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Hybrid Planar NRD-Guide Magic-Tee Junction

Yves Cassivi and Ke Wu

Abstract—A new magic-tee circuit is proposed and developed, which is
based on the hybrid integration technology of a planar and nonradiative
dielectric (NRD) guide. The magic-tee junction combines an NRD-guide
T-junction with a microstrip T-junction. Furthermore, LSM,,-mode
radiators are introduced in the magic-tee circuit to reduce its resonance
problem. Measured results show that an isolation of 20 dB can easily be

P. H. Harms, J.-F. Lee, and R. Mittra, “A study of nonorthogonal FDTD
method versus the conventional FDTD technique for computing reso-
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Fig. 1. Hybrid planar/NRD-guide magic-tee junction topology.

mode into twoLSM;, signals is also feasible [7]. A useful property
of that type of NRD-guide T-junctions is the phase difference between
the two outputs. Due to the electromagnetic field configuration of the
LSE{y, and LSM;y modes, anLSMy-to-LSE;,-mode conversion
T-junction will have 180 phase difference between the two outputs,
but an LSEo-to-LSMo,-mode conversion T-junction will have

0° phase difference between the two outputs. This is equivalent to
the E- and H-plane rectangular waveguide T-junctions. Since the

achieved between the sum and difference ports. microstrip T-junction has an in-phase output signal, the NRD-guide

LSMi¢-to-LSE;o-mode conversion T-junction is adopted for the
proposed magic-tee junction.

In this paper, a practical hybrid planar/NRD-guide magic tee is de-
scribed first and then analyzed. It is shown that a resonance problem
within the magic-tee junction appears when microstrip-to-NRD-guide
o ) ) o o transitions are placed at the three NRD-guide ports of the magic tee.

The nonradiative dielectric (NRD) waveguide is a promising techhys ani,SM,,-mode load is introduced to resolve this problem. The
nology for millimeter-wave applications. Various types of NRD-guidg, 54 does not affect theSE o mode and its construction is compatible
components have been proposed and developed [1], including filtef&y, the hybrid planar/NRD-guide technology. Simulation and mea-

couplers, antennas, and hybrid planar NRD circuits [2]. In the lattg[;;ement results for the proposed magic tee are presented.
case, the NRD-guide is coupled to a planar structure, e.g., a microstrip

line, thereby combining and deploying the advantages of each
individual design platform. However, there are no NRD-guide-based
magic-tee junctions reported thus far in the literature. We propose a
magic-tee junction that uses an NRD-guide T-junction combined with The proposed magic-tee junction topology consists of an NRD-guide
a microstrip T-junction. T- junction combined with a planar junction. The first option is to use
In an NRD-guide, the two fundamental hybrid modes ardtBE10  a microstrip T-junction that has in-phase outputs with an NRD-guide
andLSMo, modes. The.SM;o mode is usually preferred because i.SM;,-to-LSE,, T-junction. The second approach is to use an NRD-
has a low-loss transmission property and it is the domifiavit -type  guide LSE,-to-LSM o T-junction with a slotline-to-microstrip-line
mode, while theLSE:, mode is the second’E, mode after the T-junction, the later having out of phase outputs. Only the first option
LSEoo mode. Mode conversion between th&Ero and LSMio s studied in this paper.
modes is omnipresent in NRD-guide bends [3] and misalignments
[4]. Yoneyameet al. [3] have developed a useful relationship betwee
the radius of bend and the conversion loss forlti&1,, mode. This
analysis shows that, for a very sharp bend, H#M,, mode can Fig. 1 shows the proposed topology. The new magic tee is composed
almost completely be converted into iESE;, counterpart. For this of an NRD-guideL.SM;-t0-LSE1¢ T-junction, which is used as a dif-
reason, the development of NRD-guide T-junctions [5]-[7] has led ference port, and a microstrip junction used as a sum port. The mi-
a topology that was optimized for the complete modal conversion of arostrip T-junction and NRD-guide T-junction are combined with two
LSM;¢-mode input signal into two equélSE;,-mode signals at the microstrip-to-NRD-guiddLSE;,-mode transitions [8]. The two tran-
output ports. It was also shown that a T-junction splittingl&¥,  sitions are placed over the two output branches of the NRD-guide T-
junction. This arrangement produces two in-phhS&:,,-mode sig-
nals inside the output branches of the NRD-guide T-junction. Since
Ectho such signals are in phase, they cannot produceSvi,-mode
anal at the difference port, contributing to a good isolation of the sum

