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Outline

m Introduction
= Devices and Plasma Processing
= Plasma Fundamentals
m Physical Diagnostics
= Langmuir Probe and Other Probe

= RF V-l Probe

m Chemical Diagnostics

= Mass Spectroscopy (MS)

= Optical Emission Spectroscopy (OES)
B Chamber Monitoring Technologies

= Endpoint Detection for Plasma Etching

= Algorithms for signal enhancement
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Introduction: Devices and Plasma Processing
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Micro/Nanoscale Integrated Circuit (IC)

B Plasma processing steps are 30~40% of IC fabrication processing.
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Process Steps and Plasma Processes
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Cross-section of DRAM and Flash Memory Devices

*  Minimum critical dimension is < 100 nm.
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3D cells require high aspect ratio plasma etching

* Single crystal Si channel
2D cell * Floating gate (or TANOS)
+ 1-side gate

Control Gate
ONO =

(Oxide/SiN/Oxide Floating Gate
Tunnel Oxide -

* Poly-Si channel http://gigglehd.comizbxe/6137281
+ SONOS (Si / Oxide / SiN / Oxide / SiN)

+ All-around gate

* Channel-last process Wednesday. August 10. 2011
+1 step litho (hole)
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Plasma

m Plasma (soup of ions, electrons & neutrals)

= 4th state of matter
= lonized Gas
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Breakdown of H,0 molecules

O
VAN
H H
H > H* + e
O > OY + e
O - H > OH+ + e
Radicals lons Electrons
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Nature & Homes

In

Plasmas
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Plasmas in Material Processing

Graghics provided by UGLA

The low effluant tam paature of atmosph eric-presau e
plaszma makeas the darica ideal far sewvaral
decontamination applications.

http://www.p2pays.org/ref/14/0_initiatives/init/spring01/plasma.htm
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Plasma — Generation Process

C,F¢/O, Example

®

inhibitor
sheath E field ()
neutral § }
photoresist

inhibitor

90nm - Tum

\4

C,F,, CF,, COF,, O,

Plasma = lonized Gas

Stepl : Electric energy transferred to
electron (1-5eV)
(plasma physics)

Step2: Electron collides with molecules
to generate radicals and ions
(plasma chemistry)

Step3: Surface reaction of ions and
radicals with surface

(surface reaction)
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Charge Particles and Neutral Species in Plasma

_— Main flow of reactant gases

‘ —_— ———®  — Gas Kinetics
— ,«--——= Plasma Kinetics
T ‘,l Gas Transport &
Plasma sheath © -0

Boundary Layer

=— wafer @——}‘__@  Surface Reaction
L TR s 7770

. Diffusion In of reactants through boundary layer
. Adsorption of reactants on substrate

. Chemical reactlon takes place

. Desorption of adsorbed species

. Ditfusion out of by-products

X
L
s wn S
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Things to think about

m Plasma properties

m Chamber configuration (molecules, heat, electrical power)
B Gas delivery, gas in vacuum and pumping

B Temperature of wafers and chamber walls

m Surface reactions and mass transfer

m RF technology

B Plasma diagnostics

B Data mining and analysis
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CCP and ICP

Capacitively Coupled Plasma (CCP) Inductively Coupled Plasma (ICP)

Gas Feeding @ RF power ~ Coil
e l @ O 0) 6)

l

RF Match Box RF Match Box | Dielectric Plate
RF power @ RF power @
| ]

¢ Power delivered through parallel plates - Power delivered through coils

# Relatively uniform plasma *  Relatively non-uniform plasma
° i +tn-Hi 1 10

¢ Low-to-medium density plasma : Mlegl';‘m t;’) High density plasma (10

~ cm-
108 ~ 101t cm?3 : .

. Independent ion energy control is

# High energy ion acceleration possible with separate power
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Plasma — Generation Process

C,F¢/O, Example

®

inhibitor
sheath
neutral i
photoresist

inhibitor

90nm - Tum

C,F,, CF,, COF,, O,

\4

Plasma = lonized Gas

Stepl : Electric energy transferred to
electron (1-5eV)
(plasma physics)

Step2: Electron collides with molecules
to generate radicals and ions
(plasma chemistry)

Step3: Surface reaction of ions and
radicals with surface

(surface reaction)
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Plasma — Reaction Example

Weakly ionized gas Example

Dominant Reactions in Plasma
(example)
CFg + e > 2CF; + e
CF;+e > Ch, +F+e
CF; + e > CR;* + 2e

N

heath Inhibey ® . Dominant Surface Reactions
Shea E field (F)

on (example)

| neutrali Deposition : CF, + CF, > (CF,),
photoresist

inhibitor

/

\Etching: 4F + SIO, = SiF, + 02/

1. Low T processing due to reactive
radicals & ions

90nm - 1Tum

2. Directionality due to ion and
C,F, CF,, COF,, O,

electric field
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Why Plasma ?

B Radicals:

= atomic or molecular species with unpaired electrons on an
otherwise open shell configuration. These unpaired electrons are
usually highly reactive, so radicals are likely to take part in
chemical reactions. (Ex: CH, CF, CF2, OH, ...)

= For PECVD, cleaning, ashing, etc
m lon

= |ons deliver energy to surface with electric field in sheath.

= For sputtering and anisotropic etching
m UV light

= Plasma emits UV and visible light.

= Applied to plasma display panel
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Plasma

Electron

lon

Radical

Molecules

Mass

Fraction

Density

Energy

Function
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Major Parameters in Plasmas

CZFG/OZ

inhibitor ‘
sheath % E field (E)

ion

neutral

v

photoresist

E R R

inhibitor

20nm - 1pm
l C,F,, CF,, COF,, O,

m Physical (charged species)
= Electron density
= Electron energy distribution
= |on density
= |on energy distribution

B Chemical (neutral species)
= Radical density
= @Gas phase reaction rate
= Surface reaction rate

B Transport
= Mass

= Heat
= Momentum
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Plasma Density & Electron Temperature

1
ﬁ“ab -
Electron @ apty
o A Distribution moving a, stationary b particle
3 “a
v fe(v) Vab T T uaaabnb

ab

A4, = mean free path

G, = cross section for the interaction
n, = density of particles of type b

u,, = moving velocity

v = collision frequency

Cross-section

o
v
. . R=nv.=nno .u (cm’—sec)’
Dissociative lonization a’ ab a"'b® ab?a ( )
Attachment
Dissociation
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Cross Sections
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Fig. 3-3 Cross sections versus electron energy (—) and Druyvesteyn energy distribu-

Electron Energy (W)

Plot of cross section tor ionization versus electron energy (from [6],
reprinted by permission of John Wiley & Sons, Inc.).

tion for T, =5 eV (--).

