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Abstract — Tt is known that a high permittivity NRD
guide, where an LSM01 mode mainly propagates, suffers
from irregular transmission phenomena. Since high
permittivity materials such as ceramics and alumina have
rough and hard surfaces, we assumed that this problem was
caused by asymmetrically remained smail air gap between
the metal plates and high permittivity dielectric materials in
the NRD guide. From the theoretical and experimental
investigations, it is clear that the LSM01 mode is liable to
couple with an unwanted mode, while an LSE01 mode, being
another nonradiating mode, is hard to couple with such
mode.

I. INTRODUCTION

An NRD guide, which consists of low permittivity
dielectric strips inserted in a below cutoff parallel metal
plate waveguide, is another candidate as a transmission
medium for the construction of millimeter wave integrated
circuits.

It is expected that the compactness and low loss nature
are improved by using high permittivity dielectric
materials, but high permittivity NRD guide with an
LSMO1 operating mode transmission often suffers from
irregular transmission. It was pointed out that this
phenomenon was caused by small air gaps remained
between the dielectric and metal plate interface because
the high permittivity materials such as ceramics and
alumina have rough and hard surfaces, and this fact was
analyzed by the NRD guide with symmetrical small air
gaps [1].

Strictly considered, air gaps exist asymmetrically
between the dielectric strip and metal plate interfaces.
Such analytical model, consisting of low permittivity

diclectric strip with LSMOl mode transmission, was
previously discussed by Prof. Oliner [2], and Prof.
Shigesawa [3].

In order to more investigate the irregular transmission
phenomenon, we analyzed the high permittivity NRD
guide with the asymmetrical air gap, which was exited by
two types of non-radiating modes, namely, not only
LSMO01 mode but also LSE0] mode [4].
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Fig. 1.  Non-radiating modes in NRD guide

I1. ANALYSIS OF NRD GUIDE WITH A SMALL AIR GAP

The NRD guide is constructed by rectangular dielectric
strips inserted in a below cutoff parallel metal plate
waveguide as shown in Fig.1. The dominant modes can
be classified into the LSMO0I1 and LSE0l modes, the
former being featured by the magnetic fields in parallel to
the air-dielectric interfaces and the later being featured by
the electric fields in parallel to the same interfaces. The
LSMO01 mode has been regarded as an operating mode,
while the LSECG]1 mode has been dealt with as a parasitic
mode.
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Fig. 2. NRD guide with asymmetrical air gap
{a) Cross sectional view, (b) LSMO1-like mode and TE1-like
mode, and (¢) LSEOL-like mode and TEO-like mode

Figure 2 (a) shows the NRD guide with asymmetrical
air gap , where the air gap with the length of g is installed
in the NRD guide with the height of a and width of b, In
this structure, it is considered that LSM01-like and TE1-
like modes are generated from the LSM01 mode by the
effect of the air gap as shown in Fig. (b), while LSE01-
like and TEO-like modes are generated by exciting the
LSEO! mode from the result of mode conversion as
shown in Fig. (c).

Dispersion curves of the LSM01 and TEI modes in the
normal NRD guide, namely, the NRD guide without air
gap, were calculated by conventional methed as shown in
Fig. 3 (a). From this figure, it seems that two modes will
be couple, because the intersection point between two
modes exists at a frequency of 57GHz. On the other side,
it is considered that the LSECG] and TE) modes, whose
dispersion curves are shown in Fig. (b), are hard to couple
due to the difference of their phase constants.

In order to clarify this fact, we calculated the
normalized phase constants of the NRD guide with
asymmetrical air gap by using HFSS (High Frequency
Simulation Software). According to image theory, an
image plane may be placed longitudinally along the
vertical mid-plane of the dielectric strip as shown in Fig.4,
where the image plane corresponds to an electric wall for
the LSMOl mode exited NRD guide, while that
corresponds to a magnetic wall for the LSEO] mode
exited NRD guide. Considering the leaky wave radiation,
a radiation boundary is installed at the side opening of the
NRD guide.

Figure 5 (a) shows the calculated dispersion curves of
LSM0! mode exited NRD guide with asymmetrical air
gap. From this figure, it is cleared that mode coupling
phenomenon between the LSM01 and TEI medes occurs
as predicted. The field distribution of the TE1-like mode
is transferred to that of the LSMG1 mode, while field
distribution of the LSMO01 mode is changed to that of the
TE1 mode around a frequency of 58GHz.

Figure 6 {(a} shows the dispersion curves of the LSEQ1
mode exited NRD guide with asymmetrical air gap. In this
case, these modes are hard te couple due to the difference

-of their phase constants.
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Fig. 5.  Calculated normalized phase constant of high-
permittivity NRD guide with asymmetrical air gap

. EXPERIMENTAL CONSIDERATION

In order to confirm the theoretical considerations, we
investigated transmission characteristics of the LSMOI
mode exited high permittivity NRD guide at first, which
was made by alumina material with the relative
permittivity of 9.7, and the cross-sectional dimensions

were desigred to be 2.7mm in height and 1 Omm in width
for 30GHz use. The calendated dispersion curves of
LSM01-like and TEl-like modes are shown as solid and
dotted curves in Fig. 6, where we assumed the small air
gap to be 0.1mm.

The standing wave pattern was measured in the
neighborhood of the truncated end of a dielectric strip by
using a uni-pole antenna consisting of an inner conductor
of a very thin semi-rigid cable as shown in Fig. 7. Figure
8 shows the measured results. At 47GHz, an irregular
wansmission phenomenon was not observed as shown in
Fig {a), although the minimum levels of the standing wave
pattern gradually decrease ioward the direction of a
generatos due o the transmission loss. The reason to
exhibit a good standing wave pattern is that the phase
constant of the L8MO1-like mode is far from that of the
TEl-like mode, From the result, the nonmalized phase
constant was measured and plotted 1w Fig. 6. Well
agreement between theory and measurement can be
obtained.

However, irregular beats were temendously generated
at 52 GHz as shown in Fig. (b}, From the beat wavelength,
the phase constants of two modes are derived and plotied
in Fig, 6. Measured phase constant of the LSMB1-like and
TE1-like modes roughly agreed with the thearetical values,
and thus, it is confirmed that the irregular wansmission
phenemenon is caused by mode coupling between the
L.SM01 mede and TEL mode.

Next consideration is concerned with the LSEG] mode
exited high permittivity NRD guide, which was made by
ceramic compounded Teflen material with the relative
permittivity of 10.8 and was designed 10 be 2.25mm in
height and 0.265mm in width at 60 GHz, The measured
standing wave pattern is shown in Fig. 9, Good standing
wave pattern can be measured, and thus, the validity of the
theoretical consideration is confirnmed.
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Fig. 7. Structre of NRD guide coupled by uni-pole antenna
transversely Fig. 9. Measured standing wave patterns of high- permittivity
NRD guide exited by LSE0] mode.
a=27, b=1.0, er=0.4, F=45GHz
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