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Austract: The paper comtains thesretical reseach resultz of  tige
delsy lines based on smooth circwlsr or rectangular  wavaguide and
cirealar iris-loaded wsvegnide. The msin problem of this research was
chooaing of deisy line with satisfactory parsseters for zpplication
in BF power upgrade aystewr. Differeat delsy 1lines were compsred
on group veloc.ty, power dissipation, tolerences on gecmelrical siges

Calculstion heve shown thet cireular smooth and iris-losded waveguide
give & posmibifity to comstruct delsy iine with  satisfsctory
parameterz st frequencies sp to 1§ GHz.
Introduction
The RF powsr upgrade systems seess to oe the only soyrses of

extrenly high power RF puises { about
Such 8 pulses sre needed for high gradient electron linacz  feedine
and also can bhe waed for acceieration of other perticles. Moreover
they cap be sapplied for some other purposes where a  short high
power RF pulses sre needed. The main  warking  principle  of  these
systems 13 as following. The generator AF pulse energy within  the
pulze duration or the s=aln  part of it i3 storeing at
elements, Then all stored energy extracted from  the  systep  during
the tire interval wuch shorter that the initial ome. This results
i BF pulse power incressing while its  duration decreasimg. High
quelity resensnt cavities or time avallebie  for
energy storage.

R¥ energy upgrade systems with storage cavities sre much more
widely used dve o their reletive simplicity snd compartabliity. And
thats why they are well enough ctudied [1—4 ] . Nevertheles this
syatens are not [free fros some dissdvastsges Aspecisily it can e
poiated out thet the output RF  pulse shape efficientiy defferes
from rectecguiar one and the maximue value of the system efficiency
cannol exceedes 57 %,

Upgrade - systems with tise delay lines a3 an  energy
elements ere free of thls  disadvanteges [ 5,6] . This

hundreds and aore megawatte |,

special

delay  lires  are

sterage
3ystens

form s plene top RF pulses azd car possess a 192 ¥ efficiency. It
general the aystems efficlency dependas upon delsy  lines  epergy
losses. Values of  binary  systems [ 5 ] efficiency n and power

meftiplying coefficient Kp for different Iosses ir delay limes are
contained in the table

Fequirements t8r time delay line parameters

Data contalned in the table shows that & power dissipation
about 15...20 - % 1is acceptable in the most cases. For practical use
sinisun geometrical sizes and acceptable electricsl streagth are also
desired. Reguirement for electrical strength i3 cevsed by the RF power
level that the system operated on which is sbout hundreds of
negawstts. This fact practically exciudes using of dielectric filled
waveguides. That's why 3mooth rectsngular or circular wsveguides and
iris-loaded circular waveguides sre of ioterest for time deisy line
construction
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Smooth rectangulsr waveguide

The main wave type in this waveguides i3 the TE ., one.  Tals
wave adventsge 1s that dimensiops of & waveguide cap be chosen e
such a way that it will be the only wave vpropsgated in &
waveguice. And there sre no preblems with wave  type filters.  Wave
decreasing coefficient o« far TE,, wave is defined as

“e vt @] ©

where oo = - Inl E(IV/Eq) By i the  wawe
ectrance end of the waveguide, E(1}
end while 1 is & length of the waveguide } . k =
proportional coefficient { f - frequency,
walls msterial conductivity ! B T 01 - LA SR i ]1/2 - Weve
group velocity | where A and A, are free space wavelegth and
critical wavelength in waveguide, respectively ) o snd b
vaveguide dimensions { o i3 the dimension of the perpendiculsr to
the wave polsrization plane wsll ).

Some calculated results obtained with the help of equation { 1 )

amplitude 3% the
wave ampiitude st the omtput
I X feol6 1T -
Eo- elestric constent ;| 6 -

sre plotted on fig. 1. Here are glven power dissipation 4 Wakne
porkolized power dissipavion A/t and waveguide lemgth L/t [ whers t
i3 a delsy time ) v, o, wavelength parameter AA/Ne: { AN 1A,

It cen be seen that & power dissipstico A iocreszes and &
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Flg.1. Plots of power dissipation A, normolized dissipation A/
sad normolised lemgtt L /+ 53 & function of ah/Acfor differest
values of A for rectangulsr waveguide.

normolized length L/t decreases with the wavelength A get closer
to Ac. But at the same time normolized dissipation A/t remsins
practically copstant and siightly drops with A gees far from Ae .
A little A/t decressing observed while ipcressing &  waveguide
dimenaicn b . This decressing 1s about 45 % for ter times dirension
b growth. Therefore power dissipsiion in delay Qine based on seooth
rectangular waveguide for definite delsy time i3 determined by  the
exited aode and the s/b relstion. In thiz case the delsy Jine
leogth showld be chosen frow the peint of viev tc obtain necessary
delay time and scceptsble electric atrength electric  field  grows
gp with pgr decrease,

Sacoth clreular waveguide

The TEoy mode in smooth circular waveguide {3 pot the lowest
one but it s of linterest in our case due to it: anomaly smsll
dissipation. The main disadventage of this wsode is thet the TH .y
node has  the same value of A.. Sc if there sre no any specis]
filters thst can dseph the TH, mode thiz iwo sodes will propogate
fn the waveguide together.

