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Abstract— ALD can be used in medical technology to 

produce thin and stable protective coatings. For example, 

such coatings can be used as tarnish and oxidation 

protection for silver electrodes used in high-frequency 

surgery. For the investigation of the pretreatment method, 

platelets of sterling silver were used instead of silver electrodes. 

Three methods were used to pretreat the silver substrates. The 

first pretreatment method is cleaning with acetone and 

isopropanol. In the other two, the samples are additionally 

cleaned with a phosphoric acid etching mixture or citric acid. 

The pretreated substrates were coated using the atomic 

layer deposition method. 45 nm of aluminum oxide was 

deposited on the silver samples, followed by another 45 nm 

of titanium oxide. Subsequently, the samples were autoclaved 

in order to check the clinical routine and the reusability. 

The results show a significantly improved adhesion in 

contrast to samples that were not cleaned. The layer no longer 
flakes off the silver substrate. Nevertheless, small blisters 

appear on the protective layer after autoclaving. These 

indicate that the layer is weakened by the stress. 

I. INTRODUCTION

In medical technology, atomic layer deposition (ALD) is 
increasingly used, as it allows the production of very thin yet 
stable protective layers. For example, such layers can be 
used as a tarnish protection and oxidation protection for 
silver electrodes used in high-frequency surgery. Silver 
dissipates heat 50 times better than stainless steel, which 
is why the high frequency (RF) electrodes  are made of 
silver. This can prevent overheating and thus the adhesion 
of tissue . It is a reusable part that can be used up to 100 
times. The layers should be able to withstand sterilization 
methods such as autoclaving and alkaline cleaning. [1] 

Optimum adhesion of thin films to substrates is an 
important factor in the coatings industry. This can 
improve the mechanical behavior and performance of the 
coated components. A number of studies have been 
conducted to investigate the adhesion mechanism and to try 
to establish an effective adhesion evaluation method. [2-5] 

Therefore, an investigation of different pretreatment 
methods will be carried out and their influence on adhesion 
and coating durability will be shown. Different pretreatment 
methods can improve adhesion, for example plasma 
pretreatment or chemical cleaning. In this report, 
pretreatment methods based on acids are selected to improve 
the adhesion of the ALD layer on silver. [2-5] 

II. MATERIALS AND METHODS

Sterling silver plates were used to investigate the 
pretreatment methods. This is an alloy of 92. 5% silver and 
7.5% other metals, usually copper. The plates have the 
dimensions of 15x15 mm2 and a thickness of about      
1 mm. Also, two different processed silver substrate types  
were used. The annealed specimen which appears rather dull 
and resembles a conventional silver electrode of RF 
surgery and the rolled specimens, which have a highly 
reflective gloss surface. These samples were chosen because 
they are easier to characterize, and the analyses of the 
coatings are easier to carry out. 

Three methods were used for the pretreatment of the silver 
substrates. Six annealed and six rolled samples were used for 
each method. The first pretreatment method is cleaning the 
silver substrate first in acetone and after that in isopropanol. 
The substrates were placed in a holder (Figure 1) and 
immersed in a beaker with acetone or isopropanol. This 
beaker was put into an ultrasound machine “Sonica 1200M 
S3 Ultrasonic Cleaner” and the substrates were cleaned for 
10 minutes. After each cleaning step, the silver substrates 
were blown dry with nitrogen. 

The second pretreatment method was cleaned again with 
acetone and isopropanol. In addition to this step, the 
substrate was also treated with a phosphoric acid etching 
mixture for 5 minutes. This etching mixture is “PWS 
80-16-4 (65) PURANAL®”, which consists mostly of 
phosphoric acid (>90%) and a small portion of nitric acid 
(<4%). Before use, 200 g of this etching mixture was mixed 
with 200 g of distilled water. The resulting mixture was 
heated to 40 °C to increase the reaction rate. The substrates 
were exposed for 5 minutes in this mixture and then 
thoroughly rinsed with distilled water and blown dry with 
nitrogen. 

In the third pretreatment method, the substrates were again 
cleaned with acetone and isopropanol and then treated with 
citric acid for 5 minutes. 30 g of powdered citric acid were 
dissolved in 300 ml of distilled water under stirring at 25°C. 
After 5 minutes in the citric acid, the substrates were 
thoroughly rinsed with distilled water and blown dry with 
nitrogen. 

