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1. Introduction
2. Plasma & Surface reaction models (Yesterday)

3. Current issues for CMOS fabrication (Today)

4. Requirement for “data base” (Tomorrow)

5. Summary
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Plasma-wall interaction

Incident flux (radical/ion)

Plasma control

Transportation
Surface reaction

Surface control
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In-situ monitorinc

Plasma absorption probe; Ne

Dual Frequency CCP L .

C4F8’Af’02(N2) Network Analyzer

QMS; - .
20, (Cr1Ey Triple probe; Te

SiFx, Vp

()
N
CINEE T 27,60 MHz _|_

Quartz ring Top electrode C Y "R JE

—— UV laser

Bottom electrode '

s g I - IRLAS;
Microwave CF, CF2, CF3
0.8 or 2.0 MHz Interferometer;

Ne

OES; O, F LIF; CF, CF2

Monochrometer (Radial distribution)

In-situ monitoring of Ne, Te, ions and radicals
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Control of radical composition

H. Hayashi, JVST A 17 (5) (1999) 2557
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Dissociation of fluorocarbon molecule
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Dissociation degree of C4F8 (%)

External parameters Number of collisions

Power: 100-2000W
Pressure: 20-100mTorr
Total flow: 100-600sccm
Gap: 17-27mm

T => residence time (4-24ms)
) Ne =» electron density (2e9-11cm-3)

<ov> => electron energy (3-5eV)
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External parameters = Incident fluxes

Power, Pressure, Flow rate ---

!

Model for plasma control

Electron

T. Tateuml, &t al., Jpn. J. Appl. Phys. 37 (1996) 2384

.. q ne-Electron densikby

Callisian fFBCIUEFICY st o' 17 Cross section of dissociation
v : Electron velocity

7! Residence time

T - Distribution function

é electron

Collision

Gas Wk —» —_— "-':" Incident flux
° 1 B = " | " (radicallion)

T L
Residence time

Radical/lon Mumber of collisions with electrons:
1 Ne <ov>

P (Pressure) x "-.-" (Flasma walume)

Power F"Ias_ma SOUNce
G (Total flow rate) Ar dilution

Calculated Measuned

}

Incident radical / ion flux

Assumed lo be constant

Etch rate
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Incident fluxes = Etch rate

T.Tatsumi, Applied Surface Science 253(2007) 6716
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Si0z etch rate (nm/min)
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Etch rate prediction
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Etch rate prediction
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Outline

1. Introduction
2. Plasma & Surface reaction models (Yesterday)

3. Current issues for CMOS fabrication (Today)

4. Advanced process control (Tomorrow)

5. Summary
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ITRS roadmap 2007

2007 ITRS Product Technology Trends -
Half-Pitch, Gate-Length

+— DRAM K1 /2 Pitch

| MPU M
F1MI2 BYR Y IRAM M1
Paly

—— Flash Paly 1/2 Pitch

- MPU Gate Length -
Frinted

MPUGale Length -
Physical

2020

Production year
SiN SW

20 nm

Wakabayashi, 2004 IEDM

Gate length = 10nm=1nm @2015
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ITRS roadmap 2007

IThsz07 == == = Calculated baszed on delay time
ITRE2006 e Using typical critical path
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- ‘ 2 60-2.94 £ ©  materials and ILD structures

T
=
P
=
2
=}
Q
T}
=
©
£
2
(]
o
2z
o
&
L

El|

1.0
07 08 09 10 11 12 13 14 15 16 17 18 19 20
Year of 1st Shipment

1 |[I ‘

| I ! |

[ I [
i
1 l-lLI_
b

SIOCH (low-k materials)

=» Reduction of capacitance
between Cu wiring
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Small process window

Decrease in O concentration in SiOCH film
= Etch rate is sensitive to change in CFx densities.

C4F8/Ar/N2

SiOH
(O — 46%) SiO2
(O—’67°/o)

— =

SiOCH
(0O — 319%)

S
(=)
(=)

<
s
s
Q
i
o
S 200
]
T

Si3N4 T. Tatsumi et. al.,
V—— v— JVST A 23 (2005) 938
) 10 15 20
C4F8 flow rate (sccm)
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Small process window

O CAFAsHE=S, BS168 LS8 CERT- R NAFBsRPeN_SelS8 Lo cenT,
. -

- CaFsiArIN2 -
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(O — 46%) SiD2
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— =
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(=)
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S 200
]
T

Si3N4 T. Tatsumi et. al.,
V—— v— JVST A 23 (2005) 938
) 10 15 20
C4F8 flow rate (sccm)




2008.12.17, T. Tatsumi

uirements (Toda

Small size
=» Atomic layer control

ACD <1nm ?

