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A Genetic Algorithm for the Evaluation of Material
Parameters of Compound Multilayered Structures
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Abstract—This paper presents a new method to obtain the ma-
terial parameters of each single layer in a multilayered structure.
The compound structure has to be measured over frequency or reflected
for different incidence angles in the microwave frequency range. wave
The genetic algorithm for parameter extraction from the reflec-
tion or transmission measurement data is based on a simplified
evolution strategy. In this paper, the evolution optimization is de-
scribed briefly and is verified by measurements performed in the
frequency range from 115 to 145 GHz. The parameters obtained by
the algorithm show good agreement with reference values gained
by other researchers. -

transmitted
wave

Index Terms—Genetic algorithm, material parameter extrac-
tion, multilayered structure.
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. INTRODUCTION

HE measurement of material properties is the basis fo

any theoretical design of electromagnetic devices. Ther inviﬁi“t
are very accurate methods available for the determination of t
permittivity and permeability of a given material [1]-[4]. How-
ever, these methods require a pure sample of the material fHigtl- Reflection and transmission of electromagnetic waves at multilayered

. . structures.

has to be measured. In this paper, a method is presented to mea-
sure material parameters of compound structures consisting of o _
more than one layer. Typical examples are car windows or mifflection coefficient of Quartz glass and;Bi, at 140 GHz are
tilayered building walls. The permittivity and permeability ofcompared to parameters obtained for the same materials with
each single material is determined by a new genetic algorittiii OPen resonator method. To show its applicability on mul-
(GA) from measurements obtained over the frequency. The ddgyered media, three plates consisting of Teflon, Macor, and
of a GA makes this method very flexible, therefore, reflectioffl 203 have been measured in the frequency range from 115 to
measurements and/or transmission measurements may be us&lGHz. The single plates have been measured as well as their
If one has to determine highly dispersive materials, it is a|§3_fferent combmatlons_.Addltlonally, these results are compared
possible to use this algorithm in combination with single frevith values from the literature.
guency reflection or transmission measurements over different
angles and for different polarizations. Another big advantage of Il. BASIC THEORY

the new method is that only scalar values without phases are reThe reflection and transmission coefficie®and?” of mul-
quired, which reduces the calibration effort drastically. tilayered structures (see Fig. 1) can be analytically described
_In this paper, the GA for this method is presented. For vegs a function of permittivities,,, permeabilities: , and thick-
ification purposes, the results of two measurement campaigfissses;,, of the N layers ¢ = 1, .. ., N), the frequencyf, and
have been used. The dielectric material parameters obtainedy incidence angle

the new algorithm from angular-dependent measurements of the

E7I = func(a, f7 §17H17 w17§27E27 w2, ... ’§N’EN’ wN)~
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and/or transmission. To gather enough information for solvimprmal distributed random variable with zero mean. The stan-
this problem, one has to perform additional measurementsrd deviation is the corresponding component of the vector

These may be measurements over a certain frequency rangeorFor each elemertwith £ = 1,..., L of ngm (3) can be
otherwise over different angles of incidence. rewritten as

It is further not possible to invert the system of equations .
to solve for the material parameters if more than one layer is )\,éf],rn = )\é parent 6/\/(0,%). (4)

present. Therefore, a new procedure was developed that allows
to calculate the material parameters of multilayered structurBde use of the normal distribution causes the algorithm to
by means of stepwise optimization. This optimization probleﬁﬁ‘am'y search in the near range Xf pa:ent Where the solution
exhibits many local optima making traditional optimization alis expected to be. Additionally, the unknowds ,,, have a
gorithms, such as the gradient method, unfavorable. A new ptewer and upper imi\,i, and X, respectively. These limits
cedure has been developed based on the method of evolutionasi be taken from the literature [5], [10] or chosen from the
timization, as published by Rechenberg and Goldberg [6], [AJest available knowledge.
The material parameters of the individual layers of a compoundThe measured reflection or transmission coefficients in deci-
structure are found by minimizing the error between values obels are defined by, (k = 1,. .., K) overK frequency points
tained from (1) and measurements. An overview about GAs @ angles of incidence, respectively, depending on which of both
electrical engineering can be found in [8] and [9]. have been varied during the measurement. As demonstrated in
Section 1V, the use of the values in decibels instead of linear
IIl. EVOLUTION STRATEGY values leads to a very much better performance of the algo-

rithm because the characteristic minima of the curves are better

In this section, the evolution strategy adapted to the glV‘?agﬂken into accountd}, .., represents the simulated reflection or
problem is described in detail (the vector notation is used in ?ransm|33|on coefii 9

incorrect form to simplify the formulationsll vector opera- Th cients ICurve ILISIng Ithe cur:regt dat&;e,x
tions are meant element-wjse e error criterion to qualitatively evaluate the ata)sﬁ.; is

