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involves a continuously varying L-shaped guide for
ABSTRACT 90-degree rotation (Ref. 7). The design is not only
. . . several wavelengths long but is also inconvenient for
The computer-aided design of new machin-computer-aided design strategies since it involves L-
able rectangular waveguide twists for integratedshaped waveguide cross-sections.
waveguide technology istimduced. Thaovel 90 de- Therefore, this paper presents short and ma-
gree twist componentsqaire only purely rectangular chinable rectangular waveguide twists which are
waveguide sections. This allows fabrication by mod-formed exclusively by rectangular cross-sections (Fig.
ern CNC machines and, at the same time, simplified) and, therefore, can be efficiently analyzed by mode-
computer-aided design procedures since the eigemmatching techniques. The mode of operation is based
functions of all individual sections involved are well on cascading a number of rectangular waveguide sec-
determined. Three different design guidelines are pretions where each discontinuity contributes to a conver-
sented for operation at the lower end, the mediunsion from the Tk, to the TR, mode, the latter of

range and the upper end of a waveguide band. Thgnich is the fundamental mode of the output guide in
guides connected to the actual twist section can be ¢f go-degree rotation. The advantage of this design is
different cross-section which might eliminate the needpat the overall length is less than three sixteenths of a
for additional impedance transformers. The 90'degr99vavelength for ®0-degree twist. Due to its compact-
twist component is extremely short and, therefore, idenegss, the bandwidth of this structure is limited to about
ally suited for application in satellite communication yree to five percent for 20 dB input return loss. This is
systems. Finally, a 270-degree twist component is disgyfficient for many applications. For a more broadband
form a 270-degree twist section. By this measure, the
) ) . bandwidth can be increased to up to twelve percent.
Keywords: Waveguide Twist, Integrated WaveguideThe additional space requirements compared to a sin-
Technology, Mode Matching, Computer-Aided De- gie 90-degree section are not extensive so that the

sign. component’s overall length lies between 0.4 and 1.3
guide wavelengths at midband frequency.

1. INTRODUCTION

Twists in rectangular waveguides can be realized

either from straight guides for a prescribed degree of

rotation or as twisted waveguide components, where

several slices of rectangular waveguides are individu-

ally rotated on a common axis. Theories on the propa-

gation characteristics of continuously twisted

rectangular waveguides have been published in the

early eighties (Refs. 1-4), and twisted waveguide

components have been investigated since the fifties

for applications as filters and field rotators (Refs. 5,

6).

However, modern integrated waveguide technology

places two restrictions on the realization of twisted

waveguide sections. The components must be, first,

designed and fabricated without post-assembly tuning

possibilities and, secondly and more important, . ] .
machinable by CNC machines. Only one structureFigure 1: Machinable ~ 90-degree  rectangular
addressing these problems has been proposed so far. It waveguide twist.
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2.1 Analysis zh emn 00 Ha g b g

The analysis procedure is based on a rigorous fulland the cross-section functions are those of empty
wave mode-matching technique (e.g. Ref. 8). Intermeyayequides

diate regions are introduced in the model to calculate

cross-section overlapping discontinuities, i.e., where Ommt O hmt O
the smaller waveguide’s cross-section is not a subset COSG——X[JCOSG—Y[
of that of the larger one’s (Fig. 2). 0% O Dbi O

Toan(XY) = AL T s (7)
| a > *O%m /**O0n
i i o Onm d. Chm O
T @) Temn(%Y) =D sinG—xosing—yg  (8)

- a| 0% 0 o O
whered, denotes the Kronecker delta. Once the gen-
eralized scattering matrix of the discontinuity of Fig.

by 2 is obtained using a vanishing length for the interme-
* diate region, a certain length of waveguites added.

This forms the basic block for the analysis. An entire

b y twist component is analyzed by cascading individual

1 * X blocks. Between 25 and 35 [k modes plus their
respective TN, parts are sufficient for convergence
z within 1 dB of input return loss. The analysis of a

Figure 2: DiSCOﬂtinUity formed by two individual two-section go_degree twist as shown in F|g 1

waveguides in Fig. 1. Dashed frame yeqyires approximately 10 minutes of CPU time on a
denotes cross-section of intermediate 66 MHz personal computer.

