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S-Parameter Broad-Band Measurements
On-Microstrip and Fast Extraction of the Substrate
Intrinsic Properties

J. Hinojosa

Abstract—A broad-band technique for determining the electro- quasi-TEM mode propagation. Analytical equations compute
magnetic properties of isotropic film-shaped materials, which uses the propagation constant and characteristic impedance of
a microstrip line, is presented. Complex permittivity and perme- o microstrip cell instead of any numerical method, which
ability are computed from analytical equations and S-parameter . . . '
measurements of microstrip cells propagating the dominant mode. decreases considerably the computation time. S4parameter
Measurede, and u. data for several materials are presented be- measurement bench employs a vector network analyzer and a

tween 0.05 GHz and 40 GHz. This technique shows a good agree-high-quality test fixture on-microstrip covering 0.05-40 GHz.
ment between measured and predicted data.

Index Terms—Broad-band measurement, microstrip, perme- Il. PROCESSINGMETHOD
ability, permittivity, propagation, S-parameters. ) ]
The processing method is based on$hparameter measure-

ments at the microstrip access planes. It requires the propagation
. INTRODUCTION to be the quasi-TEM dominant mode. In this case, it is possible
ERMITTIVITY and permeability measurements in a mito write simple formulas for the characteristic impedacte
crowave frequency range are required in numerous apglfopagation constant, and total effective loss tangetyf e
cations for a large variety of film-shaped materials. Contraf@r microstrip on a substrate exhibiting both dielectric and mag-
to the box-shaped broad-band cells (coaxial, rectangular waé€tic properties [6]
guide or stripline device) [1]-[3], the coplanar and microstrip
lines used as sample cells do not present air gaps between the
sample and the conductors, since they are produced onto the R e
sample to be characterized. Moreover, they allow film-shaped Ze = Zo\| . (1)
materials to be characterized and the characteristic impedance . e
to be changed by modifying the conductive strip width. Thus, VT WVEHOVEr et eft 2)
it is possible to optimize their shapes in order to propagate the b8 bett = Qigsd - 18 0a + Gigom - 18 0m ®3)
dominant mode (quasi-TEM) and to perform accurgigaram-
eter measurements with the same cell in a broad-band of fre-
guencies. Among both cells, the microstrip cell seems to be thgere

most suited to the electromagnetic characterization of materialsyg 5, = (¢ /¢’.);

since it allows a better concentration of the fields into the dielec- b m = (1 /pl);

tric and magnetic materials, and lower metallic losses than the = _1y.
¥ Gasa = (1= () ™)/(1 = ()7

coplanar cell. Among the developed characterization methods _ / /
using microstrip, only the substrate dielectric properties hav dtgom == (1 - “”eﬂ)/(l._.“’i)
' W%ereZ(J is the characteristic impedance when= p, = 1,

been determined [4], [5]. The characterization method for magich is computed from an analytical equation [7]
netic substrates using microstrip is incomplete and it is our pur-r o S-parameter measurement processing réquires a mi-

pose to present one in a form most useful to the engmeer'@r%strip-cell electromagnetic analysis (direct problem) together

community. . L ’ ;
In this letter, an easy and fast processing method of t\r’wve'th an optimization procedure (inverse problem). The direct

; ) . . problem consists in computing tifeparameters at the access
S-parameters measured from microstrip cells for determmnll3 puting P

: e .. ptanes of the microstrip cell under test propagating only the

simultaneously the complex permittivity and permeabilit . ;
of the microstrip substrates is proposed. It is based on t léaSI_TEM mode, according to the complex substrate proper-
P prop ' i€s (&, 1), the cell dimensions and the frequency. Analytical

equations instead of any numerical method were used in order
Manuscript received January 15, 2001, revised April 30, 2001.The reviewm decreasle the Com'pUta“on t'me: Inthe magnet_lc mater""‘l Ca_se!
this letter was arranged by Associate Editor Dr. Ruediger Vahldieck. the analytical equations are obtained by a duality relationship.

