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PURPOSE 

The purpose of this program is to study the feasibility 

of a high-power, broadband C-Band electrostatically focused 

klystron suitable 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 bandwidth 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 existing 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  10"6A/V3//2 

Gun perveance 1.5  x  10~ AmpA       . 

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 design 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 electrostatically focused klystrons was started on 

May 1,   1966. The primary goa of this eight-month program 

is to Investigate the feasibility of employing hlghe- perve- 

ance beams In ESFK's.  The klystron under development has the 
following design objectives: 

Frequency 

Peak rf power output 

Cathode voltage 

Gun perveance 

Beam perveance 

Modulating anode voltage 

Beam current 

HP pulse length 

Duty 

Gain 

3000 MHz (nominal) 

Variable between approx. 

130 and 320 kw 

40 kv 

1.5 x 10"6AA3/2 

Variable between 1.0 x 

10"    and 2.5 x 10"
6

AA
3/2 

Variable between 30 and 
56 kv 

Variable between 8 
and 20 amps. 

10 Ms 

.001 

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. 



\,i   TtCHKICAL DI3C0B8I0N 

This progrM la tn •••«nttal jtmm In u* lawMttfitt«« 
of approaehes laadtnt to Inoraaata tanivtatli ani powi 
in exiting hlgh-ponar alaoirootatt^alljr fctund ttiytlfw 

liners. The resulta «til Halp to Wmlfm  «H» fiMtbtll 
or developing a broadband hlglfpeifar ISfl mpiirtat* apartUng 
In C-Band. 

The broadbandlng or klystron anpltriers has r«ealvatf 
alderable attention. Because the basic operating prlnHpla 

of a klystron depends on the use or resonant jtrueturaa, Mart 
are inherent banu*:iih limitations on any klystron dealgn* 

The bandwidth or a klystron amplirier (see pg. 1)) la 

ossentlally determined by the R^^/Q or the output circuit 
with the beam Impedance Z^: 

AT a ?3]iX r a Q zb 

The beam impedance Z. is related to the beam perveanca 

K and the beam power N through the following relations 

v0    j 
Zb = i; ^ 77^ 

As one can see  from this equation, the beam impedance Is a 

strongly varying function of the beam perveanoe, but varies 

much less as a function of the beam power. 

Increasing the beam perveance is therefore a crucial de- 

sign consideration for broadbanding klystrons. A higher beam 

perveance also has the added advantage of reducing the required 

beam voltage for a given beam power level.  A lower beam volt- 

age is, of course, also attractive for an ESPK amplifier, be- 

cause it reduces the voltage holdoff gradient in the focusing- 

lens housing.  A lower beam voltage is also desirable from 



-::, ':'!•r ,,..,.~~~~..,..~,l.cftS; =~,·:t;, u kJW!'•"' ,. .. ,.., Jof,f\'if"i. ~4Ut':'4!'d 

.,..:.J~ p-w4S~s :n if~ &;Jift an4 ~~m huaa2ato:r. ~ :.~r 
tf\l:~d.a't'<m nr·~l~t.-4 ln !t.bt:> pr...,.,. ••'fi'PJy. ,_., ~ Y.f)lt.-,. 

yb" \hi! bit- ~...:!"' •"JJrZ 'tbe b<!m ~I"'W!Mli,:'-<Cr &r<; NJatA'J:4 b;r: 

vb • {l) 
2/'!1 

U•lt:.<llt.lor..; on t.he twt• pr~~-=~: aN Sq>o.:w-d t-oth t"',f t..hlr 

~ ~ctp end Un toe\ISSr.~ .=.-;~:-."'~.,..1'11• In eonwf!r.t.~<~·nal "'•t•t'­
ea.~ roe~ ld7S~""''fta, t.~MT! ;.:~r1'eanee v•JtH:·:.O ',f . ..., \I(.; ) " 

20 Aft]/~ haTe beltft JSQC~·~..t:t'ul ly ,~ vl Ut ::<C~l ~~ ~~. 
'!be htst;eat. be'• P'CfM'("a..lJ":'' ·..-r.~ "'h hu ~ #'i.jr:oo»:f:!.ll ~y 

u.:Jed ao ru vt~ 1tlctetl"':tat.Srr. (o;,,"~~tnc ~~ 1 ~ J0-6A/f312• 
Tt.1s prog: .. v1ll t.Jw..tnP-ro:re t.r prrs,-...a.rU~ ·f.'~~; (I vs U3 an 

ewalwat1on ot the reuibU s t:7 or u:;Jng ht~r t,eae rA!"rteane• 
Y&lues Sn ESP.Jt 8!J1Pll.tJer.: • 

.A :sche:aattc lQOut. or ~.be !'wtsbc l: :hcvn :r. J'~g .. 1. ~ 
te~t veh1ele l:s a DOdtrse-tt •.;er.:.~.o.n .,r an ~~:.d :n .. h.ift £3PX. ".b'!' 

