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A method of attenuating the propagation of 2 2
w-veguldamodnxnmes:ochnucmomguuybam pipes umu' -3 YT x* = u“ ¢
to be utilized in the accumulator and debuncher rings of the o o o
Fermilab antiproton source is described. The attenuation I {11 | wl v
method treated involves lining the vertical walls of the 111
beam pipes with a ferrimsgnetic material. The general k K k k|
solution for propsgation in 2 ly loaded 0 (¢] 0
waveguide i3 presented along with numericai results specific K—tl—n—tz-) H""""tl"’
to the antiproton source beam cooling system. Aiso <
described is a beoadband, sutomated tachnique for the x
simult t of o lex u and ¢ developed -c ~b e~a a b _‘im

to aid in the cheracterization of ditferent ferrite materials.
Permittivity and permeability data for a typical ferrite is
presented along with a discussion of the effects of these
parameters on waveguide mode attenuation in the ferrite
lined beam pipes.

Introduction
This paper adc the bl of att tl
the propagation of waveguide modes in the stochastic

cooling ecray beam plpes to be utilized in the accumulator
and debuncher rings of the FNAL § source.l The
rectangular geometries of both the 1-2 GHz amnd 2-4 GHz
array beam pipes allow propbgation of tha TE;g, TEzn,
TEm and TEg4g model within the operating band of each
pips. These modes a with a vel
comparabls to that "of the beam and can induce false :lgnals
on the array pickups thereby raising the overall noise |avel
in the system. The method treated here for attenuating
these wavegquide modes involves lining the vertical walls of
the beam pipes with a ferrimagnetic material of complex
ision to

Fig. 1. Farrits Lcaded Waveguide Geometry

The goai of the analysis is to determine the attenuating
effect of the ferrite for tho different modes thet may be
pregant in the guide. Some ineight into tha optimum
mmofmminluwlmumnw
detired. By sol dery value probi for the
joaded 9uld-, the algonv-lua equations that govarn the
propagation constants of the odd and sven modes in the
guide can be obtained. The attenuation of a given mode is
then related to the real part of its propagation constant.
Because of the length of the analysis, only the pertinent
results, the odd and even eigenvalue equations, are
presented belaw. The detailed boundary value analysis may
be found in rafecenca [2].

The eigenvalue equations presented are valid for
odd and even TE modes with no fleld veriations with the y

permittivity and permeability (¢ and w). The d
employ ferrite as the attenusting material was based on its
excellent RF attenuating properties, vacuum compatibility,
and availability.

The general solution for propagation in a
r 13ly loaded veguide is described along with
a broadband, automated technique for simultaneously

measuring the complex ¢ and » of a given ferrite sample.
This measurement technique was developed to characterize
accurately the elecitromagnetic properties of the several
different ferrites under consideration for the aitenuation
application. By using the ¢ and u data measured by this
technique in conjunction with the loaded waveguide analysis,
the attenuation of TE modes in a beam pipe lined with a
given ferrite could be predicted. On this basis a particular
feccite was chosen to line 3 2-4 GHz array to be installed in
tive debuncher ting of the p source, Future experiments to
determine the effect of this loaded array on nois2 lavels in
the debuncher are anticipated,

Mode Analysis of L oaded Qesm Pipe

Figure | depicts the cross section of a waveguide
(beam pips) loaded with two slabs of ferrimagretic material
(regions 1I and IV) of thickness t,. The slabs are parallel to
the direction of propagation (Z) and at a distance t;
from each vertical wall. Regions |, [Il and V are assumed to
be free space while regions 1i and IV have complex
permittivities and permeabilities of the form:

€=’ - Je* ue=vu' - gt

CC This condition iz satisfied for frequencies less
than 5 Gz for both the 1-2 6Hz and 2-4 GHz arrays whose
x,y dimensions are 30cm, 3cm and 15cm, 3cm
respectively. The equations are:

u L tan(pty)fu, 2 tan(at,) + wp tan(ni)]

= u;:[uo 2 - up Ian(nz) tan(pa)] Even modes (1)

a £ tan(ptl) wp o+ uy % tan(pa) tan(nz)]

= w[up !an(nz) N ltan(pa)] 0dd modes (2)

where:
pz’kz

k » w\ue Complex wave number in
loaded regions

p Complex eigenvalue for a
given mode (analogous to
cutoff wave number kg
for «n unloaded guide)

the to. 2 Dimensions as definad in

Fig. 1
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Tha attenuation of a mode with sigenvalue p is then given
oyt

a{dB/m) = 0.686 Re [y(n )] (3)
whers:

Y= an-tﬁ

The even and odd modes of (1) and (2) refer to field
symmatry about x = 0, i.a. y(x) = ¢(-x} for even modes
and y(x) = -y(-x} for odd modes. The dominant mode |s
the even mode with the smallest value of p aillowed by (1)
and is attenuated the jeast. Given the physical dimensions
t1. t2. and a, the attenuation of a mode as a function
of fraquency may be computed by solving (1) or (2)
numerically providad ¢ and y ara known over the band of
intsrest. In order to determine ¢ and u as a function of
frequency for a given sample of ferrite, the measurement
technique descrited helow was developed.

