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SUMMARY

Very simple formulas are derived describing disper-

sion in both bilateral and unilateral fin-lines.
Their excellent accuracy is shown by comparing with

results from spectral domain techniques.

INTRODUCTION

Dispersion in fin-lines has often been dealt with

in literature either by applying spectral domain

techniques /1-4/ or by constructing approximate but

closed-form solutions for the phase velocity of the

fundamental mode /5,6/. These formulas can conveni-

ently be applied, their validity is, however, ei-

ther poor /5/ or limited to small slot widths and

special values for the permittivity of the sub-
strate /6/. Another analysis adopting Cohn’s tech-

nique for slot lines on dielectric substrate has

been presented in /7/.

In this paper a simple, analytical method for ap-

proximately determining the dispersion of the fun-

damental mode in bilateral and unilateral fin-lines

is given. The procedure is based on the transverse

resonance method in conjunction with simple equiva-
lent transverse networks, which take the equivalent

susceptance imposed by the fins into account. The

computad results are compared with data from /3/,

/6/ and /7/.

The analysis is based on the following simplifica-

tions:
isotropic, homogeneous and lossless dielectric

layer;

zero-thickness metallisation with infinite con-

ductivity;
symmetrically located slot.

Meier has suggested that dispersion in fin-lines

may be described by /8/
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~g means guide wavelength, k. free-space wavelength,

k cutoff wave number of the dominant mode in the
cd

actual fin-line and k cutoff wave number in an
ca

equivalent air-filled ridged-waveguide substructure
of same dimensions. kc is called equivalent di-

electric constant at cutoff and k equivalent di-
electric constant which may be ass~med to be inde-

pendent of frequency through a waveguide band if

thickness and permittivity of the substrate are

small.

In the following, our task will be to find the cut-
off wave numbers k Ca and k

cd”

BILATERAL FIN-LINE

The cross section of a bilateral fin-line and its

equivalent transverse network at cutoff are shown
in Fig. 1. The fin-line is symmetrical with respect

to the (x=j)-plane, where the admittance in x-di-

rection at cutoff is zero. The equivalent transver-

se network for the dominant mode constis of a capa-

citive susceptance shunting the TE-mode transmis-

sion line with short-circuit termination. The cut-

off wave number k ~ is determined by the resonance

‘Fig. 1
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Cross section of a bilateral fin-line (a)

and equivalent transverse network (b)

where
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condition at reference plane T: — results from /7/
e solutions Of eq. (3)

UNILATERAL FIN-LINE

Unilateral fin-line is often pref-ered, be-

cause its attenuation constant is smaller than that
of a bilateral fin-line and because the slot pattern

can be defined more easily. The cross section of
this fin-line isashown in Fig. 3. The metallization

is placed at (x=~)-plane, so that the structure is
symmetrical for Er=l. It is useful to construct two

equivalent transverse networks at cutoff for the do-
minant mode: One fOr Er=l and another one for &r#l

(Fig. 3). The equivalent network for E .1 consists
simplY of a transmission line of lengt; a/2 which is

short-circuited at one end and shunted by jE at the
other. The shunt susceptance can be taken fr~m eqs.

(4) and (5).

‘b
-ctg(kx-l)+~ = O

b
(3)

with

‘b b

~ = i“k~”(p~+cr”pd)
(4)

where

Pw=ln(csc ~w)

P .r
d d“tan-l(&)+ln~

and

(5)

(6)
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The field distortions by the metal fins have been

modelled by the susceptance jB which is composed of

two parts: PThe first part mode s the field distor-

tions left Of reference plane T. It can be taken
from Marcuvitzr Maveguide Handbook /9/, page 218,

where the susceptance of a window of zero thickness
in a rectangular waveguide has been derived. (Actu-

ally it is sufficient to take just the first term in
P intO accOunt (eq. (5)), because the Other terms
i~fluence the results by less than 0.2 per cent.)

The second part models the field distortions between

plane T and the symmetry plane ~ = a/2. It has been

taken from the equivalent circuit of an open E-plane

T-.iuncti0n (see /9/, page 337).
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The cutoff wave numbe~k and k are obtained from

‘he ‘irst ‘ero Of eq. (3?af0r Cr!dl and s #l, re-

spectively. Numerical results have been c;mpared to

those taken from /6/ and an agreement of better than

1 per cent has been found. (Setting Er=2.22, (k b)
/(2T) varies between 0.1 and 0.2 for d/b betwe~~
1/32 and 3/4. In all cases the deviations are smal-

ler than 0.001.) Fig. 2 shows dispersion in a bi-

lateral fin-line of relatively small slot width. The

agreement to results taken from /7/ is very good.

T

Cross-section of a unilateral fin-line (a)

and equivalent transverse networks for

Fig. 3

The curoff wave number k
waveguide is determined ~~

at reference plane T:

Er=l(b) and Sr#l(c)

in the air-filled ridge

the resonance condition

(7)
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eq. (5).
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Pw is given by

The equivalent

ceptance jB shunted by two TE-mode transmission
lines with u short-circuit terminations. The relation
9overnin9 cutoff of the TE1o-mode is given by

network in Fig.% is formed bv SUS-

-ctg(kcd “l)-ctg[kcd. (l-c)]+~=o (9)
‘b

with
~ ,,GI-IZ,
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Fig. 2 Dispersion of a bilateral fin-line with slot

centered in waveguide

‘arameters: E =2.22, a=7.112 mm, b=3.556 mmr

c=O.508 mm.

B
ub—=—. kcd”[2pw+Er (pd+pb)]

‘b T
(lo)

where
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and

c

‘b=~”

Susceptance jE

the susceptanc

y+ln l+r

Fig. 4

(11)

has been constructed by superposing

of the window (the term proporti-

onal to 2PW) and another susceptance (the term pro-
portional to Sr(Pd+Pb)) representing the influence

of the dielectric and the transformation through

the layer of length c. while pw (eq. (5)) and pd

(eq. (6)) have already been given, pb in eq. (II)

has been taken from /9/, page 337.

The unilateral fin-line with metal fins centered in

waveguide (Fig. 3) has been analyzed in /3/, /6/

and /7/. Other authors considered a unilateral fin
-line with dielectric layer symmetrically located
in the waveguide /1/, /4/. The metallisation is

‘hen at (x.1 =~)-plane. Then the resonance condi-

tions are fo~ cr=l

2“B

-ctg(kca”l s)-ctg[k “(lS+C)I+Y ----%0 (12)
ca

b

and for &r#l

B
-2ctg(kcd”ls)+; =0 (13)

B 13b
>

where ~ and ~ are give” by eq. (8) or (lIJ), re-

b b

spectively.

Comparing the cutoff wave number of the unilateral

fin-line to results published in /6/ yields devi-

ations of less than 1.5 per cent if c/a<l/8. This
restriction is, however, mostly fulfilled fOr Prac-
tical fin-lines. Some dispersion curves are presen-

ted in Fig. 4 showing good agreement (better than 3

per cent) with published results calculated with

the soectral domain technique.
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H.

Dispersion of a unilateral fin-line with slot

centered in waveguide.

parameters: er=2.22, a=7.112 mm, b=3.556 mm,

c=O.127 mm.

results from /3/

0 our approximation
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