
Pattern Transfer Techniques
Dry and Wet

250 nm wide cavities etched using 
Dry etching techniques



A typical Etching process



This is expected

This is obtained



Dry Etching Practices



Plasma dynamics

• The flux of ions is given by
𝑗 = 𝑞𝑛!𝜇!𝐸

E – Electric field
Ni – ion density
μ - ion mobility



Ionization of gases under Fixed DC bias



Physics of RF Plasma

• Ionization is achievable at lower 
pressures
• Dielectrics can also generate 

plasma
• As the neutral gas molecules 

get ionized, the electrons move 
closer to the cathode, 
separating the positive ions. 
• A self-bias (-ve) is obtained near 

the cathode.  



Plasma Etching - Physical

• Physical etching is possible when the ion 
energy is > 10 eV
• Billard ball removal of atoms
• No volatile chemical etching is expected.
• Material non-selective
• Some directional anisotropy is possible
• Small etch rates! (few hundred A/min)
• A magnetron can help confining the 

electrons to a smaller region – better 
plasma. 

Etching is purely impact controlled. 



Ion-beam milling

• A triode is setup
• Ions are generated separately 

and are extracted, neutralized 
and then made to incident on 
the target.
• Energies from 30 eV – keV are 

possible
• Etch rates of 3000 A/min are 

possible



Resist Profiles issues

• Faceting
• Trenching
• Re-deposition
• Back-scattering



Plasma Etching (Radical Etching)
• At lower ion energies

• Largely chemical reaction of 
radicals are possible

• Leading to volatile radicals
• Radicals are more stable than 

ions.
• Radicals are more in number 

than ions. 
• Eg: A gas like CF4 dissociates 

into CF3, F, CF3+
• The radical diffuses into the 

solid
• The reacted products leave the 

surface



Silicon etching in CF4



Material Selectivity



Ion Energy vs Pressure Dependency

• Low pressure of the gas 
• Increased mean free path
• Higher velocity of ions/radicals
• More physical etching. 
• Anisotropic etching
• Increasing the power increases etch rate

• At high pressure
• Lower mean free path
• Low bias – isotropic etching
• Under-cutting can be observed.





Wet Chemical Etching



Some simple wet-chemical etching

• How to remove SiO2 ? 
𝑆𝑖𝑂! + 6 𝐻𝐹 → 𝐻!𝑆𝑖𝐹" +𝐻!𝑂

The product is highly soluble in water and hence removes SiO2.

Buffered HF
However, this consumes HF. So, it is common process to buffer this

𝑁𝐻#𝐹 ⇔ 𝑁𝐻$ +𝐻𝐹

Thus, if HF concentration reduces, the ammonium fluride decomposes 
to maintain constant HF concentration.  



This provides a clue to remove Si. 
To remove Si, Can we simply, oxidize it first ? 

𝑆𝑖 + 𝐻𝑁𝑂" + 6 𝐻𝐹 → 𝐻#𝑆𝑖𝐹$ +𝐻𝑁𝑂# +𝐻# +𝐻#𝑂

A delicate balance between oxidation and etching has to be 
met to have good etching rates





Anisotropy in wet chemical etching

• Water is reduced at the Si surface:
• 4𝐻!𝑂 + 4𝑒" → 4 𝑂𝐻 " + 2𝐻!

• Imagine Si is in basic solutions:
• Now that we have a lot of 𝑂𝐻 " groups
• 𝑆𝑖 + 2 𝑂𝐻 " → 𝑆𝑖 𝑂𝐻 !

!# + 2𝑒"

• 𝑆𝑖 𝑂𝐻 !
!# + 2 𝑂𝐻 " → 𝑆𝑖 𝑂𝐻 $ + 2𝑒"

Oh, so just water dissolves Si ? 

𝑆𝑖 𝑂𝐻 $ + 2𝐾𝑂𝐻 → 𝐾!𝑆𝑖 𝑂𝐻 %

This is a water-soluble complex! 

A wide variety of etchants are available

NaOH, LiOH, CsOH, NH4OH



KOH is very specific

Higher concentration does not mean more etching!

𝑅 = 𝑘 𝐻!𝑂 " 𝐾𝑂𝐻
#
"



KOH is very specific

Higher concentration does not mean more etching!

𝑅 = 𝑘 𝐻!𝑂 $ 𝐾𝑂𝐻
,
$



Silicon crystallography

• Angular orientation between 
• (100) family of planes – 90
• (100) and (110) planes – 45
• (100) and (111) is 54.7 
• (111) and (110) can intersect at 35.2, 90 and 

144.7 degrees



Orientation dependence



Pyramidal patterns



What pattern does it 
form




