Overview of the wet cleaning method:
The most common wafer surface cleaning method is wet chemistry. In the 1980s, there were discussions of replacing wet cleaning with dry cleaning, along with some relevant tentative research. To date, a comprehensive dry cleaning method has not been successfully developed to completely replace the wet cleaning method. The wet cleaning method remains the most common wafer cleaning method.

Introduction to wafer cleaning:
In ULSI (ultra-large-scale integration) processes, wafer cleaning technique and cleanliness is one of the most important factors affecting wafer process yield, component quality and reliability. As process technologies advance, the integration density of devices also increases significantly. Clean wafer surfaces are most needed to manufacture such precise and complex products. Therefore, for current ULSI processes, how to clean the wafers to meet the cleanliness requirements is a very important step. The most crucial point and key step in all the cleaning steps is the cleaning step before growing thermal oxides, because the quality of growth of the ultra-thin gate oxide is related to the cleanliness of wafer surfaces.

Purpose of wafer cleaning:
The purpose of wafer cleaning is to remove dirt on a batch of or a single wafer by soaking or spraying with chemicals, and to rinse off impurities with ultrapure water. The main objective is to remove all the pollutants from the wafer surface, such as particles, organic and inorganic matter, and metal ions. In particular during the ULSI process, where the thickness of the gate oxide has significantly reduced, the micro-roughness of the wafer surface and removal of the native oxide will need to be considered after cleaning to achieve the electrical parameters and characteristics of the ultra-thin gate oxide of the semiconductor device, and to meet component quality and reliability standards.

The table in the next page is a list of typical chemicals and the corresponding pollutants they remove for the wafer wet cleaning method.
	Pollutant
	Name
	Types of chemical solution mixtures (rinse with DI water after all types are cleaned)
	Chemical formula

	Particles
	Piranha (SPM)
	Sulfuric acid/Hydrogen peroxide/DI water
	H2SO4/H2O2/H2O

	
	SC-1(APM)
	Ammonia hydroxide/Hydrogen peroxide/DI water
	NH4OH/H2O2/H2O

	Organic matter
	SC-1(APM)
	Ammonia hydroxide/Hydrogen peroxide/DI water
	NH4OH/H2O2/H2O

	Metal (non-copper)
	SC-2(HPM)
	Hydrogen chloride/Hydrogen peroxide/DI water
	HCl/H2O2/H2O

	
	Piranha (SPM)
	Sulfuric acid/Hydrogen peroxide/DI water
	H2SO4/H2O2/H2O

	
	DHF
	Hydrofluoric acid/Aqueous solution (cannot remove copper)
	HF/H2O

	Native oxide
	DHF
	Hydrofluoric acid/Aqueous solution (cannot remove copper)
	HF/H2O

	
	BHF
	Diluted hydrofluoric acid
	NH4F/HF/H2O



Effects of pollutants on the electrical properties of semiconductor devices
1. Particles
In the manufacturing process of components, particles will mainly affect the reticle (mask). Before each process is phased, if particles become attached to the wafer, components will not be created according to the original design in a partial region, causing a so-called pattern defect.
When particles exist in the insulated oxide layer in the MOSFET, it will cause poor withstanding voltage of devices, which will affect the long-term reliability of components. Particles smaller than graphic size may also cause uneven distribution of metal film growth. When particles contain metal, it will further spread to the wafer after heat treatment, which will have adverse effects on the electrical properties of components.
2. Metal impurities
Generally speaking, so-called metal impurities refer to impurities of various sizes like metal ions, metal atoms, and metal molecules; their existence will lead to the direct deterioration of device electrical properties. These include connection leakage current, poor withstanding voltage of gate insulator film, flat band voltage offset and others.
3. Chemical pollutants
Normal chemical pollutants can be divided into four types: acid, alkali, coagulated organic matter and doping.
(1) Inorganic matter:
After cleaning with H2SO4/H2O2 solutions, the residual elements on the wafer surface will react with NH3 in the cleanroom or from the process, and form particles or mist-like objects on the wafer surface. The CI that reacts with NH3 to form ammonium chloride (NH4Cl) will also cause adverse effects.
(2) Organic matter:
When wafers are contaminated by organic matter, the contact resistance will increase, and the withstanding voltage of gate oxide will decrease.
4. Native oxide layer
The contact resistance on the component characteristics will increase.
5. Microroughness
As the roughness becomes larger, it will cause poor withstanding voltage of the gate oxide and deterioration of the carrier mobility during tunneling.

RCA cleaning method
 The standard wet cleaning process currently adopted by the industry is known as the RCA cleaning method. It was developed by Kern and Puotinen from RCA in the 1960s. The RCA wet cleaning method uses two different chemical solutions: standard cleaning solution 1 (SC-1) and standard cleaning solution 2 (SC-2).

Standard cleaning solution 1 (standard clean 1) is NH4OH/H2O2/H2O.
The ratio is: 1:1:5 to 1:2:7
The cleaning temperatures are: 75~85°C
The cleaning time is: 10~20 minutes.
Standard cleaning solution 2 (standard clean 2) is HCl/H2O2/H2O.
The ratio is: 1:1:6 to 1:2:8
The cleaning temperatures are: 75~85°C
The cleaning time is: 10~20 minutes.