The critical wavelenhth Ac for TEg, mode is a3 foilowing :

2
}\c:}l_g;k (2)

where jugy i3 the first root of the Bessel function dertvative and
R 1s the wsveguide radivs. The wave dissipation coefficient o for
T8o4 mode is:

- ZRk[?Jgr (2\7\1)2 (3)
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Fie.2. Plots of values A, A/t and L/t as a functlon

of AN/ Ac paraseter for clrcular smocsth waveguide

Calenlated reselis for power dissipstion &, rnormolized length
i/t snd disaipation A/t sre given &t fig. 2 85 a fumction of A)\,/?\c.
The curves are given for seversl values of A . Thiz  reaslts are
quite like those at fig. Normolized dissipation A/t i3 asls
practically Independent from wavzlemgth paraseter AX/Ac. Bubt one can
sée thet ir thiz case power dissipatior in delay lime is inz about
an order lower then for rectangular  waveguide.  When  exiting  the
o2 mode the dissipation is roughly twice lower then for  the
T8 on one but it 1s wmore comrlicated to prevest any  lover mode
propogstion  In  the waveguide.

Circular iris-losded waveguides

Circulsr iris-loaded weveguides ( CI¥ ) are the periodic waveguide
systens thst can slowing down & wave phase 8nd group velocities
both. From the point of view of using CI¥ as & time delsy line
we are interested only ip growp velccity decreasing. In CIF one can
achieve a significant lowing of {bgr. This waveguides are well
enough studied and can be relatively simply calculated.  For  this
structures we are interested in THo, mode as well es fn TE,,

8 g0 and T gy modes,

¥ith the helz of electrodynamic ocsiculation of the structure
given at fig. 3 the delay line paraseters are deficed. The
caleulated results are plotted at fig. 4. Hormelized dissipstion A/t
for every mode considered is close to minimum poszible ome it can
possess. For THoq mede A/t velues are given for seversl vslues of
phase velocity F’Ph‘ One can see the dissipation decrease iendency
for Bpn groving up. Nevertheless for Bpn>18 this decressing don't
exceedes several percents. This mode dissipation i3 caleulated for
the following parameters ( according to fig. 3 ) s/b = 8.3513
ofA: 9.1358 ; t/A - 60281 oscilation type 9T/2. It can be pointed
out thet persmeters ofN influence especlally on the pPgr value.
hud for Pgr changing from BOIS up to 8.5 the dissipation A/t
rewains practically constant.
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Fig.3. Circular iris-loaded waveguide structure.
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Fig.4. Plots of poreolised power dissipation A/t 83 & functioo
of wavelength X\ for differeat modes in (IW

Normclized dissipation A/t for 18, mode i3 pearly the same as
for THgy one Here we baven t auch ae evident dependence of  A/u
0 pPh. The lewest  values of A/t cen  be  achieved when the
paraseters  o/A and Pph tre chosen In such 8 way thst fbgr 15
negative and slightly differs from zerc. This &lso concerned the
MWy, and the TEo, modes. For the T8,, mode celewlstions sre
carried cut for parameters values @ a/b : 0 4768 ; o/N = @.407
LTEN T 0.097 ; DPeh : 4B oscillation type 9 /%  Hers
rarsmeters ofA influenced practically on Pgr 83 it for Ty
nde.

A proper parateters choosing can decresse the A/t value twicely
wore, S0 an scoeplable velue of power dissipation can  be  schieved
o delay lines based on CIN that s about 8.7 - 1.0 dB/ps &t
18 - 32 bend.

Analysis  of results

The investigation done shows that all comsidered types of delay
lines can possess an acceptabie values of power dissipation and
geometrical leogth, A definlte wavegulde type and the delay line
length are chosen sccording to nessesary waveiength band, RF pulse

duration ( needed delay time ), power level and available precision
of manufucturing.
For example, 8 rectanguler waveguide can be used at 16 - =m

wevelenhth bsnd as & delsy line for BF pulses sbout 1 ps long.
In this case the delay line should be 4.2 w for Afh¢:  0.9935.
snd the o - disenston of the waveguide sheuld be esnvfactured with
sccurscy betber then | pum . Fer input power of 1 MK electric fleld
strength in waveguide should te abont 180 M¥/m.

Is 2 - s& wavelength band an acceptable values of  power
dissipation { less them ! dB ) can be achleved for s delay limes
based on rectsngular weveguide when RF pulses duration doesn™t sxceed
spproximatly & uaits of nanoseconds. Circular smooth and  iris-losded
waveguides can be wsed here within RF  pulses duration up to
%,...68 ns. If there are wo firm requiresents for delay line
length sn acceptable power dissipation can  be  achieved for delay
tiges about 9,135. In this case the delsy line length  would Dde
roughly 16 e

To construct s compact delsy lines In  considered wavelengtd
bands cne csn use an  iris-loaded waveguides.  For approxizatly the
supe parameters as for smooth waveguide there msnufacturing accurscy
ia about as order lower. Kore over the advaptsge of (IF  delay
lires i3 that opersting with TEq,, TEq, or TEqq modes ope  ncedn't
yse sny special filtera to prevent any paraditic modes propogation.
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