The idea of evolution optimization is based on the biO'Ogngpe normalized root mean square (rms)

process of the natural selection in evolution. Transferred to the
problem discussed here, generations of data)sats produced _ Z (Ak )2 )
randomly where each generation is deduced from the “best” data gm K 797’"

set of the previous generation (natural selection/only the fittest

survive). This data set is called “parent.” In contrast to the nashereA, ,,, is called the “fitness function.” In order to avoid ef-
ural evolution here, only one parent is used and all offsprings d&gts caused by the limited dynamic range of the measurement
generated by “mutation.” An appropriate evolution optimizatiogystem, all values (measured and simulated) are limited to the
method has been developed for the special peculiarities of gefsitivity level of the measurement system. If more than one

present problem. The total cycle of the method is illustrated asrve (e.g., over the frequency and over the angle) is available,
a flowchart in Fig. 2. the total information can be used by just adding the fitness func-

AllunknownsA!, A2, ... AL (L: total number of unknowns) tions (5) of all curves. The phase information is not taken into
that have to be determined are stored in the parameter vectgrccount, which is the big advantage of this method because, es-
- pecially at millimeter-wave frequencies, scalar measurements
X= ()\1,)\2, . .,)\L) . (2) are much easier.
By applying the fitness function (5), the best data vector
The unknowns are the real and imaginary parts of the complggqmt of the gth generation can be found as the vector
material parameters,, p - and the thicknesses,, of the ar- X (m = 1,..., M), which belongs to the smallesX, ..
bitrary, but known number of layer§. Simulations performed |t is addmonally tested if the best data vector of the previous
with the measurements of Section IV showed that the determiggmneration\,,_;_ hes; has a smaller error.
tion of the thicknesses of the layers together with their dielectric As parent vectoR . ext,, for the gth generation, the best pa-

parameters results ina much larger error. Therefore, and becaisgeter vector found in the previous generation is used
of the fact that mostly the thicknesses can be more accurately

- -

measured by physical means, the determination of thicknesses Ag parent = Ag—1 best- (6)
is not investigated in this paper even thoughi it is principally pos-
sible with the GA. The first generation is set using approximate values

The population size of each generation is giveribyBased by _x @)
on the parent data Vectay, paren:, the M data sets\, ,, (m = bparent 7 Zstart
-, M) of the gth generation are randomly generated agaken from the literature [5], [10] or chosen from the best avail-
cording to able knowledge. All simulations showed that the choice of the
. . L initial values has no effect on the total performance.
Ag,m = Ag parent * GN(O’U")- 3) Each time a new generation is developed, the standard devi-

) - ation is reduced by
As already noted in (3), each element of the vegtpy, is gen-

erated by multiplication oﬁg,parem with the exponential of a g = Vs 0g_1, with0 < v, < 1 (8)
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g =1
AGO = o0
l g=g+1
Ag,parent = )\sta,rt
Ag—l,best = o0 .
A
Gy = % In ==
min — ”
l . 0g = Z_{a *Og—1
l /\y,parent = /\g—l,best
generate mutatioqs
Agm = Ag,parent * N O%)
withm=1...M
l yes
calculate fitness functions
Agmform=1...M improvement?
l Ag,bes’c < Ag—l,l:oest no
find Agpest (smallest Ay ,,) s ang
set Ag best 9 > Omin

= =
Ag,best = /\g—l,best

Ag—l,best < Ag,best = A
g,best = g—1,best

global optimum?
Ay best < Ago

)‘GO - ’\g,best
Ago = Ag,best

finished?

