
  
Current Applied Science and Technology Vol. 23 No. 6 (November-December 2023) 

 

Research article 
________________________________________________________________________________________ 

 

________________________________________ 
*Corresponding author: Tel.: (+66) 25552000  
                                       E-mail: Nampueng.p@sci.kmutnb.ac.th 

1 

Dewetting Behavior of PS-ZnO Thin Film Coated on Ultrathin Au 
Layer Grown on Si Substrate 
 
Nampueng Pangpaiboon1*, Wararak Kotpech1, Thanaboon Ketkaew1, Bancha 
Arthibenyakul1, Natt Klaewklar2, Varisara Chanprasopchai2, Chayatid Sutthi2, 
Komsun Lapawae3 and Kitiphat Sinthiptharakoon3 
 
1Department of Industrial Physics and Medical Instrumentation, Faculty of Applied Science, 
King Mongkut’s University of Technology North Bangkok, Bangkok, Thailand 
2Samsen Wittayalai School, Bangkok, Thailand 
3National Nanotechnology Center (NANOTEC), National Science and Technology 
Development Agency (NSTDA), Phathum Thani, Thailand 
 
Received: 21 September 2022, Revised: 10 December 2022, Accepted: 14 March 2023 
 
DOI: 10.55003/cast.2023.06.23.005 
 
 

 Abstract 
 

Electronic packaging by coating device component surfaces with polymer 
thin film is an important step to protect the components from harsh 
environments. However, along with the device miniaturization to improve 
its performance, scaling down the coating film can cause a decrease in film 
durability. Therefore, the thermal stability of pure polystyrene (PS) and 
zinc oxide-incorporated polystyrene (PS-ZnO) nano-thin films coated on 
gold (Au) layer with different nano thicknesses on Si substrate were 
examined to determine the smallest Au thickness at which the polymer 
films would exhibit optimal stability, and to investigate the effects of the 
Au component on film resistance to thermal dewetting. With the 
requirement of having a transparent and conductive Au electrode, the 
thickness of 20 nm was identified as the optimal value for the Au layer on 
which both the PS and PS-ZnO films could withstand environment 
temperatures at 150oC for up to a few hours while the PS-ZnO film 
exhibited outstanding thermal stability for over 10 days. Such excellent 
durability was ascribed to the physio-chemical framework in which the 
coating film can experience forces from the coated layers which 
potentially affect the mobility of polymer chains. Considering the increase 
of Au content and Au film roughness with increasing Au film thickness 
and realizing the similar surface adhesion forces of these Au layers, 
several possible influences of the Au material on the stability of PS matrix 
were discussed. The findings provide an insight into heat-resistant 
coatings for nano-thin Au layers grown on Si, which may also be of benefit 
in the design and understanding of relevant electronic protection and 
functional polymeric coatings. 
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1. Introduction 
 
Electronic packaging is a manufacturing step performed to protect electronic device components 
such as metallic electrodes on semiconductor substrates from harmful environments, e.g., device 
operation temperatures of higher than 100oC. Among the various protection methods that rely on 
either operation protocol or device structure design, the coating of component surfaces with polymer 
thin film has often been the method of choice due to its low cost, specific weight, and ease of 
fabrication [1]. However, miniaturizing polymer film to nanoscale thickness severely decreases its 
thermal stability. Contact imperfection at the polymer/metal interface leads to hole or void 
formations that can dramatically cause film rapturing at around the glass transition temperature (𝑇𝑇𝑔𝑔) 
of the polymer. This thermal breakdown is known as thermal dewetting [2-7]. The incorporation of 
nanoparticles into polymer matrix is considered as a potential solution due in part to the physical 
interaction between the polymer and the embedded nano-additives which helps reduce polymer 
chain dynamics, and thereby enhancing film stability [8-12]. Various nanoparticles have been 
discovered to  be effective dewetting inhibitors, and examples include silver (Ag) [4], titanium 
dioxide (TiO2) [13], and zinc oxide (ZnO) [14-16]. Previously, we also found that an appropriate 
concentration of ZnO nanoparticles added into polystyrene (PS) nanofilm coated on silicon (Si) 
substrate efficiently suppressed the dewetting of coating film at environmental temperatures of 
higher than100oC [14-16].  

