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Etching Methods
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 Wet Etching 湿法刻蚀

 Dry Etching 干法刻蚀

 CMP and other methods
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Challenges for Wet Etching
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 Most wet etching processes are chemical, isotropic

 For features < 3 m, dry etching has much better 
resolution
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Dry Etching
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plasma etch
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 2XeF2 (g) + Si (s) = 2Xe (g) + SiF4 (g)
 very isotropic and selective

Dry Etch without Plasma
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SiF4 boiling 
point 4 oC
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 Heavy ions (e.g. Ar)

 Highly anisotropic

 Poor selectivity
 for Au, Pt, ...

Ion Milling
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 Heavy ions (e.g. Ar)

 Highly anisotropic

 Poor selectivity

Ion Milling
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 Chemically reactive ions
 improved selectivity

 lower power

 Example: Si etch
 CF4 gas does not react with Si

 energized F- plasma can react with Si

 SiF4 is volatile (boiling point 4 oC)

 Very isotropic
 no direction

Plasma Etch
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Si
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 Improved directionality by applied fields
 more anisotropic

Reactive Ion Etching (RIE)
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 Si
 SF6 plasma

 SiO2

 CF4 / CHF3 plasma

 Photoresists can be used as masks
 F ions etch PR very slowly

RIE - Si and SiO2
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 Si
 SF6 plasma

 SiO2

 CF4 / CHF3 plasma

 Photoresists can be used as masks
 F ions etch PR very slowly

RIE - Si and SiO2
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SF6 is heavier than air
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 O2 plasma
 C-H-O + O- = CO2 + H2O

 O2 plasma does not etch Si, SiO2, or metals
 SiO2 / metal oxides are non-volatile

RIE - Organics
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 Cl2 / BCl3 / SiCl4 plasma
 GaAs/AlGaAs, InP, GaN/InGaN, ...

RIE - III-Vs
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130AsCl3

200GaCl3

180AlCl3

> 1000lnF3

boiling point (oC)product

> 1000AlF3

1000GaF3

Q: why?

GaAs trenches
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RIE - Recipes
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 Inductively Coupled Plasma (ICP)
 higher power

 mostly for III-Vs

ICP-RIE
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 Quality is controlled by the experiments
 gas type, pressure, power, ...

Quality of Etching

16W. Li, et al., Suf. Coat. Tech. 201, 4979 (2007)
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 alternative etch / passivation

Deep RIE for Si
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'Bosch process'
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Atomic Layer Etching (ALE)
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1. Si + 2Cl2 = SiCl4
2. SiCl4 removed by plasma
3. Repeat 1 and 2

K. J. Kanarik, et al., J. Vac. Sci. Tech. A 33, 020802 (2015)
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Issues in Dry Etch
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Summary of Dry Etch
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