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Introduction

Etching is the process that removes the material to create a design



Introduction

The terminology related to etching

Etch rate

Selectivity

Etch profile

Uniformity



Introduction

Etch rate

how fast material is removed in the etch process 

Pressure

Source power

Bias voltage

Wafer temperature

ࢋ࢚ࢇ࢘	ࢎࢉ࢚ࡱ ൌ 	
	ࢎࢉ࢚ࢋ	ࢋ࢘࢕ࢌࢋ࢈	࢙࢙ࢋ࢔࢑ࢉ࢏ࢎࢀ െ ࢎࢉ࢚ࢋ	࢘ࢋ࢚ࢌࢇ	࢙࢙ࢋ࢔࢑ࢉ࢏ࢎࢀ

ࢋ࢓࢏࢚	ࢎࢉ࢚ࢋ

Depends on



Introduction

Selectivity

Ratio of the etch rates between the different materials

࢚࢟࢏࢜࢏࢚ࢉࢋ࢒ࢋࡿ ൌ 	
૚	࢒ࢇ࢏࢘ࢋ࢚ࢇ࢓	ࢌ࢕	࢙ࢋ࢚ࢇ࢘	ࢎࢉ࢚ࡱ
૛	࢒ࢇ࢏࢘ࢋ࢚ࢇ࢓	ࢌ࢕	࢙ࢋ࢚ࢇ࢘	ࢎࢉ࢚ࡱ

Material 1

High selectivity Low selectivity

Material 2
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Etch profile

RL ൌ
ࢋ࢚ࢇ࢘	ࢎࢉ࢚ࡱ	࢒ࢇ࢚࢔࢕ࢠ࢏࢘࢕ࡴ
ࢋ࢚ࢇ࢘	ࢎࢉ࢚ࡱ	࢒ࢇࢉ࢏࢚࢘ࢋࢂ

Isotropy
RL = 1

Anisotropy
0 < RL < 1

Completely Anisotropy
RL = 0

Ratio of the etch rates between the horizontal and vertical wall
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Uniformity

Measuring wafer thickness before and after the etch process

ܡܜܑܕܚܗ܎ܑܖ܃ ൌ 	
	ࢋ࢚ࢇ࢘	ࢎࢉ࢚ࡱ	࢞ࢇࡹ െ ࢋ࢚ࢇ࢘	ࢎࢉ࢚ࡱ	࢔࢏ࡹ
ࢋ࢚ࢇ࢘	ࢎࢉ࢚ࡱ	࢞ࢇࡹ ൅࢔࢏ࡹ	ࢎࢉ࢚ࡱ	ࢋ࢚ࢇ࢘ 	∗ ૚૙૙	%



Gas phase etchants in a plasma
Chemical and physical (sputtering) process

High resolution

Liquid etchant
Only chemical process

Hard to control critical feature dimension

Both isotropic and anisotropic process

Dry etching

Wet etching

Wet  vs Dry etching



Wet  vs Dry etching
Parameter Dry etching Wet etching

Directionality Highly with most 
materials Almost poor

Typical Etch rate Slow (0.1um/min) Fast(1um/min)

Control of etch rate Good Difficult

Materials 
that can be etched Only certain material All

Equipment cost Expensive Inexpensive

Radiation damage Can be severe None

Production‐line
automation Good Poor

Environmental impact Low High

Cost chemicals Low High

CD control Good Poor



Plasma

If the kinetic energy of an electrons is greater than the ionization 
energy, and making more electron in chamber, that create plasma. 



Dry etching techniques

- Ion beam etching (IBE)
Physical etching

- Plasma etching (PE)
Chemical etching

- Reactive ion etching (RIE)
Physical and Chemical etching

Types of dry etching processes



Dry etching techniques

Properties of IBE

• Ion beam energy: 1 – 3 keV

• Cathode: emitting electrons

• Grid: accelerate ions that pass through 
the grid to form the ion beam

• Neutralizer filament: introduce electrons to 
balance the positively charged ions.

• Operating pressure: 10-6 - 10-4 Torr

Ion Beam Etching (IBE): ‘Physical’ dry etching process



Dry etching techniques

Properties of PE

• Isotropic etching

• No damage by accelerated ions

• Operating pressure: 0.1-10mTorr

૛ࡲ࡯૝	 ൅ ૛ࡻ	 → ૛ࡲࡻ࡯૛	 ൅ 	૛ࡲ૛		, Neutral gas CF4 

૝ࡲ ࢍ ൅ ࢏ࡿ → ሻ, CF4ࢍ૝ሺࡲ࢏ࡿ can etch Si

Plasma etching (PE): ‘Chemical’ dry etching process



Dry etching techniques

Properties of RIE 

• Isotropic and Anisotropic

• 13.56 MHz RF generator

• Operating pressure : 0.01 ~ 0.1 Torr

SF6 + Si  SiF4

Cl2 + Si  SiCl4 

Reactive ion etching (RIE): ‘Chemical’ and ‘Physical’ dry etching process



Thank you

Q&A



Appendix (Wet vs dry etching)



Appendix (Dry chemical etching)

Dry chemical etching mechanisms : purely ‘chemical’



Appendix (Plasma)

The lower electrode and substrate holder are connected through a dc-
blocking capacitor
And matching network to 13.56MHz F generator (AC plasma case)

Apply 1.5 kV over 15cm– field is 100-V/cm. Breakdown of Argon when 
electrons transfer a kinetic energy of 15.7 eV to the Argon gas.

These energetic collisions generate a second electron and a positive ion for 
each successful strike.

If the two electrons reennergize creating an avalanche of ions and electrons 
we get a  glow or plasma.



Appendix (Plasma)

the relationship between the applied RF voltage, V0, the plasma 
potential, Vp, and the sheath voltages developed at either 
electrode.



Appendix (Plasma)

Typical potential distribution on a DC glow discharge, also known as 
DC plasma



Appendix (Plasma)

Plasma distribution (grounded chamber) and electrical potential(electrode) 
in a reactive ion etching process



Appendix (blocking capacitor)



Appendix



Appendix (Plasma)

Plasma in PECVD



Appendix (Dry etching techniques)



Appendix



Appendix (Physical etching : profiles)

Etching profiles in physical etching



Appendix (Loading effects)

Loading effect

When the etch rate is dependent upon the amount of 
etchable surface exposed to the etchant

Macro Loading effect Micro Loading effect



Loading effect profiles  

Appendix (Loading effects)



Appendix (Over etching )

Reactive ion etching for SiO2



Appendix (etching profiles)

‘Chemical’ & ‘Physical’ etching



Appendix (Ionization energy)
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