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Design of Short High-Power TE ,-HE ,
Mode Converters in Highly Overmoded
Corrugated Waveguides

Manfred Thumm, Annemarie Jacobs, and Mario Sorolla Ayza, Member, IEEE

Abstract —A theoretical parametric study of TE,; to HE,, mode
conversion in highly oversized, circumferentially corrugated circular
waveguides with different inner diameters is presented for various
frequencies in the range of 28 to 140 GHz. The depth of the annular
slots is tapered gradually from one half to one quarter wavelength.
Computer-aided optimization of converter length, shape of corrugations,
and nonlinear slot depth variation has been achieved with a scatfering
matrix code employing the modal field matching techniques (modular
analysis concept). Relatively short mode transducers with matched
converter lengths of L = /ABrE, - TM™,,] are feasible. In all cases the
HE ; output mode purity is 99% to 99.5%. The maximum cross-polariza-
tion and input-reflection levels are below —29 dB and —50 dB, respec-
tively. Experimental results at 70 GHz (I.D. = 27.79 mm) are in excel-
lent agreement with the theoretically predicted performance.

I. INTRODUCTION

HE balanced HE,, mode propagating in an overmoded,

circumferentially corrugated waveguide is in many re-
spects ideal for a variety of applications of high-power mil-
limeter waves, for example deep-space millimeter-wave radar
and communication as well as electron cyclotron resonance
heating (ECRH) of magnetically confined thermonuclear
fusion plasmas with high-power gyrotron oscillators [1], {2].
Radiated from an open-ended waveguide antenna (or scalar
feed horn), this hybrid mode exhibits desirable radiation
characteristics such as almost perfect linear polarization with
very low cross-polarization and an axisymmetric narrow pen-
cil beam containing about 98% of the radiated power with
very low side-lobe levels [3]. It couples excellently to the
fundamental Gaussian free-space mode for quasi-optical
propagation through reflector beam waveguides. Further-
more, the HE,, mode is particularly suited for low-loss,
high-power transmission through highly overmoded tubular
waveguides since its ohmic attenuation is lower than that of
any other mode [3]. This “Gaussian-like” mode can be
generated from TE,, gyrotron output modes via the two
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three-step mode conversion sequences
TE, > TEq = TE;; - HE, [2]
TE,, - TEy — TM,; = HE, [1].

The first scheme, which uses the TE,; mode as polarized
intermediate mode, has the advantage that all converters can
be made without bends. This allows an arbitrary choice and
fast change of the polarization plane by simply rotating the
TE, to TE(; converter around its axis. In addition, there is
no danger of EH; surface mode generation, as is the case
for TM;, to HE, conversion.

Adiabatic TE |; to HE; mode conversion is achieved in a
straight, circumferentially corrugated waveguide section
whose slot depth is gradually tapered from an initial value of
about A /2 to a final value of approximately A /4, where A is
the free-space wavelength. The generation of free-space
Gaussian beams with such corrugated mode transducers is
well known in areas such as radio astronomy, radar, and
modern terrestrial and satellite communication, where opti-
mized corrugated horns (scalar feeds) are used as prime
focus feeds in high-performance, low-noise reflector antenna
systems [3]. Conversion of TE, to HE,, in corrugated circu-
lar waveguides with slowly varying depth of the annular slots
has been investigated theorctically using the surface
impedance formalism [4], [5] or the scattering matrix formal-
ism [6]-[10] for relatively small ratios D /A, where D is the
waveguide diameter. In the present case of high-power mode
converters the waveguide diameter, D, must be much larger
than a wavelength, A. In such highly oversized multimode
waveguides with changing corrugation, the varying slot depth
allows coupling to many other higher order hybrid mode
branches with identical azimuthal mode index m =1. The
transducer length and the nonlinear slot depth profile have
to be optimized in order to achieve a high conversion effi-
ciency to the desired mode [11], [12].

This work reports a systematic scattering matrix code
analysis of TE, to HE; mode conversion in highly oversized
corrugated waveguides for various frequencies in the range
from 28 to 140 GHz with ka values from 11.7 to 40.8, where
k=2 /A is the free-space propagation constant and a the
waveguide radius. Cyclic mode beating and phasing effects
allow relatively short mode transducers with high efficiency.
Scaling formulas are deduced which allow an intuitive and
phenomenological approach to the design of these compo-
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Fig. 1. Principle of the TE,, to HE; mode converter (cross-sectional view) and polar coordinate system (r, ¢, z).

nents. Experimental data are reported for short and long 70
GHz TE,; to HE,; mode transducers with D =27.79 mm
(ka = 20.39).

