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OPERz\T[bN CHARACTERISTICS OF THE CARMATRON TUBE

By O. DOERLER,

B. EprsztEIN and J. ARNAUD.

(Contribittion presented at the INTERNATIONAL ConvenTion on Niceowave Vawves, 2000 Meay, 14,

Amene e numerous types of travelling=wave tube which
tove foen stuoied during the last few years, those of
Carmaicon famtiy have ao interesting ficld of application when a
sower eonerator which can be waed clectronically over
narrow candwidin (3-10 %) is ryqulrcd
wncval structure of the C.lrmalron is similar to that of
narical wiagnetron. but the circuit is 'open and is teri-
v owo coaxial jeeders; the power flows out through one
e 1o the direction of the magnetic field), while hc
i maiched and absorbs power only in the cvent o a
amach ao the main oulput. The interaction between :the
:.':-m.'i aad the beam is similar to that of the M-type carcinotran,

ok means ihut synchronism is achieved between the rotating
snd o backward wave: but the fact that the modulated

feen o the Interaction space returns after onc revolution has
w0 Tesults: the valve osciliates with a much shorter line tlan

i
2..—.
' - -
\
.
G
3
N'
-
cr
Y e et 1 il i i i I YK =
20 oo 3T 30 (=iv] G

Fila, I.—Fxporimenta! Chrmatron.
Melype carcinotron and the range of electronic tuning is
od Beonst the re-entenney of the beam introduces i 1o
eonditior

1 shows the vilve which was tested; il g
Ithisrs are walh the Compagnre Géndrale de Télégraphic sana Fil, Paris.
von, SUE, Pant B, SurrL. No. 10,

udes an inar-

digital line iwith 19 fingers, and its cathode comprises 16 fila-
ments 0. pure tungsten, which avoids troubles due 1o back-

heating. Tts main dimensions are as follows:

Annde radivs L. - - - Gem

Carhode radius .. o8 wa - ..o Aem
Hlemend dinmeter - . . oo D02em
Finger leneth .. . . Sem
Pilch of the intel rulgll..] hm. . . P B < T

an width (between adjacent ‘;mgcr'u «o D-Bem

Fint zor height .. e .. 0O-6em
fnnsr angic between the two oulpms Y 14 i

We shalll indicate first tvpical operational characteristics of
such avalve, and then explain the observed phenomena by a
comparison with the well-known magnetron, the M-type carcing-
tron and th: voltage-tunable magnetron.

GrERATION CHARACTFRISTICS OF THi CARMATRON

Since bot ¢inds of the tube are matched by two external loads,
we can mpose 2 magnetic field. £ and a dircet voltage, 7.
between the eathade and the civeuit: there is then a Jarge r.l.
power, I, ii one of the foads and a much smaller power in the
otner (less tian 10% of ) at an angular frequency w and with a
direci current 1 for a given magnetic ficld. increasing the voltaze
causes Tanic increases in r.f. power and current: the frequency
also increasss by a fow per cent, but above a particalar voitage
the power and the current suddenly fail to very low values and
the frequency jumps to a very different value.  This behaviour
is repeated us the voltage s raised. and with the tibe tested i
wits possible to oblain tires such mogdes o0 eseillution.
1T dif ¢ maonetic Hicids are used the curves shown in Fi.
are obta ned, which indicate that tie power and eTiciency are
increasing vith the magnelic figld: for this mode one obtains
i freguency ranes of 5% and for magnotic fielas greater than
those indicited. cficicncics of 709 and powers of 2-6kW.
Before the rests it wus hoped to contral e direct current, and
consequentiv the r.f. power. by ihe eathods heating: in practice.
il we decrcase the cmhmh heatine the efiiciency falls rapidly cven
velare the current begins 1o decrease, withoul any elear reason.