C4F8/Ar/N2

. SiOH
O 4 (©—46%)  siO2
) (0—67%)

FN
[=]
o

New materials (Low-k, High-k)
=» Narrow process window

Etch rate (nm/min)
S
o

Si3N4
’\*I v v——v *
5 10 15 20
C4F8 flow rate (sccm)

Complete suppression of fluctuation
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Plasma wall interaction

2008.08.16, T. Tatsumi

External Earameters = Dissociation

Power, Pressure, Flow

}

Model for plasma control

Collmion fregquency

Collision T T

1 .. [radicalfion)

R esicdanca time

Radicalfllon Number of collisions with electrons:
= g = MNe <gv>
- . :
P {Pressore] x W [P lasma solume) - Blasma souns

Poaer
Q {Total fhow rate) § A diluticn

Cakuiaied MEasurad Az b e Sons L

}

Incident radical [ ion flux

Etch rate

Effect of wall conditions on etch rate ?
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O, plasma C,Fg/Ar plasma CH,F,/O,/Ar plasma
(0~900s) (0~180s) (30s)

Polymer formation Etch rate evaluation

Effect of wall conditions on etch rate ?
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Fluctuation of SiN etch rate

52 experiments under differe::

/

T~

Parts exchange after
T T OZC|ean|ng

N\
£
e
N
e
C
)
()]
-
©
“
-
(&)
s
((b]
<
(7p]

I
I
I
I
I
I
I
\I\\
A
5 10 15 20 25 30 35 40 45 950 55
Run Number

The same external parameters, but different etch rate.
Polymer, oxidation of electrode, parts erosions, wafer - - -
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“Noise factor”

TM.ALAG, |. lasumi

Reguirements (Todaﬂ

Small size

=> Atomic layer control
ACD < Tnm ?

EI0H
ﬁ'lnﬂl 10 —45w) 5107
oA W —ETR

il

% New materials (Low-k, High-K)

= Narrow process window Requwement for

stable plasma

C4FE flow rate [Toeml]

Complete suppression of fluctuation

Dissociation < external parameters (control factor)
Wall reaction & history of plasma treatment (noise factor)
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1. Introduction
2. Plasma & Surface reaction models (Yesterday)

3. Current issues for CMOS fabrication (Today)

4. Requirement for “data base” (Tomorrow)

5. Summary
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Data base for quantitative simulation

A: Plasma
Collision cross sections
for actual process plasma
Electron (dissociation, ionization)

B: Wall
Sticking probabilities
on various materials

Collision

Radical/lon

C: Wafer surface
Reaction probabilities

Etch yields
Etch rate
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Collision cross section

Materials Gas

Si SF6, Ci2, HBr, O2, Ar, He, N2, NF3, SiF4

CF4, CHF3, CH2F2, CH3F, C4F6
C4F8, C5F8, CO, 02, N2, Ar

Al Ci2, BCI3, HCI, Ar

Organic polymer 02, H2, N2, CO, NH3, Ar, He, H20

o for lonization, dissociation and optical emission.
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Data base for quantitative simulation

A: Plasma
Collision cross sections
for actual process plasma
Electron (dissociation, ionization)

B: Wall
Sticking probabilities
on various materials

Collision

Radical/lon

C: Wafer surface
Reaction probabilities

Etch yields
Etch rate
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Sticking coefficient

Fluctuation of SiN etch rate

Oxidized Si

52 experiments under differ

/ C4F& time = 1803

#iM etch rata LnmSmind

‘-\_\_\_\_\-‘-‘I
Farte sxchangs after

il i i idd i % ] P
22 cleaning

Ah A A5 D AR
Hun Murnbsr

The same external parameters, but different etch rate.

Polymer, oxidation of electrode, parts erosions, wafer==-

Etch rate sensitively depends on wall conditions
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Sticking coefficient

T.Tatsumi, Applied Surface Science 253(2007) 6716
- Slide2 - - Slide10 -

Radical control Interaction with Cu - H radical -

DGeneration ARk HJ/Ar plasma Ly

- Electron-impact dissociation (DElectron-impact 10 Si

Ex) H}r‘d rogen '3‘ I X Radical o
H+E_>H*+E “ & OER
- f |
o ISt » %

H;+e—H+H +e e ¥ @ Reaction with wall
3L ] Iymer
@
0SS 2)Callision to other particle

Malecule
_
* Reaction with wafer (2 Reaction with wafer 0271 /7
2)Exhaust

* Reaction with wall Qo . cC

iy . 0 20 40 60 i
Collision to other species 1 Time[s] . |

 Exhaust -
__ Waieuuli Cu=> Low H radical density

4
0.4

H density ([H)[Ar]) [a.u]

g——

Generation and loss on chamber walls

Materials: Si, SiO2(Quartz), Y203, Al203, C-F polymer, SiBrxOy- - -
Conditions: Temperature, lon energy, conductivity, roughness, UV---
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Data base for quantitative simulation

A: Plasma
Collision cross sections
for actual process plasma
Electron (dissociation, ionization)

B: Wall
Sticking probabilities
on various materials

Collision

Radical/lon

C: Wafer surface
Reaction probabilities

Etch yields
Etch rate
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Incident fluxes = Etch rate

T. Tatsumi et al., J&&T B, Yal. 18 (2000 1957

=
Z
=
E
=
=
3
3
L]
.
=
il

1. 1t 20 3. ot L C.F polymer on etched surface
Mumber of incident F asems {omi®s") ahandes 1 eactlen precability of F

polymer

Reactive

Si0, etch rate

Etch rate depends on “incident flux” and “reaction probability”




Reaction

Bias: 27MHz, SOV

400 B00
len energy (V]

absorption
spectroscope
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Radical Source
A

0 O
oo ~
o o
7
0O /4 74
0

Etching yield depends on temperature, ion energy, .....




2008.12.17, T. Tatsumi

In fabrication of “near future” Si-CMOS devices,

1. Fluctuation of pattern width and damage must
be suppressed within several atomic layers.

2. Quantitative reaction models, monitoring
technologies, simulation technologies
and feed back control systems are required.

3. Date base of collision cross sections,
sticking coefficient on chamber walls,
and reaction probabilities on wafers.