B SUNGKYUNKWAN
22) UNIVERSITY



Reactions in Plasma

Precursors #

Electrode

Recombination

\ T lon-molecule
@ ® , reactions

lonization
) —-»Q;) -~ ‘ \q’\; Optical
¥ emission
Dissociation \ ®? ’r\j\/
®

Radical-molecuie

reactions
Diffusion
Surface
reactions
Electrode
N
Gaseous ‘
© Electron (&) lon products

Molecule  (R) Radical

Homogeneous Reactions

- Recombination of lons:

- Charge Transfer:

- Transfer of heavy reactants:

- Radical-Molecule Reaction:
- Electron Transfer
- Penning lonization
- Attachment of Atoms
- Recombination of radicals
- Chemiluminescence

Hetetrogenous Reactions
- Adsorption
- Metastable deexcitation
- Polymerization
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Ba2tx013Hol BEY (F2t=0t L shetuts)

m CF, Scf=010| A E’d3St= lons, Radicals, Electron<( Gl AN

H
e + — + + S P
CFg3, CF4 CF3 CF F.F y . FooF |
. 16 e’ 81 . e + CFy — CFa=—"—  CF3H
FFo F.Fy F F r eH Ha.H
. —— R e —————— il
e + CF2 ™—_ CF,4 _CF, ™ CF 2 C+ F Fy CF4 CFzH F
e e e e e H F.Fy
CFg3||e CF2| |e CF||e e + Hy H HF —~——
F2 | ) ° {
—. —
CZFG 02 F4 P Cze
E
-
m O, EZI=0OI 9| g}stHtE
)y = i)
Reaction k 0 (€m?) Reaction k O, (cm?)
Tonization 20.0; +0 -0, +0, 4 % 107" cm®/sec
lLe+0,-0! +2e 272 x 10716 21.0; +0,-0; +20, 6 x 107" cm®/sec
2.¢e+0 -»0% +2e 1.54 x 1078 Detachment
Dissociative ionization 2.07+0 »0,+e 3.0 x 107" cm®/sec
3.e+0,-0"+0 1.0 x 10716 23.0°+0,+0+0, te 7 %107
Dissociative attachment 24.07 +0,('A) >0, +e ~ 3x107" cm?¥/sec
4.¢+0,-0"+0 141 x 107" 25.0; +0 -0, +e 5.0 x 107'° cm®/sec
5.6+0,50" +0+e 485 % 1071 26.0; +0,-20, +e 7% 1071
Dissociation 27.0; +0,('A))>20, +e ~ 2x 107" cm*/sec
6.e+0,520+e 225x 107" Electron-ion recombination
Metastable formation (o) o
T.e+0,-0,('A) +e 3.0x 107 o7 20 E—
Charge transfer 28. et o; = 0+0, S 1077 em’/sec
8.0*+0,-0} +0 2 x 107" cm®/sec o} 20,
9.07+0 -0 +0, 8x 107 Ion-ion recombination
10.0/ +0,-0;+0 1x10°% o- o+
+ 30 6
1.0} +20,-0; +0, 2.8 X 107* em*/sec o; o: o Y
2.5 x 107" cm?/sec at E/p = 20 V/em torr Bieo-1 {00 ~ 107" cm®/sec
122.0°+0,-0; +0 3.4 x 1072 cm®/sec at E/p = 45 V/cm torr o- o 2
- - 4 4
3.0 +0,-0, +0 53 x10° :: :/sec Atom recombination
140 420,20, +0;, 1002107 cmSlsec 30.20+0,-20, 23 x 10-* cm®/sec
15. 02‘+O—»0 _+02 5 x 107" cm?/sec . 3.30-50 +0, 1.5 x 10~* cm®/sec
16..07 +0, =07 +:0 - =10 32.0+20,-0,+0, 1.9 X 107 exp (2100/RT)cm®/sec
17.0; +0, >0, +0, ety 33.0+0,520, 2.0 x 10 exp (— 4790/RT)em®/sec
18.0, +20,-0,+0, 3 % 107 om®/sec 34.0 - 0, 7=16x 10" to 1.4 x 102
19.0; +0,-50; +0, 4x107" wal

(T =20 — 600 °C)
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g2t =013yol

EIEI-A

Zgfl=0} L HEs
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eory of Flow IViodule

Mass Conservation
op nd
L iVe(pV)=0
Py (V)

Momentum Conservation
A(pu)

ot
o(-p+r,) . 0T, N or.,
ox oy 0z

+V0(qu)—

+ S,

AP L G e (¥ v)=
o +Ve(plv)

or,, N o(-p+t,) N or,, ‘s,
oy ox 0z Y

olpn) | v

o(pV w)=
o (pV w)
or or

wo T o(-p+7.) +S,,
oy Oz Ox

Navier-Stokes Equations

A2 G epVuy=—L Ve (uvu)+S,,
ot ox

MJrVo(p;u):—a—p—i-VO(,uVu)-i-SM
ot oy §

AP o a(pPuy=-L 1V o (uvu)+S,,
ot oz

Reaction Kinetics
aAd+ pB—>C+D
r=kT"(P/P, )" e " *"[4][BY
r=k,r"e " 4)|BY

k, = pre-exponential constant

n = temperature exponent

£,/R = activation temperature

m = exponent on pressure
dependency

r is expressed in kmoles/nPs

e3p3

Unit of k, = kmOZ(a+'B_1)SKn
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Charge Particles and Neutral Species in Plasma

_— Main flow of reactant gases

‘ —_— ———®  — Gas Kinetics
— ,«--——= Plasma Kinetics
T ‘,l Gas Transport &
Plasma sheath © -0

Boundary Layer

=— wafer @——}‘__@  Surface Reaction
L TR s 7770

. Diffusion In of reactants through boundary layer
. Adsorption of reactants on substrate

. Chemical reactlon takes place

. Desorption of adsorbed species

. Ditfusion out of by-products

X
L
s wn S
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Major Parameters in Plasmas

CZFG/OZ

inhibitor ‘
sheath % E field (E)

ion

neutral

v

photoresist

E R R

inhibitor

20nm - 1pm
l C,F,, CF,, COF,, O,

m Physical (charged species)
= Electron density
= Electron energy distribution
= |on density
= |on energy distribution

B Chemical (neutral species)
= Radical density
= @Gas phase reaction rate
= Surface reaction rate