Since a coating film can experience forces from the coated surface (e.g., Debye force and 
van der Waal force) that affect the mobility of polymer chains [17], coating components other than 
the film should also contribute to the suppression of thermal dewetting. Notably, the effect of surface 
energy of the coated layer on the dynamics of added nanoparticles was discussed in 2015 by Roy et 
al. [12] who found that nanoparticle concentration could influence nanoparticle location in the 
polymer film. Additionally, the correlation between the surface energies of coated surface and mixed 
nanoparticles was also reported to play an important role in the dewetting inhibition mechanism 
[16]. Although it is still under debate whether the nanoparticles form an interfacial layer between 
the coated surface and the coating film which improves film stability through the effect of pinning 
contact line [16, 18], or whether they are distributed throughout the film [15], the influence of the 
coated surface is non-negligible. Hence, the consideration of device component parameters together 
with coating film characteristics is useful for packaging design and understanding. 

In this work, the thermal stability of PS and PS-ZnO nano-thin films coated on gold (Au) 
electrode layers of different nanoscale thicknesses deposited on Si substrate is investigated. The 
objective is to identify the smallest nano-thickness of a Au layer on which the polymeric film 
exhibits the optimum resistance to thermal dewetting. The selection of Au is not only because Au is 
an intensively used material as the conducting part in Si-based electronic circuits but also because 
Au can provide additional electronic-based properties (e.g., sensing) to the polymer film via atomic 
diffusion. In fact, both factors benefit from the miniaturization of material dimensions [19-21]. ZnO 
is employed as an additive mainly to improve thermal resistance; however, it also provides the 
possibility of adding other functions to the coating film such as antibacterial activities [22, 23] and 
pH sensing [24], properties for which ZnO is well-known. The difference in nanoscale thickness of 
Au layer was examined based on a physio-chemical framework in which the polymeric coating film 
could experience forces from the Si substrate [17]. The work was particularly focused on Au 
thickness of around 10-20 nm that were optically transparent while electrically conductive, thereby 
allowing the penetration of illuminating light toward the Si base layer [25] and having the potential 
to be used in light-controlled electronic devices such as transistor-based sensor which might require 
a transparent gate [26]. Additionally, the Fermi level of Si, which influences its energy-band bending 
near the surface (i.e., surface potential), was also examined through the variation of Si doping 
concentration. 
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In this work, the thermal dewetting of coating films is compared using optical microscopy 
(OM) and scanning electron microscopy (SEM) data to calculate the percentage of dewetting area. 
Despite the fact that PS and PS-ZnO films on the thicker Au films exhibit the desired thermal 
stability, by considering the above-mentioned criteria of Au layer, a Au film of 20 nm thick was 
identified as the optimal thickness. The PS-ZnO coating film on 20 nm Au has better thermal 
resistance when compared to the coating film on 10-nm Au film. To understand the causes of this, 
topographical data in correlation with the surface adhesion forces of the Au films simultaneously 
acquired using atomic force microscopy (AFM) is analyzed. Together with the surface energies of 
the coating films obtained from contact angle (CA) analysis, the effect of interfacial electronics and 
morphology on polymer chain mobility is discussed. The findings provide insights into the heat-
resistance coating of nano-thin Au layer on Si using nano-thin PS film which can benefit the design 
and understanding of electronic packaging and functional polymeric coatings. 
 