II. GeENERAL CONSIDERATIONS

In cases where the waveguide diameter D = 2a becomes
fairly large compared to the free-space wavelength A, and
when the period p of the annular slots is assumed small
compared with the guide wavelength, no space harmonics
need to be considered and a circumferentially corrugated
waveguide wall may be modeled well by an effective
anisotropic surface reactance (wall impedance concept: WIC)
where the circumferential component is zero (Z,=0) and
the longitudinal component is finite: Z, = jZ,Z (coordinate
system, see Fig. 1). Here Z is a normalized reactance and
Zy=+/uo /€y is the impedance of free space. For ka>1
the surface reactance Z may well be approximated as [13]

w  tan(k-d)
~p  tan(k-d) M
1+ ———2
2ka

where d and w are the mechanical slot depth and width,
respectively, and p is the corrugation period. The factor
w / p reflects the fact that the finite width of the corrugation
teeth reduces the reactance, while the tan(kd) dependence
indicates that the annular slots act like short-circuited trans-
mission lines. The longitudinal surface reactance may be
reduced further if the slots and teeth are rounded [3].

The propagation behavior of HE,,, and EH,,, hybrid
modes (m > @) is described by the characteristic or disper-
sion equation for the roots X,,, = K, a [3], [5]

2
") )

(2

T Xmn) | k2
where K,, is the radial separation constant (transverse
wavenumber), B,,, = (k> — K2,)*/? is the longitudinal prop-
agation constant in the waveguide; and J,(X) is a Bessel
function of the first kind and order m.

TE,, modes are not affected by the corrugation. The
numerical solution of the characteristic equation (2) for a
corrugated waveguide with 2a = 27.79 mm at f =70 GHz is
plotted in Fig. 2. The eigenvalues K,,,-a of normal HE, ,
and EH,,, hybrid modes are monotonically varying functions
of the relative slot depth d /(A /4). For d /(A /4)=0,2,4," -+
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Fig. 2. Eigenvalues X, of the characteristic equation versus normal-
ized electrical slot depth d /(A /4) for various modes in a circumferen-
tially corrugated waveguide with inner radius ¢ =13.9 mm at 70 GHz
(ka = 20.39).

(Z =0) the eigenvalues of hybrid modes are equal to the
eigenvalues of the modes of a smooth waveguide (it is
assumed that there are no ohmic losses in the waveguide).
Hybrid modes consist of linear combinations of TE, , and
TM,,,, field components which are determined by the hybrid
factor [3]:

Xinn']’:'l( an) ’
The balanced hybrid condition (A)?>=1 (at d /(A /4)=

mn

(3)

1,3,5, -+ with Z =) has the two roots

A=+1 (4)
corresponding to HE modes and

A=-1 (5)
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Fig. 3. Basic module used to determine the electromagnetic field by
mode matching analysis inside the corrugated mode converter of Fig. 1.

corresponding to EH modes. Any waveguide possessing a
diameter D > A and a wall with high surface reactance can
propagate such a hybrid mode (corrugated, dielectric-coated
metal, and diclectric waveguides [13], [14]). Here |A|=c0
corresponds to TE modes and A = 0 to TM modes.

Adiabatic TE,, to HE,, mode conversion is achieved in a
straight corrugated waveguide section in which the electrical
depth (effective depth) of the slots decreases slowly from an
initial value of A /2 to a final slot depth of approximately
A /4 (see Fig. 1). The longitudinal surface reactance inside
the waveguide is capacitively decreasing from zero at the
smooth-wailed input waveguide (the input slot appearing as
a short circuit) to the high value required in the converter
output.

The varying slot depth allows coupling only to higher order
modes with identical azimuthal mode number {71, [11], and
unwanted mode conversion is associated primarily with the
nearby TM,, to EH;, branch. The EH,, hybrid mode has a
radiation pattern which is entirely cross-polarized in the 45°
plane. If excited it degrades seriously the cross-polarization
performance of the transducer output. Therefore the con-
verter must be long enough to suppress the excitation of this
unwanted spurious mode.

II1. MopuLAR ANALysis ConcerT (MAC)

Computer-aided optimization of the required converter
length, of the period and shape of corrugations, and of the
nonlinear slot depth variation has been achieved with a
scattering matrix code employing the modal field expansion
techniques [9] in order to get a pure HE; output mode [11],
[12]. In this approach the inner part of the mode transducer
is decomposed into a certain number of modules. Each

consists of an abrupt junction of two circular waveguides of '

different diameters (regions I and II, see Fig. 3). The radial
slots are modeled by connecting two such modules in cas-
cade, with the larger waveguides facing each other.

