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Abstract- An open-ended coaxial line was used for measurement  piological tissue. At low frequency, the two capacitances are

gLaEgﬁte??zrgglo%X r%gdrgit%iign %ff thhuemgrnobtélci)gdé f'Sn g;%‘g{;cl constant and depend only on the probe dimensions. When the

step, who permit to obtain the rdationship between the complex ~ frequency increases, the value of @creases due to the TH
electric admittance and the complex permittivity. The dectrical  evanescent mode excited at the discontinuity of the coaxial
equivalent dreuit model was invedtigated and these |ine. At low frequency, the two capacitances are sufficient to

ngg Tva;?&gmort lgllq%og/g?le%%ner%?w; g%ge%wﬁ;ﬁ‘algnth; modellized the electrical behaviour. At higher frequency, the

regard to the frequency and the permittivity range Probe is radiating and a conductangeniust be included in
measurement. The proposed model per mits usto obtained result  the equivalent electrical circuit.
on fresh heparined human blood closetotheliteraturevalue.
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|. INTRODUCTION

Interaction between biologicd tissue and e ectromagnetic
wave can be gpproached by two different ways. One may
take an interest to the eventua biological effects or use this
interaction for the purpose of diagnostic. In these two cases,
the quantification of the phenomena is subject to the B-Full waveanalyze method
determination of the electrica behaviour of the biologicd . .
tissue (electrical permittivity and conductivity). Determining ~ 1h€ most complete analyse was given by Mosig [2]. In
these dlectricd  characteristic  requires  a  specific this apprc_)ach, thg reﬂect_lon coefﬁue_nt of the TEM n_10de in
instrumentation such as a materia analyser HP 4291A used the coaxial line is obtained numerically by matching the
in this work to messure dectricd impedances in the electromagnetic field at the interface between the coaxial line
frequency range 1Mhz-1.8Ghz. This instrumentation is and the biological tissue. This method takes into account all

associated to an open-ended coaxial line. This type of senddf Phenomena (TH modes, radiating effect) and is then very

frequently used in the range of microwaves for measures dgcurate. We can use it to solve a direct problem—(Z, Y,

solid biological tissue and liquid, constitutes a perfectly), but for an inverse problem (Z, ¥~ &) this technique

suitable solution for measure on blood. needs a lot of computing time not adapted for a dielectric
caracterization in a wide frequency range.

The fundamental step in the dielectric measure is tielectric caracterization is possible, with this approach, by

modelization of the sensor, which relates the complékaking hypothesis like those proposed by Misra [3] and

permittivity of the biological tissue to the measured electricAarkuvitz [4]. They express the electric admittance measure

impedance. There are two principal approaches to determineconsidering the radiating effect at the end of the probe but

dielectric behaviours with an open coaxial line. The mory neglecting TH modes.

frequently used c_onsists in mpdelli_zing_ thg end of the coaxiphe Markovitz expression with ¥)=G(w)+B(c) is :

probe as an equivalent electrical circuit with lumped element

[1]. The other way is based on a more or less rigorous

analysis of the electromagnetic field in the probe and in tHélw)=—""7==

tissue [2, 3, 4]. The choice between one or the other is T"“g\/*ﬂ

dictated, among others, by the permittivity range to measure,

the probe dimension, the frequency of the measure and also

Fig.1. Electrical equivalent circuit
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by the power and the computing time available. m
B((u):Yobi VEres !’ZSi(kO\/sm(a2+b2—2abcoscp))
Il. M ODEL FOR DETERMINING THE PERMITTIVITY T“ng Etline

A. Equivalent electrical method

The termination of our probe is modellzed by an —2Si(2k, Staasng)-ZSI(Zko\/&gbsn%)dcp )
equivalent electrical circuit (Fig. 1). This circuit is constituted
of two capacitances;@nd G, representing respectively the
fringing field effects in the material filling the line and in the
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and the Misraformulais:

Vi E':fj oo ppag (9

where, | = JoP=p7=2pp’cos(§) + 2 » ko the propagation constant

in free space, a and b the inner and the outer radii
respectively, Y, the eectricd characteristic admittance, €
et g the relative permittivity of the materid under test and
of the materia filling the line respectively, % is the Bessd
function of order 0 and Si the sineintegral function.