L-3668H. The masn dsrr-ere:-... ee vUl be the atJ(UUon !Qf • "'i~­
lat1ng anode so that t.br.: beaa pe:-1eanee ea.n be "!har.ged -: .. 'iJ~r 

a "ide range. 'l'be de:sJ«n Gr thl:: .,xper1Dental ,_ub¢ "~ ~2 bt! 
-6 3/2 opt1a1zed at a beaa perveanee ,:r 1.5 :t JO "A/V • The ~ 
-C. J ':tl/2 perveance has al.:::o been ctm.:::en •~ 1.5 x 10 A/V" • "TtY-~r~-

fore, f'or a be8rl pervea.rY.:e or 1.5 .x 10-6A/'13/:l, the ~uJa•ur .. ;s 

anode vlll be operated at. bee= pct.entt&.l. "l'be "'"".AT1JnaJ bearr. 

voltage 1 s 40 k1l and the be a= ~ :.irrent. ror a p.!!"rvca.n'!C! or 
1.5 X 10-6 is 12 amperes, corr.•!!f-·vr .. dlnzly., ln too roHcvSng 

table, one can ~ee some or the pv3a1ble dtrrcrcnt ~perat2n& 
conditions for this tube. Th1c tube will therefore al1ov ~ 
detailed study of the behavior or an ESFJt ror d1rreret~t ~arn 

perveance values. 
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1 J\     ELECTRICAL DESIGN 

1,4,1     Gun Design 

The gun design is a straightforward electrostatically 

focused  Pierce   type  gun with  the  following design parameters: 
-ft       ^ /p 

Gun perveance 1.5  X 10    A/V 
(Mod) anode voltage Variable  from 30.5 to 56 kv; 

^0 kv dr-vlgn center. 

Cathode current Variable between 8 and 20 A 
12 amp.  design center 

Beam power Variable between 320 and 800 kw. 

Cathode dlan.eter 1.97 cm 
2 

Cathode area 3.19 cm 

Cathode half-angle 25° 

diameter (at 
nlnlisum and ^»0 kv) .9 cm 

Convergence ratio (airt) 5.0 

Since thla gu* mil be operated at different ood-anode voltagea. 
It 1» laportant for the electroatatlc focualrg of the bean after 
It leaves the gun that the location and dlaeeter of the beam 
•IrlMi doet not change »ich aa a function of «od-anode voltage. 

Plfure 2 ahoea the electron trajectories for a gun oper- 
ating at M> kv (ühlch *ould field a 1.5 x lO"6 pen- bsaa). 
In Fig. 1. the electron trajectories are shown for the gun 
operatif« at $0 kv, which would result in a 2.1 x 10  k perv 
baas when the body (anode) voltags la at «0 kv.   * cowparing 
these two ftgurss» only a negligible difference In ainlM» baa» 
dlaastar and axial alnlasi posUlon can ba 
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1.4.2    Foe using Structure 

The  first elnzel  lens  Is  located between mod-anode and 
first  cavity. 

The primary problüm here la to develop a  lens aystern 
which  focuses with  the  lens at or close to cathode potential 
beams of variable perveance  (at  least  from 1.5 to 2 y perv) 
ever a fixed  lens period and with a rrlnlmum of spherical ab- 
erration.    Of course,  the  lens system has also to be compatible 
with good rf Interaction and bunching cavity parameters. 

The design of an electron-optically satisfactory lent 
system, which Is consistent with good rf design parmaeter, 
has been completed.    Plots of the edge trajectories at« shoim 
In Figs, u and 3.    Pour auch elnsel lens aystesa will be used 
In this tube with the first systen being located adjacent to 
and upstream of the Input cavity.    The lens design has lean 
arrived at using the Litton resistance network aralogye In 
conjunction with a high-speed digital computer.    In both eaaaa» 
the lenses ride at cathode potential.    Figure * a^owa the tra- 
jectories In the lena spate» wher a baa» with a baa» perve- 
ance of 2.1 x 10H   la Injected (this aaana the «oduUklfig 
anode la at a voltaire of 90 kv with referenea to Mia «atlwrta). 
Electron trajectorlea are ahown tor two dlfftrtftt tafia dla- 
•atera.    As one can aea from ttoa drMlng« fer iHa aMiller lana 
dlaaetar, the eleetrsna eaaa baek to Uialr eri&ml dtaaaiar 
after a Mill period.   Ttterafbrt, the feewalng ayata» »III to 
sttbla o?ar «any periods. 

