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In the proposed work, complex dielectric
constants of high permittivity thin films of
BaTiOj and PbNb03 are measured at microwave
frequencies. Working equations are presented
for C’ ana tg6 by means of a new mdhod of
measurement, earlier reported by the author,
with corrections for supporting substrate
reactance in the present work. Verification
of experimental results are done by means of
multilayered dielectric slab loaded waveguide
method and modified Lruae’s method. The
working equations for latter two methoas are
also presented. Experimental results of
BaTi03 and PbNb03 thin films as measured by
these three methoas are given.

Introduction

Experimental results for complex dielec-
tric constants of both high and low permitti-
vity thin films are not available at microwave
range of frequencies. This is because of the
fact that most of the microwave methods of
measurement which determine the complex di-
electric constants of bulk samples are not
effective in measuring the C% of thin films.
It has been reported that the modified
cavityl perturbation technique is effective
to measure complex dielectric constant of
thin film samples. Ahluwalia et al.2 also
reports its effectiveness regarding measure-
ment of S* o $ biological thin film samples.
Dubey et al. have reported a method of
measurement of complex dielectric constan% of
thin film samples. But in all these cases
the -samples are not so thin as to necessitate
substrate for mechanical support.

Considerably lower values of c’ have been
reported in general for ferroeleciric planar
capacitors at microwave frequencies by
Vendick.5 ‘l?he lowering of c’ for a thin film
sample compareci to the bulk sample had been
reported earlier by Bursian et al. 6 from R.F.
measurements. This has been attributed due
to presence of the ferroelectric surface.

It is necessary to have comparative
measurement analysis of complex dielectric
constants of high permittivity thin film
samples having identical chemical composition.
!Che polifactorial physical aspects of the
thin film samples are also involved in deter-
mining their complex dielectric constants.
Besides, the normal sources of inaccuracy
inherent in solving the electrodynamical
working equations of E! and tan6 of the sam-
ple affect the accuracy of the parameter
estimated.

It i.s therefore all the more necessary
to have the comparative experimental study
of this relatively less studied field.

l%sic New Metho@

Nethod I.—.

In the first proposed effective methoa
by the author for measuring complex dielec-
tric constant of high permittiv$ty thin films
at microwave frequency range, the experimen-
tal sample, in the form of a pl.an~,i” capacitor,
supportea by means of a ~g12 (where ~ is the

guided wavelength) substrate, is placed in-
side a waveguide as shown in Fig. 1. In oraer
to reduce the size of the sample and to
increase its effect on the measurable para-
meter the height of the ex~rimental wave-
guide is reduced. It is necessary *O keep
the width of the silverred portion smaller
than that of the waveguide, not only to
satisfy the condition of quasi-static solu-
tion, but also because substantial. loading
of the waveguiae along its X-axis will make
the guide wavelength higher than the cut off
wavelength of the waveguide.

The upper and Xoxer XZ surfaces of the
Substrate are sjlverred in oraer to ensure

good electrical contact with the tkJO surfaces
of the waveguide. Extension of the silverred
portion on the two corresponfiing X3! planes
along the sample form the two electrodes as
shown in Figure la.

The planar capacitor together with its
silvered portion forms a series LC circuit
across the waveguiae. If the length of the

‘Ubstrate ‘s~g/2
at the resonant frequency,

c’ of the sample can be determined by noting
the resonant frequency. If the re~onant fre-
quency is not equal to A

g/2’
corresponding

reactance correction is to be done for subs-
trate for determining s’ of the sample.

~ethod II

Modified bruaets Method. The modified
urude’s methodY consists in finding out the
change in measurable ~arameters of the
para~lel-wire transmi~sion line system loaded
with substrate and that loaded with substrate
along with the thin film sample.

The method of measurement as shown sche-
matically in figure 2, can be utilised as a
non-destructive method of measuring complex
dielectric constant of thin film samples of
integrated circuits.

Method III——

-i~e lo$-~ed with mu~tik-d di-
electric slab. This method is essentially
i?Fextension of any conventional partially
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dielectric loaded waveguicie method. c’ and
~tt are determined by noting the phase an~

attenuation constants of the partially loaded
waveLwide with a thin film sample supported
by means of substrates of known C* ana dimen-
sions.

w

Method 1

‘The exact equivalent circuit of’ the sam-
ple along with the substrate can be represent-
ed as shown in .l?igure lc. XL repreSentS the
intiuctive reactance of the silvered electrode
of the planar capacitor. Xc - capacitive
reactance of the planar capacitor. x~i -
interface reactance of the loaded and the
unloaded waveguide.

Effect of this reactance was neglected
in the earlier work.’$ Further approximation

was also made by assuming that the length of
the substrate is equal to~g/2 at the resonan-
ce frequency, so that it serves only as a
mec-b.anical support for the sample. However,
when this condition is not satisfied, the
substrate will offer aauitional reactance.

Resonance frequency [and correspondingly
the expression for .s] for the above equivalent
circuit can be determined from the lumped
circuit theory.

Inauctive reactance of the silvered por-
tion can +e determined with the help of the
equation:

a Pw
-— [-2+ 2.303 log (8a/nL)]~L–2~g

(1)

where w - characteristic impedance of the
waveguiae, a - widt’h of the waveegide, L -
length of tile planar capacitor, and

%
- guide

wavelength of the partialJ.y loaded wa eguide.

1_—
xc –Wc

P
capacitance of the planar capacitor can be
determined by means of conformal transforma-
tion:4

E’s. L
c

P ‘~0.885 + d/t~
(2)

L - length of the planar capacitor in meter,
co - absolute permittivity of free space,
d- separation between planar capacitors,
t - thiclmess of the sample.
XLi of the interface reactance can be Deter-
mined from [7]; for sample thicbess negligib-
ly small compared to substrate Vnickness.

