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Definition 

Etching: A process of removing material from substrate or film’s surface 

Anisotropic: An etch profile that has a straight vertical wall 

Isotropic: An etch profile that has a curve wall  

Critical Dimension (CD): Using the current technology, the smallest possible geometric structure 
(width of the interconnected line, contacts, trenches, etc.) that can be 
form. 
(http://www.semi1source.com/glossary/default.asp?searchterm=critica
l+dimension%2C+CD) 

Plasma: The fourth state of matter generated with high heat or sending in a high electrical 
voltage into gas. 

Selectivity: The different in in etch rate between the etch surface and the resist or the layer 
underneath the surface. 

Undercut: The result when during the etching process, part of the substance removed were 
underneath the film 

Avalanche: When the secondary free electron collided with twenty or more molecules after it is 
energized 

Cathode: An electrode that have negative charge. This is where the electron entered into the 
system 

Anode: An electrode that have a positive charge. 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

 Etching is a process of removing material from the substrate’s surface. In general, there 
are two categories that etching can be divided into dry etching, and wet etching. The focus of this 
section will be solely on dry etching. Wet etching, a process where the substrate is submerged 
into aqueous chemical to be edged will later be discussed in other section. 

Benefit and Disadvantage of Dry Etching 

 There are numerous benefits toward dry etching. Some benefits included less waste that 
needs special disposal, better critical dimension control (less undercut due to anisotropic nature 
of dry etching), cleaner surfaces, and reduced in corrosion of metal feature of the substrate; 
however, there is some inconvenience in using dry etching in that it required specialized 
equipment to handle the plasma and the reactive gas. 

What is Dry Etching? 

 Dry etching is a process of removing material from the surface via plasma or reactive 
gases. As the name suggested, after the etched have finished, the substrate’s surface, which have 
been etched, will remain dry.  

 In dry etching, surfaces are removed through physical mean via bombardment of vapor or 
gas, chemically through reaction between the reactive species and the surface, or the 
combination of both physical and chemical reaction. Here is a brief overview of each of the 
technique, which will be discussed later in the section. 

§ Physical sputter/ion etching and ion-beam milling (IBM) 
§ Etching is caused from the transfer of momentum between the Ar+ gases 

and the etching surface. This process is completely physical process. 
§ Chemical Plasma etching (PE) 

§ Plasma is the supplier of the gaseous neutral atom that will react with the 
surface of the substrate. Upon contacting the surface that will be removed, 
the neutral atom will diffuse with the surface, creating volatile product 
which is then removed. The result is an etch surface. 

§ Chemical/Physical etching or reactive ion etching (RIE) 
§ The substrate surface is etched away through both physical and chemical 

technique mentioned above. 

 

 

 

 

 

 



What to Considered When Choosing a Technique 

There are two main factors that must be considered when choosing different dry etching 
technique. The first is the etch profile, and the second is the selectivity.  

 

Etch profile refers to what type of surface will result from the etched process such as 
anisotropic or isotropic features, directional vs non-directional, and vertical features. For 
example, physical etching techniques will form a semi anisotropic or perfect anisotropic feature, 
where as PE caused isotropic etch, resulting in undercut; however, a combination of physical and 
chemical etch (such as the RIE) will result in a perfect isotropic feature. Another example that 
can be considered is in the case of vertical etch. In vertical etch, if used a physical technique, a 
lot of over etch must be made over the same surface before the desired result can be 
accomplished; however, using PE, the high side wall can easily be removed due to its isotropic 
etching nature. As a result, no over etch is required. 

 

 

Selectivity of the etching surface mean the difference between the etch rate of the film 
that will be etch, the mask or resist that is covering it and the underlying layer of the film. When 
etching a surface, high selectivity is preferred as this could reduce the damage in the underlying 



surface below the surface that will be etch, or protect the resist from being damage (this is 
important as the resist cover the part of the surface that etching should not occurred). Physical 
etching as mentioned above can obtained closed to if not perfect anisotropic surface; however, it 
has poor selectivity, and low etch rate (imagine a sculptor sculpting a mountain, the sculptor tool 
will go through any layer of rock indiscriminately without control). PE on the other hand can 
result in loss of critical dimension due to the undercut, but have great selectivity and is a fast 
process (chemical can only diffuse to certain surface to form volatile product). Then the RIE 
have the benefit and advantage of physical and chemical, it has fast etched rate, high selectivity, 
and result in perfect critical dimension. 

