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PURPOSE

The purpose of this program 1s to study the feasibility
of a high-power, broadband C-Band electrostatically focused
klystron sultable for use in phased array systems,

Specifically, this program will investigate the feasi-
bility of employing higher perveance beams in ESFK's. A
higher beam perveance results in better gain X bandwidth and
efficiency X bandwldth characteristics and in lower beam
voltages for a given beam power level.

Even though the ultimate application for the device is
in C-Band, the experimental work of this program will be con-
ducted in S-Band to utilize exlsting designs and test equip-
ment. However, consideration will be given to evaluate all
the experimental results with regard to C-Band tubes.

The electrical design objectives are the following:
Frequency S-Band
Peak rf power output (nom) 250 kw
Cathode voltage 40 kv (max.)

Modulating anode voltage Variable between
30 and 56 kv

Beam perveance Variable between
1.0 x 10_6 to
2.5 x 10704 372

Gun perveance 1.5 x 10—6Amp/V3/2.

The work prepared under this contract was made possible
by the support of the Advanced Research Projects Agency under
Order No. 436, under the technical guidance of the United
States Army Electronics Command.
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ABSTRACT

A periodic electrostatic focusing structure optimized
for a beam perveance of 1.5 X 10_6 has been designed utiliz-
ing the resistor network analogue in conjunction with a
digital computer. The lens electrodes are at cathode poten-
tial and are located between each cavity. Also a 1.5 x 10~
perveance gun was designed with the resistor network. The
same gun was checked by applying different modulating anode

voltages.

Buncher and output cavity models have been built and
cold-tested. The deslgn of the experimental tube has been
completed and parts have been ordered.
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1.0 FACTUAL DATA

1.1 INTRODUCTION

The present program, a continuation of the study of
high-power clectrostatically focused klystrons was started on
May 1, 1966. The primary goal of this eight-month program
i1s to investigate the feasibility of employing higher perve-
ance beams in ESFK's. The klystron under development has the
following design objectives:

Frequency 3000 MHz (nominal)

Peak rf power output Variable between approx.
130 and 320 kw

Cathode voltage 4O kv
Gun perveance 1.5 x 10"6.1\./V3/2
Beam perveance Variable between 1.0 x

1070 and 2.5 x 10704 4372

Modulating anode voltage Variable between 30 and
56 kv

Beam current Variable between 8
and 20 amps.

RF pulse length 10 us

Duty .001

Gain 36 db

This report will first discuss the general approach to
the objectives of this program, then specific areas, such as
the design'of the focusing system, the gun design, and cold
test of buncher and output cavity will be discussed in detail,




1.2 TECHNICAL DISCUS3ION

This program !z an esdconlilal phinse 0 Lhe (nwwet igatiom
of appromaches lesding ‘o increase] SN AR N3 ey el pat
In existing high-power elesiroaiatioally Mocussd Elypsiron -
1iflers, The results will help Lo detomine thm Measinilly
ol' developing a bresdband high-powsr ESPK apllfler operst (og
in C-Band.

The broadbanding of klystron saplifiers has reseived suns
slderable attention, Because the basle operating principle
of a klystron depends on the uge of 1eaonant sivruwiures, Lhere
are inherent bandaidth limitations on any klyatron dealgn.

The bandwidth of a klystron asplifier (see pg. 13) ia
essentially determined by the Rsh/Q‘)r the oulput slrcult
with the beam 1impedance Zb:

VD
f Q Zb

The beam lmpedance Zb 1s related to the beam perveance
K and the beam power N through the following relation:

Vo 1

Z, = — =
b= I T NI/50/5

As one can see from this equation, the beam impedance 135 a
strongly varying function of the beam perveance, but varies
much less as a function of the beam power.

Increasing the beam perveance 1s therefore a crucial d2-
sign conslderation for broadbanding klystrons. A higher beam
perveance also has the added advantage of reducing the required
beam voltage for a glven beam power level. A lower beam volt-
age 1ls, of course, also attractive for an ESFK amplifier, be-
cause 1t reduces the voltage holdoff gradlent in the focusing-
lens housing. A lower beam voltage 1s also desirable from
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e cmeidersticas, Suh a2 oo Zeray levwi, peduced
roltage gresienis in the gun end gun inzuilator, snd jlower
insulation reguliremenis in the power 2pPly. The beam voliage
Vb. the besn povirs 828 the bean perveance ArY relsted by:

205
¥p = (!’ .