 
2. Materials and Methods 
 
2.1 Materials 
 
Two types of Si wafers, undoped Si (Si1E0) and n-type Si with doping concentration of 1 × 1017 
atom/cm3 (Si1E17), were cut into pieces of 1 cm (width) × 1 cm (length) × 0.5 mm (thickness) in 
size. The substrates were cleaned using sonication for 10 min, separately, in each of the following 
solutions in the order as follows: acetone, de-ionized (DI) water, isopropanol, and ethanol. After 
that, the silicon substrates were dried by blowing with nitrogen gas. The Au target of 99.99% purity 
with 54 mm (diameter) × 0.1 mm (thickness) (Electron Microscopy Sciences) was installed as the 
sputtering target for the Au film growth on Si. PS (Alfa Aesar) having molecular weight of 30,000 
g/mol (PS30K) was used as the polymer matrix. ZnO nanoparticles, which were to function as 
additives, and most of which were of sizes larger than 50 nm, were visualized by transmission 
electron microscopy (TEM) (JEOL JEM-2100Plus) as shown in Figure 1. Toluene (Fisher 
Chemical) was used as the solvent. 
 

 
 

Figure 1. TEM image of ZnO nano-additives (magnification 40,000X) 
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2.2 Gold layer  
 
For the Au layer fabrication, while physical vapor deposition (PVD) and molecular beam epitaxy 
(MBE) techniques were also favorable [27], magnetron sputtering was chosen by considering 
obtainable film quality with strong adhesion to the substrate at relatively low costs [28]. Au nano-
thin layers were grown on the Si substrates using the direct-current (DC) sputtering technique under 
high vacuum (Leica, Mikrosysteme GmbH). The sputtering process was operated at 10-2 mbar under 
18 sccm of argon gas. The deposition rate was 0.05 nm/s. The sputtering deposition parameters are 
shown in Table1. The topography images of the Au layers were acquired using AFM (Bruker JPK). 
Their surface energies were calculated based on contact angle analysis using two types of liquids - 
DI water and diiodomethane. On the basis of Owens and Wendt’s equation as shown in equation (1) 
[29], surface energy (γ) was evaluated. Subscripts S, L, and V represented solid, liquid, and vapor, 
respectively. Superscripts d and h represented the polar and non-polar components while θ is the 
contact angle. The surface energies of water (γwater = 72.7, γd

water = 21.8, and γh
water = 50.9 mJ.m-2) 

and diiodomethane (γdiiodomethane = γd
diiodomethane = 50.0 and γh

diiodomethane = 0 mJ.m-2) were used for the 
calculation. 

 
Table 1. The values of sputtering deposition parameters 

Deposition parameter Value 
Current 30 mA 
Deposition rate 0.05 nm/s 
Base pressure 10-7 mbar 
Operating pressure 10-2 mbar 
Substrate-to-target distance 15-20 cm 

 
2.3 PS and PS-ZnO thin film 
 
PS solution was prepared by mixing PS powder at 0.5 wt.% in toluene solvent. Similarly, the 
suspension of ZnO nanoparticles was prepared by mixing ZnO nanoparticles 0.5 wt.% in toluene 
solvent. To produce the PS-ZnO composite solution, the ZnO suspension was dropped into the PS 
solution at 0.5 wt.% concentration. Ultrasonication was used to homogenize the mixture for 5 min. 
A 0.2 mL droplet of either PS solution or PS-ZnO solution was deposited on the Au layers on Si 
before spin-casting (MTI, VTC-100). Notably, the spin-casting technique has been confirmed to 
provide reproducible production in a short time and at low cost [30]. The spinning rate was 1000 
rpm for 10 s. The PS and the PS-ZnO thin films were then dried at room temperature for 24 h before 
characterization using OM (Olympus, CX31) for morphology checking and CAM for contact angle 
analysis. 
 