Figure 1: Holders of substrates for pretreatment 



The pretreated substrates were coated using ALD. The 
coating was done with the “myplas2014 III ALD” system. 
The coating temperature was 100°C and the power of the RF 
Plasma was 150 W. The substrates were blown off with 
nitrogen and loaded into the coating chamber. Before the 
ALD coating, 30 minutes were waited to heat the substrates 
sufficiently. 45 nm of aluminum oxide was deposited in 600 
cycles. Trimethylaluminum (TMA) was used as a precursor 
and oxygen plasma as a coreactant. Subsequently 45 nm 
titanium oxide was deposited on the aluminum oxide in 1125 
cycles. For this purpose, titanium isopropoxide (TTIP) was 
used as a precursor and oxygen plasma as a coreactant. In 
addition, small silicon wafers were coated in the process to 
verify the applied layer thickness by means of 
profilometry. The substrates themselves were fixed on the 
substrate holder with kapton tape, shown in the figure 2. 
This ensures maximum contact, which is important for 
the heat transfer from the tempered substrate table to the 
substrate. Parts of the substrate were masked so that the 
difference to the uncoated side could be generated. 

Figure 2: Masked silver substrate at the preheating table 

To test the protective coating properties, the coated 
substrates were autoclaved several times. For each 
pretreatment method and each silver type, 3 substrates 
were used. One for one cycle, three cycles and five cycles. It 
should be checked whether these layers can withstand the 
clinical routine of autoclaving and whether they break down 
during a certain number of autoclaving cycles. The substrates 
were placed in a petri dish for autoclaving. The autoclave 
process was performed with the autoclave “MultiControl by 
CertoClav”. The substrates were sterilized for 15 minutes at 
121°C and 1 bar. This corresponds to a standard autoclave 
procedure. A complete process of autoclaving with heating, 
deaeration, sterilization and cooling down took about one 
hour. This process would be repeated for the substrate 1, 3 or 
5 times. 

In order to verify the layer thickness of the ALD process, 
the SI wafer pieces were measured on the profilometer 
“Alpha-Step 500 Surface profile by Tencor”. With each 
coating, 2 wafer pieces were masked and coated. Three 
measurements for the layer thickness were carried out on each 
piece.  

In addition, all silver substrates, without autoclaving and 
with 1, 3- or 5-times autoclaving, were analyzed and 
evaluated under reflected light microscope VH-S30B by 
Keyence. REM images were also made of some samples. 

III. RESULTS & DISCUSSION

The measurement of the film thickness shows  good and 
regular film thickness across all different pretreatment 
methods. Number 1 is the treatment with acetone and 
isopropanol. Number 2 is phosphoric acid and number 3 & 4 
is citric acid treatment. According to ALD parameters, the 
selected film thickness should be around 90 nm. This could be 
confirmed by the measurement with the profilometer. The 
mean values for all treatments are 95 nm ± 5 nm which 
indicates a nreliable and accurate coating process. The 
standard deviation shown as an error bar chart does not indicate 
a large scatter in the measured values. 

Figure 3: Thickness of the layer in nm for different pretreatments 

The silver substrates treated with the first 
pretreatment method show a conformal and defect-
free layer after coating and before the first 
autoclaving. (Figure 4). After the first autoclaving, small 
blisters appear on the protective layer. This effect is further 
enhanced after autoclaving 3 and 5 times. In addition small 
microcracks appear on the surface (Figure 5). But the layer 
still exhibits very good adhesion. 

Figure 4: Silver annealed with pretreatment acetone and isopropanol 
initial without autoclaving 



Figure 5: Annealed silver  with pretreatment acetone and 
isopropanol, autoclaved three times

In the second pretreatment method, a phosphoric acid 

etching mixture is used. Again, blisters are formed after 

autoclaving. Compared to the first pretreatment, there are 

significantly fewer blisters and no microcracks (Figure 7). 

This suggests that the adhesion of the coating is better 

than with the first method.  

Figure 6: Annealed silver with pretreatment acetone and 
isopropanol and phosphoric acid initial without autoclaving 

Figure 7: Annealed silver with pretreatment acetone and 
isopropanol and phosphoric acid, autoclaved three times

Similar results are obtained with the third pretreatment 
method, citric acid. Autoclaving also creates small blisters 

on the surface, which indicates a deterioration of the coating 

properties (Figure 8 and figure 9). 

Figure 8: Rolled silver with pretreatment acetone and 
isopropanol and citric acid initial without autoclaving 

Figure 9: Rolled silver  with pretreatment acetone and isopropanol 
and citric acid, autoclaved five times 

The deposited layers on the silver substrates show no color 

change on the substrate directly after the coating process. This 

effect is also intentional. After autoclaving, differences can be 
seen (Figure 4 and figure 10). This effect of tarnishing of 

the uncoated side of the silver sample also increases with 

the time it is exposed to the atmosphere (Figure 10). 

Figure 10: Silver annealed with pretreatment acetone and 
isopropanol 5 times autoclaving after 2 months in the atmosphere 



IV. CONCLUSION

All pretreatments show similar results and good conformal 

coatings before autoclaving. The number of blisters increases 

with each autoclaving process. Strongest increase of blisters 

is observed with the first autoclaving process. After 

autoclaving three or five times, the images and the 

number of bubbles change very slightly. All layers adhere 

very well to the silver substrate but get some defects due to 

autoclaving. 
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