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Cylindrical TE 01l/TM 111Mode Control
by Cavity Shaping

HERBERT L. THAL, JR. ~MBER, IEEE

Abstmct-Ao appropriate modification of the shape of a cyfindricaf

filter cavity baa been used to separate the degenerate TMIll (doublet)

modes whfle at the same tfme providing a sfight inereaae in the afready

bfgh unloaded Q of the desired ~11 mode. Experimental results of mode

frequencies and unloaded Q‘s are tabulated for a family of shaped cavities.

Two low-loss filters utifizii these cavities are dkmaed. The general

correspondence between modes of spherim cyfindricaf and rectmgular

cavities and waveguidw is deseribed in order to place the performance of

intermediate shapes in persfrectfve.

I. INTRODUCTION

T HE TEOII cylindrical cavity mode is potentially

attractive for use in low-loss filters [1], [2] since it

offers a higher unloaded Q than other modes having

comparable cavity volumes, and it is easily tuned by a

noncontacting, movable end wall. However, it is degener-

ate with a pair of TMl, ~ modes which must be perturbed

in some manner to make the TE 011 mode usable. The
required perturbation increases as the bandwidth of the

filter increases; for multiplexer applications it is necessary

to have the output cavity (at least) free of spurious modes

over the entire multiplexed bandwidth since a weakly

coupled resonance could introduce an absorption notch in

one of the other channels even without producing a spuri-

ous transmission response, Previously described reactive

or dissipative techniques degrade the TEO1, Q in the

Process of controlling the TM, ~~ mode whereas the ap.
preach covered in this paper yields a significant detuning

of the TM,, ~ resonance with a small increase in the TEO1*

Q as a by-product.

II. TM, ~~ MODE CONTROL

This method may be understood by relating the modes

of a cylindrical cavity to those of a spherical cavity [3] as

illustrated in Fig. 1. (General mode relationships are given

in the Appendix.) The normalized parameter Qi3/& is

shown for each mode; 8 is the skin depth and & is its
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Fig. 1. Resonances of cylindrical and spherical cavities.

resonant wavelength. The value of 0.641 for the TEOI,

mode is close to the maximum of 0.659 which occurs at a

D/L of 1.00. Because of its symmetry the sphere has

fewer different resonant frequencies but higher order de-

generacies at each as indicated by the superscripts in

parentheses. In general the spherical mode Q‘s are higher

than the corresponding cylindrical ones. If the cavity were
deformed from a cylindrical to a spherical shape, the

resonances would move continuously from one family to

the other as indicated schematically by the straight lines.

Thus the figure suggests that there should be intermediate

shapes which isolate the desired (cylindrical) TEOI ~ mode

from the degeneracies that exist in the cylindrical and

spherical cases,

A cavity with chamfered ends as shown in Fig. 2

provides a mechanically convenient transitional shape

which has been studied experimentally. Measurements
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Fig. 2. Shaped cavity geometry.
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e
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~EL4T, vEQ ,,000,,053,,077
1.042 1,115* 0.999 1,0Q3 1,010
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(a)

RELATIVE MODE FREQUENCIES

(CY .! NDER NOTATION)

‘E31
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;:12
1.074k 1,0498 1, 0408 1,0275 1. oOOo* 1.0356 1,0536

~E1ll

1.0633
1. !ooo~ 1.0289 1.0445 1.062U 1.1067* 1.1137 1,1249 1.1308

~Mo 1
1,000 1.0000 1,0000 1.0000 1.0000 1,0000 1,0000 1.0000

110
0. 869* 0.8812 0,8817 - —– 0,8613* 0.8761 0.8730

TE2 1 0. 851+ 0.8579 0.8605 0, 8633 0.8613* 0,8668 0.8717 0.8743

* C3MPUTED VALUE

Fig. 3. Measured characteristics of shaped cavities.
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Fig. 4. Four-pole Chebyshev filter with shaped ends removed.

wem taken over several half-power bandwidths using an

automatic network analyzer and a small coupling aperture

to minimize perturbations. These data were then com-

puter processed to obtain best-fit values for the resonant

frequency and the unloaded and external Q values.

