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The Measurement of the Radiation Losses in
Dielectric Image Line Bends and the
Calculation of a Minimum Acceptable

Curvature Radius

KLAUS SOLBACH

Abstract—Measurements of the insertion loss due io radiation in
curved dielectric image lines of rectangular cross section are described for
the frequency range from 26 to 90 GHz. A minimum acceptable curvature
radius as a function of the frequency is calculated employing the field
distributions of straight dielectric image lines and is compared with
measurements.

I. INTRODUCTION

URING the last decade several authors have pre-

sented approximate theoretical calculations and
measurements of the radiation in curved dielectric lines
[1]-[7], but no measurements in the millimeter-wave range
have been reported yet. In the following, the radiation
losses in curved dielectric image lines in the R band
(2640 GHz) and in the E band (60-90 GHz) are pre-
sented. Additionally, an estimate for the minimum accept-
able curvature radius, using a formula originally proposed
by Miller [1], is calculated and compared with measure-
ments.

II. THE MEASUREMENTS

In Fig. 1 the measurement setup for the determination
of the attenuation due to radiation in a curved dielectric
image line section is shown. The wave incident from the
mode launcher propagates along the straight line section
to the curved line section and is terminated by a matched
load. In the experiments paraffin wax lines and Epsilam
10 lines were investigated. The paraffin wax lines were
fabricated by a die-casting technique [8], whereas the
Epsilam 10 lines were cut from a laminate and were
bonded to the ground plane by means of an adhesive.

The insertion loss of the curved line section is de-
termined by means of an electric field probe [9] measuring
the amplitudes of the wave incident to the bend and the
wave emerging from the bend. The insertion loss of the
curved line section consists of the line losses (dielectric
and conductor losses) and the radiation losses. Losses due
to reflections of the incident wave have been measured to
be neglegibly small in all cases. Mode coupling did not
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Fig. 1. The measurement setup for the determination of the radiation
losses of curved dielectric image line sections. The dielectric image line
shown is made from Epsilam 10 laminate.

occur since the lines were designed to support the funda-
mental EH,; mode only. The dielectric and conductor
losses in the curved line section are approximately identi-
cal to the losses in the straight line section which are
measured seperately employing the VSWR method [9].

In the case of very high insertion loss of the curved
section, a shielding wall has to be inserted between the
mode launcher and the output terminal of the curved line
section to prevent a superposition of the guided wave
emerging from the curved line section and the radiation
field due to the mode launcher.

In Figs. 2-4 the results of the measurements are plotted
for low-permittivity and high-permittivity dielectric image

lines using various normalized curvature radii R /w, where

R is the curvature radius and 2w is the width of the guide
in the plane of the bend.

It can be concluded that the radiation attenuation de-
creases with increasing frequency (high-pass characteris-
tic) and with increasing curvature radius. Furthermore,
comparing Figs. 2 and 3, it can be concluded that the
radiation attenuation increases with frequency, if the
cross-sectional dimensions of the guides are decreased
with increasing frequency to allow single-mode operation.
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Fig. 2. The measured radiation losses of 90° bends in curved dielectric
image lines versus the frequency for low-permittivity lines in the R
band, indicating the theoretical minimum acceptable frequency.
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Fig. 3. The measured radiation losses of 90° bends in curved dielectric
image lines versus the frequency for low-permittivity lines in the E
band, indicating the theoretical minimum acceptable frequency.
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Fig. 4. The measured radiation losses of 90° bends in curved dielectric
image lines versus the frequency for high-permittivity lines in the R
band, indicating the theoretical minimum acceptable frequency.

Comparing Figs. 2 and 4 it can be concluded that the
bends of the high-permittivity lines exhibit a more abrupt
transition from the strongly radiating condition to the
weakly radiating condition than the bends of low-permit-
tivity lines. The transition from the strongly radiating
condition to the weakly radiating condition occurs near
the frequencies where the transition from the loosely
binding condition of the waves to the tightly binding
condition occurs, compare [10].
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Fig. 5. The calculated normalized minimum curvature radius versus
the normalized frequency for low-permittivity lines of various aspect
ratios.
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Fig. 6. The calculated normalized minimum curvature radius versus
the normalized frequency for high-permittivity lines of various aspect
ratios.
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Fig. 7. The calculated normalized minimum curvature radius versus
the normalized frequency for unit aspect ratio lines of various permit-
tivities.

I11.

It is not a purpose of this paper to present an approxi-
mate calculation method for the bending losses in rectan-
gular dielectric image lines but to present a method to
calculate a minimum curvature radius to be kept in order
to keep the bending losses low.