If the converter is excited by the fundamental TE;; mode
in the smooth-walled feeding waveguide, the complete set of
eigenfunctions is represented by the corresponding forward-
and backward-traveling cylindrical waveguide TE,,, and TM,
modes, which can be excited at each radius discontinuity
(circular symmetry: Am = 0). The boundary conditions for

the tangential electric and magnetic fields across the com-
mon interfaces between the subregions lead to an infinite
system of coupled linear equations for the unknown expan-
sion coefficients, which in matrix form [9] reads

[Mp][B,]=[M, ][ A4,]+[M,][A4,],

[B]=[4,]+[M;]1[4,]+[M,]]B,]. (6)

The vectors [ 4] and [ A,] contain the complex amplitudes
of the incident TE,, and TM,, modes in regions I and II,
respectively, whereas [ B;] and [ B,] denote the amplitudes of
the corresponding reflected modes. The matrices [M,] (i =
0,1,---,4) depend on the geometrical parameters of the
module and on the wavelength. Their dimensions are infinite
and therefore have to be truncated for the numerical analy-
sis, which comprises the inversion of the quadratic matrix
[M,] and some matrix multiplications to arrive at the scatter-

ing matrix [9]

[Bi1} _ [[SullSnl)f[41]

[B,] [S21082]1 )\ [4,]
of the individual corrugation module. In order to achieve
satisfactory convergence, the number of propagating and
evanescent TE,, /TM,, modes that have to be taken into
account in the circular waveguide sections amounts to about
ten times the ratio of the waveguide radius to the wave-
length. The number of modes which can propagate in the
individual sections depends on that ratio and, hence, varies
from slot to slot along the converter wall. Even in highly
overmoded waveguides, the propagation behavior of modes
close to cutoff is influenced to some extent by the resistivity
of the waveguide wall. Finite conductivity is included in the
computer code to model the performance of the transducer
accurately.

The scattering matrix of the complete mode transformer
valid for reference planes located at the input and the output
can be determined by cascading module by module via the
corresponding scattering matrices following an iterative algo-
rithm [9]. This procedure is somewhat cumbersome to evalu-
ate, but the exclusive use of scattering matrices has the
advantage over other network representations of avoiding
numerical problems associated with the inversion of ill-con-
ditioned matrices originating from the necessity of including
evanescent modes in the analysis.

The modular analysis concept outlined above has the
advantage of incorporating all geometrical parameters of the
mode converter and does not impose any restrictions on
their values as the surface impedance description. From the
cascaded overall scattering matrix the input reflection and
the distribution of the electromagnetic field (amplitudes and
phases of the different eigenmodes), i.e., the mode content
at the output of the transformer, can be calculated. In order
to check the accuracy of the calculations and the mode
purity by far-field radiation pattern measurements, copolar
(E-plane, H-plane, 45°-plane) and cross-polar (45°-plane)
patterns radiated at the output of the converter are com-
puted.

(7)

IV. CoMPUTATIONAL RESULTS

The numerical calculations have been performed on a
CRAY-II computer, typical CPU times being between 10
and 30 min per run. First preparatory computations revealed
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Fig. 4. Computed peak level of the cross-polar power in the 45° plane
of the far-field pattern radiated from the output of a 39 GHz TE,, to
HE,; mode converter (D =352 mm, N =4) versus converter length.
Vertical axis is dB.

an optimum choice of the corrugation profile for the differ-
ent mode transducers (eight different ka values) with respect
to mechanical feasibility and mode conversion performance,
namely period p=A /3, the slot width w being half the
corrugation period (slot width = tooth width = A /6). In or-
der to reduce the length of the mode transformer, the depth
of the annular slots has to be tapered nonlinearly, with the
slowest decrease near the converter input, where the cou-
pling coefficient for hopping to the EH,, branch is largest
[4]. In all cases the slot depth profile was chosen to be
parabolic, following an N-power law:

d(z)=(r/2)~(A/4)(z/L)" ©))

where N depends on the ka value of the mode transducer
and L is the converter length.