Linlitations on the bewn patvednte are Suposed both ty the
& design and thy focusing 357 wn, In convwentlicns) Rt -
_g rcrum kiysirons, bosm jervcance valurs < wp %6 3 x

hlfc beent succesafuliy uged with o0 4 Depms,

The higheat beaw perveas - »ni-h has been mﬂms..,funy
used 30 far with electrostetis foousing Is 1 x 10 Aﬂ‘/‘a
This progranm will therefore te prinmerily roncerncd with an
evaluation of the feasibllily ¢f uzing higher tesr percosnce
values Iin ESPK amplifiers.

1.3 GEMERAL DESICH COMIIDERATION:

A zchezatic layout of *he "tubc i3 shown 'n Fig, 1. The
test vehicle i3 a modiffied version of 8n cxisting E3FK, the
L-3568H, Thne main difference will be the additisn of & modu-
lating anode so that the beam perveance can be <hanged ver
a vide range. The design of thiz ecxperisental tube wiil be
optimized at a bteam pervecance = 1.5 2 lO'GA 3/?. The gun
perveance has also been chozen az 1.5 x 10 & 3/?. There-
fore, for a beam perveante of 1.5 x lO'GA/V3 2, the modulating
anode will be operated at beam potential. The rnominal bean
voltage i3 80 kV and the bean current for a pervcance of
1.5 x 10"6 is 12 amperes, correzpordingly. 1In the foiicwing
table, one can scee some of the pussible different cperating
conditions for this tube. Thiz tube will therefcre allicw a
detailed study of the behavior of an ESPK for different Lean
perveance values,
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1.4 ELECTRICAL DESIGN

1.4.1 Gun Design

The gun design 1s a stralghtforward electrostatically
focused Plerce type gun wlth the following deslgn parameters:

Gun perveance 1.5 x 10-6A/V3/2
(Mod) anode voltage Variable from 30.5 to 56 kv;
4O kv design center,
Cathode current Variable between 8 and 20 A
12 amp. design center
Beam power Variable between 320 and 8CO kw,
Cathode dianeter 1.97 cm
Cathode area 3.19 cm2
Cathode half-angle 25°

Bean diameter (at
sinjeum and %0 kv) .9 om

Convergence ratlo (area) 5.0

Since this gus %i11 be operated at different mod-anode voltages,
it iz lsportant for the electrostatic focusing of the beam after
it leaves the gurn that the location and diaseter of the bean

wir isus doez rot change sach as a function of mod-anode voltage.

teure 2 shows the elselron trajectories For a gun coper-
ating At %0 kv (which would yleld 2 1.5 x 10‘6 pery beas),
I Ple. 3, the electron trajeclories are shown for the gun
spErating At %0 ¥y, which would result in a 2.1 7 107 perv
tean wher, e body (anode) vollage 's at KO wv. By cosparing
thege o floures, only a regligitle difference In piniaume bedn
dianelter 380 axlal mintyue pogli.ion can te seen,

i1
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1.4.2 Focuslng Structure

The first einzel lens 1s located between mod-anode and
first cavity.,

The primary problzm here 15 to develop a lens system
which focuses with the lens at or close to cathode potential
beams of variable perveance (at least from 1,5 to 2 perv)
over a fixed lens period and with a minimum of apherical ab-
erration. Of course, the le¢ns system has also to te compatible
wlth good rf interaction and bunching cavity paramseters.

The design of an electron-optically satisfacto:ry lens
system, which ls consistent with good tf dealg: paraseter,
has been completed. Plots of the edge trajectories aie shown
in Figs. 4 and 5. Pour gsuch einzel lens systess xili te used
in this tube with the first system bteling located adjacent %o
and upatream of the input cavity., The lena dealgr has lLeern
arrived at using the Litton realstancs nelwork araloges !5
congjunction with a high-apsed digital computer. Ir LOLK oaaes,
the lenaes ride at cathode potential, Figure & ahouas the tmas=
Jectories Iin the lens asystes xher a teas with & bteam perve-
ance of 2.1 x 107" ia injected (this sears 'he soduisiing
arode 1a at a voltase of 50 kv wiih reference %0 e gathode).
Electron trajectorieas are ghoxn for %wo ¢ifferent lens dla-
selers, Ad one can see Mrom ihe drdxing, For i aaller lese
diamele, the élecirons come lack %10 Wweir origiral dlameler
after a full pericd, Therelore, e Focuning aystew will e
stable over sany periods,

