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Computer-Aided Design of E-Plane
Waveguide Passive Components

PONG FAN anp DESEN FAN

Abstract —The newly developed numerical analysis method for the
inductive discontinuities in rectangular waveguide is presented. It can
be used to analyze the scattering properties of E-plane uniform conduc-
tor-dielectric inserts in rectangular waveguide. These inserts are of arbi-
trary cross section and number. The calculation accuracy and speed are
remarkably improved by a combined analytical-numerical approach. Some
practical applications are given demonstrating its engineering usefulness.

I. INTRODUCTION

ILLIMETER-WAVE technology has seen rapid

progress recently. CAA and CAD techniques are in
great demand due to the short wavelength and small
waveguide size of millimeter waves. The basic question
of waveguide passive components is one of analyzing
the scattering properties of waveguide discontinuities.
Schwinger and Marcuvitz provided excellent summaries of
earlier work [1], [2]. But many theoretical approaches had
not been brought into full play. Great progress has been
achieved with the application of computer numerical tech-
niques [3]-[7]. However all these methods are largely re-
stricted to inserts of specific geometry, such as single
circular posts or zero-thickness diaphragms [1]-[4], and
less attention has been paid to the study of conductor—
dielectric inserts, despite their theoretical and practical
significance. Two excellent papers [5], [6] were published
recently. For improving the infinite series convergence,
Auda, on the basis of an integral equation of the conduc-
tor-induced currents, divided the Green’s function into the
static Green’s function and its correction terms [5]. The
counterpart dielectric case has been treated in a similar
way by Hsu [6], based on an integral equation of the
dielectric-polarized currents. The numerical results, as
shown in [5] and [6], are satisfactory. However the avail-
able design data in [6] are only for circular lossless dielec-
tric posts. This is not sufficient for practical millimeter
engineering, due to the difficulty encountered in making
high-dielectric-constant material into accurate circular
posts of small size.

Our research interest is in exploring new numerical
techniques and their corresponding universal algorithms.
In this paper, based on the combined integral equation of
the conductor-induced and dielectric-polarized currents,
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the scattering properties of inductive conductor—dielectric
inserts in rectangular waveguide are analyzed by the mo-
ment method. The calculation accuracy and speed are
remarkably improved by segmenting the integration region
into dielectric rectangular or conductor line cells and ap-
plying analytic integration, cell by cell. The method is also
applicable to arbitrary cross section inserts by properly
selecting the number of cells. In Section 1V, further practi-
cal examples are given, demonstrating that the method
presented holds promise for microwave and millimeter-
wave engineering.

II. THEORY

The configuration being investigated is shown in Fig.
1(a). It is assumed that a <A <2g and that the incident
wave is the dominant H;;, mode traveling in the z direc-
tion. Since the inserts are uniforra along the y axis and the
incident field E yi“ has only a y component, which does not
vary with y, the scattered modes are H,,,. So all the vector
fields can be written in terms of scalar fields along the y
axis. The scattered field is then given by

Eysczfls(xS’Zs)G(fs’F) dl
" 1)
50 == jKen [ Js(xg,25) G (7, F) dS
Cs

where ¢; is the line integral along the conductor boundary,
¢g is the surface integral in the dielectric region, I and Jg
are the conductor-induced current density and dielectric-
polarized current density, respectively, and

Jo(F) =— jo(e—¢g) E(x, z) = — jKceo(e, —1) E(x, z).
(2)

The subscripts ¢ and d denote the conductor and the

dielectric region, respectively. G(7, F) is Green’s function

denoting G(xg, zg; X, 2):
© A ma m

G(fs, F) = Z F sin(Tx) sin(—a—xs) e—r"'lz‘le (3)

m=1 "m

where the constant A= — j1207K /a, K = wusg, is the

T2
propagation constant, and T, = ! (———) — K?. Based on
a
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Then we obtain the combined integral equation as follows:
"2
. T r P ~ ~ ~
—sm(—x)f 1“=‘/Is(rS)G(rS,r)dl %A
4 ‘L 0.l 02 e} o4
T Fig. 2.
— jKceg(e, +1) sin(;—x}e_rlz = Jo(7)
where

+chzeo(e,—1)-/615(73)6(73,7) ds. (5)

We divided the integration region into L equal rectangular
cells As and N equal line cells Al Ig and Jg can be
expressed as

JS(F) = Z JKPK(;)
K=1

(6)

15(7) = Kéf,(mf)

where the basis functions P (7) are defined as

when 7 in As or Al
elsewhere.

