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Fig. 1. Cross-sectional views of the RTW in different configurations. Broken (@)
lines indicate the aperture planes over which fields are matched. (a) Ridge
narrower than trough: configuration C1, formulation F1, (b) ridge wider than
trough: configuration C2, formulation F2, (c) configuration C2, formulation
F3, and (d) configuration C1, formulation F4.
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band transmission characteristics. The RTW is another variant of
the conventional single-ridged guide (SRG) in which a centered
longitudinal trough is introduced on the broadwall below the ridge.

In [5], the RTW has been suggested in two configurations, shown in
Fig. 1(a) and (b). Only Fig. 1(a) has been studied experimentally as
the wafer probe. Quasi-static models of the RTW for calculating the
cutoff frequency and characteristic impedance of the lowest mode
are presented in [5].

The authors have theoretically determined the cutoff, bandwidth,
and impedance characteristics of the lowest TE mode of the RTW
to explore if it can be used as another broad-band transmission line.
The RTW appears to be suitable as broad-band mounts for active and
passive devices. The authors’ analysis is based on the Ritz—Galerkin
technique which is well suited to such configurations. Due to the
nature of the cross-sectional shape, the domain decomposition for
application of the technique can be done in several ways. This will (®)
be discussed in the next section. There are very few results availaiite 2. Normalized cutoff wavelength..; /a of the RTW versus normalized
in the literature with which the authors’ data can be comparegap heightd/b.b/a =0.45——"h/b=0.4,-—-——-h/b=0.2, ——— SRG
Nevertheless, the authors present their theoretical data as these@r/« = 0.5, and (b)w/a = 0.3.
new and should be useful in the design of the RTW.

Aei/Q

which encompasses configuration C1 as well butdox h only.
1l. RTW AND FORMULATION OF EIGENVALUE PROBLEM Fig. 1(d) shows the configuration C1 with formulation F4 which can

The cross-sectional geometry of the RTW in two different configt?—OIVe only the case of the ridge inside the trough<().

rations is shown in Fig. 1(a) and (b). In the configuration of Fig. 1(a21, Qsindg th%se f?rn;ulfationsi thle .TE eLgenvaqucfe equa:ionshhavef bﬁen
the ridge is always narrower than the trough< w) and, hence, | erive a(;‘ hscf)_ve hi c;]r ca Zu a_tllrllzg ¢ g Cl]fto Wﬁ_\/ieﬂgtbs 3 'tdi\
may penetrate the trough region leaving gapt the bottom, as in owest and the first higher order TE modes from which the bandwidt

Fig. 1(d). This will be referred to as configuration C1. Fig. 1(a) alsi§ determined. As the analysis is straightforward and the proce_dure
shows one way of dividing the cross-sectional area (actually half tW(?” docgmented (e.g., [81-11l), qnly the results of nume_rlcal
area with a magnetic or electric symmetry plane along the cen putation are presented. The gap-impedance data are also given for

line) which the authors shall refer to as formulation F1. The brokdRe configuration C1 using the subregional fields of the formulation

lines indicate the aperture planes over which the subregional fief(:j%‘
are matched. Thus, F1 can solve only the structures haviagw,
but any gap height relative to the trough depth. II. N UMERICAL RESULTS AND DISCUSSION

In Fig. 1(b), the ridge is always wider than the trough % The authors have mentioned four possible ways of dividing the
w). This configuration will be referred to as C2 and the domaicross section and each formulation is capable of solving certain
decomposition indicated will be referred to as formulation F2. Faonfigurations. The authors have carried out numerical calculations
this configuration an additional dimensional parametarintroduced using all four formulations mainly because it is not possible to
only for convenience of presenting the numerical data. Fig. 1(cbmpare their results against some standard or known structures
shows the configuration C2 with another possible formulation, F8xcept the single-ridged waveguide for which the trough itself is
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5.0 TABLE |
il \_ NoORMALIZED CuTOFF WAVELENGTH FOR RIDGE INSIDE THE TROUGH
CoMPUTED FROM TWO DIFFERENT FORMULATIONS. b/a = 0.45,h/b = 0.4
B Acrla
: From : F1 From : F4
4.0 r ab sa w/a w/a
L 03 04 05 03 04 05
< 0.1 726 675 6.64 728 735 763
N L 0.25 1025 939 8.04 982 833 830
S b 0.05 035 10.47 8.69 982 861
< L 0.4 9.13 8.89
3.0
- 0.1 472 427 405 449 418 404
- 025 675 506 4.52 612 478 439
+ 0.3 0.35 6.46 4.95 586 4.69
- 0.4 532 4.96
2.0
0.2 0.4 0.6 0.8 125
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Fig. 4. Gap impedance at infinite frequengy.. versus normalized gap
) heightd/b. b/a = 0.45, w/a = 0.5, —— h/b= 0.4, —— — —h/b = 0.2,
Fig. 3. BandwidthA /A2 versusd/b. All parameters and denotations as— SRG.

