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Abstract

Traditional planar transmission lines (e.g. microstrip lines)
require thinner substrates at higher frequencies, resulting
in narrow metal strips. Consequently the electric current is
confined to a smaller volume and losses increase in these
structures.
Wave-guiding structures that are based on parallel plate
waveguides with periodic side walls constructed of either
metallic or dielectric posts can enlarge the current carrying
volume and thus reduce losses.
Using an element-by-element method we demonstrate that
in dielectric post-wall waveguides the propagation of the
TE10 mode is dominant just as in metallic post-wall wave-
guides. The losses in both types of waveguides are of com-
parable order if a proper geometry is chosen.

1. Post-wall waveguides

The post-wall waveguide consists of two parallel metal
plates which are latterly bounded by arrays of pins (see
Figure 1).

Figure 1: impression of a post-wall waveguide

The arrays of pins act as a reflecting surface, equivalent
to the walls of a rectangular waveguide. The pins can be
either metallic or dielectric.

metallic pins dielectric pins

Figure 2: top view of post-wall waveguides

Metallic pins are good reflectors; an array consisting of a
single row of pins is sufficient as reflecting wall.

Dielectric pins reflect less; arrays consisting of multiple
rows, acting as an EBG, are necessary to obtain a re-
flecting wall.

2. Analysis

The dominant mode of propagation in post-wall wave-
guides is a perturbed variant of the TE10 mode of classic
rectangular waveguides. For metallic post-wall waveguides
this is plausible, but it is not obvious for dielectric post-wall
waveguides.

The distance between the effective reflection planes of
the post-wall waveguide, wg ,eff , equals the width of the
rectangular waveguide. This distance depends on the ge-
ometry and is related to the propagation angle φi by

φi = arcsin
λ
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Figure 3: geometry of the post-wall waveguide

We use an element-by-element method to determine the
waveguide characteristics required for wave propagation.
In the simplest form we only consider the dominant spectral
mode by looking at the plane-wave reflection at a single side
wall. A more accurate approach analyzes the plane-wave
propagation between the two side walls of the post-wall
waveguides, thereby considering the coupling between the
side walls.

Approach 1 (simplified approach) fixes the angle of inci-
dence φi and observes the spatial position of the second
null in the standing wave pattern to determine wg.

Approach 2 (full interaction) consists the following: an ini-
tial wg is chosen, next the angle of incidence φi is deter-
mined at which a wave with a perpendicular equiphase
front is propagating and finally if φi is not the desired an-
gle a new wg is chosen and the cycle is repeated.

3. General electromagnetic model

In our analytical model for post-wall waveguides with metal-
lic or dielectric pins we assume that

1. the cylinders are homogeneous,
2. the cylinders extend infinitely in the axial direction, and
3. only an electric field in the axial direction exists.

These assumptions reduce the 3D problem to a 2D prob-
lem:

E = Eziz (2)

An incident electric field Ei induces electric currents J in
the cylinders. These currents give rise to a scattered elec-
tric field

Es(x) =

∫
Ge(x; x′)J(x′)dx′ (3)

4. Metallic pins

The boundary condition at the surface of the cylinders
implies that the tangential electric field vanishes:

Es
z = −Ei

z (4)

The combination of equations 3 and 4, and the projection
of the currents and the incident electric field on basis and
test functions leads to a matrix equation

[Z][I ] = [Ei] (5)

We use Galerkin’s method and we define the expansion
functions at the circumference of each cylinder n as

f
(b)
n (φn) =

1

2πr
e−jb(φn−φi) (6)

In matrix equation 5, the coupling matrix [Z] is a block ma-
trix of M×N blocks of T ×B matrices, whose elements are

Zmn,tb = −kζ

4



0 (m = n, b 6= −t)

Jb(kr)H
(2)
b (kr) (m = n, b = −t)

Jb(kr)J−(b+t)(kr)

×H
(2)
−t (k(m− n)dx) (m 6= n)

(7)

5. Dielectric pins

The surface of the cylinders ensures that the total tangen-
tial electric field is continuous across the cylinder boundary:

Es
z,1 + Ei

z,1 = Es
z,2 + Ei

z,2 (8)

The field can be represented by an equivalent current at the
cylinder boundaries

Jz = jω(ε2 − ε1)(E
s
z + Ei

z) (9)

We combine equations 3, 8 and 9 and write the Method of
Moments matrix equation as the relation between the total
electric field and the incident electric field at the cylinder
boundary

[C][E] = [Ei] (10)

For cylinders small compared to the wavelength we de-
scribe the electric field in the cylinders by a constant func-
tion and we test the incident field at the center of each
cylinder. The elements of the coupling matrix are

Cmn =


1 + j

2(ε2 − ε1)[πk1rH
(2)
1 (k1r)− 2j] (m = n)

jπk1r
2 (ε2 − ε1)J1(k1r)H

(2)
0 (k1ρmn) (m 6= n)