To accomplish desired selectivity, and etch profile, another factor that must be taken into 
account is the strength of the plasma. Factor that contributed to the strength of the plasma is the 
velocity of electron, average ion energy, density of electron, density of plasma ion, density of 
neutral species, and the density of ion current. All the factors listed can be determined by the 
strength of the electric field, and the pressurization of plasma. The stronger the field, the greater 
the velocity of electron and ion, which increased their potential and kinetic energy. 

As pressure is increased, the mean free path is reduced, which lead to more collision 
between ions, electrons, and molecules, resulting in a lower velocity ions and electrons. The role 
of the ions is then to induce the chemical reaction between the reactive neutral species and the 
edging’s surface. This is a chemical plasma edging. On the other hand, when pressure is low in 
plasma, the mean free path is higher, resulting in less collision and higher velocity. The edging is 
then primarily done by the mechanical process of the difference in potential energy between the 
bombardment of ions and the surface. This process then is purely mechanical or physical edge. 

Other Way to categorized Dry Etching 

Other than these techniques which are divided into its own basics categories, dry etching 
can also be categorized by how the plasma is set up, the system used in dry etching, and how 
plasma is generated, 

Setup 

The two main types of set up used are Glow discharge etching and Ion-beam etching. In 
glow discharge etching, plasma is produced in the same vacuum chamber where the etching 
process occurred. Meanwhile, in Ion-beam etching, plasma is generated in a different chamber, 



or different part from where the ion is produced. Plasma is then directed onto the substrate 
surface. 

System 

 The system used in dry etching here referred to the amount of wafers the equipment can 
handle at the same time. Some dry etching equipment can handle batches of wafers, while other 
can only handle a single wafer at a time. These two types of system, the batch reactor and the 
single wafer reactor have its pro and con; however, given the right condition both reactor can 
give good result in the etching process. 

Plasma Generation 

The generation of plasma is divided into four types: from DC field (0 Hz), from AC field 
(50 kHz and up), from radiofrequency (RF) field (13.6-27 MHz), and from microwave field (300 
MHz – 10 GHz). This section will go in more detail later about plasma generated by DC field 
and RF field. 

Plasma 

 Plasma is ionized neutral gas, with equal number of ion and electron. It is essential in dry 
etching process as plasma have the capability to separate the gas into neutral ion, electrons, 
photons, and reactive radical to be used in the bombardment of the substrate’s surface, resulting 
in an etched surface. 

DC Plasma 

 DC plasma is generated when voltage is applied to a neutral gas between a cathode (-) 
and anode (+) this is called glow discharge plasma. When a voltage charge is applied, high 
velocity electron collided with the neutral species gas, which can result in either inelastic 
collision or elastic collision. The elastic collision does not affect the neutral gas in anyway as 
there is a large difference in mass; however, when inelastic collisions are made, electrons are 
knock off, and ionization of the molecule occurred resulting in a positive ion and free electrons. 
The free secondary electron will collide with other gas molecules, increasing the supply of 
energized positive ion and free electrons and the glow that is often seen in plasma. This process 

Figure	1(a)	represented	Glow	Discharge	etching.	(b)	represented	Ion-beam	etching. 



will continue, reaching electrical breakage, a process where the insulating material between both 
electrode is filled with electron and positive ion to the point that the insulating property is 
destroy. The process will reach an equilibrium when the rate that electrons are lost is equal to the 
rate that electrons are gained. There are three ways in which electrons are lost: through diffusion 
with the chamber wall, recombination with positive ion, or attachment to neutral atoms to created 
negative ions. 