B Transport
= Mass

= Heat
= Momentum
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Plasma Density & Electron Temperature

1
ﬁ“ab -
Electron @ apty
o A Distribution moving a, stationary b particle
3 “a
v fe(v) Vab T T uaaabnb

ab

A4, = mean free path

G, = cross section for the interaction
n, = density of particles of type b

u,, = moving velocity

v = collision frequency

Cross-section

Dissociative

_ _ 3 -1
o R=ny, =nno u, (cm” —sec)
lonization

Attachment

Dissociation
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Cross Sections
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Fig. 3-3 Cross sections versus electron energy (—) and Druyvesteyn energy distribu-

Electron Energy (W)

Plot of cross section tor ionization versus electron energy (from [6],
reprinted by permission of John Wiley & Sons, Inc.).

tion for T, =5 eV (--).
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Reactions in Plasma

Precursors #

Electrode

Recombination

\ T lon-molecule
@ ® , reactions

lonization
) —-»Q;) -~ ‘ \q’\; Optical
¥ emission
Dissociation \ ®? ’r\j\/
®

Radical-molecuie

reactions
Diffusion
Surface
reactions
Electrode
N
Gaseous ‘
© Electron (&) lon products

Molecule  (R) Radical

Homogeneous Reactions

- Recombination of lons:

- Charge Transfer:

- Transfer of heavy reactants:

- Radical-Molecule Reaction:
- Electron Transfer
- Penning lonization
- Attachment of Atoms
- Recombination of radicals
- Chemiluminescence

Hetetrogenous Reactions
- Adsorption
- Metastable deexcitation
- Polymerization
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Ba2tx013Hol BEY (F2t=0t L shetuts)

m CF, Scf=010| A E’d3St= lons, Radicals, Electron<( Gl AN

H
e + — + + S P
CFg3, CF4 CF3 CF F.F y . FooF |
. 16 e’ 81 . e + CFy — CFa=—"—  CF3H
FFo F.Fy F F r eH Ha.H
. —— R e —————— il
e + CF2 ™—_ CF,4 _CF, ™ CF 2 C+ F Fy CF4 CFzH F
e e e e e H F.Fy
CFg3||e CF2| |e CF||e e + Hy H HF —~——
F2 | ) ° {
—. —
CZFG 02 F4 P Cze
E
-
m O, EZI=0OI 9| g}stHtE
)y = i)
Reaction k 0 (€m?) Reaction k O, (cm?)
Tonization 20.0; +0 -0, +0, 4 % 107" cm®/sec
lLe+0,-0! +2e 272 x 10716 21.0; +0,-0; +20, 6 x 107" cm®/sec
2.¢e+0 -»0% +2e 1.54 x 1078 Detachment
Dissociative ionization 2.07+0 »0,+e 3.0 x 107" cm®/sec
3.e+0,-0"+0 1.0 x 10716 23.0°+0,+0+0, te 7 %107
Dissociative attachment 24.07 +0,('A) >0, +e ~ 3x107" cm?¥/sec
4.¢+0,-0"+0 141 x 107" 25.0; +0 -0, +e 5.0 x 107'° cm®/sec
5.6+0,50" +0+e 485 % 1071 26.0; +0,-20, +e 7% 1071
Dissociation 27.0; +0,('A))>20, +e ~ 2x 107" cm*/sec
6.e+0,520+e 225x 107" Electron-ion recombination
Metastable formation (o) o
T.e+0,-0,('A) +e 3.0x 107 o7 20 E—
Charge transfer 28. et o; = 0+0, S 1077 em’/sec
8.0*+0,-0} +0 2 x 107" cm®/sec o} 20,
9.07+0 -0 +0, 8x 107 Ion-ion recombination
10.0/ +0,-0;+0 1x10°% o- o+
+ 30 6
1.0} +20,-0; +0, 2.8 X 107* em*/sec o; o: o Y
2.5 x 107" cm?/sec at E/p = 20 V/em torr Bieo-1 {00 ~ 107" cm®/sec
122.0°+0,-0; +0 3.4 x 1072 cm®/sec at E/p = 45 V/cm torr o- o 2
- - 4 4
3.0 +0,-0, +0 53 x10° :: :/sec Atom recombination
140 420,20, +0;, 1002107 cmSlsec 30.20+0,-20, 23 x 10-* cm®/sec
15. 02‘+O—»0 _+02 5 x 107" cm?/sec . 3.30-50 +0, 1.5 x 10~* cm®/sec
16..07 +0, =07 +:0 - =10 32.0+20,-0,+0, 1.9 X 107 exp (2100/RT)cm®/sec
17.0; +0, >0, +0, ety 33.0+0,520, 2.0 x 10 exp (— 4790/RT)em®/sec
18.0, +20,-0,+0, 3 % 107 om®/sec 34.0 - 0, 7=16x 10" to 1.4 x 102
19.0; +0,-50; +0, 4x107" wal

(T =20 — 600 °C)
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Mass Conservation
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L iVe(pV)=0
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Momentum Conservation
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ot ox
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Reaction Kinetics
aAd+ pB—>C+D
r=kT"(P/P, )" e " *"[4][BY
r=k,r"e " 4)|BY

k, = pre-exponential constant

n = temperature exponent

£,/R = activation temperature

m = exponent on pressure
dependency

r is expressed in kmoles/nPs

e3p3

Unit of k, = kmOZ(a+'B_1)SKn
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Charge Particles and Neutral Species in Plasma

_— Main flow of reactant gases

‘ —_— ———®  — Gas Kinetics
— ,«--——= Plasma Kinetics
T ‘,l Gas Transport &
Plasma sheath © -0

Boundary Layer

=— wafer @——}‘__@  Surface Reaction
L TR s 7770

. Diffusion In of reactants through boundary layer
. Adsorption of reactants on substrate

. Chemical reactlon takes place

. Desorption of adsorbed species

. Ditfusion out of by-products

X
L
s wn S
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Non-Invasive Plasma Monitoring Tools

RF Source Power

(13.56MHz) Coil _
Dielectric = ac it / Viewport
) as Inle
Window
® O ©
| o _OES -

Wise Probe e —
=¥ s |
. o)
e e
ey,
il

___ _SPOES
i 55 RF Bias Power
S ey Y (12.56MHz)
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Non-Invasive Plasma Monitoring Tools

18000 -

Physical

Dielectric

Non- Invaswe lon Monitor Wmdow

§2

16000
14000
3,12000
‘@ 10000
2 8000
c
= 6000

n

Il 4000

o o o

Wafter

o

eIf Plasma,

= 1998 channels

VI Probe

@

RF Bias Power
(12.56MHz)