These feotures, which have been bt briefly reported, can be
better urdersiood by reference te the mapnetren, the M-carcino-
tron and the voltage-tunabie wiagretrog. aking iato account
the new fastor peculiar 1o the Carmatron, namely the phase
shift between the free beam and circuit waves which oceurs when
the frequenzy varics.
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i, 2—Twvpicol operation characteristics of the Carmatron.
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CoVPARISON WITH THE MAGMETRON

The ciussical theory of the magnetron! shows that, if on:
resleets rae r.f, puaenomena, the anode curtent appeirs only if
i”, == £7, where ¥, and 3, ar¢ the reduced voltage and magnetiz
{ela given by .

. ¥
V.=
s
2jem oa
5 B
R 1

el T = (rJr)?

are the anode and cathode radii, wy is the

whers: /y, and 1y
= 1:76 x 10! in

rowation velocity of the r.f. wave, and efm
MK.S. units.

Moreover, after Harteee, osciilations can occur only when
% > 28 — 1, so that the useful range of ¥; is, in fact, given
J28, — 1<V 2. The variation of starting vollage with
magnetic fizld for the mode alreacy described is shown in Fig. 5;
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it is lower than the Hartree line would indicate and nearer the
curve marked [synchronism’ (the supposition in this case being
that oscillation takes place wien synelironism occurs detween
the outer laye!s of the Brillouin-flow beam and the iravelling
wave); in fact, it depends slightly on the coupling impedance, R,
of the structurs. which is defined for a traveiling wave by

i R
: paCE
| 2y=P
where £ ard J7* are respectively the r.l. field and its conjugaie
at the anoce radius, and v 1s the propagation coefficient,  This
fact is casy tol observe i we provide a reficction at the outpur,
which is, al a fixed [requency, nearly cquivaient to an increase
of the coupliniz impedance.
On the other hand, the clectronic eilicicncy, 7, is lowet thug
I — 1/¥,, and'the general increase of efiiciency with the magnetic
feld could by explained by this simple cxpression. But it 5
proved by cxperiments that the clectronic citiciency dzpends o
the ©f. fiekl and increases with it: one can consider that at low
ficlds a part bf the potential space-charge eneriy is converted
by r.f. spoitascous movements into unorganized kinclic coergy
which heat the anode uselessiv when such electrons arrive on it.
This is shiown to be truc in the magnetron, and ina very striking
way in the M-type carcinotron, wiere the cificiency is nearly
proportional [0 the coupling impedance frem 10 1o 6025,

CorpamisoN wiTH THeE M-TYPE CARCINOTRON
As i the cose of the carcinotron, it is easy to measure by cold
tests the wavelength in the circuit as a function of the free wave-
length. This curve is shown in Fig. 4 and corresponds to the
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n o= Number of wavefengths,
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classical ‘r-ac!;w;n‘d-\w.vc propagation of the interdigizat line: but
in the Carmhtron the beam modulation comes back into phase
shift between adjacent eclls, corresponding to integal numbers
of detaved wavelenpth wlone the perimetar of the walve: thes
points arz marked on the dispersion cune by circivs and the
practies! fre/uencies observed are located around them.

" It may sceln surprising that the Carmatron hasa hizh ciliciomes
and low clhcironic tuning bandwidth, whercas the voltage-
tunabie ma;é;:}c{ron. heavily loaded, has a low effciency (ies
than 109,) hut a large electronic tuning bandwidth (an octavel,
because (f [he Carmatron is reduced to two cells oniy, ont
obtains l'{ubc which is very similar to the veliage-tunabic
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COMPARISON WITH THE VOLTAGE-TUNABLE MAGNETRON ——?:,-_/é_‘tﬂ_f_'—,\,-r
1+ gencral. oscillation vecurs when the load admittance is v T ¥e
coval to the electronic admittance in magnitude but opposite in 5 4
va.w0 faras these admittancescan be detined.  The load admit-
e s usually Iinear and dependent only on the angula* fre-
sy s in the magneiron® onc supposes that the clectronic