Pigure 5 ahous georeivriaaily %he same syaten 3 in PFlg,
, tut the btean perveasse iz ohmogec %0 .5 ¥ 26‘6. W et
the sodulating anode i3 3% growd (tods) potential or 31 W &+
*ith reference %0 the ealbade, Agalr, 1te ziseirors coie W%
W their origirel dlmieter after 3 Twil pertod, The signill-
ohrt degigr parsnelers for ke leds systems are s faillows
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(ar .he dealgn center of 1.5 x lO"5 beam perveance):
Focualing psriod, p = 3,29 ca
Hinisus bean Jdlameler, %cm = ,09 e»
Yayisum bLenn dlasetler, 31:.-“ « 1.9 o=
ID of interaciion gap., = [, en
ID of lens ¢leelrode = 1.92 e=
w0 d = 1.%

nin
Fropegst fon coralary o « 1.9 s 10°¢
Qup lergtih o = ,§F en
Eaemmlioed A0l Yale rdiea o4 = §.5t
Barmis | ied grp iengih O = 1.2

An Ir previons tdlea, e leva clesett rads Fros 06
alniriens sleel vl be sppuried by Whewe madlal oo mnle
Ihidlators, de selerenl levs feed w101 be waed [» eneh age-
tew te %l teiia ikl sdfeatsesd of the lesa peterilals,
eher «l@mly A {Torerl bonr porwasies Gre APplled, foue the
A ies prlenilisle 28 o bewr detlersired, hm eova 4 esters
o g Toiteming teles s te datrariad Por sgueat’l o 4
s plerttal, Ve leeges wag Vhes be sonie ted leleres
2liy b0 N milede, St ws biew 0 reviies EEIN e,

.0 MR SAWTTY

Three timir saeiiles wiil o ol In 1als e, i
et et beetud ity Aas beer deaigied ard vald-taetsd,
The s ilx, vRIE la o7 W resemed i) del ie ieesdiged
e, Ta Lol le Pres PROR be 1100 M by sewea c T & PRl -
e Lerwd, hml-ﬂlgl’.‘l-lm

I 4 OETYSY CRVTYY
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put circult, 3uch a cavity has been deasigned and cold-tested.
It ia tunable f{rom 3000 Lo 3070 MHz by means of an inductive
tuner, like the one used in the previous L-36684 ESF-klyatron,
The measured H“h/Q of thin cavity is 96.5.

The leaded Q of the outpul cavitly was calculated Ly uasing
the follow! ng equatio::

v
& -
o, T %
N
\'o = Mean Yoltags = 0,000 Vv
i = Mean curimt (correaponds %o
hin/rmm of 1.9 » 1076
& /02 = 12 Amp.
» = Beam coupling eosTPlelent = 9 (assunea)
. = Niselroris effialerey = 508 (asaumee)

A Belima Loamioau

o ¥ t(sersured)

g " -
. s I B ?.5'“-“1!

The walee ssigeses vL0% ‘L*f .5 neawred an e ira)

i test smrily, Ve be atle o melel The owlpsl rowpling by
heeniing Uhe Toabe 31 difTerent been periedses wmlues, 26
% Vwar o801 te loouled talweer 1% KiFsiren seipel cfresit
) bmd #ireeil,

.7 W ONTIOY Wi
Por iz ebe, the mahe SuiPst wirdow ¥iil e uwsSO AB
th e proviews L3970 1 M BBFE, This wirdos wi1) cemialsn
B LY Ahem beryilla otak 37 lr alameter Ard will te capatle
of tmedifog (0 & srerage pover,
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1.8 COLLECTION

The aune collector dealgr w11 W& wand &0 1= the Lo s
excepl the ertrance ronsle xi11 be shanged ssorsap vileg B
the rew beasm profile, uhileh akr le sede 10 Filg, 4, e s
lector ia deaigned fur 10 i average pows, #laatpmdlon,

1.9 VOLTAGE HOLD-OFF PHONIIMNS
1.9.1 Cun Lo

The choaen ~erasic Tur the gun ervelipe Pt imd & ales
Imum 3" alr gap Letueen the high vollage sebler Flasss el
ground, The ceraalc surfave (5 corwelutad Wi peweide 80 o«
fective path length of approxis vialy & J.0 ‘sates, ™ia
length ahould be adequate Vo held +IF the smsliun we e
voltage of &0 kv,

1.9.2 Modulating Anode Hegiee

The modulating as e 3 suppurted 115 the lesdis, (23
using three radial cerasic lrauiaters vith & »ietms oty
length of ,450 Inch, As evierrsi Toedaiirvag® #1101 ‘= el
to allow changing of the voltage, suias v21] te lelheee .3
to +16 kv In reference %o growsd, 2ipes This Chadathe . gm
identical to & regular levs feed sad In Tae Ly B (vodem
operated at & voltage of wp 0 30 &%), m Meldant? pool lans
are expected, The voltage gradier? teluses foe.s L A
of the gun anC the sodulailrg asede 13 I8 WA #aral e
350 V/mil xher sodslating seode 1s &% 3 o7 tn mbsounee S
cathode. Agalr, this s teew Prowes ts Meviest IS s W
be ar acceptatile valuwe.