Regions and Characteristics in DC Plasma 

 
Figure 2region in plasma 

 Plasma is composed of bright and dark region. As mentioned earlier, electron glow when 
it is either going through excitation or relaxation. As seen in Figure 2, these regions usually 
alternated back and forth, as electrons do not have enough energy for excitation in the beginning 
at the cathode, but gain those energy while it is accelerated away from the Cathode, resulting in 
the first glow region, the Cathode glow. As the electrons become excited, it loses its energy from 
the same process, resulting in the second dark region, the cathode dark space. The process 
switches back and forth.  

These regions are divided into two sections, the anode layer and cathode layer. The anode 
layer started from the positive column to the anode dark space. The positive column have few 
positive ion and the electric field provided the electrons enough energy for it to go through the 
excitation and relaxation resulting in the soft glow. The Anode glow is the brighter region when 
compared with the positive columna due to the stronger electric field in this area. When electron 
entered the Anode, the Anode dark space doesn’t have enough electrons to provided sufficient 
excitation to glow resulting in another dark spaceb. 

A cathode layer includes several regions, starting from the Aston Dark space to the 
negative glow. This section will briefly explain two regions contained in the cathode layer, the 
Cathode dark space and the negative glow. 

The Cathode dark space contains a high concentration of positive ion. This occur because 
the ions have bigger mass than electron, making it moved toward the cathode slower than the 
electron that is being repelled away from the Cathode. The Cathode dark space also contains the 
greatest amount of voltage drop when comparing with other regions, earning the name Cathode 
fall. Due to this region having a strong electric field, when the positive ion collided with the 
surface of the Cathode, the impact caused an emission of the secondary free electronsa.  



The negative glow (NG) region does not have an electric filed, or field free, because the 
electric field are generated around the two electrodes.  As a result, the electron in this area does 
not gain any energy; however, due to this region have the electron leaving from the cathode dark 
space, electrons in this region do have enough energy for excitation and relaxation resulting in a 
bright region. It is also worth noting that since this area is filled with fast moving electron 
coming from the Cathode DS, the high-speed electron also caused most of the ionization occurs 
in plasma in this region. This is possible due to the NG contain a neutral charge or high density 
of positive and negative molecules. 

When discussed about the region of plasma, few applications of glow discharge plasma 
have all the regions mentioned above. Such applications are but not limited to using plasma for 
fluorescent light, and laser production. For industrial uses, three regions exist in plasma as the 
distance of the two electrodes are closer together that other regions do not exists. This state is 
called obstructed glow and is favorable due to its higher electron density in the plasma c. The 
regions that exist in obstructed glow are cathode dark space, negative glow, and anode dark 
space. 

The cathode DS is the place where the edging occurred. If a conducting material is places 
into this region, bombardment of ion occurred, resulting in edging; however, if an insulating 
material was to be placed in this region, the material will start to stored charge resulting in the 
loss of electric field and production of free electron resulting in the loss of plasma. To overcome 
the problem in edging insulator or dielectric, AC plasma is used. The reason behind this will be 
discussed later. 

As mentioned above, most of the ionization of molecule and gas in plasma occurred in 
the NG. Therefore, in the obscured glow the NG is used as the principal plasma, or the only 
region that the electrons are excited or relaxed. 

It is worth noting that when looking at the different regions of “dark” and “glow” regions 
observable in plasma, the dark region itself is not dark but less bright when compared to the glow 
region. 

Other Characteristics of Plasma 

 As ionization occurs in plasma, the density of electrons is higher than the density of 
positive ion; however, plasma is always positive from the perspective of the electrode, because 
the electrons are moving faster than the positive ion, leaving a high density of ions near the 
electrode. 

Furthermore, it is also worth noting that it is impossible to describe plasma in term of 
temperature, due to the fluctuation of temperature from the cathode to anode. Heat is created 
when collision occurs; however, the small mass electrons have low energy transfer, retaining 
most of its energy during collision. Meanwhile the neutral gases have high energy transfer due to 
their bigger mass will quickly have the same temperature as the surrounding molecules. This led 
to the quick ionization of the neutral species when collision occurs as the neutral species can 



quickly become energized upon collision, producing necessary free radicals and electrons, before 
its temperature can become the same with other cold molecules. 

