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Unit 2
An Introduction to Uses of
Plasma in Processing

Lecture 4
Subtractive Processes and
Etching



Outline

Subtractive processes
Cleaning and etching
Dry cleaning

Dry etching



Subtractive processes

* There are two types: (1) those used for
cleaning and (2) those used for etching.

* The subtractive processes that are based
on using plasmas are what is termed dry
processes



Cleaning and Etching---a question
of degree



Cleaning Processes

« Cleaning (term used for wet and dry processes). Term
used when removing very thin films (residues, “scum”) ---
film may be as thin as a few monolayers.

* De-scumming (term used for wet and dry processes)

« Ashing (term used for dry cleaning based on oxygen
plasmas)
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Etching Processes

* Wet etching

* Dry etching



Dry Cleaning

« Always uses a plasma*

« Sputter cleaning (purely physical; e.q., Ar
plasma bombardment)

« De-scumming and ashing (can vary physical and
chemical components; e.g., oxygen plasma)

*Can dry clean with “dry ice”; i.e., solid carbon dioxide pellets.
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Dry Etching

» Always uses a plasma

» Sputter etching (purely physical)

* Reactive ion etching (can vary physical
and chemical components)



Some terminology

Reactive ion etching (RIE) Is sometimes called
plasma etching

RIE always places the substrate on the cathode

The term “Plasma etching” is always used if the
substrate is placed on the anode

So---3 terms to keep straight: dry etching, RIE,
and plasma etching




Dry Etching

Want reproducibility

Want to remove material at rates of 1-
1000nm/min.

Want selectivity (only etch what you want
etched)

Want to control the etch profile




Dry Cleaning Example:
Barrel Reactor

* Chemical removal (etching) dominant

* Very useful for removing organic thin
layers (residue, scum)

« Usually uses oxygen plasma (i.e., ozone
radicals) to remove film—this is called
ashing



Quartz tube

Dry Cleaning Example:
Barrel Reactor

lﬁm inlet

{ _~Plasma
U5 Shield

_—~Electrode

End view

Gas inlet———

Plasma [ g

To pump<+_——

WWa 1‘¢=l-;_

© 2013 The Pennsylvania State University

Side view

Tl
A S BN} A T e Sl T T S L M B T




Dry Cleaning Example:
Sputter Cleaning

* Purely physical cleaning
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Dry Etching Example:
Reactive lon Etch System

MFC’s

o
| o

\ Vent/Purge

TC1
Cathode
with
lon Gauge backside Roughing
cooling
_—1LL Valve (:].
Typical Gasses

Throttle
Valve

Impedance Match [ ] :'_j_E_' Turbo Pump Mechanical Pump

Blocking Capacitor —E::E&:_c_-_ TC2
RE Power — . 8
Source —_— Foreline Valve

Public Domain: Image Generated by CNEU Staff for free use

© 2013 The Pennsylvania State University



Sputter etching (purely physical)
[Also called ion milling]
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Gives anisotropic profile

Not selective

Used when want straight walled profile and selectivity
IS not an issue

Used for ion milling in chemical analysis
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RIE:

Playing Physical Bombardment Off Against
Chemical Attack
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Summary

Plasma cleaning and etching processes
produce less waste disposal problems

Effluent control
Widely used in cleaning applications
Widely used in etching applications

RIE gives great versatility in selectivity and
etch profile control



