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CHAPTER OME

PRE INTRODUCTION

Mew gengration ielecormmnasoation sieliles wre designed o oy for g constantly noressing

%

purler of users, resuiring inpreasingly bigher W res i the same Progquensy muliiplex. The
copgunction of bath endencies iaplioy increasing power lovels of BF soquipmers downsirearn

from the powser gmpbliers o the oulpd mbiplexers I this situshion, differen dischs

phenomena may ooour ide the migrowave devices. The comeguences may be damage on the

.’

souipmment anmd Hnk bodgey depradation

T g wacuum envitomnent, muorowsve discharges maide BY o

prpunent may be cgused by g

Bold which bt o torgst mafac

primary slectron accelerated by an glecirin RE  CHIAINgG an

s

svalgnche-Hke morsase of elsctrons due o woondary emission The phenosnenon desonbed |
referrend 1o as the Molipacior Bffect Under gus vaowum and RY comdtions, satelbite minrwave

ors oand BY oables are

ewnrs, is

stusipinent such as wavepnides, reververs, fransmitiers,

v

prome 1o the Multipacior Bffect whivh keads to damsge and degradation i pavioad performance,

The Mobipacior Bifect becomes the domunant ligh-frogueney bregkdown mechaniun tor

preseures at which the mean fres path of g free eloctron exvseds the spacing beteesen the broad

made, The conseguences of this

wally of o rectanguly wavegukde operating in the dominam 1)
sreabdown inchude damage to souipment, ek budget degradation, geasranion of exesss hest

which can lead 10 mebing wnd oracking of componerds, incrogsed nolse generation, harmonms

dimortion and dmter-medulaton {when smiliple Feguency RY sipmads are apphied), sic An

Y




smpvtant design conuderation i a sveiemn opthoing hollow wavegubles operating 8 low gas
5

premsures and high BY power levels 15 the provention o suppresson of breakdown due to

Multiparior Breakdown or Multipeoior Effect o Secondary Bleotvon Besonance

Yarious suppression wohniques are curremly emploved o reducs o posaibly complsiely

ey 2o s thests will detai! soone

eltminaig this phenomenon iy suedlite RY components, Chay
of these technigues, such as comting and sorfave woometry mndification, and slsn the resulis of

¥
L

dgees. Chapter 3ol fncos on the techaigoe concorned with in

voets carred out sing thess tedd

shis ihesis, which is supprossion of Mullipactor using DO Magnenic Filelds,

1.1 The Theory of Multipacior Breshdown

A briel gualitative desoription of the Mulbpactor Bresbdown stars with the assumption that

there gre » few free elecirons proson in g waveguide Blled with gas 8t 3 low pressure, Undey the

iy
influsnce of the applied RY electric Held, practically every electron crosses the guids without

iy the wavesuide wall, sevondary elecirons e emitied

ity For most matialy the secondury smission vield {ue the

-~
St

ile

¢

toral nomber of gaitied seonndary elevirons por ung time ¢ o by the dotal o
slectrons per unit Bme) beovmes grester than unity i the impact erergy of the inoident elesiions

s sufficiently high 1 the transh tme of gn electrom across the guide I squsl 0 one-hall the

o

peviod of an RY ovole {or, more gonerslly, any odd mwltiphe of » halfperiod), then the au

e

eloctrons orossing back and forth in gynchronism with the apphed BE fGold snoreases very vapidly

faeg

fashion.  Asx a resull further fansmission of e Badio

disrupred (Wachowski, 1964




1.5, Minhipacitag Prooess

The mpact of an ncident {primary} slectron on et can lend 1o the erdssion of one oF roore

sepondary electrons from the mmierial, Summarized by Beosya {2007 the CTRSEON PIOvE
gormisis of three muain sleps

The primary electron crosses the surfans of nsterest and is attonmated by collisions within

she maierial and absorbed,

the primary i transforred o elostrons wside the materal

Seame of the sxeited slectoms muve sowvared the sorfce and ave aifonusd e oy thetr way

cit by eollisions, Those with encugh energy 10 estaps 1he mpterial wre sevondary

ctroms and typioatly have mockh bwey srergies than the primary.

.,

gl L%’?a’{}i—ig,

sion for Space Stndardizstion {E

sotion event prooess as ooy

2
&

Cree slectrons exist within the BF fiedd regron of 2 componend whose dimensions ang

3y

&

sron meen Hee path as a reselt of Jow pressure withag 1he

srpll pompared wit by othe sle

COTnpne.

pres the free electrony owsrds an wienoy

b The electric Geld within the component aoneie

& OHE SECoTiary

o The slectrons fmpact on the surface with appropriate srgries 10 B

y inchbend

envesiog elvctrons than we

4. The sherpsting REF field reverses and aconlermes the slecrons awsy from surface,
3 the tendency Tor suyrface re-shsorptivm of the low obirgy gheotrong.

.

ol thar the mamber of fee sleciions inoiae

s ieps o and 4 together we

e sprfaces.




e apphiod REF slectrie feld end the shectron-alpciron

wioving under the hdlusnce of

i, the glectrons mpact O 81 interior marfaos of the component aftsr

srinal repulsion &

cles of the BF figdd The munber & i3 s Sewder” o Vmode” of

approimately

ying o maulipaction event between

ipncion evend anc 4 in sheanst abeays old, sig

5 anmd the bw pembaciorns W oB VEBLURIT

% s - . 3 e s .
vy surfaces, such

spaced coaxial

ity wry inorease in the sleciron population

Stops ot £ oare now repeated Wi sach Wmpact

caming exponential charge growth o oony amid 5 Bmitiag procsss, such as that caused

e plociron-slectron mutusl repalsion, canses the slectron clond 1o satnate,

by

2 bas Dyl Conponents;

Sepandary slectron emission coeflicient {BE

sy electrons vostticient, o simnply, secondary electron eoefficient, 6, and

$. h e REOOTE

v Barkescatiered elecirons coefficient, g

o tpue secondary slectrons sl hark-

For egoh electron impRohng 8 surface, an gversge munnag

2incdTons areg

seatteradt slectons are emitted A fraction ¢ of the back-scatis

coflemied cloctrons, Bach cocfficient depends both on the energy of she moident particlo and i3

eopndary Hmission 10 soffioient o = &+ ¢ with

angle of mmoidence The variation of the Total B

sweadent particle snorgy B i univaodal, itk o masimem of g 20 £

5 1 for g vangs of B as iustrated Figure 11
et
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Energy of woiden pé;}'iii-ﬁ%f:, £,

v as o funotion of energy of the

selegiron o

W07

o mitinted for whatever reason (Held smssion

5w of 3 thin slectron cloud tat wdn

aotor disoharse oonw

farth herween the opposed surfBoes {05 gaph w response 10 the apphed BF field The exchange

nerveance of the gap, reaching sieady

current in each half-ovole will moveasg to g iyug sl by

o~ .

sate in 5 mumber of halforyoles set by the ssoondary srmusion cosfficient. This perveance b

saay be interpreted that as the electron density increases proiosl ropalsion CaUReS SO

 density in the

1o fall out of siep witl 4, therehy Hasting thy madmun eledt

R

ohange oloid

1.1.2 Secomdary Emission ¥Yield

The troe seoondary ensission viehd or secondary smission ooelficient, 4 or S8F or A

o5 the mean munber of secondary slecirous enstted por inpgident pRIRATY.




ww, sl o st be greater than w

Lot

weund mmimber of 3

For o given incidence augle, the secondsry emvasion coefficlont, 4, should vanish below a

threshold privaary sagr wmorense 21 low energins {8 primaries Beve some enorgy 1o transtur

to the secondariesy, reach g mendiowmy, and decey wf bwger onergios (a8 very fast prin

penetrate more desply into the matenial and more of the exchied slecirons ave siopped betbre they

cap reach the surfaced This is sadesd the case a3 has besn show

1 expernentally, and seoondary

8 s and the primary ¢

gt wihnechof = 1 and are known as the first and second o

: :
peir 2 - - X I - B B e s o
3 H
IS S R S U s et o e
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EE] i :
i i i
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¢ : i
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4 H ¥
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5 v %,
Primuey sleciron enargy, &

¥ oyrve nnd main chargoterisiion at a
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T
HAXEE

mamast Be bepween these S there oy be

by, the primary onergy

S

ey SY5EY sfzr, &,

¥

more secoonbyy elecirons emited thes primanies ghsorbed, which i oruo

k4 -1‘33;’ ;;ﬂc‘iﬁ.ﬁ?s

discharge 1o he sustainable.

