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Introduction 

In a feasibility study, experiments were carried out for the deposition of metallic thin films 

on wood, wood-based materials and paper surfaces using PVD (Physical Vapour Deposi-

tion). The aim of the study was to produce an electrically conductive film on different sub-

strates by means of magnetron sputtering, whereby the focus of the possible application 

was on the integration of electronic components in wood and wood-based furniture ele-

ments. 

Plasma and ion-assisted PVD technologies are widely used in various application areas of 

thin-film deposition. With these methods, besides other film and surface properties, good 

film adhesion, high film density and hardness, as well as low surface roughness can be 

achieved [1], [2], [3]. In the magnetron sputtering process, surface atoms and molecules 

of the target (metals, alloys) are physically ejected from a solid surface by momentum 

transfer via an energetic bombardment of gaseous ions. Magnetron sputtering normally 

runs at a gas pressure of between 10-4 and 10-2 mbar in a vacuum sputtering facility. In the 

deposition of metallic thin films, targets such as molybdenum, tungsten, titanium, silver, 

and argon as process gas are used [4], [5]. 

Experimental 

For the examinations commercially available medium density fibreboards (MDF, type Eg-

ger MB, thickness 19 mm), European oak timber, WPC materials (wood plastic composites 

of 70% wood flour and 30% polypropylene, thickness 6 mm) and paper samples (kraft 

paper Mondi Advantage Speed natural brown 80 g/m²) were used. 

Thin film-deposition by PVD processes 

The PVD deposition of the molybdenum layer on the different, wood-based substrates was 

carried out by means of magnetron sputtering using the following process parameters:  

(a) Target material molybdenum, (b) pressure in the range between 10-2 and 10-1 mbar, (c) 

target power density 3 W/cm², (d) voltage in the range between 200 V and 400 V, (e) tem-

perature below 50 °C and (f) DC frequency mode. 
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Characterization of the metallic thin films 

To investigate the adhesion properties of the PVD films on the various substrates, cross 

cut tests according to ISO 2409: 2007 were performed. Due to the limited sample size and 

the small thickness of the metal layer, the tests were carried out manually with a cutter. 

The optical examination of the sections was made with a Zeiss Stemi 2000-C, KL 1500 

LCD stereomicroscope. The investigation of the morphology of the layer structure and the 

thickness of the PVD layers were carried out by scanning electron microscope (JEOL 

7610F, University of Innsbruck). The prepared samples were fixed on a 45°-SEM sample 

holder prior to the test and then coated with a thin layer of gold (10 nm) to avoid charging 

of the samples during the measurement. 

The electrical resistance measurements of the uncoated samples were performed in ac-

cordance with DIN EN 61340-2-3: 2015-04; VDE 0300-2-3: 2015-04 using a Tera Ohm-

meter (Tera Ohmmeter TO-3 from H.-P. Fischer Elektronik GmbH & Co). A guard ring 

electrode was placed on the substrates and the surface electrical resistance was deter-

mined (absolute value). The PVD-coated samples had very low electrical resistances that 

could not be measured with the Tera Ohmmeter. Therefore, the electrical resistance meas-

urements of the PVD-coated samples were performed using a multimeter (FLUKE 175 

True RMS). 

As a further analytical method for evaluating the electrical conductivity of the PVD coated 

materials, a circuit was assembled using a microcontroller board (Bare Conductive, Touch-

Board) with touch and capacitive proximity switching function. 

 

Prototype of an electrically conductive, wood-based laminate board 

Finally, a prototype of a wood-based laminate board with integrated conductive layer was 

produced. The laminate board was realized using a chipboard as a base plate, with the 

molybdenum-coated paper as a functional intermediate layer and a walnut veneer as a top 

layer. To bond the individual laminate layers, a 2-component epoxy system (SICOMIN 

SR1280 / SZ8525, Time Out Composites) was used. The resin system (amount of 

140 g/m2) was applied directly to the materials and spread evenly with a squeegee, remov-

ing excess resin. The laminate was then pressed in a laboratory press (SUT-PUK 1600 

from Svoboda) at a temperature of 100 °C for 10 minutes at a specific pressure of 3 bar. 