T Chemicaflthformation
1 -1998 channels

: | “ l,

95.9_328.95 459.95 588.82 715.47 839.8 961.731081.1°
Wavelength(nm)

ptical

Fiber - Physical information

-V, 1, 8, 15-5th harmonics

—— Fundamental

3rd Harmonic
—— 5th Harmonic
—— T7th Harmonic

Harmonics
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SISO/MIMO

- SISO/MIMO N2 20| Z2t=0f S-0 M= 27t E

Reference
Input

Actuating
Signal

{Setpoint) : \
+:,

1+

Control
Elements

Feedback Signal

d0l= =R #HL7F RO HetHe =

k=)
Disturbance
Manipulated
Variable Controlled
- Variable
Cutput
\_ Plant ( E— )
Feedback
Elements
www.techtransfer.com
|_ e
ot M E7ts2
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Run-to-Run Control

Post Process Results
(Current Process)

Process Control Models

Post Process Results - Dynamic Recipe Advice

(Upstream Process - Optional) S Configurable

... (Future Run)
Process Optimization Targets

Feedback Control Process History Feedback Control
Process :eupe Wafer-to-Wafer or Lot-to-Lot
(Current Process) Control 5
| T80 e e = o & i
. L : 1 il X(mimin) (s, + b ) T
= Designed to minimize a quadratic cost of control i T 13 2
. . o s ! _ setpoint [
error for the oxide etch rate and etch uniformity - Eie (=100, |, 3
by run-wise integral action of the RF power, g wof
. 11
chamber pressure and RF bias voltage.
. 0
ICP Etcher Simulator i TS TR TR
(@)
Plasma Wafer =) = w
Generation ’ Etching State ol 18k 4165
Ion Energy T | Eusl {160
RF Power Ion & Radical Flux Etch Rate Emnf 2 z
Pressure Ion & Radical Angle Uniformity E ]| 4155 §
. w Ll Q. -~
RF Bias £ 18 5 12 -
Run-to-Run bt il B Preune {145
©  RF bias
Controller |g== Target values 12l osl . - - - - - 140
Runs
Block diagram for the run-to-run control system (b)
W SUNGKYUN KWAN
=) UNIVERSITY

S.T. Seo et al., Korean J. Chem. Eng., 23 (2006) 199



Run-to-Run Control @ AMAT

2

@l AEERER

make possible Products & Technologies  Services =~ Company Q

Products

D@ RR 00, ﬂ_n_u;axﬂr- ﬁ:owi e.,' TR A TR

s
L |
RESOUR( -
A9 By £l O e
[#) SmartF e Ty el e
Control Di ﬂ a g Fromr
AemyOm  Ausl  ClSad | |
™ bt
E3™eRUNE @ 0 ¥ [} T o —d——9
CUSTOM Excha | &5 Cafitee it (- Dyt frd Hmaren
Cose  Calch  Cosbest LR ayer
guwm_.ad % 3 a.;:.si;. - !
uropean Distadray, DitoCechs 0 Hoshatin | e -2 - -
16-18, 201 E Eﬂ - T 9_ -.._?,._. . L ’
ol cles o e
Micron Te g
Controlling process disruptions is essential as today’s factories invest more in automated information Process Ct trEﬂc. @ E’E 23
handling, equipment integration and advanced process control (APC) tools such as R2R controllers that Matmrinls’ 9@ N s
i -to- System. Al
manitor and control process variances. To better manage these disruptions, SmartFactory Run-te-Run Y i, 5
(R2R) Control offers an APC solution that improves process capability (Cpk) and optimizes tool recipe &'d @ ﬁ
- Ko . MinCata:  fnd Trimpen
parameters. SmartFactory R2R is built on the Applied’s equipment control technology, the E3 platform. ARTICLE Al el i -
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Physical and Electrical Diagnostics
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Monitoring Tools

* Non-invasive chemical and physical monitoring tools

Physical

Non-Invasive lon Monitor

Dielectric
Window

Wafer

RF Source Power (13.56MHz)

Coil Chemical
Viewport
OES
ptical e - .:;J_;;t.,}:;.'?:
Fiber | w1998 channels
Physical

Chemical
SPOES Optical
Fiber
. _ . OES
e — | Self Plasma,

= 1998 channels

— V, |, Phase(~ 5" harmonics)

Vi Pr

Oct

RF Bias Power

(12.56MHz) Chemical
QMms
h— . - [ 0650 amu range,
Analyzer_’ 34 .
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Langmuir Probe

L1 Electron and ion energy distribution

ll

Wire (“tip™)

Chokes and other .
RF-filtering Insulating sheath
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Langmuir Probe

Reactor wall
(grounded)

Vacuum seal

Sweep voltage supply Probe insulator

; | CV Probe wire
Y R;
Q
e
=

+0 X o

s

Recorder/computer
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Langmuir Probe

1. Viope = VY, (plasma potential) :
: The probe collects both ions and electrons
from a plasma. = The probe draws an
electron current.

2. Ve > V,: electron saturation region

The probe repels ions and accelerates
electrons, reaching electron saturation
current, |..

3. Vprobe < V,: transition region
: Electrons are repelled and the current is
decreased exponentially.

4. Vi, ope <<V, 10N saturation region region

Only ions are collected, reaching ion

saturation region, |.

‘ SUNG KYUN KWAN
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Langmuir Probe

i |
=1
2 | =
= —
o { ¥
-4
g - !
Probe Voltage Probe Voltage
(a) (b)

Fig. 58 IV characteristic of a single Langmuir probe: (a) linear display; (b)
semilogarithmic display.
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Maxwell-Boltzmann Distribution in 3D

B Gas distribution as function of speed

Maxwell Speed Distribution
Function f(v)

i
3
g
:
8

Molecular Speed

v = speed

M = molar mass

T = temperature

kg= Boltzmann’s constnat

y = jvf (v)dv
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Langmuir Probe Characteristics

From Maxwell-Boltzmann distribution function, (Fig3.5, Chapman)
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VI probe / Equivalent Circuit Model

€ Equivalent circuit model for plasma impedance monitoring

Grounded Electrode N
V., Wafer~
Powered - -

Electrode |

Cy TTT

Matching circuit
I Pgias
Pgias Matching Circuit
H. Kawata et al., Jpn. J. Appl. Phys., 47 (2008) 6914 H. Takada et al, Jpn. J. Appl. Phys. 40 (2001) 1457