Index Terms—Hybrid planar/nonradiative dielectric (NRD) guide
technology, magic-tee junction, millimeter-wave technology, mode
suppressor, nonradiative dielectric (NRD) waveguide.

|. INTRODUCTION

Il. HYBRID PLANAR/NRD-GUIDE MAGIC-TEE JUNCTION

R. Proposed Topology for the NRD Magic-Tee Junction
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and difference ports. Similarly, the out-of-phds&E;,-mode output
signals produced by the NRD-guide T-junction generate a virtual short
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B. Design Procedure

The design of the magic tee is carried out in two stages. In the
first stage, the NRD-guideSM;,-to-LSE;o T-junction is optimized
for the frequency band of interest. In our case, this frequency band
is 27-29 GHz. Polystyrene material with a dielectric constant of
2.4 is used. The resulting dimensions of the junction (see Fig. 1)
area = 4.953 mm, b = 4.064 mm andb, = 3.302 mm. The
second stage is the optimization of the microstrip junction combined
with the NRD-guide T-junction. This optimization is performed on
the aperture size and position of the two transitions, as well as on
the linewidth of the microstrip T-junction (see Fig. 1). The results
of the optimization areDs = 6.098 mm, Lm = 9.652 mm, and
Wm = 0.61 mm. The ground slots have a length of 6.1 mm and a
width of 0.508 mm. The simulated results of the overall hybrid planar
NRD-guide magic-tee junction are presented in Fig. 2. Note that the
difference betweerbs; and Ss» is caused by the insertion loss of
the two microstrip-to-NRD-guidé.SE,-mode transitions (which is
around 1.5 dB), which only affect port 1.

To measure the proposed magic tee, appropriate microstrip-to-NRD-

Fig. 3. Resonance paths in the hybrid NRD-guide magic-tee junctiogige transitions are added to ports 2—4. However, a resonance problem

(a) Resonance path for port 2 with BEM, , mode input signal. (b) Resonance

path for port 1.

takes place because of these transitions.

C. Resonance Problem

circuit at the center of the microstrip T-junction of the sum port, which A number of spikes were noticeable in the measurement and

also contributes to a good isolation between the two ports.

simulation results of the magic-tee junction when transitions are
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Fig. 6. Measurement results for the complete hybrid magic-tee junction that indl$dés,-mode loads and microstrip-to-NRD-guide transitions.

introduced. They are similar to the case in which spikes appedhe resonance path of port 1. The only common factor of the two

when an NRD-guide bend is terminated b§M ,-mode waveguide resonances is the presenceldfM,,-mode signals aP3 and P4.

transitions. As explained by Yoneyaned al. [3], this construction Thus, if LSM;,-mode loads are placed &3 and P4 with sufficient

results in ar.SEo-mode cavity having resonance at discrete frequemaittenuation, the two resonance problems could be removed.

cies. At resonance, thBSEq-mode signal, which is linked to the

LSM;,-mode signal through the mode conversion, cannot propagate

in the structure, resulting in a high insertion loss for V1, mode . LSM,o-MODE LOAD

at these frequencies. In the hybrid NRD-guide magic tee, the spikes

present in the results fo$,, are at different frequencies compared The proposed.SMio-mode load is made of small longitudinal

with those present in the results fék:. This indicates that two ground apertures over the dielectric slab of the NRD-guide, as shown

separate resonance mechanisms (or cavities) exist in the structisréig. 4. Note that the same apertures could be copied on the bottom

One is associated with port 1, while the other is related to port 2. ground plate of the NRD-guide, making the suppressor more effective
Fig. 3illustrates the two mechanisms. In the first case [see Fig. 3(&)bcause of its symmetry. However, it is not necessary in our applica-

an LSM,-mode signal is injected into port 2. This produces out-ofion. The working principle of this load can be explained as follows.

