the order of  15 Mc/s, 

the UHFpower delivered attaining a maximum of2W 

but the mediocre bandwidth of 30 Mc/s of the 

reflex klystron is far more affected by distortion 

than the band of the CO 119 " Carcinotron " 

which is 13 times larger. 

Confronted by the lack of straightforward solu-

tions, what solution could the engineer adopt, to 

get out of difficulty, when bent upon solving this 

problem? 

He would probably be lead to adopt the cum-
bersome methods used in the usual techniques of 



frequency modulation. It can be reasonably sup-

posed that he would have perused the reflex-klys-

trons, catalogue searching for thetube characterized 

by the largest electronic-tuning bandwidth, quite 

apart from any consideration of the value of the car-
rier frequency. From the signal supplied by a tube 
with a 66 Mc/s bandwidth (a 2k25 reflex-klystron. 
working at 9,000 Mc/s, for exemple), the sequence 
of operations based on frequency changing and mul-

tiplication might have been that shown in the atta-

ched figure. 

Is the " 1948" signal, resulting from this 

long chain of operations (of which are quoted only 

the principal stages, for example the various band 

filters have been purposely omitted) qualitywise 

comparable to that produced in 1954 by the " Car-
cinotron 0 "? 

Certainly not ; firstly, the noise level in the first 
case is much higher and further, the fairly high dis-
tortion which at the outset affects the modulation 
band of the reflex-klystron reappears in all the sub-
sequent operations. 

This example is obviously only of illustrative 

value and before continuing the praise of the " Car-

cinotron " this is the moment to describe it organi-
cally and to outline the theory of its operation ; this 

qualitative analysis will allow a better understanding 

of the technical reasons for the superiority of the 

new tube over its predecessors. 

FREQUENCIES Mc/s 

8.900±33 700±33 1.400±66 1.400±66 4.200±200 4.200±200 

K. R. mod. 

K. R. Fixe 

9.600 Mc/s 

25mW 1 mW 

5mW 
U H F POWER 

(opprox.) 

FROM 1948 TO 1954 

500µW 500 m W 
~F= t 200 M c s 

I Mixer (Ge or Si crystal) 
2 Doubler (Ge or Si crystal) 
3 Amplifier (Triode or TPO) 
4 Tripler(Ge or Si crystal) 
5 TPO 
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COLLECTOR-RADIATOR 
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- - - - TPO (TRAVELLING WAVE AMPLIFIER) AND " CARCINOTRON O" TUBES 

A — Organic description. 

The " Carcinotron 0 " is related to the travel-
ling wave tubes which, having made their " debut" 
in radio communications as amplifiers, to day exist 

in many forms, some corresponding to amplifiers 

and others to self-oscillators. 

Under their various forms, is found the com-

mun principle of a prolonged interaction between 
an electronic beam and an electro-magnetic wave 
guided by a line of periodic structure known as a 
delay line (helix, interdigital line, corrugated 
line...). The interaction is optimum when the velocity 
of the electrons is very close to that of the phase 
velocity of the wave (condition of synchronism). 

The " cumulative " mode of interaction explains the 

wide band and the high gain of the amplifiers. This 

processus of energy exchange is definitely diffe-
rent from that which takes place in triodes and 
klystrons : in the latter, on the contrary, the seat of 
an interaction between beam and electromagnetic 
field is only a very limited zone of the resonator. 

In the TPO as in the " Carcinotron 0 "the 

same fundamental elements are found. 

• The electron gun comprises an 

emissive cathode, a control electrode 
(Wehnelt or grid), one or more anodes ; 
the electrons which have traversed the 
last anode penetrate into a space 
which is " statically " equi-potential 
and where they retain the same mean 
axial velocity. 

• In the equipotential space is found the 
delay line, which the beam " licks " 
along all its length and the collector, 
an electrode placed at the extremity 
of the tube where the active life of the 
electrons terminates. 

