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It is difficult to avoid surface contaminants in the processes of integrated circuit manufacturing, optical elements

processing and additive forging. The presence of surface contaminants will bring great problems to above process. For

example, in large- scale integrated circuits manufacturing, the submicron contaminants on silicon wafer surface will cause

defects in the chip directly [1]. And in the manufacture of optical elements, the quality of the cleaned surface will directly

affect the damage resistance of optical elements [2], and the presence of surface contaminants will affect its service life

[3]. Similarly, during the additive forging process, the surface contaminants will affect the interface healing state of the

substrate and ultimately affect its bonding performance. However, surface contaminants can be removed effectively by a

suitable surface cleaning method, so surface cleaning is of great significance to solve the above problems.
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1. Introduction

Commonly used surface cleaning methods can be generally divided into dry cleaning methods and wet cleaning methods.

Dry cleaning methods generally use gas as a carrier to remove contaminants by means of pressure or suction, or to

remove contaminants by means of energy from external high-energy substances. Dry cleaning methods mainly include

laser cleaning, plasma cleaning, dry ice blast cleaning, high-speed impact jet cleaning and super-condensed supercooled

kinetic cleaning. In contrast, wet cleaning methods use water or other liquid solvents as a medium to remove impurities by

soaking, spraying or vibrating. The main wet cleaning methods include ultrasonic cleaning, megasonic cleaning, dip

cleaning, wipe cleaning and spray cleaning.

2. Classification of Specific Surface Cleaning Methods

3. Dry Cleaning Methods

The laser cleaning method is the most widely used dry cleaning method, which has the characteristics of high cleaning

efficiency and flexible selection of the cleaning area. It achieves the cleaning function by using a laser beam to irradiate

the surface to cause instantaneous thermal expansion of the pollutants and the substrate or vaporizing and evaporating

the pollutants . Plasma cleaning can remove contaminants with atomic-level size. It uses the "activation" and

"bombing" of high-energy particles in the plasma to remove contaminants . This method has a good cleaning effect, but it

also has the disadvantages of low efficiency and high cost. The high-speed impact jet cleaning method is often used to

clean small-sized workpieces. Its working principle is to apply a high-speed air jet to cause the particles to float twice,

thereby blowing away the contaminants. Simple and reliable is the biggest feature of this method, and the pre-charge
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treatment of the surface which to be cleaned can greatly improve the removal efficiency. In the dry ice blast cleaning

process, dry ice particles are sprayed onto the surface of the workpiece by compressed air, and surface contaminants are

removed through particle impact, air purge, energy conversion and other processes . The dry ice blast cleaning

method has no pollution and can remove the contaminants in the cracks, but it will cause slight abrasion and corrosion on

the surface during the cleaning process. The super-condensed supercooling kinetic cleaning method is to use suspended

particles of argon and nitrogen to collide with pollutants. In addition to being pollution-free and easy to operate, the biggest

advantage of this method is safety .

3. Wet cleaning methods

Ultrasonic cleaning mainly relies on the effect of ultrasonic cavitation to form cavitation bubbles on the workpiece surface,

and strikes the surface continuously to remove contaminants . It should be noted that if the cleaning fluid is a

chemical solvent, the cleaning effect will be better. This method is widely used in the field of optical elements cleaning,

which can flexibly control the cleaning intensity, but it has poor cleaning ability for particles whose diameter is less than 1

μm. Different from ultrasonic cleaning, megasonic cleaning uses sound waves to push the solution molecules into an

accelerated motion, and impacting the surface with a high-speed fluid wave to removing surface contaminants, in addition,

the cavitation effect produced by megawave also plays a role in cleaning process . Compared with ultrasonic cleaning,

megasonic cleaning can bring better cleaning effect and less surface damage . But the cleaning tank will limit the size

of the workpiece to be cleaned whether it is in ultrasonic cleaning or megasonic cleaning, therefore, the nozzle cleaning

method is getting more and more attention, it makes clean large-sized workpieces by ultrasonic and megasonic cleaning

become possible. The dip cleaning method will immerse the workpiece in the cleaning solution and rely on the activity of

the solution to squeeze the oil away from the substrate surface . This method is easy to operate and can achieve large-

scale cleaning, but the decontamination ability is limited. It is often used to clean non-precision components that do not

require high cleanliness. Wipe cleaning method is the most traditional cleaning method, it uses mechanical force to

remove contaminants. This method is simple and efficient, but it may lead to some surface damage. The spray cleaning

method using a high-pressure spray pump to spray water or cleaning liquid to the surface, and removing contaminants

through the impact action and chemical action of cleaning liquid. This method is simple in process, but the chemical

cleaning liquid may cause environmental pollution.

Compared with wet cleaning methods, dry cleaning methods does not need to consider the hydrophobic characteristics of

the surface to be cleaned, and does not require chemical reagents and cleaning fluids, so dry cleaning is very friendly to

the environment. However, the large-scale cleaning capacity of wet cleaning is also unmatched by dry cleaning. It should

be pointed out that both dry cleaning and wet cleaning have their specific limitations, thus, the appropriate cleaning

method should be selected according to the actual situation. In addition, different cleaning methods need to work together

to achieve a better surface cleanliness with the improvement of cleaning requirements.
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