
..---— - .- ——- 883SHOKTFMV3KS

TABLE H
MEASURED AND PUBLISHED DIELECTRIC CONSTANTS

L INTRODUCTION

The closed (rectangular or circular) cavities generally used

in the microwave range to characterize materials are applicable

only with difficult y to millimeter waves. In addition to the size

problem of the samples, these closed cavities operating in the

millimeter-wave range have a Q factor which rapidly decreases.

Because of this limitation, the use of open resonators is often

preferred at millimeter wavelengths. The first papers concerning

measurement techniques adapted to millimeter waves were

published by Culshaw [1] and Degenford [2]. Cullen and Yu

[3] then showed how to improve these measurement techniques

to characterize the dielectric materials with great accuracy.

Ermert [4] was among the first to measure parameters of femite

materials in the 4- and 2-mm range but he considered the lossless

state of the materials.

We have adapted the technique of Cullen [3 ]1 and Ermert

[4] in order to characterize ferrites, from the LTT Society, and

look for good materials usable in the 60-90-GH:z range. This

short paper gives the characteristics of the nickel-zinc ferrite

materials at 70 GHz.

II. MEASUREMENT SETUP DESIGN

AND Loss TANGENTS
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A. ef’,tg~ Measurement

Ermert [4] studied the conditions of Gaussian beam propaga-

tion in a ferrite slab magnetized perpendicular to the propagation

direction. He showed that two types of waves can be defined:

the ordinary wave, with a propagation constant k = ~; i~nd

the extraordinary wave, characterized by the propagation

constant k = B/ieff (,aeff being the effective permeability).

4.5/50 Hz

2.3/25 GHz

2.08/25 GHz

In the case of the ordinary wave, when the ferrite is slightly

magnetized, the ferrite material is equivalent to an isotropic

It is noticeable that at 22 GHz the electrical properties of these dielectric material. This isotropic aspect of the material can. be

experimentally proved. Indeed when the ordinary wave is

excited, the resonance frequency and tje Q factor of the loaded

resonator are not affected by a variation of the external magnetic

field so long as it remains relatively weak (Ha < 2-3 kG).

materials differ significantly from their low-temperature values.

Of particular importance is the fact that the losses decrease

dramatically at cryogenic temperatures.

REFERENCES The measurement techniques used in quasi-optics, as in-

vestigated by Cullen and Al [3], [5], adapted to millimeter

waves, can be used to measure Cy’ and tg~ of ferrites. The

T. Moreno, Microwave Transmission Design Data. New York: Dover,
1948, p. 123.
M. Sucher and J. Fox, Handbook of Microwave Measurements. New
York: Wiley, 1963, p. 521.
M. Sucher and J. Fox, Handbook of Microwave Measurements. New
York: Wiley, 1963, p. 481.
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[2]

[3]
resonator is made of two spheric-al quasi-concentric-t ype re-

flectors. This allows us to obtain the maximum fclcusing of the

beam in the center of the cavity and use small samples A

schematic diagram of &r’ and tgcl measurement is presented in

Fig. 1.

Within the 6&90-GHz range, the resonator used had a

length of about 250 mm. The spherical mirrors had a 130-mm

radius of curvature. The coupling of the rectangular guide to the

cavity was obtained with a coupling hole 1.1 mm in diameter.

The Q?. unloaded Q factor was about 55000. Q. and Q~ (QL, =

loaded Q factor) are determined by the quasi-optic formula [3]
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where D is the length of the resonator and AD is the variation ofsamples using open resonators can also be used to characterize ferro-
magnetic materials. The parameters that are measured are the complex
permittivity ey* and the AH ferrite gyromagnetic resonance Iinewidth.
The principle of the techniques used and an evaluation of ferrite material
parameters from 10 to 70 GHz are presented.

the length corresponding to 3 dB of the resonanee line of the

loaded cavity.

