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Abstract '
An improved open-ended coaxial line
resonator method is presented.By consi-

dering the influences of radiation effect

and higher order modes,the measurement fre-

quency range has successfully extended to

X-band.The results of seven organs of a
dog have given,which can be refered in
bioelectromagnetics.,
Introduction
In recent years,more attention has

being given to the studying of dielectric
properties of biomaterials in vivo., Know-
ledge of the permittivity and its
ency and temperature behavior is of great
importance in both basic and applied re-
search.

frequ-

Coaxial line sensor has come into wide
use in measuring dielectric properties of
biomaterials,.However,both reflection and
resonant method were restricted to frequ-
ency range helow 4 GHz till now.(1)’(2)

We have analysed the influence of ra-
diation and higher order modes effect and
Y In  tnis
paper,a more extensive expression of the

given a concise expression.

measurement technique of resonant method
is presented.Selected biological tissues
and phantom muscle are measured in frequ-
ency range 0.1--10 GHz.The results are
good agreement with published data.
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Principle of Measurement
(1) Equivalent Circuit
Fig.1 shows an open-ended coaxial line
resonator and the sample to be tested.Fig.
2 shows the equivalent circuit.
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Fig.1 A coaxial line resonator
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Fig.2 Equivalent circuit
Where,C(£) and Ce
concentration in region 2 and inside

represents the field
the
coaxial line,respectively;G(€) represents
the radiation into the tested sample;aC is
the coupling elementj;and the Lr,cr’Gr
the parameters of the resonator in ideal
state.

When region 2 is free space,the para-

are

meters G(£) and B,i.e. jwC,can be calcu-
lated by following formulas:
1 (%v2_de .
¢/ Taa5)  sing (Jo(kasine)-
0
23, (kbsine))? M
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~Siakasin $)-si(2kbsind))ag  (2)
Where,Jo(x) is the Bessel function,Si(x)
is the sinusoidal integral function; and
k=2T/x
Expanding Jo(x) into a Maclaurin series
then yield:

6/ = T (6, (£4) 40, (£5) 405 ()

46, (£1%) 40 00000) (3)

where,
o, (2= 2/3(a0%) ¢/ (4)
6,(£8)= —4/15(a%%) (a*vH) 8 (5)

Gj(f8)= 16/35(1/16(a*=6%)2+1/18(a2-b2)-

(a8-08)) /28 (6)
Considering the influence of higher
order modes,using variational method, the
fringe capacitance can be shown:
Colf) =COO+ACOf2+Ac1f4+...... (7
Where,COO represents the static fringe
capacitance.

If region 2 is filled with dielectric
material,the open-ended coaxial line can
be considered as an antennaj according to
the Deschampes theorem,we find the result:

Y( W, T ) =6(E)+jwc (%) (8)
where,

6 (%) =E%, (") ¥¥a, (24 )+ ¥, ()4
(9)
(10)

+ P, 210+,
~. o, -~ w2 2 + Col'vz
c(e) =COO£+ACO£ ¢ = Coo+ 4G &
(2) Principle of Measurement
If region 2 is filled with air and die~
lectric material respectively,the resonant
frequency and corresponding quality factor
are denoted as fO,Qo and f1,Q1.Using reso-
nant condition and equation (3)--(10), we
can obtain the following equations:
I3 o NorchanB ef +b_ s + 4606 U-Fan¥)
¥ w; Coo C oo (1)
tand = R(VB. -~ Van —1/Gr ) (12)
Where,ce1,Ceo are the total capacitance
of the resonant circuit,When the sensor

is

surrounded with tested material and amir,re-
spectively;Ge1 is the total conductance of
the circuit,when it resonate at frequency f1,
the parameters:

K = Cgq/ (€000 20C5EF) | (13)
= AW Ceq Moleg s Qi =WiCo/Ger (14

Measurement Technique

(1) Coupling Structure

A A/2 coaxial line resonator was used
by E.Tanaba.(2)By breaking the center con-
ductor of the coaxial line,an air gap was
formed and the energy is coupled through
this gap.(see Fig.1) In this paper, wé
designed a A/4 coaxial line resonator.the
coupling structure is formed by a copper
foil placed inside APC-7 connector,which
connect the sensor to measurement system
(Fig.3 and Fig.4).By changing the shape and
size of the foil,we can achieve different

coupling.It shows that this structure has

I
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Fig.3 Coupling structure
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Fig.4 Measurement system
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more flexible and convenience.Results of
three reference samples using three diff-
that
influence over the

erent shape foils is given.It shows
the foil shape has no
measured results of $,and tand .

(2) Measurement Equipment

The equipment used in the measurement
is shown in Fig.4.A network analyser is
used to indicate resonance and half power
frequency points.The frequencies are mea-
sured with a frequency counter.

Measurement Results

Seven organs of a dog ,i.e. muscle,
skin,liver,kidney,heart,grey matter and
white matter of brain were measured. Room
temperature is controlled within 20C&1C.
Sample surface was large than 10mmx10mm,
thickness over S5Smm,

Results of measurement performed iﬁ
frequency range UHF to X-band are given,
It shows that the measured data are quite
close to the reference data.The results
of phantom muscle is also given.(see
table 1)

In this paper,the computation formula

E.Tanaba.30,even though the measurement fre-
guency is higher than 4GHz,the relative error
aLfeys 5%, %525% are still obtainable.We
have measured the dielectric properties of
human skin(hand dorsum) and compared with
reference data,the result shows that this
conclusion is realiable.(s)_(7)

Conclusion
The improved open-—ended coaxial line
resonator method has many advantages.By con-
sidering the influence of radiation effect
and higher order modes, the measurement fre-
quency range have successfully extended +to
X~-band.A thin copper foil coupling Structure
is developed.Its performance is excellent ,
reliable.The dielectric Properties of seven
organs of a dog at frequency range 0.1--10
GHz have been given,which can be refered in
madicine,bioelectromagnetics and other
fields.
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