The author is with the Universidad Politécnica de Cartagena, Departamentge duality consists to realize the conversiens— (1/N )
de Electrénica, Tecnologia de Computadoras y Proyectos, Campus Muralla del ’

Mar, Cartagena (Murcia), Spain (e-mail: Juan.Hinojosa@upct.es). ahd Crem — (1/piren) in the analytic_al equatiqn for the
Publisher Item Identifier S 1531-1309(01)05934-7. dielectric case [6]. It follows from analytical equations for the

1531-1309/01$10.00 © 2001 IEEE



306 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 11, NO. 7, JULY 2001

dielectric case [7], [8] that the static effective equation and the Probe (K connector)
dispersion function for the magnetic case can be defined as fl
s11 522
, () 1] [ =1 «—
Nreﬂ,stat = + ‘ [ ¥

2 2

10h —ab) 71 to network B} to network
. |:1 + W:| 4) analyzer analyzer
1 Microstrip Sample
- - - |
Nl (f) _ (Nl )_1 - (N;) - (N;*eﬂ,stat) ! ce &x p'r
7 eff T 1 +P
(5) Groundplane  Strip  Test fixture Wiltron 3680K
where Fig.1. Representation of the test fixture Wiltron 3680 K with a microstrip cell.
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! ! § !
|1 — exp(=(f - h/3.87)+97)] . ! ; ; o
Py=1+2751-[1 — exp(—(. - 15.916)7%)]. 1 /“ [ | R T
g ' $ 'y e I u
hisin cm andf is in GHz in theP, P,—P, terms. = L mzu.",‘- sl N
s 0 ‘ﬁ?“l ﬂ"ﬂ*‘# L4 v
From given complex, and p, values, a given frequency ;—; 3 . R P J
point, and knowing the microstrip-cell structure, it is easy to 2 ) TAREN . ¢ N e
compute the static effective permittivity and permeability, then i : ' ' Lo
the complex propagation constaptand the complex charac- i ‘ |
teristic impedancée’.. of the microstrip cell from the analytical 2
5 10 15 20 25 30 35 40

equations defined in [7], [8] and (1)—(5). Then, tBeparam-
eters are computed by the reflection/transmission method [1],
[2]. Only the 51, and 52, complex parameters are taken intQig . Measured, and . data for alumina = 5 um of gold, W =
account, since the measured microstrip cell is symmetrical and xm, . = 254 um,d = 1 cm). (8) ————/ value @i, = 1— ;0 fixed
passive. The optimization procedure (the inverse problem)ifdhe processing methodm—&—&—c;. value, -A—A—A— yu;, value, (b)
. . . . —— ¢!/ value {t,. = 1—;0 fixed in the processing methodyp—o—o—
based on an iterative method derived from the gradient method,jye, -o'— o — o — 17 value.
[3], [9]. It simultaneously carries out the andy,. computation

and the convergence betwegl,, 5>1) measured values and, o i sses and repeatability were better than dB, —2

. . ) [
those computed by t_he gnalytmal equations (the_thect problegﬁy and+0.2 dB, respectively, over the entire 0.05-40 GHz
through the successive increment of apyndy,. initial values. f

requency range.

To illustrate this characterization method, microstrip cells
were made from thin-film technology) [10] on an alumina