= Non-invasive method
= Plasma - Conductor / Sheath - Capacitor

— Physical information can be monitored with impedance analysis.
- Viewport is not necessary.
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VI probe / Equivalent Circuit Model

Bias Electrodel| VIE 2L E 50 Sheath Ha= 22T
(a) 200+ J—
€ Estimation of the ion density & the ion energy ol Peveo,_ "

é Voltage Probe

Current
Probe c 1
 ——— s T
plasma Rb% T
Cs
—————————— Oscilloscope T
Voltage (VrF) Impedance

Current (Irg)

Phase difference (8)

Electron density = ion flux
Sheath voltage - ion energy

Experimental Impedance analysis setup & Equivalent Circuit model

Z = A+ Bi
-
A= -2 cos0
RF
Ve
B = ﬁsin@
Irp

R — A
R C2A20? 4 C2B%w? — 2C2Bw? +1
i : C2A%w? + C2B%w? — 2C2Bw? + 1
" C2A%,? + C2B%? — B
Irp
V‘ o—
. uJC"D
d
Ne = —
) (15 Rb,u'(r

H. Chae et al., Journal of the Korean Physical Society, 51 (2007) 978

S 100—_

0
>

—
o
—

Electron density (10°cm™)

140

120 ./ /

CF /O
2 6 2
80 A_________‘/‘

60-
40
20-

0

100 150 200 250 300 350 400
T(DC)

CF,/0, I
2.5 il /
'

n ™ n
2.0- / PEVE/O,
A

1.5

0 50

3.0

1.0

0.5-

0.0

0 50 100 150 200 250 300 350 400

. T(°Cg .
Sheath potential and Electron density
vs. Temperature
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Vi probe / Non-invasive In-situ lon Energy Distribution

Non-invasive 2t Al ©

13.56 MKz
generator

matching
network

Z In-situ lon energy distribution =78 B8 A7

inductive
plasma source
{fiat coil)

2%

%

.

///‘/
s

7

) I
rf signal | | rf power
generator| | amplifier

) [
bulk plasma * 95()

T
Viy(t) or— } —{ground —o grounded

- sheath | | gyraces

b

Vps(t)| powered sheath —

LA ELAL A, ;‘/'/u S ST LS 7
S AL ST IS 7 ," “ /% / A
“;//./-,4/ A I L

AN

lvpe(t)
powered electrode

LA

(b}

0
Ay
A

/o
YA

N AR AR
N

7

M. A. Sobolewski, J. Vac. Sci. Technol. A, 24 (2006) 1892

_L (a)
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Vi probe / Non-invasive In-situ lon Energy Distribution

A'82"‘[ ¥ T T T i T ™ e L & ! 3 I ¥ 1 L) )] v T ]
g - (a) - < soof CF4 flow off (a) .
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Floating Harmonic Probe / 1on Flux & Plasma Density

€ Non-invasive In-situ lon Energy Distribution

Probe Body

] —
4
13.56MHz Resonance Filter PLASMA
T DC blocking cap. (100 uk)
50
£
v % Dilferential 1
g S AMP R > e
eZ [V | Yow —> | FIT
oF —= > 20
iy —+ [V Choracteristic e Fa A
. g 'y | |
Signal Generator . ! ILI f 1. ,"{ I'| | =it
i *\ Ilu' '
¥ l 'r A d
1 Vi f ] = IHHUHL-:M
- ] _'!-hh.

Foeos{uat)

AMANNWWY — i

lon-enhanced etching model
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Applications of voltage and current information

€ Etch Rate Model

lon-enhanced etching model

20.0

15.0

10.0

o
o

Plasma Density (# x 1010/cc)

o
o

1000/0 900/100 700/300 500/500 0/1000
2 MHz / 27.12 MHz Bias Power (W)

densi =AxX /)’
ensiiy. . -

t’ylo‘) .//"" .

sl
o o’
] //
. S
//V\

Slope A=0.4765 eV’
R2=0.759

500

1000
X

1500
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RF V-l Probe

- Measurement of RF voltage, current and phase
- Harmonics can be monitored

SUNG KYUN KWAN
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Impedance and Equivalent Circuits

* Impedance contains physical information of plasmas

[ Grounded Electrode N
Plasma } ﬁ,
InEYy Vg Con, Wafer~
Vsh .L}" h Vsh,
Sample
#C ample = nguple PO\Vered
oL i . bed Electrode
Ched Chea Sample Bed C _10;; _| I
st=
V V])p
PP Ry=1Q CF 7777
Ry=2200 Q \
. :
Mistohing vircuit 1 Impedance monitor

| Pgias
Pgias H. Kawata et al., Jpn. J. Appl. Phys., 47 (2008) 6914

Matching Circuit
H. Takada et al, Jpn. J. Appl. Phys. 40 (2001) 1457

Viewport Cleaning unnecessary necessary

Small Exposed Area possible impossible
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Chemical Diagnostics
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Optical Emission Spectroscopy (OES)

Reactor Optical
fiber Photomuttiplier
Monoch Amplifier
mator
Plasma biskive s p,
Recorder/computer
!
Quantization of Energy Grating
- Quantum number @ High-energy state e
Principal(n) R P Grating
] ! ——L.— Lowest singlet excited state
Azimuthal(8),
Magnetic(m,), .
Spin(m,) ‘é ;
) Energy States i T@ Fluorescence
1 g| =
y = Z (Ef — El)

C w—
ﬂ“ = ; —mGround state OES Box
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Optical Emission Spectroscopy (OES)

H,/Ar/CH, plasma

50000 T T I T | ' Species A, nm
H 656,3
. Hy He 486,1
— ¢l3 \ Hy 434,1
Av=-1 467.8
, CHICN CoSwan Av=0  |516,5
= ¢ Av=+1 |557,8
(48]
= 30000 - = e
-a ’
E CN 388,3
= Ar 696-850
c 20000 -
S
w
k%
=
L 40000 4

400

500

- Endpoint Detection

- Fault Detection

600
Wavelength, nm

58

700

800
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Optical Emission Spectroscopy (OES)

| cClF3 + AR slits ‘50 microns.