Pigure 5 Äowa fMaatHeallp tue aaaa ^ata» aa la Wg« 
4, but ilia baa» parvatnaa la thanpc la 1.$ a 10a*9 

tha ■atfaUilng anoda la at gr ^ (bodar) poiimial ar •% «0 «v 
wiui raftfanaa to tua caitiatfa.   AfM«, ma »teatfwt at» iMt 
to tHalr oHglrat dtaaaur afior a fell ptrloo.   IHa alfain- 

saalgn paraaotora Mr ma tana gpiUM ara aa flsttaag 
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(v •he design etnUr of 1.5 x 10"6 bean» pcrveance)t 

Mlnlaua bM» UlaatUr, 2b«|n 

NixImiB baaa dtaiMUr, 2bjMUI 

ID of InWimeUon gap, 2a 
ID of ton« «toetrod» 

üiiio I 

twAildn eoMUm | 
top tact* < 
ioivfttlMd drlf% t«i» MIM «ft 

As t« ppi»tdiü MM, Um IdM t 

4.25 cm 
,9 em 

1.9 a« 

U9I r* 

I.» 

1.59 1 to'9 

.7 ■ 
• I.II 
• l.ll 

I dill to 
•   teditCft* 

■ ail«* iiMUiiMi 

«f Mt«vl«i tdfeM did ip 

•119 

1.1 
I»    «Bl»    ««M»       4 

tl«p «MMP« 

I« P*i;* I« **» 



put circuit.    Such a cavity haa beet, designed and cold-tested. 
It Is tunable from 3000 to 5070 KHz by means of an Inductive 
tuner,  like the one used In the previous L-3668H ESP-klystron. 
The neasured H^/Q of this cavity Is 96.3. 

The loaded Q of the output cavity was calculated by using 
the following aquatic  ■ 

8Mn 
^ 

VblUg» 

A/V^J 

ewiT*t.& (eorrtaysnda to 
of t.5 » 10"^ 

•owfUiig aotffleiont 

tlootroiile offtetw^r 

-   «0,000 V 

• .9 (aaauMd) 

• 39 Caaai*oo) 

m mlm M^a#%o m%m ^ of «1*3 *—**•* on *» Hml 
ioM*iMi «triff,   fa to a»te to «ten H» ootyot nHiyllfsc ^f 
^ ^%lJii Iftt l«to M itrr^rtPt iMM ptrtfttMo «Usioo« «1 
Ml tMtr oil! it loftlo« lifliw M» lUfiiroti ootpei elre«tU 

l.| 

to ia» »ivoiMO Ulm I 
A .ttf* üttoi ioryilla «loi |* in 
of Mtflta« 10 n 

«ill 10 
«111 

M «111 to 

II 
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1.8    COLUOTIQK 

The saw eoltoetor dtatgn «ill bt ««ti tm tm &*        «If 
except the e; timnot noetle «111 I« ^MHpi MffVMpH^t^ 
the new beam pro rile, «hieb M» te mm In ftf« *.   flito Ml« 
lector la designed tor 10 kw avtfti» p«»r «!M ^ 

1.9    VOLTAOE HOLD-OfF 

1.9.1 Our- hcfl   i 

The chosen ^ersalo for Uw pm WWlopi prt^fi 
Imum 3N air gap betMten the high «olttfi iMMar r 
ground.    The centale surface la aoftfolaiM W ffvetia «i af*» 
fectlve path length of app«^?!; >i»|y 4 |«t IfttMi,   ffef« 
length should be adequate to holtf eff y» WUtitm n#ttti 
voltage of 40 kv. 

1.9.2 Modulating Anode tomttm 

The modulating at ids la aapparM *iw Wm %mm*9 If 
using three radial cemale Inautetara aim ft ultifftini |Ml 
length of .430 inch.   An extamal frrMHm#i «III %• mt 
to allow changing of the voltftft, afttali vtll ft» Utm   -f#| 
to +16 kv In re ferenee to frsofid.   IlMt Ultft flftg Hfti n ^ ft 
Identical to a regular lena fMft «aaft In u» U|M ■ fa^tgj 
operated at a voltage of up to |0 Kv)» aft mijuftff 
are expected.    The voltage ffftftlent l#tafti 
of the gun and the aodulatli^ ftnofta la to 
330 VAii when aoduUtlr« amftt la at fi if fa ttflfnift tft 
cathode.   Again* thts haa ta«k pma» tr pmwimm MTs ift 
be an acceptable value. 