The reference design data for the mode converters require
that the mode purity be 99%. Here the mode purity is
defined as the sum of the relative powers in the modes TE |,
and TM, ;, with compositions between 82% TE; /17% TM;;
and 87% TE |, /12% TM,; and a phase difference of approx-
imately 180°. This results in a symmetrical far-field radiation
pattern, with side-lobe level < —25 dB, maximum cross-
polarization < —30 dB, and input reflection < —50 dB.

Figs. 4, 5, and 6 show for ka =14.39 (f =39 GHz, D =35.2
mm, N =4) the predicted peak level of the cross-polar
power in the 45°-plane, the fractional power in the TE; and
TM,, components, and their phase difference versus the
length of the mode converter. These numerical results reveal
that owing to cyclic mode beating and phasing effects several
solutions exist which are characterized by the desired design
data for the mode transducers. Relatively short TE,; to HE;
mode transformers are feasible.

The optimum conversion lengths are

L;=0.5-\p (short converter)
L, =1.2- Ay (long converter)

where Ay is the beat wavelength of the TE; and TM,
components in the corresponding smooth-walled circular
waveguide. The predicted performances of short and long
mode transducers are practically identical. In both cases the
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Fig. 5. Computed fractional power in the TE;; and TM,, cylindrical
waveguide eigenmodes at the output of a 39 GHz TE; to HE,; mode
converter (D =352 mm, N =4) versus converter length. Vertical axis
gives percentage.
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Fig. 6. Computed relative phase of the TE,; and TM,; cylindrical
waveguide eigenmodes at the output of a 39 GHz TEy; to HE; mode
converter (D = 35.2 mm, N = 4) versus converter length.

theoretical bandwidth is 5 GHz (maximum 45° cross-polari-
zation lower than —25 dB), which is by far sufficient since
high-power gyrotron oscillators are narrow-band devices. No
ring-loaded radial slots have to be introduced.

The computed peak level of the 45° cross-polarization
achievable with strictly linear (N =1) or with parabolic (dif-
ferent orders N) profile tapering versus the converter length
in the case of ka=13.05 (f=28 GHz, D=44.45 mm) is
plotted in Fig. 7. Variation of N leads to approximately the
same values of the cross-polarization if the cross-polarization
is large and to minimum value of the cross-polar level at the
optimum transducer lengths but does not change the opti-
mum conversion lengths.

The calculations show that the optimum N number of the
parabolic slot depth profile has to be increased from N =4
at ka = 12 to approximately N > 30 for ka = 40. This means
that the optimum profile is very close to that of constant
coupling along the converter which was used in the surface-
impedance concept description of a 60 GHz TM;; to HE;
mode transformer [1]. The coupling coefficient c(d) for
branch hopping from TE,;;~-HE; to TM;-EH,, caused by
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Fig. 7. Computed peak level of the cross-polar power in the 45° plane
of the far-field pattern radiated from the output of 28 GHz TE, to
HE;; mode converters (D =44.45 mm) versus converter length for
linear (N =1) and parabolic (N = 2,4) tapering of the slot depth.
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guides with different ka values.

TABLE 1
CuaracterisTic Resurts For SHORT TE(; -To-HE (4
Mope CONVERTERS

TABLE 1I
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CHARACTERISTIC REsuLTS FOR LonGg TE  -T0-HE |,
Mope CONVERTERS

£ [GHz] 28 39 53.2
D [mm] 44.45 35.2 27.79
ka 13.05 14.39 15.5
L, [mm] 386 338 289.8
4 4 7

p [mm] 2 2 1.4
w [mm] 1 1 0.7
Mode purity [%] 99.6 99.4 99.4
TE,, [%] 86.6 84.9 86.3
T™,, [%] 13.0 145 13.1
Phase difference [} 177 183 177
Side-lobe level [dB] -27 -27 ~27
Maximum cross

" polarization [dB] —40 —41 —43
Input reflection [dB] —53 —353 -352
Ohmic losses (Cu) [%] 0.2 0.2 0.3

TABLE 1III

TueorericaL DATA FOR SHORT AnD LonG TE | -to-HE; Mobe
ConverTERS AT f=70 GHz anp D = 27.79 mm

Long Long
Short Type (1) Type (2)