THE CALCULATIONS
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Miller [1] found that the radiation properties of curved
dielectric lines are governed by the dimensionless ratio
RA3/r3, where A, is the free-space wavelength and r, is
the length over which the field decays by 1/e far away
from the straight line. Modifying Miller’s formula, it has
been proposed by Larsen [6] and has been experimentally
verified by Neumann [7] for low-permittivity dielectric rod
guides that curved dielectric lines should maintain a
minimum curvature radius
873

- 0

in order to keep the radiation losses within tolerable
limits.

The field decay coefficient r, was calculated employing
the field expansion method of the straight dielectric image
line of rectangular cross section described in [10]. In Figs.
5-7 the results for the minimum curvature radius R
normalized to the width w of the guide are plotted versus
the normalized frequency B for low-permittivity and
high-permittivity lines of various aspect ratios w/h. It can
be concluded that the minimum acceptable curvature
radius decreases with increasing normalized frequency B
and with increasing aspect ratio w/A.

Furthermore, from Fig. 7 it can be concluded that in
the case of well-guided waves (B=1.3) the acceptable
minimum curvature radius decreases with the permittivity
of the lines. For a given curvature radius, a minimum
acceptable frequency B can be read from Figs. 5-7. For
the curved line sections investigated in the experiments,
the calculated minimum acceptable frequencies are indi-
cated by brackets in Figs. 2-4.

In the case of the paraffin wax lines the radiation losses
at the calculated minimum frequencies range around 4 dB
for a right-angle bend in the R band and around 6 dB for
a right-angle bend in the E band, while the Epsilam 10
line bends exhibited about 5-dB radiation loss at the
calculated minimum acceptable frequencies in the R
band. Obviously, the calculated minimum operating
frequencies do not allow very low loss operation of the
curved line sections. This means that in designing curved
line sections, for, e.g., directional couplers or filters, for a
given frequency, the curvature radius of the bends have to

R=

33

be chosen at least by 100 percent larger than predicted
using Figs. 5~7. This result is supported by recent calcula-
tions [11] indicating that the critical parameter is not
RMN}/r3 but RA}/r3 cos® ,, where 6, is the angle of
inclination to the waveguide axis cos 8,=8/(8,Ve, )’ (B
the phase constant of the waveguide, B, the free-space
phase constant).

IV. CoONCLUSIONS

Measurements of the radiation attenuation of curved
sections in various dielectric image lines have been pre-
sented for the frequency range of 26-90 GHz. It has been
shown that an approximate prediction of the minimum
acceptable curvature radius or the minimum acceptable
operating frequency of the bends is possible by a formula
utilizing the field distribution of the straight dielectric
image line, Design considerations for practical dielectric
image line bends are given.

REFERENCES

[1] S. E. Miller, “Directional control in light-wave guidance,” Bell
Syst. Tech. J., vol. 43, pp. 17271739, 1964,

[2] E. A. J. Marcatili, “Bends in optical dielectric guides,” Bell Syst.
Tech. J., vol. 48, pp. 2103-2131, 1969.

[3] D. D. King, “Properties of dielectric image lines,” IRE Trans.
Microwave Theory Tech., vol. MTT-3, pp. 75-81, Mar. 1955.

[4] E. G. Neumann and H. D. Rudolph, “Radiation from bends in
dielectric rod transmission lines,” IEEE Trans. Microwave Theory
Tech., vol. MTT-23, no. 1, pp. 142149, Jan. 1975.

[5] R. M. Knox and J. Q. Howell, “Radiation losses in curved dielec-
tric image waveguides of rectangular cross section,” in JEEE
G-MTT Int. Microwave Symp. 1973 Dig. (Boulder, CO.), pp.
25-27.

[6] H. Larsen, “Dielektrische Wellenleiter bei optischen Frequenzen,”
Arch. Elek. Uebertragungstech., vol. 19, no. 10, pp. 535-540, 1965.

[7] E. G. Neumann, “Das elektrische Feld an einer gekrimtten
dielektrischen Leitung,” Nachrichtentech. Z., no. 3, pp. 161-162,
1969.

[8] ——, “The fabrication of dielectric image lines using casting resins
and the properties of the lines in the millimeter-wave range,” IEEE
Trans. Microwave Theory Tech., vol. MTT-24, pp. 879-881, WNov.
1976.

{91 K. Solbach, “Electric probe measurements on dielectric image

lines in the frequency range of 2690 GHz,” IEEE Trans. Micro-

wave Theory Tech., vol. MTT-26, no. 10, pp. 755--758, Oct. 1978.

K. Solbach and I. Wolff, “The electromagnetic fields and phase

constants of dielectric image lines,” IEEE Trans. Microwave

Theory Tech., vol. MTT-26, no. 4, pp. 266-274, Apr. 1978.

D. Marcuse, “Curvature loss formula for optical fibers,” J. Opt.

Soc, Amer., vol. 66, no. 3, pp. 216-220, Mar. 1976.

[10]

(1)




