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A Broadband Permeameter fon“situ’
Measurements of Rectangular Samples

Erwan Salahun, Patrick Quéfféledember, IEEEMarcel Le Floc’h, and Philippe Gelin

Abstract—The measurement method presented here permits the
determination of the complex permeability o* and permittivity e*
of rectangular samples of various thicknesses (0.km-1800m)
over the (130 MHz—7 GHz) frequency band. This method is based
on the S-parameters measurements of an asymmetrical stripline
containing the sample under test. It does not require any magnetic
reference sample. The originality of this method is to reproduce
the same environment for the material under test as encountered in
microwave devices. The results given by thisih situ” measurement
technique are more useful to design microwave devices than those
given by traditional measurement methods.

Connector

Index Terms—Magnetic materials, permeability measurement,
stripline, thin films.

I. INTRODUCTION

ISPERSION properties of magnetic materials are wideRyjig. 1. Schematization of the cell without the upper ground plane. The sample
used in many microwave circuits such as circulators, pha§éid on the ground plane.

shifters and filters. Important parameters that enter into the de-
sign of these devices are the gyromagnetic resonance freque?§r @ broad frequency band. In this configuration, the cross
and the values of the complex permeability and permittivity ové€ection must be fully filled with the sample and demagnetizing
a broad frequency band. For isotropic materials, a large numfiglds are not taken into account. Another method, based
of characterization techniques have been developed in the Ri3tthe magnetic flux measurement in a single coil, enables
few years [1]-[4]. One of the most widespread technique @y permeability measurement [3]. This technique requires a
the coaxial line method [1]. The permeability of the materidnagnetic reference sample to calibrate the cell. Multilayered
cannot a|Wa_yS be considered as intrinsic parameter due to ﬂ@terials characterization is not allowed. The minOStrip line
magnetizing fields. Indeed, the sample shape and the applfggthod is the most interesting technique in our case [4]. A
constraints (magnetizing field) affect these parameters. For ékctangular sample, which does not fill the cell cross section, is
ample, the measured permeability of ferrites in a rectangulatd on the conducting strip. This method, which takes demag-
waveguide differs from that measured in a coaxial line. M&etizing fields into account, gives the complex permeability
terials with structural anisotropy also present variations of ti@d permittivity values over a broad frequency band. A full
measured parameters depending on the wave polarization J¥ve analysis is used for the electromagnetic analysis of the
So, the determination of the material permeability, including tHell- It permits a thorough description of the dynamic behavior
effect of demagnetizing fields, is essential in the design of nfif the cell but the data processing program is complex. The
crowave magnetic circuits. In this contexin‘situ’ character- Major drawback of the method is the storage of an important
ization methods are necessary in such a way that the meas@gst of the microwave energy in the alumina substrate implying
ment device reproduces the electromagnetic environment of thelecrease of the sensitivity of the test device. In this paper, an
microwave device: the field pattern of the microwave device afgymmetrical stripline shown in Fig. 1 is developed in order
the material location in the device. to increase the sensitivity of the test device. Permeability and

As planar propagation structures (coplanar and microst rmittivity measurements of multilayered materials and thin
lines) are widely used in communication systems, planar traféms are allowed over a broad frequency band. Details on the
mission line methods have been explored. Among the existifitfctromagnetic analysis of the device and experimerital “
characterization methods, several test devices have maifify’ measurements of permeability will be presented.
held our attention. Barry has proposed a stripline method [2]
where permeability and permittivity measurements are possible ~ 1l. ELECTROMAGNETIC ANALYSIS OF THE CELL

Due to the heterogeneity of the loaded cross section (Fig. 2),
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... . _ . ||| B. Optimization Method—Inverse Method

The first step of the inverse problem is to determine the
(Sogr, ,uou,.) magnetic material h, measured effective constanig’f, () of the cross section
(8 I ) air as a function of the frequency. Since the dominant mode is
020 . . .
.................................... S -l quasi-TEM, the effective electromagnetic parameters are deter-
V.
t b e . mined from.S-parameters using the Nicolson/Ross procedure
W [8]. In this method, the equations for the scattering parameters
(eoed,uoud) air || h, are combined to lead to an explicit equation for the effective
permeability and permittivity.
ground planes As there are no analytical expressions to determine the elec-
tromagnetic constantg{, <*) of the sample, the second step of