< T R )

290 600 610 620 630 640 630
WAVELENGTH, nm
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Optical Emission Spectroscopy (OES)

@ Principle of OES: Quantization

Optical Emission: Quantization of Energy m

308.2, 309.3, 396.1

. Electron MCl 2614

Quantum number As 235.0
:Principal(n), Azimuthal(€), Magnetic(m,), Spin(m,) C 5185
1 c CF, 2519
v:_(Ef_Ei) A=— cl 741.4
h v CN  289.8, 304.2, 387.0
Selection Rule CO 2925, 302.8, 313.8, 325.3, 482.5, 483.5, 519.8
An=0,1,2,.... X If electron = 2 F 703.7, 712.8
_ _ Ga  417.2
Al ==l L Azfi 0 or+l H  486.1, 656.5
Am_ =0 AJ=AL+Am =0 or 1 In 3256
N 674.0
P N,  315.9, 337.1
& = No  247.9,288.5,289.3, 303.5, 304.3, 319.8,
1 J — = 320.7, 337.7, 338.6
E = kvo(v + —) N — = v=4 0 7772, 8447
2 A == = = OH  281.1, 306.4, 308.9
E =B,N(N+1) - e = S 469.5
10 5 : <rotatlonal levels Si 288.2
v: vibrational quantum number o Vet SiCl 287.1

N: rotational quantum number 5 SiF 440.1, 777.0

vibrational level \; - ¢
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[¥ 1.2-3-5] $23H A= ASEHE 38F % 19 sjdsts =3

Film Etchant Wavelength (A) Emitter
A Cl,, BCI, 2614 AICI
3962 Al
Poly Si g, 2882 Si
6156 0
Si.N CF,/0 3370 N
i i 3862 ch
7037 F
6740 N
Si0, CF, and CHF, 7037 F
4835 cO
6156 0
PSG, BPSG CF, and CHF, 2535 p
W SF, 7037 F
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Optical Actinometry with OES

Optical Actinometry

c A

n—A:CATII—/1

n, ;
_ kD (A) QA* CM

AT — '
kD (2’) QT* C/fT

M. A. Liberman & A. J. Lichtenberg (1994)

P SUNGKYUNKWAN
>+) UNIVERSITY



Spatially Resolved OES

Aperture(A1)  Aperture(A2)
, Aperture(A3
X e P ) Optical
...... e e Spectro
<. meter
T A L— FInhole 1 elivery lens
Volume source (L2,L3)
produced by plasma

1 4
2 0.8 1
(0]
o
€ 0.6 -
p >
3 k. 18mm (FWHM)
s 0.4 1
£
2 — Calculation

0.2 ~ » Measurement 3
0 T T T T T T

-12 -6 0 6 12 18 24
Axial displacement (mm)

REVIEW OF SCIENTIFIC INSTRUMENTS 81, 103109 2010 SUNG KYUN KWAN
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Optical Emission Spectroscopy (OES)

Emission signal intensity of a species F is

Ing = org[ F]

where
o0
e e
as = K[ Q(p.n,)55 ()N, (¢)de
0
where
K = a constant depending on the sensitivity of the detector

5. (e) =cross section for excitation of the emitting species to a given excited
state caused by the impact of an electron of energy €

N.(e) = number of electrons in the energy range de present in the volume
of the reactor viewed by the detector

Q(p,ne) = quantum yield for emission form the given excited state as a

function of discharge pressure and electron density

‘ SUNG KYUN KWAN
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Optical Emission Spectroscopy (OES)

TABLE 5-2 Spectra Observed in a Plasma (from [ 31 ], reprinted by permission

of John Wiley & Sons, Inc.)

Particle Degree of Freedom Type of Spectrum Spectral Region

Atom or ion Electronic excitation Line UV-visible-IR
Ionization Continuum UV-visible-IR
Translation Line profiles

Electrons Recombination Continuum UV-visible
Free-free transitions Continuum IR

Molecules Rotation Line Far infrared
Vibration-rotation Band IR
Electronic excitation Band systems UV-visible-IR

'C SUNG KYUN KWAN
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Laser Induced Fluorescence (LIF)

Fig. 5-13 Experimental setup for laser induced fluorescence in a parallel plate plasma
reactor (from [32], reprinted with permission from Plasma Diagnostics, (G RYUN KWAN
vol. 1, 1989). VERSITY



Laser Induced Fluororescence

Pulsed laser beams CEI:'I‘IET
Areaimaged | 300 mm Siw:
Mrrgp 4
13.56 MHz Signal Electrostatic
0
{\J _J— Computer
troll
~ controller
Harmonic A
generator g

Timing circuits for
> lasers and camera

E. V. Barnat, Plasma Sources Sci. Technol. 20 (2011) 053001

1
Sq AT QU 300 mm Si wafer

Pump laser

i | Probe laser
~

rf powered
| ; chuck
__ [
Viewing Gated CCD
i camera

G

Translation stage
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Laser Induced Fluororescence

Height (mm)
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E. V. Barnat, Plasma Sources Sci. Technol. 20 (2011) 053001
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Self-Plasma OES

Conventional OES

= Detect emission variation from plasma
in chamber

= Cleaning viewport is necessary

Self-plasma OES

RF Source Power

(13.56MHz) Coil
Gas Inlet / Dielectric
o e & ¢ / Window

= Detect emission variation from
attached small plasma generator
= Cleaning viewport is unnecessary

<— Viewport

| Wafer

SPOES

il !
gl

sEOARRAS 1, S1ATII Randd

Optical | ¢
1 (] Fiber

RF Bias Power
(12.56MHz)

<Scheme of ICP with SPOES>
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High Speed RGB monitor for Arc Detection

Plasma ZIEFOS E Particle , Arc 254 T L|EHZ

The Plasma Eyes Chromatic System (PECS)

- Observing the optical emission of a plasma glow discharge
- Measuring the intensity of Red-Green-Blue (RGB) values

- Red 590-720 nm, Green 480-600 nm, and Blue 400-540 nm
- the signals are transferred to a PC at up to 10 kHz,

[Sensor Voltage(NV) D mmee-—-————
Module] [ADC module] [Processor module) r - a,’g\em ” P2 : Detected : n
] s — s 1 :'": . 8! P 'Y Micro arcing H
Data b |2 Lot Lol et 4 RF sensor i
o IO i1 of , I/T"T—E‘I 4 4|} | by RF sensor_ ’T'I
o <aoce |, 9 1% «= [Current(a) | | } i i i
=3 e -~ (AN ] 1 H H
1= A A NlE Tx 5 K ' i I
P8 o/ ~N3 1 & ﬂ \/ \s ! \J
i +<ancezfaf 19 i n ‘ g i ¥ ¥
7 A 2 2 1 Processor Rx QS: =
Caoces|”| & ! EE,: =
i H -
- égtoc ! E o
- i H U . i
3. i
. a !
Plasma Eyes Chromatic System (PECS) “ P.ECS .
|l signal - :
2| M (]

" “Time (second)
Real-time plasma arcing detection inside the process chamber

. . . . \ SUNGKYUN KWAN
S. J. Hong, Transactions on Electrical and Electronic Materials, 14 (2013) 71 ) UNIVERSITY



Mass Spectrometer

m Forion and neutral identification

Filament

Gas

Electron
collector

Schematic drawing of a quadruple mass spectrometer.