The samples were ferrite square slabs about 5 mm thick with

35-mm sides. The ferrites characterized by this method are of the

nickel–zinc type and were provided by the LTT firm. The satura-

tion magnetization is about 5300 G.

&f’ and tg~ values are then obtained by using the equations as

developed by Cullen and Yu [3] and,the present authors [6].
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Fig. 2. AH measurement setup.

B. AH Measurement where

The AH measurement principle is issued from the saturation Peff = Aff – lfG.

magnetization” (4zM,) measurement method studied by Ermert

[4]. The ferrite sample is magnetized by an external magnetic ‘or a ‘agnetic ‘ield ‘erifying

field perpendicular to the propagation direction. In this case,

during the propagation of the extraordinary wave, one can define
f

Hi = ~ - 47rM~, y = the gyromagnetic ratio

a reflection coefficient relative to the ferrite–air interface by the .

equation one can obtain L:ff = O and, in a first approximation,

(2)

(3)
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Fig. 3. Partial view of AH measurement setup showing the reference branch with a transmission hemispherical resonator.
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For ferrites with small dielectric losses (e” << &’) we can see,

from (l), (2), and (3), that the phase of the reflection coefficient

is given by the relation

(4)

Indeed, this quantity represents the phase shift due to the ferrite

magnetic losses. If these are equal to zero, + will be equal to zero

and the ferritc+ati interface will behave as a plane mirror with a

total reflection.

In the case of materials with small dielectric losses, the AH

measurement reduces to the measurement of the phase shift Ad,

where 4rrM, and C$’ are known.

A schematic diagram and a photograph of the AH measure-

ment are shown in Figs. 2 and 3, respectively. The measurement

setup is composed of two branches: a reference and measurement

branch.

The former is composed of a transmission hemispherical

resonator. The latter is composed of a similar hemispherical

resonator operating in reflection, whose plane mirror is the

ferrite sample placed in the electromagnetic air gap. Both

resonators have the same length, and the spherical reflector

has a curvature of 100 mm in radius. This measurement setup

allows us to use smaller size slabs of ferrite (25-mm sides).

In these specific experiments, the phase shift ~ of (4) corres-

ponds to a resonance frequency shift AF of the measurement

resonator in comparison with the reference resonator. The

quantity AF is given by

AF = %$
4zD

(5)

where C is the velocity of the light and D is the length of the

resonators. Using (4) and (5), we deduce that

AH = 4nM,&J’
---@- (4rcD)’(AF)’. (6)

AF is measured from the reference cavity when measuring

&f’ and tgd {AF = F. ADID).

In our experiments, the conditions of (2) were realized with a

magnetic field of 19.2–1 9.5 kG for ferrite slabs about 2 mm thick.

TABLE I
—1II CLOS7X CAVITIES I olm~ CAVTTIES I

::fw’ :’4,c,y;:
727U 509s 15,4 2,5 170 15,3 2,4

‘D

15,5 2,4 230

7271 5084 15 3,7 153 15,2 3,3 15,4 3,8 240

7272 5126 15,1 3,6 130 15,2 3,4 ,5,4 4 150

7273 5202 15>3 26,6 I 35 15,2 10 15,3 12,5 170

7278 517s 15,3 4 129 - - 15,3 4,4 270

ttl U,tin. 9,8 3,6 9,9 4,1

III. RZSULTS

The results of the measurement of &f’, K@, andl AH are listed

in Table I. The measurements at 10 GHz were made by the LTT

firm with techniques using closed cavities. The measurements at

36 and 70 GHz were made using open resonators.

It maybe noted that the nickel–zinc ferrites with their dielectric

and magnetic properties can be used in the millimeter-wave

ranges.

IV. CONCLUSION

Measurement techniques using open resonators were proved

useful for accurately characterizing the complex permittivity

of a material and the resonance linewidth (AH) of a ferrite.