Aco £ Anin
or

9 2 Gmax

1o [ calculate dg

Fig. 2. Evolution strategy.

in order to reduce the search space as the GA comes closezdmpared to the minimal error of the previous generation
a solutionw, = 0.5 has been found to provide the best perforAy.s; ,—1 is reached or the relative error variation
mance. As initial value

6y = 2L (11)
- HALg
1 )\max 1
7 = ZIn 22 (9) with
2 )‘min 1 M
. o | Hoo =37 2 Do (12
is reasonable, which again, is meant element-wise as follows: m=1
and
1, X
£ max M
of = = In e, (10) 1
2 )‘fnin OA,g = M rg__:l (Ag,rn - NA,Q) (13)

_ This iterative process of producing generations of data sétls below a given limit 0%.,;,. This avoids losing computing
Aq,m 1S continued until no further reduction of the eredf,.s; ,  time by creeping convergence.
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. TABLE | - -
START VECTOR Agtart AND LIMITATION VALUES Apniin AND Apax
USED FOR THESIMULATIONS

probe Quartz-glass SizNy Al,O5 Macor Teflon
e | tand ¢ | tand || ¢ |tand || £ [tand | & | tand
ggﬁt?;rw Xstm 5 0.01 510015 (001 51001 5]0.01
N Xoin | 1| 120° |1 [10®|1[10®|1]10°]1]10°

dmax | 20 0.1 10 01 [f20] 01 [[10] 01 [10] 01

A. Measurements of Single Layers

In the following, the results of two different measurement
campaigns are used to investigate the performance of the new
method for single-layered media in comparison with results
from literature.

Fig. 3. Quasi-optical millimeter-wave reflection measurement setup for 1) Angular-Dependent Measurements of Single Layers:
perpendicular incidence. The reflection losses of two different plates of Quartz glass and
SisN4 have been measured over the incidence angles frdm 10
In order to increase the probability that the global optimur® 80 at a frequency of 140 GHz for both perpendicular (TE)
;&d parallel (TM) polarization [13]. The size of the rectangular
gt

(GO) is found, the whole process described above has to ¢ | is 215 95 ith a thick ¢
started again several times. Thereby several local optima A?momQ$E:z$?\laS;|;e has?:ize oT?r?zg)v:;malzécmﬁzsng

. e . . . 4
very probably the GO given b and the dedicated f|tnessa thickness of 3.163 mm. The parameter vector (2) for these

functionAgo will be found (see Fig. 2). The relatively large ini- . . :
tial values for the standard deviation (9) guarantee that differeonqe layered materials with known thicknesses reduces to

local optima are found in spite of always using the same initial

N T
values for) (7). The evolution optimization process is finished A= (¢, tans) (14
if a minimum errorA ,,;, or a total number of generation,,,
is reached. with £ = go(¢/ — j¢’ tan §). The permeability can be assumed

to bep = po. For all simulations with respect to the angular-
dependent measuremeldts,,, = 500, v, = 0.5, M = 500,
and a sensitivity level of 30 dB is used. The limits and starting
values for the simulations are given in Table I. The material
Two measurement campaigns were performed to validate fiameters of these three materials were already measured with
performance of the new method. The measurement systenfisOPen resonator method by [1].
based on a scalar network analyzer (SNWA) with a frequenc In Figs. 4 and 5, the measured and simulated (from the values
accuracy of 1 MHz. The setup is sketched in Fig. 3 and d&t tained by the GA) reflection losses over the incidence angle
scribed in detail in [11] and [12]. Wide-band corrugated horf} &€ plottzd for both polzrlzatllpdrjs. -I;hﬁ very ﬁogd matlcarll of
antennas as transmitter (Tx) and receiver (Rx) together with 0 curths ?Thonstratest evatl Ity of t s_m?_t 0 ![2 -{ﬁ ell,
cusing metallic ellipsoidal mirrors generates a Gaussian be results ot the measurements In combination with the new
. . . algorithm are compared to the values obtained from literature.
(TEMg,0). The waist radius of the beam at the probe is Ie% e
than 25 mm in the frequency range from 115 to 145 GHz. T"%Svery good agreement for the real part of the permittivity of

IV. MEASUREMENT AND SIMULATION RESULTS

. S S oth materials is observed. The imaginary parts cannot be de-
yields an angular incidence variation of the beam at the prope, . . o :
) efmined with the same accuracy. This inaccuracy is caused by
below 2.5. Therefore, the beam is assumed to be a plane wa;

In ord he reflecti ticient f di lﬁ?e limited sensitivity level of the measurement system because
n order to measure the reflection coefficient for perpendiculgfy imaginary part is determined by the depth of the minimum.

incidence, a thin polyester foil (Mylar) is used as beam splittexyitionally, two different kinds of characteristic minima can
The quasi-optical measurement setup, as shown in Fig. 3, 8-ghserved in Figs. 4 and 5. The first minimum is caused by
ables the measurement of the scalar reflection l0ss versus f{ggative interference of multiple reflections inside the plate and
quency for perpendicular incidence. For calibration, the probeis therefore, observed at both polarizations. The second min-
replaced by a metal plate. With an extra mirror for the separatigum arises at the Brewster angle. Both characteristic minima
of the reflected beam from the transmitted beam, angular-dge important for the performance of the method and define the
pendent measurements are possible. Thereby a stepping mgélessary angular range.