in Fig. 2. (@)w/a = 0.5 and (b)w/a = 0.3.

the TE fields over the apertures was also examined from the computed
made to vanish in the limit. As will be observed below, the resulfield components. The pattern of the TE fields varies with the ridge
obtained from different formulations do not always have close mutuand trough dimensions as does the degree of matching for the same
agreement. The reason for such discrepancies for certain configuramber of field expansion terms. As such, one particular formulation
tions and certain dimensions is the nature of domain decompositiéa not be conclusively accredited with the best accuracy for all
(although in each case the relative convergence effect was foundltgensions.
be insignificant). It is well known, and an inspection of Fig. 1(a)—(d)
will also reveal, that while writing the fields in the different domain#\. Ridge Narrower than Trough (Configuration C1)
as summations of mode functions in separable forms with unknownin Fig. 2(a) and (b), the normalized cutoff wavelength /a of
amplitude coefficients, it is not possible, in general, to  exactifie lowest TE mode is shown as a function of the ridge @#pwith
satisfya priori the boundary conditions on all the waveguide wallsthe ridge widths/a as a parameter for two sets of trough dimensions.
Clearly this happens when at least one boundary of a domainTise graphical data obtained from formulation F1 are also presented
a longitudinal discontinuity plane containing both conducting walls tabular form in Table | for comparison of some spot values with
as well as interfaces between adjacent domains. Fulfillment of ttiese obtained from formulation F4. It is noted that the difference in
boundary conditions on these conducting walls is enforced in thiee values obtained from the formulations F1 and F4 is significant
formulation while applying the continuity of fields over the aperturetor some cases of wide ridges and narrow troughs.
and expressing the unknown coefficients in terms of the unknownAn examination of Fig. 2(a) and (b) and the available SRG data
aperture electric fields. The numerical results thus obtained show thengs out the following features.
the vanishing of the tangential electric field is not exactly satisfied 1 For normalized gap height ef/b = 0.1, as an example, the
over the conducting walls of the discontinuity planes. Matching of SRG shows a maximum value of 5.6 &f;/a ats/a = 0.4.
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Fig. 5. Normalized cutoff wavelength..; /a versus normalized ridge width
sfa.bfa = 0.45, w/a =02,-—-—--w/a =0.3, ——— SRG. (a)

h/b = 0.4. (b) h/0.

TABLE I
NORMALIZED CuTOFF WAVELENGTH FOR RIDGE WIDER THAN TROUGH
CoMPUTED FROM TWO DIFFERENT FORMULATIONS. b/a = 0.45,h/b = 0.4

Aerla
From : F2 From : F3
ad'b sa w/a w/a
02 0.3 0.4 0.2 03 0.4
03 4.85 5.56
0.4 511 464 560 511
0.5 0.5 5.18 479 436 550 511 465
(e/b=0.1)
0.6 508 476 440 534 510 480
0.7 488 453 424 490 462 433
03 3.90 4.24
0.4 400 3.77 420 4.00
0.6 05 400 380 358 . 412 393 371
(e/b=02)
0.6 389 372 353 399 383 367
0.7 3.67 3.53 337 370 356 340

as a ridge, initially inside the trough with a small gap at the bottom,
is withdrawn up and out of the trough.