These methods are not only applicable to dielectrics and ferrites

but can also be used for various types of materials (semi-

conductors, plasmas, etc.).
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Measurement of Surface Resistance in Oversized

Circular Waveguide at MMmeter Wavelengths

SATOMI HATANO AND FUMIHIRO NIHEI

Abstract—The increase of the surface resistance of oversized circular

waveguides has heen accurately evaluated at millimeter wavelengths by
measuring attenuations of TEOn modes. The ratios of the effective

resistances to the ideal resistances of the wall were found to be 1.27,

1.42, and 1.54 at 40, 60, and 80 GHz, respectively.

I. INTRODUCTION

There have been few reports or measurement values about

surface resistances of oversized circular waveguides at millimeter

wavelengths, since it has been very difficult to measure them

directly. The difficulty of the measurement is attributed to the

mode conversion from the signal mode to spurious modes.

Then, in the calculation of attenuation in the circular waveguide,

the surface resistance at the waveguide wall has been estimated

by R = Jzfplo with conductivity of copper o = 5.8 x 107

U/m. Measured losses, however, are usually greater than those

theoretically determined by the formula. The discrepancies

between them have been regarded as mode conversion losses

caused by waveguide imperfections.

Such consideration is reasonable only when the waveguide

wall has ideal conductivity and has a relatively smooth surface

compared with skin depth. The surface of the practical wave-

guide wall is generally rough, and the conductivity of the wall,

which is electroplated with copper, is not always equal to the

ideal one in the region of millimeter wavelengths. Therefore, it is

assumed that the surface resistance increases on account of the

inferiority of the waveguide wall caused mainly by roughness.

Even though the effect of surface roughness has been invest-

igated and a number of results are reported, some are concerned

with single-mode rectangular waveguide [1 ]– [3 ] and others

with small samples of the metal plates [4], [5]. This short

paper describes the surface resistance of oversized circular wave-

guides used as long-distance transmission lines at frequency

regions from 40 to 90 GHz. The surface roughness of the wave-

guide wall is also discussed briefly.

II. EVALUATION OF SURFACE RESISTANCE

A. Princ@les

NOMENCLATURE

a~ total attenuation in dielectric lined waveguides under

ideal conditions;

‘M measured attenuation in actual waveguides;

Manuscript received January 20, 1976; revised May 4, 1976.
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Fig. 1. Measured and calculated. a~tenuation qharacteristjcs for TEo.
modes. UM: measured characteristic for experimental gmdes. a~: cal-
culated charactermtlc for Ideal guides.

a~,a~’

Aul

Aa2,Aa2’

th

R,R

heat loss due to surface resistance in ideal and actual

waveguides, respectively;

perturbation of attenuation due to dielectric losses;

perturbation of attenuation due to additional eddy

current caused by the dielectric in ideal and actual

waveguides, respectively;

additional attenuation due to mode conversion;

ideal and effective surface resistances, respectively.

Let us consider the TEon mode loss in perfectly straight and

circular lined waveguides. The loss is given by the following

equation [6]:

u~ = a~ + Aul + Ao.z. (1)

On the other hand, measured loss a~ in actual waveguides,

which is expected to be larger than a~ because of various im-

perfections including surface roughness, is expressed as follows:

UM = a~’ + Aal + Aa2’ + 6a. (2)

Here a~’ and Aa2’ mean the actual values of a~ and Auz,

respectively, and can be written as follows in terms of effective

surface resistance R’:

R’
a~’ = aH —

R

Auz’ = Auz ~. (3)

& accounts for mode conversion loss due to mechanical im-

perfections in waveguides and joints. Being independent from

surface resistance Aul in actual waveguides is regarded as the

same value as in ideal waveguides.

The ratio of effective surface resistance R’ to ideal surface

resistance R can be carried out by (l)–(3) and then becomes

R’ a~ — Aul — ~a

~= aD– Aal “
(4)

B. Measurement of TEO. Mode Attenuation

The attenuation characteristics of the 180-m-long experimental

waveguide line by the pulse single-reflection method [7] have

been measured, which makes it possible to measure low losses

with high accuracy. The waveguide line under measurement,


