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• Etching

– Wet etching

– Dry etching 

• Vapor phase etching

• Plasma etching

• Treatment –

– Doping, thermal treatment, electrical treatment, chemical treatment

• Additive process

– Deposition, oxidation

– CVD

– Plating 

• Mechanical methods 

– Bonding, polishing, drilling

• Others

– Laser, 3D stereo, FIB

MIT Engine ON Chip
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Several aspects of processing

• Chemistry and physics of the process

• Process variables and figure of merits

• Machine operation procedure - safety

• Principle of machine operation and machine parts

• Vendors and pricing of machine, parts, supplies

• Electronic and mechanical subsystems of machine

• Supplies for the process

• Safety precautions and potential hazards

• Process behavior with materials and wafers

– Rate

– Uniformity

– Repeatability

– Temperature or chemical stability

– Peculiarities (how does the process work differently after so and so worked on 
it before you ☺).

– Jargons
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Resume: 

• Chemistry and physics • Process variables

• Jargons • Common process

Process Resume
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Wet Etching Types

• Isotropic etching

– Substrate: silicon, glass, thin films (oxide, nitride)

• Anisotropic etching

– Substrate: silicon, III-V compound
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Resume: Wet Etch 

• Chemistry and physics

– Solution phase chemical 
reaction and etching

– Substrates, thin films

• Process variables

• Temperature

• Concentration 

• Mixture cocktail 
percentages

• Jargons

• Under cut

• <111>

• <100>

• <110> 

• Aspect ratio

• Common process

• HF etch oxide

• EDP or KOH etch silicon

• HNA etch silicon

• Metal etchants etch metal

Process Resume
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Plasma Etching
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Reactive Ion Etching
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Variants

• High aspect ratio, deep reactive ion etching

– Cryogenic

– Bosch process



Chang Liu

Resume: Dry Etch 

• Chemistry and physics

– High voltage induces 
ionization of gas, which then 
accelerates to wafer surfaces

– Both chemical and physical 
reactions occur

• Process variables

• Power input

• DC/AC ratio

• Temperature of substrate

• Gas mixture

• Jargons

• Passivation  

• Common process

• CF4 plasma etch nitride

• SF6 plasma etch of 
silicon

• Bosch DRIE of silicon

• Oxygen plasma ashing

Process Resume
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Chemical Vapor Deposition

• Low Pressure chemical vapor deposition

• Plasma enhanced chemical vapor deposition

• Polymer deposition
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LPCVD Process

• Temperature range 500-800 degrees

• Pressure range 200 - 400 mtorr (1 torr = 1/760 ATM)

• Gas mixture: typically 2-3 gas mixture

• Particle free environment to prevent defects on surface (pin 
holes)



Chang Liu MASS
UIUC

A Laboratory LPCVD Machine
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LPCVD Recipes for Silicon Nitride, Polysilicon, and 
Oxide

• Polycrystalline silicon

– Polysilicon is deposited at around 580-620 oC and can withstand more 
than 1000 oC temperature.  The deposition is conducted by decomposing
silane (SiH4) under high temperature and vacuum (SiH4> Si+2H2).

– Polysilicon is used extensively in IC - transistor gate

• Silicon nitride

– Silicon nitride is nonconducting and has tensile intrinsic stress on top of 
silicon substrates.  It is deposited at around 800 oC by reacting silane
(SiH4) or dichlorosilane (SiCl2H2) with ammonia (NH3) - SiH4+NH3 ->
SixNy+ H. 

• Silicon oxide

– The PSG is knows to reflow under high temperature (e.g. above 900 oC); it 
is deposited under relatively low temperature, e.g. 500 oC by reacting
silane with oxygen (SiH4+O2-> SiO2+2H2).  PSG can be deposited on top 
of Al metallization. 

– Silicon oxide is used for sealing IC circuits after processing.

– The etch rate of HF on oxide is a function of doping concentration.
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A PECVD Machine
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Resume: Chemical Vapor Deposition 

• Chemistry and physics

– Chemical reaction of two 
gases deposit solid particles 
on sufaces

– Energy is provided by either 
temperature or plasma 
power.

• Process variables

• Temperature

• Pressure

• Gas mixture

• Jargons

• LPCVD

• PECVD

•

• Common process

• LPCVD of oxide

• LPCVD of nitride

• LPCVD of polysilicon

• PECVD of oxide

• PECVD of nitride

• PECVD of amorphous 
silicon

Process Resume