P = {; ™

The weighting function is defined as

W=8(F-%), g¢=1,--,L,L+1,---,L+N. (8)
We can generate a set of linear equations by first substitut-
ing (6) into (5) and then obtaining a scalar product on the
resulting equation with the weighting function:

L+N

Y IkCi=BY,
K=L+1

gq=L+1,--- L+N

(©)

Bi=—Er(7)= —sin(gxq)e‘rlzq

q

8¢
q — ; -] .
A% chf G( q,r) ds+ch€0(€Y_1)

Cs

g=kK

1,
9 =
ok {0, g+ K. (10)

As can be seen in (9) and (10), solving the problem by the
conventional moment method is extremely difficult. Be-
cause the matrix clements A% and C# involve an infinite
series, which converges slowly, especially when K =g as is
the case for the cells themselves, the series is not conver-
gent and the integral equation is singular. Therefore, ob-
taining useful results by simply truncating finite series is
either unlikely or uneconomical. We find a combined
analytical-numerical approach by applying segmental in-
tegration, thereby not only avoiding numerical integration
but also improving the convergence remarkably. The seg-
mental integration procedure is straightforward but te-
dious. Only the final expressions are presented (see the
Appendix). From (Al)-(A4) of the Appendix, we notice
that the convergence rate of the new infinite series is near
1/m?> when m is large, in contrast to the former, which is
near 1/m.

With (9) and (Al)-(A4), we can obtain the distribution
of I, and Jg. The scattering field can be obtained by
substituting I and J; into (1). Now we consider two
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reference planes Z,, and Z,,:

Zp<min(z;,i=1,2,---,L+N)
=

Zp>»max(z;,i=1,2,---,L+N). (12)
Then the scattering coefficients can be represented as [4]
E;l.
S = lyn -
Ey IZn
(ER+Es)|
S =2 Yin 13
21 E;nlzn ( )

and the equivalent circuit parameters can be obtained [7].

III. NuUMERICAL RESULTS

To check the program we consider a few selected cases
- for which data are available. Devices are also discussed in
Section V.

Fig. (2) shows the calculation reactance of the thin
inductive diaphragm with and without a dielectric sub-
strate. In practical applications, there are difficulties worth

noting when the metal strip is either too thin or too thick. -

In the second case, it is difficult to guarantee the tolerance
due to long etching time. A new treatment involves replac-
ing the metal strips with copper-covered dielectric plate. In
the latter case the structure is quite compatible with printed
circuit technology. The method presented here can be
applied in such a case naturally.

As to circular dielectric posts, shown in Fig. 3, based on
the concept of “equivalent cross section,” we approximate
the polygonal cross section to the circular cross section by
properly selecting the number of small cells. Fig. 4 shows
the insertion loss as a function of frequency for a lossy
rectangular dielectric post. We further analyze the conduc-
tor—dielectric insert cases, which have found many appli-
cations in engineering. The calculation results are also
satisfactory, as shown in Fig. 5.

IV. E-PLANE FILTER DESIGN

In this section, a few applications of our method are
presented.

A. E-Plane Metal Bandpass Filter

Millimeter-wave applications of the conventional E-
plane filter shown in Fig. 6(a) have attracted considerable
attention over the past few years [8]-[10] for its low cost
and mass producibility. But the performance deterioration
in the second stopband presents a significant problem. To
alleviate this, three different solutions have been proposed:

1) Increase the thickness of the metal inserts [10].

2) Use several layers of metal inserts rather than a
single one [8].

