EEL&3I5 Advanced MEMS (Spring 2003)
m Instructor: Dr. Huikai Xie

Lecture 2
Dry Etching |

m Agenda:

a DC Plasma
— Plasma decfiange rones

— Paschen’s Law
a RF Plasma
2 High-density Plasmas
a DRIE

— Micraoloading

— Sibcon grass
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Glow Discharge Plasma

m Glow occurs when a DC
voltage is applied between
two electrodes in a gas
= Low pressure (0.001~10 Torr)
= High vohage (~1kV)

= Electrons from cathode
accederated in the electric field
ionize gas molecules and ¢
provide the plasma-sustaining T e
current B . .

= Enengetic collisions create Tl akw
avalanche of ions and electron: !

= Electrons move much faster il S
than ions [ i -
= Neutral species greatly 5 -
outnumber electrons and ions wl ™ 1
by 4 to 6 orders of magnitude . P e G |
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m Glow Discharge Plasma

A Average parlicle energy is
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m Glow Discharge Plasma

m Electron-Molecule Collisions
a Dissociation
g+ Cly = 20l + & e+ CF, »CF, +F+e

— R Ty

Highly reectve radicals

=~ lonization
e+ O, — 20+ + 2 e+ CF, = CF* + F+ 2
» Excitation
e+F=F +¢& &+ Ar = Ar + e
F— F + fiv Ar® — Ar + hv
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m Reactive Plasma Etching

F

ferd g plasrs B owl ] g
. 2
i driml h-.'d ‘ J N
.l:--jﬂr.'l.- e ._.' .-

wcler b pa el

m Chemical etching
m |sotropic
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m Glow Discharge Plasma
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Paschen's Law

m Glow Discharge Plasma

m Special zones
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coligiars 2o o mamrie ® The breakdown voltage Is 3 funclion of the praduct of the gas pressure
fsiz ; ; and Me gap dstanca; L., V = Pxd)
= Fosithe columin: quas- 1 .-'ﬂ'\ e — a ® The curves have minima. For largs pxd, Increaeing pxd resulls in largar
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uniforma; not imporant for / ® For emall pxd, breakdown valtages Increass with pxd decraacsing. This
etrhing or cepociion bacause when the pressure s 150 kow ar the distance Is too small, most
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RF Plasmas RF Plasmas
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m Electrons oscillates between the electrodes with the AC voltage. No

T wm Seffblas Vi slecirons move faster than lons and chasge up the cafsode
need for electron emission from cathode. (ekcrons cannot cross over the capachort bo bulld up & megabve pobesdial

m Can sustam RF plasma at lower pressures than DC plasma.

= : : “The meximum sremgy of poskve lans striking the catmode i 81 +F. ) 3200V
m RF plasma allows etching of dislectrics as well a5 metals.

*The maximumn =nengy of posihve lons siing the encde Is EI".- =20=N
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