£
EF FICIENCY

N AND P
=
[a]
¥
=]

dmiitanee does not depend on w but only en the r.f. field, but YINCREASES EE (&)
s avpotbesis is not valid for cither the voltage-tunable mag- =
setrran or the Carmatron. . VioVe Y3
e voltage-tunable magnetron, as studied by Boyd,* com- -3_-_ . |
arises 4 waveguide capacitively loaded by two combs constituting B i |
4 crdicital squirrel-cage structure, a eylindrical cathode heing . |
pounted along its axis; it is shown schematically in Fig. 5(a) Ol . /l'ﬁl | o
!
g ; !-‘LH'-‘i“:‘:LWOlHQ Lo
=_..__.__.‘ N ! tl | ‘ |
e = ‘3' 9] 11
=l 2 r‘ [ ]
—‘”’&LTJ—“‘—‘ iy 5| ‘
e | | e
. J o o] |

! |
wiy - w iy

_"UU'U'LX—)I—‘] {al - =i 2
3 WAVELENGTHS (dy

} Fiz, 6.—The 4-ccll Carmatron.
(&) Schemetic.
{#) Opetating point of the valve, =
PyaAlLVE (- Weopt H (¢} Reduciipn fuctor due o the deviazion of the wave velocity tom the d.c. beam
velocity, i
(¢} Reduction fuctor occurring when the number of wavelength is not an integerd
]
In the Carmatron, shown schematically in Fig. 6(a), another
5 kind of dipendence of 7 on w appears, because the free-beam
to and circwt wavelengths are the same only for a discrete set
of angular frequencies, @, which do not depend on the direct

‘ voltage ¥ (Fig. 4): for lower or higher angular requencies, P

i decreases because the beam modulation does not return in phase

§ with the oif. field. Consequently, one can assume that P is now

: the prodtﬂ:t of three functions, namely EE* (E being measured

E at the ouiput), w/(¥/B) and (w — w,,)/w,, which are shown in

d Figs. 6/b). 6(c) and 6(c/).

5 e In the Jarmatron the power in the load is also proportional

to EE*, by the relation

\ w

. | _ EET

E | T 2yR

! 5.—~The interdigital voltage-tunadle magnetron. which, wih the previous curves. defines the operating point.  To
o Lunt of the vaive. explair tHe asymmetry of the curve in Fig. 2 orne <an Temark

i i Tantor diae 10 tae deviation of tie wave velozity from the duc beam that the \fnriatiou of dircet current with direct veltage also has

| the shzpeof the curves in Fig, 6(«), and that the nternal impe-

. s an admictance, ¥, including the capacitance betwect! the dance of the power supply can consequently cause the sudden

'l: fwo combe I the susceptance of this capacitance is neglizible  jump {’rorin one mode to the next.

i womoarison with the conductance of ihe oad, the load We bt now discuss the role of the number of cells for the

0 asmezaes s ndenendent of (he frequency; on the other Land, voltage-tU nable magnetron and the Carimatron: these two valves

| s e diveet voltage and r.f field, the r.f, current incuced  are idemtical when there ave two cells only, if the length of fingers

e Beam n thé cireuit increases rapidly 'when the anular  is simid chmpared with the wavelength and il the load conduc-
ey, oo, 1€ varied, so that synchrenism s resiized betaeen  tance wf he voltuge-tunable magnetran is twice the maitching
j borave sad o part of the Torating beam, The optimum alue  loads of i.hc Carmatron (because they are in paraliel), From
[ iTe s obwicusly proportional to /B, and we caa consider for  this puind, an increase of the number af ceils it the voltage-
wulanve <wussion tint #s the product of two functions, tunable magactron does not change—io iirst approximation—
! a function of the of. level EE® only [Fig. 5()] and i  the eflizicacy or thie vandwidth i1 the load conductence is propoc-
i on of i MIB) only (Fig S(e)); then, the power, £, in the lionately fncreased s but when the load conductance decreases one
bl heing proportional to £ in 2 way known by cold wess,  cansce from Fig. S(b) that the v.f. field, nnd conseguentiy the efti-
!
1
|