controls the angle of the probe and the reflected beam including) Frequency-Dependent Measurements of Single Layers
the Rx antenna in order to ensure precise specular reflectian.Perpendicular IncidenceThe scalar reflection losses of
This extension allows the determination of the scalar reflectiohree circular plates of the materials: 1),8k: poly-crystalline

loss from 10 to 8C of incidence. The setup for angle depende®l,O; with 97.6% purity; 2) Macor: Corning Macor Machin-
measurements is described in detail in [14]. able Glass Ceramic is a product of Corning Glass Works,



1184 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 50, NO. 4, APRIL 2002

0 ! ! ! — , Macor
: m\\ - 0 . ; i i .
[
a —10F- " - h . 1]
T :
£ -/ Q
E £
© =201 =
ES °
[ =2
5] b=
° g
5 _30 ,,,,,,,,,, 4 g
1] : S
2 — measured TE : g
Q -40t| - ~ fitted TE Rl 'RAREEEERERE RN %
-~ measured TM : £ -20¢ : comrr
~ - fitted TM | 1 : v — measured
_50 n " ; ; : : : — — fitted
-25 - : : : :
0 20 a:Ol in o 60 80 115 120 125 130 135 140 145
gle ain ;
frequency in GHz
Fig. 4. Reflection coefficient over the incidence anglat Quartz glass for _. . . .
perpendicular (TE) and parallel (TM) polarization at 140 GHz. iFnlg]i.dghceReflectlon coefficient versus frequency for Macor at perpendicular
0 4 Macor-AIQOa—Teflon
o 0 . . : . :
% EUT:] RTTETRRRIRT P T
< g st
5 £
g-20f =
g é -10
2 5]
5 _30 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 8
© - ‘ : c—15r -
3 —— measured TE : A : 2
9_40- [ flﬂedTE ........... l' ..... § :
- measured TM : ) Bo20f oy R
- - fited TM : : Sy — measured
-50 i i i ) - =
0 20 40 60 80 o5 ‘ ; - fitted
angle ain ° 115 120 125 130 135 140 145

frequency in GHz
Fig. 5. Reflection coefficient over the incidence angleat SiN, for

perpendicular (TE) and parallel (TM) polarization at 140 GHz. Fig. 7. Reflection coefficient versus frequency for Macor-®4—Teflon at

perpendicular incidence.

TABLE I . Teflon-AlL,O,-Macor
COMPARISON OF THEMATERIAL PARAMETERS OFQUARTZ GLASS AND Siz N4 273
OBTAINED FROM THE ANGULAR DEPENDENTMEASUREMENTSWITH 0 . ' ! ! !
THE REFERENCEVALUES

Quartz-glass SizNy
g tané 4 tand
literature [1] || 3.80 | 0.45-10-3 || 7.83 | 0.34- 1073
single layers || 3.81 | 1.10-1073 || 7.84 | 1.00- 103

reflection coefficient in dB

Corning, NY; and 3) Teflon have been measured in the fre- ' :
quency range from 115 to 145 GHz at perpendicular incidence. } - g:fjf“red
The diameter of all plates is 70 mm. Their thicknesses are -25 i . : i
physically measured with an accuracy of A to 3.407 mm 1e 120 125 130 135 140 145

frequency in GHz
(Al203), 3.15 mm (Macor), and 5.63 mm (Teflon). For the
measurements

Fig. 8. Reflection coefficient versus frequency for Teflonz®@}—Macor at
perpendicular incidence.

X = (¢, tan§)” (15)

