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Abstract: Recent advances in measurements of various electronic materials at microwave frequencies are presented. Special attention is devoted to 
resonance techniques that are more sensitive and accurate than the transmission-reflection methods. Several specific measurement methods are de
scribed. Simultaneous use of whispering gallery and quasi TE modes allows for multi-frequency measurements of low loss materials. Modification of the 
split post dielectric resonator technique can be used for measurements of both permittivity and permeability of laminar low and medium loss metamaterial. 
Resistivity of conductive materials such as semiconductors metals and polymers can be measured in the range of several decades employing single post 
dielectric resonator technique. 

Meritve materialov pri mikrovalovnih frekvencah 

Kjucne besede: mikrovalovne frekvence, elektronski material, resonancne merilne tehnike 

Izvlecek: V clanku predstavljamo napredne tehnike meritev karakteristik razlicnih elektronskih materialov pri mikrovalovnih frekvencah. Posebna pozor
nost je namenjena resonancnim tehnikam, ki so bolj obcutljive in natancne kot oddajno-povratne metode. Opisanih je nekaj specificnih metod merjenja, 
ki dovoljujejo meritve materialov z nizko izgubo pri razlicnih frekvencah. Spremenjena tehnika meritve z dielektricnim resonatorjem omogoca meritve 
dielektricne konstante in izgub v materialih s srednjimi in nizkimi izgubami. S to tehniko lahko merimo tudi upornost prevodnih materialov, kot so pol
prevodne kovine in polimeri v sirokem obmocju. 

1 Introduction 

Measurement techniques of the complex permittivity and 
in some cases the complex permeability are described for 
the following four groups of materials: 

a) Bulk low loss dielectric materials including ceramics 
and uniaxially anisotropic single-crystals; 

b) Laminar type dielectric materials such as LTCC ce
ramics, PWB substrates and thin ferroelectric films; 

c) Semiconductors and conductors; 

d) Metamaterials 

At frequency domain the complex permittivity of any linear 
material is generally defined as a tensor quantity describ
ing relationship between the electric displacement (5) and 

the electric field (it) vectors (1) 11 I. 
(1 ) 

For passive reciprocal materials such as ionic dielectric 
single crystals permittivity tensor is symmetric and can be 
diagonalized which means that at certain specific coordi
nate system it takes the diagonal form (2) 

'=n E~' E~J (2) 

For polycrystalline materials, glasses, plastics and some 
crystals (e.g. having cubic crystallographic structure) all 
diagonal elements become identical and the complex per
mittivity becomes scalar quantity. The complex permittivity 

of an isotropic material in general can be written as 

, " cr 
C =cOc r = cO(c r - jC rd - j-) = 

roc 0 

= coc~ (1- jtano) 

where - tan 0 - total dielectric loss tangent 

cr 
tan 0 = tan 0 d + _ .. ---;-

£r- relative complex permittivity 
ro - angular frequency 
cr - conductivity 

roco cr 

(3) 

(4) 

Eo = 1/( C\Lo) '" 8.8542xlO -12 (F 1m) - permittivity of vacuum 
tan Od - dielectric loss tangent associated all other dielec
tric loss mechanisms except conductivity 

When we measure the loss of a dielectric at a single fre
quency we cannot, in general, distinguish between them. 
Phenomenologically they all give rise to just one measura
ble quantity: namely the total measured loss tangent. Some 
materials commonly used at microwave frequencies such 
as ferrites, as well as metamaterials, exhibit magnetic prop
erties that must be considered in measurements of their 
permittivity. Permeability tensor).! describes relationship 

between the magnetic induction jj and magnetic field Ii 
vectors (5). 

(5) 

The most important microwave applications of ferrites are 
related to their non-reciprocal properties. In a presence of 
static magnetic field magnetizing ferrite material along z
axis of Cartesian or cylindrical coordinate system perme-
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Abstract: The dimensions of modern passives and passive integrated components should be reduced significantly in the nearest future. The aim of this 
paper is to present current situation in the area of discrete, integrated and integral passives made using thick-film or Low Temperature Co-Fired Ceramic 
(LTCC) technologies. The role of these components in modern electronic circuits is discussed too. The concept of such passives is very simple and they 
are very cheap in mass production. But from materials science point of view they are complicated, non-equilibrium systems with physical and electrical 
properties dependent on microstructure, which is determined in turn by proper arrangement of raw materials properties and conditions of fabrication 
process. 