2.4 Dewetting behavior 
 
Annealing a polymer film at a temperature higher than its glass-transition temperature generates 
dewetting. Hence, the PS and PS-ZnO thin films coated on the Au layers were heated in a vacuum 
oven (Binder, VD 23) at the temperature of 150°C from 0 to 240 h (10 days), under the pressure of 
5 mbar to check their dewetting behavior. Changes in the surface topographies of the PS and the 
PS-ZnO thin films were observed using an OM and SEM (FEI, Quanta 250). Dewetting areas were 
analyzed, using at least three SEM images per sample in conjunction with an image analysis 

 γLV(1 + cos θ)  =   2 ��γdSVγdLV + �γhSVγhLV� (1) 
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program. Next, the percentage of dewetting area was calculated, as shown in equation (2). A 
schematic diagram of the experiment is shown in Figure 2. 
 

 
 

 
 

Figure 2. Schematic diagram of the experiment 
 
 
 

 % 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =   
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑥𝑥100 (2) 
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3. Results and Discussion 
 
3.1 Morphology and formation of Au layer on Si substrate 
 
Compared with the topographical image of bare Si surface, Figure 3, which shows the topographical 
images of Au layers of different thicknesses on Si1E0 and Si1E17, demonstrates that the Si surfaces 
are fully covered by the Au films. Note that the Au thicknesses were obtained from the thickness 
values displayed on the sputtering instrument which provided approximately the same magnitudes 
as measured using SEM and AFM in our previous work [25]. With decreasing thickness, the Au 
film surface on both Si substrates was revealed to consist of irregular grain shapes which can be 
viewed as labyrinthine structure [31]. Considering that the morphological characteristics of the 
coated surface can help stabilize the polymer chains of coating film (e.g., PS film), this disordered 
surface configuration could increase chain pinning and thereby enhance the resistance of the coating 
film to thermal dewetting. However, it is noteworthy that the thicker the Au film is, the rougher the 
Au film surface becomes, regardless of Si doping concentrations. The roughness parameter (R) may 
be more involved in the dewetting inhibition. 

Notably, for each Au thickness, the Au films on Si1E0 exhibit slightly smoother surfaces 
than the Au films on Si1E17. Moreover, for each thickness of less than 30 nm, smaller Au cluster 
sizes and shorter inter-distance between the clusters are observed in the cases of Si1E0 compared to 
the cases of Si1E17. This observation implies that the Au layers on Si1E0 experience less attractive 
interaction from the Si surface than those Au layers grown on Si1E17 [32]. This suggests the effect 
of Si substrate potential related to Si Fermi level and thereby Si doping concentration. Despite the 
Si effect on the formation of Au layers, the consideration of the surface adhesion force of the Au 
films which shows independence of Au film thickness suggests that the potential influence from Si 
would not have a significant impact on the surface of these Au films. Moreover, referring to our 
previous work that showed that the Au film of as thin as 10 nm on the Si substrate is conductive 
[25], the samples with 10-nm and 20-nm Au thicknesses will be considered onwards. The selection 
is based on the criteria that the obtained Au layer should be optically transparent while being 
electrically conductive. 
 
3.2 Morphology and composition of As-cast PS and PS-ZnO thin films 
 
Figure 4 shows the PS and the PS-ZnO film thicknesses coated on those Au layers grown on Si 
substrates. It is obvious that polymer film thickness increases from ~ 9 nm to ~ 18 nm when the Au 
layer thickness decreases from 20 nm to 10 nm. Notably, the polymer thickness on 10-nm Au layer 
is comparable to that on bare Si. Recalling that the interactions from the supports including Si and 
Au may affect the mobility of polymer chains, the thinner polymeric coating film should possess 
superior thermal stability to the thicker film. The consideration indicates that the PS films and the 
PS-ZnO films on 20-nm Au layer should exhibit stronger resistance to thermal dewetting than these 
films on 10-nm Au layer.  

