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Fig. 3. Cross section of the plate diplexer. (Dimensions are in millimeters.)
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power at the reflection output Pa~Rp2Pj versus O, and normd-
! transmission output PzIP1 versus (=/2 —0), for the plate di-

mission lines [3] shows that for 70 GHz, the metal grid with the di-

electric substrate gives a reflected power (PS/Pl) o= — 12 dB when
o =90°. But the rectangular waveguide, placed in the right position

at the reflection arm, cuts off this spurious power, and experimentally

we obtained (PJ/PJ o= –4o dB.
In future versions of the grid diplexer, more appropriate metal

grids must eliminate this small but existing asymmetry (which was
not observed at 890 GHz),

We shall now describe the plate diplexer, shown in Fig. 3. It is
similar to the grid diplexer with the difference that the grid is re-
placed by a dielectric polyethylene plate and that the angle of inci-
dence is not 45” but 57°, which is very near the Brewster’s angle for
polyethylene.

The Brewster’s-angle effect is essentially asymmetric because the
incident field parallel to the plane of incidence is completely trans-
mitted, but the incident field perpendicular to this plane is only
partially reflected. The reflected power is P3 = R=2PI where R= is the
reflection coefficient at the Brewster’s angle, and it is maximum when

the relation between the thickness of the plate 1 and the wavelength
A is

1 2K+1.=
A 4?t cos iB ‘

K = 0,1,2,...

where n is the refractive index and iB is the Brewster’s angle. In the
best conditions R=’ is of the order of 3 dB.

The plate diplexer is then much more asymmetric than the grid
diplexer, and we see in Fig. 4 the difference between the zero of Pz/P,

near o = 90° and the zero of PJRP2P1 near 8 = 90°, measured at 70

GHz. The value (P,/PJo = – 27 dB shown in Fig. 4 is justified by the

polarizing effect of the rectangular waveguide at the transmission

arm, because with a circular-waveguide output it would be (1 –l/Pz),

SSY slightly greater than — 3 dB.
The value (P8/R=2Pl)0 = – 37 dB indicates an effective directivity

greater than that of the fin-line diplexer. This means that for angles

of incidence d = 0° the plate diplexer has a better accuracy for little

86 variation. The performance of this diplexer is inferior to that of
the grid diplexer, but on the other hand it is extremely simple and of

negligible cost. Measurements with the HCN laser beam gave
~P,/RPaPJ, = –27 dB.
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Modified H Guide for Millimeter and

Submillimeter Wavelengths

A. DOSWELL AND D. J. HARRIS

Abstraci—A theoretical and experimental investigation is being
made of a modified form of H guide as a possible guided wave struc-
ture for millimeter and submilliieter wavelengths. The effects of
channels in the conducting planes to support a dielectric film has
been studied by scaled-up models at 3-cm wavelength. Low losses,
even at the shorter wavelengths, are predkted. The chmmels may

be used to filter unwanted higher order modes, and the use of high-

permittivit y dielectric is suggested to further reduce the guide atten-

uation.

1. INTRODUCTION

Conventional guiding structures for electromagnetic waves at

microwave frequencies present problems of high attenuation and

small physical size when scaled for shorter millimeter and submilli-

meter wavelengths. No guiding structure has yet been devised which
is ideal for such wavelengths, but H guide, first described by Tischer

[1], has potential application at these wavelengths.

H guide utilizes a dielectric sheet which is perpendicular to two

conducting planes, forming a letter H in cross section as in Fig. 1 (a),

to propagate a surface wave. It can be shown that one mode, the
OPMII, which has an electric field distribution mainly parallel to the

conducting planes and a magnetic field entirely parallel to the dielec-

tric surface, exhibits a low-loss wall attenuation characteristic as for
the TEo1 mode in circular guide. It is thus an obvious candidate for
high-frequency low-attenuation transmission.

1 I. ATTENUATION

Total, i.e., wall and dielectric, attenuation of H guide calculated

for submillimeter wavelengths using standard techniques is shown in
Fig. 2. Curve (a) has been calculated for a guide width of 1 mm, (b)

for a guide width of 1.5 mm, and (c) for a guide width of 2 mm, In all

cases, a dielectric loss angle of 10-s and an effective metal conductiv-
ityy of 107 S/m has been assumed. The metal conductivity value is of

the order indicated by the work of Bled et al. [2] and Vershinina and

Meriakri [3]. For comparison, the experimental values of attenuation

for rectangular guide obtained from [2] and [3] are also shown in
Fig. 2.