L [mm] 148.4 371 371
N 9 9 2
p [mm] 1.4 1.4 1.4
w [mm] 0.7 0.7 0.5
TE,, [%) 85.8 83.0 825
™, [%] 134 163 17.1
TE,, [%] 0.002 0.013 0.004
TM;, [%] 03 0.52 0.3
TE 3 [%] 0.0008 0.0001 0.0009
TMy, [%] 0.2 0.06 0.03
TE 4 [%] 0.00004 0.00008 0.0002
T™,, [%) 0.1 0.04 0.03
TE 5 [%] 0.0001 0.0002 0.00004
TM;;5 [%] 0.06 0.009 0.02
TE 4 [%] 0.000002 0.000007 0.00002
TM 4 [%] 0.07 0.02 0.02
Mode purity [%)] 99.2 99.3 99.6
Phase difference

TE,,~TM, [‘] 184 182 186
Side-lobe level [dB] -26 -27 . —26
Maximum cross .

polarization [dB] -33 —36 —32
Input reflection [dB] —-56 —-54 —61
Ohmic losses (Cu) [%] 0.2 0.5 0.4

changing slot depth d(z) [4] satisfies the relation
c(d)-(Ad/Az) =k, ()

where the constant «, is determined by the requirement that
the slot depth reach the desired value at the end of the

f {GHz] 28 39 532 110 140
D [mm] 4445 352 27.79 17475 27.79
ka 13.05 1439 155 20.15 40.78
L, {mm] 170 140 120.4 91.8 241.5
4 4 7 10 40

p [mm] 2 2 1.4 0.9 0.7
w [mm] 1 1 0.7 0.45 0.35
Mode purity [%] 99.4 992 99.1 993 99.1
TE,, [%] 87.1 84.7 87.6 86.3 81.3
™, [%] 123 145 115 130 178
Phase difference [°] 180 182 181 184 186
Side-lobe level [dB] -27 -26 -26 -26 -24
Maximum cross

polarization [dB] —44 —38 -39 -33 -29
Input reflection [dB] —57 -53 -50 —54 —-62
Ohmic losses (Cu) [%] 0.1 0.2 0.3 0.3 0.5

converter. Increase of the ka value leads to a more rapid
change of the propagation constant of the HE,; hybrid mode
(see Fig. 8) and to unwanted coupling between the
TE,,-HE,, and TM,;-EH,, branches at the converter in-
put.

Some characteristic results for optimized short transducers
are listed in Table I and for the corresponding optimized
long converters in Table II (computation times for long 110
GHz and 140 GHz transformers are prohibitively long). The
optimum length of the short 140 GHz transformer is some-
what smaller than 0.5\ (very high ka value).
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Fig. 10. E||k wavenumber spectrum measured at the output of the
long 70 GHz TE,; to HE;, mode converter (D=27.79 mm, L,=
371.0 mm).

Theoretical data for different 70 GHz converters (D =
27.79 mm, ka = 20.39) including the computed output levels
of all propagating TE,, and TM,,, modes are given in Table
III.

The corrugation profile with p =14 mm = A /3 and w =
0.5 mm = A /8 of the type (2) long converter results in a
smoother nonlinear variation of the effective corrugation
depth and therefore leads to a low cross-polar level even for
N=2.

TABLE IV
ReLaTIVE E|lk CourLING FACTORS OF THE WAVENUMBER
SPECTROMETER (D = 27.79 mm) For THE MopEs TE,
AanD TMy,, (n=1,2,3 anp n'=1,- - +,6) MEASURED
AT 70 GHz (CALIBRATION )

Coupling Factor Coupling Factor
TE Mode [dB] TM Mode [dB]
TE, 27.0 ™, 34.9
TE;, 14.8 ™, 29.1
TE,, 7.0 M, 27.0
™,, 24.0
T™, 5 21.9
TM ¢ 23.0
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Fig. 11. Measured H-plane (upper) and E-plane (Jower) far-field radi-
ation patterns of the HE ;; mode at the output of the short 70 GHz TE
to HE;; mode converter (D =27.79 mm, L,=148.4 mm) generated
from a pure TE; input mode. The theoretical patterns (MAC code) are
superimposed (dotted curves). Separation of transmitting and receiving
apertures is 5D? /A = 920 mm.
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Fig. 12. Measured H-plane (upper) and E-plane (lower) far-field radi-
ation patterns of the HE; mode at the output of the long 70 GHz TE;
to HE;; mode converter (D =27.79 mm, L,=371.0 mm) generated
from a pure TE,; input mode. The theoretical patterns (MAC code) are
superimposed (dotted curves). Separation of transmitting and receiving
apertures is 5D? /A = 920 mm.