'll}\

H

[on
collector
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Mass Spectroscopy

Spectrum of CF;Cl

| ] | 1 ]
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L
o
L
-
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C +
s 1 5
of | CF 'LI .
[
| | | ]
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P\ SUNGKYUNKWAN
) UNIVERSITY



Quadruple Mass Spectrometer

lon cage

Y

/

Filament

extractor

Grounded housing

Y

Quadrupole
rods

C

Veosfwt)

| Signal
Reactor ‘DPU : QMs e Amphiiet
M 5 s . lon detector
o 3
: on
§ e Mass analyzer
: :  Extraction
! - lens

€

L + Veos{wi)
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Quadruple Mass Spectrometer

o8P~ --—=-====-=
—  Y-Unstable X-Unstable

0.166

|

<|e
]
-
T

0.164

0.162 |-

| | ] | | I
067 068 069 070 071 0.72 073 0.74

aqv
wZmr?

= 2a

TABLE 5-1 Sensitivities of Quadrupole Mass Spectrometer for Determination
of Pressure with 10% Accuracy (from [ 10], reprinted with
permission from Quadrupole Mass Spectrometry and Its
Applications, p. 138, 1976)

Pressure (torr) 10°* 10°° 107 1o°™
Current (amp) 1072 1073 107 107®
Time electron multiplier (sec) 10 107 10?1072
Time Faraday cup (sec) 0.02 0.2 2

IN KWAN
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Quadruple Mass Spectrometer

2,000
1,000 |
SiCl,
£ 500 .
= Sicl,
2
% 200 | SiCl
A
£
g 100 |
= SiCl,
-
o 50
Q
20 13
10 " | | 3 [ 2 ] F | g [

0 20 40 60 80 100 120
lonization Energy (eV)

Fig. 55 Peak intensities versus ionization energy in ion source in an Ar + SiCl,
plasma (from [16], reprinted with permission from Plasma Chem. Plasma

Process, vol. 3, p. 235, 1983). SUNG KYUN KWAN
-ar JNIVERSITY



QMS/RGA

@ Principle of Quadruple Mass Spectrometer (QMS) / Residual Gas Analyzer
(RGA)

OES Optical fiber
J\/L\/\, Monochromator >
B s S o "

' ' Differential Hi Ar = -
Computer [|QMS . 1 = Saturation bottle
Analyzer| |[PUTPING for Para-xylene
stage monomer with temp.
controlled at 70°C
— é{
Plasma
Generate __L
= g
= = O umping
stage
Vac. gauge

Scheme of QMS and OES installed plasma equipment
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QMS/RGA

@ Principle of Quadruple Mass Spectrometer (QMS) / Residual Gas Analyzer
(RGA)

f =230 sccm
. P B e e e B = I e ) 8
S8 388 RER T
b T :Lf -E-. .5" : .z.- o - c‘E .;\(. o = g g
104 A v FoE® g
! 2 5 )
- o U 3
= 10% l "
£ [ I 1!00 KHA
b lﬂ: ] i g
10
&
E 10 Il I I | 75 kHz
¢ 1 1 |
a 10
10 III | ‘ I | 50 kHz
* ] il
10
10 “ Ill ‘ \ 25 WHz
10 | . | A I . 1 ! l 1 AI | Il.'
0 20 40 60 80 100 12(

mass: amu

Example of analyzing para-xylene plasma by QMS

'C SUNG KYUN KWAN
C-M Chou et al, Surface & Coatings Technology, 205 (2011) 4880 6 alf{] |VGERS|L-J|-Y



Chemical Monitoring Techniques
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Review on Multivariate Analysis

History of Multivariate Analysis for Processes Control

Monitoring Tool

Fault Detection

Endpoint Detection
Fault Detection

Endpoint Detection

Process Monitoring /
Fault Detection

Fault Detection

Endpoint Detection

Endpoint Detection

Fault Detection

Fault Detection

Temperature

o Plasma Impedance
Artificial Neural Network o
Monitoring

Multi-way PCA

Multi-scale PCA Process variables

Time-lagged PCA Sensor fault
Multi-way PCA
Modified PCA

Fuzzy decision tree

Building energy

Artificial Neural Network )
consumption

Steamed boiler monitoring
Etching SiO,, TiN, poly-Si

Plasma etcher monitoring

SiO, etching with selected-
wavelength

Tubular reactor monitoring

Wastewater treatment
monitoring

Metal etching with full-
wavelength

SiO, etching with full-
wavelength

Reactive ion etching
modeling

Optimizing energy
consumption

PCA have been studied for applying OES with ex-situ analysis

m=m) New Approach & Real-time Analysis is nee%d

1996

1996

2000

2000

2002

2004

2008

2008

2012

2015
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Data Analysis: Multivariate Analysis Based Method

Clustering

Regression
Analysis

Partially Least
Square
Regression

Principle
Component
Analysis

Nonhierarchical
Clustering

*K-means
*K-medoids
*Fuzzy K-means
*Density Based

/

Hierarchical
Clustering

Classfcation S e

Classification

K-Nearest
Neighbors
and Regression
Trees
Naive Bayes
Logistic
Regression
Discriminant
Analysis
Requirement

Association
Rules

Artificial
Neural
Networks

= Real-time Analysis : Computing time < Sampling time
= Index : End-user convenience
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Data Analysis: Multivariate Analysis Based Method

Principal Component Analy5|s K-means Cluster Analysis

Loss of partial

information

Variable 3

Variable 1 >

Logistic Regression Art|f|C|aI Neural Networks

. = | Input
Wy Many variables

s . 3 Oulpm
é‘ a
o 0s . .
z Logistic
5o Response Q /
o a ] 1

Loty Function
0.2+ a -
= = nl-‘..“ e I.- éa I P Y
=1 -:.or-' e :".--"' = Classification

Model Output { (Steady/faUIt) O

'\ SUNG KYUN KWAN
) UNIVERSITY



End Point Detection

Method

Measuring

Monitoring

Optical
Emission Spectroscopy

Intensity of light emitted
from discharge

Emission from reactive
species and/or etch
products

Optical reflection
(Interferometery)

Interference phenomena
or reflectivity differences

Changes in film
thickness

Mass spectrometry

Gas composition

Etch products

Impedance Monitoring

Impedance/
Mismatch

Voltage/Phase change

Langmuir Probe

Changes in electron
density or average energy

Current from probe
energy

Pressure

Total pressure

Changes in total
pressure
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Plasma Monitoring: Endpoint Detection

m To control etching rate is important for IC manufacturing.
W Itis necessary to avoid incomplete-etching & over-etching.

m Decreasing feature size, it becomes more and more challenging to detect
endpoint.

