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Introduction
Wet vs Dry etching

Plasma

e

Dry etching techniques
- lon beam etching (IBE)
- Plasma etching (PE)
- Reactive ion etching (RIE)
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Introduction

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

Light

Photomask

Photoresist

The etched material (positive photoresist)

Al Poly-Si, Si0; l
(1)Deposition (2)Photoresist coating (3)Exposure

X 7

(6)Photoresist removal

(4)Development
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Introduction

The terminology related to etching

o Etch rate

o Selectivity

o Etch profile

o Uniformity
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Introduction

o Efch rate

how fast material is removed in the etch process

Thickness before etch — Thickness after etch
etch time

Etch rate =

Depends on Pressure
Source power
Bias voltage

Wafer temperature
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Introduction

o Selectivity

Ratio of the etch rates between the different materials

Etch rates of material 1
Etch rates of material 2

Selectivity =

.— Material 1
Material 2

High selectivity Low selectivity
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Introduction
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o Etch profile

Ratio of the etch rates between the horizontal and vertical wall

B Horizontal Etch rate

Vertical Etch rate

Isotropy Anisotropy Completely Anisotropy
R =1 O<R_ <1 R =0
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Introduction

o Uniformity
Measuring wafer thickness before and after the etch process

Unif i+ Max Etch rate — Min Etch rate 100 %
= X
mrormity Max Etchrate + Min Etch rate 0

Good uniformity Bad uniformity
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Wet vs Dry etching

o Dry etching
® (Gas phase etchants in a plasma
® Chemical and physical (sputtering) process
® High resolution

® Both isotropic and anisotropic process

o Wet etching

Liquid etchant
Only chemical process

Hard to control critical feature dimension
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Wet vs Dry etching

Highly with most

Directionalit . Almost poor
rect 'ty materials P
Typical Etch rate Slow (0.1um/min) Fast(1um/min)
Control of etch rate Good Difficult
Materials . :
b e s et Only certain material All
Equipment cost Expensive Inexpensive
Radiation damage Can be severe None
Productpn—llne Good Poor
automation
Environmental impact Low High
Cost chemicals Low High

CD control Good Poor
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Electric Field
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(¥ Positive lons & Electrons ) Neutral Atoms

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

nstitute of Science and

o Types of dry etching processes

- lon beam etching (IBE)
Physical etching

- Plasma etching (PE)
Chemical etching

- Reactive ion etching (RIE)

Physical and Chemical etching
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Dry etching techniques

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

Argon

Cathode \

| | T / S Properties of IBE

* lon beam energy: 1 — 3 keV

Anode —»
_» Extraction grid
== « Cathode: emitting electrons
lon beam —_| — Neutralzer
Reacti —+_\\
T = » Grid: accelerate ions that pass through
the grid to form the ion beam
Waferonchuck —— O] « Neutralizer filament: introduce electrons to
balance the positively charged ions.

1|

AR S « Operating pressure: 106 - 104 Torr
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Dry etching techniques

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

Ceramic fube

2CF, + 0, -» 2COF, + 2F, , Neutral gas CF,

4F(g) + Si - SiF ,(g), CF, can etch Si

(Gas discharging zone

o

1

Gastube  Extraction grid

|

L]
n.n.o. P.° L]

v/

(Gas supply %’

Electrodes

«— Wave guide

Efch chamber —

245GHz

0 Neutral gas
o Freeradicals
o Reaction product

c°‘o'!}.° o

: Nozzle
\ /
g s

st e il L

' 1] ’ 0

0 "0
‘o

Wafer/ Chuck I

Yacuum/ Exhaust

Properties of PE

|sotropic etching

No damage by accelerated ions

Operating pressure: 0.1-10mTorr
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Dry etching techniques

o Reactive ion etching (RIE): ‘Chemical’ and ‘Physical’ dry etching process
SF; + Si 2> SiF,
Cl, + Si = SiCl,

Gas supply
' Properties of RIE

Isotropic and Anisotropic
Plasma ——

e 13.56 MHz RF generator

| | Operating pressure : 0.01 ~ 0.1 Torr
Chiller A High frequency
Vacuum/

Exhaust
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Thank you

Q&A



Append IX (Wet vs dry etching)

1. Wet Etch

Liquid Etchant
Chemical process Only

o]

fe]

fe]

Advantage:

» Low Cost and easy to implement
= High etching rate
» Good selectivity for most material.

o

Disadvantage:

= Very hard to control critical feature Dimension
= Eliminates Toxic fumes.

2. Dry etch

o Gas Phase etchants in a plasma
o Chemical and physical (sputtering) process
o Advantage:

= Both isotropic and anisotropic process can be done.
» High resolution and cleanliness

» Better process control

» Ease of automation.



Appendix (Dry chemical etching)

Dry chemical etching mechanisms : purely ‘chemical’

2 XeF, Gas Phase Etching (high
pressure, chemical only)
O no plasma (just pump)
W 10 pm/min
O no damage
O isotropic

O very selective (Si over Al,
photoresist, oxide and nitride)

J CMOS compatible

Elch mask

Slow etching crystal plane
»

Anisotropic Isotropic
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AppendiX (piasma)

2 At the start of a sustained gas breakdown a current starts flowing
and the voltage drops to about 150 V.

2 To sustain a plasma, a mechanism must exist to generate
additional free electrons after the plasma generating ones have
been captured at the anode.

2 The additional electrons are formed by ions of sufficient energy
striking the cathode (emitting secondary Auger electrons).

a2 This continuous generation provides a steady supply of electrons
and a stable plasma.