The gap-impedance characteristics, calculated on a power-voltage
basis for a ridge narrower than the trough, is shown in Fig. 4, together
with one SRG curve for comparison. The impedance expectedly
increases with increasing gap heiglifb with other parameters
remaining constant. Introduction of the trough considerably lowers
the gap impedance compared to the SRG values. Also, a deeper
trough is more effective for realizing low impedance values than a
shallow trough. Furthermore, in comparison with the SRG for which
one has two ridge parameters to adjust, there are four ridge and trough
parameters in the RTW; these beinga, /b, d/b, ands/a, allowing
for an achievement of a desired impedance level with more flexibility.

B. Ridge Wider than Trough (Configuration C2)

This configuration is more amenable to comparison with the
SRG since with vanishing of the trough the parametér (where
d = h+e, e # 0) reduces to the ridge gap parametéfh of
the single-ridged waveguide. Thus, the effect of incorporation of a
trough below the ridge can be directly observed from the data. The
cutoff wavelengths, computed from the formulations F2 and F3 are
presented in Table Il. The agreement between the two sets of data is
much better than in case of configuration C1. The cutoff wavelengths
as obtained from formulation F2 are also presented in Fig. 5(a) and
(b). The bandwidth characteristics of this configuration are shown in
Fig. 6(a) and (b). In general, introduction of a trough of a width less
than the ridge width has detrimental effect on both the cutoff and

Thus, substantially higher cutoff wavelength of the lowest Tgandwidth of the guide, and the effect is worse for wider troughs.
mode can be realized with RTW having the ridge inside thehis is to be expected since a wide trough below a ridge makes the

trough.
2 For a particular ridge widths/a, a narrow trough is more

effective in increasing\.:/a than a wider trough, the trough

depth remaining the same.
The maximum bandwidth., /A.2, where).. is the cutoff wave-

structure look like a SRG with the saméa but largerd/b.

IV. CONCLUSION

The authors have examined the cutoff, bandwidth, and impedance
characteristics of the RTW recently developed for waveguide to CPW

length of the first-order TE mode, available in the configuration C1, igansition. From the authors’ theoretical results, the RTW in the

however, a little lower than that of the SRG with the sasyie. This

particular configuration of a ridge narrower than, and penetrating, the

can be seen from the data presented in Fig. 3(a) and (b), compuiedigh appears attractive for applications requiring low impedance
with formulation F1. The figure show how the bandwidth decreasésvsels. The bandwidth of the RTW in this configuration falls short of
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5.0 Modal Scattering Matrix of the General

Step Discontinuity in Elliptical Waveguides

oo Pawd Matras, Rainer Bunger, and Fritz Arndt

Abstract—in this paper, a direct mode-matching technique is proposed
for the calculation of the modal scattering matrix of nonconfocal, twisted,

'<$ 3.0 - and/or displaced step discontinuities in elliptical waveguides of different
N r cross sections. For the convenient treatment of the Mathieu functions, an
5 K efficient trigonometric series expansion technique is used. As examples,
< 2.0 the scattering parameters are calculated for typical step discontinuities
“r demonstrating the flexibility of the method.
- Index Terms— Mode-matching methods, waveguide discontinuities,
H waveguide junctions.
1.0 [ N AT I A A |
0.2 0.4 0.6 0.8
S/0Q
I. INTRODUCTION
(b)

For the analysis of the step discontinuity at elliptical waveg-
Fig. 6. BandwidthA.; /A.2 versuss/a. All parameters and denotations asyjdes, an efficient direct mode-matching technique has been recently
in Fig. 5. (@)h/b = 0.4 and (b)h/b = 0.2. proposed [5]. The investigation was limited to the simple case of
confocal elliptic cross sections. The rigorous solution of the scattering

the SRG bandwidth, but the cutoff wavelength can be substantiaRjoblem at the general (nonconfocal, twisted, and/or displaced)
larger. Thus, the properly designed RTW can be a broad-band lo#scontinuity [see Fig. 1(a)], however, is required for the analysis
impedance transmission medium. The RTW in the other configuratiBh more complicated structures such as displaced elliptic irises or
with a ridge wider than the trough appears less useful because $h@ped horns. This paper presents, therefore, the extension of the
trough lowers both the cutoff wavelength and bandwidth. direct mode-matching technique to this general case.
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