Axithustrated i fagure 13 when a pelmary eloctron s incident at an obligoe angle o the surface,

Cincident normal to the interihoe,

atially attenuated in the same way g3 2 pri

g the swme mesn distance v, e the materal However, the exciied sdectrons are

o i fhe

s

thotr way out For an et angle & with rospect o the

factor cos ¥, thos incressing the sooomdary wield  Buch an incresse has been ohuerved

sxprimenially (Bumar, 20046Y

o
o
& g
T, Wﬁ‘”ﬁﬁ
e

Ko 35 8

Fig Effeot of oblgue inedence [Kumsr, 2006]

o et huth G

3“.' A

Yaughan's empiricsl Dromudaiing conchs o and £ wase with incidence angle,

white rotgiming the overell vield curve shape {Valiblls o1 of ) 2000 Vauphaw's Renwlas

obdigue inodence correstions are

? LY
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"ma %

- heing the impect energy which vields

Lee

Whers dy,,. 18 the mgmam value of 8, w

gyt o025 B

and Lo oare smoothness thotows B fo. ang 4

Hom 010 abowut 2.0, with 2 default vadue of 1.0 By opleal surfaces Low

vaiues corvespond 1o debberately roughoned sarfces, while Bigh ones are approprats

VEEY

whence at iffeven

B

spoth amd oxide-fres surfaces. Frgure 14 shows the offect of primary i

wy the secondary viekd corves Clearly, oblique ineidenoe does not only raise . and

wich 4 1 angd

B vam

2 Ry oand oveases

making sleciron wulphcation, witical for multipactor onssl, more bkely,

; i’ seonndary emission vig
primnary incwdence [Beosrra, 20071
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114 Effeot of Narfuee Siructure
Rough surfaces usually bave smalber secondary emsission vields than smother ones, as oan be

5

seen from the vield parsmeters for different varianons of cavbon in Table 17 This is betguse

peaks surronmding the point of emission of 8 seoondery subtend 8 greser solid

shibood of resheorption of the sleciron by one of the pesks especis

WrEaINg
grnission at the valleys of the surfice Howewer, thiy is only valid i practics for very clean

surfaces, smog gases and bnpordiss with gber seoondary vields sre adsorbed morg strongly by

rowghy surfaces, thus inoreasing the oversll vield significantdy o they are nod renwve

change in & due o adsorbed unpurities can be up o approsiasiely 8.3, wath the effect belng

paore important ot bovey pommy onvrmes, depending on the seooadary vield cheractensiics of

th subsignoes {Beoerra, 2007

for rosgh warfaces, 5o the effest of

At the sarme time, the incidence angle v wot proporly defined

obfigue ncidenes 1 essentislly nepligible for such cases. The smoothness folos 1D souanons

{1.2) and €1.3) reflect this, a3 a vory rough serfaoe corresponds 1o &, =4 andd no mcidence

Table 1.1 Becondary prmission parameters %m srrwsth sprbaces of difforent vanaty
gt pormel primary mokdonce (Becerra, 2007

} Sow 345 EY Moy Avails
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1.2

il

cianple

30

1.3

$

satelliie-horne rectang
for hiph RF power. Both these conditions fawouy the olad
phenomenon which leads 10 dusnape and depradation o payviosd periormg:
fonite greatly the oulpol powst of 2y
SUITTESHINT (00! hnignes such a3 surface woatments (ooating and ap spttering} A
modification have shiran
skt

possibitity of using o DO snagneic fis

Statement of the Problem

clar wveguides operals in ow high vacuan spae ervirmumnent and sl

o vhe mnibipacior reakdown, &

= anud therefors

53

y commumication ssieibie. Cowrepntional  mulipacioT

e

¢

arface geomeny

mitasions o durability snd produchon prOCess TESpEC dreety. o

P \,“

4 the conventional supprossion techmgues men joned, the nee of 4

vin oz mathemanest modst the

fishd iz propossd. The resesrch wnas

saotion in g satelite

4 1o effect suppression of mu

Cybjectives of the Study

different from the

,~

To model o complementary mulpacton SURPICIRGD sy

aveal modification techmgues in

o

copventional sarfice pommenteosting snd g

current usage.

penific wavepuides geDmelngs with given foreard powers and

frequencies
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Projevt Methodology

1.4.8 Blodelling

The proposed multipacton SuppTESERGD wwohmigme will be wosleled vsing simple gsometvie and

sppedric guantiaes. The nudel will provid

Erig aship berwees the slection emission
augle, deflection sngle and hmpact angle. B owdl abw show the relebionship botween the

deflection angle, secondary electron viehd and the DU magnetic feld guantity

1.4.2 Bodel YVolidation

e mogdel will be valideted wning the standwrd englosening sofbware wools MATLAR and M2

4 Spreadshest MATLAR will be used for graphicel anslysis whide 8 Hyopl Spreadshest

witl be used oy numerical analveis of the maodel

1.5 Heope of the Study

This work will volve the review of provious research work
presented by indreiduals, stutions of gher learmng ang
of the Muolipacier Theory will be provided. In addinon, g revie
wobmigues such gy suithce reghmentiecaiing and g

i techiig

v the B0 magnetic Beld suppy

e

Padumsee ({ieng f of i b eoopdowed and 2 smthematicoal mode! desigued o Hoe with

the tochmgue.
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The thesis 1 divided dto Bve chaplers.

t Chapter One s an introduction 1o the concept of mltipaciion,

ster Pwio reviews previons works and nwterisls on mulipsctor suppression.

3 Chapler 11

provides the detsiled model desion B the DO Maognpn

Mubiipacior Suppression Techsigue.

4 Chapter Fowr desoribes vehidgtion of the muliipscr suppression model using

RMATLAR and MSE Exoel Spreadshest,

v

Chapter Frve provides the thess conlumnn and veoomm

L

e
o




JR MY LITERATURE

R

The frst section of this chapler freass the most Bumilisr scenario of multipector withow

spphisd DO magnetin m the pansllchplste conBigurapons The second part

evipus works on multipactor suppression {particnlardy suriaoe tresiment, poometry

.3
13

modifiostion and gpphvation of an external DO magnene Behd) and deteonion methods

21 Unmarnetized Multipacior

Assuming vecuum conditions and igaoring all collective effects and aegheible foroes, the motion

o dug o lectnagnesic felds 1y governed by the Lorentz foree

oo eplE 4 e )
where ¢ 15 the slememary chavge moving with 2 wedoctly v, Fis g thme-varving elpotnie Geld and

2 45 the magnetic Held, Using the equation of motion, this foroe Can be writien ag

— PN
Foomom, (a2}

afse
- regreseris the oleciron aocelorg Py
24
WY E . ~
o 2 o e { [ e gy ) (2.3}
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s trpnensission line geometry of erest, the amplitude

o magmtic feld, where v s the speed of Hght, 50

-

rems, sumulations  angd

fror nowerelativish

fersny SED

shevy very few elpotrons with veiociies above 2

5 b the confipurations of e

ing the magaetic foroe 18 gonen ably an appropriste spproach (Becema,

sesentially redured 1o ong Jimension, sither by assuming that the electron

shat i bx emtied norpal o the surice, oF by shnply ignoring eny THTIOH

. TRATHNE

snifionn frangearse fOres. The eguanion

perpendicniar 1o (he elestne feld, sinoe thers g7e Be

ben ondved for the instial conditions, namely the tne of gmission of the elsctron

o

and Hs positinn and velochy i the Sivertion of the Beld m that dme. A second gletron i%

bncher with similar initial conditions o the uppo ouite slecirods.
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e beon metallic s

s

st T osptisfied {Beogrs,

. b cowpiiions
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&
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»
=
=
=

§ There st be synchronism hetween ihe impmets gl 19

e popwated oyolivelly, the srari times of the forward st hackward
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plectrons, b, amd &6, 1o spmotively, have 10 ¥ it v 10 g HNOREEY MR

EX:
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e there o he electron wuitiphoation in the gap, the produdt of the secondary sleciing

U8

s s

we gt the bmpact soergies {and ik

smoredy st be groaer than unty.