Measyrement Technigue for ¢ and y

The general techniqus for determining ¢ and »
i ing 1 S par s for a
waveguide or transmission line loaded with the material
under test. The tachnique described here employs a strip
tranamission line fixture shown in Fig. 2 into which blocks of
the material to be measured mcy be inserted easily. An
automated network analyzer system is used to make
frequency -swept S-parameter measurements of the loadsd
stripline  fixture. Values for ¢ and w may then be
calculated from the S parameters.

Complex propagation
constant

LY

Fig. 2. Stripline Test Fixture for Measuring ¢ and y

Referring to Fig. 2, an unknawn sample material of
physical length t is glaced in the ceater of the strip
transmission line fixture whose unloaded terminal to
termingl electrical length js 2L¢t, For this configuration it
can be shawn that the complex ¢, and u. of the sample
are related (o the § oarameters theasured at the terminafs
of the fixture by the following equations:
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It should be noted that when using the sbove squations the
length of the sample should be less than Ag/2, in order to
avoid dimensional r (Ag is length inside the
sample matarial). For this case the principal branch of the
inverse cosine function in (6) may be used.

The accuracy of the measurament technique
depends greatly on three major factors; the quality of the
stripline to coax match in the fixture, the match of the
stripline to the netwark analyzer (501) and the accuracy of
the S-t er MeAsuTr s. The first two factors
depend on the construction and fine tuning techniques for
the fixture, the details of which may be found in reference
(3). The S-parameter measurements were performed with a
Hewlett-Packard network analyzer system, the main
components of which are an 8410C network analyzer, 87468
S-parameter test sat and an 84llA harmonic frequency
converter. An HP-98l6é computer with appropriate
interfacing and perigherzls was used for automation, data
acquisition, computations and printing/plotting.

For the purpose of assessing the validity of the
measurement techni three dielectrics with well known
properties - teflon, lucite and polyeihylenc--were measuted
over the .5-5,5 6z band, The measured values of ¢.' for
the three materials wers found to be within better than
+ 5% of the generally accepted values of 2.10, 2.26 and 2.60
respectively. As would be expected, wp' = 1 was
measured in all three cases. For {ow loss materials such as
these (c,® < .05 and pp* < .05), the ¢, and ue* data are
inaccurate because of the quality of the matches described
above.? However, the measurement technique in general
was found to be accurate to within better than + 5% for ali
casasof ¢ and up excluding cp” and up"® less than .05.

Ferrite Measyrements and Attenuation Data
for the 2-4 GHz Array

The permittivity and permeability of five different
ceramic ferrites were measured over the .5-5.5 GHz band
using the above technique. The attenuation afforded by
each type of ferrite inside a 2-4 GHz array beam pipe was
then evaluated using Eqs. (1), (2) and (3). Figure 3 shows
the relative permittivity and permeabillty of Emerson and
Cuming NZ-51 ceramic ferrite tiles, measured as a function
of frequency. The data in Fia. 3 are typical of all the
ferrite samples that were evaluated. The similarity of the
¢ and u, data for the different ferrites is attributed to
the fact that they are all ceramic compositions of spinal
type farrites with only slightly different mixture formulas.
Any variations in ¢, and w, among the different samples
had a negligible effect on at[enuatlon in the 2-4 GHZ array.
Hence, based on its easy availability, NZ-51 was chosen to
line the array.
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Fig. 3. Ralative Permittivity and Permeability of NZ-51
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The NZ-51 tiles used in the 2-4 GHZ array are
.5 cm thick, i.e. t> = .5 cm in Eqa. (1) and (2). Figure 4
shows the attenuation predict=d by Equ. {1}, (2}, and {(3)
of the demlnant mode in the arcay for four different values
of t). Ascan be seen, maving the ferrite tiles off the wails
(increasing t)) brings in a resonant-like structure at
~ 2GHz but has little effect on the attenuation over the
rest of the .5-5.5GHz band. Because of the beam
emittance at the location of the 2-4 GHz array in the
debuncher, the value of 1], cannot exceed 2cm. In view
of this requirement, and the insensitlvity of the atteration
to variaticns in t) the ferrite was located | cm from the
walls of the array. This location provides for casy
installation and removal of the ferrite. The loaded array is
presently scheduled to be installed in the debuncher ring
during the last week of April 1985. Tests to evaluate the
utility of the ferrite lining should begin sometime in June
1985,
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Fig. 4. Attenuation of Dominant Mode
in NZ-5! Loaded 2-4 GHz Array.
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