1.9.3    Lens Ibg: r 

The lens ring to bofty voMftft Ift «0 If.    IMg   *♦*♦ U 
a maxiimja voltage gradler,t of 900 fjMl ftHMft IftM 
and cavity wall.   Due to dlalftttrfe af ite IM  --^ 

V 



Mies» tM» «olUfft fi^lUri «ftII bt toetuhfti «nhtfiottf.   Ttat 
■axlm« volUft trtdlct.t Sn iht Uto will oMtu* bttoMtf» lent 
iMd »Ni ih» fMd thr&iffti hoto.   Slnet Ui# mtlo of oy^r 
eontfuetor rt41ua *r4 trantr e^mtfuetor ratflua of tht torai fMd 
ta 3.0, «hUh U wry «!*•• ^ ü» oyitM» milo (a.7) for 
volUfn heltf-ofr, U» «oltaf» «mdttni e«lr«iUUt Ui l#i 

I -L 
0 r 

i 

TU!« voltat» imdltri «•# HW^oufii mmHut ItlgH« ttlll 
loMr thftr tht en» MMd la Uw US975 A 1 N» 
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I.   A !•*• aytU» hM bMP dMlptd for t bM» «itth a 
ptrvMUWt of 1.5 x lO^k/t*** kjr «Mna of iht Uitot  Mtwork 
•mlogiat and Uw hlgli •pMd dlffltat fMpuUr.   Aeeortftng to 
irajavi^ry plots« U» MM syau« It a loo aultafclt ror UM with 
a laa» of a M^OMMO of 2.1 y lO^A/V4^.   TM Ions systM 
la Mtsalatafti altli cooo rf Malfn fbr tht tubt. 

•6 
t«   A 1.9 x 10     ptrManM FlarM typt gun «aa MalfMd 

and tM tmjaotorlaa «art rht«*Mta at dlfftrtnt voltafta. 

5«   Tba bwiehtr Mvltltt havt fcMr. Molgntd and eold- 
taattd. 

.   A fItiflt pap output Mvlty hat bMn dttlgrod and 
Mld*ttat«d. 

.   TM Mthanleal Mtlfr af tht tttt tuM htt bMn 
aoaptatad» dttall dmrlr^t havt Mtn MM and all parts have 
MM orMrtd« 

17 



1. * fun MMSbJy «111 b« otto and ih* h««wr pomp M- 

plrMtni «ill b« «tMitr«d In • b«n J*r. 

2. T»K tub« «nib« Ms««bi«d and •xhaijat«d.   Tlw tub« 
fhould Nr rtady rop not uat In tu» iMt «enth af ihr 
Meond quarter. 

Further thtorttieal atudlas of tht focualng »ft** for 
dtrr«rtnt b«an pervean?« values «Hl b« aa^«. 

*.     Studies of the rf behavior i>f «lutftrostatloaUy focus- 
ed beaas as a runetIon of beam perveanoe will oe oade. 

4.0 ADMINISTRATIVR IMPORMATTffl 

The number of sclent If1- end engineering manhoura 

expended during the reporting period are es follows: 

Dr. 0. E. Pokorny  69 hours 

Dr. A, J. Frommer  Ul hours 

Mr. H. T. Luchslnger  158 hours 

Mr. C. K. Whlttaker  89 hours 

Mr. A. H. Zanottl  78 hours 

Mr. E. K. Shaw    32 hours 

Nlss P. A. Vartanlan  38 houra 

Total 505 hours 

This report period Included a two week vacation shut-down 
of the facilities. 

On May 3, I966, Mr. Park Richmond, ECOM Project Engineer 

visited this facility. The overall program plan for the sub- 

ject contract and details of the technical approach were dis- 

cussed between him and Messrs. H. Luchslnger, G. Pokorny, and 

A. Prommer of the Research Department. 

18 
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II   AMTHACT 

A periodic electrostatic focusing structure optimised 

for a beam perveance of 1.5 x 10* has been designed utilizing 

the resistor network analogue In conjunction with a digital 

computer. The lens electrodes are at cathode potential 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 design of the experimental tube has been completed 

and parts have been ordered. 
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