Additional reactance of the subspate wh
when its length is no+ equal tO A

g/2 ‘
Xs = j Z. tan $1s ; for 1s #Ag12

Z. .q~ (3)

‘q = 377 ohms

@=&$ ~=ti
Ag Ao

Ag =x. (l- [22Q&l]) -1/2
(4)

r = L/a/(l-L/a)

where p is the solution of the equations:

@&?= r@-!2
q (5)

ana E -1
c12 = r2P2 + * [~1’

Subject to the conaition o < q <z/2

-a <p’ <(Tc/2)2

Ik;ethod 2

‘ ma S“ of the sample can be deter-
minedEfrom the following equations.g

Y1-Yo=(s’-l)d (6)

Y2-Yo=&”~ (7)

y. is tne bistance of the briage from the
bounaary of the dielectric layer in the case
of air dielectric, ana yl in the case of real
dielectric saifiple. ci, the sample witith. In
the sar,~e ~i?anner, we finu the wiatn of’ the
resona-nce curve, if the uistance of the plun-
ger from the dielectric layer, for the condi-
tion, Tihen the energy of oscillation tirops to
half the value, is cienoted by y2. If the
corresponding displa~ements for the uouble-
layereb sample are Yl, Y$ and Y. and effec-
tive cui.electric constants of the sample are

&io!c’ whe~e

‘&film ‘film+&;ubstrate ‘substrate)
e !OT

.— —— —

‘film + ‘substrate

y; - ‘o = (&;OT -l)d (8)

‘; - ‘o = ‘~OT d (9)

‘ince ‘film! ‘substrate? ‘substrate are ‘nown~

& ~ilm> &;ilm can be determined from four

measurements.

Nethod 3—..

With reference to the figure 3 of the
multilayered dielectric slab loaded uaveguiae
the e’ and c!? of the thin film material can be
determined by measuring the phase constant
~r and the attenuation constant @l of the
transmission system

?
with the help of the

following equation:

~[”+— (cc (A+C)@ (l’P1 -QQl))
“= k; at(a +n2)

2+(ml+P1Q))+P;-P:)l+v(B+D +=

2
&“= >[——

k. at(a2+n~
(a(B+O + #(~Ql+ Q~l))

-q(A+C + #(pp~-Qd~))-2PrPi) 1

where k. = free,space wave number3

P=Re [k~-@2)~a/2], Q=Im [(ko-@2)*y/2],

P1 = Re[(k~ss-(j2)* a/2], Q1=Im[(k~ss-@2)Za/2],

~ = Fr - jpi.

Q sinh 2Ql CoS 2Pl - F cosh 2Ql sin 2Pl
A=

4 (sinh *Q1 sin ‘Pl + cosh 2Q1 COS *PI)

P sinh 2Q1 cos 2Pl + Q cosh 2Ql sin 2Pl
B=

4 (sinh ‘Ql sin ‘Pl + cosh ‘Ql cos *PI)

Interchanging the positions in the above rela-
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tions between P and P1 ana between Q
we obtain C and U respectively.

(cosh2a4 cos2a2 - cosh’a%cos’al)
~=-— ———

(cosh a3 cosal + cosha4 cosa2)2

+(sinh2a3sin2a -sinh2a4sin2ap)
—~. . .

(sinha4sina2 i- sinha3 sinal)2

Sinh2a3 sin2al

“0 = 4 —. —

(Cosha3 cosal + cosha4 cosa2)2

- sinh 2a
4

sin 2a
2———. . .

(Sinha4 sina2 + sinlla3 sinal)’

ana Ql,

. . . .

. . . .

where al = P-tP1, a2 = P-Pl, aj = Q+Q1,
ab = 12-Q1.

~x~rimental tiesults

iix~rimental resul~s are obtaineti for
BaTiOs thin film of thicloaess 20v, aeveloped
by means of lapping technique, which ensures
that the chemical composit~.on of Ba!i!iOJ anti
consequently polarizability of material is
not likely to be changed. s’ of this sample
as measured by Method 1 is equal to 1008 when
the correction for interface reactance and
substrate reactance are taken into account.
Considerable lowering of s’ of thin film
compared to that of the bulk sample has been
attributed to the presence of surface layer,
as already rep rted by TTendick et al.s and
Bursian et al. 2

Experimental samples of lead-niobate was
forma on alumina anti quartz substrate by
means of evaporation technique, that may sub-
sequently change the chemical constitution
of the material.

Value of c’ of sample of thickness 1 p,
at room t mperature in the form of planar

7capacitor was equal to 92. This measurement
at radio frequency and at room temperature
was aone by means of USUZ1 Q-meter. E’ 02
this bulk sample at raaio frequency is around
2?0 at room temperature. Measurement of
&fllm of lead niobate by these methods are
at arouna 80. [A de+aileci table of experi-
mental results of better accuracy is to be
inclutied during oral presentation of the
paper and to be published (if accepted) in
IEEE Transaction KTT. Uecember 1979 Sympo-
sium issue.]

Conclusion

Any microwave method of measurement that
enables to determine complex dielectric cons-
tant of thin films has immense scientific
importance.

Since this subject has so far not been
investigated at all and sources of uncer-
tainty due to polifactorial physical asPects
of the sample fabrication is involved, it is
important to systematize the subject through
comparative experimental measurement of
identical samples that may exclude the sour-
ces uncertainty due to them.cal decomposition
of molecular structure (that effectively

changes the polarisability) of the sample.

Thus the systematic study of the dielec-
tric properties of these samples will help to
apply them in many solia state tievices and
circuits.
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