2 Plates too close: no ionizing collisions (not enough energy), too
far too many inelastic collisons in which ions loose energy.
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AppendiX (piasma)

the relationship between the applied RF voltage, V,, the plasma
potential, V,, and the sheath voltages developed at either

electrode.
Powered Grounded
electrode electrode
V. -

] \ Sheath
- by AL ELELLLEL LI ALY =< ¥ potential

most negative part of RF cycle

most p ositive part of RF cycle
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AppendiX (piasma)

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

Cathode Anode
sheath sheath
- I I -
| |
Vp - | 1
oV : !
| |
I |
| Glow region |
| I
| I
| |
I |
[ |
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AppendiX (piasma)

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

____________________ ko=
Chamber walls Voo
Plasma Potential
© Radical
lon Sheath (? lon
---------- >
ov
'Vdc
dc self-bias

DC Bias = (-Vg +V,,)
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Ap pe ndix (blocking capacitor)

doe i

+

o® ng ) ..+
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Sheath Sheath 1 DC Bias Sheath DC Bias

wafer wafer wafer
S T— 8] e- - gaaake oo m
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vove Paschen Relationshi,
asc ationship
g ;o B-pd
2 Air " A+In(pd)
5 Argon A, B = constants
g
(=}
E
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100l
0.1 0.5 1 5 20 50 100
Pd(torrcm)
o 24 (Paschen's Curve)
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AppendiX (piasma)

Plasma in PECVD

Substrate holder for ion etching
Matching network

| oA Va W W
Ground :hie]«\‘ rJ-‘ )ﬂ

Cathode ] |
(RF electrode with target)

13.56 MT1z

RF Generator,
Anode I 1-2 kW

——

—

s —
-—

Vac hambe I
Substrate holder for de position acuum chamber wa
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Ap pend IX (Dry etching techniques)

CAIBE| RIBE IBE MIE MERIE | RIE Barrel PE
Etchin

Pressure || 104 f 104 [ <104 103102 | 103102 [ 103- [ 10-1-100 || 101100
(Torn 10-)

=]
Etch chan/ || chem/ phys phys chem/ chem/ | chem chem
Mechanis m| phys phys phys phys

Selectivity|[good  Jlgood [ poor  Jpoor  Jgood  Jgood | excdlent | good ]

Profile anis or || anis ans mis mis isoor || iso IS0 Or
150 anis mis
ImeTTEas
TETELE i‘hsmamum LT
- o o o o o om0 b e e o o e o -
RIBE CAIBE
Reactife gas :

Vacuum pum p
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Dry Etching
Glow discharge lon beam methods
miet hod s-Di ode -Triode Set-ups
Set-up
|
II P'ysn:al etching
lon beam active
Plasma active Sputter lon asslsted on bean
ctching on ctching etching milling chens obeh tching
putteri
Reactive Reactive Inen Incrt gas Inert gas Reactive gas
gas gas gas 10N 1on 1on beam
plasma plasma
0.2-
Torr

10-4-10-

Torr
Low High High No reactive Reactive Some
energy energy energy neutrals neutrals reactive

bombard.



Appendlx (Physical etching : profiles)

Etching profiles in physical etching

a Faceting: angle of preferential
EtChiﬂg [ —" A,

a  Ditching (trenching): sometimes '
caused by faceting

a Redeposition: rotational stage
might reduce this effect.

SFACETIMNG
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Ap pe ndix (Loading effects)

Loading effect

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

The Difference of Etchant The Difference of Pump out Rate

Concentration per Unit Area

Macro Loading effect Micro Loading effect
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Appendlx (Loading effects)

Loading effect profiles
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Appendlx (Over etching )

Reactive ion etching for SiO,
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Appendlx (etching profiles)

‘Chemical’ & ‘Physical’ etching

£

A nisotropic

Etch

KLy

Chemical Etch Physical Etch Chemical & physical

Isotropic Etch




Ap pen dix (lonization energy)

17} o]1-23} oA (kJ/mol)

1500

1000

|

Period 2 Period 3

Period 4




Appendix
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electrons

e+A— A*+2e
et+tA— A" —e+A+hyv
e+A*— A*+2e
e+A—-A+e
e+AB—-e+A+8B
e+AB—-2e+A*+B

lonization

Excitation

Penning ionization
Elastic scattering
Dissociation
Dissociation ionization

e+AB— A" +B Dissociation attachment
e+A*+B—-A+B Recombination

ions

A*+B—-— A +B* Charge exchange
A*+B— A*+B Elastic scattering

A*+B - A*+ B* +e lonization

A*+B— A*+B"— A*+B + hv Excitation
A*+e+B—A+B Recombination

A*+BC—A*+B+C
A+BC—-C+AB

Dissociation
Chemical reaction
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Typical RIE Gases

Material Gas E“’('L":l:)‘" Mask Selectivity
1) CF4 . o
e g; g;?z - it Mam:::.s:u. Al) ~ 4231
0, |2 orera 0 | pgon |~
St ;: g::; o B mﬁ:.s:u. A) :;g:
Wnoe ;: gg +B8CI3 > Met:I:g;, Ni) :;g:
InP 1) CH4/M2 ~ 200 MIS(g?hi A) ~ 40:1
" ;} :ng +C12 =~ ZT:: B
Resist / Polymer | 1) 02 ~ 500 SN, . ~ 50:1
Metal (Cr, Ni)