• Over a small part of its length the delay 
line always carries a high attenua-

tion; the attenuated zone is located 
towards the middle of the line in TPO's 

and at the extremity, collector end, in 

" Carcinotrons ". 

• The UHF power is fed to the input of 

the tube and collected at its output, 

after amplification, by means of circuit 
elements coupled to the delay line ; 
the self-oscillators are only provided 
with a device for picking up the 
energy, in the case of the " Carcino-

tron " coupled to the end of the line 

near the electron gun. 

• Finally, must be pointed out a disad-

vantage which affects all " 0 "travel-

ling wave tubes : the magnetic foca-

liser, which in principle does not play a 
fundamental role in the interaction but 

which is rendered indispensable by 
the necessity of maintaining the beam 

in the neighbourhood of the delay line ; 

it is known that, in the absence of an 

axial magnetic field, the electrons un-

der the action of the space charge have 

a great tendancy to disperse. 

This is of minor importance in the " Carcino-

tron 0 ", the small length of the tube makes the use 

of small permanent magnets possible. 

B — Essential components. 

If it is sought to single out essential elements 

of this assembly, it will be found that in last analysis 

they are : the electron beam and the delay line. 

The structure of the beam depends above 

all on the geometric and electric characteristics of 



the gun, ultimately the values which define it being 

• the intensity of the current, 

• the section (shape and surface), 

• the velocity ve of the electrons. 

It is convenient to measure ve in relation to 

the velocity c of light and as a function of the vol-

tage Vo applied between delay line and cathode ; 

a rate of electronic delay me can thus be defined 

c  505 
me = — =  Ve ~'VO volts 

The delay line constitutes a new element still 
not very familiar to technicians : however, the helix 
which is found in most TPO's is becoming well 
known. The periodic structures used in the " Car-
cinotron "tubes are not so well known and so will 
be briefly described later. 

The most important value to define, in order to 
characterize an electromagnetic wave travelling 
along a delay line, is the rate of phase delay mp 

c 
mp = 

v P 

(Vp : phase velocity of the wave considered). 

mp 
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(interdigital line) 

DISPERSION CURVES 

A: of a TPO 851 helix 
B : of a CO 127" interdigital line 

The curve representing mp as a function of 

the spatial wave length (dispersion curve) from 

which much information can be derived regarding 

the behaviour of the line in the presence of a beam, 

will most probably become just as useful to techni-

cians as are, for example, the frequency-attenuation 

curves of lumped constants filters in conventional 

radio techniques. 

Another value which is interesting to know is 

the group velocity vg of the electromagnetic wave ; 

practically it is the same as the propagation velo-

city of the energy if the line is slightly attenuated. 

The group delay 
c 

mg = —vg, 

which is difficult to determine by direct experi-

mental "measurement can easily be deduced by a 

geometrical plot from the dispersion curve ; for a 

wave-length ?. , mg is measured by the ordinate of 

the point of intersection of the axis mp and the 

tangent to the dispersion curve at the point(mp, X). 
As an example, the curve A of the opposite 

figure represents the dispersion of the helix of a 

TPO 851. Between 6 and 9 cm wave-length, the 
phase velocity remains practically constant and 

equal to the velocity of the group. In this domain 

the TPO 851 can be used in a large band without 

modification of the line voltage since the interaction 

is optimum when the delay rates mp and me are 

very close together. 

Above i. = 10 cm, the helix becomes disper-

sive, the rate of phase delay decreases linearly, 
which necessitates the use of higher and higher 
supply voltages ; the group velocity remains cons-
tant and inferior to the phase velocity. 

The curve B of the same diagram represents 

the dispersion of the fundamental wave of an inter-

digital line effectively used in the CO 127 " Carci-

notron " tube. The accompanying photograph 

renders any comment on the geometrical structure 
of the circuit quite unnecessary. 

