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Measurement techniques for the measurement of the attenuation constant of dielectric image lines in the

millimeter wave range are discussd.
A new methcd using electric field probes and avoiding the drawbacks of the resonator methods is presented.

Intrcd.uction

Since the propsal of tie dielectric image line as a

guiding structure for millimeter waves several authors
have descriked measurements of the f ie
and the guide wavekngths of the lines~-~~%~%
pblishd meaaumments of the attenuation constants of
tkhe lines ~, 6-8, but only one paper describes
measurements of the at enuation constants in the

imillimeter wave range .
In the following the measuring methcds for the attenu-

ation constant aployd by the eqerimwfcers are dis-
cussed briefly. A new methcd is propxed and experim-

ents in the frequency range of 26 tQ 90 GHz are des-
cribed .

Discussion

King d Schlesinger 1 ,2 employ two basic ideas for
the measuresmat of the attenuation constant of semi
circular polyethylene dielectric image lines, namely

the measurement of the insertion loss of straight
image line sections ad. the measurement of the loaded
quality factors of .4iort-cticufted dtelectri’c image
line resonators of varisble length. The latter methcd

has also ken u.sd by Wiltse 8 for the determination

of the attenuation constants of semi circular fcam

polystyrene image lines.
Toulios and Knox T employ the measurement of the

loadsd quality factors of lightly coupled. short-
circuitd resonators for the determina tion of the
attenuation constants of rectangular polyethylene and
alumina dielectric image lines and they employ the

measurement of the loaded quality factors of lightly
coupled ring resonators in the case of rectangular

titanium dioxide image lines.

The tvm methcds enployecl by Tbulios and I@ox cannot be
exact, since neither the reflector losses in the short

circuitd. resonators nor the curvature radiation
losses in the ring resonators =e regard&i.

The accuracy of the insertion loss methcd relies on
the length of the enployd line sections. Aa it is not
easy to fabricate relatively long sections of e.g.
ceramic or sen.korduc~r image lines, this methcd is
not considered to be of general imprtance for dielec-
tric image lines.

The resonator methcd of King is an exact methd, since
it takes into account the losses due to the coupling
arid the reflector walls. With respect to the simplici-
ty of the technique tie m&.hcd has been mcxlif ied by
the use of electric field probes inskead of waveguide
capling holes in the reflector walls.

Ex periments

In Fig. 1 the measurement setup together with ex~i-

mental @nts for the quality factors of a paraffin

wax image line resonator are plotted.
BOth the reflector walls ad the ground plane were

plished brass. One of the reflector walls was fixed

fi L=Qsition while tie second wall could be mwd. The
coupling of the resonator was through two electric
field probes, which were fabricated fran short sections

of semi rigid coaxial cable and which incoqmrated
coaxial im metal waveguide transitions to couple the

RF source or the metal waveguide detector. In Fig. 2
the field probe used in the E-band (60-9CGHZ) is

sketched. The dielectric image line was reduced in
length (using a cutting tocl) in small steps, each time

returning the adjustable ref le.ctor wall to the open

end of the image line and measuring the quality factor
of the resultant resonator.

In the _iments the main diffialties resulted from
the fact that the adjustable reflector wall did not
contain a choke joint along the contact with the grcxmd.
plane. T!Ius the losses due to the contacting currents

were difficdt to control as the reflector wall psi-
tion was varied.

On the whole the resonator technique proved to be

practical for dielectric image lines in tie millimeter

wave range, though sane disadvantages have keen ~-

~ienced:

For the sake of precision in the measurements it has
not been ~ssible to use the image guide for the
measurement of the attenuation constant at more than

one f recpency. *, for each frequency @nt a seperate
section of dielectric image line had to be fabricated.
On the othe hand, in a corr=t evaluation of the
measured quality factors for the attenuation constant

of the lines, the phase velocity as well as the group
velocity of the waves on the image lines have to be

known.

The VSWR - M-al-cd

A new RIeaaurj.ng technique has been devised avoiding the

disadvantages of the resonator techniques.
In Fig. 3 the measuring setup together with typical

vtiental @tits is plotted. The dielectric tige
line is f&i by a metal waveguide mcde launcher. The
incident C!W-signal is reflect&i at the reflector wall
and the reflected wave returnes to the tie launcher.

The resultant standing wave pattern is probed using an
electric field probe (see Fig. 2) which is mountd. on a
three dimensional vernier mechanism.
Using a calibrated variable attenuator in the ihcident

power path, the VSWR, i.e. the ratio of the amplitudes
of adjacent maxima and minima of the electric field

strength on the image line, is measured. The VSWR is
maximum at the reflector wall and decreases with
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increas-ing distance f ran the wall.
The analytical expression for the VSWR as a function
of the attmuation constant of the line, 0(, the
reflector loss,’t , of the reflector wall d of the
distance, z, frcm the reflector wall readily is calcu-

lated as

The measurd VSWR-values are numerically fitted by this
analytical function, yielding the tvm unknown queinti-

ties of the expression ? ando(.
The least squaxes fit algorithn derived for this
-se results in a set of * nonlinear equations

which can be solved only iteratively. The algorit.lm
was programmed in BASIC and run on a HP9830A desk top

Cclnplter .
As can kxa seen frcnn Fig. 3 the approximation line

resulting frcm this procedure practically is a straight
line since the loss~ in the transmission line ad in

the reflector wall =e relatively mall (2ti 1 ~~ 1 ,T <<1,

where 1 is the mximm distance fran the reflector

wall) . In this case the analytical expression for the

m can be reduced to a linear depsriknce

l/vswR= ;+(XZ,

* the approximatiw line can be found either graphi-
cally or by means of a set of two linear equations,

which Can be sOIVed dtiectly.
In general this approximation algoritlnn can be used to
find suitable starting values of ‘t and @ for the nme
delicate exact approximation algorithm.