% 1.4 Paralleh-Plate Miakipacior {Toe-Sided Multipaciorn)

Considering a single clectron between Two paraliel plates at 5= Qandx = o i a7 RHSTDRLITG

epaation o

Fow o sin o, and seiting the thme onigin as e 2050 phase of the BY feld

saotinn 18 ;z,z VT DY

s in ihe slectrie feld s chosen such that the force i the positive » dirsction B

i The sguation wan bo sobved gralyiically, provided the follo wing inibal

the electrodes are satistied

comditions af the e of electron g sypssien &

R IO A R P T
vt = o} = W @7

The velocity and position of the electrons arg then fomnd 1 ating the sguation of monon,

raking the inhial conditions o ateount {Fegsrra, 20073

IRECEOTE

£, e min ol 4 o - aig } 008 (g )

xit = iy

Gincs the olectric Held o the paraflebplate goometyy s mdependem of X, the synohronisn

ondition for multipacior can be simphified by assum g that vy 18 the same for overy glectron,

15




singe in that oase the condision beoomes that o s transd tune has 1o be an odd iteger

mumber of BF batfperiods 5151 frgr electron, the second olection

Fubcrial s i osmos uy motion would be osubjecr o the same fovoss in the reverss

al supdes of inwidence, § means that &, = 4,

o

dirgotion Bunilarty, asseming e

o that v i ooony

Mghing the assump

tently the same for all okt

condiion bey

f b Mo, Wois oddl = ) This reduces eoum

(2.1
IR
S i i

ooisowueh thar the denoupinaior is

magxirmized, which bappons whon o = aroian (28]

s PR 2 3P 7
e Tt il Mgl gy
L - cessesssanins 23y
L, e A

which ia thus the bywer boundary for the omet voliage of & muliipackor discharge of the mods

o

characterized by the given ¥ provided v is such that the condiiion of eleciron mulbphy

=t kS

1

spow inpact 15 also satisfied. The upper boundary for the omsed vollage can also be obtained by

nsing the maximom pogative value of & such it the enmission velooiy v 18 js

slectron o overcome the midally vetarding Beld, though

csedodorm egustion. The mepact wolooity, olgamed by mposing

'}\.

mhiticw, i

14




-
-t
Lk
R

" £y s i
s f A e B ED Yy b m G ferbn 2
“ ¢ ¥ e & '

o which the mpact eusrgy. using the secomdary emissitn notaton, Can b cgloulated as F, @

3 > . . e e v
Sy The sevondary emisson vight af this enorgy

_“

then be greater than unily for sadtiphoaiion 1o b poss

that elecirons

o
By

the given conditions can contribaile 10 1B © muliipacior

condition, those aminied at

ot of the electrons setisfying the

discharges. Pvideniy,

.

why fmod 2 s § have gresier npact enorgies wt for mpterisly with g very fgree second
3 ot Lo . s

Goarion condiion. This legds 1o phase

crosEOver energy, ave mors BRe

foousing or phase selection, & it the slectron population over many oyules ig restricted o

the phases that satisfy the sad comdition snd concentrates around the phases hat fead 1o impact

energies around P The phase range nerenses with greater gle ek Tield ampiiude, as more

oo
3

slepirons can reach impact envrgies hgh enough for effective mainpd Lioation,

3 % Review of Previves Works

sdniipuctor prevention techmyues B iy fall in oue of the fllowing categnries) gpomemo

s of masin carrier, D30 buasing, and surfacse restments,

s of chonging the goometry of multipacior-

wpceptible sections such tat i 1 unfavorshle for resonance condl  ipveives

suprprossing cheoiion mo som soross 3 gap by applving u barge D plecinie fgld Blas between the

Lot}

elecirodes. Howsver, both of these are e sublioct to other enpineering Lo serminis, and DeoOme

wng in the presence of a large mag

&
X
o
)
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s
=
e
T
ey
e
bt

shiy more complicated in periatsy §y




spsceptible 1o thuse constymnis

324 Suppression of Seeendary Blectron Wamission from ihe Elecirodes of dlultistage

{otbectars

hocondnoted ab MARA Lowas Reseproh

Tyt ogry 1 Y . b e vy MY womva nb oS08
i)‘&_’y’?’«vﬂi LiVYI Y evimwed mwwe than JU vRars of reses

Centrs on the suppression of seoondary election SYERIOT i for the enbancement of the

sffigipnoy of vatmRun clectron devices with muliisiage o codleciors. He stated that

H

pypioaily secondary clectrons are poited 4 wpeotran of o

Yo BORET FST0 OP 0

the gng e CiTi i5 A

sation of elevtrons within this energ

funption of the ¢ he primary elovirous gs well as the maieriat ang

sorface morphology of the targer. The cenpmreh was primartly fooused on the aspest of matersl

andd surface morphology of diffe
The paper included 8 deseription of messprament 100 heigues and dats from messuroments of

o oplociron SIHATON

an g variery of meerisls of enginering inersst, The

3

igue of on sputiering {07 s denturingd was used io provide sarface conting for the arget

teriale under s and significant seuondary plactron viehd redustion wes obser ved whin

compared 1o the untreated mpierials, Resuls of this research wirk we shown i Table 2.1

& drsedmek of the jon spiering echnigue s peed bs s complenity espesiaily when compa aredd 10

the sirople sublimation tevhuigue asend 1 the deposition of Tianiam on iarget sun faves {Primdald

j“’/“{% fovr is.?ﬁ

gf b, 19 G2y Inshe oo

o of the work a very Jow secomlary electron y idd w

.

yenctured graphite, and, i 2 paraiiel Hne of resean seded wems obtained for chemical
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2% % Weasurement of Winltipacting Currents of Meisd Gurigces in BF Fields

e

Browh of o (1996 presented date of the system BT T Tt

R

wments of KE muoltipactiog et

btwpen b dloctrodes of a speuiatly deslgned posdal vesanatorn Teohnicel surfaces (T, plated

3

oo stoimless steel, Al steinless steel} were pvestipaied before and afiey surtace ireatmends
cch as chemical vleaning, beking and Th couting. Afier each messurement the sampies
shightly chemically polsl bed uo that 2 new surfaoe was prepared Tor the next meaRrenim. Some
O samples were coated with T3 (sputier techwmgus), cne sarmple was coated W wh TiM {thern

gvaporation). Four siainless stesl sampie des wers elentrophied with Cu. Four sampies {20, 2

csored inoa plastic bag ffiied with dry Nid fror ome week, Table 2.2 sumnanizes the

sepsured resaliz

Al samples showed wmultipas first order. They dffered in megnitude of

LY
0

iy, Costing of

sultipacting corrent and i o RS A6 sampdes showed the wors

ferg

{ redunes the processiag time 1o about ameq AT costing of Al had 2 sb stavind

3

ing behavier of the bar £ Wi Adie

improvemnent hecguse of the slrong srnadbipad

s O ad Al behave the same. Blectroplated Uu on sl sindess steel is sonmnvhal worse

shun pare sopper before hual trogtinent. One impresting result is the dramatio deterionst o of Ou

.

and T conted Cu aamples afler storsge 0 2 plpstic (PE} bag, The nwe et iy aot undersion