After resting the polymeric coating films at room temperature for 24 h, the films were 
inspected using the OM technique. Figure 5 shows the OM images of the PS and the PS-ZnO films 
coated on Si1E17, Si1E17_Au10nm (i.e., Si1E17 coated with 10-nm Au layer), and 
Si1E17_Au20nm (i.e., Si1E17 coated with 20-nm Au layer). Obviously, these coating films present 
smooth and homogeneous surface without holes, except for the case of PS film on Si1E17_Au10nm 
(Figure 5 (C)). Note that the occurrence of hole spots was also observed for the PS film on 
Si1E0_Au10nm (data not shown). Thus, the 10-nm Au layer was discarded for PS coating; however, 
it remained in competition for the PS-ZnO coating. The search for the cause of these spots involved  
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Figure 3. AFM topography images of Au films of different thicknesses on Si1E0 and Si1E17. 
Parameter R at the bottom-right corner of each image represent surface roughness. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Thickness of the PS and the PS-ZnO films coated on the Au layers on Si. The PS and 
the PS-ZnO film thicknesses on bare Si are also shown for reference.     
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Figure 5. OM images of as-cast PS and PS-ZnO films on Si1E17, Si1E17_Au10nm, and 
Si1E17_Au20nm substrate (500X magnification) 

 
the use of SEM and EDX. The results are depicted in Figure 6. Based on the acquired data revealing  
that the chemical compositions of the spot areas (the red-color spectrum in Figure 6 (B)) and the 
smooth areas of film surface (the blue-color spectrum in Figure 6 (B)) were not significantly 
different, there were no impurities or other compounds formed during film preparation. As a result, 
the spot could have been correlated with an interfacial structure formed between the bottom surface 
of the PS film and the top surface of the 10-nm Au layer. 

 

 
 

Figure 6. (A) SEM topography image with (B) energy-dispersive X-ray spectroscopy (EDX) 
analysis of as-cast PS film on Si1E17_Au10nm (5,000X magnification). The red-colored spectrum 

and the blue-colored spectrum are related to the spot and the smooth areas of film surface. 
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3.3 Surface energies 
 
Before heating to test the thermal resistance of the coating films and to investigate dewetting 
inhibition dynamics, the surface energies of the Au layers on Si and the surface energies of PS layers 
coated on the Au layers were estimated. The necessity is associated with that the annealing 
temperature and time duration not only reduce the surface energy of polymeric coating film but also 
decrease the interface energy between the film and the substrate, which induces thermal dewetting 
[33]. Herein, the wetting analysis was used to calculate surface energy based on both the dispersive 
components (γd) and the polar components (γh). At least 3 areas of each sample surface were 
examined by applying a drop of 0.2 mL of DI-water and a drop of 0.2 mL diiodomethane to each 
area and then measuring the contact angles between each sample area surface and the droplets. 
Surface energy was calculated using Owens and Wendt’s method, and the constant values of water 
and diiodomethane surface tensions were utilized. The results are summarized in Table 2 and Figure 7. 
 
Table 2. Calculated surface energies and the related components 

Material 
𝛉𝛉 water  

(°) 
𝛉𝛉 diiodomethane 

(°) 
𝛄𝛄𝐬𝐬𝐬𝐬𝐝𝐝  

(mJ/m2) 
𝛄𝛄𝐬𝐬𝐬𝐬𝐡𝐡  

(mJ/m2) 
𝛄𝛄𝐬𝐬 

(mJ/m2) 

Si1E0_Au10nm 79.64±2.62 46.39±0.81 35.69 4.42 40.11 

Si1E0_Au20nm 81.97±4.09 44.63±2.50 36.62 3.41 40.03 

Si1E0_Au10nm_PS30K 89.19±0.44 27.64±0.83 44.46 0.57 45.03 

Si1E0_Au20nm_PS30K 88.48±0.58 31.14±1.40 43.05 0.88 43.93 

Si1E17_Au10nm 78.11±7.79 40.66±1.02 38.66 4.31 42.97 

Si1E17_Au20nm 76.85±4.16 40.48±2.30 38.75 4.75 43.50 

Si1E17_Au10nm_PS30K 90.38±0.57 23.80±1.50 45.84 0.40 46.24 

Si1E17_Au20nm_PS30K 90.68±1.70 27.45±1.66 44.53 0.45 44.98 

 