Paschen’s Laws 

 Earlier in the section, a brief explanation of electrical breakage was explained. This 
section will briefly discuss the necessity relations to cause that breakage. 

 When voltage of about 3 MVm-1 is applied to neutral gas, electrical breakage occurs 
resulting in the creation of plasma where passage of high current is created between the two 
electrodes, and followed by a spark discharge. When that spark discharge in a localized location 
it is called corona discharge, and the current created between the two electrodes due to electrical 
breakage is called arc discharge (think of lightning bolt) which is the process that is desiredd. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Corona Discharge from http://www.energeticforum.com/renewable-energy/5637-corona-discharge.html 

 

 

 

 

 

 

 

 

Figure 4: Arch Discharge in Plasma, http://plasmacenter.bmstu.ru/english-vacuum-arc-evaporators-in-modern-ion-plasma-
technology/?lang=en 

 In 1889, Paschen published a theory, which later became known as Paschen’s Law, that 
the breakdown voltage is equal to the function of pressure multiply by distance between the 
electrode.  



 
Figure 5: Paschen's Curve 

 When looking at Figure 5, it is worth noting that as distance reduce, and pressure increased, the 
amount of voltage required to cause breakage is reduced until it hits the minimum voltage that can caused 
breakage. As pressure continued to increase and distance continued to decrease, there is not sufficient 
space to caused ionization, and the high pressure increase the amount of collision to the point that energy 
is lost to the point that it cannot cause ionization. To solve this, voltage have to increase to cause 
breakage, resulting in the sharp curve seen in Figure 5. 

RF Plasma 

 In RF generated plasma, the polarity of the electric fields constantly reverses twice every 
cycle. Earlier, in the section, a problem with edging an insulating material was mentioned as it 
builds up charge; however, due to the constant change in the electric field, this doesn’t become a 
problem if the frequency of the AC is high enough such that half of the period is less than the 
charge up time required by the edging material. It is also worth noting that in the RF produced 
plasma, there is no needs for free secondary electron as the plasma itself is self-sufficient. This is 
due to the switching in polarity of the electric field caused the electron to moved back and forth, 
colliding with neutral gases and ions, resulting in the ionization of molecules and free electrons. 
Similar to DC generated plasma in many way, the RF plasma also follows Paschen’s law in 
breakdown voltage, and the neutral species also far outnumber the electrons and ions. 



 
Figure 6: RF plasma's setting 

 In RF plasma, two electrode metal plate are place in the configuration above. Noticed that 
the bottom electrode is connected to the signal generator, this make that electrode permanently 
negative as it develops a DC bias. That electrode is the cathode in RF plasma. The top electrode 
is ground, which make it unable to be buildup charge or voltage, become the Anode. It is worth 
noting that this configuration is similar to a capacitore. 

 The energy of the bombarding particles or sputtering is determined by three factors, the 
potential energy of the glow region (Vp), of the self-bias (VDC), and the of the signal provided by 
the generator V(RF)pp. It is worth noting that as pressure in the reactor decreases, the potential 
energy increased from the increase in mean free path of the electron and the self-bias voltage. 

 Usually Vp is very small to prevent sputtering on the anode, so that neutrality in plasma is 
retainedf. Furthermore, to maximize the sputtering effect on the cathode, and minimized it on the 
anode, the cathode area is smaller than other area receiving the discharge, but usually large 
enough to hold several wafers so that they can all be edge simultaneously at the same time. The 
setup where the wafer is placed onto the cathode is called reactive ion etching or reactive 
sputtering etching. 

 When etching a surface, minimal damage to the edge profile is desired. A good etching 
result from high quantity of low energy ions and low-pressure radical provided by ionization 
which resulting in a lower etch rate for the tradeoff of good selectivity, uniformity, and etch 
profile. By keeping the ion energy low, it is also believed that there will be less damage done by 



the radiation from the plasma or completely removed the effect of radiation. In truth, not a lot of 
damage from plasma is understood.  
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