Ome snecylstion is that some Inbvicant mothe PR foil penetraies to the metal surface of the

gy pEECIoD 1 BIOTO OF LRESPOTE BE componenis in plastic bags

sanmple. Nevertheless

o

should be avoided, i multipaciing s of conuern,
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Srupskov o gf {2004} in the papey
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-,
)




the secomdary elestrons and used 2 detsited model for the enevey and snsular distribution of the

g

The tranguler grooves were chavacierized with angle o and the reotm

slar srnoves

by the period

&.owidih o and depth A as shown in Spure 201 An idosd electron, whose rgieciony 1 a3 shown in

;

ihe flgure, hits the surface g pdnt X and produses secondary clectrons shown as Haes A

Depending on the emission angle, some of the secondary electrons can escape the groove and

$

move awey Bon the sorfsee {4 sy sdevirons would bt an dnner side of the woove.
move awsy o the serface Other seccnddary elocirons woold i an inner side of the goove

With some mobability they will be absorbed, o they can genenate other seoondary elsctrons

shown as

reforved 1o as e seoond pewgration sooondanies) whose tragecion

fes B The process may repest soverad times untll the onergy of lugher generations of the

secoiiaries beceanes o ow and they are evenuslly absoabed by the surfhon




Stupakov of o {2004} siated thot an witial electron thar trave

s the horiromtal

plane i figure 21 would Bit the surlioe of the groove g an angle {(x-ay » the norimal

goe Bince SET i3 typioally propotionat 1o the incidence sngle, this means that thers is

# higher probabiliny ofthe sumber of fiod generation secondarios bedng smatler than that of s flar

syrtane, the subroutine POSINST. The

prodability was caloulated and sinndsted using

vegults of this simulgtion show that the magitede of suppression of the 3BT depended on the

anple of the trangnlar grooves znd om the aspeot satin of rectanguler grooves as shown in

Figares, 2.2 aned 2.3

From Figwre, 2.2, the top ouve gives the seference valve of sevondsry electrom vigld, &8

{whers £ 3s the nciden energy of the olectron} Tor o sl swrthoe (without grooves) for normsl

mcidence. The lowest curvee s the o grogwes whon ondy Brst genergtion of

secondaries 15 taken mto sooou {tha s emh secondary eloctron is axsumed o disspposr when it

bits o walty The muddle dots Oueddle curved show the resul of simadabion with two geperationg

of sgoondaries faben o soovant {second seneration secoudlary

pre

chay the wally As 8 s shown in the Boure, the maxin

iy

secomdaries when th

2

decresses tooa value of abowt 13 o this case. Simulations also showed that smaller angles v

in g stronger suppression of thy omission,

grouies assuniing o 0 (37338 The

Figure 205 shorws resull oF the simusdatio it

rough Hnes corrpaponad to ifferent aspect ratins of the reciangular grony

par o 20 oandd the maddle one corresponds o A = 1 while the top curve correspomds o 8

FA




sence ot swfscs. As in the cese of toangnlar

suppression of secondary omissng,

fation of ¢
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1 cenestoine s gvk el
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Fig 2.3 Himuiation




1.4 Mialtipacior Studies of Rectanpaisy Wavegnides

$3omsdhoet of af i

X

crsepnied the remilis of experime Leiad snd numserical studies of multipasion

in rectangular wave % new seetion of reciangular waveguide sipiiar to the

input coupler of the UESR-ype SRY cavities was designed 10 expesimentally verify various

mraliipacting SHppTEssion methons

‘.,

Cimmilations were performand 10 assess the offectiveness of grooves for suppressing

The grooves were out out of & wWay emde broad wall, 10 2 width a yi depth of lome To boprove

o~ P o

the description of the Gelas i the vicingy of the grooves, the o Wi e

&

the groove widih was covensdt by 2 sindean of By

that the grooves wapped clections Cin on dow Tiehd e

ghanthed by the walls or leave the groove. The effectiveness of this rouity

method appeared o depend on the ™ mvier of srnoves ol i the walls 83 v well as thelr sie. It

a0 pppearest that g nage o “ihe swme dimensions a3 the groove bad 2 sinilar effect

2 % % Flectron Multipaciing CERR Type Reciangulsr Woaveguide Coupler

o @e wedt as

Creng ot aof. {2004 disenssed the resulis Trom an pxperimenial wavegui

simulations from a model of detron wa sitipaoting using 1he rAALHT PR onde Tesls wanm

s that inchaded enbanced diagnosios e i the poss

carried ot on @ new waveguide SEL

changing surface materials gnd yermpersture. Those 1038 evalmed grooves, 1

inchuding a Thsnhem Nigride (14 3

W3

Faporated CGetter { TiFey MEG) coating, € 5 methods of multipactnl B easicnn, dhualfipaoting

,».

current was messured using slecon prohes plaved ot strptogio points on the woaveg ek plat




The conchusion afler those tosis remmaing Bt the most effentive method to achieve complate

mullipaoior suppression remeing the apphoation of & stalic msgnetic bag, parallel 1o the wave

propagation direciion.

2.6 Multiparisr-Tobibiied Wavepnide Geomptry

2578

Chapmackt (20003 presonted the squations used o dew

s a mdfipacior strmsiation oode and the

rosubis of sunulation sindies of a wuedgeeshaped hollow wavegaide

geomeiry thyt showed

promuse of being far lpse aescoptible 1o owiltipactor resonances than standand coax and hollow

sular wavegmdes. Following 2 previpus work on mulipacior dong by which acoomplist

2y
n

s

suppression by implewmenistion of 3 oowded  soperondecting BE (BRI wavity profile,
Chomack] explains that snce both rectangular sud cowunl waveguide multipacior trajecionies

remain well aligned with the respentive mode’s olectric Seld, g ressspnce-dierapting effect may

ihe wivegaide orogs section 9o ax 10 Byoe ourvature on the elpotnic figld

be provided by sliering
This could disellow trajecinries fom taversing repestsble paths and even guide slectrons w
rogtons of zero dlectrie fehd, One sueh poconventions! wavegeide oross section i3 iHostraied in
Figure, 24, A vectangolsr wavesnide v ahored to bave the broad walls nonparalle! and the
sidewalls g8 ciroular aros o facllitate snabysis This “wodgeguide”™ has 2 lovwsst-tutofl mods

suntlar io the rectangular TH




The wedgomade dimensions were taben a8 modifioation o the CENE IO om ® 437 om

rectangular wavemnds where one sidewall is effecty snd the othe

reduced 1o0a 501 om height

wwreased 10 152 wn by having & siong = 21 S om B 64 B om, o w02  (as

Runming strmdstions over comprobensive ranges of BE power, launch phase, and lsunch position

i wedgeginde roveaind three charasterisnics of sleciron walssionisg,

“

The great majonty of irgeciones shernstely bupadt on the broad walls and

gaickly bwcoms antbresonant with the R Afler & dosen or so impacts, the

maive low onergy

acoumuigted  secondavies perform suoe

e A S .
Mg YRIGEN,

sepnndary mudbiphoabion quckly decavs woney
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t bian toward the larger rahus sidewsl due 1o the

et
foid

©ofield curveture. Tragpoiories thet survive anibresonant condifions well

Tioant secomdary muliphoation typioally migrate

K

enoush to e 2 sig

this wall There, the vanishing elpcing gnd finite mugneiic Gelds allow o

sucognsive ovelic  dow onergy  bmpacis b goickly damp secondary

multiphogtion to negligble levels, anslogous o tralentonies dispiaced fom the
migdhine in wovmel rectangular wavegudes,

1511 The cupward radisl migration dus o the & Beld curvature opposes the net

svwvarsd vasdial v o P B Foroe that oooars af vadt loss than the peal of the £ figdd

LEEARR

’