[2]-[4]. The values for AJO3 could only be used as clue be-
with e = eg(e’ — je’ tan §) andp = o is used. All simulations cause, in [2], a probe with slightly different consistence was
are performed with the paramete®s,.. = 2000, v, = 0.5, used.
andM = 500, and a sensitivity level of-15 dB is used. The In Fig. 6, the reflection coefficient of Macor is given versus
limits and starting values for the simulations are given in Tablefrequency together with the corresponding simulations. One can
The material parameters of these three materials were alreadg that the simulated curve fits very well to the measured curve.
measured in the frequency range of interest with other methdsimilar results have been obtained for the other two materials.
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TABLE Il
COMPARISON OF THE MATERIAL PARAMETERS OF Al, O3, MACOR, AND TEFLON OBTAINED FROM
MEASURING ALL COMBINATIONS OVER THE FREQUENCY COMPARED TO THEREFERENCEVALUES

measured Al;O4 Macor Teflon
structures g tan é e | tand | € tan d
literature [2, 3, 4] 9.5-10.1|02-08-10"% || 5.66 { 0.017 || 2.05 3.107°
single layers 9.21 3.12.108 5.63 | 0.020 || 2.05 | 2.12-1073
Al,O3-Macor 9.10 0.01.1072 5.78 | 0.023 - -
Al,O3-Teflon 9.20 2.63-10-3 - - 2.08 | 0.01-1073
Macor-Teflon - - 5.61 | 0.016 || 2.05 | 0.01-10-3
Al,O3-Macor-Teflon 9.07 0.08-10-2 5.75 1 0.018 | 2.09 | 0.01-1073
AlyO;-Teflon-Macor 9.19 0.60-1073 5.60 | 0.008 {| 2.09 | 10.10- 103
Macor-Al,O3-Teflon 9.05 0.02-1078 5.78 | 0.020 || 2.09 | 0.04.1073

Again, characteristic minima caused by negative interferenobserved, which are important for the performance of the
are observed, which are important for the performance of theethod. The good match of the curves in Figs. 7 and 8 proves
method. The measurements have to be performed over sufficitre frequency independence of the materials.
bandwidth to produce these characteristic minima. The goodThe material parameters determined from the measurements
match of the fitted curve with the measured curve in Fig. 6 alsogether with the new algorithm are given in Table Ill. It can be
proves that the materials are not highly dispersive and, theseen that there is only a small loss in accuracy when measuring
fore, have nearly constant parameters in the frequency rarge multilayered structure instead of separately measuring the
of interest. This can also be seen in [3] where the paramettisee layers. The imaginary parts of the permittivities cannot be
for Macor are frequency independent in the range from 115 accurately determined, except for Macor. In contrast, the real
145 GHz. permittivities ¢’ of all three materials can be very accurately
determined (see Table Ill). The root mean square relative error
B. Measurements of Compound Multilayered Structures  of ¢/ andtan § by measuring compound structures consisting of
As already mentioned, the main advantage of the new metﬁ&_@ layers compared to the values obtained f_rom measuring the
is the possibility of measuring compound multilayered strugingle layers are 1.34% and 71.44%, respectively. The errors by
tures and extracting the material parameters of all layers. TR§asuring compound structures consisting of three layers are

validity of the new method for multilayered media is showrt-73% and 145.44%, respectively. _
for the three circular plates from Section IV-A.2, measured in N order to verify the convergence of the new method, the sim-

different combinations. For the measuremenjs= eo (e, — ulat_lor_15 are performed several times. In Table 1V, the standard
je! tand,) andu = po can be used. The parameter vector (ZjeVIatIOHSTE/ andoy,, s of the material parametesSandtan 6,
is then given by" respectively, are given for ten program runs. In each run, dif-

ferent start values have been used for the random number gener-
(16) ator. High standard deviations are only found for the imaginary

permittivitiestan 6 of Al;O3 and Teflon. In contrast, the real
Bgrmittivitiesé of all three materials as well as the imaginary
Bermittivity tan 6 of Macor can be determined with a very high
accuracy and reproducibility (see Table 1V).

- T
A= (si,tan 81,85, tan b, . .., ey, tan 6N>

with L = 2N. The measurements of the compound structur
can be divided into the following two groups: 1) two material
at a time are combined and measured from each $ide-(2)
and 2) all three materials are combined in different orders and
measured from each sid& (= 3). The measurements are per-
formed from both sides of the multilayered structure and both The presented method to extract the material parameters of
curves are used for the parameter evaluation. Again, all sisempound multilayered structures needs scalar reflection and/or
ulations are performed with the parametéfs.. = 2000, transmission measurement data over the frequency or over the
v, = 0.5, andM = 500, and a sensitivity level of-15 dB angle of incidence. The thicknesses of the single layers have to
is used. The limits and starting values for the simulations dbpe at least in the range of the wavelength. Characteristic minima
given in Table I. caused by negative interference have to appear inside the mea-
In Figs. 7 and 8, the reflection -coefficients ofsuredfrequency orangularrange because therewith the material
Macor-ALOz—Teflon, measured from both sides of thgarameters can be determined. Therefore, dispersive materials
structure, are given versus frequency together with tlave to be measured at one frequency over the angle and perhaps
corresponding simulations. In both cases, one can see thatftredifferent polarizations. In principle, frequency-dependent
simulated curves fit very well to the measured curves of thgarameters (e.g,, as a function off) could also be introduced
multilayered structures. Similar results have been obtaingdthe GA, but this would increase the number of unknowns and
for all other combinations of the three materials. Agairtherewith reduce the accuracy. Instead of using frequency-de-
characteristic minima caused by negative interference grendent parameters, the total frequency range can be divided