For didectric caracterization these two expressions must be
expanded on a serie form which is more convenient for
numerical solution. An iterative technique (Newton-Raphson
method) must also be used to solved the inverse problem.

I11. EVALUATION OF THE LUMPED CIRCUIT MODEL
A. Method

The moddization of the open-ended coaxia line used for
didlectric caracterization of human blood was made with an
electrical equivadent circuit [5]. Frequently used and easy to
implement, this model permits to obtain simple expression of
the complex permittivity.

This method has been established with some hypothesis (C;
constant, no radiating effect...) that will be valid for given
frequency and permittivity range. Validation of the mode
was made with products of known permittivity like water,
ethanol, methanol...[5] However, the didectrics characteristic
of blood are very different from those products. Thus, this
procedure does not certify that the moddization will be
efficient for measure on blood. To estimate the performance
of these models we propose to compare it with the point
matching theory of Mosig. This technique takes into account
all the physical effects appearing at the interface probe-blood
and so it condtitutes a very precise model, which can be used
as areference.

The permittivity values brought together by Gabriel [6] and
modelized by a Cole-Cole answer with two relaxation times
(4) dlow us to determine, using the point matching theory,
the dectrical admittance of blood.

2

AEm
1+(J(JOT )(1 am)

4)

- . Os
E(W)=€x+ —s
(w) e,
Where €,=4, Ag;=56, Ag,=5200, 1,=8.377(p3), 1,=132(Ms),
0,=0.1, 0,=0.1, 6=0.7 (S/m).

These admittances congitute our references and are
assimilated to the value measured at the end of the coaxid
probe in contact with blood. With these vaues we determine
the permittivity and the conductivity using the eectrica
equivalent circuit modelization. The performances of this
model are estimated by comparing the results obtained with
the dielectric profile given by (4).

B. Results and discussion

Results below (fig. 2 and 3) represent the error in percent

on the permittivity and conductivity values induced by the
electrical equivaent circuit compared to the point matching
theory with 5 higher TH modes. Vaues were found using an
open ended coaxial probe of inner and outer radii 1.5mm and
5mm respectively, filling with Teflon (gine=2.1) and with
characteristic admittance of 0.02S.
The dements of the dectricd equivaent circuit were
determined using reference liquid (water, methanol, ethanol
and glycerol) by supposing the radiating losses negligible
(Gr=0) [5].
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Permittivity

The equivaent dectricad circuit permits a measure on the
1Mhz-1Ghz frequency range with a 16% and 8% of precision
respectively for the permittivity and the conductivity. After
1Ghz the error increased due to the apparition of radiating
effects, which are not taken into account in the modd. To
increase the precision, the ided would be to dispose of
standard loads close to the dielectric properties of blood,
which can be used for calibration of the instrumentation and
determination of the lumped electric parameters. But this
represents the main difficulties of the measure on biological
tissue. Taking into account all these problems and the fact
that measures on biologica organs are different for and
proper to each individual, the electrical equivalent circuit
congtitutes a smple solution, which will be used for measure
on blood in the 1Mhz-1Ghz frequency range.
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Fig. 5. Permittivity of human blood at 21°C

V. MEASURE ON HUMAN BLOOD

The following measurements (Fig 4 and 5) were made on
fresh heparined human blood (8000 units per 20ml) at 21°C.
These values were obtained using the open-ended coaxial line
described in the last section and modelized by an equivalent
electrical circuit. The results are compared to few values of
human blood given in the literature

V. CONCLUSION

Precise measure of dielectric parameters with an open-
ended coaxial line is only possible with an adapted
modelization of the sensor. For each model, the hypothesis
expressed will be valid only for one frequency range and one
permittivity special range. The validation method used brings
out the performances of the electrical equivalent lumped
circuit. This modelization permits us to obtain simple
expression of the complex permittivity adapted for measure
on blood in the frequency range 1Mhz-1Ghz.
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