For o raoge of traectory rahi theve aro speoiBo BE power levels ol whish

these opposing forces almost balance, and the olectrons can rovaain olose {0

7

rescnance. Porbmatedy, the foroe balance i not consiant slong the wajertory

AR
i




B O BVETARO, and the slecirons everiuslly boong anti-renonant A

sgrate to g sidowall, ither cass, climanly experioncing sucoessive fow

darnp seaondary mltiplication o neghigible

enersy impacts that gul

fovels Flgure 2.7 shows the srpeiory of ao eleviron fnched 8t g radiug

17 e b wedpeguids and temporatly sapericnuing  atnost batanosd

SREOLENE 51 Ve

soki siaies that sleciron RIEGOYY sirvs] “wedgegiide

wavemids poometry 10 he promising o having greatly redused mwitipactor suscaptibiliy, no

roscnanons being found after wim wilating # multiinds of cases of BE power, launch phase, and

launch posiion

2.2.7 Multipacting Uharac roristivs of 2 Bevtangaiar Wavegnide

characieristios of the

e

veriigalions e i srsbiapacts

Ceng ef ol {1999} vried o i

s wavemnie naed for CEREAL Superonmiuncting BE {SBF) system by using @ newdy

%

4 RS,

wb 303 compnter code siudipacting bends weit entified for differen operatd

% .

aich as stending wive (AW} mode, taveling wave {1 W mode and the so-called el wWave

TR

duled




mode {TW mis

o with BWY A comparison bebwoen she simsdation rosuils and the expen imerdal

shaervations for the twmialled CEARAT BRE systems was made Rpasures t0 Suppress

SN

srmiiipacion were cxplored. The sirmlation resully suggesiod St an eiernnl DA magnetio feld

som woulkd be very effeciive in

of a few Dausss of emplinde m the wave propagaion dired

disturbing the wajecionss.

23 % Efferts of an Extornel B snetie Fiold, and of (digue BE Eleciric Fields on

Wiultipactor Discharge on @ IHeleotvic

el er af {2000 analyzed, separately, the effects of an enteraal magnetic field, the R ¥

s

magneric ekl and a8 shitgue RF electrio finid, on shipactor discharge 09 3 diclectrie. Lising

mioste Carko simulation, they ohnined the susceptibilivy diagram n tevms ot the magnetis Teld,

she RY plectric Beld, and the do charging feld for varicus dieteciric materials. Tt was found that 2

magnetic flold paraliel o cither the RF slecisic field or the W0 eleotin feld dogy not

et

gualitatively  ob she soscsmibifiy  disgram Floweeesy, sn exierngl  magnetio {igtd

sendivular o boih the BE i field and the DM elecivic feld oap sigmmfionid ty affect the

ey diagran Thus, oviented magn crie fekds lower the upper susceptibiliny bound, via

cesomance effect, when the magnetis febd srength s approwinst pgual 10 F 0030 {3tz

where fa e measured i Teshs and F is the RY frequessy. fih the lower and uppet

ausceptibility boundaries may be g significanly by g large oG 3 magnetic Deld

Susceptibility 1o singhe su cavie field s nearly paralied

o rnuitipaeior i greaiest when the BE

v

v the dileotric, g dramatioatly decreased oy aoples of obligueness g sater than

appriomately s y0e The BY maegnetic Teld does net ffert the lower boundary, bul mey

g

o4
3y

exctend the upper boandary gt

e
LY




%25 Mulipsction for SRE Covithes for Acvelerstor Drbven Sub-Oritical Systom (ADSS)

paepiabion 00 their work on the stmmlation of mulipaotion In g 700

The cavigy

was oplinured usiny SUPERFISH. Then the
slectromagneiic Held was rocomputed with FEMLAB, 5 package that wses the finie elemen

method, o obdain g more sccarste Geldemapping, and 10 make the fleld valuss gvallable for

comgriation of multipaction. In the mubipaciing subroutine, ¢l

weiroaiy wore assumed o he

refeased dnto the svsiom from varous points with Pl
trapentonies were yacked untit they hi the cavity sarface Leap-frog scheme was wsed w solve the

Lorpntz foroe equabion for primary eleotrons, 95 3 15 easy fo use angd 15 acourste up o the second

order The posion, velocity, phase and kinotic energy of prunary elocirons a1 zach time stop are

calouisgted and siorpd. An wierpolation funcbon i wsed w ealonlsle seoondary emission vigld

(SEYY ab dif¥erent inpaot enprgies, Winh the cmission of secondary sloctrons, thelr trajectnn

s were iracked slong with primery elocirons, n ordey o wentsly pavameters respoasible for

multipaction. By repesting this proogss fwrge munbey of glectrons, the mwitipasiing

srajectonies and feld lovels were Weniitiod

For the verification of the developed vode, 8 TESLA cavity was analvesd and the traeciones
verified with thoss reported o have been obtained From Multipss, o simalation sofbware wolbo

for snalyzing sleciron muliipacting bn axb-symmeiri struciures, With the developed code the

muthors were able o conclode that the g Hkely o be mulipsching-prong. &t

wid eaviy w

sihie to Wentify the multipacting wies and Beld fovels, as well as the order and 1ype

[,
win also oo 32

of pulipscting expecied. As g next stop, the reguisite cavity was 1 be vedesigned 1o make o

a2
bl




it 5 asbe WY 8 sinial CEVHY

weiing-fron as fa as p

stractures and othey BE componanty ke couplors, windows, $i

3.2.48 Suppression of 3 whtipaciing ¥ Beviangular {aupler W pvegnides

4y giacussed the results of beo ox cperimented methods shat could be used ©

Trvkes of ol
GDTEES prultipaciing in 2 reclang ey coupter wavegs e
L the showted wavegnide metl wd, and

ok

G the DO magnehic hias methy

Py
[
ey
g
e
b
L8
,..

HEVE PP RRTOTY

The siotied waveguide method calls for mpening slots on 1he frroad walis

L

b the resonance and wap wult seting pleclions. Fuperimenial ssereation

divection that pert

showed that when the slotied ¥ wavenuide featored with oue ghet % pun wide by 5 - 10w despd
siong the centre lne of 8 brnad wall, multipacting curven Wak coruped by a facior of 210 7 for

~

o and ymaging of astivilies

e of 1 - 300 RW i braveling wave mode. v

2
1

avepide spave wes m e through view pons s e o the B-hends fozated on

aride space coTesponiing s ihe slod, o dark region

both sides of the test waveguide. in the

was vihle against the whitish-t dus hackgroond, which was dup 10 discharge of pas molecules

g clectrons. This ohservation npt ooty confirmed v mnltipaott

Jesorbed by mmitipa
suppression effuet of the sle, T ais0 FRRd sled that mnitipaoting deve foperd aoross b it wal

Lot

eve 3 complete

over almost the eniis widih of the waveguide. It was e concluded thal, 10 a0
pltipaciing supprEsSon withy the slotted wavegmide method, muitiple slots werg peeded on both

romdd walls,




agnetic bias method titized 7 solenond ool wrapped around thy

D smagnetic field in the waveg gide space thet bends the tagediony o raltipascting

clectrons, Complete multipaoting BEEEOSEI Wal realized with the DL magoetic bias mpthod. |

was anpicipared thet (37 mmasmetic bias sethod ponid also be applied W soaxial coupber

waveguides, Detauss 8 sefencid magaetic Deld rajeiery bending for

multipacting slecirons of the cne-sided uter condustor maltipaniing. An sdvaniag ol the DD

magnetic Bas method io that coupler wavegii SRS npving differen dirnensions oan g

e with different sulenoid coils, such proving an optimal Wiamng Held,

%% 1% Weeondary Eleclran Wishd ¥Variation with Surfare {regtment

o .

ceslts obtsined afier apphiostion of v

m.'v«

sioms surtave tregiment

b

Haepesed the

¢ {such as copper, mehiNn and shurminiumy sith respedt 30 SEY

<.

recpcion, Trestment med mosdn eonployed on e i eohmical srfaces mohaded

“.

