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Application in Electronics industry  

This technical note introduces applications of Contact Angle 
Analyzer in electronics industries. 
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Introduction 

In electronic manufacturing, multiple materials are involved to be bound, adhered to, or 

conjunct to each other. It could be either permanently or for a process step. Regardless 

of which types or scale the manufacturing sector is dealing with, cleanness and adhesion 

need to be reliable and repeatable to yield a good product quality. On the technical 

note, we will introduce the application of Contact angle analyzer (VCA) in electronic 

industries, with particular emphasis on the applications of silicon wafer processing, 

lithography, and printed circuit board (PCB).  
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Quality control of wafer cleanliness with water 

contact angle 

The surface hydrophobicity of a silicon wafer is important in many applications. For 

example, the silicon hydrophilic property plays an important role in the process of 

direct wafer bonding, silicon-on-insulator (SOI) products, silicon-based sensors, 

biochemical systems, and microelectronics-mechanical systems (MEMS) [1]–[3].  

A silicon surface is hydrophilic because the silicon surface is generally covered by a thin 

native oxide layer, which links many silanol (Si-OH) groups, which tends to adsorb one 

or two monolayers of water on top. The native silicon oxide (SiO2) on a silicon surface 

could be formed in the presence of water molecules. This might be due to the 

extraction of moisture or the polymerization of Si-OH on the surface. These singular 

and associated –OH groups are relatively stable on a silicon dioxide surface, and hard 

to remove via a heating process. 

Nevertheless, a variety of methods could be utilized to remove the native oxide on the 

silicon surface, and consequently the wettability on the silicon surface. The silicon wafer 

cleaned using a piranha solution is hydrophilic, but the silicon wafer cleaned by an HF 

solution is hydrophobic, and the hydrophilicity could be restored after a long time of 

exposure to moisture or by a plasma activation treatment. Therefore, A simple way to 

evaluate the hydrophobicity of a surface is to measure the contact angle of a water 

drop, as shown in Figure 1(a) [4]. Various contact angles are exhibited in Fig. 1(b)–(e), 

in which the hydrophilicity of the silicon wafer results from singular and associated –

OH groups [1].  
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Understanding the relationship between wafer cleanness and contact angle is critical 

when it comes to large-scale industrial applications. The procedure begins with the 

formulation of a silicon ingot that gets sliced into extremely thin, highly-polished wafers 

about 1/40 th of an inch thick and usually 6-12” in diameter. The wafers are prepared 

for photolithography through a series of polishing, chemical etching, heating, and rinsing 

steps. These are used to clean the silicon of particulate, moisture, and organic impurities 

that could get in the way of the wafer bonding with the photoresist, vital to the 

photolithographic process. One of the most critical requirements is surface cleanliness. 

Figure 1 (a) Diagram showing the contact angle measurement method. (b) Image of the 
contact angle of a water drop on a wafer surface that has gone through an oxygen 
plasma treatment for three minutes. (c) Image of the contact angle of a water drop on a 
silicon wafer in a vacuum for 2 h after the piranha cleaning. (d) Image of the contact 
angle of a water drop in a vacuum for 96 h after the piranha cleaning. (e) Image of the 
contact angle of a wafer drop in a vacuum for 96 h after the HF solution cleaning. (Graph 
adapted from Ref [4]) 
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RCA cleaning is the standard cleaning method for silicon wafers before processing. The 

purpose of the cleaning is to discard all unwanted material or particles from the surface, 

such as dust, oil, or silicon particles, etc.  

The cleaning steps are divided into two; RCA1 and RCA2. RCA1 will remove any 

organic contamination whereas RCA2 takes care of the ionic and metallic 

contamination. As mentioned earlier, dilute hydrogen fluoride (HF) solution is often 

used in between to remove the thin oxide layer. In practice, water break tests (see 

figure 2) are commonly used to check the status of the surface after the cleaning 

procedure, and the water contact angle measurements offer a traceable and 

quantitative way for the quality control of wafer cleanness [5]–[7]. 

 

 

 

 

 

Figure 2:: The water break test can detect contamination by oil and other hydrophobic 
contaminants on hydrophilic substrates (Ref: [5]). 
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The contact angle for the photolithography 

process 

Creating the intricate features on the wafers typically requires the use of a multi-step 

process called photolithography, a printing method where UV light is illuminated to 

transfer patterns onto a photosensitive surface. However, silicon itself is not 

photosensitive so a material called a photoresist is applied to the surface of the silicon. 

The application of a photoresist film requires a strong bond between the photosensitive 

coating and the silicon substrate; therefore, proper photoresist adhesion is one of the 

most important factors for the successful lithographic process. loss of adhesion in the 

development or etching process will result in patterning errors that are fatal for the 

device being manufactured.  

Hexamethyldisilazane (HMDS) is often used before the application of the photoresist. 

However, if the Si-OH layer on the surface is not completely removed before the 

photoresist application, there is a risk of complete delamination of the photoresist 

during subsequent development or chemical etching processes.  In a standard process, 

a hydrophobic HMDS coating is often applied after a dehydration bake, to ensure the 

surface to be hydrophobic and thus less prone to water absorption.  Water contact 

angle measurements can be used to find the optimum HMDS treatment protocol as 

well as to check whether the treatment has been successful [8].  
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Conformal coatings and plasma process of PCB 

Conformal coatings are used to protect PCBs from environmental conditions such as 

high humidity [9]. For instance, a range of airborne contaminants, and varying 

temperatures, humidity, and mechanical banding can possibly damage the functionality 

of PCB. Therefore, conformal coating adhesion plays a critical role for PCB to work 

functional [10]–[12]  

Most of the carrier materials for PCBs are made of glass fibber reinforced plastics which 

typically have a low surface free energy value at around 40 to 45 mN/m. Furthermore, 

the surface free energies of the individual components and assemblies vary greatly. This 

makes the conformal coating difficult.  Surface modification or cleaning process might 

not be sufficient to increase the surface-free energy to the required level [11].  

As a common rule, the surface tension of the conformal coating should be at least 10 

mN/m lower than the surface free energy of the substrate. Plasma activation of the 

PCBs can be used to increase the surface free energy and thus ensure more 

homogenous wetting of the PCB. Thus, in the PCB industry, contact angle 

measurements can be used at various stages of the process. First to check the surface 

wettability at the beginning and then to find proper plasma treatment parameters to 

reach the required levels. Contact angle also provides an excellent tool for quality 

control purposes to make sure that the process is under control [11], [12]. 
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