 
Figure 7. A plot of surface energies of sample surfaces, in which the fractions of contribution 

from dispersion component and polar component are depicted.  
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In the case of both 10-nm and 20-nm Au, the Au layer on Si1E0 shows a slight decrease in 
surface energy compared to the Au layer on Si1E17. The surface energy is ~ 40 mJ/m2 for Au on 
Si1E0 while it is ~ 43 mJ/m2 for Au on Si1E17. Intriguingly, for each Si doping concentration, the 
rougher Au film surface related to thicker Au film (i.e., 20 nm) possesses approximately the same 
surface energy as the smoother Au film surface related to the thinner Au film (i.e., 10 nm). 
Moreover, for each Au thickness, the rougher Au film on Si1E17 provides higher surface energy 
than the smoother Au film on Si1E0. Such observations suggest that roughness alone cannot 
describe the variation in surface energy of Au inter-layer and the corresponding thermodynamics of 
the polymeric coating film [34, 35].  

Notably, such variations of surface energy remain the same when coated with PS although 
the improvement of surface energy is achieved for all the samples (i.e., increasing from ~ 40 mJ/m2 
to ~ 44 mJ/m2 when coated on Au layers on Si1E0 and from ~ 43 mJ/m2 to ~ 45 mJ/m2 when coated 
on Au layers on Si1E17). However, despite the increased surface energies when coated with PS, the 
water contact angles on the PS films appear larger while those of the diiodomethane droplet are 
smaller compared to the angles on Au layers, which can be attributed to the contribution from the 
increased dispersive component and the decreased polar component. Note that since the fraction of 
polar component significantly decreases when coated with PS, the influence of Au related to the 
polar component on the thermal dewetting suppression of polymeric coating films is suggested [14]. 
It should be noted from our previous study that the addition of ZnO into PS does not change the 
surface energy of the polymer film, for which the surface energy of PS-ZnO for PS30K was ~ 45 
mJ/m2 [16].  
 
3.4 Dewetting behaviors 
 
After heating at 150oC for 3 h in a vacuum oven chamber, dewetting holes are observed throughout 
the surface of both PS and PS-ZnO films coated on bare Si substrates (i.e., the reference templates). 
On Si_Au10nm, while the PS-ZnO coating shows thermal stability, a number of small holes are 
observed throughout the PS film. However, with the presence of the 20-nm Au interlayer, both 
coating formulas (i.e., PS and PS-ZnO) produce durable coating films. The increase of the annealing 
time to 144 h, and the evolution of the coating films are shown in Figure 8, which showed images 
taken by SEM at the magnification of 10,000X.  

It is obvious that the dewetting holes of PS and PS-ZnO films on bare Si substrates are 
enlarged. While the longer heating time boosts the dewetting of PS film on Si_Au10nm substrate, 
it also generates dewetting holes in the case of the PS-ZnO film on Si_Au10nm and the PS film on 
Si_Au20nm. Interestingly, there is still no sign of film rapturing for PS-ZnO on Si_Au20nm. The 
results indicated that while the addition of ZnO nanofillers can efficiently suppress the thermal 
dewetting of PS thin films, the Au sheets also contribute to the stability. For instance, regarding the 
use of PS-ZnO as the coating film to protect transparent Au areas on Si substrate, scaling down the 
thickness of the Au material to 20 nm not only provides the desired Au properties (i.e., transparency, 
conductivity, and low consumption of material) but also efficiently enhances the stability of the 
polymeric coating film. Note that these effects occur for both Si1E0 and Si1E17 substrates.  