phasel.SE+, signals atP3 andP4. Also, since not all of the input sig- since theL.SM;, mode only has magnetic fields in the longitudinal

nals are converted, out-of-pha8M i, signals are also present8  plane of the NRD-guide, longitudinal slot in the metallic plates will

andP4. TheLSEo-type microstrip-to-NRD-guide transitions placecﬁave optimum interaction with th&SM, mode. The impedance

at P3 and P4 will completely reflect thel.SM., signals. In the way f the |oad is both resistive and reactive, providing both radiation

back to the NRD-guide T-junction, a small portion of the out-of-phasg, | refiection losses. The radiation loss attenuates the signal and the

.LSMm signals will go back to porlt 2 .bUt most of it will be trapped eflection loss reduces the length of the cavity, as explained in the

inside the output branches. Thus, in this case, the two output brancb?&/ious section. Two different aperture lengths are used to improve

of the NRD T-junction form a cavity. . . i
In the second case [see Fig. 3(b)], an input signal at port 1 wme frequency bandwidth. Since the current density of Ed i

produces in-phaskSE o signals atP3 and P4. However, it will also mod_e is_ mostly longitudinal, it will not be noticeably affected by the
give somel.SE,o-mode signal leakage &2. This signal is reflected longitudinal ground apertures. Note that, because the apertures of the

back by the LSMo-mode microstrip-to-NRD-guide transition. LSM10-mode load are longitudinal, they will not be coupled with the
Coming back to the NRD-guide T-junction, tHeSEq signal is transversal aperture of thESE;,-mode microstrip-to-NRD-guide

split in two in-phasd.SM, signals atP3 and P4. The LSEo-type transﬁt?ons of port 1, but it could interfere with tHeSM,,-mode
transitions present at the output ports will reflect thbS81,, signals. fransition of port 2.

They will come back again in the NRD-guide T-junction to generate Our goal is to optimize the load so it can provide a sufficient at-
an LSE,o-mode signal atP2 so as to close the loop. As such, théenuation in the frequency band of interest. The obtained dimensions
cavity is, in this case, the entire NRD T-junction. for the ground apertures afesl = 4.064 mm, Ls2 = 3.556 mm,

The above analysis indicates that placing Is8iE,o-mode sup- S = 1.524 mm, andiV's = 0.254 mm. The simulated results for the
pressor [10], [11] at the end of the main branch of the NRD-guidead are presented in Fig. 5, indicating a minimum attenuation level of
T-junction (port 1) will not remove the spikes because it will no8 dB achievable over the bandwidth. It is also shown that the circuit
affect the resonance path of port 2 [see Fig. 3(a)], but would resol#tees not affect the transmission of th8E, mode.
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Fig. 6 gives measurement results of the proposed magic-tee junction
with LSMo-mode loads and microstrip-to-NRD-guide transitions. 1]
The NRD-guide magic tee was constructed using our develope
engraved nonradiative dielectric (ENRD) fabrication technique [9]. It
shows that no spikes are noticeable, except at 29.2 GHz, where thé&!
spike may be caused by a parasitic mode. The insertion lev&|sof
Sas, S14, and Sz, are high because of the added transitions in ports
2—4, which increase the insertion loss of the transmission coefficientg3]
associated with port 2565 andS».) by approximately 2.7 dB and add
approximately 1.2 dB foS;3 and S14. These estimations are based
on measurement results of the microstrip-to-NRD transitions taken
from previous studies [8], [9]. Also note that improvement is needed
in the matching of the microstrip-to-NRD transitions. This would [5]
considerably improve the performance of the magic tee, especially for
the S15-, S23-, S14-, andS24-parameters. [6]

[4]

[7]
IV. CONCLUSION
(8l
A new class of hybrid microstrip/NRD-guide magic-tee junctions

has been proposed and developed. Simulated and measured resﬂbﬁ
have shown the operating mechanism and preliminary performanc
of the hybrid microstrip/NRD-guide magic tee. Amplitude unbalance
of ports 1 and 2 with respect to transmission characteristics has be¢td]
discussed. ALSM;y-mode attenuator has been developed for this
magic tee so as to resolve resonance problem in the circuit wheﬁl]
microstrip-to-NRD-guide transitions are added at the three NRD ports.
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