region.
The electromagnetic field in regiénl, O, Il 2.2 Design
N 1 . N Through numerous tests and optimization (e.g., Ref.
E = —0Ox Ox (A'ezez) + Ox (A'hzez) (1) 9), it has been found that a two-section design is suffi-
Jwe, cient and that optimization of section lengths and an
increase inthe number of sections does not signifi-
N -1 P . cantly improve the performance of a 90-degree twist.
H = —0Ox Ox (A &) +0x (A,2) (2) Therefore, design guidelines have been developed for
) application in the lower, medium and upper range of a
) ) _ waveguide band. Led;, b, anda,, by, be the cross-
is derived from vector potential components sections of the input and output waveguides, respec-
M—1N-1 tively, and letK be the number of sections between
i [ i i input and output. Then the waveguide cross-section
Anz= 2 2 A Zhmnlhma(% V) dimensionsa, b, of sectionk are given as
m=0n=0
i i i o a ta
* [FhmneXp(_szhng) + maneXp(szhmrF)](S) ak = ! 5 ! + RCOSBD0+KL_:<1% ©)
M-1N-1
i V- b, +b
Aez =2 2 YemnTemn(x’ y) bk = ! ! +Rsin BPO"' Lk% (10)
m=1n=1 _ 2 K+1
- [FLexp(-ik,, 2)-B. exp(ik,. 2|4 W
emn zemif emn zemf- R = }J(a—a )2+(b —b)2 (11)
2 1% o
whereFy, candBy, . are amplitudes of waves traveling
in positive and negative z-direction, respectively. b, -b
Immittances and phase constants are given by ¢, = -arctan ! (12)
i WH, i we 1%
thn = Yemn = (®) . . .
: : for application at the lower end of a waveguide band,
zhmn zemn
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for applications in the medium range, and

Q== 5 (@-a)
B k
by = b|+K+1(b||_b|)

(13)

(14)

(15)

(16)

At the example of a WR75 (10 - 15 GHz) and a Ku-
band (12.4 - 18 GHz) waveguide, Fig.4 demonstrates
that a 90 twist and a change in waveguide dimen-
sions can be obtained simultaneously and, therefore,
can eliminate the need for additional impedance trans-
formers. This two-section oenponent is designed
according to Equs. 9 - 12 for WR75 as input and Ku-
band as output waveguide. It achieves a 20dB-return-
loss bandwidth of 3.6 percent, or 460 MHz. Note that
this design does ngbroduce a returnekss pole as
those of Fig. 3. This is due to the different input and
output dimensions which cause the return-loss peak to
decrease as the difference in input/output cross-sec-

at the upper waveguide band end. The section lengthtons increases.
Ly should be chosen close to

i B3Agk/(16K)
0 Ay (16K)

Equs.9-12

(17)

Equs.13-16

wherely is the guide wavelength of the lowest prop-
agating mode in sectiok These guidelines produce

90-degree twists with 20 dB return-loss bandwidths
between six (lower band end) and two (upper band

end) percent.

3. RESULTS

Fig. 3 displays the typical performances of the three

different design variants operating in the lower,

medium and upper region of the Ku-band. The 20dB-
return-loss bandwidths are 5.8, 3.3 and 3.0 percent, or AR L

740, 500 and 530 MHz, respectively.
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Figure 4: Performance of a 9@egree rotation con-
necting a WR75 (input) and a WR62 (out-
put) waveguide.

The operation of the stepped waveguide twist (Fig. 1)
is based on mode conversion from (§Eo0 TEy;.
Since the amount of discontinuity to produce mode
conversion decreases with an increasing number of
steps between input and output guide, an increase in
sections will not enlarge the bandwidth of the twist as
has been observed in an attempt to increase the band-
width by optimization, i.e., Ref. 9. The only possibil-
ity for bandwidth enlargement is to cascade individual
90-degree twist components. This is demonstrated in
Fig. 5 at a WR75 waveguide example. Three 90-
degree twist sections are designed separately with
waveguide runs between them optimized in length.
The return loss shows a three-pole performance - due
to the three twist sections involved - and achieves a
bandwidth of 1.1 GHz or 9.0 percent. Note that due to
the compactness of the individual 90-degree twists,

Figure 3: Typical return loss behavior of two-section the length of th&70-deggree component is only 1.25

twist designs according to Eqgs. 9-17.
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Figure 5: Bandwidth enlargement by cascading 7.
three 90-degree twists téorm a 270-
degree rotation.

4. CONCLUSIONS

A computer-aided design for machinable twists in in-9-
tegrated waveguide technology is introduced. Three
different design variants for operation in the lower,
medium and upper waveguide band are presented. The
90-degree twist components are extremely short and,
as an additional option, are capable of joining
waveguides of different cross-sections. The maximum
bandwidth obtainable with a single 90-degree twist is
approximately six percent. Bandwidth enlargement is
possible by forming 270-degree twist components.
Due to the fact that only waveguides of rectangular
cross-sections are used, the mode-matching procedure
to evaluate the overall performance is efficient and,
therefore, operational on modern personal computers.
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