V. FEATURES AND LIMITATIONS OF THE PROCEDURE
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TABLE IV REFERENCES
STANDARD DEVIATIONS OF THE MATERIAL PARAMETERS GIVEN IN TABLE IlI
CALCULATED FROM TEN PROGRAM RUNS [1] R. Schwab, R. Sporl, J. Burbach, and R. Heidinger, “MM-wave char-

acterization of low loss dielectric materials using open resonators,” in

measured Al,Og Macor Teflon ITG-Fachbericht 150: Displays and Vacuum Electronic8erlin, Ger-

structures O Otans e | Otans | oo Otans many: VDE-Verlag, 1998, pp. 363—-368.

- [2] R. Heidinger and G. Link, “The temperature dependence of the permit-

single layers 0 0 0 0 0 0 AR h DL
tivity in high-power and broadband mm-wave window materials,” in

Al,O3-Macor 0 ]0.02-107%| 0 0 - - Proc. 6th Russian—German ECRH Gyrotrons Megtivigscow, Russia,

AlyOsz-Teflon 0 |018-10%| - - 0 [012-1072 1994, pp. 271-292.

Macor-Teflon - _ 0 0 0 |00L-102 [3] M. N. Afsar and K. J. Button, “Millimeter-wave dielectric properties of

ALOM = = materials,” inInfrared and Millimeter Waves New York: Academic,

20s-Macor-Teflon || 0 |[1.31:10 0 j0.002| 0 |0.51-10 1984, vol. 12, pp. 1-42.
Al,O3-Teflon-Macor || 0.01 | 4.78-10% [ 0.02 | 0.006 || 0.18 | 6.86 - 1073 [4] F. Sobel, F. L. Wentworth, and J. C. Wiltse, “Quasioptical surface wave-
Macor-Al,Os-Teflon | 0.01 | 4.18-10~2 | 0.01 [ 0.008 | 0 | 0.61-10"3 guide and other components for the 100 to 300 GHz regi®E'Trans.

Microwave Theory Techvol. MTT-9, pp. 512-518, 1961.
[5] C. A. Balanis,Advanced Engineering ElectromagneticsNew York:

in int Is i hich th t b dtob Wiley, 1989, ch. 5.
Inintérvals in whic € parameters can be assumed to be COI’I[—G] I. RechenbergEvolutionsstrategi€in German). Stuttgart, Germany:

stant. This method was successfully applied on measurements  Frommann-Holzboog, 1973, ch. B.
that have been performed with three layered windscreens [15](7] D. E. GoldbergGenetic Algorithms in Search, Optimization and Ma-
[16]. The sensitivity level of the measurement system limits the _ chine Learning - Reading, MA: Addison-Wesley, 1989, ch. 1-3.

f the detected I . ts of th itti 8] R. L. Haupt, “An introduction to genetic algorithms for electro-
accuracy of the detected small Imaginary parts ot the permittiv- magnetics,”|EEE Antennas Propagat. Magvol. 37, pp. 7-15, Apr.

ities as they define the depths of the minima. 1995,
[9] J.M.Johnson and Y. Rahmat-Samii, “Genetic algorithms in engineering
electromagnetics,lEEE Antennas Propagat. Magvol. 39, pp. 7-25,
Apr. 1997.
VI. CONCLUSIONS [10] A. Hippel, Dielectric Materials and Applications Norwood, MA:
Artech House, 1995, ch. V.
In this paper, a new method has been presented that deté].;t] T. Geist, G. Hochschild, and W. Wiesbeck, “Scalar millimeter-wave net-

. h ial f h single | f work analysis with high dynamic range,” Froc. 18th Eur. Microwave
mines the material parameters of each single layer of a com- Conf, Stockholm, Sweden, 1988, pp. 339-343.

pound multilayered structure. The shown GA uses measurgt2] H.-U. Nickel, “Hochfrequenztechnische Aspekte zur Entwicklung
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