SiN, + CF, + O, > SiF, + F + CF, + CN + FCN + C,N, + N
EXTESVE

g
Laier B

Before After etching After etching After etching
etching Incomplete-etching Complete-etching Over etching

(X) (O0) (X)

e |tis critical to end the plasma etching process at target depth.
e Sensitive plasma monitoring required.
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Plasma Monitoring: Principal Component Analysis (PCA)

Measured variable %, y, z’ _ _ Contribution ratio
t;: new independent variables
measuring | X y y4 t, =|p X+ pLY+ Dz measuring | t; t, t5
1 X; | Y, | 74 Ly =[PpX+ PpY + PyZ 1
Ly =Py X+ Py + Pz ..
2 Xo | Yy | Zy 2 Principal
> Component—
Data ' Score

(Matrix) t. = Xp, :
n X, | Yy | Z, n

Increasing information intensity of t,

Maximizing s (variance of t;)
Constraint : = p*+p, +p, =1
1
Sp, = Ap, S= (—jXTX

n—1

* Finding A & p from S(variance-covariance matrix)

Variable 3

|S—Al|=0

* A (eigenvalue) = Relative information intensity o
* p; (eigenvector) = loading vector 5

= coefficient of principal components
* t, = score vector

5 Variable 2
Variable 1 10 ©
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Plasma Monitoring: VI Probe & PCA

EPD (OES) : chemical information EPD (VI probe): physical information

—=— Current 1
6.007 . Current 2

5.75{ —— Current 3 wwwwm
—v— Current 4

<™ 5,50
—+__Voltage 5 —+— Current 5

1740 | , 2550
21690 WWW 700 " = 1.00;
z I [OIE =

S -8 440.2nm (SiF) % 0750 bttt ge s

1590 | ~*-505.6nm (Si) M £ 0.50-

1540 + . -4 482.5nm (CO) 8 0]
W \ f 200 400 s0 %%
1% open area Time (s b - Time (s)
— (a) * Modified Principle
Component Analysis

-15300

1840 b pffheR F _ of 900-

1790 (B

(V

Voltag

-15400

-15500

to, raw

-15600

-15700

— | | . Arcing
-15900 ' ; ' 0 100 200 300 400 500
60 65 70 75 80 T|m e (S)

Time fcar\

Ind. Eng. Chem. Res, 47, 11, (2008) Plasma process polym. 10, 850 (2013)

* Endpoint detection sensitivity improved by PCA algorithm

SUNG KYUN KWAN
=) UNIVERSITY




Plasma Monitoring: Cluster Analysis

20 -
*
10 -
*
0.0
00—
-2.0 -1.0 0.0 1.0
®
-1.0 »

Cluster g%m;qg is
pre-specified

2.0
*
1.0
*
0 N
2.0 1.0 00 1.0
*
-1.0

Eachrecord is reassignedto the
cluster with the closest centroid

“If a record have to be reassignhed to the other cluster”

20

T — 08 )
-2.0 -1.0 0, 1.0
-
*
-1.0

The centroids of clusters are
computed

n 2
i

(x, —x,)(x,—x,)" a,

20

& " If

Eachrecord is reass-igned“f-o the
cluster with the closest centroid

# Raw Data
®Group 1 e Centeroid 1
#* Group 2 @ Centeroid 2
20 -
'Y
10 A
&
T oo D
-20 -10 00 1.0
. -
1.0 »

The centroids of clusters are
computed

xo : Centeroid of all records

x1 : Centeroid of cluster 1

x2 : Centeroid of cluster 2

N

(x, = Xo)(x, = x0)"

i=1

a;=q recordi

0 else

1 if cluster j includes

251

1.5r

0.5r

Cluster analysis

e Cluster analysis is suitable for fault identification in complex systems
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Plasma Monitoring with OES & Cluster Analysis

% Self Plasma OES/ Real time K-means Cluster Analysis Algorithm for the end point detection of SiN, films

-— 50mTorr / 250Ws / 250Wb / CF4 40sccm / Ar 40sccm / O2 10sccm
- Surface reactions SiN, + CF, + O, 2> SiF, + F + CF, + CN + FCN + C,N, + N

2% open area =0 Sal=0 =
. . . - Algorithm &M-& ZA1} (SiN, 2.0%)
Single wavelength monitoring(SiN, 2.0% ? o
—=—290(CN)
| +—304(CN) 2> 24
3800 VWW%N\/UMWWMW’VW/\WY\“\“WWV"/W"’”MWW/ ——387(CN) 7))
v 420(CN) cC T h 7y l‘l i
3600 ¢ 586(CN) 2 o l’ " Pt y A‘ ‘ mﬂ"m "’ V
< B48(CN) c l[w i M “‘
-B’ 3400 ~—»787(CN) - . ¥,
- — A ‘»,\"‘ " o ® \ ) ) . iy )
% 3200 Vgt na L gk gyt ey st Q-2 ‘H
+ 300042 TTITIN iy ® —=— CA_V_Normalized
- & 4 ' —e— PC2_Normalize
2800 =
S AR AU M G SIS RS L1 ———————
26004 T Y Z 20 40 60 80 100 120
0O 20 40 60 8 100 120 Time (s
Time(s) (s)

= EDP cannot be determined with single wavelength monitoring.

* Cluster analysis improved sensitivity of endpoint detection.

SUNGKYUN KWAN
=) UNIVERSITY



Summary

B Plasma processing is a key technology in IC fabrication

m Plasma diagnostics and monitoring is essential for control and
monitoring

m Physical and electrical sensors

= For electron and ions density and energy distribution

= Langmuir Probe and VI probes with equivalent circuit models
m Chemical sensors

= Mass Spectroscopy (MS) for ions and radicals

= QOptical Emission Spectroscopy (OES) for radicals

= Laser induced fluorescence
B Plasma monitoring algorithms

= For endpoint detection and chamber matching

= Algorithms can improve sensitivity
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