111. MODE PURITY

By choosing a suitable dielectric thickness and by use of an ap-
propriate launching device, it should be possible to excite only the

oPMln modes where n = 1, 3, 5. As the cutoff plane separation of

Manuscript received January 23, 197 3; revised April 30, 1973. This work was
supported by the United Kingdom Science Research Council.

The authors are with the Department of Electrical and Electronic Engineering,
Portsmouth Polytechnic, Portsmouth, United Kingdom.



588 ------ .... . . ..- ----- --------- . ..——..—-—-. ---- -—------.--—- .,I ”.,

60 -

4.0 -

20 -

<’”” :
~oe

0,6 .
z

$0. +-

>
z

P
1- @2.

<

0. 1~

—2b+

(01

(CJ [d)

113M3 lKANSALLIUNS UN MICKUWAVE THE7JKY AND TECHNIQUES, SEJ?TEMBER Iy{a

E. PCRIMENTfiL POINT5 (OUERMOOED
RECTANGUL&R WAVE G.IDE)

o BLED ,tol

A VERSHININA AND MERIAKRI

.
0.2 0.4 0.8 1.0

WAVELENG;H6 MM

Fig. 2. Total theoretical H-guide attenuation fore, =2.l.
$d=lO–a,T=107 S/m, and 21J=15 pm.

the oPMln modes is given approximately by nxo/2, it can be seen

that with a 2. O-mm-wide guide operating at 0.5 mm, only the OPMII
and ~PMIS modes would be excited. Reduction of the guide width so
that only the OPMII mode propagates would not be feasible because

of the high wall attenuation of the oPMU mode for such small plane
separations. Reduction of the oPMll mode attenuation by increasing
the plane separation would introduce further higher order modes.

IV. GUIDE DESIGN FOR SUBMILLIMETER WAVELENGTHS

H-guide construction for wavelengths between 100 ~m and 1 mm
requires the use of a thin dielectric film, and the design would have

to be modified to include some means for locating and holding the
dielectric between the conducting planes. Schematic suggestions for
guide construction are shown in Fig. 1 (b), (c), and (d).

The design of (c) and (d) makes the guide look like a partially
dielectric loaded hollow rectangular guide, and the mathematical

treatment is similar for the two types of guide [4]. A design similar
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Fig. 3. Experimental and theoretical Q values, X are experimental
points and O are values from simplified theory.

to (c), the microguide, has been suggested by Karbowiak [5], but
the field mode in the microguide is quite different.

The inclusion of the wall parallel to the dielectric alters the H-
guide surface-wave exponential damping term outside the dielectric
into a hyperbolic function. Physically, the extra wall will have little
effect if most of the energy is located close to the dielectric, and ex-
perimental work on scaled models of the guide at X band confirms
this.

Treating the channels cut into the walk of the guide, Fig. 1(b)
and (c), as lengths of hollow dielectric-loaded rectangular guide sup-
porting a TE1o mode excited by the z-direction magnetic field of the
oPMU mode, the increased attenuation of the oPMII mode can be
calculated. These talc ulations indicate that the channel attenuation
will generally be small compared to the intrinsic guide attenuation.

The wall power loss of the 0pM13 to the oPM1l mode, calculated
from the appropriate magnetic field component and the channel im-
pedance, shows that this ratio can be high, suggesting that the 0pM13
mode could be filtered out. Experimental work at X band on scaled
models of the proposed submillimeter structures, using a resonant
length of H guide, has verified the basis of the calculatiort of the
channel attenuation and also the mode filtering property.

Fig. 3 shows experimentally measured Q values of an X-band
H-guide resonator which had channels cut in its plates compared to
the theoretical Q values of the resonator as calculated from the in-
trinsic guide and channel attenuation. It can be seen that the simple
theory used for the calculations produces reasonably good agreement
and justifies the basis of the theoretical approach. The mode filtering
property is demonstrated in Fig. 4 where pen recordings of resonance
spectra of H-guide resonators with and without the channels present
indicate in (a) resonances due only to the OPMU mode, and in (b)
resonances due to both the oPMI1 and 0PM13 modes. The resonances

have been identified with particular modes by comparison with the

theoretically calculated resonance spectra, by cutting off the OPM13
mode using narrower plane separations and by use of a probe to
investigate the transverse field distributions in the guide.

