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Abstract  — Designs issues of a tunable matching 
network and a tunable phase shifter based on LTCC 
ferroelectric technology are discussed. Two devices 
are designed for operation in K frequency band. Test 
structure measurements are presented along with 
extracted parameters of used ferroelectrics (dielectric 
permittivity and tunability). Simulated and 
experimental performances are presented. 

I. INTRODUCTION 

  Low Temperature Cofired Ceramics 
(LTCC) technology is widely used to fabricate cost 
effective and reliable microwave components and 
devices [1-3]. Today LTCC devices include passive 
microwave components, such as transmission lines, 
capacitors, filters etc. The active components based 
on semiconductors (transistors, varactors ICs) can 
be used only by assembling them on the surface as 
discrete components [4]. Incorporation of ceramics 
with tunable dielectric properties will enhance the 
possibilities of LTCC technology, enabling 
monolithic integration of components such as 
varactors, filters, phase shifters etc.  
 In this work we discuss design issues of 
two tunable components based on ferroelectric 
LTCC. To design these components we have 
fabricated and characterized experimentally novel 
ferroelectric films compatible with LTCC 
processes. The measured ceramic film parameters 
are used as input data in simulations of matching 
networks and power splitters. The evolution of 
these devices, starting from simple coplanar design 
to more complex two layered structures is 
presented. The tuneability of components with 
coplanar and two-layer configuration and their 
simplified modeling are discussed. 

  
II. CHARACTERIZATION OF FERROELECTRIC LTCC 

FILMS 
 

 Special test structures are designed and 
fabricated for microwave measurements cermics 
film parameters. In test structures, and, actual 
devices, two main limitations are taken into 
account: i) The minimum size features of the screen 
printing process used for conductive strips is 
200µm, and  ii) The required DC voltages are 
small. Based on these limitations we developed a 
test structure and measurement setup for 
microwave measurements of dielectric properties of 
tuneable ferroelectric LTCC films, Fig. 1.  The 
cross section of the test structure is shown in Fig. 2, 
where the ferreoelctric films are sandwiched 
between the bottom electrode and two top 
conductive strips. 
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For on wafer microprobe measurements (using 
Signal-Ground (SG) 400 µm pitchsize 
microprobes) only odd mode is excited. For the 
designed set-up, Fig.1, both probe tips are under 
the same DC potential, hence no DC field is 
applied between them. The high voltage is applied 
to the ground metallization using a via to the 
ground plane (contact pad, Fig.1) beneath 
ferroelectric film. A large current limiting resistor 
is connected in series with DC voltage source.  

For specified sizes of the test structure dielectric 
permittivity of the ferroelectric film is computed 
form measurements of propagation constant  of the 
odd mode. The discontinuity of the open ends in 
the test structure is taken into acount using 
measurements of  two test structures with different 
lengths, 2.4 mm and 3.2 mm. A typical data for 
extracted dielectric constant are presented in Fig. 3 
for 100 V and 200 V applied voltages, 
corresponding to 2 V/µm and 4V/µm DC field. As 
it can be seen the tunability is about 17 % over 
entire frequency band.   

Fig.3 Extracted dielectric permittivity. 
 

III. DESIGN AND PERFORMANCE OF DEVICES: 
COPLANAR–PLATE VERSION 

 
3.1 Phase shifter 

 
A unit cell of a loaded line phase shifter is 

shown in Fig.4a. For example under discussion we 
choose Zc=56.5Ohm, θ=π/6 and C(0)=0.19pF. 
Such a unit cell produces about 8deg. phase shift 
assuming ∼ 17% tunability in the capacitance. It 
follows from the above measurements that at least  
12 cells need to be cascaded to obtain 90° phase 
shift. The final layout of the developed phase 
shifter (f=26GHz), including quarter-wavelength 
input/output matching (25Ohm image impedance to 
standard 50 Ohm input level) sections is shown in 
Fig.4b. 
 

 
 
 
 
 

Fig.4 Unit cell (a) and layout of the phase shifter 
(b). 
 
3.2 Tunable matching network 

The equivalent circuit of a double stub 
matching network is shown in Fig.5. The complex 
load ( j11.01loadZ +±= )  can be matched with a 
proper choice of electrical length θ and their input 
reactance’s Zin1 and Zin2 respectively. It can be 
shown that θ=π/4 results in lowest stub input 
reactance’s range needed. The slot between the 
strips is small in low impedance stubs, while the 
strip separation in the main line is much larger. 
Thus, the DC field applied between the strips will 
tune the electric length and characteristic 
impedance only for stubs, while no changes occur 
in the main line.  
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Fig.6. Measured phase-shifter performance. 
 
Measured performance of the phase shifter is 

plotted in Fig.6. It should be noted that matching 
and transmission losses are in good agreement with 
simulated data, while obtained phase shift is 
significantly lower (33deg.) as compared to 
expected value (90deg.), which is due to the 
inhomogeneous DC field distribution in the 
ferroelectric film (see below). A rather week 
tunability was obtained experimentally for the 
matching network.  

  
IV. PLANAR VERSUS PARALLEL PLATE 

ELECTRODES  
 

Here we use a simple approximation to 
evaluate inhomogeneous distribution of 
field/permittivity. It is based on sequent use of 
standard SDA technique and stationary formula for 
static capacitance. In the first step we analyze 
transmission line problem in the static limit (i.e we 
define per unit length capacitance of the 
transmission line) using standard SDA formulation. 
This formulation is very accurate, since it involves 

rigorous representation of the Green function in the 
Fourier transformed domain. In the next step, the 
cross section of the transmission line is discretized 
and electric field within each cell is defined as 
function of applied to electrodes DC voltage. The 
permittivity within each cell is than modified using 
its DC field dependence. It is clear that 
inhomogeneous  
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Fig.7 Planar transmission line problem for study of 
the tunability reduction effect. 

 
distribution of permittivity (instead of uniform used 
in simulations) will deform the distribution of 
electric field. Using a stationary formula for 
capacitance we can expect that initial, although not 
accurate field distribution, will give rise to only 
second order error in per unit length capacitance of 
the transmission line under applied voltage. Hence, 
we can define the line tunability as follows: 

( ) ( )
( )1C

VC1Cn −=     (1)     

with per unit length capacitances defined as: 

( ) ( ) ( )∫ ⋅=
S

2
dsVEVD

V

1VC  (2) 

The integration is taken over the cross-section of 
the transmission line, Fig.7. 
In the first approach we assume a linear 
dependence of the dielectric constant versus 
applied DC electric field. It is not a good 
approximation, but it helps to set the lower limit for 
tunability reduction, since in the real situation the 
material tunability in small DC fields will be lower. 
The first case analyzed is two 60µm strips 
separated by 20µm gap (applied voltage is 125V), 
which actually resembles the mentioned above 
phase shifter, Fig.4b. Obtained field distribution is 
shown in Fig.8 (limited below 2V/µm). The area 
with stronger field is seen as a white spot between 
electrodes indicates the size of effectively tuned 
area. The calculated reduction factor for the line 
tunability is ≈2.46, which fits well with 
experimentally obtained value. Fig.8 also gives 
information regarding desired electrode width. It is 
easy to see that only small portion of electrode is in 
contact with area of effectively tuned ferroelectric, 
thus further increase of it width will only lead to 
limited increase of tunability. The dependence of 
the line tunability reduction versus electrode width 
with fixed 20µm gap was simulated and is given in 
Fig.9. 
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Fig.8 Picture of DC field in th
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Fig.9 Simulated reduction of 
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tunable microwave components. a 
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