W caerating naint is eusily found. cigncy, ar> increascd, The role of the capacitance between the
* |
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sombs is then more importiat, and it reduces the clectronic

fuidth. Lathe Carmatron, on the other hund, an incease.
i i e of cells involvas an increase in the interd tion
s».ond thus of the r.T, power, whereas the coupling impec ance
e corresvonding straight line in Fie. 6(H) rernain consiant:

—aximum ctficiency 15 thent increased; but, at the same time,
o cumves in Fie 6{d) become sharper and the clectronic hand-
widily decrenses. 1t may be added that the Platinotron,® which
Wos o structure very similar to that of the Curmatron, operates
@i when it is locked by an external driver—which is not the
jee Yor e Carmatron: it is proba 1e that the coupling :mpe-
danea of the Matinetron is lower than that of the Carmatron.
W have deseribed the most typical [eatures of the Carm.tron,
st iids picture is rathor coarse, and [uither expetimental data

—

DISCUSSION ON THE

Ny LT Rawe: One of the chicef disadvantages of the tpe of
%1ron the anthcrs describe is that only half the power is used.
Ly ik S-band version the mibs was operated across the sia wdard
vuide with tapered ridges at each end.  The cuput
wis taken off at one end and the other end was terminased in
a i1 load, so that hali the power was wasted. A later varsion
suscasied Ly Professor Hol at the University of Mi higan
witted the recovery of the wasted power.

The same ube was opgraied in an ellipticai cavity wi h the
Wik at vge focus and 1he load at the other, so that the tube
oo Ted 1o the Joad. The tule was the same as that used in the
weavernide and gave 145-2 watts - +dB from 1-9 to 3+ Gefs.
cavity was about the sizs of a normal sardine tin ai.d §in
ne oidciency was still lower in this case, being under
_as jtwes in the ridged waveguide model,

Gr. R. Doaasmuir: Wiay have the authors designawd the
cihode olenicnts separaicly rather than as a continuous tube?
©ocondly, can they deseribe the pattern of the voltage cround
device wien it is opsrating? The Carmatron is likened to
Ni-carcivoiron, and the stmpls theoy—so far as [ understand
i for the Mi-carcinotron—indichies that the heam modalation
increascs sinunoidally fromzero at the cathode end to a macimum
at the eolleczor end of the woe. No power propagates in the
cireuic a. the coliecior end, but the r.f. voltage rises sinusoidally
(o o maximum at the outpul connection at the gun end. How-
cwed, iD the Surmatron, r.f. beam current must be continuous
couna the complete loop (unless there is some clever denwodula-
a1 arrangement between tag output and tiwe lossy scction), s0
the 1.5, beans-current amplitude must traverss & complete
swave oyele. [T tnc circuit-voitaze ampliiude also passes
tirouan & complete cyele round the tube, and is zero at the lossy
teraaing . it must aiso be zero at tive oulput. Can the wthors
eocduin wheet peally ozeurs i

Seo 8L Wluver (Uadied States): How maay times do the

rors rorate before they are caught on the anode?
e, 3V, T Willshaws 1 oo very interested in the uthors’
wxeripuion of the Carmatron and ats characteristics, particularly
the worl on this valve at the low-irequency end of the micro-
cumt, 1 thiek the real importanee of & Carmatron i
vt Ipexbeads the prircipic of the voltnge-tunabls magnelron
o mueh sher Tregnendies.

[ the eoriy work or the voltage-tunabie magnciron carried
vt by Withar and Petecs s relutively low frequencies. 4 fumped
Sirenlt was vitectively parailcicd across the magnerron 1aps, 50
i ihere vas no lrequescysictermining circuit elemisnt. H
founc that coheront ascillations gecurred under certain
swissiun conditions at a frequency proposiional Lo e anzulur
velocity of the rotating berm.  This gave flequency coverage of

WAVE 5
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will be reguired before one Can 55655 the relative merits
Carmatron and a yoltage-tunable magnetron for party

applicuticns.
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the order of 23 | at a fixed magnetic Geld by variation ©

voltage.