Shapes A, i?, and C of Fig. 3 show the effect of increasing

the depth of the conical end regions from zero (cylinder)

towi~rds an approximately spherical shape. The resonant

frequencies shift in the manner indicated by Fig. 1. The

QU values of the chamfered cavities fall between the

cylindrical and the higher spherical values. Shapes E, F,

and G of Fig. 3 comprise another family having a larger

flat end and a deeper conical portion. These shapes have

in general increased mode separation but slightly lower

unlc,aded Q ‘s. Chamfering could be used at one end only

with correspondingly less effect if desirable for mechani-

(C)

Fig. 5. Measured results of four-pole filter (silver-plated). (a) Reject~on.
(b) Insertion loss. (c) Return loss.
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cal reasons, but no single-end configurations were

measured.

111, FOUR--POLE CHEBYSHEV FILTER

Cavity shaping of this type has been used in filters

having various side- and end-wall coupling arrangements

which yield C%ebyshev or elliptic responses. Fig. 4 shows

an aluminum 12-GHz four-pole Chebyshev filter which

utilizes cavity shape B. Coupling is provided by circular

apertures in the sidewalls. Fig. 5(a) shows a wideband

response of this fiIter (after silver-plating) taken on an

automatic network analyzer, Fig. 5(b) shows the in-band

transmission response, and Fig. 5(c), the return loss. The

effective unloaded Q is in excess of 20000 based not only

on the insertion loss of Fig. 5(b) but also on the complex

values of all the scattering parameters [4]. Reducing the

bandwidth should increase the Q towards the unperturbed

value of 29700 projected from the measurements of Fig. 3.

IV. SIX-POLE ELLIPTIC FILTER

A six-pole version having an elliptic response is shown

in Fig, 6. The cavities are arranged in two tiers [2] with the

input and output at the same end to allow for the one-to-

six and two-to-five couplings required for this response.

Cavities two and five utilize shape C; their axes are offset

with a coupling aperture in the conical portions to provide

an opposite sense to the one-to-six and three-to-four cou-

plings. The other cavities are approximately shape F so

that they are free of any spurious resonances within five

percent of the design frequency. The uncoupled end of

each cavity is movable to permit tuning.

Fig. 7(a) shows the rejection characteristic for a t 5-

percent frequency range (157 data points). The weakly

excited TE ~~zresonances of cavities 2 and 5 cause a slight

perturbation on the upper skirt but are not detectable in

(a)

Fig. 6. Internal view of six-pole elliptic filter.
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V. TEZI ,/TE31 ~ MODE EFFECTS

The TE21, and TE 3I I modes which lie below and above
the TE 011 mode can lead to spurious transmission re-
sponses and perhaps even more importantly to con-

tamination of the desired pass band. Consider a sidewall

coupling arrangement shown schematically in Fig. 9. En-

ergy coupled (magnetically) into the Nth cavity from the

(N – l)th travels around the surface, reflecting from the

symmetry plane and creating a standing-wave pattern

which couples to the (N+ I)th cavity in proportion to the

magnetic field (squared) at the location of its coupling

aperture. At the TEZI ~ resonance the magnetic field has

nulls at 450 and 1350; at the TE~ ~, resonance the nulls are

at 30°, 90°, and 150°. At the desired TEO, ~ operating

,li,’l E<m7 l@.L3@@ )Dlv .1182 E+09

FFEIILIENc~, [MHZ]

Fig. 7. Measured rejection responses of six-pole filter.

frequency the residual nonresonant TE21 */TE31 ~ pattern

has nulls at (intermediate) angles in the vicinity of 36°

and 1080. Thus an angle of approximately 36° should be a
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Fig. 8. Insertion loss of six-pole filter. (a) Measured. (b) Computed for
QU=20000.

good compromise for suppressing all three cases. Coupling

of the desired TEOI ~modes is independent of this angle.