The metlxxl haa been applied to the measurement of the
attenuation constant of several dielectric image lines

made of paraffin wax, Stycast resinq arid Epsilam-1 O

substrate.

Tbe measurement results were ccraparad to theoretical
results’” on the basis of an exact solution for the
eigenvalue problem of the dielectric ha e line of

2rectangular cross section, descrikd in .
In Figs. 4 and 5 the results of measurements for two
pmxaff in wax lines and one Epsilam-1 Q line are plotted,

‘I’he agreement of the measurement @nts and the theo-

retical curves is satisfactory. The agreement between
the results frcxn the VSWR-methcd and the result frcm
resonator measurements, also plotted in Fig. 4, &o is

satisfactory.

!IWo critical parameters Qf the technique have to be

obsexved :
The height of the field probes almve the dielectric
line has to be kept as Qcge as pssible in order to
keep the perturbation of the guided. waves on the line

as low as gnssible. The upper limit for the height of
the probe is set by the sensitivity of the DC indicator
instrument, since the probed electric field strength
decays ~nentially with the distance frcm the image
guide.
On the other hard it is of impxtance that the wave,
which is returning to the tie launcher frcxn the
dielectric image line, is totally absorlxd or trans-
mitted by the mcde launcher and no interfering secord.

incident wave is launchd.. Possfily this has to be
ensured by leading the mcde laumcher with absorbing
mat~ial.

~ the whole the vsi$&methcd ws found to ~ a V~
simple and reliable methcd, even if the evaluation of

the measumnents needed. a ccmpt=. This basically is
a merit of the fact that in this methcd the field probe
is moved instead of the reflector wall in the resonator
Znethd .

Like in the resomtor methd a high degree of confi-
dence in the results can be gained if a high number of
measuring values is evaluated.

1

2

3

4

5

6

7

8

9

D .D.King, “Properties of dielectric image lines”,

IRE ~~S.~, vol.Mi’l-3, March 1955, pp.75-81 .

R.M. Rmx,P. P. Tbulios, “Rectangular dielectric image
lines for the millimeter through optical frequency

range”, Proceedings of the Synposium on Sukmilli-

meter-waves, Polytechnic Press of Polytechnic
Institute of Brooklyn, 1970.

H. Jacobs, G. Novick,C.M.~scio, M. M. Chrepta,

‘Measurement of guide wavekmgtb h rec*@~
dielectric waveguide”, ~ ~ans .M21’, vol .MIT-24,
Novenber 1976, pp.815-821 .

G, Novick,R.Walter, C. M. Locascio,H.Jacobs,’’Frobe

measurement of guide wavelength in rectangular
silicon dielectric Wave@de”, = International

Micr-e Sympo sium-san Diego, USA, June 1977,

pp.118-120.

K. Solbach, I.Wolf f, “The electromagnetic f ields ad

the phase omwtants of dielectric hage lines”,
~ ‘rrans.m, vol .MIT-26, no. 4, April 1978.

D. D. Kinq, S .P. Schlesingw, “~sses in dielectric-.
image lines”, IFE Trtis .IiIT, vol .MTT-5, January
1957, pp.31-35.

P. P. Ttmlios,R.M. Knox, “Rectangular dielectric

image lines for millimeter integrated circuits”,
Western Electronic Show and Convention, Ios Imgeles,

California, USA, August 1970, pp. 25-28.

J. C, Wiltse, “Sane characteristics of dielectric
image lines at millimeter wavelengths”, IRE Trans.
~, VO1.MIT-7 , JanU~ 1959, ~. 60-65.

K. Solbach, “The f abdication of dielectric image
lines us~g casting resins and the properties of

the lines in the millimeter-wave range”, IEEE Trans.
~, VO1,PTI’I’-24 ~ N&emker 1976, pp. 879-881.

10
K, $KXLb@ch, “The calculation and the measurement of
the attenuation constants of dielectric imwe lines

of rectangular cross s=tion”, AEU (Germany);
sukmitted for @lication.

J pzh-1 C;.2.22

h

“/

tan 5 .2.56.10L

c1=13.106 S/m

h = 2.L mm \
f =37.5 GHz a=233d B/m

co’nduct!ve groundplane
I I

o 10 20cm

~- Resonator Length

Fig. 1 The measurement of the attauation constants
of dielectric image lines using the resonator

methd of variable length resonators.

261



flange

-w ag/4
1--1

Ii 0.8mm (1/30mh)
20mm ~ semi rigid

LIJ

SR06-50~

.lmm

Fig. 2 Sketch of the ela?tric field ?xobe used in

the E-bard _iments. “
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Fig. 3 The measurement of the attenuation constants

of dielectric image lines using the v~-method.

7

6

dBlm

o
~~

EHn - mode +
c; = 2.22

tan6 .2.56-10’ +

o~rm =131&S/m + +

;+

# >h=l mm

z ‘~h ,2.4 mm

~%
60

,*

c
o.—
-5
z~
<

Fig. 5

60

dB/m
EHfl -made

50}

h=lmm

30 s: =10

tan 6 =2.K?

20

*-*

‘!z!_–_
20 25 30 35 GI+z 40

Frequency

The measured and calculated attenuation
constant of an Epsilam-1 O dielectric image
line versus the frequency.
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Fig. 4 The measurd and calculated attenuation
constants of two paraffin wax dielectric image

lines V=SUS the frequency.
— Theory, O resonator methcd of variable
length resonators, + and * VSWR+nethm3.
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