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PREFACE

Recent advanices in the state of the art of both
intesgrated circuit technology and solid state devices
have led to the integration of microwave circuils,
Dielectric films find applications in a variety of devices
as well as in integrated circuits and a knowledge of the
parameters of the films at microWave freguencies is
gssential for circulit design and material evaluation,

Conventional techniques for the measurement of
complex permittivity of materiamls in bulk at microwave
frequencies have been extensively reviewed by several
authors, In general, the basic megsurement techniques
can be divided into four categories, These are:

(a) Standing Wave Techniques, in which standing
wave patterns formed by filling section of the waveguide
with the material are studied.

(D) Reflection Technlques, whereln the waves
reflected from the speeimen are studied and a measurement
of the reflection coefficient leads to the determingtion
of 'l?he parameters of interest.

(e). Transmigsion Techniques, wherein waves
transmitted through the material are investigated.

{(d) Cavity resonence Technigues, in which _
resohance is obServed in a partially or completely filled

cavity =nd the corresponding change in re¢sonant frequency



because of filling, is made use of for the determination
of dielectric parameters,

The final choice of technique, or conbination of
techniques among the sbove mentioned will _de;oen:j on
freguency, the value of cqmplex permittivity =and loss |
tangent avallability of the qﬁantity and form of the
materdal and the accuracy of resﬁ_lts required,

The methods of dielectric measurement listed
above though have proved very useful but they have their
own limitations, Method (b) is subject to considerable
errors in measuring the complex reflection ccefficient
as the dielectric constant becomes large and so is the
case with method (c) when the measurement of complex
transmission coefficient is invelved, Methods (a) and
(d) are commonly employed for making measurements on
bulk samples; they are extremely difficult to be performed
sabtisfactorily for materisls in the form of thin films,
Thig is méinly because of the lack of strong interaction
of the rf signél with the specimen, To achlieve accuracy
in the measurcments with the above methods, the specimen
thickness should normally be a gizgble fraction of the
wavelength (~ 7‘%@. and its multiples in most cases).

The debtalils are discussed in chapter 1.
. In the recent past, attempts have been made bo
gtudy thinner samples by using specific forms of cavitiecs

and other forms of sample holders, With the objective



(11i1) -

of providing a quick, handy and accurate method for the
neasurement of diclectric proportics of films at micro-
wave Irequencies, a different technigue hias been
proposed in the prescent thesis, Tn this method, the
specimen in the form of a thin long strip, or film
deposited on it, is put 1ong1tudinally at the centre of
a.holldw.rectangular waveguide exeited in the normal.
dominant TE10 mode, The surfacce of the film is parallel
to the narrow wall of the waveguide in mmuch the same
way as in an ordinary venc type atbenuator.

In thils geomebtry, by virtue of being prositioned
in tho maximunm electric field, the interaction of specimen
with the micrdWavc field in the gulde is quite strong.

Thus; the film impedance changes the propagation charac-
| teristics of the wave to a measurable degroe,

One of the advantages of the present method is
that 1t does not impose any restriction on the length
of the sample, unlike in cavity resonance methods. Thus
by choosing proper lengths depending on material
characteristics, measurable phase shift and attenuation
can be obtained., Sclutions of Maxwell's equations have
beern discussed to obtain the dispersion relation in the
sppropriate geometry. The complex dlielectric constant
can pe calculsted from the measured phase shift and
attenuation intreduced by the specimen uwsing the given

expresgssions,
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Experimental results on two nmaterials, naﬁely
Mylar and Teflon confirm the sase and accuracy in the
determination of dilelsciric parameters for films by
mounting the specimen longitudinally at the contre of
the waveguide., The standard twe chamnel technigue (Bridge
Technigue) used in the above measurements has been
discussed in details, TFurther, Some numerical analytical
results have also been given to show the variation of
phase shift and attenuation as a function of film
thickness for various dlelectric parameters,