For quantitative comparison, the calculated percentage of dewetting area of each sample is 
illustrated in Figure 9. Compared to the dewetting percentages of the PS and PS-ZnO films on bare 
Si, the effectiveness of 10-nm Au layer to suppress the thermal dewetting is about 10 times for PS 
coating and about 5 times for PS-ZnO coating. However, the use of 20-nm Au layer can reduce the 
dewetting percentage by about 14 times for PS coating and to infinity for PS-ZnO coating. The latter 
is due to the fact that no dewetting occurs for the PS-ZnO coating film when using the 20-nm Au 
layer.  
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Figure 8. SEM topography images of PS and PS-ZnO thin films on Si1E17, Si1E17_Au10nm, 
and Si1E17_Au20nm after annealing at 150oC for 144 h (10,000X magnification). 
 

 
 

Figure 9. Percentages of dewetting area of PS and PS-ZnO thin films coated on various substrates 
after annealing at 150°C for 144 h. 
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To further test the superior dewetting inhibition of the PS-ZnO film on 20-nm Au layer, 
the samples were heated further at 150°C until 240 h. While the dewetting holes grow in size and 
number with the heating time for the other coating structures, the PS-ZnO film coated on the 
Si_Au20nm substrate remains smooth and continuous as shown in Figure 10. Such thermal 
durability confirms that the dimensional characteristic (i.e., thickness) of the coated Au layer has a 
significant impact on the stability of the coating polymer film. Considering the use of PS-ZnO to 
coat transparent Au areas on Si substrate, miniaturizing Au layer thickness to around 20 nm is 
preferable. 

 

 
 

Figure 10. SEM topography images of (A) PS on Si1E0, (B) PS on Si1E0_Au20nm and  
(C) PS-ZnO on Si1E0_Au20nm after annealing at 150°C for 240 h (10,000X magnification). 

 
The thermal dewetting resistance of the polymeric coating films can be attributed to 

various factors. Firstly, it can be ascribed to Au film roughness which increases with Au film 
thickness since the polymer film is more stable when using thicker Au films. However, the 
increment of roughness due to the increase in Si doing concentration does not likely enhance the 
coating stability. Accordingly, the parameter describing the dewetting inhibition enhancement does 
not appear to be the morphological characteristic (i.e., roughness). Other factors such as chemical 
bonds and polar forces associated with the dominant (111) orientation of Au film can also contribute. 
Electronically, considering that the 20-nm Au film possesses higher content of Au than the 10-nm 
Au film, a higher density of free electrons can be expected along the Au surface. The intensified 
surface potential probably more strongly attracts the positive polar points in the polymer matrix. 
Notably, since the coating stability does not improve with Si doping concentration, the internal 
electric potential due to band bending in the Si layer is unlikely to contribute to polymer chain 
dynamics. Assuming that all influences from the coated Au layer are identical for the examined Au 
thicknesses, the thickness of the polymer film can also be a crucial parameter due to the length of 
the interfacial interactions. 
 
 
4. Conclusions 
 
This work reported the examination of thermal stability of PS films and PS-ZnO films coated on Au 
nano-layer with different thicknesses on Si substrate to determine the smallest Au film thickness at 
which the polymeric coating films exhibited the optimal resistance to thermal dewetting. The effect 
of the Au component on the inhibition of thermal dewetting was also discussed. On the basis that 
requires transparent and conductive Au electrode, 20-nm Au film was identified as the optimal Au 
layer on which both PS and PS-ZnO films were stable at the environment temperature of 150oC for 
up to 3 h. However, it was the PS-ZnO film that showed outstanding thermal stability for up to 240 
h. Such excellent durability was attributed to the physical-chemical concept that the coating film 
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could experience various forces from the coated layers that affected the mobility of polymer chains. 
Considering the increase of Au content and Au film roughness with increasing Au film thickness 
together with the realization of their similar surface adhesion forces, the possible influential 
parameters of Au material on the stability of PS matrix were discussed. The findings not only 
provide insight into heat-resistant coating for Au layers grown on Si but can also be of benefit in the 
design and understanding of relevant electronic protection and functional polymeric coating. More 
specifically, the research findings should be of benefit in the miniaturization of devices to improve 
performance as well as the concurrent scaling-down of coating films. 
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