The microstrip measurements were realized with the,. = 9.85,¢/ < 0.001 at 10 GHz,i,, = 1) sample with
HP85107 network analyzer connected to the on-microstmpell-known dielectric properties and a unknown heterogeneous
(Wiltron 3680 K) probing station (Fig. 1) covering 0.05-40magnetic sample. The cells are configured using the following
GHz. This test fixture allows different sizes of microstripconstraints in the measurement frequency band in order to
measurements easy to implement, repeatable, and accumatapagate the quasi-TEM mode and to neglect substrate surface
thanks to a calibration procedure. It uses a calibration Kit @faves [10]WW < Ao, W/h < 1 andh/Xo <« 1 (W,h and
50 ©2 characteristic impedance with standard microstrip lineg are the strip width, substrate thickness and wavelength in
of alumina substrate. It employs a Line-Reflect-Match (LRMiree space, respectively). The measurements performed on
and Line-Reflect-Line (LRL) covering 0.05-2 GHz and 2—4@ach of these materials were obtained at room temperature
GHz, respectively. The two achieved measurement refereraoel they are represented in Figs. 2 and 3. The accuracy on the
planes(P;, P») are at the two probe outputs. Return lossespmplexe,. and x,. computation is linked to the uncertainties
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They are compared with those obtained by another well-known
method using an APC 7 mm standard coaxial cell [1]. The mea-
sured values from the coaxial cell are drawn with continuous
lines. As it can be seen, they exhibit the same properties than
those obtained with the microstrip cell. Moreover, it is possible
to confirm the diamagnetic property of this material thanks to
the possibility to increase in frequency with the microstrip cell.

IV. CONCLUSION

A broad-band characterization technique of isotropic film-
shaped materials has been developed. It uses a microstrip line
as cell, which does not present air gaps. Moreover, its character-
istic impedance can be optimized in order to propagate the dom-
inant mode and to realize accurate measurements. The complex
properties(s,., 11,.) are easily computed from a fast-processing
method of theS-parameters using analytical relationships. The
S-parameters are measured at the microstrip access planes with
a network analyzer and test fixture on-microstrip. Some mea-
sured data for a standard dielectric and heterogeneous magnetic
material have demonstrated the validity of this method. This
technique should be suitable for other materials with electro-
magnetic applications in the 0.05 GHz to 40 GHz frequency

Fig. 3. Complex measured. and ., data for a heterogeneous magnetioange.

material in the 0.05 to 30 GHz frequency range using microstrig:(5 ¢m

of gold, W = 210 yum, h = 280 um,d = 6 mm) and coaxial (APC 7 mm)

cells. Measured data with a coaxial APC 7 mm call—a—=—
Measured data with a microstrip cell.

on the S-parameter measurements and the sample-cell length.
A detailed error bound analysis of this method based from,

[11] is presented in [12]. The measuredand 4. values for

alumina [Fig. 2(a)] correspond to those anticipated (except the

. N i
peaks). In order to suppress inaccurate peaks due to the perlod[c]
behavior of the sample-cell with the frequency (especially
when substrate is loss less), and to obtain accurate results on
the complex permittivity values of nonmagnetic materials, we
fixed u,» = 1 — 40 in the processing method as in [11]. Thus,
thee’. values for alumina (solid lines) have an error better than [5]
3% in comparison with the manufacturer value. In the case of

losses, large errors are also shown for alumina wijth= 1

fixed (Fig. 2(b) solid line). These errors are mainly due to the
network analyzer, the test fixture performance, and the whole;
microstrip cell (dielectric, metallic, and radiation) losses. The
measurement of low-loss samples as alumina is not possibI?S]

with this technique. To obtain reasonable accuracy’/band

ur!, the sample losses must be higher than the metallic and
radiation losses and the repeatability errors of the test fixture [°]
Only in this case, the metallic and radiation losses can bgg,
differentiated of the material losses in order to be subtracted
or omitted of the measured whole losses, as for the microstrig1]
cell loaded with a heterogeneous magnetic sample that follows.

The metallic (if¢ > 36,¢ conductor thickness; skin depth)

and radiation losses can be faster estimated from analytic&i?]
equations [13], [14]. The analytical equations for the magnetic
substrate case are obtained with the above duality relationship

[6].

Measureds,. and 1, values for a heterogeneous magnetic[14]
sample with a microstrip cell are shown in Fig. 3 with squares.
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