When this principie was extended to higher frequends
was done also at the University of Michigan, the resistive
interdigital nrgers across I¢

were aclieved by placing

waveguide. At still higher frequencies the lumped capach
siunificant that one is forced

of the fngers LDeECOmS 50

systera 11 which the tfingers are madc pan of a4 matched
line, and this is achicved in the Carmatron.  Howeve
introduc.ng a new parameter—tiwe dispersion characieris:
the delay line—the tuming range is restricted as the v
point ovt,  Thus the particular signiicance of the Carm

is lor coltage-tunable operation at the highest freque
especially  where cathode-cmission problems  may fimils

output ¢f the M-carcinotro

n.

Are ony figures available for the power dissipated 4
cathede by ciectrons returning to it, expressed as a fracii.

the anode input power?

My, A Gl Stainshy: Temporature limitation, if it is nece
will 9e a very real difficulty in this ype of devices [ ¢
that the limitation here was a matter of the «fliciency
valve. which fell if the vaive was not operated under temper.
limitzd  conditions, But is temperature limitation not
necessary in this deviee in order to prevent a very large in
of line ¢ranode current when the device is frequency nodu
Is there: any sign of the ‘*frequency sticking’ which has
reported by American workers?

M. e Karp (United Stares)
was lirst observed by Hull (at

- The ‘sticking-point’ pheno
tite U.S. Siznal Corps Engin

Laboratory) when he tried to use an interdigital line &

Junction with a linear, continuous, cmitting sole and oy
hat the only oscillation frequency obtained was that -
-mods cut-off of the interdigital hze. He erpiained ih
resultirg multi-velocity cioud could always have somic
witl i it clectrons stow enough to couple to e 7-mode.
s there rapresented the Jowest frequency and the lowest ¢

velesitr in the band.

T latsr obscrved at Holm

structures but one which |
freguency end of 1he hand,

wad its
that it

del when using, not an inten

w-mode cut-off at the
was possibie to yoli

from below the ‘sticking mont’, bur that having reaci.
point, further increases of line velmge procuced no

increade in frequency-

Pecouse the authors' beum is efiectively a univelogi
their device is rather different from ihe hinear cmithi,
devicer, which Huil and | tricd, w0 that the ‘sticKine
questipn may be irrelovant in this context.

Messrs, O. Dochler, B, Epsatein

I

and J. Aveaud (i rop

i i e S e



ik ER. TPSATEIN AND. ARNAUD: OPERATION CHARACTERISTICS O THE CARMATRON TUBIE: DISCUSSION

povar o Drs, Rewe and Dunsmuir, we used 4 cathode buil:
ren filoments in order to avoid the back-bombard-
aonl 01 tae euieds, which is dangerous in a continuous-wave

e Cammatren the electric feld along the structure is no:
, waterent from the field in 4 carcinotroa; it is maximum &:
it and zero at the other, but the beam modulation i
rero: the woves propagating along the circuit are the
for the cavcinotron, but the boundary conditions age
ents the osciliation conditions are obtained il one assumc:
v field at one cnd of the ciccuit is zero and that thu
fanoof thie beam is ihe same at both ends of the cireuit.
seo pasiot velocity of the electrons, queried by Dr. Kliiver, i

] e EB (E being the £ teld): the time spent by au
Jestron Betwesn (e cathode and the anode can perhaps ba
emputad. but the imperzant fact is that the length of the delay
amay be the lail that of the carcinotron line with the samo
wiaiiney—which indicates @ Strong fecdback due to the

0ORETEL DRI

5533

Tn answer fo Mr. Willshaw, the pure-tungsien filament has
too poor an emission 10 be used at high {requencies. The
concentration on low [requencies wus thus duc o a cathode
problem; witl: this cathode the back-heating is negligibly low
and could 1ot be measured.

la reply to Mr. Stainsby, Wwe observed that the efficicacy feil
when the wvalc was operated under temperature-limited coo-
ditions—w 1ich was not the ease with the \ijtron: conseguently
it has beer. irpossible to avoid a variation of the power with
voitage. .