Introduction to wafer wet etching
During the manufacturing of ICs (integrated circuits), minute-sized patterns often need to be made on the wafers. The main method of creating these minute patterns is through the etching technique. Transfer the patterns produced with the lithography technique onto the materials under the photoresist to form the necessary complex structure for the entire IC. The etching technique and the lithography technique are collectively called pattern transfer techniques.
The so-called etching technique includes techniques to remove all materials evenly from the surface, or to partially remove a pattern. Wet etching is the earliest etching technique adopted. It utilizes the chemical reaction between thin films and certain solutions to remove thin films that have not been masked by the photoresist.

Advantages of wet etching:
It has good selectivity for bottom layers. It poses no risk of components being damaged by plasma; the equipment is easy to use, and it has quick throughput.

Disadvantages of wet etching:
Wet etching uses chemical reactions to remove thin films. Since chemical reactions are not directional, when the component size of ICs becomes increasingly smaller, there may be conditions of lateral etching, causing the undercut phenomenon which leads to device linewidth distortion. Therefore, it is not applicable for patterns smaller than 3µm in size.

Principle of wafer wet etching
The chemical reaction for wet etching is a reaction between the liquid phase (solution) and solid phase (thin film); during wet etching, the reactant in the solution first passes through a very thin boundary layer via the diffusion effect to reach the surface of the etching film. Then, the reactant undergoes chemical reactions with the molecules on the surface of the thin film and forms various products.
The products on the surface of the thin film pass the boundary layer and diffuse into the solution, and are discharged with the solution. In wet etching, the reactant includes the thin film. Etching utilizes the gaseous- or liquid-state product produced from the reaction between the solution and the thin film to carry out the removal of thin film molecules.

The table on the next page is the parameter control list for general wet etching
	Parameter
	Explanation
	Difficulty in control

	Concentration
	Solution concentration (Ex.: NH4F:HF ratio used to etch oxides)
	Most parameters are difficult to control because the concentration of chemical baths continues to change.

	Time
	The time wafers are immersed in the wet chemical solution.
	Very easy to control

	Temperature
	Temperature of chemical solutions.
	Very easy to control

	Aging
	Aging of solutions.
	Proper control poses moderate difficulties

	Operation times
	The solution must be replaced to reduce particles and to ensure the solution concentration after a certain number of operations.
	Very easy to control



HF (hydrofluoric acid)
Its chemical reaction formula is: SiO2 + 6HF → H2SiF6 + 2H2O2
H2SiF6 is soluble in water, therefore the HF solution can etch silicon dioxide

SC-1 solution
The standard cleaning solution 1 is an alkali solution and can remove particles and organic matter. Remove particles through the oxidation process or electrostatic repulsion effect of particles. Key reaction mechanism: H2O2 is a strong oxidant that can oxidize the surface of particles and wafers, so it forms an oxide layer on the particles, causing the particles to come off. The adsorption force that makes particles attach to wafer surfaces is destroyed, causing particles to become detached and dissolved in the NH4OH (ammonia) solution. The oxide layer that forms on the wafer surface after oxidation can prevent particles from re-attaching to the wafer surfaces. In addition, the SC-1 solution can also remove particles via electrostatic repulsion. The NH4OH in the solution will release OH¯ and lightly etches the wafer surface, causing the wafer surface to become slightly rough; OH¯ ions will cause the wafer surface and particles to carry a negative charge; as both carry a negative charge, the particles are removed from the wafer surface.

SC-2 solution
The standard cleaning solution 2 is an acid solution and can remove metal matter. The solution needs to have high oxidization capacity and low PH value in order to remove metal matter and organic matter from the wafer surface. Strong oxidation will cause metals to ionize and dissolve in the acid solution. The cleaning solution currently used is able to attract the electrons in metals and organic pollutants and oxidize them; the ionized metal will dissolve in the solution, and the organic impurities will decompose in the solution.

H2SO4 (sulfuric acid)
This type is sulfuric acid cleaning after the photoresist goes through ozone plasma ashing. The photoresist is mainly composed of hydrocarbon organic compounds. When sulfuric acid (H2SO4) mixes with hydrogen peroxide (H2O2), Caro’s acid (H2SO4) is produced; to remove photoresist, Caro’s acid is decomposed into free radicals and chemically reacts with photoresist to remove it.
Chemical reaction formula for organic photoresist removal:
-CH2- + 3H2O2 → 2H2O2 + CO2
-CH2- + 3H2SO5 → 3H2SO4 + H2O2+ CO2

H3PO4 (phosphoric acid)
Chemical reaction formula for silicon nitride is:
Si3N4 + 4H3PO4 → Si3(PO4)4 + 4HN3
The two byproducts, silicon phosphate Si3(PO4)4 and ammonia (NH3), are both soluble in water. After the oxide layer is formed in the LOCOS process station, the process to remove silicon nitride is still being used today in the insulation forming process.

B.O.E. 7:1 (NH4F:HF), the chemical reaction formula of which is:
SiO2 + 6HF → H2SiF6 + 2H2O2
H2SiF6 is soluble in water, therefore the HF solution can etch silicon dioxide
[bookmark: _GoBack]It is applicable for the silicon dioxide etching with photoresist patterns because the solution contains NH4F, which can be used as a chemical buffer. Chemical buffer refers to a type of solution that inhibits changes in the pH value when small amounts of strong acid or strong alkali are added. Using ammonium fluoride as buffer against hydrofluoric acid allows the buffered hydrofluoric acid to etch slowly and steadily without etching the photoresist and with good control.