cosmplishd by she hombardmoent of yechnical

sdodification of the swiae COTnpOLT

gurfaoss with argon on, ACEOR D gl 4 i a powesrful way 1 DOGEY
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i"z
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change the s g youghness. Thin ca

indiractly a reduction of Yo cinee the sobid angle for Slootinns 10 302D

o tierpction with the surface can he sigm antly devreased. Thig medifioation was

without rt

dewdritic ayer, The orestion of g sipong dendring

produced by the deposibion ol g strong

sprface ooy o small copper ¥ sanyHe | roduced o sarfacs which had g SEY lower than 1, even alter

gEpoRre 10 BT

vi etioots on

1 veview of malerials on the mulBipacion | dherermens and By attendant B

)
ooy
o]
k3
o~
Faue
0
i
3
=

RF commumorlinn CoOmponents sl { epuipment, particoiasty this QRES Of

has heen dong. Also, possible suppression techaiques (sugae sted and aduptes]) have boan studi 2k

o BF components minimizes the onset

L srestment {ooating, sputiering, £ v oo suie

Wihile surt

W has heen nobed thet westments such s coging tend W degradis with time,

Trvkas of of. {20003 sxperimenial esparch was abls 1o shove the mathematival relanonship

s Tiedd o fally suppress srliparting

hetween the D magnedic

Viewaever, the work i ne indinate for the 8 Lid prongiry she amennt of deflecion

greiedsy

experienced by the emitte & eleetrons gs 2 resul of the bias fie3d. This thesis will provide the

sedationshin hehason she D30 magnetio bine Reld, the sleciron detipetion angle and the 11 al
i . i

sedationship provides te possibility 1o adjusl deflention angles

s deflection lenghl

¥ apphications. The themis work will

and deflection lengths to anl srond-hased high oy

CIEATY .

aise show the relationship betwedn she defloction angle and the 18 reciangaiar way

RS

#owill provide the mathematioal relationship

Further still, # N

, deflection sngle.

W




piie field placed a i

Crong of of. {1999} sugpes s thet 2 snell magniinde DO mag

sertric fiold could completely climmuin v saitipacting, This thesis gims 10 explors this statement

pet DAL R

; 3ot vy wyrreriind
o design model

and hopefully come up with & suppor

The design is premised on ihe fnibowing

s proportionsl o the square of

i Ax stated inosection 113, the senos

ihe gnale of apact, i of an eloctron, This sugg or angles of impact result

suppression of

1 wrnaller goaniies of secondury slection AtTI

riipactor).

welooiy & in g steady AR Haold, EEPETIGHELE B

e
o

o ¥ B as shown in opmtion (2. 1y, This fovoe custs the elpoiron

The technigue of DI magnetic sppression proposed ¥ i be modeled in fne with the promise ;

and 3 above The software tonis MIATLAR and BAS Eaeed Spweadubest o st be psed o beh

verify and validsie the fepsiniity of the oo

by, this suppression

"

corplement carrently poopied suppres




CHAPTER S

3.5 BMATERIALR AND METHODS

Satetiite-bomne rectangulyr wavemndes operate w3 high vacust spece environment and 2
ungder high WF power. Both these conditions favour the imtiation of the multipacior brealdown, a

shennmenon tat Bmits grestly the ooiped power of asy comsmumication spelite. Smulation

».»

sesudts from the resemch work dose by Gong of ol {1999 suggested that an external DO

magnetio Held of & few Gass of smplitede placed @ the sy of the cleotric Beld {in the wav

propagaion dvection) shoudd be very effective i dismrbisg electron wajeciones and could

commplersty climnngte mublipacting. Severs] mulipaction suppression techmouss are avalable,

bt the 130 magaetic Aeld technigue supgested by Geng o ol provides an opportunity of el

us

suppression. However, the Deng of ol model 1 lunited fo the sssomption that envssion
velpcities wre perpemdoulsr 1o ihe ewission surfacr. In reality, dleowrons are emtred af random
sngles. The moded presented in this thesis 8 more mealistic in thay 3 considers election enussion

3

S randon angiss

This chapter boging with the detaila of the configuriion setup {0 the suppres ke and

the design prog ¢ medeiing the couations

ot

; iy the angle of deflection, $o. and the DO mageetie feld, B needed 1o ¢

mdtipacion supprEssioe,

1. fw dedermining foffection length, 3., ab the surfave of elettron mpact, when

B9 % b, % 900




he crnasion anple, &, deflection angle.

el mpact angle, @, neosusary oy

Lo

the aplemeniation of the sUppros sic spchiious.

e eguation derived B Bl shove s used 10 me

equations {113 w0 {13} which will then be the model &

the D) mag

3.1 Faternal DU Magnetic Field Configu rations Setup in 2 Heclangulay
Waveguide

Figure 3.1 15 80 hpsration of o typical TR mods yeots

HERS

figewe wdivaies

with arrows the directions of the ddectrin field, the DO mapneio field, she pritted slectron and

crrosnagnetie (E-M wave [ Cdn pracfice, when e plecirie feld divestion

eciron deflection but has w08

-
Bodl
oy
(3

wovw the TH0 magnetio

i Retor SUPPYEBHION. The souree of the external sagnet fedh bs posttinned sush that the 134

e

magnetic feld 1 perpen shieular 1 the ovelio electric Beld bt pindinal 1 the direction of B

wave propagation {Note that the DX magnetic bias method v spbenoid ool wiapped

arourd the wavemide 10 grueralt ¥ idet D30 yongnetic feld € in the wavegnide space thal hery

the irajpctory of mult PG

Pigure 3.1 forms the hask plivs . meleling done in subsaguent S ;

While the ow

configpration 15 reinined 8 fig 34 o Figure 30 provision ks made

o
12




Cxvanstion of
PRI Pe ATt ]

Fig, 21 Ty mode electnie Beld contiy rméi%w’z*} LR
the {iﬂaéi%“?‘h b elecine feld, the smiited electron
WEVE: P U};.?e'igi%‘{?{;*{i

i

g

2.2 Divection of Blectron Mofion in the Prosence of g Uniform Magnetic Fiold

Thus secnon provides & mathemation! analysis of the direction an slectron ortted ingo soumiorm

magneiic feld region. Baoause g rectanpulsr wavegnnle sectinn 13 the microwave component of

srterest for this vesearch work, the rectanpular (Cavtesiand Coordingte Bvaten woanploved m th

anatyais,

To aid the gnpbysis, the fllowing assumpiions have been made based on the physieal




Assninptions]

L e npifors D0 magnetin B

doves mot maner i owhin oz

i Eleotrons sre

inree.

o Ay e
fA.41 18

Eoation

aguaiinn DOCLmS:

sy e

hhas the 58

This confirms that the componont of ¥ parallel o By he ¥y
Thass, the mapniy

spyids 1of ¢

for g postve

vy

0 the z-ais divestion, e B {

i i poiniing

4 vesuliy offect onibe esmvitest ehectvon

e wiith different velnoities at different an whes

vy forne eunabn

}f;," ¥ :":5 3
Fog =GV By

{Ining veotny oross miltiplicgtion

ude nf the magnein FENTEN

seity normal o By

charge. Fov an electron, -¢, {which

Hypy {;i,__i.?{sﬁ ¥ vz{ez;«)"

e g2 3ds e 237
s g, eV,

eetion the magnetis feld i posiing 18, of

@ cordritue [ the magne

nepatively oha

Sote that 8

e

-8

ara
7
T

et

on the charged partiche is expres gxed in terms of

gedy the

oes
N
Yo
s
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mnm e

oy can be represented I COPOnONLE o B, a3,

o pointing i the - §,

*

15 the nriform magnetic feld we

R 3

the S eeitted sleiron moton wrnsld be n accnrdanne wil

pory
o
]

iy veotor cross muliplic

oy BeOOInGE

Countinn (3.6 s fr a pumtive charge. For aa elegiron, -2, 1he 24

,w
e
fee]
e

prificance of epatinng {3 4} anh {3 8} is that.