V. DIELECTRIC AND RADIATION Loss

Investigation of the dependence of dielectric loss upon relative

permittivity and dielectric thickness has shown that increasing the
relative permittivity of the dielectric can result in lower dielectric

losses. Fig. 5 shows calculated dielectric loss for various thicknesses

and relative permittivities of dielectric at constant dielectric loss
angle. The thinner the dielectric, the more noticeable the variation
of loss with permittivity. The optimum permittivity for a particular

thickness can be calculated. Making the dielectric thin ensures that
a major part of the dielectric loss is determined by the x-direction

component of the electric field. The choice of a suitable relative per-
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Fig. 5. Variation of dielectric attenuation with thickness and permittivity.

mittivity results in a large part of the electromagnetic energy travel-
ing outside the dielectric and, therefore, not contributing to the
dielectric loss.

Radiation loss from the open H-guide structure has been shown
to be significant in certain circumstances [6]. It can, however, be
reduced toalowvalue byincreasing the height of the guide walls.

VI. CONCLUSIONS

Modified H-guide, in which a thin dielectric film is supported
across the guide by channels in the conducting planes, appears
potentially tooffer advantages =aguiding structure for short milli-
meter and submillimeter wavelengths. The channel maybe effective
in suppressing higher order modes and allowing wider plane separa-

tion and, therefore, lower loss. Possible forms of construction are
shown in Fig. l(c) and (d). The use of a higher permittivity thin
film ofdielectric mayreducet helosss tillfurther. H-guide structures
with channels have been investigated experimentally at 3-cm wave-

length and the performance outlined verified. Guides are now being
constructed for 0.3-mm wavelength operation for investigation using
our HCN laser.
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A Simplified Circuit Model for Microstrip

HERBERT J. CARLIN

The advantage of a network model for a physical structure is that

the model, if correctly established, implicitly contains the physical
constraints of the actual system, and these constraints need not sub-
sequently be called into play for every new case. A recent example
is the use of coupled lines [1 ] to model longitudinally uniform but

transversely inhomogeneous waveguides. The network model for a

cylindrical waveguide loaded concentrically with a dielectric rod

comprised a TE and a TM transmission line coupled together, and

the properties of this model demonstrated that, surprisingly, the

smooth lossless waveguide structure could support complex eigen-

values as well as backward waves. The general network idea stems
from Schelkunoff [2] who established that uniform metallic-bound

lossless guide structures can be represented by an infinite number of

coupled TE and TM transmission lines. The practical approximating
network model is obtained by appropriately truncating the infinite
Shelkunoff representation [1].

In this short paper we show how a pair of coupled lines can give
an extremely simple model for microstrip dispersion. We take a TEM

transmission line and a TE line and form a distributed circuit with
these two lines coupled together. The uncoupled lines propagate the

ordinary TEM and TE modes. The coupled circuit automatically
represents a pair of modes which are no longer TEM or TE, but

instead are the two lowest order hybrid modes that exist on the strip-

Iine. In effect, circuit theory does the work in preducing the required

modes.

The pair of coupled lines modeling the microstrip is shown in

Fig. 1. The circuit model for the physical structure is based on the

fact that TEM- and TE-type modes excite each other by virtue of

the pre8ence of the dielectric substrate. It is also assumed in the
model that the uncoupled TEM and TE modes propagate at the

same velocity at very high frequencies, i.e., there is a common value
of ~ for both of the lines.

The series-impedance and shunt-admittance matrices @er unit

length for the pair of coupled lines in Fig. 1 are

Here @= u +ju is complex frequency, and cO, ~0 are the consti-

tutive constants of free space. There are therefore only three con-
stants used for the simple circuit model: ?, the e~ective static dielec-

tric constant; K, the cutoff wavenumber for the uncoupled TE mode;
and the coupling capacitance c12= k:, where 0< k< 1 is the capacitive
coefficient of coupling. The effective dc dielectric constant is given
by the static relation

(2)
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