The lers ring %o tody vedlsge 1z @ o7, Wia Ll A
& shvisus voltage gradlest of 248 /i) wisess leos rivg
and cavity wall, Due ta alelesiris of Ve form wedieey e




tea, thia wollage graalent wlll be pomewha® erdurecd, Tiw
pasings vollage gradlent I w tube wil] osesur betuger lens
lead andd the foed Shreugt hole, Sinee the rallo & owler
condugtor dlics Ard ireer owmseeiar radina of the lers Deed
1a 1.0, ¥hish Sz very eloge " U spilime reifo (2.7) for
voltagn hold=ofT, the vollage gmolent calouialies o ey

E = __I-_F-
N Fo ¥ 40 2
e

Thia voltage graolert !, Although somesdw® high, still
lover “har 1he ote oped Ip e L-307% 3 | M« NOIK.




§.0 QUORKY AND CONCLUSIONS

l. A leva ayatem has bsen desiped Tor s bear w'th &
parvegees of §.9 » 30“5&”5,& by vettis of Yhe LiVtar netaDid
A loes A Uhe high apast olglial campsler, Acosrding %o
Lrijerinegy plots, Yhe sée ayatew !4 alan avitablie Var uane =!I%th
& bean 7 3 pervearss of 8,1 » m"ﬁz./v-"‘. The lera systee
fa toralistert %i%h ¢o00 7 Geaign for iha tubs,

P, 41,9 x !0'5 perveares FPlerae Type gun ¥as Jesigned
ard e Lrgjectories were cheritsd at olfferent volisgea.

i, The bursher tavilies Mive been desigred ard cold-
tealed,

e A ilrgle gap outpstl oavily MAs beer desigred and
mﬁﬂ-tt#ilﬂ’.

£, Tre sschanical dealgrn of the teal lute has been
sompleied, de'all amuings have been sade and all pariz have
teer crdered,

17




.0 FROJRAN FOR AT JIARTER
A ogun maseatily wil! be made and e heater poisct twa
(elremedl 211] be meaaured o a be)l far,

The tnba ) b Acscab!ed and cxtisuzisn, Th it
dhonld te resdy Cor net teatl in the last month of ‘he
gecond quarter,

Purther theoietical studles of the uging ayatles for
dil'ferent beas perveance values wil) be =ale.

Studies of the rf behavior of electrostatically focuge
cd beams Az A Cunctlion of beam pervean:ze xil)l be made.

W.0 ADMIMISTRATIVE IMPORMATION

Tha number of sclentific and englneering manhours

expended during the reporting period are as follows:

Dr. G. E. Pokorny . « « . « . 69 hours
Dr. A. J, Prommer . . .. . . 41 hours
Mr. H. T, Luchsinger . . . . . 158 houvrs
Mr. C. K. Whittaker . . , . . 89 hours
Mr. A. H. Zanotti ., . . . . . 78 hours
Mr. E. K. Shaw e ¢« s+ o ¢« o o 32 hours
Miss P, A. Vartanian . . . . . _38 hours

Total 505 hours

This report perilod included a two week vacation shut-down
of the facllities,

On May 3, 1966, Mr. Park Richmond, ECOM Project Engineer
visited thils facility.
Ject contract and detalls of the technilcal approach were dis-
cussed between him and Messrs. H. Luchsinger, G. Pokorny, and

A. Prommer of the Research Departmeni.

18
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15. ABSTRACY

A periodic electrostatic focusing structure optimized
for a beam perveance of 1.5 x 10'6 has been designed utilizing
the resistor network analogue in conjunction with a digital
computer, The lens electrodes.are at cathode gotential and are
located between each cavity. Also a 1.5 x 107 perveance gun
was designed with the resistor network. The same gun was checked
by applying different modulating anode voltages.

Buncher and output cavity models have been bullt and cold-
tested. The design of the experimental tube has been completed
.and parts have been ordered.
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