The s



presewa

s foree, B, hes componenta gl

i Thy resalian g

ong e yegsis, Py st along
Ty

4 C3

the B gsis, £ W TeRX I

(’z

. bt nosse along ¢

<

o The resubant magnetic force. B omes the moving elctron o devigte off g

orgmal fraeciory.

HL From equation (343 when the uniform magnstio feld 8 pinting the positive raxis

o, By, the 5, foros component causes the eleoiron 1o have a postiive yeaxis

ipwardy srajecty while the £, force component reiands the rate of yeaxis
ke 4

e sniorm magnetic feld s alony negative zaxis, —H,,

the &, force component causes the eleciron to have 2 negative y-uxis (downward.

trajpotory while the P, Boroe compovent Influgnces & posithve reaxis {forward)
Hx " . i

ctiomal motion,

e

2.3 Mathematical Helationship between Deflection Angle and Linifprm

Magnetic Field

This section models the mathemation! relations ship betwaen the deflection angle, @, and the

mapnetic Held, B using Flgwre 3.0 and Figure 3.3 The deflaction length is represented by O in

pead

el £ 38 the distance over which the magnetic feld s unifirm o

wire 32 giwd v Pigure 33

the effeciive digmeter of the solench?
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3 rovides

For an glentron with oh

v-v\.\

ermmned by an accelorgting volage

Vo Semrs ef gf {1007

50 be writien as

where the relationship between aop

and sleciros

i

vedogidy v i

Rgushons {3001 and

s

wmborm magnetic Beld &

o~
o
et
et
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(et
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et
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s the relationship betwesn @y and £ Thes, to effect » veary small deflention angle ondy 3

srnall uniform magneis §



Lrvkes or od {2003 expressed the derived bins

chd, H, needed 1o Rully soppress

<-'.

rectangilar wavegnide operated in traveling wave mode 23

Tpeg
o
i3

where #r 15 the forward power, § the wave PEOpREAT

yodmsiant, i the permeabil HEy o Fvaonim,

o the angular BF Feguency, and o and b the wide and nerrow dmensions of the WAV

s
At
ast
.
?

s k3
By = Ftan™? {?
K3
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34 Determination of Total Deflection 2t 8% < &, < 90

PR

Llamg Figore 3.0 and Figare 3.3, section 3. provided the equation for determining the length of

4%

deflection, 1, messured from the point whers the slectron leaves the uniform magnenc el

seciion gives the

the Hne drawn From an un-deflecied sleciron trajectory, Thi

tenglh, Dy, st the surface of eleciron lmpact, working with the sssumption that 07 2, < 909

&

&
A




34,1 Bethod ©: Asvumption thet Augles 3, @, and 8, are Koows

ol
iy
e
o4
'S
b
[

pure 34, an plectron s gmated from point 4 @ oan angle B, measured from the eleciron

frajectory wy the e normal 1o the emission surfoe. I travels in g stead

which is the point where the watform magneric feld reglon beging. Ap eleciron, ¢, moving with g
veloory ¥ i g desdy magnetc feld, B experionves o magnetic forme, 5, = —ev « # which can
be derived from equmion (2.1 or eoustion {31 The magsetic oree is ol only perpendicular 1o

< $

the magnetic feld but i also normal o the dhrection of motion of the eloctron. The magnenc

Vthe slectron, 3 the mag

nos the divection of the moon 4 is aniform,

v g b determined by the o

the foroe {whose dirs ght-dmnd ruled soting on the electron will

e comstant, that s the sormal component of v will have » constant magnitude af any point ina

s B feld cousing the eleotron 1o deflect, producing 3 ciroular mcdion

v perpendiouiar 1o

Thus, bomedigiely the eleviron enters the regeon of soiform magnetic Beld, i trgectory 18

o

deflectad, tng only shightly, booause B i very small Deflection continoes uati 8 geis to I

which is the end of the mageetic fell region The clectron then continues 1o siraight frajectony

4

until 1 unpacts the other surface at an angle &,

Figure 1.4 shows that

and

1y wmow o Loy iy {315

engd of the uniform magnetic Geld {or the el ol the solenoid}

,««-

where i is the distance bebwean §

and the enid of the road side of the wavesn

B
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gy 2 oww tan b,
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-

Surpming equation {328y, equation 43 270 and equation {3 28) gives

g . o g
-2 4n s tan @, {33z

Fig. 3 4 Dagerpounation of Total Deflocson when @, @y and @ wie

ko at 8° = o, o B
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Azsarng that @y ix wmalt and

Ar elpntron in g magnenic Feld moves in g orcle s

adians) which, aocosding

sped i the feld
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speed of an electron travelhing wog on z hvided by the

periced. That s,
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15 Medelling of the Geometric Relationship between Emission Aagle,

Deflection Angle and Impact Angle

mdels the equation relating the dovtrn emission angle &, deflection angle 9

i35d

andd topact Oncidence) angle @ The Bollowing assampions gre made In this modeling exeroise

i1 {uand dumension of the oaids

i

ErTenr:

e, bbworn the yveaxis parailel plates

of ihe g lar wavepunde i small ¢

uring g straight clectron gl

“he electron @ oemiied at an angle greater than zorn, messuring from the Hoe normal 10

i The DM fumtonm) megeete Hebd 7w small Dmeasured o Uausy pobs) resuliin

s besy

srmall deflection sngle, most probably much leas than 37

1Y The resuban 4

lection sagle @y s condant oo all endssions sines & is uniform,

i

Yo Vhe magnetic feld is perpendicalar 10 the BY Geld pointing m the posstive o8 {out of

ihis paperd The elociron 1 emitted with a welooity movisy fom kel to nght of the

. o

reciangular waveguide Using the right-hasd rule, the foroe scting on the slectro

wing o the posiive venos {ie upwad ay oppossd io downward for e positive

charged

bt 3
-t i.)




Magretic Feld region T UL

; -quiz.ai‘é»:}zz yedatin
g,:- ¢ f)

o angle 0, deflachion angle

in Figure 3.6, an eleciron i emitted from point 4 8t an angle P messured from the electron

traeciony fo the e noreml to the endesion surfavs. 1 ravels | getsto i

£

which s the powt whore th i mapnetic Held rey

emiers the repion of the vwilrm oweredic Beld s irawctory

because B s very small Deflection oontimies unall i gets to D wihich s the end of the mags

Fipd
5 ]

td region The electron then continues w sl

1 trajectory witi i opacts the other surfacs at

an angle




P the absence of 2 DU magnetic Beld, an olectron emitted Bom one swrface at ansle @, would

o smpact angle @ of the same wegeiiode at the opposiie surface, giving @, = @, This

s that tor large values of iy, there i a hig o pbtaining 8 SEY >

TS
by

B prody

obtain the mathemaiical model By the peometric relatio

S O &
F S AL v

By, amd wopact angle, By, Hoe (00 & gusumed p

d by the electron during i that heals

Therefore, from Figure 306 using
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ey
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ghe, $p,

s angie

the redationship between the dellection o

Sowing deductions can be inferred from the equation

s, and topact angle, B 1

s is the sum of the erission angle and the bupact angle.