V. EXPERIMENTAL RESULTS

The short and the type (2) long 70 GHz TE; to HE
mode converter with D = 27.79 mm (ka = 20.39) were fabri-
cated by direct machining on a numerically controlled lathe
in the IPF workshop and then tested at low power levels.
Millimeter waves at 70 GHz were generated by a 50 mW
Gunn oscillator in a fundamental rectangular waveguide
(WR-15) and measured with a balanced mixer (LO = 70.8
GHz, IF = 0.8 GHz). The TE,; mode in circular waveguide
(D = 4.0 mm) was generated by means of a standard rectan-
gular-to-circular mode transition followed by an optimized
nonlinear TE,; up-taper [15] for connecting the small-diame-
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ter circular waveguide to the highly oversized devices under
test. The level of unwanted spurious modes (TM,,, TE,)
was lower than —30 dB. The TE,, /TM,, eigenmode con-
tent at the output of the TE,, to HE, mode converters and
the corresponding input reflections were measured using a
smooth-walled wavenumber spectrometer [16]. The experi-
mental arrangement was terminated by a matched load.
Pattern symmetry, side-lobe level, and cross-polarization were
determined by computerized measurements of the far-field
radiation patterns (copolar H and E planes and cross-polar
45° plane). The power was received with a small probing
horn antenna (low gain) located at distances of about 5D? /A
from the output aperture of the converters. The insertion
losses of the TE,, to HE,; transducers were determined by
first inserting and then removing two TE; to HE; back-to-
back converters between two TE[] to TE; transitions. A
phase deterioration technique (change of waveguide length)
was used.

The theoretical design data and the corresponding experi-
mental values are in excellent agreement. Figs. 9 and 10 plot
the Ellk wavenumber spectra (eigenmode content) at the
output of the short and long 70 GHz TE,; to HE;; mode
converters, respectively. The relative E|k coupling factors of
the wavenumber spectrometer (D = 27.79 mm) measured at
70 GHz for the modes TE;, (n=1,2,3) and TM,,, (n'=
1,---,6) are summarized in Table IV. Both measured spectra
are in good agreement with the computed TE,, /TM,,
eigenmode content given in Table ITI. With the exception of
the somewhat increased, but still negligible, amount of higher
TM,,, modes (n = 3,4,5,6) of the short transducer, the mode
purities in both cases are practically identical, the measured
insertion losses are (0.7+0.2)%, and the experimentally de-
termined input reflection is lower than —50 dB.

The almost identical H-plane and E-plane far-field pat-
terns measured at the outputs of the short and long mode
transformer are shown in Figs. 11 and 12, respectively. The
agreement of the experimental power distributions with the
theoretical ones (dotted curves) is very good. The small
discrepancies are due to unavoidable mechanical tolerances
and measurement errors. The measured maximum cross-
polar side-lobe level in the 45° plane is, as predicted, at
approximately —30 dB.

VI. CoNCLUSIONS

A theoretical study of TE,; to HE;; mode conversion in
highly overmoded, circumferentially corrugated waveguides
with different inner diameters is given for various frequen-
cies between 28 and 140 GHz. The corrugation slot depth is
gradually tapered from one half to one quarter wavelength.

Computer-aided optimization of corrugation shape, con-
verter length, and nonlinear slot depth variation has been
achieved using the modular analysis concept (scattering ma-
trix formalism). The optimum slot-depth profile provides
almost constant coupling along the converter between the
desired TE,;~HE;; mode branch and the unwanted
TM,;-EH,, mode branch.

Owing to cyclic mode beating and phasing effects, several
optimum solutions exist. Relatively short mode transducers
with matched converter lengths are feasible. The optimum
conversion lengths are L, = 0.5A5 (short converter) and L,
= 1.2A 5 (long converter), where A is the beat wavelength of
the TE,; and TM,; modes in the corresponding smooth-
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. walled circular waveguide. The predicted performances of
short and long mode transducers are practically identical.

Experimental results taken at 70 GHz (I.D. = 27.79 mm)
are in excellent agreement with the theoretically predicted
performance data. In all cases the HE;; output mode purity
is 99% to 99.5% with good pattern symmetry and low side-
lobe level of < —25 dB. The peak cross-polarization does
not exceed —29 dB and the input reflection turns out to be
below —50 dB.

The advantage offered by the modular analysis concept
(MAC) over the surface impedance description is that it
allows an optimization of the converter performance and a
tolerance analysis taking accurately into account all relevant
geometrical parameters. The MAC concept is capable of
predicting both the return loss and the TE,, /TM,, eigen-
mode content (amplitudes and phases) at the output of TE,
to HE,; mode transducers within the measurement accuracy.
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