3) Reduce the waveguide width in the vicinity of the
strips [9]. ‘

However, we notice that though the response character-
istics are improved, as expected, the complexity of struc-
tures partially offsets the advantage of the new configura-
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tion. The main feature of our solution is the use of
conventional waveguide, combining transverse strips with
longitudinal inserts, as shown in Fig. 6(c), and iris-coupled
structures, as shown in Fig. 7(c), thereby not only keeping
the simplicity of structure, but also obtaining good stop-
band attenuation properties. The design data of the filter
have not been optimized; rather they were chosen on the
basis of experience.

B. Wide-Bdnd E-Plane Bandpass Filter

Fig. 8(a) shows the configuration of a wide-band E-plane
bandpass filter, which consists of several resonators. The
filter design is a symmetrical structure with the outermost
strips the narrowest. With other design parameters fixed,
these strips become narrower as the design bandwidth
increases. So in practice, especially in the millimeter-wave
band, it is rather difficult to attain the small size of edge
strips. The range of validity for the E-plane filter design is
limited by the dimensional tolerance that is required for
reliable and reproducible design. We are enabled to achieve
similar filter behavior by replacing edge strips with equiva-
lent transverse strips, as shown in Fig. 8(b).
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C. Dielectric Bandstop Filter

The design of a filter can be carried out at the points
where the value of the dielectric constant and the size of
the dielectric post make the coefficient R or T equal to
zero. So dielectric bandpass and bandstop filters can be
realized by the configurations of Fig. 3 and Fig. 4. Com-
pared to conventional waveguide bandstop filters, the ad-
vantage of the dielectric bandstop filter is obvious. Fig. 9
shows the insertion loss as a function of frequency for a
lossy circular dielectric post. Numerical results agree well
with data in the literature. As to differing dielectric loss,
we have the same resonant frequency, but the insertion
loss curve will be smoother when tan8 becomes larger.

V. CONCLUSION

A complete field analysis of all kinds of inductive dis-
continuities has been presented. Some practical examples
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are given, demonstrating its usefulness in practice. The
entire work was carried out using IBM-PC/XT microcom-
puter.

APPENDIX

In this Appendix, the self-contributions and interactions
of cells are presented. Corresponding signs are referred to
Fig. 1(b) and Fig. 1(c)

1) Self-contribution of dielectric rectangular cell:

® 4Ba mar
AEy(F) = mglJS(rs)m sin® (TX)

-sin(ﬁ;—Ax)(l— e~ b7y (A1)
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2) The contribution of the dielectric rectangular cell to

other f1eld point: [
2Ba mm [2]
AE,(F)= Z Js(r — s1n(—~—x) ' B3]
m= Lo a 7
ma ma 4
esin(“xs)sin(f—Ax)
\ a \a -

[3]

,(ermAz = e—FmAz)é~lez—Zs| (A2)
where (6]
120wcyk2 (7
= .
(8]
3) Self-contribution of conductor line cell: , ol

1
C (ma
TZcos® 6+ ( —
a

AE,(= T Ly(isia| =x)

| mw________
{— T,cos6- [sin(—‘—l—xs - Asin())

+sin ( —xg+4 slnﬂ)}e_r'"m"sg
a

ma 3 ——
+ —siné cos(——xs - As_1n0)
a a /

mw______
-—cos(,—a——xs + Asinﬂ)]

mar
. ¢~ Tmhcost _,_zrmcosﬂsin(——xs)}. (A3)
. a

4) The contribution of conductor line cell to other f1e1d
point:

. (mm
o Is(fs)SIH(-—(l—x)e‘ mlz = zs]
AE(F)= ) —
m=1 (——) sin?@ + T'2cos? 0
a
ma mﬂ____._
.{[——smﬁcOs(,——xS_Asmg)
a a
mw_____
- I‘mcosﬂsin(——xs - Asing)}e—rmmoso
T 2
ma mw
_[——sm&cos(—vxs-FAsmﬁ)
a a
mr_____ ]
_chosﬂsin(——xs+Asingﬂermmoso}‘
a ) .

(A4)
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