The deflection ang

153, i @,

B Bince @ b asmmed smsll and congiant (rom ssumptions 1 and TV on pg

ppdy unpiles a

witl be negative 10 mabniain & congtang @5

change In the divection of the deflention.
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346 Modification of Yaughan's Empirical Formulation

This section uses the couation derbved i the last section fo modify Ve ganrical

formubetion desortbed by oy

e . 3 e
Gnand &2,

’

shan’s empirical Brmolation gives egusls

Combining squation {3 43) and Ve

s
4 57y R e €12 I
£ ¢Q}3+‘) §8ivi 1 4

' Ay
W ie w 3T P
i {{@ } e ‘zvy;igx {ﬁ} { i b ““Mé IR S

where &, (b} is the reaxtmom value of & o &, mpact angle, £, 00 s the smpact enspy a1

'13:’_:

ghis 8080 ke and B are sepsrste smoothness faclors for the

gvd &, ranging Fom O o ghout 200 with g defiul value of 1.0 or typical
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be expanded o pive egomion (3247 which represents the dexign model for DO

i snppression teohmgus
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icance of the model eguatmns {0

than By @, @

w fiedd, an

e opposis suringe,

B oo iy,

iy that for

2ot 4, thers s o high probabaliny of

Thus in the presence of a I3 magaetic feld, B valugs of

the angle of impact B, will be less than B would have been had the uniform magnetic

field heen aheent, This

diom i Ay means a redhucn

he & and Bonoo 3 suppression

of mdtipaction

i1 The relationship between Ppand 4 has been estably
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goustion 31, o s pos

1o detproune the valve of @, by varving # ustil 2

suttahle o
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arrived oi thet will ool encowrage waidlipaction
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For sucrowsve componenis such ae rectangubar waveguide thar will be space borne,

wiven any vange of emdssion ang

 deflection angls

using DD magnetie Seld thar ol result o wuppression of moBiipaction
For ground-based systems that e operated at set emission angles

needed f the proper workiog of the evstem oan be maintained withn



CHAPITER FOUR

4.0

s tpchimgue arg

Yahdation exercises amd fest resolls prowg the feasibiliy of e suppress

samerical and graphical forms. The sofbware fools M5 Bxesl

i ths chapler in bo

provids

% oand MATLAR® were used

4.5 Grephival Analvals using MATLAR
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50 DISCUSSION, CONCLURIONE AND RECOMMENDATIONS

£1  Result Dibwopssion

54,1 Puscussion on the generated Table

4 contirms the

Sunple mumerical analysis done using the amly

feasibiliny of weing the D magnetic feld multipactor suppression techuigqus.

Tebde 4.1 is g table that provides the memerical valugs of

¥
¥

o, urgd emission angles, @, at B, (00 = 3000V and 8,100 =1

inserted into sguation {3473 for each value of @, 1o obiain 4. The values of the defl angle

A

are in the range Y 5 By, % 909 wihile the pmission angles arp also in the range ¥

in the table, the values in columns & . vepresent the defleoction angles b

degree and radian sguivalents mepent

vely, The nunwrical guantines

the of

3
3

i ontumn & are the values of 4 for correspomiing def

wusion aneles, &,
RICE,

Purposy of the Table

5

i The table provides sumerical compsrison of the & v un-deflovied elenion ipact and

._._,

that of 2 defieoted lectron impact. Values of & when @p = 1 give the 4 vaines

L2 z

1ifh-

deflected elociron mmpast while values of 4 whin @p % 07 gives the & values for a

deflected elpctron ynpasth

[
W
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it provides confinmation et the presence of a D0 m

5

sebio feld really provid

2%

et «
“‘\3

sosatbitity of mulipaciorn suppression. This s because,

gnetic fehly s lower than when

shsence of a DO magnetie feld)

Flow 1o use the Table

I Heleot g deflection angle, P

5 Belech an inRss 40

1 Locse the imtevsecting coll for the selecle The valug in

he ingers "biif"‘* el is the 4 for the selpoted

dng shows two exmmple cases 1o explain the use of the labd

I

{ ;’5}

Caze 1 in the presence of g constant magne i Viedd, there ik a deflection of ¢

L

e

For crampls

ey

fhay 2 velue of T OBOME

< - -
3 Y

angd o, of 1757 the witey Fhus the &

i, favenad

5 b OHIRHE

i Laiven a

19 1O4TTL

o 7 In the sheence of 8 constant megnetic Beld, thoye 5 0o o deflection of glecirons, For this

Becall from section 3.5 {and Figore 3,67 that, in the absenve of 2

1 an elesteon emitted from one surfaos 2t angle 3, woutd result in

P magnetic



@, of the seme magrinde 8t the opposite aurtase, giving @ = @, From Yaugheo's ¢

5 e gy oy e S o5y
i, & o0y, meaning th

at barge values of @, have o high probability of obtaining 5

Lising the examples above

P i =00 gnd @, s B e 1T
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o

fovitiont gralyais of the table 4.1 shows thay

b Omnerally, g dellected elootron iropact rosulting From the presenes of 2 D magnetio s

has g jower ¢ than an un-deflested slecizon impact

Ho o The presence of 8 DO map

L The deflection angles 07 @ < W provide & reduction for g larger range of 9, while «

Loty

P provides § reduction for a lessor range of @ This tnphes that i s preferable to use

simadl deflection angles o the range 070 @ 0 10 1o offeet & reduction henoy suppresy

masitipaction. 1t has been shown in chapter thees, thet o smwll detloction angle

affecterd by g sroall magnenc figld

2.1.2  Dzcwssion op the generaied Graphs

Figs. 4 1o 4.5 indicate that

o~

i The defleciion of elecirons resulting from the inclusion of 2 D0 magnetic Beld does

veduce the & and may ultsnaiely lead o reduction o moliipaction. However, tor BTSN

s

angples less than 37 (e

<y, the veduction & in nnt sigefioam enough o be

nsidered @ suppression of multipsction, a8 seen in g 41 This therefore suggests thyt

the suppression technigue s only uselud for 74,

)

G For the deflection anele considered {le 1P thougdh this applies to the range 17 =y

<10 the percentage suppression moreases with INCIOASING BMISHING ANy

i Table 5.1




Table 51 Percontage suppression 3t 1Y deflection an

Faisnion Aagh o Perceniage
! {deprevt ' T b Buppression
BOpRressig %%
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5.2 Conclusion

The vesubts of this work lvads 1o several tmporiant conclusinns on the sy

magnetic feld on multipschon i g recisngulsy wavesuide B slso giv

detiection angles and eanission angles that provide for this supprossion.

Flusdings

By appbving & D0 magnetic field, electron trapectory can be disturbed. Models and sinulstions
E ke k o Evd R p

that an exjernal DU magnetn febd appdied in the droction of wave propagation in a

wlar waveptade can efficlently suppress multipacior. The Hadings o this work can be

rensonably samrized as foHows:
I Genergdly, the lmpact of 2 deflected electron fresulting Bom the pressrgs of 2 DO
magnetic feld} bas 2 lower & then the mpact of an un-deflscted elpctron resuitoy

Ut EIpACIOY SOURERION.




1 The pressnce of 8 DU magaetic Geld redunes the 4 only whes the &

£

3Lt I ~y
0 provide 5 reduction for g larger range of 94 while @

e

: fromm the inclasion of 2 DO ma

WOLIEE MY AW acticn, However, the

SEHHEESION 180

v, For the deflostion angle - peroeniand SUppression

inorenses with inoreasiy

%% Recommendations

The objestive of this s complemeniary muipacion suppression techngus

different Bom the copventionsl surfacy trostmo atfonating  wnd  gecmetricad saodifioat

technigues ourently used W sptellite rectungular WavEERY However, the rosults of the

roesarch hove hesy

whally based on dervesd mathematiosl models. The sbsence of advanced

e Befooe the

experimentation laboratonss mkes physical verification of these randels 1

work caw be safely implomentad m rectangular wavepuides, & propey CYPETHNg

verification process is required.

¥

Fuogore work on this sublest should conoenivaty Of Cng ting better desipned gl more AT

cimmiations with capabilities for tracking more aom swately the rajesiories and 4 fetiention

of slectrons for sdar waveguide geomelry i the prosoni of magnetic flelds of

different strongths.
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§ with the proposed fechnigne 15 the extie COmpURonis g

IR L EIRe

0 magne

produce the

veipht s undessable, :

v exira the design and manifaciuning

i [P SRR SO
gyl Lawe

components development.

o field Therefore, o make the method feasible for space appis

inte serious consideration the use of Hghy-watg

asuch an solenondy regul

iations
processes for the additional

b onmterialy in the
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aiatinh Simulation Program







