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1 Introduction 

Different types of synthetic leather (SL) are widely 

used as decorative materials for surface coating in 

the automobile industry. Hot melt bonding is the 

usual method to fix the decorative material (the 

decorative leather) to the substrate (typically 

polymer blend material) surface. The hot melt 

adhesive is located between the coating and the 

substrate surface. Temperatures of about 80 °C are 

typical activation temperatures for hot melts 

adhesives. Microwave heating is a flexible, less time 

consuming and more energy efficient heating 

method as compared with conventional heating 

methods [1]. This is because of the volumetric and 

selective heating characteristics of the microwave 

heating. Particularly, the selectivity of microwave 

absorption, according to the loss factor of materials, 

allows a unique temperature distribution, which is 

not possible if using conventional heating methods. 

However, successful microwave heating of a 

coating-adhesive-substrate sandwich structure 

requires a detailed knowledge of the dielectric 

properties of the materials used. The following 

chapters introduce a test-set that allows for dielectric 

characterization of thin layers and laminates, 

respectively. 

 

2 Methodology 

For the design of an appropriate test set, the cavity 

perturbation method was chosen. Since the synthetic 

leather has a relatively low dielectric loss factor [1], 

a cavity with a quality (Q-) factor above 1000 is 

required. At this place, a cylindrical cavity, which 

contains an equatorial split [2-3], is used. This 

enables measurements of flat samples positioned 

parallel to the cavity ends that occupy all the cavity 

cross-section. The cavity design allows the 

excitation of the TE111 mode at 2.45 GHz and 

provides an unloaded Q-factor of about 12000. The 

TE111 mode is chosen, because it provides a 

maximum electric field in the cavity center [4]. At 

the same time, the wall currents are parallel to the 

sample and cavity cut. Thus, a perturbation oriented 

along the cavity radius will not cut the surface 

currents. It minimizes the change of the electric field 

profile inside the cavity compared with an unsplit 

resonator. A small lab jack with a micrometer screw 

in combination with an appropriate cavity holder 

enables the precise adjustment of the distance 

between both resonator parts.  

 

Figure 1. Measurement setup. 
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This measurements setup, as shown in Fig. 1, 

allows the precise dielectric characterization of 

synthetic leather with and without glue. In this 

connection the synthetic leather is point wise coated 

with glue (see [1]). A full-wave 3D electromagnetic 

model of the experimental setup was developed to 

explore the influence of the adhesive, covering the 

wrong side of the synthetic leather, on the total 

permittivity. 

The calibration of the system requires the full-

wave 3D electromagnetic field simulation as well. 

Here CST Microwave Studio is used. The calibration 

was made for a full range of the expected dielectric 

properties and thicknesses of the coating material, 

from 0.5 mm up to 2 mm.  

 

3 Results 

Two successive measurements were carried out for 

the dielectric characterization of the double layer 

material. In the first measurement the dielectric 

properties of the synthetic leather without glue was 

characterized. The leather thickness was estimated to 

be about 1 mm (±0.05 mm). The corresponding 

dielectric properties of the measured leather samples 

(both with and without an adhesive layer), which are 

different in color, are presented in Table 1 (Synthetic 

leather (gray), synthetic leather (beige) and synthetic 

leather (black)). 
 

Table 1. Measured dielectric properties 

Material           ϵ’  tanδ 

SL gray     1.87  0.020 

SL beige     1.88  0.021 

SL black     1.89  0.021 

SL+Glue 1 with 2% C     2.05  0.050 

SL+Glue 2 with 2% C    2.07  0.053 

SL+Glue 1 with 4% C    2.13  0.068 

SL+Glue 2 with 4% C    2.11  0.075 

Glue 1 with 2% C    8.04  0.391 

Glue 2 with 2% C    9.04  0.388 

Glue 1 with 4% C  12.05  0.437 

Glue 2 with 4% C  11.04  0.534 

 

Moreover, the effective permittivity of the 

black synthetic leather, covered by different kinds of 

glue, was measured (Table 1, Synthetic leather black 

+ Glue 1 with 2% carbon, Synthetic leather black + 

Glue 2 with 2% carbon, Synthetic leather black + 

Glue 1 with 4% carbon and Synthetic leather black + 

Glue 2 with 4% carbon). The adhesive mass fraction 

was estimated to be about 3.2 weight percent. By 

using the density of the glue, the dot-wise adhesive 

volume was approximated by a homogeneous layer 

with an effective thickness of 0.08 mm. Based on this 

estimated effective glue thickness, the effective 

dielectric properties of the glue was estimated with 

the post processing tool ‘Extract Material Properties 

from S-Parameters’ in CST Microwave Studio (see 

Table 1, glue 1 and glue 2 with 2 and 4 weight% 

carbon blend, respectively) The accuracy of the 

estimated properties strongly correlates to the sample 

thickness. An estimated uncertainty in the calculated 

effective glue thickness of ±12 % leads to a 

measurement error of ± 12 % for the permittivity and 

± 15 % for the loss factor of the glue, respectively.  

 

4 Conclusions 

In the present work, a test set for dielectric 

characterization of thin multilayer materials at 

2.45 GHz was designed. This design is based on a 

TE111 cylindrical resonator with an equatorial slit. 

The full wave numerical simulations enabled the 

calibration of the measuring system in the full range 

of dielectric properties of the materials under test. 

The dielectric properties obtained for synthetic 

leather agree well with the data measured with the 

cavity perturbation approach in a TE104 cavity 

reported in [1]. However, the hot melt permittivity 

evaluated with CST post-processing routine results 

in values which are a factor of 4 higher as compared 

with the ones reported in [1]. This may be explained 

by the different preparation methods of the measured 

samples. In [1] the sample was a compact from dried 

adhesive powder that typically never reaches full 

density, therefore permittivity is underestimated. 

Here errors occurred due to the assumption of an 

effective glue layer. 
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