222w the data processing procedure consist in extracting these param-
L eters from the measured effective constants. Complex electro-
magnetic parameters of the material are calculated by matching
Fig.2. Asymmetrical stripline cross section containing the material under tegyeoretical and measured effective values. Errors equations (2)
for the complex permeability and permittivity of the material are

performed and, secondly, the resolution of the inverse probléiplved using a dichotomous procedure in the complex plane.

must be addressed. The calculation of the effective constants of . 12
the transverse section from complex permeability and permit- { Fu', pn") = |NZ§ — Mot

)

tivity of the sample is the direct problem. The inverse problem G, ") = |€rn _ o2
consists in matching theoretical and measured results in order ’ off el
to extract the complex permeability and the permittivity of the

material. I1l. EXPERIMENTAL RESULTS
A. The Quasistatic Theory—The Direct Problem A. Experimental Test Device

Fig. 2 sh h . £ th device. F The measurement cell (Fig. 1) is an asymmetrical stripline
'g. 2 shows the transverse section of the test device. Foifye g by two tapers. These discontinuities, taken into account

layers compose the cross section. This configuration enable%%e calibration procedure, are made to avoid capacitances be-

to take dn_‘fer_ent !ocatlons of the material into account. Eithg! cen the conducting strig & 0.5 mm,W = 9 mm) and con-
the material is laid on the ground plane (Fig. 1), or the sam

ctor planes where SMA connectors are fixed. The nonequidis-

is laid on the strip (Fig. 2) to increase the cell sensitivity. A'f'ance between the strip and the ground plafgs= 1.8 mm
air gap between the material and its support is taken into e;c- ' '

X o 5 = 10 mm) is made to approach microstrip configuration.
count to represent the experimental conditions. Because of electromagnetic energy is mainly confined in the space lo-

heterogeneity of the cross section, a transverse electromagnggllt%d between the strip and the nearest ground plane. No later-
(TEM) wave cannot be propagated. However, for low frequeQlly conductive walls are necessary because the ground plane

cies, longitudinal components of the microwave fields can dth (Z = 30 mm) is wider than three time the separation be-
neglected compared with transversal ones. So, the hypothq&}gen the strip and the nearest ground plang. (

of a quasi-TEM mode is valid. Moreover, as there is no sub- The S-parameters measurements are performed with a

strate, the validity domain of this approximation is justified "33720A Hewlett-Packard network analyzer system in the
the centimeter wave band. An homogenization of the propgsq \pz—7 GHz) frequency range. The first step in the

gatlon strgctu(rje has _beerll rga(ljlzed.nzhe d duaslstatm theory asurement procedure is to compensate for errors associated
een used to determine the inductanbp4nd the capacitance i, the S-parameter test set, cables and stripline device (in

(€) per unit of length of the line. This approach, based on t rticular tapers and impedance mismatch). In the SOLT
Green'’s potential functions and on the transverse transmiss ibration procedure, the test device is used during the
line method, allows, for multilayered dielectrics, the CalcuIatiol%ﬂection-transmissior; correction (“THRU") in order to elim-

of the characteristic impedance and of the propagation constant . arrors due to the device [4]. The acquisition of the data

of a transmission line [6]. Based on the K_aneki’s relations, thf§‘ realized with a personal computer and Labview language is
approach can be used for magnetic media [7]. Under these Gfized to program the optimization method
sumptions, the theoretical effective permeabiljtffy) and per- '

mittivity (e%%) of the cross section loaded by a sample have begn
calculated. Impedance expressions of the loaded and of the uh-
loaded cells are compared to extract the effective constants (1Results presented in this section were obtained with a sample
as function of £, ©) and (Lo, Co). (Lo, Co) are inductance and directly laid on the conducting strip. To confirm the validity

capacitance per unit of length calculated in the cell without ¢ the quasistatic approach, dielectric materials of well-known
sample. properties have been tested. Expected values of permittivity and

permeability have been obtained. To highlight the advantages of
L C this measuring cell to integrate characterized materials in mi-

th _ and Eth _ (1) . .
H : crowave devices, several samples (lengtl® mm) of various