Two remarkable facts become apparent on 
examination of curve B 

• the line is highly dispersive, 
• the group velocity and the phase 

velocity are of opposite direction. 
They characterize a backward wave; the 
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A — supporting plate. B — ceilings. C — combs. D — matching probe. 

interdigital or other line which serves as the physi-

cal support of such a wave is, as will be seen later, 

the fundamental constituent element of the 

" Carcinotron "tube. 

Earlier reference was made to a "fundamental 
wave "that is, because in fact, for a given frequency, 
the delay line can guide several waves called " space 
harmonics" ; these waves, alternatively forward and 

backward, are all other things being equal, much less 
coupled to the beam than the fundamental wave 
and correspond to delay rates which increase with 
harmonic range. 

To reduce the length of the line, it is necessary 
that the length of the backward wave used be equal 
to that of the fundamental ; such is the case in the 
" Carcinotron 0 ". 



I 1 — AN OUTLINE OF THE THEORY OF OPERATION 

OF THE " CARCINOTRON O ". 

How can the coupling of an electron beam 

and an electromagnetic wave produce a UHF oscil-

lation? 

In order to better understand the functioning 
of a " Carcinotron ", it is as well to examine the pro-
cess of starting the oscillations. 

Suppose that in the neighbourhood of a fre-

quency f, an electromagnetic disturbance, in fact 

however always present in the form of noise, appears 

in the backward mode line at a, on the collector's 

side ; a portion of the energy associated with this 

disturbance moves at the group velocity vg in 
the direction of the gun, the phase propagating 
itself, in the opposite direction, at velocity Vp. 

If the velocity of the beam Ve is slightly above 
that of Vp a portion of the mean cinetic energy of the 
electrons is converted into electromagnetic energy 

and according to the usual mode of interaction bet-
ween field and beam the electromagnetic distur-
bance coming from a arrives amplified at the origin 
of the line, the amplification for a given line depen-
ding on the intensity of the beam. The field thus 
produced on the gun side, causes a velocity modu-
lation of the beam as soon as it enters the interac-
tion space. 

The synchronism on a backward wave 
thus causes an " internal reaction " to appear. 
The velocity modulation of the beam is transformed 
near the collector, at a, into intensity modulation 
which in its turn induces an electromagnetic field 
and the same phenomena are reproduced. It is 
thus that the oscillations are born. In effect, when 
the intensity modulation produced by a primary flux 
of energy E gives rise to a secondary flux at least 
equal to E (that is to say when the mean intensity 
of the beam is sufficiently high) the internal reac-
tion engenders the oscillations of which the fre-

quency is determined approximately by the condi-

tion of " synchronism " (Vp =Ve). 

The flux of energy increases towards the 

source of electrons (*) while the intensity modula-

tion of the beam increases in the opposite direc-
tion ; the distribution of the electric field in " Car-

cinotron 0 " explains the presence of the element 

collecting the UHF energy at the input extremity of 

the interaction space. 

The attached figures well illustrate the diffe-

rence of behaviour between the normal TPO and 

the " Carcinotron 0 ". 

The functioning mechanism just outlined sys-
tematically distinguishes the " Carcinotron "from 
other travelling wave oscillators, the functioning 

which involves either an internal reflection and 
external feedback or an electronic reaction by 

reflection of the beam (TPO reflex). 

To emphasize the really original characteris-

tics of the new tube, it is worth while pointing out 

that paradoxically enough, the optimum operating 

conditions correspond to the absence of reflec-
tions at the ends of the line. Further to obtain a 
very satisfactory operation, good matching of only 
one of the extremities is sufficient : as it is extremely 
difficult to obtain an output load having but a slight 
reflection in a very wide band, this is effected on 

the free end of the line — collector side — by means 
of an absorbant coating which practically suppres-

ses any deflection of energy in the electronic tuning 

range of the tube. 

Under these conditions, a wave which is reflec-
ted on the mismatched load returns towards the 

* The fact that in the new tube the electromagnetic 
energy moves backward like a crayfish (in Greek 
KAPKINOS) is the origin of the name " CARCINO-
TRON ". 