The six-pole filter shown in Fig. 6 has /3 equal to 34.50.

A similar (unplated aluminum) filter using 20.6° gave the

mea sured asymmetrical response of Fig. 10(a) which is

accurately matched by a computed response using the

coupling values of Fig. 10(b). The asymmetry is due to the

1-3 and 4–6 values which represent this nonresonant

coupling mechanism; since they involve two apertures,

they should increase as the square of the filter bandwidth

(instead of linearly). Therefore, this effect becomes more

critil:al as the bandwidth increases.
The same mechanism is involved with end-wall COU-

pling, but multiple apertures may be used to advantage.
The coupling is cumulative for the desired TEO11 mode,

but the multiple locations may be adjusted to yield

cancellation for the undesired modes. Fig. 6 illustrates
some configurations.

N-1 N N+l

Fig. 9. Schematic of cavity geometry and equivalent circuit for
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Fig. 10. Effect of T~l JTE31, contamination. (a) Measured response.
(b) Equivalent (symmetrical) coupling values and resonant frequencies
showing one-to-three and four-to-six terms.

APPENDIX

CORRESPONDENCE OF SPHERICAL, CYLINDRICAL., AND

SQUARE CAVITY AND WAVEGUIDE MODES

Since both the cylindrical and spherical cavities are

symmetric about the z axis, corresponding modes must
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TABLE I
tiRlU3SPONDENCJ3 OF ~IND2UCAL AND SPm3WC& CAvrry

MODES

CYLINDRICAL SPHERICAL
CAVITY CAVITY
(@,r,z] (0,$, r)

TE
Onp

~ TE
p On

TM
Onp — ‘“(p+l)On

‘Elnp
— ‘M pin, for p = 1

‘E(p-l)ln, for P >1

TM Inp — ‘“(p+2)ln

TE
mnp — ‘“(p+m-l)mn

TM
mnp — ‘E[pim)mn

TABLE II
CORRESPONDENCE OF (hrmsxucm m SQUAIW WAVEGUSDE

MODES

Fnl .(1

EVEN m > 2

q = Inn
k=2”-l+q

CYLINDRICAL RECTANGULAR
WAVEGUIDE WAVEGUIDE

($<rl (X,YI

TEon — 7’E(2”)0 + ‘EO(2n]
TMo” — ‘“(2n-1]1 + ‘“1[2.-1

TE
[m-l)n — ‘E[q-ll (k-l)

‘E[k-l)[q-l)

TEm”
‘E(k-l)q + ‘Eq(k-l)

— TE
k(q-1) - ‘E(q-l)k

‘“(.-lln— ‘“qk

‘“kq

TM
TMn” — k[q+ll + ‘“(q+l)k

‘“[k+l)q - ‘“q(k+l)

have the same @variations; that is in the notation of Fig.

1, the first cylinder index (m) must always be equal to the

second sphere index (m). Within each m group compari-

son of the patterns and midplane symmetries leads by

induction to the complete generalized set of Table I. Note

that the radial indices (second cylinder and third sphere)

are equal also. However, the first spherical index is a

function of both the first and third cylindrical indices.

Furthermore, the TE/TM notation is reversed in most

cases since different surfaces are involved in defining the

transverse fields.

The cylindrical resonances can in turn be related to

square cavity resonances if the correspondence between

circular and square waveguide modes is known by adding

a third (length) subscript which is the same for both.

Table II gives the correspondence for all modes (including

doublets) and should be applicable to problems involving

transitions, radiating apertures, cross section perturba-

tions or numerical techniques in addition to resonant

cavities. Note that all circular modes having an even value

of m correspond to the sum or difference of two square

modes (doublets); in particular, the low-loss circular TEn,-.
mode is analogous to the sum of the square T~O and TE02

modes. As another example, the two circular TM2Z dou-

blets correspond to the square mode sum (TMd2 + TM2J

and to the difference (TM51 – TMIJ (For n = 1 the two

square modes in the sum have the same indices indicting a

singlet instead of the sum of two doublets.)
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