(11)
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6. Results

We first consider the metallic post-wall waveguide and we use the method of Section 4 to
compute the total electric field. In our computations we use the following parameters:

εr1 = 10
wg ,eff = 0.85 λ1

r = 0.0667 λ1
cyl. in x-dir. = 100 per side wall

We excite the TE10 mode in the waveguide. Figure 4a and b show the strength and the phase
of the electric field in the (x, y)-plane.
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Figure 4: amplitude (a) and phase (b) of the electric field in the (x, y)-plane in a metallic
post-wall waveguide

Figure 5 shows the relation between the waveguide width wg and the pin spacing in the di-
rection of the x-axis dx at a fixed frequency and for a fixed effective waveguide width wg ,eff .
Figure 5a shows the results for approach 1 (single side wall) and Figure 5b shows results for
approach 2 (two side walls). Both results are plotted for 1, 3, 5 and 7 expansion functions per
cylinder and a result from the literature (Figure 5 in [1]) is plotted as well.
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Figure 5: wg as a function of dx with (a) and without (b) higher order coupling in a metallic
post-wall waveguide

The normalized dispersion curve for a metallic post-wall waveguide with post spacing in the
x-direction dx = 0.2λ1, as well as the dispersion curve of a solid-wall rectangular waveguide
are plotted in Figure 6.

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0.4  0.5  0.6  0.7  0.8  0.9  1  1.1  1.2  1.3  1.4
 0

 0.01

 0.02

 0.03

 0.04

 0.05

be
ta

/k
1 

[]

al
ph

a/
k1

 []

f/f0 []

Dispersion in metallic post-wall waveguide
Losses in metallic post-wall waveguide

Rectangular waveguide wg=0.85 lambda1

'
&

$
%multi-mode region

Figure 6: normalized dispersion curve of the TE10 mode in a metallic post-wall waveguide

In the case of the dielectric post-wall waveguide we use the parameters as specified bellow.

εr1 = 10
εr2 = 1
wg ,eff = 0.85 λ1

r = 0.0667 λ1
dy = 0.25 λ1
cyl. in x-dir. = 100 per side wall
cyl. in y-dir. = 3 per side wall

The excitation of the TE10 mode leads to the electric field plots of Figure 7a and b for ampli-
tude and phase in the (x, y)-plane.
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Figure 7: amplitude (a) and phase (b) of the electric field in the (x, y)-plane in a dielectric
post-wall waveguide

Figures 8a and b show the relation between pin-spacing along the x-axis and the required
width of the waveguide at the fixed effective width.
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Figure 8: wg as a function of dx with (a) and without (b) higher order coupling in a dielectric
post-wall waveguide

The dispersion curve for the dielectric post-wall waveguide (dx = 0.2λ1) is plotted in Figure 9,
together with the curves of solid-wall metallic rectangular waveguides with wg = wg ,eff at
f = f1 (wg = 0.85λ1) and f = fcutoff (wg = 1.07λ1).
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Figure 9: normalized dispersion curve of the TE10 mode in a dielectric post-wall waveguide

We note that

• ripples on the curves that are caused by the finiteness of the waveguide are smoothed by
a regression algorithm, and

• at dx = 0.62λ1 the first grating lobe is launched, which causes the steep decrease of the
wg,dx curves in Figures 5 and 8.

7. Discussion

In Figure 6 the propagation of the TE10 mode in a metal-
lic post-wall waveguide is shown to be quite similar to the
propagation of that mode in a rectangular waveguide. From
Figure 5 we see that our results differ considerably from
previous work performed by Hirokawa and Ando [1], how-
ever, our results show excellent agreement with recent work
by Deslandes and Wu [2].

The dispersion characteristics of the dielectric post-wall
waveguide, as depicted in Figure 9, show that this guide
has a less dispersive behavior, resulting in a lower cutoff
frequency. The losses in both types of waveguide are of
comparable order, but the dielectric post-wall waveguide
shows a much flatter curve. Analysis of waveguides with
periodic dielectric slab-walls and simulations with commer-
cial software tools indicate that the use of larger dielectric
cylinders can further reduce the losses in this type of wave-
guide.

8. Conclusions

We designed a dielectric post-wall waveguide and we
demonstrated that the dominant propagating mode is the
TE10 mode, as in a metallic post-wall waveguide. In both
structures the losses due to leakage are low and of compa-
rable order.

9. Future work

In the future we will extend this work by
• improving the model to cope with larger dielectric cylin-

ders,
• deriving design guidelines to optimize bandwidth ver-

sus losses and dimensions of dielectric post-wall wave-
guides,

• designing vertical transitions using rectangular slots in
the metal planes and

• integrating post-wall waveguides with front-end elec-
tronics and antennas.

[1] [2] [3] [4]
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