Results
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Fig. 3. Measureq:* data as function of frequency for a ferrocompositdi9- 4. Measured:” data as function of frequency for a ferromagnetic thin
material of various widths. film (thickness is 0.154:m).

widths are tested. The material is a ferromagnetic compos#efficient to calculate magnetic and dielectric constants in
which presents a strong anisotropy of structure [5]. It consigie 130 MHz-7 GHz frequency range. Measurements are
of laminations of ferromagnetic (CoNbZr, thicknes§.43;um) ~ compared with theoretical results, and are found to be in
and insulating (Kapton, thickness12.7m) layers. Measured good_ _agreeme_nt. The_results confirm the feasibility and the
of permeability data of the composite is given in Fig. 3. A desensitivity of this technique.
crease of the permeability level and a shift of the gyromagnetic
resonance frequency are observed when the material width de- ACKNOWLEDGMENT
cr_ease,s. Permeability I_evel ,'5 n gooc_i agreement with theory'The authors wish to thank A.-L. Adenot and O. Acher at the
Gilbert’s theory and Wiener’'s approximation allow the deterx . . . .
S . . _CEA, Le Ripault, who have provided us with ferromagnetic ma-
mination of the static permeability level. Indeed, the saturatu%n . . : . . .
magnetizationdr Ms = 11 300 G), the anisotropic field, — erials and have given their static properties. And, they wish to
9 TS = ' pict @~ thank Microwave Department at Télécom Bretagne for the real-
34 Oe) of a ferromagnetic layer and the volumetric fraction in _..
. - . " ization of the cell.
ferromagnetic materiah(= 2.51%) give a permeability level of
approximately 9.5. The theoretical value, which gives an upper
limit, and measured one{ = 9) for the widest sample are close
to each other. Demagnetizing fields, which are more important(1] E. J. Va”ZUfatand,J- t*?]- ‘?akef-J_ar\_/iS:/“"}Itergompaftiﬁog _0f7p'3fmittiVit¥ |
. . . . measurements using the transmission/retiection metnod in /-mm coaxial
when the_ _mate”al width _IS small, explain the_decrease of the transmission lines [EEE Trans. Microwave Theory Teckiol. MTT-42,
permeability level. The shift of the ferromagnetic resonance fre-  pp. 2063-2068, Nov. 1994.
guency is also due to the demagnetizing fields. The origins ofl?] \tN Barry, “A broad-baft\d}automlated, Stri_ft!ingtecgnique fOL_tlngSémul-
. — - . aneous measurement or complex permittivity and permeabl
the microwave dgmggnenzmg fields are poles created by t_he Mi- Trans. Microwave Theory Techiol. MTT-34, pp. 80-84, Jan. 1986.
crowave magnetic field at the surface of the ferrocomposite. [3] D. Painet al, “An improved permeameter fro thin film measurements
Fig. 4 shows measurement of the permeability of a rectan- gPtQO6f?TZ"'JiDAF(’3P|-I,Ph}]’S-é9l- Sﬁ’ p. i,l511§%99|-_ A microstr
. - . _ . A ueftrelec, P. Gelin, J. leraltowskl, an . Loaec, microstrip
gular thin film (th|ckness of_ 0__15¢km, length= 8 mm, quth device for the broad band simultaneous measurement of complex
= 9 mm) deposited on a rigid substrate (glass with thickness  permeability and permittivity,IEEE Trans. on Magneticsol. 30, pp.
of 1.5 mm). Measured static permeability is in good agreement__ 224-231, Mar. 1994.

. - . - [5] O.Acheretal, “Demonstration of anisotropic composites with tuneable
with theory @M, = 11100 G,H, = 34 Oe) since a theoret- microwave permeability manufactured from ferromagnetic thin films,”
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