The Mrequency sticking described by Mr. Karp has not been
observed: the distance between the two cnds of the line of
carcinotron miust be such that the beam returns in oppesite
phase at the m-mode, so that the oscillations on this mode
could be avoited, This condition was not realized in the valve
tested; moreover, the beam would be a univelocity oae only i
the cathode rudius were zero, whicii 3§ not the case. It is then
possible that it is the different structure of the cathode which
permits us o avoid the sticking-point.

SESULTS OBTAINED ON CROSS-FIELD CARCINGTRONS UNDER PULSED OPERATION

By M. Favee.

{Comcinudion pre sented at the INTERNATIONAT CONVENTION ON NMICROWAVE YVALVES, 200k May, 1958

yovantazes of Melype valves for the gencration anid
paplifcation of NLerowaves s well known, One of theit main
Larpeeristics is ahzir.high efficicncy, which renders them par-
v useful in high-power applications. In fact, M-typ:
“notron crossed-feld backward-wave oscillators (Fig. 1) can
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Fig, T.—M-type carcinotron.

reare tvan [ kW at 3 Gofs with officicncics as high as 45 %,
lc comtriDULION S110Ws hiony 1aese advantages are retained undes
2l ~ondilion, 1ad examines the problems that arise fromih s
Ly of oneratian, which has previously concerned the man-
aitran oscillzior oaly. Finslly, details are gziven of resuls
criniiad with valves operatiog in sha 5- and X-bands.

Basio PROULEMS
Bt 'p Time—For very short pulses there may be limitaiions
P - - |' . - L -
due (o tae build-up time o the ascillations.  This has alrcacy
Leeny coonutated in die simall-sianal Case, and is derived from

e ch:j:.‘;j.-’r

_———————————m

Favid is wiih e Compagnic Ginéraie de Télégraphic sans Fil, Tans.

§ e = i ST i i s e T R 1)
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where 7, a function related to the design characteriszics of the
valve, is giver by
i 1 Irle]  |e
= —— 2]+ N
' TI' Jr!) e\l \J',,-.,
| VAZ

From meashirements made by Harman on O-type cacinotrons,
witere the shape of the curve of f as a function of the current is
almost identical to that found theoretically in the M-type
carcinotraiy, vve find a build-up time of the form 8 = K, where
K is of the order of 40.

Ir we suppose that the luws are approximately the same
in M-type carcinotron, 2 valve operating at 3Cicfs gives
9 — 5 x 10-sec. This may be a limitation for pu'se lengths
smaller than i x 10~ Tsec.

Space Cha:ge—High peak currents give importaice o' the
concept o fiequency pushing, ic. the variation of frequoncy
with beam cucreat.  In the small-signal case the variation of the
piase velocit is aiven by

N 'C) _fe ¢ P} ) /
1 (a' (u:, Vs A Vo= |V

Calculatiors for a practical case Bave given vaiuges much
higher than taose measured—a result which seems ic be due to
large-signul cffects. Fig. 2 shows sxperimantal results for the
ML 151-152, the slope of tie {requency-jpushing curves being
of the opposide sign to that predicied theoretically.  This may
arise from canceilations between frequency pushing and other
phenomena, and siudics are now under way (0 <lear thrs problem.
The conscquiznces of the frequency-pushing specirum 4re dis-
cussed later. |

Metirads {le- Modulation —T he ciistence af four electrodes and
three potentials, one of which controls the beam carrent and
another the [requency, complicates the probiem compired to
those ol mdgnctrons. The fundamental consideration is 19
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