Also, another clrcult arrangement is proposed for
the neasurement of phase and attenuation uging a slotted
line, retaining the geometry of the film in the waveguide
as a@bove. EBxperiments have been performed on Mylar and
Teflon films for a range of thicknesses from 75 to 250
microns, The experimental results are in good agreament
wiﬁ@.the accepted values (within v2%), This experimental
seteup is simpler than the previous one and it does not
require calibrated components such as calibrated
variable phase shifter and variable attemuator, umlike
in the conventional bridge method, However, the accuracy
in this method is limited due to the general problems of
measurement with slotted line such as the possibilities
of higher mode generation and power lezkage through the

slot, These are the contents of the second chapter,
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The rest of the threc chapters have been devoted
to the study of electirical propertiass of differeﬁt
substances of varying characteristics mnd conductivities
ranging from highly insulating films (polyvinyl chloride)

‘to highly conducting thin films ( aluminium =nd gold)
using the proposed experimental technique,

In chapter 1IT, dielect-ric properties of pure,
i1odine doped and metal ion doped polyvinyl chloride
(PVC) films are discusgsed, Measurements have been made
at X-vand =nd ﬁt K~band frequencies, The loss behaviour
of thése {ilms asgs a function of temperature are studied,
The results obtained have been explained within the
framewark of the existing theoriles,

In chapter IV, the electrical propertices of a
gemiconducting material, namely silicon wafers have been
-d:l.écussed. An ilmportant aépect in the construction =nd
fabrication of sewiconductor devices is to have m
intimate ¥nowledge of the electricsl properties of
semiconductors; conductivity being an important property
among them, has been cheosen for investigatlon in these
microwave maasurements,

Microwave methods‘for the study of =lectrical
préperties of semiconductors that have been developed in
recent yearé are found to have certain advantages over
de methods. Making use of the proposed technigue, the

- complex permittivity and microwave conductivity of sillcan
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Wa;f‘érs of different resistivities have been studied, 7‘
Measurements have also been made on ‘the temperature
variation - of ﬁle conductivity of these samples.

In chapter V, studies made on thin scumimetal and
metal 'films are reported, As far as the semimetal fMinms
are concerned, the choice fell on bismmbth, which 1S g
popular semimetal since the properties of thin films
are quilte different from these of the bulk, it is of
interest to have measurerents on thin films, Also, the
skin depth of hismuth is of the order of fow microns for
mlcrowaves; therefore microvaves would be most sultable
for the investigation of thin films,

Thin bismth films werce prepared by vacuum
evaporation, deposited on mlca substrates and varled in
thiclness from 240 - 720 angstroms, The real and
1magmary parts of the complex permittivity ( &y and

€; ) have been C'alcuiated from the measured phase and
attenuation constarﬁ:.s_ High values for &y and €y
are obtained as expected because of free carrier effects,
The perrmittivity data haé been used for the computazation
of other transport parametesrs like relaxatlon time of the
charge carriers in the films,

The microwave behavicur of thin metel. films has
not been studicd much so far. Different though related,
studies such as the optical and dec properties on metal

films have been nade; nevertheless the study of collective
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behaviour of free charge carriers would necessitate the

microwave investigations of these films., Thin {films of

gold and alumminium (~80 to 200 angstrons thick) were

obtained by evaporation on mica s&bstrates and were

investigzted in the same mammer as bismath £ilms,

The work has resulted in the following

publicagtions:

1.

"Determination of Dielectric Parameters
for Films at Microwave Freguencies"
D.C.Dube and R, Watarajan, J.Appl. Pf'xys
m’r WoR7 (1973).

"Measurement of the Permittivity of IFilms

at Micrawave Frequencies", D,.C.Dube and
R,Nztarajan, J,Phys,E: Sclentific Instruments,
Zy 256 (1974).

"Measurement of Complex Permittivity of Thin
Bismath Filmsw, D,C,Dube and A, Nabtarajan,

paper presented in the Syuposium on 'Electromc
Measurements and Tnstrumentation', Bangalore,
India (Jan. 1975).

"Flectrical Behavicur of Pure and Doped PVC
Filmsg at Microwave Frequencies", D,C,Dube
and H.Natarajan, (To be communicated, 1975).

"Complex Permittivity and Microwave
Conductivity of S:LllCOI'J." D.C.Dube and
R,Nztrajan, (To be comnmnlcated, 1975).

"Microwave Investigations of Thin Metzgl Films',
DQCSI))ube and R.Natarajan, (To be corm:mnlcated,
197
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