The material, technological and constructional solutions and their relation with electrical and stability properties are analyzed in details for thick-film and 
LTCC micropassives - microresistors, microcapacitors, microinductors and microvaristors - both described in the literature as well as fabricated and 
characterized at the Faculty of Microsystem Electronics and Photonics, Wroclaw University of Technology. Moreover the relations between minimal 
geometrical dimensions, technological accuracy and limitations on the one hand and electrical properties and stability behavior on the second hand are 
presented and discussed. 

Moderne pasivne in integrirane pasivne komponente 
izdelane z debeloplastno in LTCC tehnologijo 

Kjucne besede: LTCC tehnologije, moderne pasivne komponente, debeloplastne pasivne integrirane komponente, moderna elektronska vezja 

Izvlecek: Velikosti modernih pasivnih in integriranih pasivnih komponent moramo v bliznji prihodnosti se dodatno zmanjsati. Namen tega clanka je pred
staviti trenutno situacijo na podrocju diskretnih, integriranih in integralnih pasivnih komponent, narejenih s pomocjo debeloplastnih filmov ali LTCC teh
nologij. Omenjamo tudi vlogo the komponent v modernih elektronskih vezjih. Koncept teh pasivnih komponent je zelo enostaven, v siroki potrosnji pa so 
zelo poceni. Toda s stalisca materialoznanstva pa gre za zapletene, neravnovesne sisteme, katerih fizikalne in elektricne lastnosti so odvisne od mikros
trukture, ki je na drugi strani dolocena z lastnostmi osnovnega materiala in pogojev proizvodnega procesa. 

V prispevku analiziramo material, tehnoloske in konstrukcijske resitve ter njihov vpliv na stabilnost in elektricne lastnosti debeloplastnih in LTCC pasivnih 
komponent. - mikroupori, mikrokondenzatorji, mikroinduktivnosti in mikrovaristorji - oboje opisano v literaturi, kakor tudi proizvedeno in okarakterizirano 
na Fakulteti za Mikrosisteme, elektroniko in fotoniko na Univerzi Wroclaw. Obravnavamo tudi povezavo med minimalnimi dimenzijami, tehnolosko tocnos
tjo in omejitvami na eni strani in elektricnimi lastnostmi in zanesljivostjo na drugi strani. 

1. Introduction - characterization of 
modern passives 

Electronic devices, components, circuits and systems 
should be faster, smaller, lighter and cheaper. Proper func
tionality of modern electronic circuits demands both ac
tive devices and passives (primarily resistors, capacitors 
and inductors, but also nonlinear resistors - thermistors 
and varistors, potentiometers, transformers, filters, fuses, 
mechanical switches and electromechanical relays). 

About 1012 of passives, which undergo deep technologi
cal and constructional transformation, are used by elec
tronic industry every year and the world wide market in this 
segment is equal to about 35 billions of us dollars. Around 
1980's the through-hole packaging moved towards sur
face mount technology (SMT). Wirewound components 
were replaced gradually but rapidly by surface mount ones 
and about 90% passives is SMT adapted at present. 

According to the classification of National Electronics Man
ufacturing Initiative (NEMI, USA) the following generation 
of passives can be distinguished /1-4/: 

Discretes - traditional single purpose surface mount 
or through-hole passives, 

Arrays - multiple passive components with identical 
function in a single SMT case, 

Networks - multiple passive components of more than 
one function in a single SMT case, usually 4 to 12 
elements, 

Integrated - a package containing multiple passive 
elements of more than one function and possibly a 
few active elements in a single SMT or Chip Scale 
Package (CSP), 

Integral - passives embedded in or incorporated on 
the surface of an interconnecting substrate, 

On-chip passives - passive components that are fab
ricated along with the active ICs as a part of semicon
ductor wafer. 
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