Results 

PVD coating on the wood-based materials 

The results of the metallic thin-film deposition on the different, wood-based materials by 

means of magnetron sputtering are shown in Figure 1. On all tested materials, a homoge-

neous molybdenum layer could be deposited on the surfaces. The individual surface to-

pographies of each sample were retained. The coated MDF and paper samples had 

smooth surfaces, while the "open-pored" oak wood sample exhibited a three-dimensionally 

textured surface due to the small holes. Also, the irregularities of the WPC surface caused 

by the extrusion process remained visible. 
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Fig. 1: Images of uncoated and coated samples (a) WPC uncoated and (b) WPC coated with molybdenum, (c) 
MDF uncoated and (d) MDF coated with molybdenum, (e) oak wood uncoated and (f) oak wood with mo-
lybdenum coated, (g) paper samples uncoated and (h) paper samples coated with molybdenum 

To test the adhesion properties of the molybdenum layer on the various substrates, cross 

cut tests were carried out and analyzed using a microscope. During the experiment, no 

irregularities in the cross cut tests or delaminations could be detected. The adhesion was 

good for all samples. 

   

Fig. 2: Picture left: SEM image of the molybdenum-coated oak sample (250x magnification); Picture right: Deter-
mination of the thickness of the molybdenum layer on the oak sample by means of SEM (25.000 magnifi-
cation) 

From the images of the scanning electron microscope (SEM), it is apparent that the PVD 

layers cover the wood-based material surfaces in a closed manner (Figure 2). Cracks in 

the layer were mainly caused by the sample preparation. The thicknesses of the deposited 

molybdenum layers were determined in the SEM images at a magnification of 25.000 

times. On average, layer thicknesses of about 300 nm were measured. Figure 2 shows a 

representative sample for the determination of the PVD layer thickness on the oak sample. 

Electrical conductivity of the thin films 

To determine the electrical conductivity, the resistance of the thin films was measured by 

means of an ohmmeter. Table 1 shows the results of the resistance measurements of the 
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substrates before and after coating. The electrical resistance values of the uncoated ma-

terials showed common high values of about 3*109 ohms for wood to about 8*1012 ohms 

for WPC. After PVD coating, the values decreased significantly and ranged from 1*102 to 

1*103 ohms. 

Table 1: Resistance values of the uncoated samples before coating (notation R1); Resistance values of the molyb-
denum-coated samples (notation R2) 

Material R1 [Ω] R2 [Ω] 

WPC 8 * 1012 227 ± 21 

MDF 5 * 1011 1010 ± 113 

oak 3 * 109 1200 ± 173 

paper 2 * 1011 320 ± 17 

 

The reason for the different resistance values after coating could result from the surface 

topography of the substrates ("non-porous", "open-pored", "diffusely porous", etc.) or from 

the deposited layer thickness and its distribution that vary between the different substrates 

and can cause measurable differences in conductivity. This still needs to be verified. 

Furthermore, the electrical conductivity of the thin films was tested using a microcontroller 

board with touch and capacitive proximity switching function. For all coated materials, the 

assembled circuit worked in both the touch and capacitive proximity function. This was 

indicated optically by an LED lamp and by an audible signal via loudspeaker. As a repre-

sentative example, the switching functions of the molybdenum-coated paper sample are 

shown in Figure 3. 

 

Fig. 3: Circuit with microcontroller board and molybdenum coated paper (a) in standby mode, (b) touch operation 
and (c) capacitive proximity function. The switching function is indicated by the illumination of an orange 
LED lamp and an audible signal via the loudspeaker 

Prototype of an electrically conductive wood-based laminate board 

In this study, a prototype of an electrically conductive particleboard was successfully pre-

pared by interlaminating a molybdenum-coated paper (Figure 4). The use of epoxy resin 

as an adhesive resulted in a compact laminate composition with good bonding properties. 

After lamination, no significant increase in the electrical resistances of the molybdenum 

layer was detected. The influence of the bonding and pressing process on the conductivity 

was therefore negligible, but should be confirmed in further experiments on samples on a 
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pilot plant scale. The conductive laminate board worked reliably in both the touch and ca-

pacitive proximity functions. 

 

Fig. 4: Prototype of a laminate board with integrated, electrically conductive molybdenum layer, which was depos-
ited on a paper sample by PVD process 

Summary and Outlook 

The present study investigated whether PVD processes are suitable for the deposition of 

thin metal layers on wood and wood-based materials, with the aim of integrating such con-

ductive layers into furniture components. Using magnetron sputtering molybdenum layers 

with thicknesses of about 300 nm could be successfully deposited on the wood-based sub-

strates. The metal layers exhibited good adhesion to all substrates, a homogeneous sur-

face topography, and excellent conductivity properties. A prototype of an electrically con-

ductive laminate board with integrated molybdenum layer was successfully realized. 

Subsequent studies will include the design and manufacture of conductive laminates in 

original or component size by adjusting the PVD process accordingly. For this purpose, 

different laminate compositions are developed and tested by interlaminating a conductivity 

layer in accordance with the customer requirements of the wood and furniture industry. 
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